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Four bi-antennary glycan fractions of the N-acetyllactosamine-type, derived from a Lewis lung carcinoma (LL,)
cell subline resistant to the Aleuria aurantia agglutinin were studied by 400 MHz 'H-NMR spectroscopy. By this
method, their antennae were found to be terminated either by «(2-3 or 6)-linked N-acetylneuraminic acid or
af1-3)-linked galactose residues. The primary structure of glycans of these four glycopeptide or derived

oligosaccharide-alditols has been determined in full detail.
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Abbreviations: NAc, N-acetyl group; NGe, N-glycolyl group; GlcNAc, N-acetylglucosamine: NeuAc, N-acetyl-
neuraminic acid; NeuGc, N-glycolylneuraminic acid; Man, mannose; Gal, galactose; Fuc, fucose; Con A,
concanavalin A; LCA, Lens culinaris agglutinin; AAA, Aleuria aurantia agglutinin; WGA, Wheat germ agglutinin;
RCA 11, Ricinus communis agglutinin IT; PBS, phosphate buffered saline, 0.01 M Na,HPO, /0.14 M NaCl, pH 7.2;
HPLC, high performance liquid chromatography; EMEM, Eagle’s Minimal Essential Medium; Lec®, lectin

resistant; MG, a-methylglycoside.

Numerous studies on cell surface glycoconjugates (glyco-
proteins and glycolipids) of normal and transformed cells
have revealed characteristic changes in their expression
associated with neoplastic transformation [1-3]. Increased
branching of the N-acetyllactosamine type glycans and a
higher degree of sialylation are typical examples of altered
glycosylation of glycoproteins [1, 4, 5]. Changes in the
organization and expression of carbohydrate chains of
glycoproteins from metastatic and non-metastatic tumour
cells have been reported but, in most cases, were not
structurally characterized [6, 7]. To investigate this topic
further, we developed a mouse tumour cell model: the Lewis
lung carcinoma (LL,) in vitro cell line and five lectin
resistant {Lec®) variant sublines with altered metastatic
ability and preserved tumorigenicity [8, 9]. Applying a
protocol of fractionation based on the use of immobilized
N-glycosylproteins of the parent LL, line was compared to
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lectins [4], the distribution of radiolabeled glycans from
those from threec wheat germ agglutinin resistant (WGAFR)
variants, a Ricinus communis agglutinin IT resistant (RCA
IT”?) variant and an Aleuria aurantia agglutinin resistant
(AAAR) variant. The results revealed that low-metastatic
WGAR and RCA TI® variants possessed less highly branched
tri- and tetra-antennary glycans of the N-acetyllactosamine
type with a simultaneous increase in bi-antennary N-
acetyllactosamine type, oligomannosidic type or hybrid
type glycans as compared to the parent metastasizing LL,
cell line [10]. These findings imply that cell surface carbo-
hydrate changes may possibly be relevant for metastasis.

However, during this study, we found that the AAAR
variant, with reduced spontaneous metastatic ability after
subcutaneous (sc¢) administration, but with increased experi-
mental metastatic ability after intravenous (iv) inoculation,
exhibited apparently the same glycan pattern as the parent
LL, line.

In order to understand the mechanism of the resistance of
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the LL, cells to the A. aurantia agglutinin, a fucose-specific
lectin {11}, and to search for specific carbohydrate deter-
minants which could play a specific role in the increased
experimental metastatic ability, analysis by 400 MHz
'"H-NMR spectroscopy of the primary structure of glycans
of N-glycosylpeptides from the AAAR variant was under-
taken.

During this investigation, we detected the Gala1-3Galp1-
4GlcNAc moiety in some glycans. Here we report the
detailed characterization of this structural element in four
membrane «(1-6)-fucosylated bi-antennary glycopeptides iso-
lated from the AAAF variant.

Materials and methods
Cells

Lewis lung carcinoma LL, AAAFR cells were cultivated in
EMEM containing 10% fetal bovine serum (both from Flow,
Irvine, Scotland), 2 mMm L-glutamine and antibiotics, at 37°C
in a humidified atmosphere of 3%, CO,/95% air, as described
previously [8]. This cell line was selected for its resistance to
10 pg mi™? of the A. aurantia agglutinin through ten cycles
of lectin treatment [9].

Preparation of a(1-6)-fucosylated bi-antennary glycopeptides

Cell pellets (10° unlabeled LL, AAA® cells mixed with
107 LL, AAAR cells, metabolically labeled with p-[6-*H]-
glucosamine hydrochloride (from The Radiochemical Centre,
Amersham, UK) were delipidated according to the proce-
dure of Oliver and Hemming [12]. Delipidated material was
digested exhaustively for 72h with Pronase (grade B,
Calbiochem, San Diego, CA, USA) according to the method
of Muramatsu et al. [13]. Insoluble material was removed
by centrifugation at 48000 x g for 2h at 4°C and the
supernatant was fractionated by gel filtration ona 100 x 1.6
cm column of Ultrogel ACA 202 (IBF, Villeneuve la
Garenne, France) equilibrated with 0.01 m Tris/HCI buffer,
pH 7.4, 0.17m NaCl, 0.029, NaN; at a flow rate of
18 ml h™*. Fractions (6 ml) were collected and 10 ul aliquots
counted in 4 ml of Aqualyte liquid scintillation cocktail (J.
T. Baker Chemicals, Deventer, The Netherlands) in a
Beckman 1.8-1800 scintillation counter. The column was
calibrated with a mixture of N-glycosylpeptides as described
previously [ 10]. The eluted fractions containing N-glycosyl-
peptides (fraction F2) were pooled and desalted on a
Bio-Gel P-2 (Bio-Rad, France) column (2.5 x 60 cm) equili-
brated with water. Desalted fractions were concentrated in
a rotary evaporator under reduced pressure and applied
to a 2.5 x 15cm column of Concanavalin A-Sepharose
(Pharmacia, Les Ulis, France) equilibrated with 0.005 M
sodium acetate buffer, pH 5.2, containing 0.1 m NaCl and
I mM MnCl,, CaCl, and MgCl,. Elution was carried out
first with the above bufler, allowing the recovery of N-
glycosylpeptides containing highly branched glycans which
passed unretained through the column (fraction FNR-C).
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Then, bi-antennary N-glycosylpeptides of the N-acetyl-
lactosamine type were eluted with 10 mMm a-methylglucoside
in the above buffer (fraction FE-C 0.01 m). Finally, glycopep-
tides of the oligomannosidic type were eluted with the same
buffer containing 0.3 M a-methylglucoside (fraction FE-C
0.3 M). After counting 10 pl aliquots, fractions containing
glycopeptides with highly branched glycans (fraction FNR-
C) and those containing glycopeptides with bi-antennary
glycans (fraction FE-C 0.01 M) were pooled separately and
desalted as described above. Desalted fractions were con-
centrated and applied on a 2 x 10cm column of Lens
culinaris agglutinin-Sepharose (LCA-Sepharose) prepared as
described previously [14] and equilibrated in PBS buffer,
pH 7.2. Elution was carried out first with the above buffer
to elute unreactive glycopeptides. Then, elution of LCA-
reactive glycopeptides containing an o-L-fucose residue in
the C-6 position of the N-acetylglucosamine residue involved
in the N-glycosylamine linkage was obtained with the
same buffer containing 0.15 M a-methylglucoside. Affinity
chromatography on both Con A- and LCA-Sepharose as
carried out at room temperature and at a flow rate of
10 ml h™?!. Fractions (1.5 ml) were collected and 20 ul ali-
quots counted as described above.

Alkaline cleavage of N-glycosidic linkages of the
a(1-6)-fucosylated bi-antennary glycopeptides

Alkaline cleavage of the N-glycosidic linkages of the u(1-6)-
fucosylated bi-antennary glycopeptides was performed accord-
ing to the method of Lee and Scocca [15]. Briefly, 2 ml of
a IM NaOH/iMm NaBH, solution were added to the
glycopeptide mixture and the solution was heated under
reflux for 6 h at 100°C. The mixture was cooled in an
ice-bath and then adjusted to pH 6.0 with 50% acetic acid
and desalted on a Bio-Gel P-2 column (2 x 60 cm) equili-
brated with water. The oligosaccharide-alditols were revealed
by orcinol-H,SO, assay [16], pooled and lyophilized.
Re-N-acetylation of oligosaccharide-alditols was carried
out in 1 ml of saturated NaHCO; solution, by addition of
five aliquots of 10 pl of acetic anhydride at 5 min intervals.
The reaction mixture was desalted on a Dowex 50-X8
{25-50 mesh, H*) column (1 x 5 ¢m) and then on a Bio-Gel
P-2 column (2 x 60 cm) equilibrated with water.

High performance liquid chromatography of
a(1-6)-fucosylated bi-antennary oligosaccharide-alditols

Anion-exchange chromatography of oligosaccharide-alditols
was carried out with a Spectra-Physics liquid chromatograph
model SP 8700 (Spectra-Physics, Les Ulis, France) using a
Micropak AX-10 column (0.4 x 25 c¢m) (Varian Associates,
Walnut Creek, CA, USA) by applying a modification of the
procedure of Baenziger and Natowicz [17]. Samples were
injected in 500 pl of water and elution was carried out for
10 min at a flow rate of 60 mlh™* with water, then an
increasing linear gradient of KH,PO,, pH 4.0 from 0 to
25 mm for 10 min, followed by a 5 min plateau at this
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concentration, was applied. Finally, an increasing linear
gradient of KH,PO,, pH 4.0 from 25mMm to 100 mM in
30 min was applied, followed by a linear increase of the
phosphate concentration up to 400 mm over 20 min. Frac-
tions of 1 ml were collected and radioactivity of 5 pl aliquots
counted as described above.

Methylation analysis

This was done as described by Paz Parente er al. [18]
allowing the methylation of microquantities. The methyl-
derivatives were identified after gas-liquid chromatography/
mass spectrometry analysis as described by Fournet et al.

[19].

400 MHz "H-NMR spectroscopy

Desalted glycopeptides or oligosaccharide-alditols were re-
peatedly treated with 2H,O (99.95%, Commissariat a
I'Energie Atomique, Saclay, France) at pH 6-7 and room
temperature with intermediate lyophilization. 400 MHz 'H-
INMR Spectroscopy was performed using a Bruker AM-400
W spectrometer operating in the pulsed Fourier-Transform
mode at a probe temperature of 27°C. Chemical shifts (5)
are expressed downfield from internal sodium 4,4-dimethyl-
4-silapentane-1-sulfonate, but were actually measured by
reference to internal acetone (6 = 2.225 ppm in *H,O at
27°C).

Results

Fractionation of glycopeptides from Lewis lung carcinoma
LL, AAAR cell variant

The mixture of glycopeptides obtained after Pronase diges-
tion of the delipidated cell pellet was fractionated according
to Fig. 1. As reported previously [10], two major fractions,
F1 and F2, were separated by gel filtration on Ultrogel ACA
202 (data not shown). Fraction F1, eluted at the void
volume, contained proteoglycans and large glycopeptides
with O-glycosidically linked glycans and represented 369
of the total membrane glycopeptides. The second fraction
(F2) contained the N-glycosylpeptides representing 649
of the total membrane glycopeptides. N-Glycosylpeptides
from fraction F2 were further fractionated by affinity
chromatography on Con A and subsequently on LCA-
Sepharose.

Con A-Sepharose affinity chromatography resulted in
three major fractions (Fig. 2). According to the well known
interactions between immobilized Con A and glycans (14,
207], the non-retained fraction (FNR-C) contained glyco-
peptides with tri- and tetra-antennary glycans of the
N-acetyllactosamine type and/or more branched glycans
and/or bi-antennary glycans with a bisecting N-acetylglucos-
amine residue. This fraction represented 27.10% of the total
membrane glycopeptides. The weakly retained fraction
eluted with 0.01 M a-methylglucoside (FE-C 0.01 M) contained
glycopeptides with glycans of the bi-antennary N-acetyllactos-
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Figure X, Fractionation scheme of glycopeptides obtained after
Pronase digestion of delipidated cell pellet. For details see the
Materials and methods section.

amine type and represented 23.90% of the total membrane
glycopeptides. The strongly retained fraction eluted with
0.3 M o-methylglucoside (FE-C 0.3 M) contained mainly
glycopeptides with oligomannosidic type glycans (13.60%,
of the total membrane glycopeptides).

The Con A-Sepharose non-retained (FNR-C) and weakly
bound (FE-C 0.01 m) glycopeptides were further fractionated
on a LCA-Sepharose column in order to separate unbound
glycopeptides with glycans devoid of a(1-6)-linked fucose
residue in the C-6 position of the N-acetylglucosamine in
the GlcNAc-Asn linkage (FNR-C/FNR-L and FE-C 0.01 M/
FNR-L) and bound glycopeptides possessing this «(1-6)-
linked fucose residue (FNR-C/FE-L and FE-C 0.01 m/
FE-L), and eluted with 0.15 M a-methylglucoside in PBS
[14, 20].

The Con A-non reactive but LCA-bound glycopeptide
fraction (FNR-C/FE-L) which represented 1.2% of the total
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Figure 2. Fractionation pattern of membrane N-glycosylpeptides from L1, AAAR cells by affinity chromatography on Con A-Sepharose.

Flow rate: 18 ml h™!; fraction volume: 6 ml.

membrane glycopeptides was, after desalting, directly anal-
ysed by 400 MHz "H-NMR spectroscopy.

The Con A-weakly reactive and LCA-bound glycopeptide
fraction (FE-C 0.01 m/FE-L) representing 17.8% of total
glycopeptides with bi-antennary glycans of the N-acetyllactos-
amine type was submitted to an alkaline cleavage of the
N-glycosidic linkages according to the method of Lee and
Scocca [15]. The released oligosaccharide-alditols were
further fractionated according to their charge by anion-
exchange HPLC. Four fractions were obtained (Fig. 3):
i) the neutral glycans (FN) representing 4.2% of the total
material; i) glycans with one sialic acid residue (F-I) 7.7%;
i1} glycans with two sialic acid residues (F-11) 4.8%; and
iv) more highly charged oligosaccharide-alditols (F-II)
representing 1.19 of the total membrane glycopeptides.
This fourth fraction was too heterogeneous to obtain inter-
pretable 400 MHz 'H-NMR spectra.

Structure of the FNR-C/FE-L glycopeptide fraction

The interpretable part of the 400 MHz *H-NMR spectrum
of the FNR-C/FE-L glycopeptide fraction is shown in Fig.
4. The main representative resonances are respectively: at
0 = 5.144 ppm, the anomeric proton of the o(1-3)-linked
galactose residue and at 5.055 ppm and 5.005 ppm, the
significant H-1 signals of Man-4 and 4 of a bisecting
N-acetylglucosamine containing oligosaccharide structure.
This is confirmed by the signals observed at 4.465 and
2.064 ppm, corresponding to the H-1 and NAc resonance
of GlcNAc-9, at § = 1.720 and 1.800 ppm, the H-3a signal
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Figure 3. Fractionation pattern of the oligosaccharide-alditols
derived from w«(1-6)-fucosylated bi-antennary glycopeptides by
anion-cxchange HPLC on a Micropak AX-10 column. Neutral
oligosaccharide-alditols were eluted with water and sialylated
oligosaccharide-alditols with a monopotassium dihydrogen
phosphate pH 4.0 gradient. FN: neutral glycans, F-I, F-II
and F-III, mono-, di- and trisialylated glycans, respectively. In-
jection volume: 0.5 ml; flow rate: 60 mlh™!; fraction volume:
1 ml
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Figure 4. 400 MHz "H-NMR spectrum of the Con A-non reactive, LCA-bound glycopeptide fraction (FNR-C/FE-L).
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Figure 5. Structure of the glycans from the Con A-non reactive, LCA-bound glycopeptide fraction (FNR-C/FE-L).

of a(2-6)- and o(2-3)-linked N-acetylneuraminic acid. The
absence of «(2-6)- or «(2-3)-linked N-glycolylneuraminic
acid residues in a terminal position is reflected mainly by
the absence of an NGc signal at § = 4.118 ppm [21].
Figure 4 gives some other parameters reliably assigned to
H-1 of Gal-6' and NAc of GlcNAc-5/-5". The overlap of
resonances relevant from sialo- and asialo-Gal residues does
not allow more precise assignment of these NMR parameters.
Indeed, especially for the NAc signals, the simultaneous
presence of a-Gal and GlcNAc-9 results in increments of
low intensity which cannot be accurately determined on
such a complex spectrum. Nevertheless, these results are
sufficient for proposing a general structure as shown in
Fig. 5.

Structure of the FE-C 0.01 M/FE-L glycopeptide fraction
In a preliminary attempt to obtain structural information,
the 400 MHz 'H-NMR spectrum of the FE-C 0.01 M/FE-L

glycopeptide fraction was obtained (data not shown). This
spectrum was too complex to propose the glycan structures.
However, the absence of 2(2-6)- or o(2-3)-linked N-glycolyl-
neuraminic acid residues at a terminal position is also
reflected here by the absence of an NGc signal at § = 4.118
ppm. This point is important since in our fractionation
procedure, the alkaline cleavage of N-glycosidic linkages
removes all N-acyl groups (acetyl and glycolyl) and since
re-N-acetylation is performed with acetic anhydride, the
liberated sialyloligosaccharide-alditols contain only N-acetyl-
neuraminic acid.

Structure of the neutral oligosaccharide-alditols (fraction
FN)

The NMR spectrum of the neutral oligosaccharide-alditols
fraction is shown in Fig. 6a and the chemical shifts are
shown in Table 1. This fraction contains bi-antennary
asialo-oligosaccharide-alditols with «(1-6}-linked fucose on
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Figure 6. 400 MHz '"H-NMR spectra and structures of the oligosaccharide-alditols derived from the Con A-weakly reactive, LCA-bound

oligosaccharide-alditols (F-II).

glycopeptide fraction (FE-C 0.01 M/FE-L). (a) Neutral fraction (FN); (b) monosialyl oligosaccharide-alditols (F-I); (¢) disialyl
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Table 1. 'H Chemical shifts of structural-reporter groups of constituent monosaccharides for oligosaccharide-alditols released from
Con A weakly reactive and LCA-bound glycopeptide Fraction (FE-C-0.01 M/FE-L).

Reporter Residue Compound and schematic structure
group
654
Taevrsd, Daewred, TRINGL CITMe, ITRIhe
&~ 32 1ol o & | ol ol
654
FN Fl-1 FI-2 FlI-1 FilI-2
H-1 of 2 n.d. n.d. n.d. n.d. nd.
3 n.d. nd. n.d. nd. nd.
4 5.123 5139 5.124 5.138 5.118
4 4924 4.928 4924 4924 4924
5 4.581 4.60 4.582 4.605 4.574
5§ 4.581 4.582 4.582 4.574 4.574
6 4.539 4.446 4.543 4.445 4,545
& 4.543 4.543 4.543 4.545 4.545
Gal® 5.144 5.144 5.144 - -
[ Fuc® 4.898 4.898 4.898 4.898 4.898
H-2 3 4.253 4.256 4.256 4.254 4254
4 4.194 4.19 4.19 4,19 4.19
4 4.11 4.11 4.11 411 4.11
H-3a O NeuAct - 1.718 - 1.718 -
A NeuAc? - - 1.798 1.800 1.800
H-3e NeuAc® - 2.676 - 2.676 -
NeuAc? - - 2.758 2.758 2.758
H-4 6 4.181 - - -
6 4.181 4.19 4.19 - -
H-5 Gal® 4.194 4.19 4.19 - -
CH, (4.09-4.10) (4.09-4.10) (4.09-4.10) (4.09-4.10) (4.09-4.10)
NAc 1-0l 2,057 2.057 2.057 2.057 2.057
2 2.089 2.089 2.089 2.09 2.09
5 2.054 2.072 2.049 2.071 2.049
5 2.048 2.049 2.049 2.044 2.044
NeuAc 2.031 2.031 2.031 2.031 2.031
CH, Fuc® 1.225 1.225 1.225 1.225 1.225

GlcNAc-ol-1, as verified by the downfield shift effect on the
NAc proton signal of GIcNAc-2 observed at 6 = 2.089 ppm,
and by the presence of H-1 and CHj signals of Fuc-6 at
5 = 4.898 and 1.225 ppm, respectively. The presence of the
x{ 1-6)-linked fucose residue on these oligosaccharide-alditols
is consistent with the behaviour of bi-antennary glycopep-
tides on LCA-Sepharose [14].

The H-1 resonances of Gal-6 and -6’ present unusual
values (6 = 4.539 and 4.543 ppm), which result from a
substitution at C-3 with an o~Gal residue (6H-1 = 5.144 ppm)
[22]. The C-3 substitution was also confirmed by the
methylation analysis, which indicated 2,4,6-tri-O-methyl-
galactose among the methyl ethers (Table 2). For Gal-6, -6’
H-1 and GlcNAc-5/5 NAc resonances, the NMR parameters
relevant to the (1-6)- and (1-3)-antennae were determined
by comparison with the results obtained for the monosialyl
bi-antennary oligosaccharide-alditol fraction (Fraction F-I)

which is exclusively sialylated on the (1-3)-antenna (see
below). Consequently, the Gal-6" H-1 resonance was found
at a lower field than for Gal-6, and the GlcNAc-5' NAc
resonance observed at a higher field than for GlcNAc-5.
This is in accordance with the general observation made
for asialo- or sialo-antennae [23]. The H-1 resonances of
Man-4 and -4’ are not affected by the presence of external
a(1-3)-linked galactose residues and are identical to those
observed for a classical asialo-bi-antennary oligosaccharide
[237. The H-2 resonances of Man-4 and -4’ were not clearly
established. Particularly, the intense signal observed at 4.19
includes the H-5 resonance of the two «(1-3)-linked galactose
residues and the H-4 resonance of galactose-6 and -6'
together with Man-4 H-2, as shown by Dorland et al. [22].

According to the NMR and methylation analysis, the
structure of oligosaccharide-alditols present in Fraction FN
is as proposed in Fig. 6a.
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Table 2. Molar ratios of monosaccharide methyl ethers present in
the methanolysates of the permethylated oligosaccharide-alditols
released from Con A weakly reactive and LCA-bound glycopeptide
fraction (FE-C 0.01 m/FE-L). The molar ratios were calculated on
the basis of one residue of 2,4-Me,Man.

Monosaccharide methyl ethers Molar ratio

FN F-I F-11

2.4-Me,Man 1 1 1

34.6-Me;Man 2.1 22 2.1
24,6-Me,Gal 18 1.3 1.4
2,34-Me,Gal 0.5 0.5
2,3,4,6-Me,Gal 1.7 0.8 ~

3,6-Me,GleN(Me)Ac 2.6 2.5 24
1,3,5,6-Me,GleN(Me)Ac-ol 04 04 0.5
2,34-Me;Fuc 0.7 0.8 0.7
4,7.8.9-Me,NeuAc - 0.7 1.6

Structure of the monosialyl bi-antennary
oligosaccharide-alditols (Fraction F-I)

Oligosaccharide-alditols of Fraction F-1 are bi-antennary,
monosialylated structures, fucosylated on GlcNAc-1, as
previously reported for the above oligosaccharide-alditols.
The NMR spectrum of these oligosaccharide-alditols is
shown in Fig. 6b. Gal-6 and Gal-6' are substituted by
a(1-3)-linked galactose (6H-1 = 5.144 ppm) and «(2-3)- or
o(2-6)-linked N-acetylneuraminic acid residues (6H-3a at
1.718/1.798 ppm; 6H-3e at 2.676/2.758 ppm). The pattern of
the NAc proton signals of the GleNAc-5 and -5’ allows us to
define the respective position of the substitution. The
N-acetyl resonance observed at & = 2.049 ppm is significant
for the presence of ¢-Gal at the extremity of the (1-6)-
antenna (compare with oligosaccharide-alditols of Fraction
FN, Fig. 6a). The absence of a signal at § = 2.054 indicates
that the (1-3)-antenna is devoid of an «(1-3)-linked galactose
residue. Consequently, Gal-6 is exclusively substituted by
o(2-3)- and/or a(2-6)-linked N-acetylneuraminic acid residues.
These two types of linkage are also confirmed by the
doubling of the H-1 signal of Man-4, at 6 = 5.139 ppm
[2(2-6)-linked N-acetylneuraminic acid] and é = 5.124 ppm
[o(2-3)-linked N-acetylneuraminic acid].

As for the neutral Fraction FN, the Man-4 H-2 signal is
larger than expected, due to the overlap of the H-4 and H-3
resonances of Gal-6’ and «(1-3)-linked galactose.

Consequently, Fraction F-I was found to contain the two
oligosaccharide-alditols shown in Fig. 6b. The same mono-
sialylated glycan structure has been characterized in mouse
myeloma immunoglobulin 1gM heavy chains but with an
2(2-6)-linked N-glycolylneuraminic acid residue instead of
an o(2-6)- or a(2-3)-linked N-acetylneuraminic acid residue

[21].

Debray, Dus, Wieruszeski, Strecker and Montreuil

Structure of the disialyl bi-antennary
oligosaccharide-alditols ( Fraction F-II)

Oligosaccharide-alditols of Fraction F-1I are bi-antennary
and disialylated structures, fucosylated on the GlcINAc-ol
residue. The NMR spectrum of these oligosaccharide-alditols
is shown in Fig. 6c. The a(2-3)- or «(2-6)-linked N-acetyl-
neuraminic acid groups are attached to Gal-6, as may be
inferred from the doubling of the chemical shift of the H-1
of Man-4 (6 = 5.138 and 5.118 ppm). On the other hand,
N-acetylneuraminic acid is essentially «(2-3)-linked at the
Gal-6" residue. Indeed, a major signal is observable at
0 =4.924 for H-1 of Man-4', while a signal of very low
intensity is hardly discernible at 6 = 4.946 ppm. The presence
of traces of «(2-6)-linked N-acetylneuraminic acid on Gal-¢/
can be also verified by the discrete resonance observed at
& = 2.067 ppm.

Consequently, Fraction F-11 contains the two main oligo-
saccharide-alditols shown in Fig. 6c.

Considering the minor glycans with an «(2-6)-linked
N-acetylneuraminic acid residue on the Gal-6', we were
unable to determine the type of linkage of N-acetylneura-
minic acid to the second antenna.

Discussion

The primary structure of «(1-6)-fucosylated bi-antennary
asparagine-linked oligosaccharides derived from cell mem-
branes of a Lewis lung carcinoma (LL,) variant resistant
to the toxic action of the A. aurantia agglutinin have
been elucidated by 400 MHz "H-NMR spectroscopy. During
this investigation, the Gala1-3Galf1-4GlcNAcf1- structural
element was characterized for the first time in four fucosyl-
ated bi-antennary glycans isolated from the AAAR variant,
and new sets of '"H-NMR data are provided here. The study
of the two other N-glycosylpeptide fractions: FNR-C/
FNR-L and FE-C 0.01 M/FNR-L which may also contain
this structural element is in progress. The Galul-3Gal
epitope has been found previously in various tissues of
non-primate mammals [24, 257

This structural element has been also reported to occur
in the carbohydrate chains of membrane glycoproteins of
Ehrlich ascites tumor cells [26, 27] as well as in Friend
murine leukemia virus glycoproteins [287.

Glycans which terminate in a-galactosyl groups have also
been described in glycoproteins such as murine laminin
[29], mouse myeloma immunoglobulin IgM heavy chains
{211, bovine thyroglobulin [22] and also in some glyco-
lipids [301.

In this study, the presence of bi-antennary monosialylated
oligosaccharide-alditols possessing a-Gal exclusively at the
terminal position of the a(1-6)-linked mannose antenna can
be correlated with the specificity of an Ehrlich tumor cell
a(1-3)-galactosyltransferase for the «(1-6)-linked mannose
antenna, as was recently demonstrated by Elices and Gold-
stein [31]. It is also noteworthy that in two of the analysed
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glycan fractions, there was a concomitant expression of both
a-D-galactosyl and sialic acid residues. This phenomenon
has been previously described for several other cell lines
[32--35]. Differential expression of these two sugars at the
non-reducing terminal position on membrane glycoproteins,
by competitive action of glycosyltransferases responsible for
the termination of antennaec, may induce different cellular
phenotypes. Recently Santer et al. [ 36] analysed membrane
glycopeptides of NIH 3T3 fibroblasts and their H-ras
oncogene transformants by 500 MHz 'H-NMR spectroscopy.
They found that multi-antennary glycans of the N-acetyllac-
tosamine type may be necessary, but not sufficient for
complete expression of the transformed phenotype. A large
percentage of glycans were multi-antennary prior to trans-
formation and were terminated with o-Gal residues but,
after transformation, most of the f-Gal residues were
substituted by o(2-3)-linked N-acetylneuraminic acid residues.
However, the expression of sialylated and f(1-6)-branched
glycans was also reported to be closely associated with
metastatic potential [5]. The detailed characteristics of
these glycan changes occurring at the particular stages of
metastatic process scem to be helpful to elucidate the
problem.

Acknowledgements

The authors thank Mrs Catherine Alonso for typing the
manuscript. This work was supported by the Université des
Sciences et Techniques de Lille Flandres-Artois, by the
Centre National de la Recherche Scientifique, Unité Mixte
de Recherche No 111 (Director: Professeur Jean Montreuil);
by the Institut National de la Santé et de la Recherche
Médicale, by the Ministére de 'Education Nationale, by the
Fondation pour la Recherche Médicale and by the Polish
Academy of Sciences (Grant No CPBP 06.01).

References

1. Smets LA, Van Beek WP (1984) Biochim Biophys Acta
738:238-49.

2. Montreuil J, Debray H, Debeire P, Delannoy P (1983) In
Structural Carbohydrates in the Liver, Falk Symposium 34
(Popper H, Reutter W, Kéttgen E, Gudat F, eds), pp 239-58.
Boston: MTP Press.

3. Hakomori S, Kannagi R (1986) J Nat Cancer Inst 71:231-51.

4. Debray H, Qin Z, Delannoy P, Montreuil J, Dus D, Radzi-
kowski C, Christensen B, Kieler J (1986) Int J Cancer
37:607-11.

5. Dennis JW (1989) Cancer Surveys 7:573-95.

6. Nicolson GL (1982) Biochim Biophys Acta 695:113-76.

10.

11
12.
13.

4.

15.
16.
17.
18.

15.

. Yogeeswaran G (1983) Adv Cancer Res 38:289-350.
. Dus D, Budzynski W, Radzikowski C (1985) Arch Immunol

Ther Exp 33:817-23.

. Dus D, Debray H, Strzadala L, Rak J, Kusnierczyk H,

Montreuil J, Radzikowski C (1990) Clin Exp Metastasis
8:277-86.

Debray H, Dus D, Hueso P, Radzikowski C, Montreuil J
(1990) Clin Exp Metastasis 8:287-98.

Debray H, Montreuil J (1989) Carbohydr Res 185:15-26.
Oliver GJA, Hemming FW (1975) Biochem J 152:191-9.
Muramatsu T, Atkinson PM, Nathenson SG, Ceccarini C
(1973) J Mol Biol 80:781-99.

Debray H, Pierce-Cretel A, Spik G, Montreuil J (1983) In
Lectins-Biology, Biochemistry, Clinical Biochemstry (Bog-
Hansen TC, Spengler GA, eds) pp 335-50. Berlin: Walter de
Gruyter.

Lee YC, Scocca JR (1972) J Biol Chem 247:5753-8.

Hewitt LF {1937) Biochem J 31:360-6.

Baenziger JU, Natowicz M (1981) Anal Biochem 112:357-61.
Paz Parente J, Cardon P, Leroy Y, Montreuil J, Fournet B,
Ricart G (1985) Carbohydr Res 141:41-57.

Fournet B, Strecker G, Leroy Y, Montreuil J (1981) Anal
Biochem 116:489-502.

20. Kornfeld K, Reitman ML, Kornfeld R (1981) J Biol Chem

256:6633-40.

. Anderson DR, Atkinson PH, Grimes WJ (1985} Arch Biochem

Biophys 243:605-18.

22. Dorland L, Van Halbeek H, Vliegenthart JFG (1984) Biochem

Biophys Res Commun 122:859-66.

. Vliegenthart JFG, Dorland L, Van Halbeek H (1983) Adv

Carbohydr Chem Biochem 41:209-374.

24. Galili U, Macher BA, Buehler J, Shohet SB (1985) J Exp Med

162:573~82.

. Galili U, Clark MR, Shohet SB, Buehler J, Macher BA (1987)

Proc Natl Acad Sci USA 84:1369-73.

26. Eckhardt AE, Goldstein IJ (1983) Biochemistry 22:5280-9.
27. Eckhardt AE, Goldstein 1J (1983) Biochemistry 22:5290-7.

28. Geyer, R, Geyer H, Stirm 8, Hunsmann G, Schneider J,

30.

31
32.

33

34,
35.

36.

Dabrowski V, Dabrowski J (1984) Biochemistry 23:5628-37.

. Shibata S. Peters BP, Roberts DD, Goldstein 1J, Liotta LA

(1982) FEBS Lerr 142:194-8.

Hanfland P, Egge H, Dabrowski V, Kuhn S, Roeclcke D,
Dabrowski J (1981) Biochemistry 20:5310-19.

Elices MJ. Goldstein 1J (1989) J Biol Chem 264:1375-80.
Stanley WP, Peters BP, Blake DA, Yep D, Chu ERY,
Goldstein 1J (1979) Proc Natl Acad Sci USA 76:303-7.

Hull SR, Laine R, Kaizu T, Rodriguez I, Carraway KL (1984)
J Biol Chem 259:4866-77.

Cummings RD, Kornfeld S (1984) J Biol Chem 259:6253-60.
Dennis JW, Laferte S, Fukuda M, Dell A, Carver JP (1986)
Eur J Biochem 161:35-73.

Santers UV, Desantis R, Hard KJ, Van Kuik JA, Viiegenthart
JFG, Won B, Glick MC (1989) Eur J Biochem 181:249-60.



