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Role of conformation transitions in
adenylate kinase

A recent paper by Pisliakov et al. (1) asserts that it is a response to
several papers, which, according to the authors (1), imply that
“motions along conformational coordinates play an important
role in the chemical step” (1). Because ref. 1 and most of the cited
papers in ref. 1 [references 3,6,7, and 14 in Pisliakov et al. (1)] are
concerned with adenylate kinase (AdK), my comments refer to
this enzyme. AdK has an open state, to which the substrates bind
and from which the products are released, as well as a closed state,
in which catalysis takes place. None of these cited references are
concerned with the chemical reaction or suggest that there is
coupling between the closing/opening conformational transitions
and the chemistry; catalysis in these papers refers to the overall
rate and not to the chemical step. They show that the opening
transition after the chemical reaction is the rate-determining step
[reference 14 in (1); i.e., in AdK, like triosephosphate isomerase,
the chemistry has reached perfection] (2). The two other papers,
of which I am a coauthor, study the closing transition encoded
in the structure [references 6 and 7 in (1)] and the role of fast
motions as lubricants (3) for hinge regions.

Although there is no relation between the objectives of these
papers and the calculations in ref. 1, some comments on the
method used therein are appropriate. It reduces the multidimen-
sional system to 2D, one a “chemical coordinate” and the other
a “conformational coordinate.” Such reductions have served in
the past for qualitative insights (4), but ref. 1 does simulations on
the 2D surface to try to obtain quantitative results. An essential
element of the model is the use of experimental data to calibrate
parameters. The model fits one experimental opening rate
(Kopen = 6,500 s™" at 20 °C) “with a barrier of 14-15 kcal/mol
for the conformational coordinate” (1). Such a barrier would re-
quire a preexponential factor of ~10" s™', a value that is orders of
magnitude too large for this type of conformational transition (5),
suggesting a problem with the model. In addition, although (1)
treats the mesophilic (Escherichia coli) AdK, the cited opening

www.pnas.org/cgi/doi/10.1073/pnas.1002180107

rate is for the thermophilic enzyme. Furthermore, reference 1
mistakenly assigns the overall mesophilic rate (260 s™") to the
chemical step; to our knowledge, the latter has not been measured.

Understanding the role of enzyme dynamics in the chemical
step is both important and complex. Ref. 6 describes possible
equilibrium and nonequilibrium contributions and discusses
motions of the enzyme that can lower the free energy of acti-
vation of enzyme reactions. Crossing of the transition state re-
gion is usually very fast (in the fs to ps range) in enzyme reactions
(7), and the reaction seems slow only because the activation
barrier makes it improbable to reach the transition state. Thus,
fs to ps motions must play a role, although whether they con-
tribute to the faster rate of the reaction in the enzyme versus
that in solution has yet to be determined. Short-time simu-
lations with all-atom representations can be used for such studies
(7, 8), avoiding the need for the approximate coarse-grained
approach in ref. 1. It would be of interest to compare the two
approaches for specific systems.
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