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Insights into closed enzymes

Scientists at the University of Konstanz and Umea University in Sweden have ar-
rived at a structural model of the enzyme adenylate kinase in its closed state

The adenylate kinase enzyme is crucial to managing the energy budget of cells, accelerating
the biochemical process whereby energy is stored or released. The enzyme continuously
changes between open and closed states. In its closed form, adenylate kinase is particularly
active biochemically and thus able to accelerate the chemical reaction of “docked” mole-
cules that it has encased like a clam. These are called ligands. Researchers at the Universi-
ties of Konstanz (Germany) and Umea (Sweden) have managed to generate a structural
model of the atomic make-up of the enzyme in its closed state, including an embedded lig-
and. Using nuclear magnetic resonance (NMR) spectroscopy and X-ray crystallography,
structural information about the enzyme in its closed state was won — information, that is,
about the precise moment that the enzyme is biochemically particularly active. A particular
trick was necessary to facilitate the structural analysis of the enzyme’s closed state in the
first place. The research findings, which provide important information about the biochemi-
cal mechanisms that govern the energy budgets of cells, were published in the Journal Pro-
ceedings of the National Academy of Sciences (PNAS).

The adenylate kinase enzyme opens and closes like a clam: it opens to receive a ligand and closes
in order to “process” it biochemically. Afterwards, it opens once again to release it and admit the
next ligand. This happens 340 times per second — much too fast to map the individual stages of the
process via structural analysis. For structural biologists, gaining information about the closed state
of the enzyme at the precise point in the process where biochemical activity peaks is of immense
value. Professor Michael Kovermann, junior professor of magnetic resonance spectroscopy at the
University of Konstanz, found a way to make this possible. He introduced a disulphide bond as a
“chemical thread” of sorts in order to force the enzyme to take on its closed form and trap it in this
state. The enzyme remains in exactly this position, allowing the researchers to analyse it using
NMR spectroscopy and X-ray crystallography. Kovermann was able for the very first time to gener-
ate images of the precise moment that the enzyme processes the ligand biochemically.

Two years earlier, he had already managed to take structural images of the enzyme in its open
state and with the ligand already in place. “The beauty of it is that, now, we are able to image both
liminal states and to make the structural data publicly available”, Kovermann says.
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His trick of trapping the enzyme in its closed state can now be used in further inquiries. The state of
the enzyme can be controlled by linking or removing the disulphide bond. Kovermann’s analyses
had already shown that the enzyme’s affinity for reaction — the chemical pull between the enzyme
and its ligand — increases many times over in its closed state, whereas its productive turnover de-
creases at the same rate. In other words: Chemical activity between ligand and enzyme is particu-
larly high during the closed state. But turnover decreases because the ligand cannot escape the
closed “clamshell”, which means fewer ligands in total pass through the enzyme.

Kovermann was also able to prove that adenylate kinase’s structural dynamic strongly depends
upon the interaction between enzyme and ligand — i.e. upon the presence or absence of a ligand.
To do so, he compared the enzyme’s closed state for both variations, with and without a trapped
ligand. If there is no ligand, the closed enzyme’s dynamic remains unchanged as compared to its
open state. However, once a ligand is present, marked changes can be observed. “This behaviour
is counter-intuitive, it's not what one would expect”, explains Michael Kovermann. “It is only thanks
to NMR spectroscopy that we were able to document this surprising result”.
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Please click here to download an image:
https://cms.uni-konstanz.de/fileadmin/pi/fileserver/Bilder/Disulfidbr%eC3%BCcke.jpg

Caption: Representation of electron density at the disulphide bond (yellow, between C56 and
C163) and in its close vicinity.
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