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The primary structures of two biantennary N-glycans of the
glycoprotein Rapana venosa (marine snail) haemocyanin were de-
termined. Two different structural subunits have been found in R.
venosa haemocyanin: RvH; and RvH,. The carbohydrate content
of the N-terminal functional unit RvH,-a of RvH, was studied and
compared with the N-terminal functional unit RvH,-a of RvH,.
Oligosaccharide fragments were released from the glycoprotein
by Smith degradation of a haemocyanin pronase digest and sep-
arated on a Superdex 300 column. The glycopeptide fragments,
giving a positive reaction for the orcinol/H,SO, method, were
separated by HPLC. In order to determine the linked sugar
chains to the hinge glycopeptides isolated from the functional
unit RvH, -a, several techniques were applied, including capillary
electrophoresis, matrix-assisted laser desorption ionization-MS
and electrospray ionization-MS in combination with glycosidase
digestion. On the basis of these results and amino acid sequence
analysis, we concluded that the functional unit RvH,-a contains

7 % oligosaccharides N-glycosidically attached to Asn** and
Asn*', and the following structures were suggested:
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R
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INTRODUCTION

Haemocyanins (Hcs) are high-molecular-mass (4.5 x 10* to
9 x 10° kDa) copper-containing oxygen-transporting proteins,
freely dissolved in the haemolymph of several arthropodan and
molluscan species [1-5]. There are two different kinds of Hcs,
one found in arthropods and the other isolated from molluscs.
Both of them use a copper pair for oxygen binding, which is part
of the active site, but their subunit sizes are different as well as
their subunit organization. There is low overall sequence simi-
larity between the two classes of Hcs, although the similarity is
significantly higher in the active-site region [6,7], and peculiar
features of the molecular organization point to different evolu-
tionary pathways [8].

Most Hcs are glycoproteins, although there are large differences
in their carbohydrate contents and their monosaccharide compo-
sition, and both O-linked and N-linked oligosaccharides were
identified. The monosaccharide compositions and the carbo-
hydrate contents of Hcs from various arthropodan species usually
range between 0.1 and 2 %, and D-mannose (Man) and N-acetyl-
D-galactosamine (GalNAc) are the most abundant residues [9,10].
For the Hc from the centipede Scutigera coleoptrata, an ex-
ceptionally high carbohydrate content (4.9 %) was found [11].
Recently, we have reported [12] that in the hexameric Hc from

the crab Carcinus aestuarii, where the carbohydrate moiety
accounts for 1.6 % of total protein mass, only one subunit is
specifically involved in carbohydrate binding with a carbohydrate
content of 6.3 % (w/w), which is higher in comparison with the
carbohydrate content identified for other arthropodan structural
subunits. Three consensus sequences for O-glycosylation and one
for N-glycosylation were found by sequencing the glycopeptides
isolated after tryptic digestion of the subunit [12]. Since this
subunit is not able to re-associate into hexamers after dissociation
of the native protein, it is tempting to correlate such characteristics
with the presence of the carbohydrate chains. Therefore the ap-
propriate packing of the carbohydrate fraction could represent
an important factor to be considered for interpreting the irrever-
sibility of re-association phenomena.

Carbohydrate contents of molluscan Hcs have been studied
from proteins isolated from the terrestrial snail Helix pomatia[13],
the freshwater snail Lymnaea stagnalis [14], the marine gastropod
Rapana thomasiana [15] and the keyhole limpet Megathura
crenulata [16]. A relatively high carbohydrate content, between
2 and 9% (w/w), is typical for these molluscan Hcs, and as
monosaccharides xylose, fucose (Fuc), 3-O-methyl-D-galactose
(3MeGal), Man, D-galactose (Gal), GalNAc and N-acetyl-
D-glucosamine (GIcNAc) were determined. The carbohydrate
moiety of molluscan Hcs has recently received particular interest

Abbreviations used: ESI-MS, electrospray ionization MS; Fuc, fucose; GalNAc, N-acetyl-p-galactosamine; GIcNAc, N-acetyl-p-glucosamine;
Glp1, glycoprotein 1; Glp2, glycoprotein 2; Hc, haemocyanin; MALDI-MS, matrix-assisted laser-desorption ionization MS; Man, p-mannose; 3MeGal,
3-O-methyl-p-galactose; PNGase F, peptide N-glycosidase F; RvH1 and RvH2, structural subunits of Rapana venosa Hc.
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for their immunostimulatory properties [17]. In the present study,
we have focused on Hc isolated from the marine snail R. venosa
(RvH) referred to previously as R. thomasiana grosse [18,19]. In
a previous study on the glycosylation of R. thomasiana Hc [15],
only the ratios of the oligosaccharides were determined; how-
ever, no information about the sequence of the monomers and
their linkage sites was reported [15]. In the present study, we con-
centrated on the carbohydrate structures of the N-terminal func-
tional unit RvH, -a of the structural subunit RvH, of R. venosa Hc.

EXPERIMENTAL
Isolation of the functional unit RvH1-a from RvH, of R. venosa Hc

Native Hc was purified from the haemolymph of R. venosa Hc
as described previously [18-20]. Subunit RvH,, referred to pre-
viously as Rapana haemocyanin structural subunit 1 (‘RHSS1’),
was eluted as the first peak from an ion-exchange chromatography
column with a 0-0.5 M NaCl gradient in 50 mM Tris/HCI buffer
(pH 8.2). Subsequently, 200 mg of the subunit was treated with
trypsin (trypsin/Hc ratio, 1:400) for 1 h at room temperature in
20 mM NH,HCO; buffer (pH 8.2). The tryptic hydrolysate was
separated on a Sephadex G-150 column, eluted with the same
buffer at a flow rate of 1 ml- min~". The last eluting peak fraction,
containing RvH,-a, was loaded on to a Mono Q 10/10 column
(FPLC) equilibrated with 50 mM Tris/HCI buffer (pH 8.2), and
the functional unit was eluted with a linear gradient (0-0.5 M
NaCl in 60 min) at a flow rate of 1 ml-min~' and desalted on a
Sephadex G-25 column with water.

Preparation of copper-free He

To prepare the starting material suitable for glycopeptide analysis,
the apo-protein was prepared. Freeze-dried portions of RvH1-a
were dialysed overnight against 50 mM Tris/HCI buffer (pH 8.2)
containing 10 mM KCN, with three changes of buffer.

Carbohydrate determination and protein digestion

RvHI-a (8 mg) was dissolved in 1 ml of 0.4 M Tris/HCI buffer
(pH 8.6) containing 6 M guanidine/HCI and 0.2 M EDTA. To
cleave the disulphide bonds, 20 ul of 98 % (v/v) 2-mercapto-
ethanol was added with stirring. After heating at 50 °C for 4 h,
3 wul of 4-vinylpyridine was added and the reaction mixture
allowed to stand for 3 h at room temperature. The reaction was
terminated by the addition of 50 ul of 2.0 M acetic acid. The
sample was dissolved in 200 1 of 0.1 M ammonium bicarbonate
buffer (pH 9.0), and 50 ul of the trypsin solution (bovine pan-
creas; Hc/trypsin ratio, 50:1) was added and the reaction mix-
ture incubated at room temperature for 3 h. The glycopeptide
mixture was separated on a Superdex 300 gel-filtration column
(2 cm x 30 cm), and the fractions were eluted with water at a
flow rate of 1 ml-min~'. Each chromatographic peak fraction
was checked for carbohydrates using the orcinol/H,SO, test
[12,21]. The only peak fraction giving a positive reaction was
fractionated further by reverse-phase HPLC using a Nucleosil
7 C18 column (250 mm x 10 mm; Macherey-Nagel, Diiren,
Germany). For elution, a linear gradient of 5 % solvent A (0.1 %
trifluoroacetic acid in water) and 100 % solvent B (0.085 % tri-
fluoroacetic acid in acetonitrile) within 70 min at a flow rate of
1 ml- min—!' was used. The HPLC fractions, detected at a wave-
length of 206 nm, were collected, freeze-dried and analysed for
carbohydrates with orcinol/H,SO, on silica-gel plates.
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Figure 1
RvH;-a

Separation of the tryptic digest obtained from the functional unit

Gel filtration of the tryptic digest was separated on a Superdex 300 column (2 cm x 30 cm) ata
flow rate of 1 ml - min—". Peak fraction 1 gave a positive reaction in the orcinol/H,S0, test and
was processed further.

Glycoprotein/peptide staining on silica-gel plates

The freeze-dried peptides were dissolved in water and 2—4 ul was
transferred to the plate, taking care to restrict the size of the spot
to 2-3 mm in diameter, and air dried. The plate was sprayed with
orcinol/H,SO, and heated for 20 min at 100 °C [21].

Amino acid sequence analysis

Amino acid sequence analysis was performed for the peptides
that were positive in the orcinol test. The fractions were dried
and, after dissolving in 40 % methanol/1 % formic acid (v/v),
subjected to automated Edman N-terminal sequencing (Procise
494A Pulsed Liquid Protein Sequencer; Applied Biosystems
GmbH, Weiterstadt, Germany).

Enzymic digestion of glycopeptides

The fractions giving a positive test for carbohydrates, covering an
amino acid sequence fragment Asn-Xaa-Ser/Thr, were N-degly-
cosylated by peptide N-glycosidase F (PNGase F) from Flavo-
bacterium meningosepticum (Calbiochem). The glycopeptides
were dissolved in 50 mM Tris/HCI buffer (pH 7.0) and 5 ul of
PNGase F (1.5 units - ml™") was added [22,23]. After incubation
for 24h at room temperature, the samples were analysed by
matrix-assisted laser-desorption ionization (MALDI)-MS as de-
scribed below.

Enzymic digestion of glycopeptides was performed in a total
volume of 50 ul in 0.7 ml Eppendorf tubes in 50 mM Tris/HCl
buffer (pH 7.0). The glycosidases PNGase F, 81-2,3,4,6-N-acetyl-
glucosaminidase, «1-2,3-mannosidase, «1-2,3,6-mannosidase
(all from recombinant Escherichia coli) and f1-3,4,6-galacto-
sidase (from bovine testes) were used (Calbiochem) in sequence,
and the reactions were started with the addition of 5 ul of these
enzymes. After incubation for 24 h at 37 °C, the samples were
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Figure 2 HPLC profile of peak 1

(A) Peak fraction 1 obtained from Figure 1 was applied on to a Nucleosil RP18 (C18, 100 mm
length x 2.1 mm diameter) column and eluted with a linear gradient of 5% solvent A (0.1%
trifluoroacetic acid in water) and 100 % solvent B (0.085 % trifluoroacstic acid in acstonitrile)
in 70 min at a flow rate of 1 ml-min—". Proteins were detected at a wavelength of 206 nm.
(B) Orcinol/H,S0, test of (glyco) peptides eluted by HPLC and applied on to a silica-gel plate.

analysed by capillary electrophoresis and electrospray ionization
MS (ESI-MS).

MALDI-MS analysis of the glycopeptides

The glycosylated and deglycosylated peptides were analysed
by MALDI-MS by means of a Kratos MALDI III equipment
(Shimadzu). The glycopeptides were dissolved in 0.1% tri-
fluoracetic acid (v/v) and applied on to the target. The matrix o-
cyano-4-hydroxycinnamic acid in 70 % acetonitrile/H,O (70:30,
v/v) was used.

ESI-MS

ESI-MS was performed with a triple quadrupole mass spectro-
meter (TSQ700; Finnigan MAT, Bremen, Germany) equipped
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Ra FAQTSATNPN[R
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with an ESI-Finnigan electrospray ion source. The targeted
fractions were dried at room temperature using a speed vacuum
evaporator (Savant, New York, NY, U.S.A.) and dissolved in 50 %
water/methanol (v/v). After centrifugation (2 min, 2000 g), the
supernatant was infused into the ESI-MS via a Harvard syringe
pump (5 ul/min). Mass spectra were acquired in positive-ion
mode. Q1 was scanned over a mass range of m/z 400-2000 for 3 s
or m/z 400-3000 for 3.5 s.

Capillary electrophoresis

All separations were performed on a BioFocus 3000 CE instru-
ment (Bio-Rad, Munich, Germany). Separations were performed
on a 50 cm x 50 um (internal diameter) fused silica capillary
(Grom, Herrenberg, Germany). The samples were dissolved
in 50 ul of running buffer [SO mM sodium phosphate buffer
(pH 2.5)] diluted with water (10:1, v/v) and introduced by pressure
injection. All electrophoretic separations were carried outat 25 kV
constant voltage and the capillary temperature was maintained at
25 °C. The peptides were detected by absorption at A =214 nm.

RESULTS AND DISCUSSION
Isolation of glycopeptides from the functional unit RvH,-a

Rapana Hc is a glycoprotein, and a carbohydrate content of 8.9 %
was determined for the native molecule and 12.8 % and 4.4 % for
RvH, and RvH, respectively [15]. The oligosaccharide content is
more abundant in the N-terminal functional unit RvH1-a (7 %) of
RvH, than in N-terminal functional unit RvH2-a (5.1 %) of RvH,.
The sugar content of the marine snail R. venosa Hc is similar to
that of the protein from H. pomatia (8.25 %) [13] and approx. 3
times higher compared with L. stagnalis He (3.01 %) [14].

To confirm that the RvH,-a is indeed glycosylated, a screen
on its carbohydrate content was performed using the orcinol
method. The strategy used to analyse the carbohydrate portion
of RvH,-a was to prepare a tryptic hydrolysate of the functional
unit and separate its fragments, first by gel filtration and then
by HPLC. Fractions giving a positive orcinol colour reaction
were further subjected to amino acid and carbohydrate sequence
determination. Figure 1 shows the separation profile of the
tryptic digestion products of functional unit RvH,-a using a
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Figure 3 Sequence alignments of the regions with suggested N-linked sites of functional units from different molluscan Hes

Glp1 and GIp2 were obtained from Figure 2 and their sequences obtained after removal of the carbohydrate chains with PNGase F. GIp1 and GIp2 are aligned with the following molluscan Hcs:
keyhole limpet M. crenulata (Mcc) [16], 0. dofleini (Oda, Odb, Odc, Odd, Ode, Odf and Odg) [27], R. thomasiana (Rta) [28] and H. pomatia (Hpd and Hpg) [29].
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Table1 Monosaccharide composition of Fus RvH1-a from Rapana venosa
He
) ) Molecular mass (Da)
Amino acid sequence
Fraction  of the peptide Glycopeptide Peptide  Oligosaccharide
1 FANATSIDGPNA 2786 177.0¢ 1609
[M+Nalt =2763 117751  [M+Na]* =1586
2 EMLTLNGTNLA 2846.2 175.7* 1653
[M+H*=2828 117561 [M+HI*=1652
* Molecular mass determined by MALDI-MS.
+ Molecular mass calculated by amino acid sequence.
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Figure 4 MALDI-MS of Gip1 before (A) and after (B) glycosidase digestion

Glp1 from functional unit RvH;-a was isolated by HPLC, as shown in Figure 2, and investigated
by MALDI-MS before (A) and after (B) treatment with PNGase F.

Superdex 300 column. The material eluted in peak fraction 1
(Figure 1) was pooled and peptides were separated by reverse-
phase HPLC. Each peak was collected, vacuum-concentrated and
tested for carbohydrates on a silica-gel plate with orcinol/H,SO,.
Two fractions, 1 and 2 (Figure 2), gave a positive reaction for
carbohydrates (Figure 2B) and were studied further using ESI-
MS [24,25] and MALDI-MS [26].

Glycopeptide sequences

The two glycopeptides (Glpl and Glp2) were automatically
sequenced after removal of the carbohydrate chains with PNGase
F and their sequences are shown in Figure 3. These sequences are
compared with specific sequences of other molluscan Hcs con-
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taining carbohydrate linkages. Glp1 consists of 12 amino acid
residues with a molecular mass calculated from the sequence
of 1177.5Da. LALIGN and Fasta programmes were used to
analyse the alignment of Glpl and Glp2 with the amino acid
sequences of other molluscan Hcs. The amino acid sequence
of Glpl [Phe-Ala-Asn-Ala-Thr-Ser-Ile-Asp-Gly-Pro-Asn-Ala
(FANATSIDGPNA), where residues in bold represent a con-
sensus sequence for an N-linked glycosylation site] overlaps
well with positions 260-271 of the functional units of molluscan
Hcs from M. crenulata (Mcc) [16], O. dofleini (Oda—Odg) [27],
R. thomasiana (Rta) [28] and H. pomacia (Hpd and Hpg) [29].
The presence of a fully conserved phenyalanine residue at position
260 and an asparagine/aspartic acid residue at position 267 allows
the alignment with the other reported sequences, despite the
rather high variability in this region. From all sequences listed
in Figure 3, a glycosylation site was only observed in the Odd
Hc fragment. The same considerations apply for Glp2 [Glu-Met-
Leu-Thr-Leu-Asn-Gly-Thr-Asn-Leu-Ala  (EMLTLNGTNLA),
where residues in bold represent a consensus sequence for an
N-linked glycosylation site] in Figure 3, where Gly*?, Leu*® and
Leu*'® are conserved residues. A sequence containing 11 amino
acid residues with a calculated molecular mass of 1175.6 Da
was found for Glp2. This glycopeptide contains the Asn-Gly-
Thr sequence that is highly conserved among molluscan Hcs,
including M. crenulata (Mcc) [16], O. dofleini (Oda—Ode) [27]
and H. pomatia (Hpd) [29], in the 401-403 sequence region
(Asn-Gly-Thr/Ser), and Glu*® is found in six out of 12 residues
and Leu*® is found in nine out of 12 cases. Thus two putative
glycosylation sites are found in the sequence of RvHI1-a, with
consensus sequences for N-linked carbohydrate oligosaccharides.

Composition of the carbhohydrate portion of Glp1

Glp1 was analysed by MALDI-MS before and after treatment with
PNGase F (Table 1 and Figure 4). In the MALDI mass spectrum
acquired before PNGase F treatment, only one molecular ion
at m/z 2786 was detected, caused by the intact Glpl sodium
adduction [Glp1 + Na]* (Figure 4A). In contrast, after PNGase-F
treatment, three signals were observed in the MALDI mass spec-
trum (Figure 4B). The signal at m/z 2786 is related to the intact
Glp1 (see Figure 4A), whereas the signal at m/z 1609 [M + Na]*
is attributed to an oligosaccharide. The first signal (m/z 1177)
corresponded to the deglycosylated peptide, as demonstrated
by the mass value calculated from the amino acid sequence
(1177.5 Da; Table 1).

To determine the oligosaccharide sequence, different glycolytic
enzymes (81-2,3,4,6-GlcNAcase, «1-2,3-mannosidase and «1-
2,3,6-mannosidase and S1-3,4,6-galactosidase) were added to
Glpl. The mass (1586 Da; Table 1) of this carbohydrate moiety
would account for an oligosaccharide chain containing
(SO,)MeGalGlcNAc,Man; connected to the peptide. Depending
on the specificity of the individual enzymes, the different linkages
can be identified by recording the pattern of molecular masses
resulting from the digestion with the pool of glycosidases. After
incubation for 24 h at 37 °C, the sample was first analysed by
capillary electrophoresis (Figure 5, inset). Four different peaks
were detected, indicating that the treatment causes heterogeneity
resulting from different cleavage sites.

In parallel, Glp 1 treated with the different glycolytic enzymes
was analysed by ESI-MS (Figure 5). The mass spectrum was
interpreted on the basis of the data obtained from MALDI-
MS (Figure 4), amino acid sequence (Figure 3) and the known
specificity of the glycosidases.

The signal observed at m/z 1747.0 may be attributed to
the peptide Phe-Ala-Asn-Ala-Thr-Ser-Ile-Asp-Gly-Pro-Asn-Ala
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Figure 5 ESI-MS and capillary electrophoresis of Glp1 following glycosidase digestion

Positive-ion ESI mass spectrum of Glp1 after enzymic cleavage with 81-2,3,4,6-GIcNAcase, «1-2,3,6-mannosidase and o1-2,3-mannosidase. Inset, separation of Glp1, isolated by HPLC from
Figure 2, by capillary electrophoresis after treatment with different glycosidases. Conditions of capillary electrophoresis was carried out using an uncoated fused-silica capillary column (50 cm x
50 m internal diameter) at 25 kV in 50 mM sodium phosphate buffer (pH 2.5).

Table 2 Proposed structures of the carbohydrate chains of Glp1 and Glp2

The carbohydrate chains were calculated on basis of observed [M + H]* signals in the ESI mass spectra from Figures 5 and 7. The enzymes used for carbohydrate cleavage are shown. P represents
the peptide with sequence FANATSIDGPNA (1177 Da).

GlIcNAcase and PNGase F

No Enzymes [M+H]* Structure
(m/z)

Glycopeptide 1
A |a1-2,3- and «1-2,3,6-mannosidase 1747

and 1-2,3.4,6-N-GlcNAcase « Man(31-4) GlcNAc(B1-4) GlcNAc —P

-2 3+ i Man(at1-6)

B |a1-2,3-mannosidase and 1908 <

p1-2,3,4,6-N-GlcNAcase <« Man([31-4) GICNAC(B1—4) GlIcNAc —-P
C |a1-2,3,6-mannosidase and 1953

12 3-mannosidase 3MeGIcNAC(B1-2) «-Man(31-4) GIcNAc([31-4) GIcNAc—-P
D |p1-2,346-N-GlcNAcase 1583 -GIcNAC(B1-4) GlcNAC—P

Glycopeptide 2
E | 41-2.3-mannosidase, B1-2,3,4,6-N- [ 731 Man(at1-6) <

« Man(31-4) GIcNAc(B1-4) GIcNAc
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Figure 6 MALDI-MS of GIp2 before (A) and after (B) glycosidase digestion

A) GIp2 from the functional unit RvH;-a was isolated by HPLC, as shown in Figure 2, and investigated by MALDI-MS before (A) and after (B) treatment with PNGase F.

(1177.5 Da) containing two GIcNAc and one Man(f1-4)
residues (568 Da), as expected from the specificity of «1-2,3,6-,
«1-2,3-mannosidases and 1-2,3,4,6-GlcNAcase in removing the
carbohydrates attached to Man(« 1-6) and Man(« 1-3), connected
to Man(g81-4) (Table 2A). The signal at m/z 1908.1 may result
from the glycopeptides containing two GlcNAc, one Man(f81-4)
and one Man(a1-6) residue (730 Da), as expected from the
specificity of @ 1-2,3-mannosidase, cleaving only Man(« 1-3), and
B1-2.3,4,6-GlcNAcase removing 3MeGal and GIcNAc(81-2)
from Man(« 1-6) (Table 2B). This loss of 856 Da compared with
the intact glycopeptide suggests the following residues were
removed: MeGal, GlcNAc, Man, MeGlcNAc and SO,.

The peak at m/z 1953 corresponds to the carbohydrate
fragment containing two GIcNAc, one Man(f1-4) and possibly
3MeGIcNAc(B1-2), resulting from the activity of «1-2,3,6-
and «1-2,3-mannosidases removing carbohydrates attached to
Man(a 1-6) and Man(« 1-3) connected to Man(f81-4) (Table 2C).

© 2003 Biochemical Society

The signal observed at m/z 1583.4 can be attributed to
the peptide Phe-Ala-Asn-Ala-Thr-Ser-Ile-Asp-Gly-Pro-Asn-Ala
(FANATSIDGPNA; 1177.5 Da) containing two GlcNAc groups
(Table 2D).

Based on these data, the carbohydrate structure for Glpl from
functional unit RvH1-a is proposed as shown below:

SO4Man(a1-6)
R

3MeGIcNAC(B1-2) « Man(p1-4) GIcNAc(B1-4) GlcNAc-ol
"4

3MeGal(p1-3) GlcNAc(B1-2) Man(a1-3)

Carhohydrate content of Glp2

The use of specific glycosidases, as described above, and the
combination of changes in glycopeptide mass after each digestion
step also allow a sequence for Glp2 to be suggested. Only one



Glycosylation of Rapana hasmocyanin 191

100
™14
13
c
<
-
o~
-
®
50
80 g
—~
>
£ |
f = i
2 w0 -
E .
v 1 20 30 40 60
= Time (min)
©
o
40 o 7324
7533

Mass/Charge (m/z)

Figure 7 ESI-MS and capillary electrophoresis of Glp2 following glycosidase digestion

Positive-ion ESI mass spectrum of Glp2 after enzymic cleavage with 81-2,3,4,6-GIcNAcase, «1-2,3,6-mannosidase and «1-2,3-mannosidase. Inset, separation of GIp2, isolated by HPLG from
Figure 2, by capillary electrophoresis after treatment with different glycosidases. Conditions of capillary electrophoresis was carried out using an uncoated fused-silica capillary column (50 cm x

50 pm internal diameter) at 25 kV in 50 mM sodium phosphate buffer (pH 2.5).

peak of 2846 Da [M + 2H]** was observed in the MALDI mass
spectrum (Figure 6A). As shown in Figure 6(B), two peaks were
present in the MALDI-MS spectrum of the oligopeptide after
cleavage with PNGase F. The signal observed at m/z 1175 can
be attributed to the peptide Glu-Met-Leu-Thr-Leu-Asn-Gly-Thr-
Asn-Leu-Ala (EMLTLNGTNLA) with the molecular mass of
1175.6 Da, calculated on the basis of its amino acid sequence
(Table 1). Thus the peak at m/z 1653 can be tentatively assigned
to an oligosaccharide with structure 3MeGal,GlcNAc,Man;. The
presence of a consensus sequence for one N-linked glycosylation
site (Asn-Gly-Thr) of the peptide chain indicates that the
oligosaccharide is connected to Asp*”' via GlcNAc. Two peaks
were also separated by capillary electrophoresis after treatment
of Glp2 with PNGase F only, corresponding to the peptide
and the carbohydrate chain (Figure 7 inset). Glp2 was treated
with §-3,4,6-galactosidase, $1-2,3,4,6-GIcNAcase and o1-2,3-
mannosidase and subsequently analysed by ESI-MS (Figure 7).
Because Glp2 was cleaved with PNGase F before glycosidase
treatment, the N-linked carbohydrate was removed from the
glycopeptide. Therefore the signal at m/z 731 in the ESI mass
spectrum is tentatively assigned to Man,GIcNAc, (Table 2E).

Based on the cleavage with specific glycosidases, followed by
observed MS data, we suggest that the carbohydrate structure
of Glp2 from functional unit RvH,;-a could be assigned as
follows:

3MeGal(p1-3) GlcNac(B1-2) Man(c.1-6)
N
Man(B1-4) GIcNAc(p1-4) GIcNAc-ol
4

3MeGal(B1-3) GlcNAc(B1-2) Man(a1-3)

Our results are consistent with the presence of a common
trimannosyl-N,N’-diacetylchitobiose core Man(«1-6) [Man(« 1-
3)]Man(B1-4)GlcNAc(B1-4)GIcNAc-ol and different antennae
are attached to the w-Man residues [13,14]. This structural
principle also applies to Hes of different molluscs as well as to
the functional units RvH,-a (the present study) and RvH,-e [28].
The recent characterization carried out on the carbohydrate chains
of all functional units of H. pomatia Hc [13] identified primary
structures of 21 novel monoantennary and diantennary N-glycans
of the glycoprotein besides its core element. The oligosaccharide
fragments (antennae) were released from the glycoprotein by
Smith degradation of an Hc pronase digest and the major antennae
were characterized using '"H NMR spectroscopy and fast atom
bombardment MS. In the present study, however, the number
of carbohydrate chains for each functional unit was not defined,
because the whole Hc was used, and also the linkage sites were not
identified. In the present study, we show that two N-linkage sites
are present within one functional unit and that the two different
chains differ in their branching characteristics. From the sequence
alignment, we suggest that the presence of two N-linkage sites is
characteristic for the functional units of other Hcs as well. As
far as the N-terminal functional units of R. venosa Hc RvH,-a
and RvH,-a are concerned, the sequence of the former shows
the presence of two consensus sequences: one is found in the
same region as Glp 1 (Figure 3), whereas a second one is located
upstream close to the N-terminus (Asn-Asp-Ser; residues 32-34
[28]; results not shown in Figure 3). As is obvious from Table 1,
the glycosidic linkage site at position 401-403 overlaps well
with several other Hcs. These results are in agreement with
the X-ray study of RvH2-e [30], identifying two oligosaccharide
side chains connected to Asn'”’ and Asn'’, although only one

© 2003 Biochemical Society
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glycopeptide has been so far isolated, but not identified from the
same source.
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