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STED microscopy in a nut shell

Nuclear pores

Göttfert et al 2013, Biophys J

Tubulin

Wildanger et al 2008, Optics Express
Hippocampal neurons

D’Este et al 2015, Cell Reports

• Confocal microscopy based super 

resolution technique

• Reshapes the distribution of 

fluorescence

• Does not require subsequent image 

reconstruction



Basic principles of STED microscopy

• Laser scanning technique

• Two overlapped beams scan the sample 

simultaneously
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Basic principles of STED microscopy

Confocal image STED image

‘Instant’ super resolution imaging – no need 

for computational reconstruction



Light path in STED microscopy

Emission filter

Image from Clausen et al 2015 - Methods

Makes the 

beam into a 

donut



How does STED work?
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How does STED work?

The STED wavelength 

must coincide with the 

emission spectrum 

but not the excitation 

spectrum of your 

fluorophore!
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Resolution in STED microscopy

• Resolution is determined by the size of the donut 

‘hole’

• Higher STED beam power  smaller hole

STED beam power

Fluorescent spot size

Maximum 

resolution 

~40-50nm

Images from Harke et al 2008, Optics Express



Time gating to increase resolution

How can you tell the difference between 
fluorescence photons emitted from the 

hole…

…and stray photons emitted from beneath 
the donut (STED is not 100% efficient!)



Time gating to increase resolution
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Time gating to increase resolution

Not gated

Vicidomini et al 2013, PLOS One

Gated



Main advantages of STED microscopy

• Confocal-based – fast scanning over small 
regions, good penetration depth, multicolour

• No need for specialised fluorophores

• STED laser power tunes resolution

• No need to computationally reconstruct images

Movie from Lauterbach et al (2010), J Biophotonics

Synaptotagmin in axon

28 frames per second

Scale = 250nm



Drawbacks of STED microscopy

• Very high laser intensities required for highest 
resolutions (photobleaching, phototoxicity…)

• Little improvement in z-resolution vs. confocal

• Beams must remain aligned

• Only one STED laser



Useful references

Nobel Prize lecture by the inventor of STED microscopy

First paper describing time gating in 

STED microscopy

Leica Microsystems’ Science Lab 

website 

Nature Methods (2011)


