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Understanding the behavior of biomolecules (e.g. proteins and nucleic acids) at interfaces is an important and open topic in the biomaterial community. For example, how do the surface properties of an implanted medical device trigger an inflammatory immune response, leading to device rejection? Or, in nanomaterials that rely on DNA hybridization to direct self-assembly, how may surfaces be designed to favor double-helix formation, thereby enhancing nanomaterial synthesis? Experimental evidence over the past decade suggests that the ability of the interface to affect macromolecular conformation is a significant factor when answering these types of questions. One powerful way to gain insight into biomolecule-surface interactions is to dynamically assess the conformation of individual biomolecules and instantaneously correlate that to their interfacial behavior (e.g. adsorption, desorption, diffusion). This goal is accomplished here using total internal reflectance microscopy (TIRFM) to measure resonance energy transfer (RET) at the single-molecule level. RET is used as a marker of molecular conformation that is tracked as a function of time, along with the in-plane position of the molecule from adsorption to desorption.  A high-throughput tracking algorithm allows this technique to fully exploit the ability of single molecule methods to identify heterogeneous behavior that would be missed by ensemble averaged methods. By tracking large numbers of molecules, rare but mechanistically important events are identified and characterized with good statistical significance. 
In addition to introducing the technique used to make dynamic single-molecule RET measurements, it is demonstrated on several systems of biological interest. Single-stranded DNA (ssDNA) is studied on amine-coated glass. In general, the end-to-end distance of ssDNA was found to obey self-avoiding random-walk statistics. Occasionally, a rare, highly extended conformation of ssDNA was found to cause anomalously weak surface interactions, leading to the con​clusion that the extension was out of the interfacial plane. Such an extension could be functionally important for hybridization. In a separate system, a helix-coil transition was studied in peptides adsorbing onto hydro​phobically-modified glass. Both the effect of the surface on the helix-coil transition and the effect of that transition on the strength of peptide-surface interactions will be discussed. In addition to the biophysical insights provided in each example, the experimental and analytical methods developed in this work lay the groundwork for a more general technique that can identify links between conformation and interfacial behavior with unprecedented resolution for a variety of biomolecules at different types of interfaces.
