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Structured Illumination Microscopy (SIM) 

MRC have also funded a SIM station on Octopus. With this 
technique, the sample is illuminated with a pattern, usually the 
image of a grating. Doing this allows the use of computational 
methods to remove out-of-focus blur. Frequency mixing of the 
illumination pattern with the sample caused by the moiré effect 
results in a downmodulation of fine sample detail into the 
frequency-support region of the detection optical transfer 
function. High-resolution SIM achieves typically a twofold 
lateral resolution enhancement over conventional methods4. 

 

 
 

Figure 4. Chromosomes imaged by conventional widefield 
microscopy (left) and SIM (right) (Image courtesy of 
Christophe Lynch). 

 

Alternating Laser Excitation FRET 

The final development this year on Octopus is not an imaging 
technique, but uses the ability to detect fluorescence from single 
molecules to obtain information about the structure of 
molecules and molecular complexes. Förster Resonance Energy 
Transfer (FRET) is a well-established technique that uses the 
non-radiative transfer of energy between two fluorescent 
molecules to obtain distance information in the sub-10 nm 
range. FRET measurements can be obtained from single 
molecules, either attached to glass cover slips or in solution, the 
latter being achieved through using a confocal set-up and a very 
low sample concentration, the result being that only a single 
molecule or molecular complex is likely to be in the illuminated 
volume at any time. Alternating Laser Excitation (ALEX) is a 
development that uses two alternating laser sources to excite 
fluorescence from each member of a FRET pair5. This allows 
not only accurate distance measurements but also measurement 
of stoichiometry. The technique is being used by a number of 
Octopus users to characterize biomolecular systems such as 
macromolecular assemblies and chaperone proteins. Figure 5 
shows the output from a typical ALEX-FRET experiment.  

 

 
Figure 5. ALEX experiment measuring the distance between 
two labeled residues on a protein. FRET efficiency is plotted on 
the axis labeled “Epr” and possibly indicates multiple states, 

one with a FRET efficiency around 0.3, with evidence for 
higher FRET efficiency states extending to around 0.8. This 
may correspond to variations in the conformation of the protein. 

 

Conclusions 

The availability of these new techniques makes Octopus one of 
the most advanced optical microscopy facilities in the world, 
and add to the wide range of imaging techniques available on 
the Harwell Campus. Support for users includes sample 
preparation and data analysis advice and assistance as well as 
assistance with data collection. Potential users are invited to 
discuss applications with the Octopus support team. 
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