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Multivalent carbohydrate-lectin interactions at host-pathogen interfaces play a crucial role in the estab-
lishment of infections. Although competitive antagonists that prevent pathogen adhesion are promis-
ing anti-microbial drugs, the molecular mechanisms underlying these complex adhesion processes are
still poorly understood. Here, we characterize the interactions between the fimbrial adhesin FimH from
uropathogenic Escherichia coli strains and its natural high-mannose type N-glycan binding epitopes on
uroepithelial glycoproteins. Crystal structures and a detailed kinetic characterization of ligand-binding
and dissociation revealed that the binding pocket of FimH evolved such that it recognizes the terminal
a(1-2)-, a(1-3)- and a(1-6)-linked mannosides of natural high-mannose type N-glycans with similar affini-
ty. We demonstrate that the 2,000-fold higher affinity of the domain-separated state of FimH compared to
its domain-associated state is ligand-independent and consistent with a thermodynamic cycle in which
ligand-binding shifts the association equilibrium between the FimH lectin and the FimH pilin domain.
Moreover, we show that a single N-glycan can bind up to three molecules of FimH, albeit with negative
cooperativity, so that a molar excess of accessible N-glycans over FimH on the cell surface favors mono-
valent FimH binding. Our data provide pivotal insights into the adhesion properties of uropathogenic
Escherichia coli strains to their target receptors and a solid basis for the development of effective FimH
antagonists.
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