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Many interesting dynamic properties of biological molecules cannot be simulated directly using molecular 

dynamics (MD) because of nanosecond time scale limitations. Accelerated molecular dynamics1 (AMD) 

represents a robust and efficient approach to simulate the transition of high-energy barriers without any 

advance knowledge of the location of either the potential energy wells or saddle points. In this talk we 

present the use of AMD simulations in two different biological problems: structure based drug discovery 

and binding free energy calculations.  

 

 

 

 

 

 

 

First, we present a structure based drug discovery study on Rho proteins,2 which act as key regulators of 

eukaryotic cellular biochemistry. The development of Rho directed therapies has gained considerable 

recent interest due to the prominence of deregulated Rho mediated signalling pathways in cancer and 

other human pathologies. Building on extensive high-resolution structural data and AMD simulations, we 

describe a comprehensive mapping of potential small-molecule binding pockets on Rho family members. 

Second, we show the use of thermodynamic integration (TI), conventional MD and replica exchange AMD 

simulations (REXAMD) to estimate the absolute binding free energy of a host-guest binding in a system 

that serves as a simplified model for complex protein-ligand binding.3 The behaviour of water molecules 

near a binding cavity can significantly affect both the value and convergence of binding free energy 

calculations. Our results indicate that TI free energy estimates through MD largely depend on water-

related interactions, which can be more efficiently described with REXAMD. 
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