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Solving mysterious enzyme structure

December 12 2012

The two structures of the core of nature's water oxidizing catalyst Photosystem
IT, which interconvert by changing bonds between an oxygen and its two
manganese bonding partners; a different spectroscopic signal is produced by
each arrangement. Credit: Max Planck Society

Scientists at the Max Planck Institute for Chemical Energy Conversion
(MPI CEC) have solved a long-standing puzzle in photosynthesis

research. With the aid of quantum chemistry they were able to provide
unexpected insight into the properties of the oxygen evolving complex
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(OEC). The OEC is the catalyst in plants that splits water using sunlight
in order to build carbohydrates, thus powering all life on earth. Its
precise structure, which was showing enigmatic spectroscopic behaviour,
could now finally be solved with the aid of quantum chemistry.

In one of its most studied oxidation states the OEC revealed two types of
spectroscopic signals. These signals could be converted to one another by
various treatments, but not in any structurally comprehensible way.
Moreover the signals are so complex that a detailed molecular structure
could not be deduced.

With the aid of theoretical spectroscopic techniques, Dr. Dimitrios
Pantazis, scientist at the MPI CEC, and his colleagues were able to show
that the two signals are caused by two energetically similar and
interconvertible structures of the complex. The core of the enzyme
consists of a partial cubic structure made of manganese, calcium and
oxygen (Mn4CaOS5 s. figure). "Calculations show, that the two structures
differ only by one bond, that swaps between the central oxygen and the
two terminal manganese atoms", states Pantazis. This small change has a
huge impact on the electronic structure and thus the spectroscopic
properties of the molecule. Both structures are almost equal in energy
and the bond swapping can happen over a low energetic barrier.
Crucially, the scientists at the MPI additionally proved using theoretical
simulations that each of the two structures has a distinct spectroscopic
signature and that these two signatures have a one-to-one correspondence
with the experimentally observed spectroscopic signals.

The deep understanding of the OEC is fundamental in order to further
elucidate nature’s mysteries on the oxidation of water, a reaction that
plays an essential role for energy research, such as in artificial
photosynthesis.

After these striking findings, research by Pantazis and his group is
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currently focused on identifying whether the oxygen atom swapping
bonds with the manganese is one of the oxygen atoms released from the
enzyme as molecular oxygen. The new findings will shed light on the
kinetics and exchange of water molecules that take part in the reaction,
paving the way for a detailed atomic-level understanding of the
mechanism of water oxidation.

More information: Published online in Angewandte Chemie
International Edition, August 21 dx.doi.org/10.1002/anie.201204705
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