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ABSTRACT

'H-N.m.r. and *C-n.m.r. spectral assignments for synthetic g-D-Xyl-(1-2)-
B-pD-Man-OMe, B-D-Xyl-(1->2)-[@-D-Man-(1—3)]-B-D-Man-OMe, B-D-Xyl-(1-2)-
[a¢-D-Man-(1—6)]-B8-D-Man-OMe, and B-D-Xyl-(1—2)-[a-D-Man-(1—3)]-[a-D-
Man-(1—6)]-8-D-Man-OMe, which are structural elements of xylose-containing
carbohydrate chains from N-glycoproteins, have been made on the basis of 1D and
2D (DQF 'H-'H COSY, HOHAHA) 500-MHz 'H-n.m.r. spectroscopy and 1D
50-MHz 13C-n.m.r. spectroscopy, respectively.

INTRODUCTION

Xylose-containing N-linked carbohydrate chains occur in glycoproteins of
plant! 19 and animal origin''~ 13, Recently, a series of di-, tri-, and tetra-saccharides,
namely, 8-D-Xyl-(1-2)-8-pD-Man-OMe (1), 8-D-Xyl-(1—2)-[a-D-Man-(1—3)]-B-D-
Man-OMe (2), B-D-Xyl-(1-2)-[@-D-Man-(1-6)]-B-D-Man-OMe (3), and B-D-Xyl-
(1-2)-[a-D-Man-(1-3)]-[a-D-Man-(1-6)]-8-D-Man-OMe (4), which represent
building blocks of these carbohydrate chains, has been synthesized!®. Detailed as-
signments are now presented of the 'H- and *C-n.m.r. spectra of these compounds
by 1D and 2D (DQF 'H-'H COSY, HOHAHA) 500-MHz 'H-n.m.r. spectroscopy
and 1D 50-MHz B3C-n.m.r. spectroscopy, respectively. These data are indispens-
able for conformational analysis of these structures using n.O.e. measurements.

EXPERIMENTAL

N.m.r. methods. — N.m.r. spectra of 15mM solutions of oligosaccharides in
D,0 were obtained at 27°. Prior to n.m.r. spectroscopy, the samples were re-
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peatedly exchanged against 99.75% D,O with intermediate lyophilisation, finally
using 99.96% D,0.

'H-N.m.r. measurements were carried out on a Bruker AM-500 spectrometer
(Department of NMR spectroscopy, Utrecht University). Resolution enhancement
of the spectra was achieved by Lorentzian to Gaussian transformation. Chemical
shifts are expressed in p.p.m. downfield from internal sodium 4,4-dimethyl-4-
silapentane-1-sulphonate (DSS), but were actually measured by reference to
internal acetone (8 2.225) with an accuracy of +0.002 p.p.m. Double-quantum
fittered 'H-'H correlation spectroscopy (DQF 'H-'H COSY) was carried out
according to refs. 15-17. Spectra were measured in the phase-sensitive mode, using
quadrature detection in F2 and time-proportional phase increments (TPPI)!6, re-
sulting in pure absorption/dispersion line-shapes without phase-twist. The spectral
width was 3333.33 Hz in both dimensions and 512 measurements with ¢, values
from 75 us to 76.8 ms were recorded for one experiment. A 512 X 4k data matrix
was acquired, which was zero filled and multiplied in both dimensions with a phase-
shifted sine-square prior to a phase-sensitive F.t. to obtain a 2k X 4k spectral data
matrix. Homonuclear Hartmann-Hahn (HOHAHA) spectra were obtained
according to refs. 18 and 19. A 8.33 kHz (60 us 180° pulse width) field strength was
used and the mixing period consisted of 60 MLEV-17 cycles, resulting in a 120-ms
mixing time. The spectral width was 3333.33 Hz in both dimensions, and 512
measurements with ¢, values ranging from 75 us to 76.8 ms were recorded for one
experiment. A 512 x 4k data matrix was acquired, which was zero filled and
multiplied in both dimensions with a phase-shifted sine-square function prior to a
phase-sensitive F.t. to obtain a 2k x 4k data matrix.

Natural-abundance proton-decoupled *C-n.m.r. spectra were recorded at
50.76 MHz with a Bruker WM-200 spectrometer (SON hf-NMR-facility, Depart-
ment of Biophysical Chemistry, University of Nijmegen) equipped with a 5-mm
broad-band probe. The spectral width was 10,000 Hz. Chemical shifts are expressed
in p.p.m. downfield from external Me,Si, but were actually measured by reference
to internal acetone (8 31.55) with an accuracy of +0.02 p.p.m.

RESULTS AND DISCUSSION

'H-N.m.r. assignments. — The 'H-n.m.r. data for 1-4 are given in Table I.

3 4 3
B-D-Man-OMe a-D-Man-(1—-3)-8-D-Man-OMe
B-D-Xyl-( l—>2)/ B-D-Xyl-(1-2)

1 2
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4 4
a-D-Man-(1-6) a-D-Man-(1—6)
3 4 N3
B-D-Man-OMe a-D-Man-(1—3)-8-pD-Man-OMe
B-D-Xyl-(1-2) B-D-Xyl-(1-2)
3 4

B-D-Xyl-(1—-2)-B-D-Man-OMe (1). — The DQF 'H-'H COSY spectrum of 1
is presented in Fig. 1. For B-pD-Man (Man-3), the assignments start with the

TABLE

'H-CHEMICAL SHIFTS FOR THE 'H RESONANCES OF THE CONSTITUENT MONOSACCHARIDES OF 1-4

Residue® Atom Chemical shift®
1 2 3 4
Man-3 H-1 4.645 4.661 4.665 4.681
H-2 4.163 4.182 4.169 4.197
H-3 3.637 3.825 3.650 3.836
H-4 3.520 3.662 3.624 3.800
H-5 3.400 3.444 3.546 3.588
H-6 3.938 3.945 3.953 3.977
H-6’' 3.728 3.739 3.805 3.774
OMe 3.535 3.537 3.524 3.523
Xyl H-1 4.489 4.434 4.490 4.474
H-2 3.348 3.328 3.366 3.360
H-3 3.429 3.427 3.438 3.425
H-4 3.621 3.626 3.632 3.624
H-5e 3.944 4.000 3.954 3.998
H-5a 3.268 3.244 3.268 3.249
Man-4 H-1 5.144 5.138
H-2 4.039 4.035
H-3 3.843 3.854
H-4 3.678 3.679
H-5 3.916 3.918
H-6 3.885 3.893
H-6 3.756 3.750
Man-¢' H-1 4.906 4.900
H-2 4.004 4.010
H-3 3.833 3.831
H-4 3.676 3.679
H-5 3.674 3.676
H-6 3.894 3.892
H-6’ 3.769 3.759

2For the numbering system of the residues, see the formulae. In p.p.m. relative to internal DSS in D,0
(using internal acetone at § 2.225) at 27°.
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Fig. 1. DQF 'H-"H COSY spectrum of B-D-Xyl-(1—2)-B-bD-Man-OMe. Lines indicate correlations: 3-
H-1,2 means cross-peak between H-1 and H-2 of Man-3.

resonance of H-1 at 8 4.645 (J, , <1 Hz)%, and, from the presence of cross-peaks
correlating H-1,2, H-2,3, H-3,4, H-4,5, H-5,6, and H-5,6’, the chemical shifts of all
the proton resonances can be deduced. For B-D-Xyl, the starting point for the
assignments is the resonance of H-1 at & 4.489 (J,, 7.7 Hz)%, yielding the H-
2,3.4,5a,5e resonances from the observed connectivities.
B-D-Xyl-(1—-2)-|a-D-Man-(1—3)]-B-pD-Man-OMe (2). — The region 3.14.1
p.p-m. of the DQF 'H-'H COSY spectrum of 2 is shown in Fig. 2. The '"H-n.m.r.
parameters of B-pD-Man can be found by starting with the chemical shift of the
resonance of H-1 at § 4.661, which leads to the assignments of the resonances of
H-2,3,4,5,6,6" of B-pD-Man by the cross-peak pattern in the DQF 'H-'H COSY
spectrum. A comparison of the data for 1 and 2 shows that the attachment of a-D-
Man (Man-4) in (1—3)-linkage to B-D-Man resuits in relatively large downficld
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Fig. 2. DQF 'H-'H COSY spectrum of B-p-Xyl-(1—2)-[a-D-Man-(1—3)]-3-D-Man-OMe. Lines
indicate correlations. The anomeric region is not shown. For explanation of the code system, see Fig. 1.

shifts of the signals for H-3 (A8 +0.188 p.p.m.) and H-4 (A8 4+0.142 p.p.m.) of
B-p-Man. The starting point for the assignments of the B-D-Xyl signals is the H-1
doublet at § 4.484 and, by following the sequential connectivities involving H-
2,3,4,5a,5¢e, all assignments are obtained. Except for the H-5e signal (Ad +0.056
p.p-m.), the resonance positions of the B-D-Xyl protons appear not to be influenced
substantially by the extra a-D-Man residue. For a-D-Man, all "H-n.m.r. chemical
shifts are deduced from the connectivities shown, starting with the chemical shift of
the resonance of H-1 at § 5.144 (J; , 2.0 Hz), identified by comparison with refer-
ence compounds’.

B-D-Xyl-(1-2)-[a-D-Man-(1—6)]-B-D-Man-OMe (3). — In the DQF 'H-H
COSY spectrum of 3 (Fig. 3), the chemical shift of the H-1 resonance of g-D-Man
is 4.665 p.p.m., pointing to the chemical shifts of the resonances of H-2 and H-3 via
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Fig. 3. DQF 'H-'H COSY spectrum of B-p-Xyl-(1—2)-[a-D-Man-(1-6)]-8-D-Man-OMe. Lines
indicate correlations. For explanation of the code system, see Fig. 1.

the cross-peak pattern. The H-3,4 cross-peak cannot be found, but, by comparison
with structure 1, the characteristic three-spin system for H-5,6,6" can be recognised,
revealing the chemical shifts of the resonances of these protons, and the H-4,5
cross-peak reveals that the H-4 resonance is at 8 3.624. Starting with the chemical
shift of the H-1 resonance at 4.490 p.p.m., all B-D-Xyl assignments are found by
following the sequential connectivities for the multiplets H-2,3,4,5a,5¢. The low-
field doublet for H-1 of a-D-Man (Man-4') at 8 4.906 (J, , 1.8 Hz) is assigned by
comparison with data for reference compounds®. From the cross-peak pattern, the
positions of the H-2, H-3, and H-4 signals are deduced. The H-4,5 cross-peak can-
not be found, but, by analogy with 2, the H-6,6' cross-peak is identified at 3.894
p.p.m. (H-6), revealing the chemical shifts of the resonances for H-6,6’. The H-5
signal is traced from the observed H-5,6" connectivity. A comparison of the data
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for 1 and 3 shows that the attachment of a-D-Man in (1—6)-linkage to 8-D-Man
results in relatively large downfield shifts in the signals of H-4 (A8 +0.104 p.p.m.),
H-5 (Aé +0.146 p.p.m.), and H-6' (A8 +0.077 p.p.m.) of B-pD-Man. The position
of the resonance of H-6 is influenced less (A8 +0.015 p.p.m.).

B-D-Xyl-(1—-2)-|a-D-Man-(1—3)]-|a-D-Man-(1-—6)}-B-D-Man-OMe (4). —
The DQF 'H-'H COSY spectrum of 4 is shown in Fig. 4. Because of the complexity
of this spectrum, a HOHAHA spectrum with a mixing time of 120 ms was also
recorded, showing complete or partial sub-spectra of all residues on their H-1 and
H-2 tracks (Fig. 5). For 8-D-Man, only H-2 is found on the H-1 track (§4.681), due
to small coupling constants between H-1, H-2, and H-3. However, on the H-2 track
{6 4.197), a magnetisation transfer is observed from H-2 up to and including H-6
and H-6'. To assign these chemical shifts, the DQF 'H-'H COSY spectrum is used
in combination with the data for 2 and 3. Starting with the resonance of H-1 at &
4.681, the cross-peak pattern in the DQF 'H-'H COSY spectrum identifies the
chemical shifts of the resonances for H-2,3. The H-5,6,6' three-spin pattern in the
DQF !H-'H COSY spectrum at 8§ 3.588 (H-5), which is shown to belong to 3-D-
Man by the H-2 track in the HOHAHA spectrum, is assigned by reference to 3,
making feasible the assignment of H-4 by the H-4,5 cross-peak. All 'H-n.m.r.
chemical shifts of B-p-Xyl are recognised at the H-1 track (8 4.474) in the
HOHAHA spectrum and are assigned readily by the shown connectivities in the
DQF 'H-'H COSY spectrum. For a-p-Man, (1-3)-linked to B-pD-Man, the
HOHAHA spectrum shows on the tracks for H-1 (8 5.138) and H-2 (3§ 4.035)
magnetisation from H-1 and from H-2 to be transferred up to and including H-4
and H-6,6', respectively. In combination with the cross-peak pattern in the DQF
TH-H COSY spectrum, the resonances for H-1,2,3,4 are readily assigned. The
H-4,5 cross-peak is found by comparison with 2, and the chemical shifts of the
resonances for H-5,6,6' are distinguished from each other by the shown con-
nectivities in the DQF 'H-'H COSY spectrum in conjunction with the features of
the HOHAHA spectrum. Finally, for a-D-Man (1—6)-linked to B-D-Man, the
HOHAHA spectrum shows sub-spectra on the tracks of H-1 (8 4.900) and H-2 (6
4.010) of all protons up to and including H-4 and H-6,6', respectively. The H-2,
H-3, and H-4 resonances can be deduced from observed connectivities in the DQF
TH-H COSY spectrum; for the assignment of the H-5, H-6, and H-6' resonances,
use has been made of the HOHAHA and the 'H-'H DQF COSY spectrum in
combination with the data for 3.

BBC-N.m.r. assignments. — The 3C-n.m.r. data are presented in Table II,
together with those of relevant monomers.

B-D-Xyl-(1—2)-B-D-Man-OMe (1). — The *C-n.m.r. data for 1 have been
obtained by comparison with those of the methyl glycosides of the constituent
monosaccharides?!-22, The attachment of 8-D-Xyl to C-2 of B-D-Man leads to a clear
downfield shift for the resonance of C-2 (A8 +8.72 p.p.m.) of B-D-Man.

B-D-Xyl-(1—2)-[a-D-Man-(1—3)]-B-D-Man-OMe (2). — The assignments of
the BC-n.m.r. signals of 2 are based on the data® for 1 and methyl a-D-manno-
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OMe. Lines indicate correlations. For explanation of the code system. see Fig. 1.

pyranoside. As compared to 1, the introduction of a-pD-Man in (1—3)-linkage to
B-D-Man results in downfield shifts for the resonances of B8-p-Man C-3 (A8 +7.15
p.p-m.) and B-D-Xyl C-1 (A8 +0.88 p.p.m.), and an upfield shift for that of B-p-
Man C-2 (A8 —0.88 p.p.m.).

B-D-Xyl-(1-2)-[a-D-Man-(1—6)]-B-D-Man-OMe (3). — In a manner similar
to that for 2, the *C-n.m.r. signals of 3 have been assigned. As compared to 1, the
substitution of a-D-Man in (1->6)-linkage to 8-pD-Man results in shifts for the reso-
nances of B-pD-Man C-6 (downfield, A8 +4.84 p.p.m.) and B-p-Man C-5 (upfield,
Ad —1.99 p.p.m.). For B-D-Xyl, no significant differcnces in comparison to 1 are
observed.

B-D-Xyl-(1—2)-[a-D-Man-(1—3)|-{a-b-Man-(1—6)]-B-b-Man-OMe (4). —
The C-n.m.r. spectrum of 4 has been elucidated by reference to the *C-n.m.r.
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data for 2 and 3. Shift effects caused by the attachment of one a-D-Man residue
appear to be independent of the presence of other residues covalently linked to the
B-D-Man monomier. (1->6)-a-D-Mannosylation of 1 (—3) and 2 (—4) leads to com-
parable shift increments for the resonances of B-p-Man C-5 and C-6, whereas
(1—3)-a-pD-mannosylation of 1 (—2) and 3 (—4) yields similar shift increments for
the resonances of B-p-Man C-2 and C-3.
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