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Light microscopy: most popular microscopy technique in life sciences

Electron microscopy, etc.
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. because of the diffraction barrier:
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... because of the diffraction barrier:
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What | believed around 1990:

“... the resolution limiting effect of diffraction can be overcome (...) by

fully exploiting the properties of the fluorophores. Combined with modern quantum
optical techniques the scanning (confocal) microscope has the potential of
dramatically improving the resolution in far-field light microscopy.”

SWH, Opt. Commun. 106 (1994)
accepted November 1993
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STED microscope:
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STED microscope: Hell & Wichmann, Opt. Lett. (1994)
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STED microscope:
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STED microscope: Hell & Wichmann, Opt. Lett. (1994)
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Viral infection
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Insight:
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Env (Ab 2G12)
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Synaptic vesicles in axon of living hippocampal neuron
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shapshot
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Scale: 300 nm

Westphal, Rizzoli, Lauterbach, Jahn, SWH, Science (2008)



Synaptic vesicles in axon of living hippocampal neuron

Video rate STED

Synaptotagmin
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28 frames/ second

Scale: 300 nm

Westphal, Rizzoli, Lauterbach, Jahn, SWH, Science (2008)



Neurophysiology STED

in living mouse brain

23 x 18 x 3 um, 10us / px, 800 x 600 x 5 px, interval 5 min ~20 um deep

Cortical neurons expressing
cytoplasmic EYFP

Berning et al, Science (2012)



The resolution
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STED microscope:
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Material sciences, magnetic sensing, quantum information x 200 nm
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Principle: Discern by ON / OFF states in the sample
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Principle: Discern by ON / OFF states in the sample
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RESOLFT: many ,doughnuts’ (zeros) in parallel

... because of low intensity operation.
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RESOLFT: many ,doughnuts’ (zeros) in parallel
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What does it take to get the best resolution ?



20th century:

... Separate features by focusing Ilght
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20th century:
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Solution:

.. separate by molecular (on/off) States
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STED, csp, ssim, RESOLFT, ...

.. separate by molecular (on/off) States
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STED, csp, ssim, RESOLFT, ...
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Superresolution
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... down to molecular scale.






