Time-resolved recording of protonation dynamics in the water splitting Photosystem Il
using step-scan Fourier transform infrared spectroscopy
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In photosynthesis, Photosystem Il plays the role of water splitting. Upon absorption of photons, H
2 O is split in oxygen and hydrogen at the site of the oxygen evolving complex (OEC). The
oxygen evolving complex undergoes a cycle of different states, with the states being advanced by
the absorption of one photon, and four photons are needed to split one water molecule.
Understanding how this water splitting takes place at the atomic level plays a major role in the
development of artificial catalysts, which are needed for sustainable production of hydrogen, an
anticipated clean, sustainable and renewable fuel source.

Several possible proton paths from the oxygen evolving complex to the lumen have been
proposed based on a crystal structure with 1.9 A resolution [1]. In these paths, amino acid
residues like carboxylic acids play a role in passing on the protons. Fourier transform infrared
spectroscopy is a powerful tool to track protonation dynamics of amino acid residues [2]. In
steady-state difference spectra, the states of the OEC are investigated by comparing the spectra
before and after applying a laser flash. Time-resolved spectra can be obtained using the step-
scan technique.

One of the obstacles of step-scan measurements to overcome are laser artifacts [3]. These are
artifacts in the detector signal domain which stem from the laser flash which advances the OEC
to the next state. The decay of these artifact signals is in the time domain of the signals to be
examined, so careful examination and extensive averaging of several spectra are needed. What
is more, many samples are needed to record only one spectrum, because the water splitting
cycle can be repeated only a few times.

To solve these problems, a setup has been designed to automatically record many
measurements in a row [4]. The next step in researching photosynthetic water oxidation will be to
record a time-resolved spectrum using the step-scan method.
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