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Computer simulation has emerged as a powerful tool for studying the structural and func-
tional properties of complex biological membranes. In the last few years, the use of recently
developed simulation methodologics and current generation force fields has permitted novel
applications of molecular dynamics simulations, which have enhanced our understanding
of the different physical processes governing biomembrane structure and dynamics. This
review focuses on frontier arcas of research with important biomedical applications. We
have paid special attention to polyunsaturated lipids, membrane proteins and ion channels,
surfactant additives in membranes, and lipid—-DNA gene transfer complexcs.
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INTRODUCTION

Biological membranes are sheetlike assemblies of amphipathic molecules that separ-
ate cells from their environment and form the boundaries of the different organelles
inside the cells [1]. These physical barriers, however, allow a controlled interplay
and exchange of material amongst the different parts of the cell and with the external
world. Membrane structure and function is accomplished by a complex composition.
Biomembranes are, thus, composed of a mixture of lipids, proteins, and carbo-
hydrates. Lipids, in particular, constitute their main component and structural basis.
The diversity existent in the lipid composition of cell membranes is a fundamental
ingredient. For instance, since cells are usually constrained to an environment where
temperature and pressure are fixed, membrane properties can be controlled by vary-
ing its composition (lipid type and cholesterol content, for example).

Lipid molecules are also interesting at the fundamental level. These amphiphilic
molecules in water display a rich variety of mesophases, which are controlled mainly
by temperature and lipid/water composition [1. 2]. Among these structures, the dis-
ordered fluid lamellar phase, L, is the most relevant in biology. Due to the com-
plexity inherent in the biologically relevant systems, theorcticians, computer
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