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Protein—saccharide interactions facilitate fundamental-ell
cell recognition events in processes as diverse asipashogen
interactions, fertilization, development, and the mounting of an
immune responsk.Despite their importance in cell recognition,
individual protein-carbohydrate interactions are generally weak
(i.e., with Ky = 10°-10* M~1).2 Additionally, carbohydrate-
binding proteins often exhibit broad recognition specificity
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Figure 1. Multivalent proteir-carbohydrate interactions may enhance
the strength and specificity of celtell binding in an environment
containing other ligands.
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protein causes agglutination of red blood cells through interac-
tion with cell surface glycoproteins. Multiple concanavalin
A—saccharide complexes are required for hemagglutination, but
agglutination can be inhibited by either monovalent or polyva-

because they generally bind a group of related saccharidejent glucose and mannose derivati§és0

structures. To enhance the strength of cell surface binding,
Nature often assembles multiple protesaccharide complexes
to provide the necessary avidi¥. In biological systems, both
affinity and specificity are critical components of cedell

To probe the intrinsic affinity? and specificity of concanava-
lin A, pairs of monovalent ligands of differing affinities for the
protein were selected. For example, metlyd-mannopyrano-
side binds with 4-fold-higher affinity than does mettudp-

reCOgnition. Proteins that mediate cell adhesion must select theirg|ucopyranosid§,_ll The Spec|f|c|ty of interaction of concanava-

biologically-relevant ligand in an environment containing other
sugars for which they have some affinity (Figure 1). For
example, influenza viral hemagglutinins bind preferentially to
cells displaying either 2,3- or 2,6-linked sialic acid residues,
depending on the viral strah. If multivalent interactions
contribute to the avidity of biological recognition processes,
what is their effect on specificity?

We are investigating the functional properties of a new class

lin A with o-C-allyl glycosides is diminished; the free energies
of binding fora-C-allyl glucosidel (—4.7 kcal/mol) andx-C-

allyl mannoside2 (—4.9 kcal/mol) differ by only 0.2 kcal/mdg
Similarly, the difference between the binding free energies of
o-O-ethyl mannopyranosidé and o-O-ethyl glucopyranoside

5 is 0.8 kcal/mol, but the binding free energies of the related
o-C-propyl mannoside4 and o-C-propyl glucoside3 are
indistinguishablé? Thus, concanavalin A binds both- and

of polyvalent carbohydrate ligands, substances prepared by ring-c-glycosides of thex-configuration, but higher diastereoselec-

opening metathesis polymerization (ROM#P).We demon-

tivity is observed in theD-glycoside series.

strated that such saccharide-substituted polymers act as poly- To elucidate the effect of multivalent presentation on the
valent ligands for the mannose/glucose-binding protein conca- functional affinity: of these ligands, we determined the inhibi-
navalin A.6 Moreover, these materials function as high-avidity tory properties of mannose- and glucose-derived neoglycopoly-
ligands in cell agglutination assays. To examine the effect of mers for concanavalin A-facilitated agglutination. Polyvalent
multivalent binding on the specificity of proteirtarbohydrate - and O-glycoside derivatives of thgluco or mannoconfig-
interactions, we synthesized several carbohydrate-bearing poly-yration were generated via an agueous ROMP (Figures 2 and

mers and tested them for their ability to bind to concanavalin
A. The inhibitory properties of the polyvalent ligands were

3). The corresponding bicyclic oxanorbornene derivafivese
polymerized to afford glucose- and mannose-substiti@ed

compared with those of the corresponding monosaccharides toglycoside neoglycopolyme&and10. To decrease the amount
ascertain the effects of multivalent presentation on affinity and of residual metal in the resulting carbohydrate-substituted

specificity.

Concanavalin A can engage in mono- and multivalent
binding, rendering the lectin well suited for investigating
structure/function relationships of both ligand classeSon-
canavalin A recognizes-glucose- andx-mannose-containing
saccharides, with th@annoconfiguration at C2 preferretiThe
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materials, the polymerization was effected using a catalyst
solution derived from mixing the oxanorbornene substrate and
RuCk in water!*15 Application of this general strategy afforded
the corresponding-O-glucoside ana-O-mannoside polymers
11and12 For each polymer, the backbone was produced as
a 1:1 ratio of cis and trans alkene isomers. The four resulting
neoglycopolymers were subjected to gel filtration chromatog-
raphy. By comparison of their migratory aptitudes with those
of dextran standards, a relative molecular madg) ©f ap-
proximately 16 was obtained for each.
Neoglycopolymer®—12 were tested for their specificity as
multivalent ligands for the glucose/mannose binding lectin con-
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Figure 2. Monovalent and polyvalent inhibitors of concanavalin

A-mediated cell agglutination.
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Communications to the Editor

monovalent derivativ@.1” Overall, theC-glycoside polymers
are more efficacious than are tliglycoside derivatives, a
result that may be due to increased hydrophobicity of the
C-glycoside polymers relative to thed-glycoside counterparts.

The inhibition data show that the differences in binding
affinity between mannose-containing polymers and glucose-
containing polymers in th®-glycoside andC-glycoside series
reflect the differences in the intrinsic binding affinity of the
monovalent sugars. Specifically, the small difference in the
relative free energies of binding to concanavalin A teC-
allyl mannoside2 anda-C-allyl glucosidel cannot be detected
in an agglutination inhibition assay. In contrast, a sizable
difference in potency exists between the corresponding poly-
valent C-glycosides: theC-mannoside polymedO inhibits
agglutination at a 100-fold-lower saccharide concentration than
does theC-glucoside analo§. In theO-glycoside series, methyl
o-D-mannopyranoside inhibits concanavalin A-promoted ag-
glutination at a 4-fold-lower concentration than does the methyl
o-D-glucopyranoside as would be expected from the free
energies of binding. The polyvalent analogs of these compounds
show even greater discrimination in their binding to concanava-
lin A. The O-mannoside polymet?2 inhibits agglutination at
a 160-fold-lower concentration than does tfeglucoside
derivativell Thus, there is an amplification of monovalent
binding selectivity, which is dependent on the intrinsic affinity
of the various monomeric sugars.

Our measured enhancement in recognition specificity for
multivalent saccharides suggests an explanation for the specific-
ity of cell recognition, which is often mediated by cell surface
carbohydrate-binding proteins that exhibit weak affinity and
broad specificity for the individual ligands. With multiple
copies of these ligands and receptors presented on apposing cell

Figure 3. Active catalyst solution was generated by the reaction of surfaces, binding affinity and specificity can be enhanced as
RuCk with the monomer (8 h, 58C). A solution of the catalyst was ~ we have shown here. This type of recognition specificity may
then transferred to an aqueous solution of the monomer. Polymerizationsregulate many celtcell interactions in nature. Viral hemagglu-

were complete within 2 h; typical yields: 6®0%?1°

tinins appear to show much greater specificity for 2,3-linked
sialosides in cell-based assays than in a monomeric binding

Table 1. Inhibition of Concanavalin A-Induced Hemagglutination assay, and it has been proposed that the multivalency of the
rel inhibitory inhibiting dosé cell-based system could account for the differehd@ur results
inhibitor dose  [carbohydrate residues], M jndicate that a subtle change in structure of an individual
a-methyl glucopyranoside 1 501072 saccharide residue may have significant consequences when
a-methyl mannopyranoside 0.25 13102 multiple copies are presented to a recepto€onsequently,
a-C-allyl glucopyranosidel 0.5 2.5x 1072 polyvalent saccharide derivatives may be useful in the selective
a-C-allyl mannopyranosidé 0.5 2.5x 107 targeting of specific carbohydrate binding proteins or cell types.
g:g”z: ?A:ﬁﬂ%ﬁgﬁi’gge (2).5 %‘%i igz The application of ROMP to the synthesis of such materials
C-Glc neoglycopolyme® 0.001 5.0x 10°5 affords compounds that exhibit both high affinity and selectivity.
C-Man neoglycopolymet0 0.00001 5.0x 1077
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canavalin A. The activities of the polymers were assessed by Supporting Information Ava!lable: Experimental procedures _and
comparing their ability to inhibit erythrocyte agglutination by ~ SPectral data for the preparation ®f 12 and spectral and analytical
concanavalin A6 The concentration of saccharide residues data for their precursors (6 pages). This material is contained in many
required for inhibition of four agglutinating doses of concanava- 'Praries 0? micr_ofiche,limmedli)atelyéollmévsfthis at'r;‘ic'iigsthe m(ijcrc’ﬁ'mb
lin A was determined for each substrate within a 2-fold dilution. Yo oo ' the journal, can be ordered from the » and can be
In both the C-glycoside andO-glycoside series, multivalent g?(ﬁ?ilsgc:ﬁ?orfr;oargotnhinlgtﬁ]rtr:ﬁets 2?3022}5/ iﬁi{:ﬁgaoﬂgsmead page for
carbohydrate ligands were compared to their monovalent analogs '
(Table 1). JA953574Q
We found that the polyvalent ligands display significant
increases in functional affinity in all cases. This gain can be
dramatic, as in the 50000-fold enhancement in inhibitory activity
observed for the mannose-containing polyrh@relative to the
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