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Introduction

• Since the first studies of biological structures by early
pioneers of microscopy like R. Hooke and A. van Leeuwenhoek
in the 17th century, technical developments have led to greatly
improved image quality but were faced with a limit in optical
resolution.

• Based on experimental evidence and basic principles of
physics, E. Abbe and Lord Rayleigh defined and formulated
this diffraction limited resolution in the late 19th century.



Introduction

• Proposed in 1882 by Ernst Abbe: d = l/2NA

• d represents the diffraction limit of an optical microscope
which defines the ability to distinguish between two closely
spaced objects in the image plane (around 200 nm)

ÞMuch of the fundamental biology of the cell, however, occurs
at the level of macromolecular complexes in the size range of
tens to few hundreds nm.
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Introduction

The Point Spread Function (PSF) describes how a point-like object is spread out in the image



Introduction

The Point Spread Function (PSF) can be mathematically fitted to Gaussian distribution

Þ Methods to affine the Gaussian fit of the PFS in order to obtain a more precise
detection of the object’s centroid (Deconvolution, FIONA, SIM, PALM/STORM, STED)
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Introduction

RESOLFT concept: Reversible Saturable Optical Fluorescence Transitions, described
by S. Hell and colleagues in the early 2000
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• STED: Stimulated Emission Depletion Microscopy 
(1994-2000).

• SIM: Structured Illumination Microscopy (2000-
2007).

• FIONA: Fluorescence Imaging with One 
nanometer accuracy (2003).

• PALM: Photoactivated Localization Microscopy 
(2006).

• STORM: Stochastic Optical Reconstruction 
Microscopy (2006).

Methods



Structured Illumination: SIM

Structured Illumination Microscopy (SIM) The technique involves projecting a series of sinusoidal 'high frequency'
striped patterns (optical grating) onto the specimen. Moiré fringes containing information relating to the specimen's sub
resolution structure develop when this pattern illuminates finer labeled structures of the sample. This information is
extracted by image processing algorithms and a super resolution image is formed by combining multiple images
collected from different grating orientations. With SIM, one can expect to roughly increase the resolving power by a
factor of two (~100 nm). As the technique is not reliant on the properties of the fluorescent probe and does not requires
special sample preparation, it is possible to image most fluorescent labels.
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Structured Illumination: SIM

Mitochondria



Stimulated Emission Depletion: STED

STED (Stimulated Emission Depletion) microscopy: In conventional point-scanning confocal microscopy, photons in the
excitation laser beam (diffraction limited in size) cause electrons of the dye molecule to become excited from the ground
state to a higher energy level. Within a few nanoseconds, before these electrons have chance to relax and emit a photon
(the basis of fluorescence), a second red-shifted doughnut-shaped laser beam centered on the same excitation spot, is
applied. This second beam drives excited electrons, except for those located in the center of the doughnut, back to their
ground state by stimulating emission of a photon of the same wavelength. Thus, molecules located in the hole can
fluoresce normally whereas those surrounding cannot. By increasing the power of the depleting laser, the effective
diameter of the hole is reduced and with it, the size of the spot from which molecules are allowed to fluoresce.



Stimulated Emission Depletion: STED



Stimulated Emission Depletion: STED

Vesicles



Stimulated Emission Depletion: STED

Microtubules



Gated Stimulated Emission Depletion: 
gSTED



Gated Stimulated Emission Depletion: 
gSTED

Keratin filaments Nuclear protein



Single Molecule localization: PALM/STORM

Pointillism microscopy: In PALM (Photo Activation Localisation Microscopy), STORM (Stochastic Optical Reconstruction
Microscopy) and GSD microscopy techniques, the resultant image is formed from a number of individual dots; in this
case, each dot represent a single fluorescing molecule. These approaches exploit the properties of the fluorophore, in
particular its ability to be photoactivated, bleached or photoswitched. The essence of the technique is to switch
individual fluorescence molecules on and off and to image them using a camera. The center point of each molecule can
then be calculated computationally and its location recorded; the process is repeated hundreds and in most cases
thousands of times to form the final image.



Single Molecule localization: PALM/STORM



Single Molecule localization: PALM/STORM
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Comparison of the different methods
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• Zeiss: Elyra-PS.1 (PALM/BALM/STORM and 
SIM)

• Leica: STED-CW/gSTED and GSD
• Nikon: STORM and SIM
• Applied Precision: DeltaVision OMX v4 

(PALM/BALM/STORM and SIM)

Systems



Leica TCS SP8 with gSTED

Systems



Systems

Nikon N-SIM/N-STORM



Systems

Zeiss Elyra PS1



Systems

API OMX v4 Blaze



Systems
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Examples
Calyx of Held
synapse



Calyx of Held synapse

Examples



Examples

Calyx of Held synapse



Neuronal growth cone

Examples



Conclusions

Present trade-offs: At the present time, there is no ideal system available that could combine
the highest spatial resolution laterally and axially along with multicolor capabilities and
temporal resolution for live-cell imaging.
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