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One viewpoint of the still emerging field of systems biology sees integration along one axis involving system size (and
perhaps some dynamics) going from macromolecules (proteins, DNA, RNA, etc) to cells, to tissues, to organs, to organisms,
etc. This is sometimes called computational biology. Another axis looks at kinetic models at growing levels of complexity going
from pathways, to modules to full genetic regulatory networks. This is taken to lie in the general field of bioinformatics. There is
an almost unpopulated chasm between the two communities pursuing these two approaches.
In this lecture I will argue that a starting point at even a finer level of resolution is necessary if one is to fill the gap
between the two axes. I will attempt to describe the state-of-the-art of atomistic multi-scale approaches including those that use
quantum mechanics to describe chemical reactions. I will review the pertinent molecular dynamics literature. Following that I
will give a few results for nano-bio systems that are now being calculated using Density Functional Theory (DFT). Although
modern DFT is fast, it is still not fast enough for applications in biology so we are paying attention to so-called reactive force
fields (ReaxFF) which try to capture the essence of quantum mechanical calculations through parametrization against DFT
calculations on full chemical reaction paths.
Turning to the other axis, I will summarize recent results on protein production regulated by genetic networks that
incorporate the main steps in the transcription and translation processes. The Gillespie (Kinetic Monte Carlo) algorithm is used
to solve the (effective) chemical master equation.
The seminar will finish with our first (baby-step) attempts to fill the gap by looking at the mechanism of transcription
involving metallo-proteins with Mg ions in the active site. The project uses both DFT and the ReaxFF force field. We hope, in
the fullness of time, to be able to feed calculated information on reaction rates into the Gillespie (or other) algorithm and,
hence, have the behavior of the regulatory network guided by the underlying atomistic and electronic mechanisms.
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