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Lectinhistochemical detection of terminal carbohydrate residues
in the enteric myxozoan Enteromyxum leei parasitizing gilthead
seabream Sparus aurata (Pisces: Teleostei): a study using light
and transmission electron microscopy
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Abstract: The presence of terminal carbohydrate residues in Enteromyxum leei (Diamant, Lom et Dykova, 1994) Palenzuela, Re-
dondo et Alvarez-Pellitero, 2002 stages in gilthead seabream intestines was studied at light microscopy (LM) and transmission elec-
tron microscopy (TEM) level using lectin histochemical techniques. Abundant mannose and/or glucose residues were demonstrated
by the intense staining caused by binding of biotinylated concanavalin A (Con A), at both LM and TEM. A clear positivity was also
obtained with Ulex europaeus (UEA 1) agglutinin specific for fucose residues. Both lectins stained E. leei proliferative and sporo-
gonic stages, though glycan patterns varied between these developmental stages. Wheat germ agglutinin (WGA) and Bandeiraea
simplicifolia lectin I (BSL I) recognised only structures in the sporogonic stages. Faint labelling occurred with Glycine max (SBA)
lectin. No staining was obtained with Sambucus nigra (SNA) agglutinin. The TEM studies demonstrated a restricted presence of
N-acetyl-D-galactosamine and a-D-galactose, whereas glucose/mannose and fucose, the dominant structures, were also present at

the parasite membranes and host-parasite interface, suggesting a role in host-parasite interaction.
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The phylum Myxozoa Grassé, 1970 includes a high
number of species of which most are fish parasites. The
relationships between myxozoans and their hosts do not
often result in severe disease (Lom and Dykova 2006).
However, worldwide, a number of species cause diseases
which have an impact upon wild fish populations and
farmed fish stocks. Among them, enteromyxoses caused
by Enteromyxum spp. account for important epizootic epi-
sodes in farmed fish hosts (Ghittino et al. 2003, Goloma-
zou et al. 2006, Quiroga et al. 2006). Enteromyxum leei
(Diamant, Lom et Dykova, 1994) Palenzuela, Redondo
et Alvarez-Pellitero, 2002 has been reported to infect nu-
merous fish species (Padrés et al. 2001, Yaganida et al.
2004) and is one of the most serious threats for the cul-
ture of sparids (Palenzuela et al. 2006). This myxozoan
resides mainly in the digestive tract, where the intestine is
the principal target organ.

Recognition, a central event in a variety of biological
phenomena, is frequently mediated by lectins, a class of
proteins of non-immune origin that bind carbohydrates
specifically and non-covalently. To elucidate the role
of the lectin-carbohydrate binding in host-parasite in-
teractions, thus far reported for few parasites (Jacobson

and Doyle 1996, Xu et al. 2001), the knowledge of the
surface-associated terminal carbohydrate residues in dif-
ferent developmental stages is essential. Such carbohy-
drate patterns have been studied only for few myxozoans
(Munoz et al. 1999, 2000, El-Matbouli et al. 2002, Morris
and Adams 2004, Knaus and El-Matbouli 2005, Kaltner
et al. 2007), including the enteric parasite Enteromyxum
scophthalmi (Redondo et al. 2008) but not E. leei. In the
present study, the terminal carbohydrate moieties in dif-
ferent stages of E. /eei were identified and visualised by
specific binding of plant lectins both with light micros-
copy (LM) and transmission electron microscopy (TEM).

MATERIALS AND METHODS

Infected gilthead seabream Sparus aurata L. were obtained
from experimental infections with E. /eei by cohabitation of re-
cipient and donor fish and through waterborne contamination
from the effluent of a tank containing infected fish. In these ex-
periments, the water supply was filtered and UV-irradiated to
avoid the entrance of other infections. Fish were sampled after
45-60 days of exposure. Control groups consisted of naive fish
not exposed to the parasite. Further details can be found in Sitja-
Bobadilla et al. (2007).
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Table 1. Lectins used in this study: their acronyms, the concentration used, their sugar-binding specificities and the corresponding
blocking sugars and their concentration. Abbreviations: Gal — galactose; GaINAc — N-acetyl-D-galactosamine; Glc — D-glucose;
GlcNAc — N-acetyl-D-glucosamine; L-Fuc — L-fucose; Man — mannose; NeuNAc — N-acetylneuraminic acid; n/a: not applicable.

Acronym Lectin source Specificities Lectin concentration Blocking sugars Sugar
(ng/ml) concen-
LM TEM LM TEM tration (M)

Con A Canavalia ensiformis ~ Mano-1>Glca-1> 2 10 methyl-o-D-Man + methyl-a-D-Man 0.2
GleNAco-1 methyl-a-D-Glc

UEAT Ulex europaeus L-Fucal,2Galp1,4 20 20 L-Fuc a L-Fuc a 0.2
GlecNAcB1,6

WGA Triticum vulgaris GlecNAc 10 n/a GlcNAca n/a 0.5/0.2
(81,4GIcNAc), >
B31,4GIcNAc> lI\zTeuNAc

SBA Glycine max Terminal a,8GalNAc>a,BGal 5 20 GalNAca GalNAca 0.2

BSLI Griffonia simplicifolia  D-Gal>D-GalNAc 5 n/a Gal + GalNAca n/a 0.2

SNA Sambucus nigra NeuAco2,6Gal = 20 n/a NeuNAc n/a 0.2

NeuAco2,6GalNAc

Fish were killed by overdose of MS222 and bled from the
caudal vein before the necropsy. Samples of the digestive tract
of infected fish were fixed and processed for LM and TEM (see
below). To select the tissue samples for histochemical studies,
Technovit 7100 resin (Kulzer, Heraeus, Germany) sections were
also obtained and infection intensity was evaluated following
a scale of 1+ to 6+, according to the relative numbers of para-
sites present in the studied tissues. Fish with medium/high inten-
sity of infection (4+ to 6+) were selected for this study.

For lectin histochemistry at LM, tissue portions of the diges-
tive tract were fixed in 10% buffered formalin and embedded in
paraffin for histological processing, following standard histol-
ogy procedures. Sections (4 um thick) were collected on Super
Frost-plus microscope slides (Menzel-Glaser, Germany) with-
out additives and allowed to dry overnight. Slides were depar-
affinised and hydrated and the endogenous peroxidase activity
was blocked by incubation in 0.3% (v/v) hydrogen peroxide for
30 min. After rinsing with TTBS (20 mM Tris-HCl, 0.5 M NaCl,
pH 7.2 containing 0.05% Tween 20), sections were incubated
with biotinylated lectin solutions in TTBS, for 1 h at 20°C. Af-
ter rinsing, the sections were incubated with the avidin-biotin-
peroxidase complex (ABC, Vector Laboratories, Burlingame,
CA, USA) for 30 min at 20°C and finally, bound peroxidase
was visualised by addition of DAB chromogen (3,3’-diami-
nobenzidine tetrahydrochloride) (Sigma, St. Louis, MO, USA)
for 5 min. The reaction was stopped with deionised water and
the sections were counterstained using Gill’s haematoxylin and
mounted in di-N-butyl-phthalate in xylene. Incubation of ABC
with the tissue sections alone served as control to discard the
presence of endogenous biotin-binding proteins. Each lectin and
its corresponding blocking sugar (0.2 M) were incubated for 1 h
at 20°C, before applying to the sections as binding specificity
controls. The concentrations of the lectins used (obtained from
Sigma or Vector), their acronyms, major sugar specificities and
blocking sugars used are listed in Table 1.

For TEM studies, samples were fixed at 4°C in 0.1 M ca-
codylate buffer pH 7.2, containing 2.5 % (v/v) glutaraldehyde
and embedded in Spurr’s resin (details in Redondo et al. 2008).
Grids were incubated with blocking buffer (2% bovine serum
albumin, BSA) in 10 mM Hepes pH 7.5) at 20 °C for 30 min and
then with biotinylated lectins at 20°C for 1 h. Parasite-infect-
ed tissues were tested with the lectins which gave the clearest

260

positive results at light microscope. All the lectins were used
following the manufacturer’s recommendations. BSL I and
SBA (Vector) were diluted in a buffer containing 1% BSA in
10 mM Hepes, 0.15 M NaCl and 0.1 mM CaCl, pH 7.5, whereas
Con A (Vector) and WGA (Sigma) were prepared in 0.1 M PBS,
pH 7.4 containing 2% BSA. After washing (4 x 5 min) using
buffers described above, grids were incubated with streptavidin
conjugated with 15 nm colloidal gold particles (British Biocell
International Ltd, Cardiff, UK) diluted 1:25 in 10 mM Hepes
pH 7.5, for 1 h at 20°C. As controls for binding specificity, each
lectin and its corresponding blocking sugar (0.2 M) (Table 1)
were incubated overnight at 4°C before applied to the grids.
Negative controls were obtained using buffers described above
without lectins in the first incubation step. Grids were washed
with 10 mM Hepes and bidistilled water, and stained with uranyl
acetate and lead citrate. They were examined in a JEOL-1010
MET operating at 80 kV.

RESULTS

LM observations

Con A produced a strong label in E. leei proliferative
stages, mainly in secondary (S) cells and less intensively
in tertiary (T) cells, whereas the reactivity was slighter in
several spore structures (Fig. 1). A distinct signal was pro-
duced by UEA I in the S cells of proliferative stages and
the accompanying cells of sporoblasts (Fig. 2). No stain-
ing reaction occurred in proliferative stages with WGA,
whereas some spore structures, but not the polar capsules,
were stained with this lectin (Fig. 3). SBA reacted in-
tensely with spores (Fig. 4), but not with the accompa-
nying cells of the sporoblasts and the proliferative stages
(Figs. 5-6). Staining intensity for BSL I-reactive carbo-
hydrate residues was only weak in some spore structures
(Fig. 7), whereas the mature polar capsules were nega-
tive (Fig. 8). SNA did not recognise any parasite structure
(Fig. 9). Lectin staining was inhibited after blocking with
the respective specific sugar in all cases. Control reactions
(see M&M) were negative. The LM staining patterns of
E. leei are summarised in Table 2.
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Figs. 1-9. Light micrographs of Enteromyxum leei-parasitized gilthead seabream intestines in paraffin sections stained with bioti-
nylated lectins. Fig. 1. Con A lectin. Evident binding to secondary (S) and tertiary (T) cells in a proliferative stage (arrow). Some
spore structures (arrowhead) and the enveloping primary (P) cell in sporoblast (*) are also stained. Fig. 2. UEA I lectin. Binding at
S cell of a proliferative stage (arrow). Note the absence of reactivity at the spore and the positive staining in the accompanying cell
(arrowhead) of a sporogonic stage. Fig. 3. WGA lectin. Slight staining at spores (arrowheads). Figs. 4—6. SBA lectin. Some spore
structures are positive (Figs. 4, 5), whereas no staining was detected in accompanying cells (Fig. 5, arrowhead) and proliferative
stages (Fig. 6). Figs. 7, 8. BSL I lectin. Spores are slightly stained at the valves (arrowhead) (Fig. 7) but other structures are negative
(Fig. 8). Fig. 9. SNA lectin. Absence of reactivity at parasitic stages. Scale bars: Figs. 1-3, 5-8 = 10 um; Figs. 4, 9 =20 pm.
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TEM observations

Using biotinylated Con A, proliferative stages of
E. leei were clearly labelled in the cytoplasm and mito-
chondria of primary (P), S and T cells (Figs. 10-12), and
in the nucleus (Fig. 11) and nucleolus of the S cell. Few
grains were also detected in the adjacent host (H) cell and
nearby the contact surface of P cell and H cell (Fig. 10).
In sporoblasts (Fig. 13), some grains were observed in
the cytoplasm of the P cell and in the rough endoplas-
mic reticulum (rER), the lysosomes (Fig. 15) and the
mitochondria (Fig. 14) of accompanying cells. Labelled
spore structures included polar capsules, the cytoplasm of
capsulogenic and valvogenic cells (Fig. 16), and the cy-
toplasm and mitochondria of the sporoplasmic cell (Fig.
17). With UEA 1, a faint binding reaction was observed
at the P cell-H cell interface (Fig. 18), the cytoplasm and
mitochondria of P and S cells, the P-S cell contact, and the
nucleus (including the nucleolus of the S cell) in prolifera-
tive stages (Figs. 18, 19). Some label was also detected in
the joining H cell (Fig. 18). In sporogonic stages (Fig. 20),
grains were seen in the enveloping P cell (Figs. 21, 22),
the cytoplasm, mitochondria and nucleus of valvogenic
(Figs. 22, 23) and capsulogenic (Figs. 23, 24) cells, and
the cytoplasm and nucleus of sporoplasmic cell (Fig. 25).
Polar capsule and polar filament were also labelled (Fig.
26). SBA showed a weak reactivity in the proliferative
stages. Positive were the mitochondria of P cells and the
cytoplasm of S and T cells. In sporogonic stages, only the
polar capsules were slightly reactive (images not shown).
The TEM binding patterns of proliferative and sporogonic
stages of E. leei are summarised in Tables 3 and 4, re-
spectively. All controls resulted negative for immunogold
labelling.

DISCUSSION

Enteromyxum leei stages were stained with several
lectins, as visualised by LM and TEM. Mannose and/or
glucose residues of carbohydrate structures were more
abundant in proliferative than sporogonic stages and
spores, as demonstrated by Con A staining at LM. This
staining pattern resembles that observed for Enteromyxum
scophthalmi Palenzuela, Redondo et Alvarez-Pellitero,
2002 (Redondo et al. 2008). Mannose/glucose moieties
are the most frequent carbohydrate residues recognised by
lectins in myxozoans. Con A stained the spores of 11 out
of 12 myxosporeans probed by Muiioz et al. (1999), and
the extrasporogonic stages of Tetracapsuloides bryosal-
monae (Canning, Curry, Feist, Longshaw et Okamura,
1999) Canning, Tops, Curry, Wood et Okamura, 2002
(PKX) from the kidney of rainbow trout (Castagnaro et
al. 1991, Morris and Adams 2004). Mannose-containing
carbohydrate residues were also demonstrated in the
spores of Myxobolus cerebralis Hofer, 1903 by staining
with Con A, Lens culinaris agglutinin (LCA) and Pisum
sativum agglutinin (PSA). Labelling was stronger in
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Table 2. Lectin-binding patterns found in spores and prolifera-
tive stages of Enteromyxum leei as observed in paraffin sections
at LM. PC — polar capsules; S — secondary cell; T — tertiary
cell. Intensity of staining: +++ strong; ++ moderate; + weak;
+/— traces; — none.

Lectin Proliferative Sporogonic stages
stages PC  Other structures
Con A -+ ++ ++
(S, T)
UEAT + - +
S) (accompanying S)
WGA - - +/—
SBA — + ++
BSL1 - - +
SNA - - -

Table 3. Lectin-binding patterns found in proliferative stages of
Enteromyxum leei at TEM. P — primary cell; S — secondary cell;
T — tertiary cell; H — host cell. Intensity of label: ++ moderate;
+ weak; — none.

Structure labelled ConA UEAI SBA
P/H contact junction + + -
Parasite membranes - + -
P/S
Nucleus + +
S S
Nucleolus + + -
S S
Mitochondria + + +
P,S, T P S P
Cytoplasm matrix ++ P+ +
P,S, T S ++ S, T

Table 4. Lectin-binding patterns found in sporogonic stages of
Enteromyxum leei at TEM. P-VC — interface between primary
cell and valvogenic cell. Intensity of label: + weak; — none.

ConA UEAI
P-vC -
Cytoplasm matrix +
Nucleus -
Mitochondria -

Structure labelled SBA

Valvogenic cell

o+
[

Capsulogenic cell ~ Cytoplasm matrix +
Nucleus

Mitochondria -
Polar capsule

Polar filament

+
+ o+ + o+ o+
|

+

4
|

Sporoplasmic cell ~ Cytoplasm matrix
Mitochondria

Nucleus

Accompanying cell Endoplasmic reticulum
Lysosomes
Mitochondria

+ o+ o+ o+ o+
+
[

myxospores from trout and actinospores from the tubifi-
cid worm than in free actinospores (Kaltner et al. 2007).
The present TEM study confirmed a Con A binding pat-
tern of E. leei stages in the cytoplasm of P, S and T cells
of proliferative stages and in some spore structures. This
pattern is quite similar to that obtained for E. scophthalmi
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Figs. 10-17. Transmission electron micrographs of Enteromyxum leei-infected gilthead seabream intestines embedded in Spurr’s
resin and treated with gold-conjugated Con A lectin. Figs. 10—12. Proliferative stages. Fig. 10. Scattered gold grains at the parasites’
primary (P) cell (arrowheads), host (H) cell (arrows) and the interface between the P cell and the H cell (*). Fig. 11. Labels at the
secondary (S) cell cytoplasm (arrowheads), mitochondria (*) and nucleus (N ) (arrows). Fig. 12. Scattered marks at the S cell cy-
toplasm (arrow) and mitochondria (*), and at the tertiary (T) cell cytoplasm (arrowheads). Fig. 13. Panoramic view of sporogonic
stage. Figs. 14-16. Details of the binding sites at mitochondria (Fig. 14), lysosomes (Fig. 15) of an accompanying cell, and capsu-
logenic (arrow) and valvogenic (arrowheads) cells (Fig. 16). Fig. 17. Marks at mitochondria (*) and cytoplasm (arrowhead) of the
sporoplasmic cell in a spore. Scale bars: Figs. 1012, 14-17 = 0.25 pm; Fig. 13 =1 pm.

proliferative stages (Redondo et al. 2008). Labelling with
Con A was also observed by TEM in sporogonic stages
of Sphaerospora dicentrarchi Sitja-Bobadilla et Alvarez-
Pellitero, 1992, Polysporoplasma sparis Sitja-Bobadilla
et Alvarez-Pellitero, 1995 and Leptotheca sp. (Mufioz
et al. 2000), and in 7. bryosalmonae (mainly in the cy-
toplasm of P and S cells and some vacuolar structures)
(Morris and Adams 2004).

Both proliferative and sporogonic stages of E. leei
were slightly labelled with UEA T at LM, and the stain-
ing pattern was similar to that observed in E. scophthalmi
(Redondo et al. 2008). Scarce or no staining with this lec-
tin was found in other myxozoans. Muiioz et al. (1999)
reported staining with UEA 1 only in the polar capsules
of Leptotheca sp. (1 out of 12 species assayed), and no
labelling was detected in Sphaerospora sp. from Salmo
trutta (Marin de Mateo et al. 1997) and 7. bryosalmonae
(PKX) (Castagnaro et al. 1991, Morris and Adams 2004).
In M. cerebralis, UEA 1 stained only and slightly the ac-
tinospores from the tubificid worm (Kaltner et al. 2007).

TEM allowed to localise binding sites of fucose residues
in the P and S cells of proliferative stages and in the dif-
ferent spore structures of E. leei. No ultrastructural data
on UEA labelling of other myxozoans are available for
comparison.

Two lectins recognising galactose and N-acetylga-
lactosamine residues, SBA and BSL I, were used in this
study. At LM, SBA labelled only sporogonic stages of
E. leei, though a weak signal was detected at TEM in
proliferative stages. By contrast, with this lectin, each
of the E. scophthalmi stages showed a distinct staining
pattern (Redondo et al. 2008). Sphaerospora sp. was also
marked by SBA (Marin de Mateo et al. 1997) whereas
only a weak label was obtained by Mufioz et al. (1999)
in S. dicentrarchi, Leptotheca sp. and Kudoa sp. Differ-
ent staining intensities with SBA have been reported in
T. bryosalmonae (PKX) at LM (Castagnaro et al. 1991,
Marin de Mateo et al. 1996, Morris and Adams 2004), and
a scant mark, reduced to certain vacuolar structures in the
P cell, was detected at TEM (Morris and Adams 2004).
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BSL I stained weakly some structures of E. /eei prolif-
erative stages at LM. The label with this lectin was also
faint in E. scophthalmi, though the ultrastructural study
confirmed the binding to P cells and to some spore struc-
tures including the sporoplasm (Redondo et al. 2008).
BSL I stained the polar capsules or the valves of only
3 out of 12 species tested by Muiloz et al. (1999), though
binding to Zschokkella mugilis Sitja-Bobadilla et Alvar-
ez-Pellitero, 1993 and Leptotheca sp. developmental stag-
es was demonstrated in an ultrastructural study (Mufioz
et al. 2000). Pre-sporogonic and extrasporogonic stages
of T. bryosalmonae were strongly stained with GSI-I
(=BSL1I) at LM (Castagnaro et al. 1991, Marin de Mateo
et al. 1996, Morris and Adams 2004), though only weak
labelling of some vacuolar structures in the P cell was
seen at TEM (Morris and Adams 2004). Interestingly, the
myxospores and actinospores of M. cerebralis, but not the
free actinospores from the tubificid worm, were strongly
stained with GSI-I (Kaltner et al. 2007).

WGA (binding to GIcNAc and neuraminic acid)
stained only and faintly the sporogonic stages of E. leei
at LM. In E. scophthalmi, labelling with this lectin was
somewhat more intensive and the developmental stages
were also marked, though slightly (Redondo et al. 2008).
In contrast, WGA labelled different structures of several
myxozoans. The polar capsules were recognised in all
positive myxosporeans (10 out of 12) assayed by Muiloz
et al. (1999). In T. bryosalmonae (PKX), weak to moder-
ate binding patterns, applying both LM and TEM, were re-
ported (Castagnaro et al. 1991, Morris and Adams 2004),
whereas Sphaerospora sp. was inconsistently stained
(Marin de Mateo et al. 1997). The spores of M. cerebralis
were clearly reactive for WGA (Kaltner et al. 2007). No
staining of E. leei proliferative or sporogonic stages was
detected with SNA lectin, as described for E. scophthalmi
(Redondo et al. 2008) and M. cerebralis (Kaltner et al.
2007). Muiloz et al. (1999), reported SNA binding only
in Polysporoplasma sparis and Kudoa sp. The absence
of SNA (specific for NeuAco(2,6)Gal/GalNac) labelling
could indicate that WGA detected GIcNAc or its poly-
mers in E. leei. A protective role of chitin, a polymer of
GIcNAc, has been suggested for other myxozoans (Lukes
et al. 1993, Muioz et al. 2000). However, more specific
studies are necessary to demonstrate the presence of chi-
tin in E. leei and the possible involvement of the terminals
recognised by WGA in protection or other functions.

The glycan pattern and/or staining intensity may vary
between E. leei developmental stages. A differential ex-
pression of sugars according to the life-cycle stage has
also been described for the myxozoans E. scophthalmi
(Redondo et al. 2008), 7. bryosalmonae (Morris and Ad-
ams 2004) and M. cerebralis (Kaltner et al. 2007), and
moreover for other parasites (Schabussova et al. 2003,
Hammerschmidt and Kurtz 2005, Kaltner et al. 2007).
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Glycosylation can change in response to extracellu-
lar stimuli (Iyer and Hart 2003) and thus can play a sig-
nificant role in pathogenesis of infection. Ultrastructural
studies can help to elucidate the glycosylation patterns of
the different cell structures and the putative role of car-
bohydrate residues in the parasite biology and the host-
parasite relationship. However, information obtained at
the ultrastructural level can be limited by technical con-
straints, as some lectins with no labelling in immunogold
studies can show strong staining using lectin histochem-
istry (Griffiths 1993). In spite of the technical limitations,
some data have been obtained for myxozoan carbohydrate
patterns at TEM. Several carbohydrate residues were de-
tected by lectin binding at the contact surface of myxo-
zoan cell and host cell, as well as in membranes, mito-
chondria, rER and nucleus in the current study on E. /eei,
and some scarce data are also available for other myxo-
zoans. In eukaryotes, different routes of glycosylation
take place in these cellular compartments (Hart and West
2009). The presence of glucose/mannose and fucose resi-
dues in the E. /eei-host cell junction suggests their role in
the host-parasite interaction. Terminal glucose/mannose
residues were also dominant in the parasite membrane
and the host-parasite interface in E. scophthalmi (Redon-
do et al. 2008) but were scant in the T° bryosalmonae plas-
malemma (Morris and Adams 2004). In E. [eei, glucose/
mannose and fucose residues appeared also in the mito-
chondria and the nucleus of several cell types and in the
rER of the sporogonic accompanying cell. Glucose/man-
nose were detected in the mitochondria and nucleus of
E. scophthalmi S cell (Redondo et al. 2008) and Leptothe-
ca sp. capsulogenic cell (Mufioz et al. 2000). The high
prevalence of the mannose residues is a characteristic of
carbohydrates in many pathogenic organisms (Taylor et
al. 1986, Horak 1995, Fuchs et al. 1999, Kim et al. 1999,
Klabunde et al. 2000, Casaravilla et al. 2003, Taupin et al.
2006). It is also well known that terminal mannose moie-
ties play a significant role in the host-parasite interaction
(Soeiro et al. 1999, Fuller and McDougal 2002), and their
recognition by specific receptors (i.e. mannose-binding
lectin) can trigger a host immune response in parasitic
diseases (Barbosa et al. 1992, Wisnewski et al. 1993, Kim
et al. 1999, Klabunde et al. 2000, Gruden-Movsesijan
and Milosavljevic 2006). Fucose residues were, by con-
trast, scarcely or not found in other myxozoans. However,
a clear presence of terminal a-linked fucose moieties has
been described in several protozoan and helminth para-
sites (Wisnewski et al. 1993, Benchimol and Bernardino
2002, Schabussova et al. 2003, Hokke and Yazdanbakhsh
2005). Fucosylated carbohydrate structures are involved
in a variety of biological and pathological processes, in-
cluding the adhesion and invasion of microorganisms, and
they are known to have immunological relevance in host-
parasite interactions (Wisnewski et al. 1993, John et al.
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Figs. 18-26. Transmission electron micrographs of Enteromyxum leei-infected gilthead seabream intestines embedded in Spurr’s
resin and treated with gold-conjugated UEA I lectin. Figs. 18, 19. Proliferative stages. Fig. 18. Scattered gold grains at the parasite
primary (P) cell (arrowheads), the interface between P and host (H) cells (*) and the H cell (arrows). Fig. 19. Several gold grains
at the contact between P and secondary (S) cells (*), and the S cell cytoplasm (arrows), mitochondria (**), and nucleus (N, ) (ar-
rowheads). Fig. 20. Panoramic view of a maturing spore. Figs. 21-23. Details of the binding sites at the enveloping P cell (Figs. 21,
22), the cytoplasm (arrowheads) and mitochondria (*) of the valvogenic cell (VC) (Fig. 22), and the cytoplasm of capsulogenic cell
(CC) (arrows), sporoplasmic cell (SC) (*) and VC (arrowheads) (Fig. 23). Figs. 24-26. Labelling pattern of a spore. Note the binding
sites at the cytoplasm and nucleus (Ncc) of a CC (arrows) (Fig. 24), an SC (*) (Fig. 25), and the polar capsule and polar filament (*)
(Fig. 26). Scale bars: Figs. 18, 19, 21, 23, 26 = 0.2 um; Figs. 20, 22, 24, 25 =5 um.
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1999, Ma et al. 2006, Imberty and Varrot 2008). Galactose
and GalNAc, which are among the carbohydrate residues
more frequently involved in the host-parasite interaction
(Jacobson and Doyle 1996), were not abundant in E. leei,
and were not found at the host-parasite interface. How-
ever, galactose/GalNAc were present at this location in
other myxozoans, such as 7. bryosalmonae (Morris and
Adams 2004) and E. scophthalmi (Redondo et al. 2008).
Galactose and/or GalNAc residues were also detected in
the mitochondria and nuclei of some cells in proliferative
stages of E. scophthalmi (Redondo et al. 2008) and Z. mu-
gilis (Mufioz et al. 2000). These carbohydrate residues
were also present in the nuclei of other parasites, such as
Tritrichomonas foetus (Benchimol and Bernardino 2002).

Consequently, some carbohydrate structures identified
in E. leei are also present in other myxozoans, mainly in
developmental stages of the congeneric E. scophthalmi.
Glucose/mannose moieties are, compared to other car-
bohydrate epitopes, more frequently and intensely rec-
ognised in the myxozoans studied thus far, and they are
present at the host-parasite interface in both enteromyxo-
ses. Differences between both Enteromyxum spp. concern
mainly the higher presence of GalNac/Gal in E. scoph-
thalmi, as demonstrated by the SBA staining patterns, and
the intensity and type of structures stained with labelled
lectins, such as UEA I and WGA. The observed glyco-
sidic patterns suggest that terminal carbohydrate residues
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