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Molecular dynamics (MD) is the common choice of simulation technique for studying pro-
tein dynamics in its biological active state (native state). A major bottleneck of this approach
is that MD relies on time-steps of≈ 10

−15seconds, whereas structural transitions relevant for
protein function occur at10

−3
− 10

0 seconds. These transitions are therefore inaccessible to
traditional MD-simulations. Based on tools from differential geometry, we have found a novel
analytical solution to a classical problem in protein geometry, known as the chain closure prob-
lem. This solution allows us to devise a new kinetic algorithm, CRISP - Concerted Rotations
Involving Self-consistent Proposals - (Bottaro et al (2003)), which greatly enhances sampling
efficiency of protein structures compared to the current state of the art MC methodologies (Ulm-
schneider J, Jorgensen W (2003), Smith C, Kortemme T (2008)). Studying the native state of
ubiquitin, a key protein to many cellular signaling networks, we demonstrate that CRISP repro-
duces the full structural heterogeneity of the ensemble known from experiments. This includes
functionally important conformational transitions, which are inaccessible to existing state-of-
the-art simulation techniques.
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