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Energy landscapes of biomolecular machines:   

Capturing transition paths for conformational rearrangements 
in the ribosome 

 
The energy landscape theory of protein folding is now a widely accepted view for 
understanding how relatively weak molecular interactions lead to rapid and cooperative 
protein folding. I will review this theoretical framework and discuss how it can be extended to 
describe large-scale functional motions observed in molecular machines. Based on these 
theoretical concepts, we develop simplified molecular Hamiltonians tailored for molecular 
dynamics simulations, and analyze large-scale aminoacyl-transfer RNA (aa-tRNA) 
rearrangements during accommodation on the ribosome. By projecting the dynamics along 
experimentally-accessible atomic distances, we can identify coordinates along which 
rearrangements are accurately described as diffusive movements across a one-dimensional 
free-energy profile, and therefore, provide the theoretical foundation required for single-
molecule techniques to uncover the energy landscape governing aa-tRNA selection by the 
ribosome. Finally, I will discuss implications of this new view of aa-tRNA motion on the fidelity 
of mRNA translation. 
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