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Abstract:

Our modern understanding of living systems has been largely shaped by a reliance
on the reductionist approach: break open the cell, isolate a subset of molecular
constituents, probe how each works in isolation, and repeat the process. Since the
triumphant discovery of the DNA double-helix half a century ago, this approach has
revealed the identity and roles of the key cellular players. However, times

are changing. Completion of numerous genome-sequencing projects are now
spurring the development of new approaches that aim to provide us with an
integrated understanding of complex biological systems. It is now reasonable to
begin to ask how the collective encoded processes defined by the genome of an
organism affect its growth in a specific environment. We have begun to address
such questions using the tools of chemical reaction engineering and computer
modeling. We simulate how the interplay of multi-molecular processes defined by the
genome of a simple virus (phage T7) guides the manufacture of its viral progeny
within the cell. This approach enables us to design novel anti-viral strategies, track
the utilization of host-cell resources, and begin to understand how 'simple' genomes
work.
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