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Immobilization and Clustering of Structurally Defined Oligosaccharides for Sugar
Chips: An Improved Method for Surface Plasmon Resonance Analysis of

Protein—Carbohydrate Interactions

Yasuo Suda,*% Akio Arano,} Yasuhiro Fukui,} Shuhei Koshida,’ Masahiro Wakao,! Tomoaki Nishimura,-

Shoichi Kusumoto,%¥ and Michael Sobelt
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Laboratory, Kagoshima University, Kohrimoto, Kagoshima 890-0065, Japan, Japan Science and Technology Agency (JST),
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Oligosaccharides are increasingly being recognized as important partners in receptor—ligand binding and cellular
signaling. Surface plasmon resonance (SPR) is a very powerful tool for the real-time study of the specific interactions
between biological molecules. We report here an advanced method for the immobilization of oligosaccharides in
clustered structures for SPR and their application to the analysis of heparin—protein interactions. Reductive
amination reactions and linker molecules were designed and optimized. Using mono-, tri-, or tetravalent linker
compounds, we incorporated synthetic structurally defined disaccharide units of heparin and immobilized them
as ligands for SPR. Their binding to an important hemostatic protein, von Willebrand factor (vWTf), and its known
heparin-binding domain was quantitatively analyzed. These multivalent ligand conjugates exhibited reproducible
binding behavior, with consistency of the surface conditions of the SPR chip. This novel technique for
oligosaccharide immobilization in SPR studies is accurate, specific, and easily applicable to both synthetic and

naturally derived oligosaccharides.

INTRODUCTION

Oligosaccharides of two to ten sugar moieties are responsible
for many important biological functions (/). Both the specific
structural atwibutes of the minimum oligosaccharide unit and
the spacing and distribution of these key binding units determine
the ultimate biological function of heparins and heparin-like
glycosaminoglycans (2). Often, the minimal oligosaccharide unit
with a structurally specific interaction may be as small as a di-
or trisaccharide (3, 4). However, for full biological activity, these
key binding units must often be presented in repeating units or
clusters, appropriately spaced to interact with the heparin-
binding sites of the cognate protein. Two major problems arise
in the study of these structure—function relations. First, it is
Tiot easy to obtain large quantities of a homogeneous, structurally
defined oligosaccharide. They cannot be expressed recombi-
nantly, like proteins, and therefore, long and tedious chemical
processes are necessary to synthesize or derive them from natural
sources. The second problem is that an individual oligosaccha-
ride motif may have low affinity but in biological systems they
are often presented in clustered or repeating forms, which
contribute significantly to their potency and affinity. We
hypothesized that a chip or an array technology, in which
structurally defined key oligosaccharide binding units are two-
dimensionally immobilized on a surface, would be an effective
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method to solve these problems and could be used as a high-
throughput screening method. .

A number of investigators have tackled the challenges of
oligosaccharide immobilization. Techniques for self-assembled
monolayers have been described by Horan et al. (5), Mrksich
and co-workers (6, 7), and others. However, no method has so
far been devised that both is procedurally simple and does not
significantly modify or potentially interfere with the biological
activity of the oligosaccharide. Most of these techniques require
significant chemical modifications of the glycans, potentially
obscuring the interpretation of structure—function relations. For
example, conventional methods have involved chemical modi-
fications at the 1-position of the carbohydrate, such as amination
or allylation (8, 9). But these approaches invariably put
functional sulfate or phosphate groups at risk. Finally, currently
established methods do not afford the opportunity to control
the clustering or multimerization of oligosaccharide functional
domains. To this end, we pursued novel immobilization strate-
gies for oligosaccharides, which would be technically simpler
and less destructive, making them useful to a wider group of
investigators. For detection, we chose surface plasmon resonance
(SPR) technology, which permits the real-time analysis of
molecular binding using microgram quantities of analyzing
materials, without further labeling (10— 14). It can measure the
binding affinity and on (association) and off (dissociation) rates
and is useful for high-throughput screening of new drug targets.

In previous work, we had shown that a specific disaccharide
unit in heparin, O-(2-deoxy-2-sulfamido-6-O-sulfo-a-D-glu-
copyranosyl)-(1—4)-2-0-sulfo-a-L-idopyranosyluronic acid (ab-
breviated as GIcNS6S-1doA2S), was a key unit responsible for
heparin binding to human platelets (15) and von Willebrand
factor (vWI) (16). We also found that the clustering of these
disaccharides significantly enhanced the interaction (17, I18).
To systematically investigate heparin’s binding interactions, we
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