
Super-Resolution Microscopy



Two separate principles are rewarded. One 
enables the method stimulated emission 
depletion (STED) microscopy, developed by 
Stefan Hell in 2000. 

Eric Betzig and William Moerner, working 
separately, laid the foundation for the 
second method, single-molecule microscopy. 
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Super-Resolution Microscopy







REversible Saturable OpticaL Fluorescence Transitions 
(RESOLFT)

Principle of resolution increase in a RESOLFT microscope. Horizontally a spatial dimensions is drawn. The red line 
corresponds to the spatially variable intensity of the light beam which drives molecules from a certain state (green) 
to another state (white). The blue line describes the level of saturation for this transition. Increasing the brightness 
(right side) of the light beam one can restrict the area, where molecules can reside in their original state (green) to 
arbitrarily small volumes
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Localization



Fluorescence Imaging with One 
Nanometer Accuracy (FIONA)



Fluorescence Imaging with One-
Nanometer Accuracy (FIONA)















Single-molecule High-Resolution 
Colocalization (SHREC)





Photoactivation localization microscopy (PALM)

Mean-squared position error:
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s is the standard deviation of the PSF. 
a is the pixel size in the image 
Nm is the total number of photons measured from molecule m 
bm is the number of background photons collected in the fitting window 

Russell E. Thompson, Daniel R. Larson, and Watt W. Webb, Biophysical Journal 82, 2775 (2002).
Eric Betzig, et al., Science 313, 1642 (2006).

Lateral resolution  Δxy ≈  0.61 λ / N.A.
≈ 200 nm

Axis resolution  Δz ≈ 2λ / N.A.2

≈ 450 nm 

Diffraction-limited system:

































Direct stochastic optical reconstruction microscopy (dSTORM) 

Angew. Chem. Int. Ed. 2008, 2009, Nature protocols 2011

Reversible photoswitching mechanism of standard fluorophores 

Localization imaging concept Multicolor imaging



Focal adhesion complexes on HS and pattern ECM surface
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TIRF images             Super-resolution images

Multicolor superresolution fluorescence imaging
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1. Characteristic distance between focal adhesion 
complexes.

2. Cross-correlation between different focal 
adhesion complexes.

3. Number of focal adhesion complexes at different 
adhesion types.
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J. Cell Sci. (2010).



Nature methods 6, (2009)

Pair correlation analysis

ρ(r) is the density of molecules at distance.

r from a given molecule.

is the average density of molecules, with 
this ratio averaged over the entire ensemble 
of molecules.

ρ
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Light sheet fluorescence microscopy















Optical Clearing
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