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An approach is presented for the determination of the branch location of I or 2 extra iV-acetyllactosamine units in sialo N-linked carbohydrate 
chains from glycoproteins. Tetraantennary oligosaccharides containing extra N-acetyllactosamine units were digested with endo-P-galactosidase, 
followed by treatment with N-acetyl-fi-glucosaminidase, yielding products which could be analysed by ‘H-NMR spectroscopy. thereby giving con- 

clusive data about the lacation of the extra units in the intact structures. 

1. INTRODUCTLON 

High-resolution ‘H-NMR spectroscopy is a powerful 
technique for the analysis of N- and O-linked car- 
bohydrate chains from glycoproteins [l-3]. However, 
only limited NMR data are available on N-linked car- 
bohydrate chains with extra IV-acetyllactosamine struc- 
tural elements, hampering the determination of the 
branch location of IV-acetyllactosamine repeating units. 

In the framework of our program on the structural 
analysis of oligosaccharides by “H-NMR spectroscopy, 
we developed a method for the determination of the 
branch location of N-acetyllactosamine repeating units 
in tetraantennary sialo-oligosaccharides. The com- 
pounds are degraded with endo-@-galactosidase, 
followed by digestion with N-acetyl-P-glucosaminidase, 
to obtain oligosaccharides that can unambiguously be 
identified by high-resolution ‘H-NMR spectroscopy, in 
this way providing conclusive evidence for the structure 
of the intact compound. 

2. MATERIALS AND METHODS 

2.1. Muteriats 

Oligosaccharides (I nmol/~l) were incubated with endo+ 
galactosidase (I mUI& in 50 mM NaAc, pH 5.8, containing bovine 
serum albumin (0.2 mg/ml), for 48 h at 37% The endo-& 
galactosidase digests were separated according to charge by FPLC on 
Mono Q (Pharmacia), using a linear gradient from O-50 mM NaCl in 
8 ml H20, followed by a gradient from 50-500 mM NaCl in 8 ml HzO, 
essentially as described [6]. Desalting of FPLC fractions was perform- 
ed on Bio-Gel P-2 (Bio-Rad), using water as eluet.,. 

Recombinant human erythropoietin (EPO), expressed in Chinese 
hamster ovary cells, was a gift of Organon Teknika BV (Boxtel, The 

Endo-P-galactosidase digested oligosaccharides (0.67 nmol/~l) 

Netherlands). Peptide-A”-(N-acetyl-@-glucosaminyl)asparagine amid- 
were incubated with N-acetyl+glucosaminidase (2 mU/pl) in 0.2 M 

ase F (PNGase-F) from Flavobacterium meningosepticrtnr and endo- 
NazHP0410.05 M citric acid, pH 5.0, for 48 h at 37°C. The digests 
were desalted on Bio-Gel P-2 (Bio-Rad) with water as eluent. 

Recombinant erythropoietin; Extra N-acetyllactosamine unit; ‘H-NMR spectroscopy 

@-galactosidase from Bacteroidesfragilis were obtained from Boehr- 
inger Mannheim. N-Acetyl-/3-glucosamidinase from jack beans was 
purchased from Sigma. 

2.2. 500 MHz ‘H-NMR spectroscopy 
Prior to ‘H-NMR spectroscopy, samples were repeatedly treated 

with ‘F&O, finally using 99.96 atom % ‘Hz0 (MSD isotopes) at p2H 
7 and room temperature. 500 MHz ‘H-NMR spectra were recorded on 
a Bruker AM-500 spectrometer (Bijvoet Center, Department of NMR 
spectroscopy, Utrecht University) at a probe temperature of 27’C. 
Chemical shifts are expressed in ppm downfield from internal sodium 
4,4-dimethyl-4-silapentane-I-sulfonate, but were actually measured 
by refercncc to internal acetone (6 2.225) [23. 

2.3. Liberation and purification of N-linked carbohydrate chains 
N-Linked oligosaccharides were released from EPO with PNGase- 

F and fractionated by FPLC on Mono Q (Pharmacia) as described 
(41. The Mono Q fraction containing the tetrasialylated carbohydrate 
chains was subfractionated by HPLC on Lichrosorb-NH2 (Chrom- 
pack) [41 and further separated by HPAE-PAD chromatography on 
CarboPac PA-l (Dionex) [5]. 

2.4, Enzyme incubatiorw 

Abbreviutions: NeuSAc, N-acetylneuraminic acid; Fuc, fucose; EPO, 
erythropoietin; PNGase-F, peptide-p-(N-acetyl-&glucosaminyl)asp- 
aragine amidase F; HPAE-PAD, high-pH anion-exchange pulsed 
amperometric detection 

3. RESULTS 

Corresportdeme address: J.P, Kamerling, Bijvoet Center, Dcpart- 
ment of Bio-Organic Chemistry, Utrccht University, P.0, Box 
80,075, NL-3508 TB Utrecht, The Netherlands. Fax: (31) (30) 540980. 

The PNGase-F released N-linked carbohydrate 
chains from EPO were purified via a sequence of 
chromatographic procedures using Mono Q, Lichro- 
sorb-NH2, and CarboPac PA-l. In the context of this 
report, focused on a straightforward ‘H-NMR analysis 

18 Pubfished by Elsevier Science Publishers U. V. 
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Table 1. Ill-chemical shijrs of structural-reporter-group protons o/~he constituent monosaccharides of compounds 

A. 0, C and D and enzymatic breakdown products. chemical shifts are given at 300 K and wcrc measured in %I20 
relative to internal acetone (6 2.225) [Z]. For numbering of the monosaccharide residues. see text. Compounds are 
rrprcscnrcd by short hand symbolic notation [2], *@, GlcNAc;*, Man;=, Fuc;P, Gal+, <a2-3NcuSAc. 

&or- R&due Chemical shifl (ppm) in 
lcr 
group 

n-1 GlcNAc-¶ a 
B 

GlcNAs-2 a’ 

8 
Man-4 
Man-4’ 
GlcNAc-5 
GlcNAc-5 ’ 
Gal-6 
Gal-6 
GlcNAc-7 
GlcNAc-7 ’ 
Gal-8 
Gal-$’ 
GlcNl\c,,, 

G&l 
H-2 Man-3 

Man-4 
Man-4’ 

H-3 Gal-6 
Gal-6 
Gal-8 
Gal-S’ 

G&l 
H-4 Gd-6’ 

Giil-8’ 
H-3a NeuSAc 
H-3e NeuSAc 
NAC GlcNAc-I 

GlcNAc-2 a’ 
B 

GlcNAc-5 
GlcNAc-5 ’ 
GlcNAc-7 
GlcNAc-7 ’ 
GlcNAc,,, 
NeuSAc 

H-l Fucaa 

B 
H-5 Fuc aa 

P 
cH3 Fuc a@ 

8 

5.182 5.182 5.182 5.182 4.182 5.181 S.181 
4.688 4.690 4.689 4.689 4.692 4.698 4.691 
4.659 4.659 4,659 4.659 4.664 4.663 4.663 
4.664 4.663 4.664 4.664 4.669 4.668 4.668 
5.131 5.130 5.130 5.129 5.114 5.115 5.114 
4.857 4.854 4.858 4.855 4.905 4.884 4.91s 
4.S6ab 4.564 4.563 4.561 4.560 4.557 4.5s9 
4.593 4.589 4.602” 4.6f.P 4.594 - 
4.542* 4.5428 4.542d 4.54ld 4.549 4.542d i.543 

4.54Sd 4.549d 4.455 4.454 4.549 - - 4.542d 4.542d Q.S42d 4.541d 4.549 4.542d 4.543 
4.545d 4.547d i*:;:: 4.546d - 4.546d - 
4.542” 4.542d 
4.559b 4.469 4:s59 

4.541d 4.549 4.542d 4.543 
4.468 - 4.566 - 

4.901. 4,699 4.900= - - _ 
4.556 4.559 4.556= - . _ 

4.203 4.206 4.205 4.2lf 4.212 4.21 4.213 
4.220 4.219 4.219 4.22 4.212 4.21 4.213 
4.090 4.091 4.081 4.080 4.11 3.96s 3.968 
4.117 4.119 4.116 4.116 4.119 4.s17 4.115 
4.117 4.119 n.d.b n.d. 4.199 - - 
4.117 4.119 4.116 4.116 4.119 4.117 4.115 
4.119 n.d. 4.116 nd. _ 4.119 - 

4.119 4.116 4.116= - . _ 
n.d. 4.161 4.161 n-d. - _ 

n.d. 

z9 

1:802i 
n.d. 4.161 - l9.d. 

1.804i 1.803i 1.1301t l.$Oti 1.809 1.80oa 
2.7561 2.957i 2.959i 2.959i 2.9563 2.9563 2.756= 
2.038 2.039 2,038 2.037 2.040 2.039 2.038 
2.094 2.094 2.092 2.091 2.095 2.091 2.092 
2.090 2.090 2.088 2.088 2.095 2.087 2.092 
2.047 2.049 2.047 2,047 2.044 2.044 2.043 
2.038 2.037 2.038 2.037 2.Q44 - 
2.075 2.075 2.094 2,095 2.074 2.073 i-073 
2.038 2.039 2.038 2,039 - 2.052 - 

2.037 2,038 2.037k - - _ 

2.031’ 2.03 1’ 2.03 1’ 2.Q3 1’ 2.031” 2.031’e 2.031k 
4.901 4.900 4.898 4.899 4.893 4.888 4.886 
4.YI)Y 4.908 4,905 4,905 4.901 4.899 4.893 
4.108 4.10e 4,108 4.108 n.d. 4.10e 4.10e 
4.13s 4.13s 4.13s 4,13r n.d. 4.138 4.138 
1.211 1.211 1,210 1.210 1.211 1.210 1.209 
1.222 1.223 1,222 1,222 1.223 1.222 1.221 

’ a and p stand for the a and p anomers of GlcNAc-1 ; b Value obtnined using 2D nucleur Overhnuser enhancement 
spectroscopy; COccurrence of virtual coupling; d Values may have to be interchanged; e Signal stemming from two 
protons; f Values given with only Iwo decimals bccnuse of spectral overlap; E Value obtained from a 2D homonuelear 
Hartmann Hahn expcrimcnt; hn,d,, not dctermincd; i Signal stemming from four protons: j Signal stemming loom three 
protons; k Signal stemming from two NAc groups; 1 Signal stemming from four NAc groups: m Signal stemming from 
three NAc groups 

A B c B.Q40 CQ4* D.Q3* 
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of carbohydrate chains with additional M-acetyllactos- 
amine units, four tetrasialo tetraantennary oligosac- 
charide chains, denoted A, B, C and D, will be discus- 
sed. The NMR data of these compounds are summariz- 
ed in Table I. Relevant parts of the NMR spectra are 
shown in Fig. 1. 

1 1 
4.5 4.4 413 4.2 4.1 

anomeric protons 

Gal ex, + 

6+%+6’ 

. . _ ..,P.7 

The structural-reporter-group signals of A are in 
agreement with those reported for the tetrasialo 
tetraantennary oligosaccharide from recombinant 
human follitropin (71, containing NeuSAc in a%3 
linkage and having Fuc in al-6 linkage to GlcNAc-1 
(see coding system in structure for A). 

enomeric protons 
I , 

M-3 

G&ul + 
6+!'+8 

, I 1 

4.) 4.6 4.5 4.4 4.3 4.2 4.i 

S(rvm) 

enomerlc pfofons 
1 1 

Gol 

Fig. I, Relevat~t sections of the SO0 MHz ‘WNMR spectra of compounds A, 8, C and ID, recorded in ‘Hz0 at 300 K. For structures and numbering 
of the monosaccharide residues, see text. cd denotes impurity, 
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8’ 7’ 

NeuSAccuZSGalpl-4GlcNAc@l-6 

\ 
Neu5A~2-3Galfll.-4GlcNAc,01-2Mana,l-6 Fucev l-6 

6’ 5’ 4’ \ \ 
Manfll-4GlcNAcfil-4GlcNAc [A] 

3 2 1 6 5 4 

Neu5Ac~2-3Galpl-4GlcNAc,@l-2Man~l-3 
/ 

Neu5Accu2-3Gal,01-4GlcNAc~1-4 
/ 

& 7 

3.1. Oligosaccharides containing one extra contains the additional unit can be made. 
N-acetyllactosamine unit 

The ‘H-NMR spectrum of B (Fig. 1) shows 
characteristic structural-reporter-group signals for an 
012-3 tetrasialylated (NeuSAc), al-6 fucosylated 
tetraantennary oligosaccharide, and signals from one 
extra ZV-acetyllactosamine unit (Table I). The last 
feature is reflected by additional resonances at 6 4.701 
and 6 4.469, corresponding to the H-l signals of the ex- 
tra GlcNAc and the internal Gal residues, respectively, 
and by their relative intensities (cf. compound 60 in [2] 
and 6a2 in [$I). The H-4 resonance of the internal Gal 
residue is observed at 6 4.159, which is in agreement 
with the presence of a GlcNAcPl-3Gal structural ele- 
ment (cf. compound 60 in [2] and 6az in IS]). At this 
stage, no decision with respect to the antenna which 

Treatment of B (40 nmol) with endo-Sgalactosidase 
and subsequent fractionation of the incubation mixture 
on Mono Q (Fig. 2) yielded peaks at the elution posi- 
tions of mono-, di- and trisialo compounds. The com- 
pound eluting at the disialo position (B.Q3) was 
acetate. No tetrasialo material was present, indicating 
that the digestion was complete. The fraction contain- 
ing the trisialo compound (BQ4) was treated with N- 
acetyl-&glucosaminidase, affording l&.44*. The ‘H- 
NMR data of B.Q4* (Table I) fit those of the crl-6 
fucosylated, ~~2-3 trisialylated (NeuSAc) triantennary 
oligosaccharide from recombinant human follitropin 
[7] and human chorionic gonadotropin [9], which pro- 
ves that the extra N-acetyllactosamine unit in B was at- 
tached to C-3 of Gal-S’. 

O! 
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Fig, 2. Fractionation patterns at 214 nm of the enon-fi-galactosidase digestion mixtures of compounds B, C and D on a FPLC HH S/5 Mono Q 
column. The column was eluted with a gradient of h.vCI in Hz0 as indicated in the figure. Elution positions of mono (a), di (b), tri (c), and tetra 
(d) sialo complex oligosaccharides are marked by arroh’s. Fractions were collected as indicated. Fractions Ql contain non-carbodydrate material, 
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CXl ext 8’ 7’ 

Neu5A~2-3Gal,.0l-4GlcNAc~l-3Gal~1-4GlcNAc,&1-6 
\ 

NeuSAca2-SGal,f3 1-4GlcNA@l-2Mancu l-6 
\ 

Fuccul-6 
6’ 5’ 4’ \ 

Manal-4GlcNA@l-4GlcNAc 
6 5 4 / 3 2 1 

Neu5Accu2-3Gal~1-4GlcNAc/31-2Mana1-3 

Neu5Ac&-3Gal~l-4GlcNAc/Jll-4 
/ 

8 ‘I 

[Bl 

The Mono Q fraction containing the monosialo com- 
pound (B.Q2) was analysed by ‘H-NMR spectroscopy, 
showing the presence of the linear sialylated tetrasac- 
charide Neu5Acor2-3Ga],,t@1-4GlcNAc@1-3Galred (cf. 
compounds 60 in [2] and 6a2 in [S]). The H-l signals of 
Galext and PGalred are observed at 8 4.560 and 6 4.558, 
respectively, and the H-l signal of cYGalred is present at 
6 5.224 (cf. compound A in [lo]). The chemical shift 
values of ClcNAc H-l (obtained at 32QK) are 6 4.758 
(oG&d) and 6 4.742 (@Gal,&. The GlcNAcPl-3Gal 
linkage is reflected by the presence of the H-4 signal of 
(;YGalrcd at 6 4.204 and of @Galred at 6 4.146 (cf. com- 
pound A in [lo]). The ~~2-3 linked NeuSAc gives rise to 
the characteristic set of structural-reporter-group 
signals at 6 2.033 (NAc), 6 1.797 (H-3a), and 6 2.758 
(H-3@, whereas the Galext H-3 resonates at 6 4.115. 

The ‘H-NMR spectrum of C (Fig. 1) reveals the 
presence of an ~~2-3 tetrasialylated (NeuSAc), al-6 
fucosylated tetraantennary compound, containing one 
additional N-acetyllactosamine unit (Table I). The last 
feature is supported by the H-l signal of the extra 
GlcNAc residue (6 4.699), and the resonances of inter- 
nal Gal Hl and H-4 (6 4.455 and 6 4.161, respectively). 
The different chemical shift values for the internal Gal 
H-l in B and C suggest that these compounds are 
isomers with the extra N-acetyllactosamine unit located 
on different antennae. 

8’ 7’ 

Treatment of C (40 nmol) with endo-a-galactosidase 
and subsequent fractionation of the resulting mixture 
on Mono Q (Fig, 2) gave rise to peaks at the elution 
positions of mono-, di- and trisialo, but not of 
tetrasialo compounds, proving that the digestion was 
complete. The disialo fraction (C.Q3) contained only 
acetate. The fraction containing the trisialo compound 
(C.Q4) was digested with IV-acetyl+glucosarninidase, 
yielding C.Q4*. The ‘H-NMR spectrum of C.Q4* 
shows an unusual set of Man structural-reporter-group 
signals for an N-linked carbohydrate chain with three 
antennae (Table I). As compared with the Man struc- 
tural reporters of B.Q4*, the Man-$’ H-l and H-2 
signals at 6 4.884 and d 3.96, respectively, have shifted 
upfield (Ab -0.021 and A6 -0.15, respectively). This 
combination of &values deviates from that found for a 
terminal Man-$’ residue (H-l, 6 4.915; H-2, 6 3.96; see 
below, and compound 19 in [2]). In both cases, the up- 
field shift of Man-4’ H-2 indicates the absence of a 
GlcNAc residue in pl-2 linkage to Man-4’) so that the 
third antenna in C.Q4* is linked to C-6 of Man-l’. 
Together with the disappearance of the GlcNAc-5’ H-l 
signal at 6 4.602, found for C, this proves that the addi- 
tional N-acetyllactosamine unit in C was located at C-3 
of Gal-6’. 

Neu5 Accu2-3Galp l -4GlcNAcP l-6 
\ 

Neu5Ac~2-3Gal~l-4GlcNAc~l-3Gal~l-4GlcNAc~I-2Ma~cu1-6 Fuca l-6 
ext CXI 6’ 5’ 4’ \ \ 

ManPl-4GlcNAc,&l-4GlcNAc [Cl 
6 5 4 

NeuSAccu2-3GalPl-4GIcNAcPl-ZMancrl-3 /” 2 l 

NeuSAccv2-3GaIflI-4GIcNAc,f?l-4 / 

8 7 

‘H-NMR analysis of the monosialo Mono Q fraction 
of the endo-&galactosidase digest of C (C.Q2) showed 

22 

the presence of the tctrasaccharide NeuSAccu2-3GalPl- 
4GlcNAcPl-3Gal (see B), 



Volume 286, number 1,2 FEBS LETTERS July 1991 

3.2. Oligosaccharide containing two extra 
N-acetyllactasamine units 

The ‘H-NMR spectrum of D (Fig. 1) demonstrates 
the presence of an (x2-3 tetrasialylated (NeuSAc), ~~1-6 
fucosylated tetraantennary compound containing extra 
N-acetyllactosamine units. The signals for GlcNAc H-l 
at 6 4.700 and internal Gal H-4 at 6 4.161 have doubled 
intensity compared with these signals in the spectra of B 
and C. Two extra Gal H-l signals are found at 6 4.454 
and 4.468, respectively, having intensities comparable 
to those of the Man-4 and Man-4’ anomeric resonances 
of the tetraantennary structure, proving the presence of 
two additional N-acetyllactosamine units. To assign the 
position of the two units, the same strategy was follow- 
ed as described for B and C. 

Compound D (40 nmol) was treated with endo-& 
galactosidase. Then, the mixture was separated on 
Mono Q (Fig. 2), giving major fractions of mono- and 
disialo components and a minor fraction of a trisialo 

component. Tetrasialo compounds were absent, in- 
dicating that two sialic acid containing antennae had 
been split off. The minor peak at the trisialo position 
might originate from a small amount of isomers having 
both repeating units linked to one antenna. The Mono 
Q fraction containing the disialo compound and some 
acetate (D.Q3), was treated with N-acetyl-fi- 
glucosaminidase, yielding D.Q3*. Comparison of the 
NMR data of D.Q3* and D, shows an upfield shift for 
the Man-4’ H-2 signal (6 3.96; A6 -0.12) and a 
downfield shift for the Man-4’ H-l signal (6 4.915; A6 
-t 0.060). These data reflect the presence of a terminal 
Man-4’ residue in D.Q3* (cf. compound 19in [2], prov- 
ing that the two extra N-acetyllactosamine units in D 
were attached at C-3 of Gal-8 ’ and Gal-6 ’ , respectively. 
The Man-4’ H-l signal in D. 44’ is observed at 6 5.114, 
a similar position as found for Man-4 H-l in B.Q4* and 
C.Q4*. 

exl ext 5’ 1’ 

Neu5Accu2-3Gal~l-4GlcNAc~1-3Gal,f31-4GlcNAcp1-6 
\ 

Neu5Aca2-3Gal~l-4GlcNAc~1-3Gal~l-4GlcNAc~1-2Mana,J-6 Fuccv l-6 
WI ext 6’ 5’ 4’ \ \ 

Manpl-4GIcNAc,&l-4GlcNAc 
6 5 4 

NeuSAca2-3Gal~1-4GlcNAc~1-2Mana,l-3 
/” 2 E 

NeuSAca2-SGalRI-4GlcNAc@l-4 / 

Dl 

8 7 

From the ‘H-NMR spectrum of the monosialo Mono 
Q fraction of the endo-&galactosidase digest of D 
(D.Q2) it is clear that it contains the tetrasaccharide 
Neu5Accu2-3Gal~l-4GlcNAc~1-3Gal (see B). 

4. DISCUSSION 

In this paper we present a novel method to elucidate 
the primary structure of sialo N-linked tetraantennary 
oligosaccharides with 1 or 2 extra M-acetyllactosamine 
units. Oligosaccharides were treated with endo-@- 
galactosidase from Bacteroides fragilis, purified on 
Mono Q, and digested with N-acetyl-~-glucosamini- 
dase. In this way the specific breakdown products can 
readily be identified by high-resolution ‘H-NMR spec- 
troscopy. 

Several reports on the use of bacterial endo-@ 
galactosidases as a tool to obtain structural information 
of poly-(hr-acetyllactosamine) clemcnts of N,O- 
glycoprotein glycans and glycolipids have been publish- 
ed [1 l-231. In the case of N-linked carbohydrate chains, 
the endo-@-galactosidases of B. fragilis (this study and 
[ 161, EscherMa freundii [ t7- 191, Flavobacterium 
keratolyticus [20], and Diplococeus pneumoniae [21] 

have shown to be capable of cleaving linear oligo- and 
poly-(/\6-acetyllactosamine) chains. So Far, information 
concerning the activity of endo-@-galactosidases on the 
glycosidic linkage of 3,6-disubstituted P-Gal residues in 
N-acetyllactosamine sequences in N-linked oligosac- 
charides is somewhat confusing. It has been mentioned 
that the endo-&galactosidase of i?. freundii can 
hydrolyse the P-galactosidic linkage at 3,6-branching 
points, but a straightforward specificity is not easy to 
deduce [22,23]. The ‘H-NMR analysis procedure 
presented in this study can contribute to a Further ex- 
ploration of the substrate specificity of endo-& 
galactosidases from different biological sources, 

In the investigated oligosaccharides, repeating N- 
acetyllactosamine units are located exclusively in the 
two antennae attached to Man-l’. In a ‘H-NMR spec- 
trum of the intact compound the extra N- 
acetyllactosamine unit attached to Gal-8’ can be 
recognized by the characteristic Gal-$’ H-l signal at 6 
4.467. Elongation at Gal-6’ is characterized by its H-l 
at 6 4.455, This approach allows the analysis of 
sialylated tetraantennary oligosaccharides with addi- 
tional N-acetyllactosamine units by ‘H-NMR spec- 
troscopy, when the repeating units are attached to 

23 
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Gal-8 ’ and/or Gal-4 ’ . It can be expected that in case of 
location at the other antennae the same approach can be 
followed. 

[S] Van Halbeek, H., Breg, J., Vliegenthart, J.F.G., Klein, A., 
Lamblin, G. and Roussel. P. (1988) Eur. J. Biochem. 157, 
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