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ABSTRACT

The complete 'H- and BC-n.m.r. assignments for B-pD-Galp-(1-+4)-8-D-
GlepNACc-6-SO;H-(1-6)-[ B-D-Galp-(1—3)]-p-GalNAcol and a-NeuAcp-(2—3)-8-
D-Galp-(1-—-3)-[ 8-D-Galp-(1-4)-B-D-GlepN Ac-6-SO;H-(1->6)]-D-GalNAcol were
made by a combination of 2-D correlation experiments (Relayed-Cosy; and 1’C,'H
Correlation-shift n.m.r. spectroscopy), and 1-D n.m.r. spectroscopy. The results
illustrate the ability of these methods to locate sulphate and NeuAc groups in
anionic mucinous glycoproteins.

INTRODUCTION

Although sulphated mucous glycoproteins represent an important class of
biological components, involved particularly in the protection of the tracheo-
bronchial tractus'?, only few informations are available on the primary structures
of oligosaccharides containing sulphate esters®. This is essentially due to the low
quantitics of secreted mucous glycoproteins available and to the difficulties
encountered in fractionating the anionic oligosaccharide alditols released by
reductive B-elimination. In contrast hen ovomucin represents an important source
of sulphated carbohydrates, thus giving the possibility to apply n.m.r. procedures
requiring large amounts of material. This was the reason for the choice of this
particular O-glycoprotein.

EXPERIMENTAL

The oligosaccharide alditols isolated from hen ovomucin have been
previously described by Strecker ef al.*. The 400-MHz 'H-n.m.r. experiments were
performed with a Bruker AM-400 spectrometer, equipped with a 5-mm 'H-13C
mixt-probe head, operating in the pulsed F.t. mode and controlled by an Aspect
3000 computer (Centre Commun de Mesures, Université de Lille Flandres-Artois).
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The concentrations of oligosaccharide alditols 1, 2, and 3 were respectively 16, 36,
and 80 mg/mL. After three exchanges with D,O (99.96% atoms D, Aldrich) and
intermediate lyophilisations, the products were analysed at a spectral width of 3000
Hz for a 16 K frequency-domain points and time-domain data points giving a final
digital resolution of 0.365 Hz/point. The 100-MHz *C-n.m.r. experiments were
obtained with the standard Bruker pulse program Powgate with 'H decoupling.
The spectral width was 25 000 Hz for 32 K frequency-domain points and time-
domain data points giving a final digital resolution of 1.526 Hz/point; a thirty degree
pulse (2 us) and a 0.5-s recycle delay were used. The chemical shifts are given
relative to the signal of sodium 4,4-dimethyl-4-silapentane-1-sulphonate, but were
actually measured relative to the signal of the methyl group of acetone (82.225 for
'H, and 8 31.40 for *C).

The 2D-homonuclear Cosy 45 experiments were performed by use of the
standard Bruker pulse program Cosy. In these experiments, the spectral width was
1600 Hz, the 'H ninety-degree pulse was 10.6 us, and 128 W x 2 K data matrix
were acquired which were zerofilled prior to F.t. to obtain a 1 X 2 K spectral data
matrix; a sine-bell squared fonction was used in both dimensions.
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The 2D-homonuclear Cosy with simple, double, triple, and quadruple relay
transfers were performed by use of the standard Bruker pulse program Cosyrct,
and the pulse programs Cosydr, Cosytr, and Cosyqr’. For example, the Cosyqr
experiment (Version 1986) was performed with sequence, D, ~— 90 — D¢ — 90 —
D,-180 -D, -9 -D; —180 - D; —=9¢ - D, - 180 —~ D, — 9 ~ Dg ~
180 — Dy — 90 — FID, where D; = 15, 90 and 180 = 90 and 180° "H-pulse (90° =
10.6 ws), D@ = incremental delay (initial = 3 us), and D, = D; = D, = D5 = 30
ms as a good compromise. In all these experiments, for a spectral width of 1600 Hz,
a 256 W X 2 K data matrix was obtained, which was zerofilled to 1 K x 2 K prior
to F.t.; a sine-bell squared fonction was used in both dimensions.

The 2D-BC-H Cosy experiment was performed with simultaneous
suppression of 'H-homonuclear couplings®’ by use of the standard Bruker pulse
program Xhcorrd. In this experiment, the phase cycling of the refocusing pulse
described by Wilde and Bolton® was used in addition. Refocusing delays were
adjusted’ to an average Jy; coupling constant of 150 Hz. 'H and '*C — 90° pulse
widths were 10.6 and 6 us, respectively. A 128 W x 4 K data matrix was acquired
which was zerofilled prior to F.t. to obtain a 512 W x 2 K spectral data matrix. An
exponential function (LB = 4 Hz) for *C-subspectra and a sine-bell function for 'H
subspectra were applied to enhance the signal/noise ratio.

RESULTS AND DISCUSSION

Figure 1 shows the monodimensional 'H-n.m.r. spectrum of the tetra-
saccharide alditol OL-1 (1). The signal assignments of the main structural reporter
groups have been previously established by van Halbeck et al.1%!!, who particularly
discriminated the N-acetyl methyl protons of GalNAcol from those of GlcNAc.
Based on these data and connectivities in the 2D-Cosy and 2D-Relayed Cosy
spectra, the assignments could be made, with the exception of H-5,6 Gal3 and Gal*
(Table I). The fully decoupled 3C-n.m.r. spectrum of 1, analysed by comparison
with the C-Dept and the 2D-'3C-'H Cosy spectra, permitted the identification of
C-1,6 of GalNAcol and Gal C-6, and C-6 of GlcNAc (Table II). C-5 of Gal® and
Gal* were assigned by comparing the *C-n.m.r. spectra of OL-1 (1) and OL-2 (2).
In 2 (see below), one of the C-5 signals was shifted upfield, and this decrease was
attributed to the attachment of a sulphate group at C-6 of the adjacent GIcNAc
residue. C-5 of Gal® was considered to be not affected by the addition of the
sulphate group, and consequently C-5 of Gal® and Gal* were found to resonate at
6 76.14 and 76.51, respectively. These assignments are in agreement with the
conclusion of Bush et al.?, who based their reasoning on the chemical shift
analogies with similar oligosaccharide alditols reported by Shaskhow er al. 3. Except
for the new value that we determined for C-6 of GIcNAc at § 61.28, all the para-
meters given in Table II are in agreement with those previously reported’?. In
addition, the 2D-13C—H Cosy spectrum allowed the assignment of H-5,6 of Gal
with an accuracy of 0.01 p.p.m.
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Fig. 3. 2D-Homonuclear Cosy with double-relay transfer (Cosydr) spectrum for oligosaccharide alditol 2.
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Fig. 5. 2D-Homonuclear Cosy (A) and Cosysr (B) spectrum for oligosaccharide alditol 3.



SULPHATED OLIGOSACCHARIDE ALDITOLS OF HEN OVOMUCIN 11

77.57

75 4

72.87

70

67.5 4

65 A

82.5

o

~C-634

*C-2

o

T T 7

44 42 4 38 3.8

T

3.4

Fig. 6. Heteronuclear 2-D chemical-shift correlation spectrum for oligosaccharide alditol 3.
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The 'H-n.m.r. spectrum of the sulphated oligosaccharide alditol OL-2 (2) is
given in Fig. 2. In comparison with that of 1, H-1 of Gal* was shifted downfield
from & 4.469 to 4.538. The most significant increment was observed for H-6a,6b of
GIcNAc, which were shifted downfield by 0.421 and 0.521 p.p.m., respectively.
The coupling constant Jg, ¢, decreased from 12 to 10.4 Hz, which suggested a steric
hindrance due to the electronegative sulphate group. For 2, the 2D-Double-relayed
Cosy spectrum furnished most of the 'H-signal assignments (Fig. 3). In addition to
the 3C-n.m.r. parameters, the 2D-13C-'H-Cosy spectrum allowed the definition of
the Gal H-5,6 resonances, which did not appear in the 2D-Cosy spectra. Strongly
marked features observed in the 3C-chemical shifts were the downfield shifts of
C-6 (+ 6.18) and C-5 (+ 2.73) of GlcNAc, and C-6 (+ 5.02) of GalNAcol, while
upfield shifts were observed for C-4 (- 3.27) of GlcNAc, C-4 (— 1.87) of
GalNAcol, and C-5 (- 4.51) of Gal®.

For the oligosaccharide alditol OL-3 (3) (Fig. 4), the NeuAc residue present
in a-(2—3) linkage to Gal® was characterized by the set of its H-3 chemical shifts
(84332 1.801; &5, 2.774) in combination with the downfield shift of H-3 of Gal®,
which underwent at §4.111. The comparison of the 2D-Cosy and 2D-Relayed-Cosy
spectra of 3 (Fig. 5), which clearly established the connectivities between H-1,2,3,4
of Gal® and Gal*, allowed the easy assignments of these signals. As for 1 and 2,
H-5,6 of Gal were recognized in the 2D—3C-H-Cosy spectrum (Fig. 6). The signals
of the carbon atoms of NeuAc were also easily recognized by comparing the *C-
n.m.r. spectra of 2 and 3. The chemical shifts of the NeuAc carbon atoms are very
similar to those of free NeuAc or sialyllactose!®. The 'H signals of NeuAc were
assigned by examination of the 2D-3C-'H-Cosy spectrum with an accuracy of 0.01
p.p-m. The only difficulty was to assign the N-acetylmethyl protons of GalNAcol
and GlcNAc. They could only be discriminated on the basis of the increased relaxa-
tion time of GalNAcol and GlcNAc already observed for 1, and which was assumed
to also occur for 3. This assignments of the GalNAcol and GlcNAc N-acetylmethyl
signals at 8 2.066 and 2.064, respectively, are in accordance with the analysis of the
2D-1*C-'H-Cosy spectrum, which turnished corresponding '*C-chemical shifts at 8
23.58 and 23.13; these values were also found for 1 and 2. By comparing with the
spectrum of 2, the additional signals observed at 8§ 23.21 and 176.11 were assigned
to the CH; and CO carbons, respectively, of the NeuAc N-acetylmethyl group.

These n.m.r. data illustrate the possibility of determining the exact location
of sulphate and NeuAc groups in anionic mucinous glycoproteins. Similar observa-
tions concerning the polysulphated proteoglycans have been recently reported! 15,
As an easily available material, hen ovomucin represents a suitable model for the
establishment of the n.m.r. parameters of the class of sulphated oligosaccharides.
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