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A method based on spectroelectrochemistry to monitor intramolecular electron transfer in [NiFe]
hydrogenase was developed. In the presence of indicators, electron transfer can generate spectral color
changes that may be measured to determine the intramolecular electron transfer rate.

In chapter 2, we describe the electron transfer monitoring system, equipped with a potentiostat and a
spectrometer, which was used to follow electron transfer processes by the spectral changes. In a test
system, Mn-porphyrin and Co-porphyrin were immobilized on an indium-tin oxide (ITO) electrode, and
the intermolecular electron transfer rate between them was measured from their spectral changes using the
designed monitoring system. The successful measurement of the intermolecular electron transfer rate
confirmed the utility of the experimental design.

In chapter 3, a method to prepare a hydrogenase-immobilized ITO electrode (Hyase-ITO electrode)
was developed, which exploited electrostatic interactions between the hydrogenase and NH;"™ groups that
covered the ITO electrode surface. Cyclic voltammograms of the Hyase-ITO electrode displayed typical
hydrogenase catalytic current. This indicated that the acidic amino acid carboxyl group near the distal
[4Fe4S] cluster was connected to the ITO surface, and confirmed the occurrence of electron transfer
between the ITO electrode and the distal [4Fe4S] cluster. Subsequently, Mn-tetrapyridylporphyrin
(MnTPyP) was bound to the [NiFe] cluster, allowing effective monitoring of electron of [NiFe] cluster via
the color change in MnTPyP.

In chapter 4, the intramolecular electron transfer rate of [NiFe] hydrogenase was measured using the
developed system. Di-(3-aminopropyl)-4,4'-bipiridine was bound to the distal [4Fe4S] cluster via an amino
group, and a pyridyl group of MnTPyP was bound to the [NiFe] cluster on the ITO electrode. When the
electrode potential was stepped from 0.1 V to —0.8 V, the electron transfer rate from the distal [4Fe4S]
cluster to the [NiFe] cluster via two iron-sulfur clusters was measured, affording a rate constant of 8 s .
When the electrode potential was stepped from —0.8 V to 0.1 V, the electron transfer rate from the [NiFe]
cluster to the distal [4Fe4S] cluster via two iron-sulfur clusters was 1.0-1.5 s *. Therefore, the rate for
intramolecular electron transfer between the distal [4Fe-4S] cluster and [NiFe] cluster of hydrogenase was
successfully measured by the developed system.

In chapter 5, a hydrogenase-based photoinduced hydrogen evolution system was constructed on an
ITO electrode. Hydrogen was continuously evolved under steady-state visible light irradiation at a rate of
3.4 x 10 ** mol s *. Thus, a photoinduced hydrogen evolution system was successfully constructed on an
ITO electrode.

In conclusion, the intramolecular electron transfer of hydrogenase was successfully monitored using
the developed analytical system.
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