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B. Huang (2009); Dempsey et al. (2009)

AIIT Switchable probes commercially available
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Bates et al., 2005, Bates et al., 2007, Huang et al., 2008
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Heilemann et al., 2009

Reviews:
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Lukyanov et al., Nat. Rev. Cell Biol., 2005

Lippincott-Schwartz et al., Trends Cell Biol., 2009
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PALM:

IT Photoactivated Localization Microscopy
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Betzig et al., Science (2006)

AT PALM: Examples
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PALM: Examples

Nanooptics 24/5 Betzig et al., Science (2006)

A&IT STORM:

Stochastic Optical Reconstruction Microscopy

B-SC-1 cell, anti-B tubulin

Commercial ABERLYAD secondary antibody
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R STORM:

Stochastic Optical Reconstruction Microscopy

¥ -] B-SC-1 cell, anti-B tubulin

Commercial secondary antibody
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AIT  STORM: nuclear pore complex
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AT 3D STORM
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Zhuang et al., Science (2008)
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AT 3D STORM: Examples

Zhuang et al., Science (2008)
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ALUT 3D STORM: Examples

500 nm

Zhuang et al., Science (2008)
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Stochastic Optical Reconstruction Microscopy:
AT P i

Conclusion

Limitations

>

Technique is only available for fluorescence applications (not possible for light
transmission, scattering or phase-sensitive applications) and needs special dye
molecules (switching ability) in the sample (labeling).

Low time resolution due to the large number of required image frames. Mostly
(for biological specimens) fixation is needed thus giving ,only" structural
information.

Low fluorophore density can ensure high localization precision but leads to less
optical information due to ,pixelization (unconnected image point).

High label density gives smooth images but may lead to interaction of
neighboured fluorophores and thus quenching; localization precision may suffer
from higher uncertainty to measure photons of two or more molecules.

Non-specific labeling may lead to a high background.
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AT

4.4 4pi microscopy
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AT 4Pi Microscopy

The task:

= Increase resolution in fluorescence microscopy over
classical Abbé Limits

0.42
FWHM,, = - = xy resolution: ~ 200nm
n-sina
= z resolution (confocal): ~ 500nm
FWHM, = 0.452 ( )
n(1-cosa)

ALUT 4Pi Microscopy

= 4Pi microscopy combines the Numerical Aperture of 2 opposing
objectives through interference
= The 4Pi focus volume is a factor 3 — 5 times smaller than the confocal focus
= The axial resolution at the excitation wavelength of 780 nm is 110nm
= Interference side lobes are removed by linear point deconvolution

Confocal focus cross section 4Pi focus cross section
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Leica

Nanooptics 24/14 Leica
AT  Central element: the 4Pi Interferometer
o
Lo
= |llumination and imaging
from both sides, phase-
and wavefront-corrected
= Two photon / confocal
system for scanning
Leica
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AT 4Pi Interferometer controls
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Leica
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AIT  Objectives for 4Pi - outstanding specifications

Specifications:

= Focus aberration of each individual objective:
max. 300nm in the range 488nm to 633nm

= Objective pairs must be identical within +/- 50
nm in the range 488nm - 633nm.

= Color magnification error must be less than
1% within the range of 488nm - 633nm.

= Magnification of both objectives must be
identical within 0,1%

-> Matching objective pairs need to be selected
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AT 4Pi Microscopy: Sample preparation
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AT Performance at theoretical limits

= Calculated (blue) and measured (red) optical resolution for a thin structure (mirror)

Confocal

05 zlum] 1

4Pi
Wavelength: 840nm
Objective: 1.4 NA (Oil Immersion)
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Parasitology: Human red blood cell - membrane
AT o

separation by 4Pi microscopy

nm)
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= Zresolution ~ 100nm

= Cell membrane
(Band-Ill-protein)

= Clear separation of membranes 100 nm apart labelled with
Qdot® 585-coupled
Dr. J.A. Dvorak and Dr. F.Tokumasu, antibodies
National Institute of Allergy and Infectious Diseases, NIH, Washington (USA)
Leica
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AT

4.5 Stimulated emission depletion (STED)
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AT Stimulated Emission
Stimulated
ny Emission

By, =By, =B
) for non-degenerate states

m
Excitation Absorption Spontaneous
Emission
n, =Bu()n, —Bu()n, —An,
The coefficient A (spontaneous emission) depends on the density of states:
4 B-h
—_— = . VvV
8 v2/c3
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STED: Confinement by "Inverse Saturation”
IT or "Saturated Depletion"
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= Light that drives A—B X

Hell et al., in Pawley (ed.), Biological Confocal Microscopy (2006)
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AT STED Microscopy

Spot volume: 12 attoliter w2-
phaseplate =—=

Spot volume: 0.67 attoliter
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S.W. Hell, J. Wichmann (1994), Opt. Lett. 19, 780
_ T.A.Kiar, S. Jakobs, M. Dyba, A. Egner, S.W. Hell (2000). PNAS 97, 8206
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