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The catalysis of CO2 hydration/dehydration reaction by human carbonic anhydrase II (HCAII) is rate limited by
proton transfer steps leading from the active site to the bulk solvent. These steps involve an ordered water network
and the acid-base function of the proton shuttling residue His64. To evaluate the effect of pH and position of a
proton shuttling residue on proton transfer and water network oganization, the structures of wild type HCA II and a
double mutant (His64_Ala and Thr200_His; H64A/T200H) at various pH were determined by X-ray
crystallography. The catalytic rate of the hydration/dehydration reaction, from pH 5.0 to 9.0, has also been measured
using the 18O-exchange method. Crystal structures of wild type HCA II (at pH 5.1 to 10.0) and of H64A/T200H (at
pH 6.0, 7.8 and 9.3) are presented along with catalytic data for the wild type a double mutant. Structural and
functional comparisons of the crystal structures to the measured rates of proton transfer are discussed in terms of the
requirements for efficient proton transfer in an active-site environment.


