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The Manganese Complex of Photosynthesis in its
Catalytic Cycle: New Approaches in X-ray Absorption
Spectroscopy to Analyse Structure and Mechanism

Abstract Determination of the nuclear geometry together with structural rearrange-
ments and electronic changes of the MnyCa complex of photosystem II (PSII) may facil-
itate an in depth discussion of the mechanism of photosynthetic water oxidation. In the
work presented here X-ray absorption spectroscopy is applied to approach these questions
with the following results: (1) A complete data set of EXAFS-spectra was collected at
room temperature in all semi-stable S-states of the catalytic cycle. The data was anal-
ysed with respect to the XANES and the EXAFS part and compared with equivalent
data from measurements at 20 K. The central findings are: (a) There are no significant
structural differences between the 20 K and the RT data. (b) The finding, that a third
di-p-oxo-bridge is formed in the Sy—Ss-transition is supported by the new data. (2) A
comparative model study with bi-nuclear Mn-complexes in different oxidation states re-
veals a likely connection between oxidation state transitions and bridging mode changes
which may be modelling the native complex. (3) As a new approach XANES ab-initio
simulations are used to analyse electronic and structural changes during the S-state tran-
sitions. Structural models are used to evaluate the potential of XANES-simulations and
an interpretation of spectral features by complementary MO calculations is given. Spectra
from structurally known models are then used to demonstrate the possibility of a quanti-
tative description of XANES-structure and differences due to structural rearrangements
and oxidation state changes. Furthermore geometrical fitting of XANES data to model
structures is implemented and validated. (4) The method of XANES-simulation employed
for interpretation of the S-state difference spectra by systematic parameter studies and
geometrical fitting with hypothetic models of the Mny complex of PSII. (5) To evaluate
the potential of XANES-simulation with respect to the XANES polarization dependence
a theory is developed to treat Linear Dichroism XAS from partially ordered samples with
high-order or full-multiple scattering simulations. This theory is applied to hypothetical
models of the manganese complex to estimate the orientation of the p-oxo-bridges with
respect to the membrane normal.
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