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The famous diffraction limit according to Abbe represents a physical boundary on the optical resolution, which settles at around half of the used wavelength. Formerly thought to be unbreakable, advances have been made in the
field of microscopy that have led to super-resolution microscopy techniques. With these, it is possible to circumvent the Abbe limit or to evade its validity and thus also map subcellular structures, for example. In 2014 Betzig, Hell
and Moerner were awarded the Nobel Prize in Chemistry for the development of super-resolved fluorescence-based microscopy, which not least underpins the topicality of the subject.

Here, we therefore provide an introductory overview of this kind of microscopy and the super-resolution that can be achieved with it. We show qualitatively that the usage of a confocal setup with the Airyscan technique leads to a
high gain in resolution. The non-diffraction limited STED technique enables an even higher resolution improvement by a factor of approximately 8. In addition, Fluorescence Correlation Microscopy is shortly discussed, which allows
an evaluation of achievable resolutions, here especially for STED microscopy. This is completed by a demonstration of live cell imaging. For this and additionally for a z-scan of a cell we provide supplementary videos.

SETUPS FLUORESCENCE MICROSCOPY
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LIVE CELL IMAGING

Microscopy of living cells enables the study
of their dynamics, e.g. by using time series.
This leads to a better understanding of the bi-
ological functions of the cells. Fluorescence
microscopy has a great impact here because
it allows to study specific organelles or even
single proteins. In Fig. 7, the peroxisomes are
labelled by transient gene expression with the
fluorophores mCherry (red) and PA-GFP
(green) and subjected to confocal microsco-
py. PA stands for photoactivatable, which
means that the fluorophore must be activated
with 400nm light before it can fluoresce. This helps to follow the motion of the peroxisomes. As visible in the
supplementary movie 2, there are three types of motion: rest, vibration and fast directed motion.

FLUORESCENCE CORRELATION SPECTROSCOPY
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Fitting the correlated data for a STED microscope properly, provides a
parameter to derive the resolution:
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This leads to Fig. 8, where the calculated values for the resolution are
presented together with the data of two spots, which were analysed deplotion laser power [%)

with FCS. Overall, the curve could be reproduced, but there are devia- g g Comparison of calculated and FCS-
tions in detail, which can be attributed to too few measurements. determined resolution for STED microscopy.
However, FCS is more commonly used to
measure the diffusion coefficient of lipid
membranes or comparable structures.

Fig. 7: Comparison of the peroxisomes before and after the photoactivation.
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