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Abstract

Enzymes employ a wide range of protein motions to achieve efficient catalysis of chemical reactions.
While the role of collective protein motions in substrate binding, product release, and regulation of
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ABSTRACT: 2 wide range of © catalysis of chemical Vi

collective peotein motions in substrate binding, product release, and regulation of enzymatic activity is generally understood, their
roles in catalytic steps per se remain uncertain. Here, molecalas dynamics simulations, enzyme kinetics, X-ray crystallography, and
nuclear magnetic resonance spectroscopy are combined to clucidate the catalytic mechanism of adenylate kinase and to delineate the
roles of catalytic residues in catalysis and the conformational change in the enzyme. This study reveals that the motions in the active
site, which occur on a time scale of picoseconds to nanoseconds, ink the catalytic reaction 10 the slow conformational dynamics of
the y n particular, substantial conformational rearrangement
‘occurs in the active site following the catalytic reaction. This rearrangement not oaly afects the reaction barriee but also promotes 3
more open conformation of the enzyme after the reaction, which then results in an accelerated opening of the enzyme compared to
that of the reactant state. The results illustrae 2 linkage between enzymatic catalyis and colletive protein motions, whereby
disparate time scales between the two processes are bridged by a cascade of intermediate-scale motion of cataytic residues
‘modulating the free energy lndscapes of the catalytic and conformational change processes.
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