Cool microscopy captures

Life In atomic detail

Jacques Dubochet, Joachim Frank and Richard Henderson have been
awarded the Nobel Prize in Chemistry 2017 for their development of
an effective method for generating three-dimensional images of the
molecules of life. Using cryo-electron microscopy, researchers can
now freeze biomolecules mid-movement and portray them at atomic
resolution. This technology has taken biochemistry into a new era.

A picture is a key to understanding. Scientific
breakthroughs often build upon the successful
visualisation of objects invisible to the human
eye. However, biochemical maps have long
been filled with blank spaces because the
available technology has had difficulty
generating detailed images of life's molecules.
Cryo-electron microscopy changes all of
this. Scientists can now generate models
of the cells’ complex machineries at atomic
resolution, which is decisive for both the
basic understanding of life’s chemistry and
for the development of pharmaceuticals.
Electron microscopes were long believed
to only be suitable for imaging dead matter,
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Cool method protects the samples

In the early 1980s, Jacques Dubochet developed
the sample preparation method that has enabled
the development of cryo-electron microscopy.
The samples are cooled extremely rapidly, so
that water solidifies in its liquid form - it vitrifies.
Cooling prevents the sample from drying out

in the electron microscope’s vacuum, and from
incineration by the harsh electron beam.
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because the powerful electron beam destroys
biological material. But in 1990, Richard
Henderson succeeded in using an electron
microscope to generate a three-dimensional
image of a protein at atomic resolution.

This breakthrough proved the technology’s
potential and Richard Henderson predicted
the revolution that cryo-electron microscopy
is currently experiencing. The desired
atomic resolution was reached in 2013, and
researchers can now routinely produce three-
dimensional structures of biomolecules.
Biochemistry is all set for an exciting future!

1. The sample to be
studied is transferred
to a metal mesh and
excess material is
removed.

2. The sample forms
a thin film across the
holes in the mesh.

It is shot into liquid
ethane, which is
cooled by liquid
nitrogen, -196 °C.
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3. The water in the
sample solidifies in
its liquid form. During
the measurements
in the electron
microscope the
sample is cooled by
liquid nitrogen.
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Many fuzzy pictures form a sharp whole

The fuzzy 2D images from the electron
microscope are analysed and merged to reveal a
sharp 3D structure, using the image processing
method developed by Joachim Frank between
1975 and 1986.
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4. Randomly
oriented proteins are
hit by the electron
beam, leaving a
trace, a projection,
on the image.
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5. The computer
discriminates
between the traces
and the fuzzy
background, placing
similar ones in the
same group.

6. Using the
information gathered
from thousands

of low-resolution
images, the computer
generates a high-
resolution 2D images.

7. The computer
calculates how the
different 2D images
relate to each other
and generates a
high-resolution
structure in 3D.
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2015: atomic resolution

From blobology to atomic resolution

Over the past 30 years, every nut and bolt of
the electron microscope has gradually been
optimised. Resolution has improved, Angstrom
by Angstrém, and Richard Henderson has had
a central role in this development. The final
technical hurdle was overcome in 2013, when
a new type of electron detector came into use.
Electron microscopy now routinely provides 3D
images that show each and every atom in life’s
molecular machineries, allowing scientists

to depict everything from proteins that confer
resistance to antibiotics to the Zika virus.
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