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Abstract

Simple mucin-type cancer-associated O-glycan structures, such as the Tn antigen (GalNAc-O-Ser/Thr), are expressed by certain helminth

parasites. These antigens are involved in several types of receptor–ligand interactions, and they are potential targets for immunotherapy. The aim

of this work was to study the initiation pathway of mucin-type O-glycosylation in Fasciola hepatica, performing a biochemical and immuno-

histochemical characterisation of Tn and sialyl-Tn antigens, and evaluating the ppGaNTase activity, which catalyses the first step in O-glycan

biosynthesis. Using ELISA, both Tn and sialyl-Tn antigens were detected predominantly in the somatic and deoxycholate extracts. Immuno-

fluorescence analysis revealed that Tn antigen is preferentially expressed in testis, while sialyl-Tn glycoproteins were more widely distributed,

being present in parenchymal cells, basal membrane of the tegument, and apical surface of epithelial cells lining the caeca. On the basis of their

electrophoretic mobility, Tn glycoproteins were resolved as six components of 10, 37, 76, 125, 170 and 205 kDa, and sialyl-Tn components

showed an apparent molecular mass of 28 and 32 kDa, and two broad bands of 90–110 and 170–190 kDa. The observation that only the 76 kDa

Tn-glycoprotein remained in the 0.6 N perchloric acid-soluble fraction suggests that it could be a good candidate for mucin characterisation in

this parasite. The ppGaNTase activity showed its maximal activity at pH 7–7.5 and 37 8C, showing that Mn21 was the best divalent cation

activator. Using a panel of nine synthetic peptides as acceptor substrates, we found that F. hepatica ppGaNTase was able to glycosylate both

threonines and serines, the best substrates being the peptides derived from the tandem repeat region of human mucins (MUC2 and MUC6), and

from Trypanosoma cruzi and Trypanosoma brucei glycoproteins. The results reported here constitute the first evidence on O-glycosylation

pathways in F. hepatica, and may help to identify new biological characteristics of this parasite as well as of the host–parasite relationship.
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1. Introduction

O-Linked oligosaccharide structures play important func-

tions “in vivo” (Hanisch, 2001), involving several types of

receptor–ligand interactions (Brockhausen, 1993), and

participating in important biological processes, such as

cell differentiation, cancer invasion and viral and bacterial

infectivity (Hounsell et al., 1996). These glycans also play a

structural role by stabilising the polypeptide to which they

are attached as well as by protecting the glycosylated

protein from proteolytic degradation (Jentoft, 1990). Certain

helminth parasites express O-glycans and mucin-like mole-

cules. For example, the trematode Schistosoma mansoni

expresses a Thr/Ser-rich glycoprotein in the epithelial

cells of the reproductive tract of female worms (Cummings

and Nyame, 1999). Furthermore, the presence of Tn antigen

(Thr/Ser-O-GalNAc), one of the most specific human

tumour-associated structures (Hakomori, 1989), and

expressed in mucin-type O-glycans of cancer cells due to

a blockage in mucin chain elongation (Brockhausen, 1999),

has been observed both in the schistosomula and in the adult

worm (Nyame et al., 1987). Recently, we demonstrated that

this antigen and sialyl-Tn (Thr/Ser-O-GalNAc-NeuAc) are

expressed by larval and adult tissues of the cestode Echino-

coccus granulosus, and high levels of circulating Tn antigen

were detected in the sera of hydatid patients (Alvarez Errico

et al., 2001). Moreover, we screened different worm extracts
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from parasites belonging to both major phyla, the Nematoda

and the Platyhelminths, and showed that Tn is present in

Mesocestoides corti, Taenia hydatigena, Nippostrongylus

brasiliensis, Toxocara canis and Fasciola hepatica (Casar-

avilla et al., unpublished data). All these results, showing

widespread expression of Tn antigen, strongly suggest that

truncated O-glycosylation does not constitute an aberrant

phenomenon in helminth parasites belonging to the most

relevant taxonomic groups.

The UDP-GalNAc:polypeptide N-acetylgalactosaminyl-

transferase (ppGaNTase) (EC 2.4.1.41) catalyses the first

step in the O-glycosylation (Marth, 1996), and it determines

the number and position of O-linked sugar chains in a

protein. This reaction involves the transfer of a GalNAc

residue to the hydroxyl side chain of a serine or threonine

residue. To date, nine ppGaNTases have been reported in

vertebrates (Clausen and Bennett, 1996; Hanisch, 2001).

The free-living nematode Caenorhabditis elegans is the

only worm in which ppGaNTases have been characterised.

Hagen and Nehrke (1998) isolated 11 ppGaNTases in C.

elegans, five of which were able to glycosylate synthetic

peptides derived from human mucin motifs. All clones

encoded type II membrane proteins that shared 60–80%

amino acid sequence similarity with the catalytic domain

of mammalian ppGaNTase enzymes.

The digenean trematode F. hepatica is the causal agent of

fasciolosis, a chronic disease in domestic animals and

humans. Although glycoconjugates are commonly regarded

as critical molecules in the host–parasite balance, for exam-

ple through diverting immune responses by the continuous

shedding of the glycocalyx (Hanna, 1980), there is a virtual

lack of structural information on F. hepatica glycans and

their synthetic pathways. The aim of this work was to study

the initiation pathway of mucin-type O-glycosylation in F.

hepatica, performing a biochemical and immunohistochem-

ical characterisation of Tn and sialyl-Tn antigens and eval-

uating the ppGaNTase activity in adult flukes.

2. Materials and methods

2.1. Monoclonal antibodies and lectins

The mAb 83D4 (IgM), which specifically binds the Tn

antigen (Osinaga et al., 2000), was produced from a mouse

immunised with cell suspensions obtained from formalin-

fixed paraffin-embedded sections of an invasive human

breast cancer (Pancino et al., 1990). Monoclonal antibody

was precipitated from ascites fluids by dialysis against

demineralised water at 4 8C, dissolved in a small volume

of 0.5 M NaCl in PBS, and purified by gel-filtration chro-

matography on Sephacryl S-200. The mAb B72.3 (IgG1),

which recognises the sialyl-Tn determinant (Kjeldsen et al.,

1988), was established by immunising a mouse with human

colonic cancer cells (Colcher et al., 1981). This MAb was

purified by affinity chromatography using a protein A-

Sepharose column. The biotinylated lectins used, obtained

from Sigma, were: isolectin B4 from Vicia villosa seeds

(VV), which specifically agglutinates Tn-exposed red

blood cells; Helix pomatia (HPA), reactive with non-substi-

tuted GalNAc residues; peanut agglutinin (PNA), specific

for the T antigen (Thr/Ser-GalNAc-Gal); and wheat germ

agglutinin (WGA), which binds GlcNAc and sialic acid

residues.

2.2. Preparation of parasite extracts

2.2.1. Detergent soluble extract

Adult worms were collected from cattle livers at an abat-

toir and washed several times in 0.01 M phosphate (pH 7.2)/

0.15 M NaCl (PBS) at 4 8C. The flukes were killed by

freezing for 30 min at 220 8C, washed twice with PBS at

4 8C, and drained. One gram wet weight of tissue was incu-

bated in 10 ml of 1% deoxycholic acid in 0.15 M glycine

(pH 9.0), 0.5 M NaCl, for 60 min at room temperature, 30

min at 37 8C, and then 30 min at 4 8C. The deoxycholate-

extracted material was centrifuged at 20,000 £ g for 60 min

and the supernatant was stored at 280 8C until used.

2.2.2. Somatic extract

Live adult flukes were washed several times with PBS,

and then homogenised with PBS in a glass tissue grinder.

The homogenate was ultrasonicated on an ice bath for 3

min, in 60 s bursts (20% power) with 30 s pauses, using

an ultrasonic homogeniser 4710 (Cole-Palmer Instrument

Co.), then centrifuged at 48,000 £ g for 1 h and the super-

natant stored at 280 8C until used.

2.2.3. Excretion/secretion (E/S) products

Live adult flukes were washed six times in PBS (pH 7.3)

and then maintained in RPMI-1640 (pH 7.3) containing 2%

glucose, 30 mM HEPES and 25 mg/l gentamycin overnight.

The culture medium was removed, centrifuged at

12,000 £ g for 30 min and the supernatant was stored at

220 8C until used (Dalton and Heffernan, 1989).

2.3. Quantitation of Tn and sialyl-Tn antigens

Tn glycoproteins were detected in parasite preparations

by a double-determinant immunolectin-enzymatic method

(CA83.4 assay), devised using the anti-Tn mAb 83D4 as the

catcher, and the anti-Tn-reactive isolectin B4 from V.

villosa as the tracer as described by Osinaga et al. (1996).

Sample concentrations of Tn glycoproteins were determined

by interpolation against a standard curve performed with

asialo-ovine submaxillary mucin, a standard source of Tn.

The antigen unit was defined as the amount of CA83.4

reactivity found in 10 ng of desialylated mucin. All experi-

mental samples were processed in duplicate.

Sialyl-Tn antigen was detected in parasite preparations by

an ELISA. Microtitre wells were coated with 100 ml of

different concentrations of the parasitic extract diluted in

0.1 M carbonate buffer (pH 9.6) by overnight incubation
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at room temperature. The wells were washed with 0.1%

Tween 20 in PBS and incubated with 200 ml of 1% gelatin

in PBS (PBS/G) at 37 8C for 1 h. After three washes wells

were incubated with 100 ml of mAb B72.3 (10 mg/ml) at 37

8C for 2 h. Afterwards, wells were incubated with a bioti-

nylated anti-mouse-IgG antibody (Sigma) diluted in 0.5%

gelatin, 0.1% Tween 20 in PBS (PBS/TG) for 1 h at 37 8C.

Unbound material was then washed off and 100 ml of 1/

2,000 avidin/peroxidase complex (Sigma) in PBS/TG was

added for 1 h at 37 8C. Peroxidase activity was demonstrated

by incubation in ABTS [2,2-Azin-bis(3-ethylbenz-thiazo-

line-6-sulphonic acid)] (3 mg) and 30% hydrogen peroxide

(7 ml) in phosphate-citrate buffer, pH 5.0 (10 ml). Sample

concentrations of sialyl-Tn glycoproteins were determined

by interpolation against a standard curve performed with

ovine submaxillary mucin, a standard source of sialyl-Tn.

The antigen unit was defined as the amount of reactivity

found in 10 ng of mucin. All experimental samples were

done in duplicate.

2.4. Perchloric acid fractionation of samples

Fasciola hepatica preparations were subjected to

perchloric acid precipitation at 4 8C (0.6 N perchloric acid

concentration), as previously described (Alvarez Errico et

al., 2001). The perchloric acid-soluble fraction was neutra-

lised with 1.2 M KOH and dialysed against PBS. Tn and

sialyl-Tn antigens were quantified as described above.

2.5. Immunohistochemical analysis

Paraffin-embedded sections of F. hepatica adult forms

were prepared following standard protocols. Sections were

deparaffinated and rehydrated and then incubated for 1 h at

37 8C with 10 mg/ml of mAbs 83D4 or B72.3. Sections were

extensively washed with PBS and incubated with an appro-

priate dilution of secondary anti-mouse Ig-FITC conjugated

antibody (1/200, Sigma) for 1 h at 37 8C in the dark.

Sections were mounted and contra-dyed in 14% polyvinyl

alcohol/2% glycerol and observed in a fluorescence micro-

scope. Negative controls were treated in the same way, with

the exception that samples were incubated in PBS instead of

mAbs.

2.6. SDS-PAGE and Western blotting

Proteins were resolved by SDS-PAGE (3–15% gradient)

under reduction and non-reduction conditions as described

previously (Laemmli, 1970) and identified by silver staining

according to standard protocols. For Western blot analysis,

proteins resolved by SDS-PAGE were transferred onto

nitrocellulose sheets (Amersham) according to Towbin et

al. (1979) at 60 V for 5 h in 20 mM Tris–HCl (pH 8.3), 192

mM glycine, 10% methanol. Residual protein-binding sites

on the paper were blocked by incubation with 3% BSA in

PBS overnight at 4 8C. The nitrocellulose was then incu-

bated with 3 mg/ml of mAbs 83D4 and B72.3 for 3 h at 37

8C. After three washes with PBS containing 0.1% Tween 20

and 1% BSA, the membrane was incubated for 1 h at room

temperature with goat anti-mouse immunoglobulin conju-

gated to peroxidase (1/2,000, Sigma) diluted in PBS 0.3%

Tween 20 and 3% BSA, and the reaction was developed

with enhanced chemiluminesence (ECL, Amersham).

2.7. Purification of Tn glycoproteins

Parasite components containing Tn were affinity-purified

from the deoxycolate preparation using a Sepharose-CNBr-

activated column with immobilised mAb 83D4. Deoxyco-

late extracts were incubated by recirculation overnight at 4

8C. The column was washed with PBS containing 0.5 M

NaCl, and elution was performed at alkaline pH with 0.1

M triethylamine buffer (pH 10.5). The elution peak was

monitored by the CA83.4 assay described above.

2.8. Lectin-binding assays

Preliminary sugar composition of Tn-purified proteins

from deoxycolate extract was evaluated by lectin-binding

assays according to Alvarez Errico et al. (2001). Microtitre

wells were coated with 100 ml of purified Tn glycoproteins

diluted in carbonate buffer at different concentrations. Plates

were blocked with 200 ml of PBS/G at 37 8C for 2 h. After

washing with PBS, 0.1% Tween 20, wells were incubated

for 2 h at 37 8C with biotinylated lectins (HPA, PNA, VV,

WGA) diluted in PBS/TG. Plates were washed and avidin/

peroxidase complex diluted 1/2,000 in PBS/TG was added

and incubated for 1 h at 37 8C. Reaction was revealed using

ABTS as described above.

2.9. Evaluation of ppGaNTase activity using a multisite

substrate acceptor

Ovine submaxillary mucin was purified according to

Tettamanti and Pigman (1968), subjected to sequential

deglycosylation following the procedure described

previously (Mendocino and Sangadala, 1998), and used as

a ppGaNTase multisite peptide acceptor substrate. The

evaluation of the ppGaNTase activity was done as described

before (Yoshida et al., 1997). Briefly, the standard reaction

mixture contained 50 mM imidazole–HCl (pH 7.2), 10 mM

MnCl2, 0.5% Triton X-100, 150 mM UDP-(3H)-GalNAc

(approximately 80,000 dpm), different concentrations of

deglycosylated ovine submaxillary mucin, and deoxycolate

extract (approximately 100 mg per reaction), in a final

volume of 50 ml. The rate of GalNAc transfer to peptide

was measured by incubating the mixture at 37 8C for 2 h.

The reaction was terminated by adding 50 ml of 250 mM

EDTA. The glycosylated product was separated from

unreacted UDP-(3H)-GalNAc on a 1 ml AG1X-8 (Cl2

form, Sigma) column with 2.6 ml of water as eluent. The

radioactivity was measured by a LS Analyzer Beckman

scintillation counter. The enzyme activity was expressed

as pmoles of UDP-(3H)-GalNAc transferred per mg of
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protein and per hour. All experiments were done in tripli-

cate. Reactions lacking deglycosylated ovine submaxillary

mucin yielded background values that were averaged for

each proteic extract and subtracted from each triplicate

value. Error bars indicate standard deviations. The same

procedure was carried out for the evaluation of ppGaNTase

activity at different pH values and temperatures. In this case

5 mg of deglycosylated ovine submaxillary mucin was used.

2.10. Evaluation of ppGaNTase activity using different

synthetic peptides

O-GalNAc transfer was assayed using synthetic peptides

(Bio-synthesis Inc.) derived from the tandem repeat

sequences of different human mucins (MUC1 (a), MUC1

(b), MUC2 (a), MUC2 (b), MUC5B and MUC6) and highly-

glycosylated proteins derived from parasites (Trypanosoma

cruzi, Trypanosoma brucei, and S. mansoni) (Table 1). The

ppGaNTase assay was performed as described above, using

2 mM synthetic peptide as acceptor substrate and 5 mg of

deglycosylated ovine submaxillary mucin. All experiments

were performed in triplicate. Error bars indicate standard

deviations of those experiments done in triplicate.

3. Results

3.1. Detection of Tn and sialyl-Tn antigens in F. hepatica

extracts

The presence of Tn and sialyl-Tn determinants in differ-

ent F. hepatica extracts was measured using ELISA, expres-

sing the specific activity of each fraction (antigen units/mg

protein). The highest levels of Tn antigen were found in the

somatic and deoxycolate extracts (Fig. 1A). Sialyl-Tn was

also present, predominantly in the somatic fraction (Fig.

1B). Considering that both antigens are highly expressed

on carcinoma-associated glycoproteins soluble in perchloric

acid, we evaluated the perchloric acid solubility of Fasciola

Tn and sialyl-Tn glycoproteins. With this procedure, the

majority of proteins present in each extract precipitated,

while a fraction of Tn glycoproteins were shown to be solu-

ble in 0.6 N perchloric acid, determining a considerable

increase in Tn antigen specific activity. In contrast, almost

all glycoproteins bearing sialyl-Tn antigen precipitated with

perchloric acid.

3.2. Immunohistochemical analysis

In order to determine the localisation of Tn and sialyl-Tn

antigens in F. hepatica, an immunofluorescence analysis

was performed. The Tn antigen expression was predomi-
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Table 1

Amino acid sequences of synthetic peptides used to evaluate the ppGaNTase activity

Peptide Amino acid sequence Reference

Human MUC1 (a) PDTRPAPGSTA Gendler et al., 1990

Human MUC1 (b) HGVTSAPDTRP Gendler et al., 1990

Human MUC2 (a) PTTTPITTTTTV Gum et al., 1994

Human MUC2 (b) VTPTPTPTGTQT Gum et al., 1994

Human MUC5B VLTTTATTPTA Desseyn et al., 1997

Human MUC6 GTTPPPTTLK Ho et al., 1995

Trypanosoma cruzi mucin KPPTTTTTTTTKPP Acosta-Serrano et al., 2001

Trypanosoma brucei mucin SSLLSSFASSAVG Nolan et al., 1997

Schistosoma mansoni mucin ISTSPSPSNITTTT Menrath et al., 1995

Fig. 1. Tn and sialyl-Tn antigen levels in F. hepatica extracts. Somatic

(Som), deoxycolate (DOC), and E/S fractions were analysed for Tn antigen

(CA83.4 assay) (A), and for sialyl-Tn antigen (using mAb B72.3) (B), as

described in Section 2. Results were obtained from total fractions (A) as

well as from the 0.6 N perchloric acid-soluble fraction (B). The antigen

content is expressed as specific activity (AU/mg protein). All experimental

samples were processed in duplicate. Tn and sialyl-Tn antigen specific

activities were measured many times, giving very similar results in different

F. hepatica extract preparations. In this figure results obtained in one

representative experiment are shown.



nantly observed in testis but not in the carbohydrate-rich

tegument (Fig. 2A). Reactivity against sialyl-Tn glycopro-

teins was shown to be more widely distributed, being

present in parenchymal cells, the basal membrane of the

tegument, and the apical surface of epithelial cells lining

the caeca (Fig. 2C,D).

3.3. Electrophoretic analysis

SDS-PAGE followed by Western blot analysis in F.

hepatica deoxycolate extracts was performed to determine

the pattern of glycoproteins which express the truncated O-

glycosylated epitopes. The Tn antigen was identified as a

group of six components with relative molecular mobility of

10, 37, 76, 125, 170 and 205 kDa (Fig. 3, lane 1). Tn bearing

glycoproteins from deoxycolate extracts were purified by

affinity chromatography using immobilised mAb 83D4.

Following purification, the six components identified by

Western blot analysis were detected by silver staining in

SDS-PAGE (Fig. 3, lanes 2 and 3). A very similar pattern

was observed in non-reducing and reducing conditions. The

component of 125 kDa migrated slightly more slowly in

reducing conditions, suggesting the presence of an intra-

chain disulphide bond. Interestingly, after perchloric acid

precipitation of deoxycolate extracts, only the 76 kDa

component remained in the soluble fraction (Fig. 3, lane

4). In contrast, sialyl-Tn glycoproteins appeared as only

two components (28 and 170–190 kDa) in non-reducing

conditions (Fig. 3, lane 5), and revealed other components

of 32 and 90–110 kDa in reducing conditions (Fig. 3, lane

6), indicating that disulphide bonds were established

between some components.

3.4. Preliminary analysis of sugar composition

The evaluation of Tn and sialyl-Tn antigens co-expres-

T. Freire et al. / International Journal for Parasitology 33 (2003) 47–56 51
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sialyl-Tn mAb B72.3 (C,D), and without primary antibody (negative control), which showed no reactivity (B).



sion was performed by an ELISA. On wells coated with Tn-

purified glycoproteins poor reactivity of anti-sialyl-Tn mAb

B72.3 was observed, whereas the material was recognised

by mAb 83D4 (Fig. 4A), and B72.3 strongly reacted with

ovine submaxillary mucin (data not shown). Lectin-binding

assay of Tn-purified glycoproteins revealed the presence of

other sugars (Fig. 4B). Tn bearing glycoproteins bound

PNA, indicating a co-expression of T-antigen, another

incomplete O-glycosylated carcinoma-associated structure.

WGA and H. pomatia reactivity were also observed, indi-

cating the presence of sialic acid and/or GlcNAc as well as

GalNAc.

3.5. Characterisation of ppGaNTase activity

This enzyme is the key step in Tn antigen synthesis, as it

is responsible for the beginning of the O-glycosylation,

catalysing the transfer of a GalNAc to threonine or serine

residues on an acceptor polypeptide. Taking into account

that a single consensus peptide sequence does not exist for

mucin-type GalNAc O-glycosylation of serine/threonine

(Van den Steen et al., 1998), we started our study using

deglycosylated ovine submaxillary mucin, a ppGaNTase

multisite peptide acceptor substrate. A typical saturation

curve of ppGaNTase activity was obtained using different

deglycosylated ovine submaxillary mucin concentrations,

revealing a high activity of this enzyme in F. hepatica

extracts (data not shown). The ppGaNTase activity was

evaluated at different temperatures (4, 20, 28 and 37 8C)

observing the higher activity at 37 8C. The O-GalNAc trans-

ferase activity had a broad pH optimum with maximal activ-

ity between pH 7.0 and 7.5 (data not shown). The enzyme

activity showed ion dependence, Mn21 being the best acti-

vator among the different divalent cations tested. The values

obtained with the seven cations used are shown in Table 2,

subtracting the very low activity observed in their absence.

3.6. ‘In vitro’ glycosylation of synthetic peptides

Considering that GalNAc-O-linked glycopeptide motifs

have not been identified yet in F. hepatica, we assessed the

ppGaNTase activity on a panel of nine synthetic peptides

derived from O-glycosylated proteins from parasites (T.

cruzi, T. brucei and S. mansoni), and from human mucins

(MUC1, MUC2, MUC5B and MUC6) (Table 1). Fasciola

hepatica extracts showed glycosylation preference for the

MUC2, MUC6, T. cruzi and T. brucei peptide sequences,

although other peptides were also successful acceptor

substrates (Fig. 5). The lower enzymatic activity was

observed using peptide sequences corresponding to S.

mansoni and MUC5B mucins.

4. Discussion

It has been demonstrated that parasite glycoconjugates,

particularly those present in the E/S fraction and on the

surface, play critical roles in the interaction of helminth

parasites with their hosts. For example, they can participate

in avoiding the immune response by antigenic mimicry of

host components (Damian, 1997), inhibiting T cell prolif-

eration (Persat et al., 1996), inducing effective protection

(Ellis et al., 1994), or promoting autoimmune responses

(Cummings and Nyame, 1999). Mucin-type O-linked oligo-

saccharide structures, common constituents of many secre-

tory and cell surface proteins, are characterised by the

GalNAc which links the oligosaccharide chain to the poly-

peptide backbone by means of an O-linkage to a serine or

threonine residue in the protein (Van den Steen et al., 1998).
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Fig. 3. Electrophoretic analysis. Tn antigen was detected in deoxycolate extracts by immunoblot using the mAb 83D4 (lane 1, reduction condition). Purified Tn

glycoproteins were silver stained after SDS-PAGE analysis (lanes 2 and 3, non-reduction and reduction conditions, respectively). Perchloric acid (0.6 N)

soluble fraction of purified Tn glycoproteins was silver stained after SDS-PAGE analysis (lane 4). Sialyl-Tn antigen was identified in deoxycolate extracts by

immunoblot using the mAb B72.3 (lanes 5 and 6, non-reduction and reduction conditions, respectively). Negative controls were incubated with PBS without

the primary antibody, and no reactivity was observed (data not shown).



Recently, we obtained the first evidence about the presence

of incomplete O-glycosylation (Tn antigen) in the cestode

E. granulosus (Alvarez Errico et al., 2001), and in other

species belonging to the main two phyla of parasitic

helminths, the Nematoda and the Platyhelminths, including

F. hepatica (Casaravilla et al., unpublished data). There is

virtually no information available about the structure and

synthesis of O-glycans in F. hepatica. In this work we have

shown that Tn antigen is present in both somatic and deox-

ycolate F. hepatica preparations, and, at lower levels, in the

E/S products. Sialyl-Tn antigen (a related mucin-type

cancer-associated determinant) was also found in the

somatic and deoxycolate extracts, although it was not

detected in E/S preparations. Immunohistochemical analy-

sis revealed that Tn is mainly expressed in testis while

sialyl-Tn glycoproteins were shown to be more widely

distributed, being present in parenchyma, basal membrane

of the tegument and in apical membrane of epithelial cells

present in the digestive tube. These results are in agreement

with those found by Berasain et al. (unpublished data) who

found exposed GalNAc in testes and sialic acid in the gut by

histochemical analysis using different lectins.

On the basis of their electrophoretic mobility, Tn glyco-

proteins from F. hepatica were resolved as six components

of 10, 37, 76, 125, 170 and 205 kDa, and sialyl-Tn compo-

nents showed an apparent molecular mass of 28, 32 kDa,

and two broad bands of 90–110 and 170–190 kDa. Both

antigens seem to be expressed on different glycoproteins,

as supported by the results of co-expression analysis of these

antigens. This fact agrees with the observation that Tn and

sialyl-Tn antigens are not co-expressed in O-glycoproteins

of E. granulosus extracts (Alvarez Errico et al., 2001).

Considering that Tn is the immediate precursor of sialyl-

Tn determinant, we hypothesise that in F. hepatica, all Tn

residues of a glycoprotein are good substrates for sialyl-Tn

biosynthesis, catalysed by the activity of a sialyltransferase

(a2,6-sialyltransferase in mammalian cells). In contrast, the

T antigen (Gal1,3-GalNAc-aSer/Thr) was present in glyco-

proteins expressing Tn, suggesting that not all Tn structures

are good substrates for the b-3-Gal-T in F. hepatica. This

observation could be explained by the fact that the specifi-

city of this enzyme is controlled by the amino acid sequence
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Fig. 4. Preliminary analysis of sugar composition of Tn antigen. (A)

Expression of sialyl-Tn. ELISA performed on wells coated with optimal

dilutions of Tn glycoproteins purified from deoxycolate extract and devel-

oped with the anti-Tn mAb 83D4 (V) and the anti-sialyl-Tn mAb B72.3

(B). Ovine submaxillary mucin was used as positive control for mAb B72.3

reactivity (data not shown). (B) Lectin-binding assays. Carbohydrate

moieties present in the Tn bearing glycoproteins purified from deoxycolate

extract were investigated by a lectin-binding assay evaluating the reactivity

of biotin-labelled lectins (HPA, Helix pomatia; PNA, peanut agglutinin;

VV, Vicia villosa; WGA, wheat germ agglutinin).

Table 2

Evaluation of divalent cation dependence of F. hepatica ppGaNTase activ-

ity

Cation (10 mM) Transferase activity

(pmol/mg.h)

Relative activity (%)

Mn21 0.910 ^ 0.014 100

Cu21 0.765 ^ 0.035 84

Ni21 0.66 ^ 0.10 73

Mg21 0.625 ^ 0.021 69

Zn21 0.61 ^ 0.22 66

Co21 0.55 ^ 0.10 60

Ca21 0.39 ^ 0.05 43

Fig. 5. Evaluation of ppGaNTase activity using synthetic peptide acceptors.

Nine synthetic peptides (2 mM) were used to assess the ppGaNTase activity

in the conditions described in Section 2. Results were compared to those

obtained with deglycosylated ovine submaxillary mucin (5 mg).



of the peptide substrates (Granovsky et al., 1994). Purified

Tn-glycoproteins from deoxycolate extract contained other

sugars like GlcNAc and/or sialic acid. A fraction of Tn-

glycoproteins were soluble in perchloric acid, suggesting

that they are highly glycosylated as shown for Tn glycopro-

teins obtained from human breast carcinoma cells (Pancino

et al., 1991; Osinaga et al., 1994). The observation that only

the 76 kDa Tn-glycoprotein remained in the 0.6 N perchlo-

ric acid-soluble fraction suggests that it could be a good

candidate for mucin characterisation in this parasite. On

the contrary, the glycosylation pattern of sialyl-Tn-glyco-

proteins seemed to be different because almost all precipi-

tated under perchloric acid treatment.

Truncated variants of O-glycan chains are good potential

targets for immunotherapy (Toyokuni et al., 1994;

Danishefsky and Allen, 2000). Although Tn is a glycan

structure, it has been reported that some Tn-glycosylated

peptides may be capable of binding to proteins of the

major histocompatibility complex and inducing T-cell

lymphocyte activation (Galli-Stampino et al., 1997). It

was shown in animal models that Tn is capable of inducing

an effective cellular immune response against Tn-expres-

sing tumour cells, using both natural (Singhal et al., 1991)

and synthetic Tn immunogens (Lo-Man et al., 2001). In

addition, patients have been immunised against the sialyl-

Tn antigen and preliminary studies indicate that patients

who developed high antibody titres in their serum survived

longer than patients with lower titres (Livingston and Ragu-

pathi, 1997). GalNAc-O-Ser/Thr represents the biochemical

definition of Tn, but a lot of evidence suggests that the

antigen identified by the immune system may be a more

complex structure. Clusters of Tn residues are an essential

part of the determinant recognised by mAb (Nakada et al.,

1993; Osinaga et al., 2000) and by the Tn-specific human

macrophage C-type lectin (Iida et al., 1999), all of which

react poorly or are unreactive with glycopeptides bearing Tn

structures that are not organised into clusters. When a

synthetic dendrimeric multiple antigenic glycopeptide was

used in active specific immunotherapy, the tri-Tn glycotope

was much more efficient than the mono-Tn analogue in

promoting the survival of tumour-bearing mice (Lo-Man

et al., 2001). The clustering effect has also been reported

on anti-sialyl-Tn mAb. Reddish et al. (1997) have shown

that some antibodies recognise the sialyl-Tn as an isolated

structure (mAb 195.3) whereas some others need a cluster

for binding (as mAb B72.3, used in this work). Tanaka et al.

(1999) found that a cluster composed of four sialyl-Tn anti-

gens is the essential epitopic structure for mAb MLS132.

The ability to synthesise monomer or cluster of Tn/sialyl-Tn

structures on mucin polypeptide backbones could depend in

part on the sequence of O-glycosylation sites of the apomu-

cin, as well as on the repertoire and specificity of glycosyl-

transferases required for Tn/sialyl-Tn synthesis. The

biochemical and functional characterisation of Tn and

sialyl-Tn glycoproteins purified from F. hepatica could

contribute to elucidating the involvement of these proteins

in the parasite biology as well as in eventual induction of the

host immune response.

Glycosyltransferases constitute a large group of enzymes

that are involved in the biosynthesis of oligosaccharides and

polysaccharides (Breton et al., 2001). Until now, only the 3-

a-GalNAc-transferase, and 2- and 4-a-l-fucosyltrans-

ferases have been identified in F. hepatica (Ben-Ismail et

al., 1982a), revealing the ability of this parasite to synthesise

A, H, and Lewis human blood group antigens (Ben-Ismail et

al., 1982b). In this study, we characterised the activity of

ppGaNTase from F. hepatica, which represents a key regu-

latory factor in defining the repertoire of O-glycans (Marth,

1996; Clausen and Bennett, 1996). Peptides derived from

the tandem repeat region of human mucins (MUC2 and

MUC6), and from T. cruzi and T. brucei mucins, were

highly glycosylated. Fasciola hepatica extract was able to

glycosylate threonines and serines, suggesting the existence

of different ppGaNTase activities in this parasite, which

could belong to the same or to different enzymes. The find-

ing that multiple ppGaNTases are involved in O-glycosyla-

tion is important in understanding the complexity of this

post-translational modification. We are currently cloning a

ppGaNTase from this parasite and looking for novel

members of this family. The functional characterisation of

individual ppGaNTases, as well as the identification of O-

glycosylated peptide sequences in F. hepatica, should

provide a basis to understand the regulation of O-glycan

biosynthesis and the expression of simple mucin-type anti-

gens by this parasite. This new field in glycoimmunobiology

research of F. hepatica may help to identify new drug

targets and to develop carbohydrate-based vaccines.

Acknowledgements

The authors want to thank Gabriela Maggioli for contri-

buting to the preparation of parasite extracts. This work was

supported in part by Comisión Honoraria de Lucha Contra

el Cáncer and Comisión Sectorial de Investigación Cientı́-

fica (CSIC) (Uruguay).

References

Acosta-Serrano, A., Almeida, I.C., Freitas-Junior, L.H., Yoshida, N.,

Schenkman, S., 2001. The mucin-like glycoprotein super-family of

Trypanosoma cruzi: structure and biological roles. Mol. Biochem. Para-

sitol. 114, 143–50.

Alvarez Errico, D., Medeiros, A., Miguez, M., Casaravilla, C., Malgor, R.,

Carmona, C., Nieto, A., Osinaga, E., 2001. O-glycosylation in Echino-

coccus granulosus: identification and characterization of the carci-

noma-associated Tn antigen. Exp. Parasitol. 98, 100–9.

Ben-Ismail, R., Mulet-Clamagirand, C., Carme, B., Gentilini, M., 1982a.

Biosynthesis of A, H, and Lewis blood group determinants in Fasciola

hepatica. J. Parasitol. 68, 402–7.

Ben-Ismail, R., Carme, B., Mogahed, A., Niel, G., Gentilini, M., 1982b.

Antigen sharing between Fasciola hepatica and human erythrocytes.

Tropenmed. Parasitol. 33, 11–14.

T. Freire et al. / International Journal for Parasitology 33 (2003) 47–5654



Breton, C., Mucha, J., Jeanneau, C., 2001. Structural and functional features

of glycosyltransferases. Biochimie 83, 713–8.

Brockhausen, I., 1993. Clinical aspects of glycoprotein biosynthesis. Crit.

Rev. Clin. Lab. Sci. 30, 65–151.

Brockhausen, I., 1999. Pathways of O-glycan biosynthesis in cancer cells.

Biochim. Biophys. Acta 1473, 67–95.

Clausen, H., Bennett, E., 1996. A family of UDP-GalNAc:polypeptide N-

acetylgalactosaminyl-transferases control the initiation of mucin-type

O-linked glycosylation. Glycobiology 6, 635–46.

Colcher, D., Hand, P., Nuti, M., Schlom, J., 1981. A spectrum of mono-

clonal antibodies reactive with human mammary tumor cells. Proc.

Natl. Acad. Sci. USA 78, 3199–206.

Cummings, R.D., Nyame, D., 1999. Schistosome glycoconjugates.

Biochim. Biophys. Acta 1455, 363–74.

Dalton, J.P., Heffernan, M., 1989. Thiol proteases released in vitro by

Fasciola hepatica. Mol. Biochem. Parasitol. 35, 161–6.

Damian, R.T., 1997. Parasite immune evasion and exploitation: reflections

and projections. Parasitology 115, S169–75.

Danishefsky, S.J., Allen, J.R., 2000. From the laboratory to the clinic: a

retrospective on fully synthetic carbohydrate-based anticancer

vaccines. Angew. Chem. Int. Ed. Engl. 39, 836–63.
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