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Nanotechnology is concerned with the design and construction of devices that function on the lengthscale of a few nanometres. The traditional approach to nanofabrication uses lithographic techniques to control the size and shape of “hard” materials, e.g. semiconductors for quantum wires and dots. However, the ability of biological molecules to undergo hierarchical self-assembly makes them ideal for applications in nanotechnology. Indeed, evolution in the natural world has produced an amazing range of nano-devices, e.g. receptors that behave as single-molecule sensors, ion channels that act as switches, and molecular machines that transport material on a mesoscopic lengthscale. But before these “devices” can be used in technological applications the fundamental principles underlying their structure and function must first be understood.
I will describe the application of physics-based techniques such as atomic force microscopy (AFM) and optical tweezers to probe biological function at the single molecule level. Recent progress in understanding the nature of the complex interaction of mechanical probes with proteins in a physiological environment has now made possible sub-nm AFM molecular imaging of functioning membrane proteins. Furthermore, high-speed AFM is beginning to provide molecular imaging on the timescale of 10ms which will permit conformational changes involved in protein function to be observed in real time. AFM can also probe molecular interactions quantitatively. I will present measurements of membrane structure – both cytoplasmic and extracellular - and will describe protein unfolding measurements that reveal both intra-molecular interactions and protein-lipid interactions. I will focus on recent measurements of the photoreceptor bacteriorhodopsin, a light-driven proton pump, and the Ca2+-activated IP3 receptor which is implicated in memory and learning.
Quantum phenomena do not feature prominently in biological function, although macroscopic quantum coherence (MQC) has been reported for antiferromagnetic protein complexes of ferritin at mK temperatures. It has been argued that the large displacements (up to several (m) generated by processive molecular motors (step size ~ 10nm) can be explained in terms of MQC. However these objects are subject to large thermal fluctuations and it remains to be seen whether enzymatic activity in the power stroke can create conditions energetically equivalent to ultra-low temperature.  Electrical currents in biological systems are predominantly ionic, the flow of ions across lipidic cell membranes being controlled by ion channels.  Strong local excitation of a resting cell opens channels and initiates an avalanche process which gives rise to an electrical pulse that propagates along the membrane – the action potential. It has been speculated that local crystalline order of lipids might give rise to energy bands that could mediate charge transfer between neighbouring cation and anion specific channels, and hence to the possibility of massively parallel computation with similarities to quantum computing. So far these ideas remain purely speculative.
