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Summcvry. Earlier studies on the oligomannoside-type carbohydrate chain linked 
to Asn-563 of a human IgM protein from blood plasma of a patient (Du) with 
Waldenstrom's macroglobulinemia (Jouanneau, J. and Bourillon, R. (1979) Biochem. 
Biophys. Res; Cormrun. 91, 1057-1061) showed the occurrence of an unusual core 
structure. It was suggested that only one N-acetylglucosamine residue was 
present in stead of two. However, reinvestigation of this qlycopeptide sample 
by 500-MHz lH-NMR spectroscopy lent no support for an unusual core structure. 
On the contrary, the NMR spectrum shows all spectral features characteristic 
for an N,N--diacetylchitobiose unit. Moreover, it revealed a heterogeneity in 
both the carbohydrate and the peptide moiety. The structure of the major compo- 
nent is the followinq7: 
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Besides, larger glycopeptides are present having one or two additional mannose 
residues a(l+Z)-linked to terminal residues B and/or C in the above structure. 

= 
= 

It should be noted that for this sample, containing only 25 nmoles of qlyco- 
peptide, the microheterogeneity of the carbohydrate chain could excellently be 
revealed by 500-MHz lH-NMR spectroscopy. 

* Present address: Institut Pasteur, Departement de Biologie Moleculaire, 
25 rue du Docteur-Roux, 75724 Paris Cedex 15, France. 

q All sugars mentioned possess the g-configuration; all amino acids mentioned 
possess the k-configuration. 
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lntmduction. It is generally assumed that the carbohydrate moieties of glyco- 

proteins account for several biological functions displayed by these compounds, 

2.g. I for recognition phenomena, for immunological events and for determining 

the life-span of cells and glycoproteins. The structure determination of the 

oligosaccharide chains of both soluble and membrane-bound qlycoproteins is a 

prerequisite to gain insight into these biological events at the molecular 

level. Despite the functional diversity of glycoproteins, their carbohydrate 

components have many common structural features [l-3]. In particular, the 

oligosaccharide chains N-glycosidically linked to asparagine in a polypeptide 

backbone, appear to possess a virtually invariant core structure of the penta- 

saccharide, ManSGlcNAc2. 

One of the exceptions hitherto reported [4], is the carbohydrate structure 

linked to Asn-563 of the heavy chain of a human IgM from blood plasma of a 

patient (Du) with Waldenstrom's macroglobulinemia. After isolation and purifi- 

cation [S], the glycopeptide was characterized by chemical and enzymic methods. 

On the basis of the carbohydrate compositions of the total glycopeptide and of 

its enzymic digestion products, it was proposed that an oligomannoside-type 

structure was concerned containing 6 mannoses but, surprisingly, only one 

iv'-acetylglucosamine residue in the core region. The question arose whether or 

not this deviating structure is correlated with the patient's disease, impli- 

cating another way of biosynthesis and/or processing of the carbohydrate chain 

than generally accepted to occur in man [6]. 

It seemed to beworthwhileto reinvestigate the reported core structure uti- 

lizing an independent method suitable for structural analysis on microscale. It 

was decided to apply high-resolution lH-NMR spectroscopy which was proved to be 

a powerful method for the structure determination of the carbohydrate chains of 

glycoproteins [7,8]. Recently, considerable progress has been made in the elu- 

cidation of oligomannoside-type structures by 'H-NMR spectroscopy [8-131, mak- 

ing it reasonable to expect this method to give also structural details on the 

peripheral part of this IgM oligosaccharide chain. 

hlatetial~ arid methook. The isolation, purification and partial characteriza- 
tion of the IgM Asn-563 glycopeptide from blood plasma of a patient (Du) with 
WaldenstrBm's macroglobulinemia has been described [4,5]. 

For NMR spectroscopy about 100 ug of the glycopeptide ([14C]labelled by 
acetylation of the N-terminal amino acid with [ 14c]acetic anhydride [4]) was 
repeatedly exchanged in D20 (99.96 atom% D, Aldrich, Milwaukee, U.S.A.), with 
intermediate lyophilization. 'H-NMR spectroscopy was performed at 500 MHz on a 
Bruker WM-500 spectrometer operating in the Fourier transform mode at a probe 
temperature of 300 K. Resolution enhancement of the spectrum was achieved by 
Lorentzian to Gaussian transformation from quadrature phase detection. Chemical 
shifts are given relative to sodium-2,2-dimethyl-2-silapentane-5-sulphonate 
(DSS) (indirectly to acetone in D20 : 6 = 2.225 ppm). 
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Fig. 1. overall 500~MHZ IH-NMR spectrum of the human IgM ~sn-563 
glycopeptide mixture from blood plasma of a patient (Du) 
with Waldenstrcim's macroglobulinemia, in D20 at 300 K. 
The signals marked by Q stem from a non-protein non-carbo- 
hydrate contaminant. 

R~AL.L& and ticunsian. The overall SOO-MHZ 'H-NMR spectrum of the human IgM 

Asn-563 glycopeptide, stemming from blood plasma of a patient (Du) with Walden- 

str8m's macroglobulinemia, is depicted in Fig. 1. From the acetyl-region of the 

spectrum (1.9 < 6 < 2.1 ppm) it is evident that four N-acetyl methyl singlets 

are present at 6 = 1.94, 1.96, 2.00 and 2.06 ppm with intensity ratio 2:1:3:3, 

respectively. (Besides, a singlet of contaminating acetate is observed at 6 = 

1.910 ppm.) The signals at 6 = 1.939 and 1.957 ppm are derived from the [14C]- 

- N-acetyl groups introduced by labelling of the N-terminal amino acids with 

[14C]acetic anhydride. The remaining two signals belong to the GlcNAc residues 

A and 2 of the pentasaccharide core of N-glycosidically linked oligosaccharides. 

For GlcNAc-l (6 = 2.001 ppm) this assignment is based on the spectral data of a 

wide variety of glycopeptides of both the N-acetyllactosamine and the oligoman- 

noside type [12,14,15]. The chemical shift of the fourth N-acetyl signal (6 = 

2.055 ppm) is typical for GlcNAc-2 in the core pentasaccharide extended with 

mannose residues only (cf- [12,16,17]). This assignment is corroborated by the 

chemical shift of H-l of this GlcNAc residue (6 = 4.621 ppm) (cf. [12,14-171). 

Therefore, the carbohydrate moiety of this IgM Asn-563 glycopeptide belongs to 

the oligomannoside-type glycan chains having the normal N,N'-diacetylchitobiose 

unit in the core region. It should be noted that recently for the carbohydrate 

chain located at Asn-402 of the heavy chain of the IgM of this patient (Du) 
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Fig. 2. Structural reporter group regions of the resolution-enhanced 
500-M&z lH-NMR spectrum of the human I'gM Asn-563 qlycopeptide 
mixture in D20 at 300 K, together with its comprehensive 
structure. The numbers and letters in the spectrum refer to 
the corresponding residues in the structure. The relative 
intensity scale of the /V-acetyl proton region differs from 
that of the other parts of the spectrum as indicated. 
The N-acetyl signals of GlcNAc-L and -1 both are split into 
two singlets, reflecting the earlier [4] described hetero- 
geneity of the peptide moiety. 

also the normal core pentasaccharide was found [18], utilizing essentially the 

same methods as in [4]. It is not yet understood why these afforded the incor- 

rect molar ratio Asn : GlcNAc = 1:l for the Asn-563-linked chain [4]. 

From the resolution-enhanced 500-MHz 'H-NMR spectrum of the IqM qlycopeptide 

the structure of the oligomannan part of the chain can be inferred on the basis 

of the resonances of the structural reporter groups, in particular the mannose 

H-l signals, which are given in Fig. 2. Relevant NMR parameters for the qlyco- 

peptide sample are listed in table 1. 

Besides the B-linked Man-3 =, clearly characterized by its H-2 signal at 6 = 

4.232 ppm, only a-linked mannose residues occur in the peripheral part of the 

qlycan chain, on the basis of the chemical shifts of their H-l's in combination 

with their J 1 2’s [I51 - The relatively high-field resonance position of H-l of 

Man-4' = (6 = 41869 ppm) in conjunction with the relatively downfield position of 

its H-2 (6 = 4.145 ppm) is indicative of a disubstitution of this residue at 
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Table 1. 'H chemical shifts of structural reporter groups of constituent 

monosaccharides of the human IgM Asn-563 glycopeptides obtained 
from blood plasma of a patient (Du) with Waldenstrom's disease 

compound and schematic structure b 

reporter 
residue 

a 
group 

t 

1 25.02 ’ 

= H-l of 
2 4.621 = 

2.001d 
NAc of 1.998 

t 
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2.(;51 
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4.869 
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5.088 
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5.044 
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5.052 

5.044 
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4.621 

2.001d 
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5.093d 
5.088 

5.145 

5.304 

5.044 

5.044 

4.232 

4.145 

a for complete structures and coding of monosaccharide residues, see Fig. 2. 
be = mannose; C- = IV-acetylglucosamine. 
c value can not be determined more accurately (+O.Ol ppm) due to heterogeneity 

of the peptide moiety (see legend Fig. 2). 
d see text and legend Fig. 2. 
e value can not be determined more accurately (kO.01 ppm) due to interference 

of the HOD-line. 

C-3 and C-6 by Man-A and -B = =, respectively [8,11-13,16,17]. The H-l of Man-5 

gives rise to two doublets at 6 = 5.093 and 5.088 ppm, in a ratio 2:1, resonat- 

ing in an area which is characteristic for a terminal non-reducing position of 

Man-4 [11,12]. The doubling of the signal can be explained in terms of hetero- 

geneity of the sample. Also H-l of Ptlan-B gives rise to two doublets, at 6 = 

4.908 (terminal g) and 5.145 ppm (C-2 substituted B) [ll-131, in the same ratio 

2:l. From these values it can be concluded that 33% of the Man-g residues in 
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the glycopeptide sample bear an a(1+2)-linked Man-P3 (6 H-l = 5.044 ppm), 

whereas in the remaining part Man-B occupies a terminal position in the chain. = 

For H-l of Man-2 in the upper branch of the chain two doublets are observed 

at 6 = 5.345 and 5.336 ppm, in a ratio 1:l. The approximate chemical shift 

value (5.34 ppm) indicates that in all components of the glycopeptide mixture 

Man-4 bears the a(l+2)-linked Man-C [13,16]. Also H-l of Man-C gives rise to = = = 

two doublets, at 6 = 5.304 (C-2 substituted E) and 5.052 ppm (terminal 2) [ll, 

13,161. These features can be explained by the presence of Man-PI, a(l+2)-linked 

to Man-C, in 50% of the structures in the mixture. The presence of Man-21 (6 H-l 

= 5.044 ppm) gives rise to a downfield shift of H-l of Man-2 (As = 0.252 ppm), 

and to a slight upfield shift of H-l of Man-2 (A6 = - 0.01 ppm), compared to the 

i-2 branch without 21 (cf. [13]). 

Based on the above findings it can be concluded that the largest possible 

structure of the carbohydrate moiety of this IgM (Du) glycopeptide preparation 

is: Mana(l~2)Mana(1~2)Man~(l~3) 

21 C 4 
= = \ 

Man~(i+4)GlcNAc~(l+4)GlcNAcB(l+ 

p3 B zz 

1 = 

In the mixture of IgM glycopeptides also at least one, maybe two isomeric 

Man7GlcNAcz-oligosaccharides occur, possessing either Man-91 or Man-23. In 

addition, a MangGlcNAcz-structure is present, without Man-D1 and -D3, which is = Ix 

the most abundant. 

The same oligomannoside moieties as described above were reported for oligo- 

saccharides derived from glycosylation site Asn-563 of an IgM from another 

patient (Ca) with Waldenstrom's macroglobulinemia, after laborious separation 

of the components of the prepared oligosaccharide mixture [ll]. Furthermore, 

the structure of the predominant glycopeptide in the IgM sample from patient 

Du is identical with that reported for the Asn-563-linked MangGlcNAcz-oligo- 

saccharide, found in a human IgM myeloma protein [19] and in mouse IgM secreted 

by a plasmocytoma [20]. The location of additional mannose residues, e.g., in 

ManaGlcNAcz-structures also occurring at the same glycosylation site in the 

latter two IgM's, was not specified. Moreover, these oligomannoside-type struc- 

tures occur in a wide variety of glycoproteins such as calf thyroglobulin, 

ovalbumin, taka-amylase, bovine lactotransferrin, soybean agglutinin, ribo- 

nucleases and the glycoprotein from Chinese hamster ovary cell membranes 

[l-3,11,16,17]. 
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