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[ Abstract ] Cyanobacteria contain light-harvesting antenna megacomplexes called
phycobilisome to capture sunlight efficiently. Phycobilisome is composed of the different
pigment-protein complexes such as allophycocyanin and phycocyanin and its structure is like
a parabolic antenna. Light energy captured by phycobilisomes is efficiently transferred to
Photosystem Il which generates chemical energy by a water-splitting reaction. In this study,
we investigated energy transfer dynamics in the phycobilisome-PSII supercomplex from
cyanobacteria by picosecond time-resolved fluorescence spectroscopy. Energy transfer
dynamics in the supercomplex was observed and the energy transfer rate was determined.
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Fig.1 (A) A cartoon model of cyanobacterial antenna-photosystems in thylakoid membrane. (B) Fluorescence
decay curves after excitation into PC at 580 nm. (C) Decay-associated fluorescence spectra obtained by a global
analysis.
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[Abstract] Fi-ATPase (F, hereafter) is a rotary molecular motor driven by ATP-hydrolysis. To
reveal its physical-power generation mechanism, we established two analytical systems, static and
dynamic X-ray crystallographic systems, by using recombinant bovine F;. The studies provided
various rotation interim snapshots for elementary steps of release of product phosphate and ADP. The
former structures identified stepwise rotation of rotor and widening of the phosphate binding pocket
during phosphate release at atomic level. Sequence of the structural transition was further confirmed
by our dynamic time-divided X-ray crystallographic study. The ADP-releasing intermediate structures
unveiled a dynamic conformational rearrangement in the catalytic subunit (especially at p-loop) for
ADP release. These results provide one of power-generation mechanisms that elastic energy
accumulated inside protein molecule, originally provided by ATP-binding, is released by the trigger of
the phosphate release and converted into the physical power to drive rotation.
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[Abstract] It is known that chromospheres in fluorescent protein absorb or emit different
wavelength depending on the interaction with amino acids around chromospheres. IR
spectroscopy is one of powerful tools for the investigation of structure of biological molecules
including proteins. However, there are too many amino acid around chromospheres to detect
IR absorption of chromospheres selectively. In addition, it is difficult to measure IR spectra of
biological molecules in aqueous solution because of strong IR absorption of water. In this
study, we have developed a novel transient fluorescence-detected resonance IR spectroscopy,
which detect IR absorption of fluorescent molecules selectively. We have succeeded in
measuring the IR spectrum of flavin mononucleotide (FMN) in aqueous solution. The IR
spectrum of FMN is compared with the spectrum measured in sound Raman spectroscopy,
and the similarity of those spectra will be discussed. In the presentation, we will report the IR
spectrum of fluorescent protein chromospheres in aqueous solution.
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Optical Property of Electronically Excited Hemoglobin
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[ Abstract] Optical property of electronically excited hemoglobin was investigated by
conducting transient absorption measurement of hemoglobin in water. Electronic excitation
by UV femtosecond (fs) pulse resonant to the gamma transition induced the decrease of
absorbance in the wavelength region from 600 nm to 650 nm. Whereas, NIR fs pulse
induced the increase of absorbance in the same wavelength region. The absorbance change
remained for several ps after UV pulse irradiation, whereas the change distinguished within
several hundred fs after NIR irradiation. These results indicate that hemoglobin molecules
excited by UV multiphoton contributed to the negative absorbance change and those excited
by NIR multiphoton to the electronic excited states energetically higher than the states
reached by the UV multiphoton contributed to the positive absorbance change. In addition,
the molecular band-like sequential absorbance change was observed in the wavelength range
from 650 nm to 750 nm. The energetic difference between the bands was about 450 cm™
and the change was attributed to Fe-OH vibration.
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A Chemical Mechanism of One-Way Proton-Coupled
Electron Transfers in Biological Systems

oKentaro Yamamoto', Kazuo Takatsuka'
! Fukui Institute for Fundamental Chemistry, Kyoto University, Japan

[ Abstract] We propose a chemical reaction mechanism of unidirectional proton transportation,
in an analogy of sequential one-way electron transfer [1]. The core molecular moiety that works
to transfer protons from one site to another is schematically represented as “---AH---Y(<—X)H
--*BH---”, in which AH = acid, BH = base, YH = (weak acid), and X = (redox counterpart for
Y). “:--” denotes hydrogen bonding. Y should become a strong acid when it is oxidized by X.
AH is hydrogen bonded to a proton supplying unit (PS), whereas BH is tied with a proton
accepting unit (PA). It is shown that the system, if appropriately designed, can perform
unidirectional proton pumping from PS to PA. The key to materialize this “chemical machinery”
is the contact and the recession of X and Y to switch on and off the electronic coherence for the
coupled proton electron-wavepacket transfer (CPEWT) and the inverse CPEWT.
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Fig. 3. Schematic snapshots of the one-way proton transfer
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