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Introduction : The transport of biomolecules like DNA, RNA and poly-peptides across protein membrane
channels is of primary significance in a variety of areas. For example, gene expression in eukaryotic cells relies
on the passage of mRNA through protein complexes connecting the cytoplasm with the cell nucleus. Although
there has been a flurry of recent activity, both theoretical and experimental1,2 aimed at understanding this
crucial process, many aspects remain unclear. By computing the potential of mean force (PMF) (which is
defined as the free energy profile along a specified reaction coordinate), for the translocating biomolecule along
the vertical axis of the protein pore, significant insight into the translocation process can be obtained. The
details of the interaction of a pore with a translocating biomolecule within the confined geometries are critical
in determining transport across a membrane. The interaction details can be captured best by fully atomistic
simulations. The first fully atomistic simulations of the hemolysin pore have appeared very recently3. They
address however, only static properties — structural and electrostatic — and have not attempted to address
the dynamic properties of the translocating DNA. The lack of more attempts at atomistic simulations of the
translocation process is due in part to the fact that the computational requirements for simulations of systems
of this size for the required timescales have hitherto not been possible. For example, the time scale for DNA
translocation is of the order of tens of microseconds. Simulating such long timescales for large system sizes
(275,000 atoms and upwards) is not possible with standard molecular dynamics approaches. To enhance our
understanding there is a need now to adopt new algorithmic approaches in conjunction with new computing
paradigms, as without significant advances at the algorithmic, computing and analysis levels, understanding
problems of this nature will remain beyond the scope of computational scientists. SPICE aims to understand
the vital process of translocation of biomolecules across protein pores, in ways that have not been possible until
now, by using novel physical algorithms along with sophisticated grid infrastructure to effectively utilise the
computational resources of a federated, trans-Atlantic Grid and to facilitate novel analysis techniques.
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FIG. 1: Snapshot of a single stranded DNA beginning its translocation through the alpha-hemolysin protein pore which
is embedded in a lipid membrane bilyaer. Water molecules are not shown. Fig. 1b is a cartoon representation showing
the seven fold symmetry of the hemolysin protein and the beta-barrel pore.


