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Experimental and molecular dynamics (MD) modeling studies show that inhomogeneities —
including sites of oxidative damage and cholesterol inclusion — in phospholipid bilayers
affect the frequency of water intrusion into the bilayer interior and the subsequent formation
of conductive pores [1-7]. Ultra-short (ns), high-field (MV/m) electric pulses facilitate the
formation of these pores in cell suspensions and tissues in both plasma and intracellular
membranes [8-14]. We couple these observations to new MD investigations of the kinetics
and energetics of membrane interfacial water configurations in electric fields. Entropic and
enthalpic terms associated with clustered water dipole alignments are subject to modification
by an applied external electric field and by the atomic-scale details of the local (dynamic)
dielectric landscape. The thermodynamic balance determines the probability of the formation
of the electropore-initiating structure, a membrane-spanning water bridge. For pure,
homogeneous lipid bilayers, the number of significant determinants in the process is small,
and a fundamental analysis is achievable. Heterogeneous and asymmetric bilayers and those
that include cholesterol and other non-phospholipid components, and especially cell
membranes containing proteins and attachments to intracellular and extracellular structures,
present significant computational challenges. These may be addressed by access to
increasingly powerful computing systems and by new algorithms and analytical procedures.
Improved understanding of the biomolecular details of membrane permeabilization will
contribute to optimization of electroporation and electrotransfection protocols on the bench
and in clinical applications involving electrochemotherapy or electrotransfection.
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