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Ligand-receptor interactions that are reinforced by mechanical stress, so-called catch-bonds, play a ma-

jor role in cell-cell adhesion. They critically contribute to widespread urinary tract infections by pathogenic
Escherichia coli strains. These pathogens attach to host epithelia via the adhesin FimH, a two-domain
protein at the tip of type | pili recognizing terminal mannoses on epithelial glycoproteins. Here we estab-
lish peptide-complemented FimH as a model system for fimbrial FimH function. We reveal a three-state
mechanism of FimH catch-bond formation based on crystal structures of all states, kinetic analysis of
ligand interaction and molecular dynamics simulations. In the absence of tensile force, the FimH pilin do-
main allosterically accelerates spontaneous ligand dissociation from the FimH lectin domain by 100,000-
fold, resulting in weak affinity. Separation of the FimH domains under stress abolishes allosteric interplay
and increases the affinity of the lectin domain. Cell tracking demonstrates that rapid ligand dissociation
from FimH supports motility of piliated E. coli on mannosylated surfaces in the absence of shear force.
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