
www.elsevier.nl/locate/carres

Carbohydrate Research 331 (2001) 393–401

NMR studies of mannitol-terminating oligosaccharides
derived by reductive alkaline hydrolysis from brain

glycoproteins
Heide Kogelberg*1, Wengang Chai, Ten Feizi, Alexander M. Lawson*2

The Glycosciences Laboratory, Imperial College School of Medicine, Northwick Park Hospital, Harrow,
Middlesex HA1 3UJ, UK

Received 18 October 2000; received in revised form 9 January 2001; accepted 12 February 2001

Abstract

Interest in the characterisation of O-mannosyl glycan structures has been stimulated following the identification of
mannitol-terminating oligosaccharides among the chains released from mammalian proteins in nervous and muscle
tissues, and by the discovery of a putative human O-mannosyl transferase. Several mass spectrometry methods have
been applied to structure elucidation particularly when low amounts of oligosaccharide are available for analysis.
However, when sufficient amounts are available, a combination of through-bond homo- and heteronuclear, and of
through-space homonuclear NMR experiments permit the complete identification of these oligosaccharide sequences.
We describe here the assignment of 1H and 13C NMR chemical shifts from such experiments for four mannitol-ter-
minating oligosaccharide alditols, GlcNAc�-(1�2)Manol, Gal�-(1�4)GlcNAc�-(1�2)Manol, Gal�-(1�4)[Fuc�-
(1�3)]GlcNAc�-(1�2)Manol and NeuAc�-(2�3)Gal�-(1�4)GlcNAc�-(1�2)Manol, that were released from
brain glycopeptides by alkaline borohydride treatment. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Brain glycopeptides; 1H and 13C chemical shifts; Mannitol-terminating oligosaccharides; O-Linked glycans

1. Introduction

The important influence of post-transla-
tional glycosylation on the properties and
functions of proteins is well recognised but
remains to be fully elucidated as an increasing
diversity of oligosaccharide structures are
characterised. Among identified glycans re-
leased from glycoproteins by mild alkaline
borohydride treatment are a series of glycans
terminating in mannose that imply transfer of
mannose to Ser/Thr residues in mammalian
systems. Previously, mannose was thought to
be present as internal residues in N-glycans
and not present in O-glycans of higher eu-
karyotes, although O-mannosylated proteins
occur widely in yeast and fungi. Evidence for
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the presence of O-mannosyl glycans was first
reported for brain proteoglycans1–3 and more
recently mannose-terminating oligosaccha-
rides carrying an HNK-1 epitope were de-
tected as minor components in total brain
glycopeptides.4 Investigation of the whole
pool of structures from this latter source re-
vealed other O-mannosyl glycans to be rela-
tively abundant and, in addition, 2-substituted
and 2,6-disubstituted mannitol structures were
detected for the first time.5 O-mannosyl gly-
can chains have also been identified on �-dys-
troglycan from bovine peripheral nerve
tissue,6 rabbit skeletal muscle7 and sheep
brain.8 A possible role for these glycans in
nerve tissue may be to link the extracellular
matrix to the cytoskeleton through binding to
laminin.6 Interest in O-mannosyl glycan struc-
tures on mammalian proteins has been greatly
stimulated by the identification of a putative
human O-mannosyl transferase9 with homol-
ogy to functionally significant mannosyl trans-
ferases in yeast.

Several approaches have been used for the
characterisation of mannose-terminating
oligosaccharides as their alditols. Liquid sec-
ondary ion mass spectrometry (LSIMS) of
permethylated derivatives gives molecular
weight information from which monosaccha-
ride composition in terms of dHex, Hex, Hex-
NAc and NeuAc can be deduced, and
glycosidic fragmentation that indicates se-
quence and N-acetylhexosamine substitution.
Detailed linkage information can be obtained
from methylation analysis by GC-MS. A
novel approach to sequence determination for
the mannitol-terminating oligosaccharides,
even when present in complex mixtures, has
been the high sensitivity TLC-LSIMS analysis
of neoglycolipids derived from the oligosac-
charide alditols after treatment with mild peri-
odate oxidation.4 Methanolysis and LSIMS,
and also tandem MS can give oligosaccharide
sequence data.8 Another method has been to
label released oligosaccharides with 2-
aminobenzamide and monitor the products of
selective glycosidase treatment by HPLC with
fluorescence detection.6

Complete characterisation of oligosaccha-
ride structure can often be carried out by
NMR spectroscopy when sufficient amounts

are available. For oligosaccharides termin-
ating in N-acetylglucosaminitol and N-
acetylgalactosaminitol there is a wealth of
comparative NMR data available (e.g.
see http:/www.boc.ruu/nl/sugabase/database.
html) to assign N- and O-linked oligosaccha-
ride structures. However, for oligosaccharides
terminating in mannitol there has been to our
knowledge only one previous report employ-
ing NMR, and that was for determining
anomeric configurations.5 Here we describe
the comprehensive assignment of 1H and 13C
NMR chemical shifts for four of the manni-
tol-terminating oligosaccharide alditols ob-
tained from brain glycopeptides. This is
important in particular as they corroborate
the linkage position of mannitol4 about which
there was disagreement as to whether it was a
2- or 3-linked mannitol, the original assign-
ment being based on minor differences
in mass spectra of [2H1]-labelled TMS
derivatives.1

2. Experimental

Disaccharide GlcNAc�-(1�2)Man was
purchased from Dextra Laboratories (Read-
ing, UK) and reduced by sodium borohydride
to give GlcNAc�-(1�2)Manol for NMR
study. NMR solvent deuterium oxide, D2O
(100.0 atom% D) and D2O (99.9 atom% D),
and internal standard acetone (99.9+%,
HPLC grade) were purchased from Aldrich
(Dorset, UK).

Oligosaccharide alditols isolated from brain
glycopeptides.—Neutral oligosaccharide aldi-
tols 2N-1, 3N-2, 3N-3 and acidic alditol 3A-5
were isolated from 600 mg non-dialyzable rab-
bit brain glycopeptides4 after hydrolysis by
alkaline borohydride treatment as described
previously.5 Isolation and purification were
carried out by sequential chromatography by
gel filtration on Bio-Gel P-4, ion exchange on
an Asahipak NH2-P50 column, and HPLC on
an APS-2 column. The structures of 2N-1,
3N-2, 3N-3 and 3A-5 were previously estab-
lished as GlcNAc�-(1�2)Manol, Gal�-(1�
4)GlcNAc�-(1�2)Manol, Gal�-(1�4)[Fuc�-
(1�3)]GlcNAc�-(1�2)Manol, NeuAc�-
(2�3)Gal�( - 1�4)GlcNAc� - (1�2)Manol,
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respectively, by mass spectrometry with
anomeric configurations being defined by
NMR.5

Nuclear magnetic resonance spectroscopy.—
NMR spectra were recorded at 15 °C using a
Bruker AM400, Varian UNITY plus-500 and
Varian UNITY-600. The samples were pre-
pared by repeated dissolution/lyophilization
from D2O and finally dissolved in 500 �L
D2O. For heteronuclear NMR experiments
Shigemi tubes and 300 �L D2O were used.
Acetone was employed as internal standard (�
2.225 ppm for 1H and � 31.07 ppm for 13C of
CH3) and coupling constants were determined
on a first-order basis.

1D TOCSY10,11 spectra of 512 scans were
obtained using Gaussian pulses of 90 or 93 ms
for anomeric protons and 60 ms for other
protons. The duration of the spin-lock period,
realised via the MLEV-1712 sequence, was be-
tween 30 and 140 ms. 2D-DQF-COSY spectra
were obtained with acquisition times of 76 ms
in t1 and 0.3 s in t2 with 32 scans in each t1

increment. Data matrices of 256×1024 (t1×
t2) complex points were acquired, zero-filled to
1024×2048 (t1× t2) and multiplied prior to
Fourier transformation by a Gaussian func-
tion. 2D-ROESY13 spectra were obtained at
400 MHz with a 300 ms spin-lock period.
Acquisition times of 51–61 ms and 0.41–0.49 s
were used in t1 and t2, respectively. 32 scans
were acquired in each of 256 experiments into
2048 complex data points. The 2D matrix was
zero-filled to 1024×4098 (t1× t2) data points
and multiplied by a Gaussian function in both
dimensions. The spectrum offset was set at the
downfield edge of the spectrum in order to
minimise TOCSY transfer. 2D gradient-en-
hanced 1H/13C HSQC14 spectra were recorded
with 15 ms in t1 and 0.15 s in t2, together with
64 scans per t1 increment. 1H decoupling was
employed using the GARPI sequence. The
data matrix (t1, t2) consisted of 256×384–512
(t1× t2) complex points and was zero-filled to
1024×2048 (t1× t2) points and multiplied by
a Gaussian function prior to Fourier transfor-
mation. 2D gradient-enhanced 1H/13C HSQC-
TOCSY15 spectra for 3N-2 and 3N-3 were
acquired with 20–42 ms in t1 and 0.15 s in t2,
together with 48–96 scans per t1 increment.
1H decoupling was employed using the

GARPI sequence. The duration of the spin-
lock TOCSY period, realised with the MLEV-
17 sequence, was 140 ms. Data matrices of
320–512×608 (t1× t2) complex points were
acquired, zero-filled to 1024×2048 (t1× t2)
points and multiplied prior to Fourier trans-
formation by a Gaussian function. The 2D
gradient-enhanced HMBC16 spectrum for 3N-
2 was recorded with 15 ms in t1 and 0.293 s in
t2, together with 64 scans per t1 increment.
The delays were set to 3.4 ms [1/(21JCH)] and
111.1 ms [1/(2nJCH)]. Data matrices of 256×
1024 (t1× t2) complex points were acquired,
zero-filled to 1024×2048 (t1× t2) points and
multiplied prior to Fourier transformation by
a Gaussian function.

Accurate 1H chemical shift values obtained
from 1D spectra are represented to three deci-
mal places and 1H and 13C values obtained
from 2D spectra to two decimals.

Mass spectrometry.—LSIMS was carried
out as described5 on a VG Analytical ZAB2-E
mass spectrometer, equipped with a caesium
ion gun operated at 25 keV (for negative-ion
detection) or 35 keV (for positive-ion detec-
tion) with an emission current of 0.5 �A.
Acquisition of full scan mass spectra at 20
s/decade was by VG Analytical VAX-Opus
data system in continuum acquisition mode.
Negative ion mode was employed for native
oligosaccharide alditols and positive ion for
permethylated derivatives. Typically, �1 �g
of sample was used for analysis with thioglyc-
erol as the liquid matrix.

3. Results and discussion

Chemical shifts and sequence assignments
for the oligosaccharide alditols 2N-1, 3N-2,
3N-3 and 3A-5 were made from through-bond
homonuclear (DQF-COSY, 1D TOCSY) and
heteronuclear (HSQC, HSQC-TOCSY,
HMBC) NMR spectra, and from through-
space homonuclear (2D ROESY) spectra.

Disaccharide 2N-1: GlcNAc�-(1�2)-
Manol.—The disaccharide 2N-1 was isolated
from brain glycopeptides that gave a LSIMS
[M−H]− ion at m/z 384 from which its com-
position was deduced to be Hex.HexNAc in
reduced form. The sequence of 2N-1 was
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identified as HexNAc-Hexol from the spec-
trum of its permethylated derivative (Fig. 1)
from the glycosidic cleavage ion at m/z 260
indicating a non-reducing terminal HexNAc.
Methylation analysis identified the alditol as
Manol and that it was substituted at C-2 by a
GlcNAc.5 As only a small amount of 2N-1
was isolated and its 1H NMR spectrum found
to be identical to the spectrum of the reduced
synthetic disaccharide GlcNA�-(1�2)Manol
(data not shown), the synthetic material was
then used to carry out the complete NMR
assignment. This disaccharide gives single
anomeric 1H and 13C NMR chemical shifts at
�=4.700 and 101.93 ppm, respectively (Ta-
bles 1 and 2). The complete spin system of the
GlcNAc residue can be assigned from COSY
and TOCSY spectra with the coupling con-
stant 3JH-1,H-2=8.4 Hz identifying a � configu-
ration.5 The reduced Manol residue can be
identified from two spin systems, H-1, H-1�,
H-2, H-3 and H-4, H-5, H-6, H-6�, because of
the small coupling constant between H-3 and
H-4. The linkage of GlcNAc to the C-2 of
Manol is apparent from 13C chemical shift
differences for C-1, C-2 and C-3 of Manol
(−2.67, 8.07 and −2.04 ppm, respectively) in
comparison with unsubstituted Manol.17 1H
chemical shift differences are also observed for
H-2, H-3 and H-4 of Manol in 2N-1 (0.12,
0.15 and 0.12 ppm, respectively) when com-
pared to unsubstituted Manol.18 In addition,
the linkage is corroborated from a ROESY
spectrum by an interglycosidic connectivity
between GlcNAc H-1 and Manol H-2 (Table
3), and a weaker connectivity between Glc-
NAc H-1 and Manol H-3.

Trisaccharide 3N-2: Gal�-(1�4)GlcNAc�-
(1�2)Manol.—1H and 13C chemical shifts of
the reducing end GlcNAc�-(1�2)Manol of
the trisaccharide are similar to those of the
disaccharide 2N-1 (Tables 1 and 2). The Gal
residue can be assigned from the characteristic
spin system connecting H-1 to H-4, as the
coupling constant between H-4 and H-5 is
small. Gal is in � configuration with a vicinal
coupling constant of 7.9 Hz between H-1 and
H-2.5 The linkage of Gal to C-4 of GlcNAc is
apparent from the 13C chemical shift differ-
ences of C-3, C-4 and C-5 of GlcNAc (−1.32,
8.45 and −1.02 ppm, respectively) when com-
pared to those in 2N-1. Comparative 1H
chemical shift differences for H-3, H-4 and
H-5 (0.179, 0.291 and 0.140 ppm, respectively)
are also observed. Two strong inter-glycosidic
connectivities are present in the 2D ROESY
spectrum of 3N-2 (Table 3), one between Glc-
NAc H-1 and Manol H-2 and another be-
tween Gal H-1 and GlcNAc H-4, and a weak
connectivity is observed between GlcNAc H-1
and Manol H-3. When long range inter-glyco-
sidic connectivities are traced by through-
bond H,C couplings in a HMBC spectrum,
the GlcNAc�-(1�2)Manol and the Gal�-
(1�4)GlcNAc linkages can be confirmed
(Table 3).

Tetrasaccharide 3N-3: Gal�-(1�4)[Fuc�-
(1�3)]GlcNAc�-(1�2)Manol.—The Gal�-
(1�4)GlcNAc�-(1�2)Manol sequence of
3N-3 can be assigned as described for 3N-2,
with similar 1H and 13C chemical shifts (Ta-
bles 1 and 2). The 13C chemical shift differ-
ences for C-3 and C-4 of GlcNAc (2.35 and
−5.02 ppm, respectively) when compared

Fig. 1. LSIMS spectrum of oligosaccharide 2N-1 as its permethylated derivative.
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Table 1
1H chemical shifts (�, ppm) and coupling constants (3JH,H, Hz) of oligosaccharides 2N-1, 3N-2, 3N-3 and 3A-5 a

Compound Residue H-1/H-1� H-2 H-3 H-4 H-5 H-6/H-6� NAc

3.868 b/3.744 3.868 b 3.936 3.905Manol, � 3.7412N-1 3.856/3.656
��(2N-1)−(Manol) 0.008/0.074 0.12 0.15 0.12 −0.009 −0.004,−0.014
3JH,H 6.41�,2,−11.51,1�

c �1.03,4 9.14,5 2.75,6 6.45,6�,−11.76,6�

4.700 3.714 3.562 3.45GlcNAc, � 3.46 3.929/3.746 2.049
8.41,2 10.42,3 8.13,4

c c 5.35,6�,−12.36,6�
3JH,H

3.871 b/3.75 3.871 b 3.939 3.9013N-2 3.735Manol, � 3.856/3.657
c 8.02,3 1.13,4 9.04,5 2.75,6 6.45,6�,−11.76,6�

3JH,H

4.721 3.76 3.741 b 3.741 bGlcNAc, � 3.601 3.991/3.832 2.046
��(3N-2)−(2N-1) 0.021 0.046 0.179 0.291 0.140 0.062/0.086
3JH,H 7.91,2

c c c 2.25,6 5.55,6�,−12.16,6�

4.461 3.532 3.664 3.918Gal, � 3.72 3.741 b/3.741 b

7.91,2 9.92,3 3.33,4
c c c3JH,H

3.86/3.75 3.87 3.94 3.913N-3 3.74Manol, � 3.85/3.67
GlcNAc, � 4.730 3.91 3.90 3.93 3.598 4.004/3.856 2.037
��(3N-3)−(3N-2) 0.009 0.15 0.159 0.189 −0.003 0.013/0.024

7.81,2
c c c3JH,H 2.15,6 −12.36,6�

Gal, � 4.440 3.495 3.655 3.893 3.60 3.72/3.72
7.81,2 10.12,3 n.d. d �1.03JH,H

c c

Fuc, � 5.119 3.688 3.907 3.792 4.850 1.174
3JH,H 4.01,2 n.d. 2.63,4 �1.04,5 6.65,6

3.86/3.73 3.88 3.940 3.8953A-5 3.73Manol, � 3.85/3.66
3JH,H

c c c 9.04,5 n.d. n.d.
4.714 3.739 b 3.739 b 3.739 bGlcNAc, � 3.602 4.002/3.851 2.043
7.91,2

c c c 2.05,6,3JH,H −12.36,6�

4.544 3.564 4.117 3.979Gal, � 3.739 b 3.739 b/3.739 b

0.083 0.032 0.453 0.061 0.019 −0.002/−0.002��(3A-5)−(3N-2)

7.91,2 9.92,3 3.13,4
c3JH,H

c c

H-3ax/H-3eq H-4 H-5 H-6 H-7 H-8 H-9/H-9� NAc

1.801/2.713 3.677NeuAc, � 3.854 3.625 3.60 3.90 3.87/3.64 2.029
−12.53ax,3eq,4.53eq,4 12.33ax,4 n.d. n.d. n.d. n.d. n.d.3JH,H

a 1H chemical shifts differences (��) are indicated between the reducing end mannitol of 2N-1 and of Manol, between the
GlcNAc residue of 3N-2 and of 2N-1, between the GlcNAc residue of 3N-3 and of 3N-2, and between the Gal residue of 3A-5
and of 2N-1.

b The middle point of the multiplet higher order is indicated.
c Signals of higher order.
d n.d., not determined.

with 3N-2 identifies the C-3 of GlcNAc as the
linkage site for the additional monosaccha-
ride. Downfield 1H chemical shifts for Glc-
NAc are observed for H-2, H-3 and H-4 (0.15,
0.159 and 0.189 ppm, respectively) when com-
pared with those in 3N-2. As for 2N-1, the
two separate spin systems (H-1, H-1�, H-2,

H-3 and H-4, H-5, H-6, H-6�) that aid the
assignment of Manol are observed in this case
in a 1H, 13C HSQC-TOCSY spectrum (data
not shown). The Fuc monosaccharide is read-
ily identified from structural reporter groups,19

the anomeric 1H chemical shift at 5.119 ppm
and the methyl group at 1.174 ppm, in addi-
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Table 2
13C chemical shifts (�, ppm) of oligosaccharides 2N-1, 3N-2, 3N-3 and 3A-5 a

C-1 C-2 C-3 C-4Compound C-5Residue C-6 NAc

61.93 80.27 68.66 69.862N-1 71.58Manol, � 64.15
��(2N-1)−(Manol) −2.67 8.07 −2.04 −0.84 −0.62 −0.45

101.93 56.63 74.72 70.81 76.59GlcNAc, � 61.59 23.02

3N-2 Manol, � 61.92 80.32 68.70 69.88 71.58 64.16
GlcNAc, � 101.84 56.21 73.40 79.26 75.57 60.92 23.04

−0.09 −0.42 −1.32 8.45��(3N-2)−(2N-1) −1.02 0.33
Gal, � 103.83 71.89 73.40 69.47 76.29 61.96

61.88 80.35 68.65 69.973N-3 71.48Manol, � 64.11
101.60 56.93 75.75 74.24GlcNAc, � 75.93 60.68 23.13

��(3N-3)−(3N-2) −0.24 0.72 2.35 −5.02 0.36 −0.24
102.79 71.92 73.29 69.24 75.93Gal, � 62.46
99.60 68.59 69.97 72.78 67.63Fuc, � 16.31

61.92 80.27 68.71 69.913A-5 71.63Manol, � 64.14
101.86 56.19 73.36 79.13GlcNAc, � 75.60 60.86 23.08

Gal, � 103.52 70.35 76.38 68.37 76.06 61.92
−0.31 −1.54 2.98 −1.1��(3A-5)−(3N-2) −0.23 −0.04
C-3 C-4 C-5 C-6 C-7 C-8 C-9 NAc

40.52 69.37 52.56 73.86 69.00 72.76 63.46NeuAc, � 22.88

a 13C chemical shift differences (��) are indicated between the reducing end Manol of 2N-1 and of Manol, between the GlcNAc
residue of 3N-2 and of 2N-1, between the GlcNAc residue of 3N-3 and of 3N-2, and between the Gal residue of 3A-5 and of 2N-1.

tion to the 13C chemical shifts of C-1 at 99.60
ppm and the methyl carbon at 16.31 ppm. 1H
and 13C chemical shift differences of GlcNAc
when compared to 3N-2 (see above), an inter-
glycosidic ROE between Fuc H-1 and Glc-
NAc H-3 (Fig. 3 and Table 3) and the vicinal
1H,1H coupling constant between H-1 and H-2
of 4.0 Hz,5 identify the Fuc�-(1�3)GlcNAc
linkage. 3N-3 contains the classical Lex epi-
tope, which manifests itself by a large
downfield 1H chemical shift of Fuc H-5 at
4.850 ppm (Table 1) and remote ROE connec-
tivities between Fuc H-5 and Gal H-2, and
between Fuc H-6 and Gal H-2 (Fig. 2 and
Table 3) as a result of Fuc-Gal stacking
interactions.20

Tetrasaccharide 3A-5: NeuAc�-(2�3)Gal�-
(1�4)GlcNAc�-(1�2)Manol.—The Gal�-
(1�4)GlcNAc�-(1�2)Manol sequence of
3A-5 is identified as in 3N-2 with the addition
of a 1H,13C HSQC-TOCSY spectrum to assign
Manol (data not shown). Major 13C chemical
shift differences are observed for C-2, C-3 and
C-4 of Gal of 3A-5 (−1.54, 2.98 and −1.1
ppm, respectively, Table 2) when compared to
those of 3N-2, thus identifying C-3 as the

linkage site for Gal. This can also be deduced
from the 1H downfield chemical shift of 0.453
ppm for H-3 of Gal when compared with
3N-3. As expected for a NeuAc-Gal linkage,
the neighbouring protons Gal H-2 and Gal
H-4 are not affected by glycosylation. The
NeuAc residue is readily identified from the

Fig. 2. 2D ROESY spectrum of tetrasaccharide, 3N-3. Intra-
and intermolecular rOe connectivities are indicated.
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Table 3
Interglycosidic correlations of oligosaccharides 2N-1, 3N-2, 3N-3 and 3A-5

structural reporter groups, H-3ax and H-3eq
(1.801 and 2.713 ppm, respectively) with C-3
at 40.52 ppm (Fig. 3 and Tables 1 and 2). The
1H spin system of NeuAc is traced from H-3ax
to H-6 by through-bond correlations using
TOCSY spectra with increased mixing times
(data not shown). 1H and 13C chemical shifts
of positions 5 and 6 of NeuAc are identified

from characteristic carbon shifts in the HSQC
spectrum (Fig. 3), while those at positions 7
and 8 can be assigned based on the reported
values for NeuAc�-(2�3)Gal�-(1�4)-
GlcNAc.21 The NeuAc�-(2�3)Gal linkage is
assigned from an interglycosidic ROE
connectivity between NeuAc H-3ax and Gal
H-3 (Table 3).



H. Kogelberg et al. / Carbohydrate Research 331 (2001) 393–401400

Fig. 3. 2D HSQC spectrum of tetrasaccharide, 3A-5. Cross peak assignments are indicated.

4. Conclusions

In summary, the 1H and 13C NMR chemical
shifts have been assigned for a series of manni-
tol-terminating oligosaccharides released from
brain glycopeptides by alkaline borohydride
treatment. The mannitol residue does not con-
tain a structural reporter group in the proton
dimension. However, two methylene carbon
atoms can be readily identified, of which C-1 is
shifted to higher field than C-6, thus assigning
C-2 as the linkage position. The non-reducing
terminal sequences linked to the mannitol that
are described, GlcNAc�-(1� , Gal�-(1�
4GlcNAc�-(1� , Gal�-(1�4)[Fuc�-(1�3)]-
GlcNAc�-(1� and NeuAc�-(2�3)Gal�-(1�
4)GlcNAc�-(1� , are common to O-GalNAc-
linked glycoproteins. In mucin-like proteins,
O-GalNAc glycosylation has a pronounced
effect on the conformation of the protein core,
significantly extending chain dimensions and
decreasing the flexibility of the chain,22 and the
importance of the methyl group of the core
GalNAc residue has been suggested.23 It will
be of interest to extend the present study of
free oligosaccharide alditols and to investigate
in glycopeptides the influence of the core man-
nose linkage on the amino acid backbone as
has been studied in O-GalNAc-containing
mucins.22 Different three-dimensional presen-
tation can be envisaged for oligosaccharide
chains when linked to O-GalNAc or O-man-
nosyl which might well be translated into dif-
ferent biological activities.
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