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Molecular simulation of protein dynamics and function

We use molecular simulations to study functional protein dynamics over a broad range of time scales.

Quantum-mechanics/molecular mechanics (QM/MM) descriptions allow us to follow fast,

photoexcitation-driven protein motions on the picosecond scale [1]. The resulting simulation trajectories

are compared directly to femtosecond time-resolved protein crystallography experiments at X-ray free
electron lasers. To study the functional dynamics in molecular motors and pumps [2] on the nano- to
millisecond time scales, we have used classical and QM/MM simulations [3-6]. In nonequilibrium
simulations, we drive these biomolecular machines by applying mechanical bias and inducing redox
transitions that mimic their operation in a biological setting. The simulations help elucidate the molecular
mechanisms underlying the efficient energy transduction processes in F,F;-ATP synthase [3-4] and the

proton pump complex | [5-6].
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