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Abstract—Glycosyl amino acids having natural glycan were useful for the interaction assay of oligosaccharides. A glycochip con-
taining the whole structure of an oligosaccharide was easily prepared by the immobilization of the glycosyl amino acid. Further-
more, fluorescence probes were introduced into the glycosyl amino acid while maintaining the whole structure of oligosaccharide.
By using these labeled oligosaccharides, fluorescence polarization (FP) and fluorescence correlation spectroscopy (FCS) analyzed
the carbohydrate–lectin interaction in a solution assay system.
# 2003 Elsevier Ltd. All rights reserved.
Glycoconjugates, that is, glycopeptides and glycolipids,
play an important role in biological processes, such as
cell recognition, cell adhesion, immunogenic recogni-
tion, etc.1 Proteins almost have an oligosaccharide on
their side-chain, and the carbohydrate moiety is a post-
translational product. The study of carbohydrates (gly-
comics) is very interesting, and important as a post-
genome and postproteome. The immobilization or a
fluorescence modification of oligosaccharides has been
investigated in order to understand the biological inter-
action between various species and oligosaccharides.2

Especially, a glycochip is expected to be diagnostic tool
for the investigation of new lectins. Some immobiliza-
tions of carbohydrates have been reported, however, the
structure of a glycan was relatively simple (from mono-
to tetrasaccharide) because the synthesis of an oligo-
saccharide is not easy compared with an oligopeptide
and oligonucleotide.3 Although the immobilization of a
natural type N-glycan was demonstrated, the immobili-
zation by a reductive amination produced the ring-
opening form of the reduced terminal of the
oligosaccharide and the complete structure of the carbo-
hydrate was lost.4,5 Fluorescence modification of an
oligosaccharide needs an enormous excess amount of
fluorescence reagent, and the ring-opening of the reduced
terminal is also produced under this condition.6,7

Various kinds of glycosylasparagines are obtained by
the peptidase digestion of glycopeptides from hen eggs,8

and these are used for the transglycosylation by endo-b-
N-acetylglucosaminidases as a glycosyl donor.9 Glyco-
sylasparagine has an amino group and a carboxyl group
in its molecular structure. These functional groups allow
the oligosaccharide to be easily modified or introduced
to various substrates. We demonstrated that glycosy-
lasparagine having a natural N-glycan was introduced
to a cyclodextrin,10 a calixarene derivative11 and pep-
tides.12 We postulated that using a glucosyl amino acid
produces immobilization or fluorescence modification
bymaintaining the whole structure of the oligosaccharide.

In this report, we describe the straightforward approach
to apply a glycosyl amino acid to an interaction assay of
oligosaccharides. We prepared the glycochip by immo-
bilization of the glycosyl amino acid and demonstrated
the carbohydrate–lectin interaction on the glycochip.
Furthermore, some fluorescence probes were able to be
easily introduced to the glycosyl amino acid, and using
these labeled oligosaccharides, carbohydrate–lectin
interactions in the solution assay system were performed
by fluorescence polarization (FP)5 and fluorescence
correlation spectroscopy (FCS).13
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Scheme 1. Preparation of glycochip using glycosylasparagines.20
Figure 1. Binding assay of HRP-lectins to glycochip: (A) interaction of ConA with M6, M5GN4 and Asialo chip. (B) interaction of RCA with M6,
M5GN4 and Asialo chip. (C) interaction of DSA with M6, M5GN4, Asialo and Sialo chip. (D) interaction of WGA with M6, M5GN4, Asialo and
Sialo chip.
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Initially, various kinds of Fmoc-glycosylasparagines were
prepared. The glycosylasparagine having the disialo com-
plex-type, H-Asn[(NeuAc-Gal-GlcNAc-Man)2-Man-
(GlcAc)2]-OH [H-Asn(Sialo)-OH], and the glycosylas-
paragine having the asialo complex-type, H-Asn[(Gal-
GlcNAc-Man)2-Man-(GlcNAc)2]-OH [H-Asn(Asialo)-
OH] derived from egg yolk, were prepared as previously
described.14 Various kinds of high-mannose type aspar-
agines and hybrid-type asparagines were obtained from
ovalbumin.15 The ovalbumin was first treated with a-
chymotrypsin or trypsin, and then with actinase E.16

To the amino group of the obtained glycosylaspar-
Figure 2. Inhibition assay of binding of HRP-ConA to M6 chip.
Inhibitor was a-methyl mannoside.
Figure 3. Binding of Dns-Asn(M6)-OH by ConA based on fluores-
cence polarization assay. The concentration of Dns-Asn(M6)-OH was
2 mM.
Figure 4. Inhibition of HRP-ConA binding to Dns-Asn(M6)-OH
based on fluorescence polarization assay. The concentration of Dns-
Asn(M6)-OH was 2 mM, and the inhibitor was a-methyl mannoside.
Figure 5. Binding of TMR-Asn(M6)-OH by ConA studied based on
fluorescence correlation spectroscopy. The concentration of TMR-
Asn(M6)-OH was 5 nM.
Figure 6. Inhibition of ConA binding to TMR-Asn(M6)-OH by fluo-
rescence polarization assay. The concentration of TMR-Asn(M6)-OH
was 5 nM, and the inhibitor was a-methyl mannoside.
Figure 7. Interaction of TMR-labeled glycosylasparagines with lectins
measured by fluorescence correlation spectroscopy. The concentration
of TMR-Asn(M6)-OH was 5 nM, and ConA was 5 mM.
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agines, the 9-fluorenylmethyloxycarbonyl (Fmoc) group
was introduced.10,12 The resulting Fmoc-glycosylaspar-
agines were separated into 6 peaks by an ODS col-
umn.17

Fmoc-Asn(Asialo)-OH, a high-mannose type Fmoc-
Asn(Man6GlcNAc2)-OH [Fmoc-Asn(M6)-OH], and the
bisect-type, Fmoc-Asn(Man5GlcNAc4)-OH [Fmoc-
Asn(M5GN4)-OH], were immobilized in a 96-well
plate, on which the amino group is modified18 using 4-
(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
chloride (DMT-MM).19 H-Asn(Sialo)-OH was immo-
bilized using bis(sulfosuccinimidyl)suberate (BS3)
through amino group because the carboxyl group con-
tained not only the asparagine moiety but also the sialic
acid moiety in H-Asn(Sialo)-OH (Scheme 1).

The binding assay of horseradish peroxydase (HRP)-
labeled lectins, ConA, RCA120, DSA, WGA, to the
glycochip and subsequent inhibition of a binding event
of M6-ConA were performed by enzyme-linked immu-
nosorbent assay (ELISA) (Figs. 1 and 2).21,22 From
these results, ConA, RCA120, DSA and WGA showed
distinctly different binding specificities toward different
oligosaccharides. This result showed that the immobili-
zations of the oligosaccharides occurred and the pre-
pared glycochip worked as an interaction assay tool.

Furthermore, the carbohydrate-lectin interactions in the
solution assay system were carried out using glycosyl-
asparagines by FP and FCS. Fluorescence groups, that
is, the dansyl (Dns) group, fluorescein (Fl) group, and
tetramethylrhodamine (TMR) group, were introduced
to the glycosylasparagines (Scheme 2).23 The interaction
of Dns-Asn(M6)-OH with ConA was analyzed using
FP. This result showed significant binding of ConA with
Dns-Asn(M6)-OH. A nonlinear regression analysis
using a one-site model gave a Kd (dissociation constant)
for ConA of 0.34 mM (Fig. 3). The FCS assay using
TMR-Asn(M6)-OH also gave a Kd for ConA of 0.56
mM (Fig. 5). These Kd values are consistent with these
determined by other methods.10,24 The inhibition assay
using a-methyl mannoside as an inhibitor was also
demonstrated by FP (Fig. 4) and FCS (Fig. 6).

TMR-labeled glycosylasparagine (M6, sialo, asialo,
M5GN4) and lectine (ConA, RCA120, WGA) were
mixed. After a 10-min incubation at room temperature, its
diffusion time was measured and provided the interaction
ratio. As shown in Fig. 7, for example, the interaction of
ConA withM6 was stronger (76%) than Sialo (41%), and
the M6-RCA120 interaction was not observed (�0%).
From this result, the screening of the interaction between
the lentins and fluorescence-labeled glycosylasparagine
was able to be easily carried out by FCS.

In conclusion, glycosyl amino acid is useful for the
interaction assay of oligosaccharides. Immobilization of
the glycosyl amino acid allowed the preparation of a
glycochip that maintained the whole structure of the
oligosaccharide. The interaction on the glycochip was
detected by ELISA. Use of the glycosyl amino acid made
fluorescence modification of the oligosaccharide facile.
The fluorescence-labeled glycosyl amino acid is very
eminent for the interaction assay in solution (FP, FCS).
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