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Glimpse into the nanoworld: Microscope
reveals tiniest cell processes

August 7 2024

Representation of the highly sensitive detector that is part of the newly
developed fluorescence microscope. It consists of 23 individual detectors,
enabling the resolution to be doubled. Credit: Alexey Chizhik, Gottingen
University

What does the inside of a cell really look like? In the past, standard
microscopes were limited in how well they could answer this question.
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Now, researchers from the Universities of Gottingen and Oxford, in
collaboration with the University Medical Center Gottingen (UMQG),
have succeeded in developing a microscope with resolutions better than
five nanometers (five billionths of a meter). This is roughly equivalent to
the width of a hair split into 10,000 strands. Their new method was
published in Nature Photonics.

Many structures in cells are so small that standard microscopes can only
produce fragmented images. Their resolution only begins at around 200
nanometers. However, human cells, for instance, contain a kind of
scaffold of fine tubes that are only around seven nanometers wide. The
synaptic cleft, meaning the distance between two nerve cells or between
a nerve cell and a muscle cell, is just 10 to 50 nanometers—too small for
conventional microscopes.

The new microscope, which researchers at the University of Gottingen
have helped to develop, promises much richer information. It benefits
from a resolution better than five nanometers, enabling it to capture even
the tiniest cell structures. It is difficult to imagine something so tiny, but
if we were to compare one nanometer with one meter, it would be the
equivalent of comparing the diameter of a hazelnut with the diameter of
the Earth.

This type of microscope is known as a fluorescence microscope. Their
function relies on "single-molecule localization microscopy," in which
individual fluorescent molecules in a sample are switched on and off and
their individual positions are then determined very precisely. The entire
structure of the sample can then be modeled from the positions of these
molecules. The current process enables resolutions of around 10 to 20
nanometers.
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https://www.nature.com/articles/s41566-024-01481-4
https://phys.org/tags/cells/
https://phys.org/tags/microscope/
https://phys.org/tags/fluorescence+microscope/

a b Shift vectors' image correlation

Carnera

3 \
Lens Oblectlve Optical e 8 of B SaelZe  x" e xlle—x®
lens b=
fibre arra =
M R -~ ‘ X
Laser

Bandpass Lens 0k

\'4 Quad-band ong pass Lenses optical ‘ | | | .
Mirror beam splitter Oﬁ’t'gfl filter -+ - ; L -

x shift (pixels)

oy |
Beam
@84 splitter ‘ 0
' L

c Confocal d ISM e fism f 12

X Confocal
IsM

* fISM

Rel. intensity
o o
o @
T T

o
kS

2 S s L
0 0.2 0.4 06 08 10
Distance (um)

0.5 pm 0.5 pym

ISM setup and calibration. Credit: Nature Photonics (2024). DOI:
10.1038/s41566-024-01481-4

Professor Jorg Enderlein's research group at the University of
Gottingen's Faculty of Physics has now been able to double this
resolution again—with the help of a highly sensitive detector and special
data analysis. This means that even the tiniest details of protein
organization in the connecting area between two nerve cells can be very
precisely revealed.

"This newly developed technology is a milestone in the field of
high-resolution microscopy. It not only offers resolutions in the single-
digit nanometer range, but it is also particularly cost-effective and easy
to use compared to other methods," explains Enderlein.
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https://phys.org/tags/nerve+cells/
https://phys.org/tags/resolution/
https://phys.org/tags/resolutions/
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The scientists also developed an open-source software package for data
processing in the course of publishing their findings. This means that this
type of microscopy will be available to a wide range of specialists in the
future.

More information: Niels Radmacher et al, Doubling the resolution of
fluorescence-lifetime single-molecule localization microscopy with

image scanning microscopy, Nature Photonics (2024). DOL:
10.1038/541566-024-01481-4
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