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During the past two decades, the atomic force microscope (AFM) has provided new avenues for microscopists to study biological specimens. AFM yields three-dimensional images of biosystems (single molecules adsorbed on surfaces, lipid membranes, 2D protein crystals, living cells) in aqueous solutions and with (sub)nanometre resolution. In addition, it can also measure forces with remarkable sensitivity and positional precision. In this mode, known as force spectroscopy, the cantilever deflection is recorded as the tip is pushed towards the sample and retracted from it. Force spectroscopy can be used to probe quantitatively physical properties such as local elasticity, surface forces, surface charge and hydrophobicity and to measure inter- and intramolecular interactions, providing new insights into the molecular bases of processes such as protein folding and receptor–ligand interactions.

General biological applications of AFM will be described here, with special emphasis on the characterization of supported lipid bilayers (SLBs), also known as supported planar bilayers or in-plane bilayers. SLBs are robust biomimetic model systems that are largely used to study the biophysical and biochemical properties of biological membranes. They are also important tools for nanobiotechnology applications, e.g. for the design of patterned biosurfaces with given functionalities. SLBs can be prepared by using two methods: the Langmuir-Blodgett transfer of monolayers, or the fusion of preformed vesicles. AFM offers a means to visualize the nanoscale structure of SLBs in physiological conditions. A unique feature of this technique is its ability to monitor dynamic events, like bilayer alteration, remodelling or digestion, upon incubation with various external agents such as drugs, detergents, proteins, peptides, nanoparticles, and solvents. Such studies are crucial because biomimetic membranes such as liposomes are frequently proposed as carriers for drug encapsulation and delivery. As a result, understanding how these membranes interact with such active compounds may be of great help in the development of drug delivery and nanomedicine applications.

