Thelr microscopes
crossed the threshold

Optical microscopy had long been hindered by a presumed limitation: that
it was impossible to achieve a resolution better than half the wavelength of
light. Eric Betzig, Stefan W. Hell and William E. Moerner are awarded the
2014 Nobel Prize in Chemistry for ingeniously bypassing this limitation.
Their revolutionary work has taken optical microscopy to nano dimensions.

Using what is now called nanoscopy,
researchers can see the paths of individual
molecules inside living cells. For example, they
can see how molecules form synapses between
the brain’s nerve cells or follow aggregating
proteins in cases of Parkinson’s, Alzheimer's or
Huntington's disease.

Optical microscopy is one of the most
important tools in the life sciences, allowing
researchers to observe processes inside
living cells. However, it had long been thought
that it would be impossible to discern a cell
in molecular detail. In 1873, microscopist
Ernst Abbe determined a threshold for optical
microscopy: its resolution would never be better
than half the wavelength of light, approximately
0.2 micrometres - but, thanks to the 2014 Nobel
Laureates in chemistry, optical microscopy can
now be used to observe the nano world.

The principle of STED microscopy

Two different principles are being recognised
and rewarded; both build upon researchers
labelling the objects to be studied with
fluorescing molecules. The idea for one of
the microscopy methods, stimulated emission
depletion (STEDJ, came to Stefan Hell in 1993,
and he realised it experimentally in 2000.

The theory behind the second method, single-
molecule microscopy, was laid out by Eric Betzig
in 1995 - but it was William Moerner who built
its practical foundations in 1989, when he was
the first person to detect a single fluorescing
molecule. The second decisive step was taken
by Moerner in 1997, when he developed a tiny
molecular lamp that he could turn on and off.
Thanks to these successes, Betzig was able to
actualise single-molecule microscopy in 2006.

Regular optical microscope STED microscope

Exciting

2000 - Hell develops STED microscopy

1. In a regular microscope the light beam is
broad and the resolution is never better than
0.2 micrometres.

2. Stefan Hell started to use two laser beams in a
microscope. One excites all the fluorescing
molecules which make them glow. The second,
which is ring-shaped, quenches all the

laser beam

Quenching
laser beam

fluorescing molecules apart from those within a
nanosized volume.

3. The laser beams sweep across the sample,
nanometre by nanometre. The researchers know
exactly where the beam hits the sample and can use
this information to process the image, resulting in
aresolution that is far better than 0.2 micrometres.

Conventional microscopy

Super-resolved microscopy
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2006 - Betzig develops single-molecule

- microscopy
": L - 1.1n 2006, Eric Betzig circumvented Abbe’s limit
o ® ¥ using a variant of GFP similar to that produced
o : " by Moerner. Using a weak pulse of light he
* a turned on a fraction of all the fluorescing GFP
" * s s B in a sample. Because so few were excited the
:r‘;-:- distances between them were large and the

microscope could discern every single GFP.

High-resolution image
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The picture shows
a cell nucleus and
proteins that form
pores leading into
and out from the

nucleus. Important ‘
molecules are ]

transported in and 7, \

out of the nucleus

through these pores.
The picture was taken
using STED microscopy.

1989 - Moerner lays the foundation ()
for single-molecule microscopy

Single-molecule microscopy builds upon a
discovery that was awarded the Nobel Prize in
Chemistry 2008: the green fluorescent protein
(GFP]. Using gene technology, researchers
couple GFP to other proteins they want to study
in a cell. GFP functions as a molecular lamp that
shows where the protein is. In 1997, William E.
Moerner found a variant of GFP that could be
turned on and off, like a tiny molecular lamp
with a switch.
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The principle of single-
molecule microscopy

The distance between
each protein > 0.2 ym
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2. The blurry images
were processed using
probability theory
so that they became
much sharper.

3. When Betzig layered
all the images on top
of each other, they
produced a high-
resolution image

in which individual
proteins could be
discerned.
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Single flourescent protein
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