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Super-resolution microscopy:  The resolving power of lens-based optical microscopes was 
generally believed to be limited to about half the wavelength of the observation light (Abbé 
theory). It was realized in the early 1990s, however, that the limiting role of diffraction could be 
overcome using various ‘tricks’.  This has led to the development of fluorescence microscopes 
with nanoscale spatial resolution. This article discusses the principles of some of these methods 
together with their differences in implementation and operation and potential future 
developments. Some of the many acronyms in this field (STED, PALM, STORM etc.) are defined.  
Note: there is also a useful collection of papers on super-resolution microscopy published in 
Nature (http://www.nature.com/nmeth/collections/superresmicroscopy/index.html); an 
animated tutorial can also be found at http://zeiss-
campus.magnet.fsu.edu/tutorials/superresolution/resolft/index.html. 
 
Question: Describe three different approaches that can be used to extend the resolution of 
microscopes beyond the ‘diffraction limit’. 
Answer: Perhaps the easiest method to explain is the stimulated emission depletion (STED) 
approach that was described in the book (Fig. 7.1.16). The aim here is to reduce the size of the 
point spread function (PSF) by stimulating fluorescent emission from a ring of fluorophores.  
Another approach is to use periodic excitation patterns (structured illumination microscopy: 
SIM). The illumination pattern interacts with the fluorescent probes in the sample to generate 
interference patterns know as Moiré fringes. By collecting data with modulated illumination 
patterns, reconstructed images with double the lateral and axial resolution can be obtained. SIM 
enhances the spatial resolution by collecting information outside the normal observable region. 
The reconstruction process is done in reciprocal space using Fourier transformations.  
A third approach involves localizing individual labelled molecules. Although multiple 
fluorophores that are situated close together cannot be resolved if they emit at the same time, 
focussed excitation can be applied so that, at a given moment, molecules are switched on only 
one at a time so that they can be detected in isolation. Data acquisition involves recording 
several thousands of frames of such single molecule images. Individual fluorophores appear as a 
diffraction-limited PSFs whose (xy) coordinates can be determined by fitting to a model 
function (e.g. a two-dimensional Gaussian – see Fig. 7.2.6 in book). Variants on localization 
microscopies include fluorescence/photo-activated localization microscopy (F/PALM), 
stochastic optical reconstruction microscopy (STORM) and ground-state depletion and 
individual molecule return microscopy (GSDIM).  
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