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Principles governing the behavior of bionanosystems are derived via multiscale analysis.  These systems (e.g., viruses, ribosomes, and nanocapsules for therapeutic agent delivery) are supramillion atom in scale and evolve on microsecond timescales or longer.  Thus, they cannot be directly simulated via molecular dynamics.  At CCVT we are using a multiscale procedure for addressing this biophysical and computational grand challenge.  We have implemented our methodology as a multiscale computational platform designed for fundamental research and the computer-aided design of vaccines and drugs for viral disease or for nanocapsule delivery systems.


Our procedure involves the following elements. (1) Start with an all-atom underlying description to allow the use of an interatomic force field, and thereby avoid the need for recalibration with each new application.  (2)  Introduce automatically generated order parameters describing nanoscale connected subsystems or order parameter field variables for membranous and aqueous disconnected subsystems wherein organization is only maintained on-the-average. (3)  Identify a smallness factor 
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 associated with the slow evolution of order parameters (much slower than the 10-14 seconds of atomic collisions/vibrations); 
[image: image2.wmf]e

is typically a ratio of small-to-large lengths, masses, or force constants.  (4) Make the ansatz that the N-atom probability density depends on the N-atom state 
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both directly and, via the order parameters, indirectly; in the case of order parameter fields, 
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has a functional dependence on their profiles.  (5) Insert the ansatz on 
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into the N-atom Liouville equation and arrive at an unfolded multiscale equation in which 
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appears explicitly, and solve this differential/functional differential multiscale Liouville equation as an asymptotic expansion in 
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.  (6) Derive an exact conservation law, and obtain a Smoluchowski-type equations for the mixed dependence/functional dependence of a reduced probability density W for the order parameters.  (7) Derive the Langevin equation equivalent to this equation and simulate them numerically.  This has been accomplished for the order parameters and is being implemented for the order parameter fields to enable simulation of enveloped viruses, liposomes, and cell membranes via our rigorous, calibration-free approach.  

Advantages of our approach include the following.  (1) The result is a calibration-free model. (2) Heuristic coupling of atomistic and continuum modeling, with associated uncertainties, is avoided.  (3)  As the probability distribution for atomistic fluctuations is co-evolved with the order parameters, the interscale coupling between them is preserved, hence the approach is truly multiscale.  (4)  Unlike for projection operator methods, our approach builds-in the multiscale character of the system from the beginning, avoiding difficult to evaluate kernels and enabling an efficient multiscale computational algorithm.

See sysbio.indiana.edu under Publications for selected downloadable papers.  
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