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Abstract We have identified a core ol — 3-fucosyltransferase
activity in the albumin and prostate glands of the snail Lymnaea
stagnalis. Incubation of albumin gland extracts with GDP-
[**C]Fuc and asialo/agalacto-glycopeptides from human fibrino-
gen resulted in a labeled product in 50% yield. Analysis of the
product by 400 MHz 'H-NMR spectroscopy showed the
presence of a Fuc residue ol — 3-linked to the Asn-linked
GlcNAc. Therefore, the enzyme can be identified as a GDP-
Fuc:GleNAc (Asn-linked) ol — 3-fucosyltransferase. The en-
zyme acts efficiently on asialo/agalacto-glycopeptides from both
human fibrinogen and core ol — 6-fucosylated human IgG,
whereas bisected asialo/agalacto-glycopeptide could not serve as
an acceptor. We propose that the enzyme functions in the
synthesis of core ol — 3-fucosylated complex-type glycans in
L. stagnalis. Core ol — 3-fucosylation of the asparagine-linked
GlIcNAc of plant- and insect-derived glycoproteins is often
associated with the allergenicity of such glycoproteins. Since
allergic reactions have been reported after consumption of snails,
the demonstration of core ol — 3-fucosylation in L. stagnalis
may be clinically relevant.
© 1999 Federation of European Biochemical Societies.
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1. Introduction

Many different fucosyltransferases (FTs) can be involved in
the biosynthesis of fucosylated glycans. One group of FTs
catalyze the transfer of a fucose from GDP-fucose to the
non-reducing terminus of a glycan, i.e. in ol — 2 linkage to
the terminal Gal, or in al —3 or al —4 linkage to the sub-
terminal GIcNAc of N-acetyllactosamine units, thus forming
blood group-related carbohydrate structures. Another group
of FTs act on the asparagine-linked GIcNAc of N-glycans, in
an al —3 or ol =6 linkage.

The knowledge about specific invertebrate FTs, which
are often involved in the biosynthesis of potentially immuno-
genic glycans, is limited in contrast to the knowledge about
mammalian FTs. N-Glycans carrying a R-GIcNAcBl —4-
(Fucall = 3)GIcNAcB1-Asn (core ol — 3-Fuc) structure are
typically found on plant, insect and helminth, but not mam-
malian glycoproteins [1-4]. Several studies show that the con-
served N-linked core ol — 3-Fuc antigen is an IgE binding
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epitope that may be responsible for some of the allergenic
properties of glycoproteins from plants and insects [5-7]. Car-
bohydrate-based cross-reactivity has been observed for a long
time in immunoassays of glycoproteins of plants, insects and
mollusks [8,9]. The highly antigenic core ol — 3-Fuc- and/or
Xylpl = 2ManB1 - 4GIcNAcBI-R (Bl — 2-Xyl)-containing
N-glycans have been shown to contribute to such cross-reac-
tions [10]. Whereas the core ol — 3-Fuc epitope appears a
conserved epitope between plants and insects, the cross-reac-
tivity observed between plants and mollusks was suggested to
be due to the presence of N-linked B1 — 2-Xyl that was found
to occur in both these organisms [8,11]. We report here the
identification of a GDP-fucose:GlcNAc (Asn-linked GlcNAc)
al — 3-fucosyltransferase (Fuc-T C3) in both the albumin and
prostate glands of the snail Lymnaea stagnalis. Acceptor spe-
cificity studies and analysis of products obtained with this
enzyme indicate its potential function in the biosynthesis of
core o1 — 3-fucosylated N-glycans.

2. Materials and methods

2.1. Materials

Human IgG was obtained from the CLB (Amsterdam, The Nether-
lands). Compound 4 (see Table 1) was derived by B-galactosidase
treatment of the corresponding digalactosylated oligosaccharide which
was donated by Dr. G. Strecker (Universit¢é de Lille, Villeneuve
d’Ascq, France). Compound 5 was isolated from the urine of swain-
sonine-intoxicated sheep (supplied by Dr. C.D. Warren, Massachu-
setts General Hospital, Boston, MA, USA [12]) by filtration on Bio
Gel P-4 and HPLC on Lichrosorb-NH2 using methodologies de-
scribed previously [13]. GDP-["*C]Fuc (New England Nuclear, Bos-
ton, MA, USA) was diluted with unlabeled GDP-Fuc to give the
desired specific activity.

2.2. Preparation of glycopeptide acceptor substrates

Asialo/agalacto-glycopeptides from human fibrinogen (as/ag-GP-
F2, compound 1) were prepared from asialo-fibrinogen by pronase
digestion as described previously [14] followed by enzymatic degalac-
tosylation. Non-sialylated core ol — 6-fucosylated glycopeptides from
human IgG (ag-GP-I1gGFg) were prepared essentially as described in
[15]. The glycopeptides were degalactosylated by treatment with jack
bean [-galactosidase (1 unit/10 pmol glycopeptide). Glycopeptides
containing a bisecting GlcNAc (compound 3) were separated from
glycopeptides without a bisecting GlcNAc (compound 2) as described
in [16].

2.3. Preparation of the enzyme and glycosyltransferase assays
Extracts of the albumin and prostate glands (10% w/v) of L. stag-
nalis were prepared by homogenization of the glands with a Polytron
in 10 mM sodium acetate (pH 7), 10 mM MnCl,, 0.5% Triton X-100,
and incubation at 4°C for 2 h, under stirring. After centrifugation for
60 min at 20000 X g the supernatant (extract) was collected. Standard
fucosyltransferase assays were performed in a 25 pl reaction mixture
containing 2.5 umol sodium cacodylate (pH 7.0), 0.25 pmol MnCl,,
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0.1 umol ATP, 2.5 nmol GDP-["*C]Fuc (2 Ci/mol), 0.1% (v/v) Triton
X-100 and 5-10 pl of extract. The acceptor substrate concentration in
Table 1 (compounds 1-5) was 1 mM. Control assays lacking the
acceptor substrate were carried out to correct for incorporation into
endogenous acceptors. After incubation for 60-120 min at 37°C the
reaction was stopped, and the product was separated from unincor-
porated label by chromatography on a 1 ml column of Dowex 1-X8
(CI™ form) according to [14].

2.4. Product characterization

As/ag-GP-F2 (400 nmol) was incubated with 400 nmol GDP-
[“C]Fuc (1 Ci/mol), and 200 pl albumin extract under otherwise
standard incubation conditions and incubated for 4 h at 37°C. The
product was separated from unincorporated label by ion exchange on
a 5 ml column Dowex 1-X8 (CI~ form), isolated on a column
(1.6X200 cm) of Bio Gel P4 (200-400 mesh) run in 50 mM ammo-
nium acetate pH 5.2, and desalted on a column (0.7 X45 cm) of Bio
Gel P2 (200400 mesh) run in water. The sample was treated with
D,O (99.75 atom%, Merck) three times with intermediate lyophiliza-
tion. Finally, the product was redissolved in 400 ul of D>O (99.5
atom%, Aldrich). 400 MHz '"H-NMR spectroscopy was performed
as described previously [17].

3. Results

3.1. Fucosyltransferase activity and kinetic parameters

In the albumin and prostate glands of L. stagnalis a FucT
activity was detected, using GDP-fucose as sugar donor, as/
ag-fibrinogen glycopeptide as acceptor substrate and assay

Table 1
Acceptor specificity of L. stagnalis fucosyltransferase
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conditions essentially as described by [18] for FucT assays
of insect cells. The fucosyltransferase activity was found
both in the albumin gland and in the prostate gland of the
snail. To further characterize this enzyme activity, FucT as-
says were performed using a number of different glycopeptides
and oligosaccharides as acceptor substrates (Table 1). The
results show that as/ag-glycopeptides from human fibrinogen
(as/ag-GP-F2, compound 1) and core ol — 6-fucosylated IgG
(ag-GP-1gGFg, compound 2) can both serve as acceptors for
the fucosyltransferase. Bisected ag-GP-IgGF¢ (compound 3),
however, appeared a very poor acceptor, and compounds
lacking the peptide-linked GIcNAc or outer arm GlcNAc
(compounds 4 and 5) do not serve as acceptors.

In Table 2 the kinetic parameters of the fucosyltransferase
from the albumin gland are shown. The K, and V values of
ag-GP-1gGF¢ (compound 2) and GDP-fucose were estimated.

3.2. Product characterization

Incubation of albumin gland extract with GDP-['*C]Fuc
and glycopeptide ag-GP-F2 resulted in a radiolabeled product
in 50% yield. The glycopeptide product formed was analyzed
by 400 MHz 'H-NMR spectroscopy (Fig. 1) and the chemical
shift values and coupling constants of the structural reporter
groups were compared with those for the glycopeptide sub-
strate (Table 3). The introduction of a Fuc residue resulted in

Acceptor substrate

Enzyme activity

(1 mM) Albumen gland ~ Prostate gland

(nU/mg protein) (pU/mg protein)

I GleNAGB1-2Manal
6
JManB1-4GIeNACB1-4GIeNAc-GP (F2)
GleNAcp1-2Manal’

2 GlcNAcB1-2Manal Fucal
Y6 \6
3ManB 1-4GlcNAcB1-4GleNAc-GP (1gG)
GlcNAcBl»ZManocl/

3 GleNAcB1-2Manal Fucal
%6 \g
GleNACcf1 ~§ ManfB1-4GlcNAcB1-4GleNAc-GP (IgG)
GlcNAcB1-2Mana 1/

4. GlcNAcBl-ZManal\
6
3ManBl»4G]cNAc
GleNAcp1-2Manal’

5. Manal
V6
3ManB 1-4GlcNAcB1-4GleNAc
Manac1 /

240

230

ND*

ND

*ND: not determined.
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NAc CH,
GlIcNAc 2
GIcNAc 5
H-1
GIcNAc5 ,?fga
GlcNAG 5 NAc CHj
GIcNAc b5’
H-1
GIcNAc 2
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! '5'10I5'00l4|90 ' ! l | I l l ! I
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Fig. 1. Partial 400 MHz 'H-NMR spectra showing the structural reporter group regions of agalacto diantennary glycopeptide GP-F2 fucosy-
lated by Fuc-T C3 of L. stagnalis albumin gland. The assignments of resonances to specific residues in the product (+F) and unconverted gly-
copeptide substrate (—F) are indicated. The numbers represent the individual constituting monosaccharides as in [17,22].

the appearance in the spectrum of doublets for H-1 at
6=5.132 ppm (3.9 Hz) and CHj protons at 6=1.276 ppm
(6.5 Hz), which are unique for a Fuc in o-anomeric
configuration at C-3 of GlcNAc 1 of the core and quite differ-
ent from the chemical shift values for a core ol — 6-linked
Fuc [18]. Furthermore, upfield shifts in the resonances of
the H-1 of Man 4’ and GlcNAc 5’, the NAc-CHj3 of GlcNAc
1 and GIcNAc 2, and a downfield shift in the resonance
of H-1 of GIcNAc 1 were observed, which are characteristic
for the introduction of a core al—3-Fuc [18]. Hence it
can be concluded that the structure of the product
is: GleNAcB1 —2Manal — 3[GIcNAcB1 — 2Manal — 6]Manf
1 = 4GleNAcB1 — 4[Fucal — 3]GIcNAcB1-peptide.

4. Discussion

In this study we have identified and characterized a core
ol — 3-fucosyltransferase (Fuc-T C3), which catalyzes the
transfer of a fucose residue from GDP-fucose to the Asn-
linked GIcNAc of agalacto-glycopeptide acceptors. Character-
ization by 'H-NMR of the product obtained after incubation
in vitro of as/ag-glycopeptides of human fibrinogen with the
L. stagnalis albumin gland extract showed that core ol — 3-
fucosylation was the only modification obtained. Since as/ag-
glycopeptides of human fibrinogen also serve as acceptor for
core ol = 6-fucosyltransferase (Fuc-T C6) [19,20] these results
suggest that the albumin gland of L. stagnalis does not con-
tain detectable amounts of Fuc-T C6. Whereas the presence of
core ol — 3-fucosylated structures is a novel observation for
mollusks, the lack of core ol — 6-fucosylation is in agreement
with the structural characterization of N-glycans from L. stag-

Table 2

nalis hemocyanin, in which no core fucosylation has been
found [11,21]. The presence of core a1 — 6-fucosylated struc-
tures has been demonstrated, however, in Helix pomatia [22]
and difucosylation of the Asn-bound GIcNAc in N-glycans
was shown in several invertebrates, e.g. from insects and hel-
minths [2-4,23].

The L. stagnalis Fuc-T C3 resembles the Fuc-T C3 charac-
terized from honeybee venom gland and mung bean [18,24].
All three Fuc-T C3 activities require the prior action of
GIcNAc-T I and are active on both non-fucosylated and
core ol — 6-fucosylated glycopeptide acceptors. We show
here that addition of a bisecting GIcNAc eliminates the po-
tential of the L. stagnalis Fuc-T C3 to act subsequently. This
feature has also been demonstrated for o-mannosidase II,
GIcNAc-T 11, GIcNAc-T 1V, GIcNAc-T V and Fuc-T C6 [25].

Core a1 — 3-fucosylated N-glycans appear to occur widely
on many (allergenic) plant proteins [10,26-29] and on glyco-
proteins from the parasitic helminths Schistosoma mansoni,
S. japonicum and Haemonchus contortus [3,4]. It has been
shown that IgE from sera of allergic individuals recognize
core ol — 3-fucosylated N-glycans [5-7]. Interestingly, several
T cell clones have been identified from bee venom-sensitized
subjects which proliferate in response to honeybee phospholi-
pase A2 carrying core ol — 3-fucosylated N-glycans, but not
to its non-glycosylated variants, providing evidence for the
involvement of a N-glycan in T cell recognition [30]. Recently,
we have shown that parasite-specific IgE from sera of H.
contortus-infected sheep bind to core ol — 3-fucosylated N-
glycans (I. Van Die, V. Gomord, F.N.J. Kooyman, T.K.
Van den Berg, R.D. Cummings and L. Vervelde, submitted).
Thus, data that suggest the significance of this glycan epitope

Kinetic parameters of the L. stagnalis Fuc-T C3 from the albumin gland for acceptor and donor substrates

Acceptor/donor Ky (mM) V (WU/mg) Kinetic efficiency (V/Ky,)
Ag-GP-1gGF¢ 0.49 180 368
GDP-fucose 0.065 100 1520
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Table 3

400 MHz '"H-NMR spectroscopic data of as/ag-GP-F2 and the fu-
cosylated product formed from it by the action of Fuc-T C3 present
in L. stagnalis albumin gland extract

Reporter group Residue Chemical shift and coupling
constant
as/ag-GP-F2  core al — 3-
fucosylated
product
(ppm)  (Hz) (ppm)  (Hz)
H-1 GlcNAc 1 5.044 9.7 5.065 8.8
GlcNAc 2 4.615 79 4.616 8.6
Man 4 5.115 1.4 5118 1.0
Man 4’ 4.917 1.4 40911 2.4
GIcNAc 5 4.554 8.4 4.556 8.5
GlcNAc 5 4.554 8.4 4.549 8.2
core Fuc - 5.131 3.9
H-2 Man 3 4.247 2.5 4.245 2.4
Man 4 4.187 34 4.188 34
Man 4’ 4.108 3.1 4.109 34
NAc-CHj; GleNAc 1 2.012 1.996
GlcNAc 2 2.076 2.055
GIcNAc 5 2.052 2.055
GIcNAc 5 2.050 2.049
CHj; core Fuc - 1.276 6.5

The numbering system of the monosaccharide residues is the same
as in [17,22].

as a ‘pan-allergen’ are accumulating. Since allergic reactions
have been reported after consumption of snails [31], the dem-
onstration of core ol — 3-fucosylation in L. stagnalis may be
clinically relevant in countries where eating snails is common.
The L. stagnalis core ol — 3-fucosyltransferase will be a useful
tool for the enzymatic synthesis of defined core a1 — 3-fuco-
sylated glycans that will be applied to further elucidate the
role of such glycans in immunogenicity in parasitic infections
and in plant-, insect- or mollusk-induced allergies.
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