Atomic Force Microscopy in Life Sciences –
Applications and Instrumentation
Introduction.
The atomic force microscope (AFM) has become a powerful tool for the visualization, probing and manipulation of biological systems from living cells down to single molecules. AFM measurements can be carried out in buffer solution under physiological conditions, which is crucial to study the structure and function of biological objects. 
This lecture will give an overview on various applications and instrumentation developments regarding AFM in Life Sciences.

How AFM works.
Atomic Force Microscopy operates by scanning an ultra small tip (radius<10nm), supported on a 100-200 µm long force-sensing cantilever, over the sample and thereby producing a three-dimensional image of the surface. Probe-sample interactions induce bending of the cantilever typically measured through a laser deflection signal change that is recorded on a photodetector. A feedback control system responds to those changes by adjusting the tip-sample distance in order to maintain a constant deflection/ distance to the sample surface. It is essentially this vertical movement of the tip that translates into a topographical image of the surface with accuracy of few nm or less. 

Alternatively the AFM tip can be oscillated at a certain frequency thereby having only intermittent contact with the sample (TappingModeTM). Lateral forces are significantly reduced in this more gentle imaging mode that has been successfully applied to image isolated and fragile objects like DNA strands or proteins inserted into lipid bilayers. 

Spatial Resolution in AFM.
Atomic force microscopy can provide spatial resolutions of a few nanometers and below. The actual achievable resolution depends on the size of the AFM tip (can be as small as 1 nm in radius) and the mechanical properties of the biological sample. Highest resolutions providing submolecular details have been achieved on flat biological membranes. It was possible to construct atomic models of supramolecular assemblies from topographical images, in the case of photosynthetic proteins or channel proteins. Furthermore, great progress has generally been made in cell imaging. On these soft and dynamic samples structural details in the order of tenth of nm can be imaged. 

Force Spectroscopy and Force Volume: Cellular mechanics. Single molecule recognition,  affinities and energies. Receptor localization and trafficking.
The AFM can probe forces existing between AFM tip and a biological sample with high spatial resolution. For this purpose the AFM tip is approached to the sample, contacted, indented into and retracted from the sample. Forces induce a cantilever deflection that is recorded as function of approach-retract travel distance. The quantification of forces is possible because the cantilever obeys Hooke’s law and its spring constant can be measured. In this manner unique insight can be gained into the mechanics of a living cell and its changes upon addition of a drug for example or salt concentration change. It was possible to distinguish cancerous cells from their healthy analogues by elasticity measurements. Another striking application is related to the unzipping or unfolding of individual bio molecules like membrane proteins or DNA. Molecules can be attached between AFM tip and sample surface or even be picked or “fished” from the surface by the AFM tip. Upon pulling, molecules are stretched and gradually weak intra-molecular bondings are broken apart. Refolding of the molecules is possible upon approach back to the sample. Repetitive unfolding and refolding experiments give insight into the energy landscapes of individual molecules. 

In the so called Force Volume Imaging mode an array of force curves is collected over a selected area. Such an array gives information about the lateral distribution of mechanical properties and interactions. For example it is possible to distinguish cell elasticity between the nucleus and its softer environment. Force Volume Imaging is highly automated in Veeco’s BioScope II. Most interestingly AFM tips can be modified with biological active molecules, e.g. by using a ligand modified AFM tip it is possible to screen for specific receptors on the surface of a living cell and even observe receptor trafficking. 

Combining AFM with Optical Microscopy
In recent years the powerful combination of AFM with light microscopy has opened a new dimension for Life Science Research. Multiple application benefits of combining optical microscopy and AFM have been demonstrated: 

· Optical navigation of AFM probe to a region of interest 

· Mechanical probing of elasticity, affinities and intra-molecular forces with optical identification 

· Mechanical manipulation with optical observation 

· Registration and overlay of optical and fluorescence images and high resolution AFM topographs 

Typical biological samples are: Living and fixed cells, bacteria, viruses, tissues, membranes, lipid bilayers, filaments, single molecules (DNA, RNA, proteins), 2D and 3D protein crystals
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