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Molecular simulation holds the promise of revealing the mechanisms of biological processes in their ultimate detail, but is so far limited to systems of up to ~10-8 m size (about a million atoms) and timescales up to ~10-7 s. Our recent efforts involve the development of multi-scale simulation methods and their application to solve critical problems needed for understanding the bottleneck in cellulosic ethanol production: the recalcitrance to hydrolysis of lignocellulosic biomass. The multi-scale methodologies span from accurate quantum-chemical techniques, needed to understand critical local interactions in biomass, to atomistic and coarse-grained simulations, needed to approach systems-level phenomena. In this talk, I will present multi-scale mathematical methods needed for extending the time- and length-scales accessible to biomolecular simulation. I will focus on more scalable treatment of the long-range electrostatic interaction using Ewald-mesh based methods in explicit solvent simulation and using Poisson Boltzmann (PB)/Generalized Born (GB) models in implicit solvent simulation. Some applications to the cellulosic and lignocellulosic materials, especially concerning their structures, dynamics and degradation pathways will also be discussed.
