Cooperative changes in solvent exposure identify cryptic pockets,
conformational switches, and allosteric coupling.
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Proteins are dynamic molecules that undergo conformational changes to a broad
spectrum of different excited states. Unfortunately, the low populations of these states
make it difficult to determine their structures or functional implications. In recent years,
computer simulations have begun to reach the timescales necessary to identify and
characterize functionally-relevant excited states. However, this advance has uncovered
a further challenge: without foreknowledge of which structural features are most
important, it can be extremely difficult to identify the most salient features of large
simulation datasets. We reasoned that functionally-relevant conformational changes
are likely to result in large, cooperative changes to the surfaces that are available to
interact with potential binding partners. To examine this hypothesis, we introduce a
method that returns a prioritized list of potentially functional conformational changes by
segmenting protein sequences into clusters of residues that undergo cooperative
changes in their solvent exposure, along with the hierarchy of interactions between
these groups. We term these groups exposons to distinguish them from other types of
clusters that arise in this analysis and others. We demonstrate, using three different
model systems, that this method identifies conformational switches, allosteric
coupling, and known cryptic pockets—a feature of some excited conformations
wherein a potentially-druggable concavity appears that is not present in existing
structures. Our results suggest that key functional sites are hubs in the network of
exposons. As a further test of the predictive power of this approach, we apply it to
discover cryptic allosteric sites in two different enzymes. In vitro experiments confirm
our predictions for both systems. Importantly, we provide the first evidence for a
cryptic allosteric site in CTX-M-9 B-lactamase and demonstrate that this site exerts
the most potent allosteric control over activity of any pockets found in B-lactamases
to date.
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