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[ntercellular recognition events are fundamental to many
piological processes, including fertilization, development, and
the mounting of an immune response. Although little is known
of the molecular mechanisms underlying cell recognition and
adhesion, cell surface oligosaccharides have been implicated
s key participants in many of these events.! Carbohydrate
receplors often bind weakly to target saccharide ligands in
solution (i.e., with K; = 10°—10* M~").? Thus, Nature takes
advantage of multivalent carbohydrate—protein interactions to
enhance the strength of cell surface binding.? Molecules that
can mimic the polyvalent display of oligosaccharides presented
by a cell surface should be more effective than monovalent
ligands at modulating intercellular interactions*¢ (Figure 1).
QOur desire to explore the chelate effect and to design molecules
o regulate cell—cell interactions prompted us to investigate the
aqueous ring-opening metathesis polymerization (ROMPY’ for
the synthesis of carbohydrate-substituted materials, We now
describe these studies, which have resulted in the synthesis of
anew class of carbohydrate-modified polymers. These poly-
valent materials have unique biological properties relative to
monomeric ligands: we show that a glucose-derivatized polymer
acts as a potent inhibitor of concanavalin A (Con A)-induced
cell agglutination.

| Traditionally, carbohydrate-substituted polymers have been
synthesized by polymerization of acrylamide derivatives.’® We
sought an alternative polymerization method that would have
the potential for greater control of polymer size, structure, and
the density of carbohydrate substituents. In addition, a flexible
sirategy that would allow the production of copolymers could
be used to synthesize materials for selective immobilization of
different cell types. Finally, the chosen polymerization reaction
should tolerate a highly polar monomer bearing unprotected
sugars. The features of ruthenium-catalyzed ROMP suggested
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Figure 1. (A) Notional depiction of one manner in which intercellular
recognition and binding can be enhanced through multivalent carbo-
hydrate—protein interactions, (B) Carbohydrate-substituted polymers
can mimic the multivalent display of carbohydrates on the cell surface.
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that this type of polymerization would offer the desired
advantages,”?

7-Oxanorboemene derivative 3, designed to produce a polymer
with protein-binding activity, was synthesized to test whether
carbohydrate-substituted alkenes will polymerize under aqueous
ROMP cenditions (Scheme 1). The carbohydrate groups were
attached to the oxanorbornene skeleton via C-glycoside linkages.
This mede of attachment was chosen because the C-glycoside
linkage is stable toward chemical and biological assault, and
C-glycosides of the a-configuration, the preferred anomer for
Con A binding,'? are readily available.!" In the synthesis of
monomer 3, 2 equiv of alcohol 112 were coupled to anhydride
2'3 under modified Mukaiyama esterification conditions (Scheme
1).1% Removal of the triethylsilyl protecting groups generated
the polymer precursor 3. This route provides rapid access to
monomers bearing two identical carbohydrate residues.!’

The ROMP of monomer 3 was accomplished by treating it
with ruthenium trichloride in water (Scheme 1).™ The reaction
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afforded good yields of the carbohydrate-substituted polymer,
“polyglycomer™ 4. This result demonstrates the tolerance of
the rutheniura catalyst for highly functionalized monomers such
as 3. The product polymer 4 was subjected to gel filtration
chromatography. By comparison of the migratory aptitude of
the polymer relative to dextran standards, it is estimated that
the relative molecular mass (M;) of the polymer is approximately
105,16 Fucose-derivatized polyglycomer 5. synthesized analo-
gously, exhibited the same properties upon analysis by gel
filtration. These water-soluble polyglycomers possess unique
amphipathic structures composed of nonpolar backbones and
flexible polar side chains.!?

The polymers were tested for their ability to function as
multivalent ligands for the glucose-binding protein Con A. Con
A is a well-studied carbohydrate binding protein'®~2! that exists
as a homotetramer al neutral pH. Each subunit contains a
carbohydrate binding site, and the tetramer can bind simulta-
neously to four glucose units. The propensity of Con A to
agglutinate cells has long been recognized and exploited in
biology.!® Although the mechanism of cell agglutination is not
fully understood, multivalent interactions between Con A and
cell surface saccharides are required.??> The requirement for
multivalency in Con A activity and the available thermodynamic
and structural data make this an ideal model system in which
to test polyvalent inhibitors.

To assess the activity of our polymers, we compared their
ability to inhibit erythrocyte agglutination by Con A with those
of several controls, including the monovalent carbohydrate
derivative methyl-a.-D-glucopyranoside and the divalent glucose-
substituted 7-oxanorbornene 3. The agglutination inhibition as-
says were performed according to standard protocols.??  Sub-
strates were incubated with four agglutinating doses of Con A
prior to the addition of rabbit erythrocytes. The concentration
of glucose moieties in solution required for inhibition was de-
termined for cach substrate within a 2-fold dilution.?*

The glucose polyglycomer prevented erythrocyte agglutina-
tion at a glucose residue concentration at least 2000-fold lower
than that required of the monomeric methyl a-D-glucopyranoside
(Table 1). Inhibiting doses of 7-oxanorbornene 3 were cormn-
parable to those of methyl a-D-glucopyranoside. These data
suggest that Con A binds to a-C-glucosides as well as it does
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Table 1. Hemagglutination Inhibition Assays of Mono- and
Multivalent Carbohydrate Derivatives

inhibiting dose#
inhibitor [carbohydrate residues], M
methyl o-p-glucopyranoside 5.0x1072
7-oxanorbornene 3 5.0x102
glucose polygliycomer 4 2.5% 1077
fucose polyglycomer 5 >1.0%x1072

4 Inhibiting doses were obtained by averaging the results of fy,,
independent expertments. The error associated with the dose determip,,
tion is a factor of 2, as dictated by the 2-fold diluticns of the assay

to o-0-glucosides, within the limits of our assay. Furthermoge
Con A does not bind fucose,!® and the fucose—containiné
polyglycomer 5 showed no inhibition at concentrations up
10 mM. The inefficacy of the fucose polyglycomer indicate
that the strong inhibition exhibited by the glucose pelyglycome;
is due to binding of glucose residues rather than a nonspecific
effect of the polymer chain.

We have shown that ROMP can be used to create a polyvalen
carbohydrate-bearing polymer that can block protein-initiated
cell agglutination. The best natural inhibitors of Con A.
mediated hemagglutination?! and the glucose polyglycomer
share a common feature; multivalency.”® Progress has been
slow in creating high-affinity ligands for carbohydrate binding
proteins by the traditional approach of modifying the structure
of the monovalent ligand;*® however, imitation of the polyvalent
binding environment can create better ligands for the modulation
of cellular interactions. The nature of our polymers allows
modifications in the flexibility of the polymer backbone and
the structure of the side chains to further optimize biological
activity. Additionally, the inclusion of chain transfer agents in
the polymerization should afford lower molecular weight
oligomers,**4 which would retain the properties of a multivalent
ligand but would be less immunogenic than the corresponding
polymers. Thus, application of ROMP to the synthesis of
polyglycomers offers new oppertunities for design of materials
for modulation of cell adhesion, immobilization of particular
cell types, and study of multivalency in extracellular interactions.
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