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Choosing the right technique for your approach 

Resolution 



xy resolution: ~ 220 nm 

z resolution (confocal): ~ 520 nm 

Resolutionx,y = λ / 2NA 

Resolutionz = 2λ / [NA]2 

Huang et al., 2009 

Resolution 

It is physically impossible 

to resolve smaller objects! 



Kam et al., 1997 

numerical aperture 



How is it possible to resolve 

complexes smaller than 220 nm by 

light microscopy? 



Restricting the z-axis 



Super resolution microscopy 

– Stimulated emission depletion (STED) 

– Saturated illumination microscopy (SIM) 

–  Localization microscopy 

• stochastic optical reconstruction microscopy (STORM)  

• (fluorescence) photo-activation localization microscopy (f)PALM 

– Various others…  

 
 

Nobel Prize in Chemistry 2014 for surpassing the limitations of the 
light microscope 

 
Eric Betzig, Stefan W. Hell, William E. Moerner 

 



Localization microscopy 

• STORM = Stochastic  Optical Reconstruction Microscopy 

(Zhuang 2006) 

• PALM = Photoactivated Localization Microscopy (Betzig & Hess 

2006) 

• FPALM = Fluorescence Photoactivation Localization 

Microscopy (Hess 2006) 

• PALMIRA (Hell 2007), GSDIM (Hell 2008), dSTORM (Sauer 

2008), SMACM (Moerner 2008) 

• PAINT (Hochstrasser 2006), SPRAYPAINT (Moerner 

2011),SOFI (Weiss 2009) 

• And others… 



Allen et al, 2013 

Zeiss 

• Single molecules can be 
localized with high 
precision 
 
 

• Serial imaging makes it 
possible to reconstruct 
the positions of all 
labeled molecules 
 

 The principle of single molecule localization 
fluorescence microscopy 



 The principle of single molecule localization 
fluorescence microscopy 

• Single molecules can be localized with high precision 

• Biological specimens typically contain many labeled 
molecules 

• By imaging only a few molecules at a time, it is 
possible to reconstruct the positions of all the 
labeled molecules 

• This can be achieved by switching fluorescent 
molecules between “on” and “off” states 

 



Moerner, 2006 

Huang et al., 2009 

 The principle of single molecule localization 
fluorescence microscopy 



Photoswitchable dyes and 
fluorescent proteins 

Photoactivatable and 
photoconvertable 
fluorescent proteins 

 Fluorophores for single molecule localization 
fluorescence microscopy 

Dempsey et al., 2011 



 Principle of localization fluorescence 
microscopy 



Treat your sample well 

Fornasiero and  

Opazo, 2015 



Numerous fluorophores / dyes already 
exist 

Allen et al., 2013 



Fluorophores make the difference 

Wang et al., 2014 

Localization of HU-PAFPs in E. coli 



Fluorophores make the difference 



Localization accuracy is 
proportional to the number of 
photons detected from a single 
fluorescent molecule  

N is the number of photons gathered 

a is the pixel size of the imaging CCD detector 

b is the standard deviation of the background (which includes background 

fluorescence emission combined with detector noise) 
si is the standard deviation or width of the distribution (in direction i) 

Zeiss 
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background 
noise 

photon 
noise 

finite pixel 
size detector 



Fluorophores make the difference 

Wang et al., 2014 



The dark site of the fluorophore 

• PALM (dark, activated, on until bleached) 

• Photoswitching (on / off) 

–  Isomerizations 

–  Photochemical conversion to dark state with optically induced recovery 

•    Blinking where excitation intensity controls emitting concentration 

– Triplet states 

– Reversible photochem. (EYFP) 

– Redox dark state 

Moerner, 2013 



Nan et al., 2013 

Determination of cluster size 



Lee et al., 2012 

Determination of cluster size 

c: time interval of  
blinking events 

FliM-Dendra2 



Determine blinking characteristics 

Renz et al, 2012 



Coltharp et al., 2012 

Determine blinking characteristics 

PALM image of E. coli FtsZ-mEos2 with conventional 
clustering thresholds: spots within 167 nm (1 camera 
pixel) and 50 ms (1 frame) were grouped together and 
plotted. 



Determine blinking characteristics 



Nref  
Nunprocessed  / average number of localizations () 
N = number of molecules 
 

Dtmax 
total imaging acquisition time /  
number of localizations (detected in the maximum density region) 

Coltharp et al., 2012 

Determine blinking characteristics 



Drift correction 

not corrected            corrected 

Fluorescent bead 



Multicolour imaging 

By activation wavelengths 

• Dye-pairs 

• Crosstalk from nonspecific activation 

• Laser sequences 

• Single channel detection 

• Images naturally aligned 

By emission wavelengths 

• Simple fluorophores 

• Low crosstalk 

• Continuous imaging 

• Multi-channel detection optics 

• Needs nanometer scale  

image alignment  



Imaging in 3D 



3D fPALM 



Single molecule localization super 

resolution microscopy 

• High precision, lateral resolution 

~20-40 nm (in vivo) 

• Quantitative imaging, visualizing 

single molecules 

• 3D imaging possible 

• gentle imaging conditions 

 

•  Requires special fluorophores / 

dyes 

•  Computational heavy 

•  Long imaging time   

• drift correction required 

• difficult for life cell imaging 

Advantages        Disadvantages 
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