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1. Introduction

High-resolution 'H NMR spectroscopy is an effi-
cient and powerful technique for the structure
determination of a wide variety of carbohydrate
chains derived from N- and O-type glycoproteins
[1-6}. However, for oligomannoside-type {7} glyco-
peptides and oligosaccharides from N-type glyco-
proteins the fully discriminative deduction of the
primary structure from the 'H NMR spectrum
remained difficult due to the similarity of the con-
stituting units.

The availability of a 500 MHz *H NMR spectrom-
eter in conjunction with a more sophisticated com-
puter resolution enhancement routine afforded a sig-
nificant refinement of the spectral data of N-acetyl-
lactosamine-type carbohydrate chains of glycopro-
teins, and the linewidth of the signals in the spectrum
was made a useful parameter for structural assign-
ments [5].

This new development opened the possibility to
derive the structures of oligomannoside-type carbo-
hydrate chains from their 'H NMR spectra. This will
be illustrated for 3 glycoasparagines isolated from the
urine of a patient with Gaucher’s disease, a gluco-
cerebrosidase deficiency [8].

2. Materials and methods

The glycopeptides dealt with here were isolated
from the urine of a patient suffering from Gaucher’s
disease, and fractionated in the usual way [7]. Details

will be described elsewhere.
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The molar ratios of neutral monosaccharides and
hexosamines were determined after methanolysis [9].
Molar ratios of glucosamine and aspartic acid were
determined on a Beckman amino acid analyzer, after
hydrolysis in 4 N CF;COOH for 4 h at 100°C.

For NMR spectroscopy the glycopeptides wese
repeatedly exchanged in D,0 (99.96 atom% D,
Aldrich) with intermediate lyophilization.

The 500 MHz 'H NMR spectra of neutral solutions
of the compounds were recorded on a Bruker
WM-500 spectrometer, operating in the Fourier
transform mode at a probe temperature of 300 K.
Chemical shifts are given relative to sodium-2,2-
dimethyl-2-silapentane-5-sulphonate (indirectly to
acetone in D,0: § = 2.225 ppm). Resolution enhance-
ment of the 500 MHz spectra was achieved by
Lorentzian to Gaussian transformation according
to {10].

3. Results and discussion

From the urine of a patient with Gaucher’s disease
3 major glycopeptides were isolated. Sugar and amino
acid analyses revealed that only mannose, V-acetyl-
glucosamine and asparagine were present in these
compounds.

To elucidate the primary structures of the glyco-
asparagines, 500 MHz *H NMR spectra of the com-
pounds in D,0 were recorded. The structural reporter
group regions of the resolution-enhanced 500 MHz
LH NMR spectra of the 3 glycopeptides, viz. the sig-
nals of the anomeric protons, the mannose H-2 reso-
nances and the N-acetyl proton singlets are given in
fig. 1—3. In view of their molar carbohydrate com-
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Fig.1. Structural reporter group regions of the resolution-enhanced 500 MHz *H NMR spectrum of M,GP, a gly coasparagine con-
taining 2 mannoses, in D, 0 at 300 K. The numbers in the spectrum refer to the corresponding residues in the structure. The rela-
tive intensity scale of the N-acetyl proton region differs from that of the other parts of the spectrum as indicated.
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Fig.2. Structural reporter group regions of the resolution-enhanced 500 MHz 'H NMR spectrum of M,GP, a glycoasparagine of
the oligomannoside type containing 4 mannoses, in D, 0 at 300 K. The numbers and letters in the spectrum refer to the corre-
sponding residues in the structure. The relative intensity scale of the N-acetyl proton region differs from that of the other parts of
the spectrum as indicated. The spectrum shows signals of low intensity stemming from contaminants with related carbohydrate
structures; those marked by asterisks belong to M;GP. The quartet at § = 4.11 ppm, indicated by ¢, stems from a non-carbo-
hydrate non-protein contaminant (see also fig.4).
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Fig.3. Structural reperter group regions of the resolution-enhanced 500 MHz *H NMR spectrum of M,GP, a glycoasparagine of
the cligomannoside type containing 5 mannoses, in D, 0 at 300 K. The numbers and letters in the spectrum refer to the corre-
sponding residues in the structure. The relative intensity scale of the M-acetyl proton region differs from that of the other parts of
the spectrum as indicated. The HOD~esonance is left out from the spectrum; its position is indicated by an arrow. Compound

M, GP is present in small amount in the sample (see signals marked by asterisks), which contains a few other low amount carbo-

hydrate contaminants.

positions, estimated by integration of the anomeric
proton regions of their 'H NMR spectra (see table 1),
the glycopeptides are designated with subscripts after
their mannose content M,GP, MyGP and M;GP. As
an example for the 3 compounds, the overall spec-
trum of M4GP is depicted in fig.4. Relevant NMR
parameters for the 3 glycopeptides are listed in

table 2.

Comparison of the 500 MHz 'H NMR spectra of
M,GP, MyGP and MGP reveals that the resonance
positions as well as the pattemns of the signals
belonging to corresponding anomeric protons (at
& =507 ppm;J;,,=9.8 Hzand at § = 4.61 ppm;
Ji,5 = 8.2 Hz) and to corresponding N-acetyl methyl
proton (at § ~2.01 and ~ 2.06 ppm) of the GlcNAc
residues 1 and 2, respectively, are identical. The same
holds for the asparagine proton signals (6 H-« ~3.98
ppm; 8HB =~ 2.86 ppm and §HB' ~ 2.93 ppm). These
similarities in the spectra indicate that the glycopep-
tides have in common the (84)GIcNAcS(1->4)-

GlcNAcS(1-+N)Asn moiety, as usual for N-glycosidic
carbohydrate structures [5].

The two additional mannose residues of M,GP can
be characterized as follows. The anomeric praton
resonating at 6 = 4.767 ppm belongs to the finked

Table
Carbohydrate and amino acid compositions of three oligo-
mannoside-type glycopeptides isolated from Gaucher’s

disease urine?
Constituent Glycopeptides
M,GP M,GP M,GP
Mannose 2 4 5
N-Acetylglucosamine 2 2 2
Asparagine 1 1 1

2 The molar compositions were estimated by means of NMR
spectral integration, on the basis of one residue of aspara-
gine
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Fig.4. The overall 500 MHz *H NMR spectrum of M,GP, a gly coasparagine of the oligomannoside type containing 4 mannoses,
in D, 0 at 300 K. The quartet at § = 4.11 ppm, together with the doublet at § ~ 1.32 ppm, indicated by ¢, stem from a non-

carbohydrate non-protein contaminant.

Man 3 (cf. {11]). Its coupling constant J, , (~0.6 Hz)
is indicative of the B-type of linkage between Man 3
and GlcNAc 2. The relatively small value of J,; gives
rise to an apparent broad lined singlet for H-1, which
can easily be distinguished from the well-resolved
doublet of H-1 of an alinked rhannose residue [5].
The chemical shift of H-2 of Man 3 for compound
M,GP (6 = 4.080 ppm) reflects a mono-a(1-6)-
substitution of Man 3 by another mannose, which is
usually numbered Man 4'. Type and configuration
of the Man—Man linkage in M,GP are proved to be
a(1-6) by the chemical shift of the H-1 of Man 4’
(6 =4.915 ppm) [11,12] and its J, 5 (1.8 Hz) [5].
In accordance with the terminal position of Man 4’
the chemical shift of its H-2 is 8§ = 3.968 ppm. It
should be noted that in more complex structures
possessing this element this H-2 signal is buried in the
bulk of non-anomeric sugar skeleton protons, as in
[11,12]. The signals of the (structural reporter group)
protons of Man 4’ are marked by relatively narrow
linewidths, corresponding with the expected mobility
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of the residue. The structure of M,GP as given in fig.1
is the afuco-analogue of a glycoasparagine isolated
from the urine of a patient with fucosidosis [11].

In the spectrum of MyGP (fig.2) the signals at
& =4.770 ppm (H-1) and at § = 4.076 ppm (H-2)
point again to a mono-of 1-+6)-substitution of Man 3.
Therefore MyGP contains Man 4'. The well-resolved
doublet at & = 4.909 ppm (/, , = 1.8 Hz) and the
narrow doublet of doublets at & = 3.988 ppm closely
resemble the Man 4’ structural reporter group signals
in the spectrum of M,GP, also with respect to their
linewidths. Therefore, a terminal o1-6)-linked
mannose residue is present in M4GP, designated
Man B.

The H-1 doublet at § = 5.076 ppm (J;,, = 1.8 Hz),
in conjunction with the H-2 resonance at § = 4.064
ppm, are characteristic for a terminal mannose,
a(1-3)-linked to another mannose residue, as can be
derived from earlier observations, for example, Man 4
in the monosialo-oligosaccharide NeuAca(2—6)-
Galp(1-4)GlcNAcB(1-2)Mana(1->6){Mano(1-3)]-
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Table 2
*H chemical shifts of structural reporter groups of constitu-
ent monosaccharides for three oligomannoside-type glyco-
peptides isolated from Gaucher’s disease urine

Reporter Residue? Compound and schematic structure?

group

M,GP M,GP M,GP

e ywm >>wm

Bl of 1 5071 5.069 5.071
e 2 4618 4.608 4.606
1 2014 2.013 2012
NAc of {z 2.076 2.061 2.060
3 4767 4770 4.781
4 - - 5.099
H-1 of g 4915 4.870 4872
A - 5.076 5.093
B - 4.909 4.908
3 4.080 4.076 4251
4 - - 4.077
H-2 of Iy 3.968 4.140 4.144
A - 4.064 4.066
B - 3.988 3.985

2 For coding of monosaccharide residues and complete struc-
tures see fig.1-3
b (»+—) Mannose; (0—) N-acetylglucosamine

ManB(1-4)GlcNAc, isolated from human meconium
[12] and Man 4 in the trisaccharide Mano(1-3)-
Mang(1-4)GleNAc [13]. The o1->3)-linked mannose
residue in MyGP cannot be attached to Man 3, since
the latter is mono-a(1->6)-substituted, nor to Man B
which is a terminal residue. The fourth mannose in
M,GP, designated Man A, must therefore be attached
to C-3 of Man 4',

The H-1 signal of Man 4’ is found at § = 4.870 ppm
(/1,2 = 1.8 Hz). The presence of an a1-»3)-linked
mannose residue hardly influences the resonance
position of the H-1 of the residue to which it is
attached (cf. [5] vs. [11]). The observed shift decre-
ment for H-1 of Man 4, as compared to M,GP,

A8 = —0.045 ppm, must therefore be ascribed to the
substitution of thisresidue at C-6. A similar shift decre-
ment is observed for H-1 of Man 4’ in the step from
tri- to tetra-antennary glycopeptide of the N-acetyl-
lactosamine type [S], involving extension with a
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GalB(1~4)GIcNAc moiety, (1->6)-linked to Man 4'.
In contrast, the shift increment for H-2 of Man 4’ as
compared to M,GP, can be attributed to the attach-
ment of Man A. A similar shift increment is observed
for H-2 of Man 3 extending M,GP to the meconjum
oligosaccharide described above [12]. An a(1-+6)
substitution of one mannose by another hardly
affects the former’s H-2 chemical shift [2]. The above
findings lead to the structure for MyGP shown in
fig.2.

The 500 MHz 'H NMR spectrum of M;GP (fig.3)
differs in the region of the anomeric proton signals
from that of M,GP (fig.2) only by the occurrence of
an additional doublet at 8 = 5.099 ppm (J,; = 1.9 Hz).
This suggests that M;GP is an extension of M,GP
with another terminal a(1->3)-linked mannose resi-
due. The residue to which this fifth mannose is
attached, can be inferred from the chemical shifts
of the mannose H-2s. The characteristicalty-shaped H-2
signal of the §-Man 3 is shifted from § = 4.076 ppm
to & = 4.251 ppm going from the spectrum of M;GP
to MgGP, indicating a further substitution of Man 3
at C-3. The other H-2 signals remain at essentially the
same positions and an additional H-2 resonance is
found at 5 = 4.077 ppm. By consequence, the fifth
mannose residue in MgGP is identified as Man 4,
a1-3)-linked to Man 3. The chemical shifts of H-1
and H-2 of this Man 4 are essentially the same as
those described for the terminal Man 4 in the tri-
saccharide Mana(1->3)Manf(1-4)GlcNAc [13]. The
set of chemical shifts of H-1 and H-2 of Man 3 in
M;GP reflect the completeness of the trimannosyl
(3,4, 4')-N,N'di-acetylchitobiose-Asn core (cf. [5]).
The observed change of the chemical shift of H-1 of
Man A, going from M,GP to M;GP, is remarkable;
it may reflect a spatial effect. The §-values of the
anomeric protons and the H-2s of the 2 terminal
a(1-3)-linked mannose residues are very similar (cf.
[14]). The most likely assignment has been given in
table 2.

The structure of MsGP proposed on the basis of
its NMR data, is given in fig.3.

4. Concluding remarks

The resolution-enhanced 500 MHz *H NMR spec-
tra of 3 glycoasparagines isolated from the urine of a
patient with Gaucher’s disease, could be interpreted
in terms of complete primary structures of these
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compounds. In fact, the proposed structures are
mainly based upon interpretation of the sets of
chemical shift values of H-1s and H-2s of constituting
mannose residues. Such data are in fact sensitive to
the type and configuration of the glycosidic linkage
of the mannose residue and to the position of man-
nose in the chain.

This study provided us with the NMR characteris-
tics of the second branching point (A~4'-B), also
occurring in more complex oligomannoside-type
structures; it thereby disclosed this type of carbo-
hydrate chains for high-resolution 'H NMR structural
analysis.

For biosynthetic studies the non-destructive iden-
tification of partial structures, as shown in [15},is
quite helpful. Now this seems also to be possible for
oligomannoside-type carbohydrate structures.
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