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Efficient and robust photoreaction regulated by multiple molecules in pigment protein
complexes
(Dept. of Life Sci. Tech., Tokyo Tech., JST-PRESTO) OToru Kondo

Biological system achieves high-efficiency, robustness, and multi-functionality. The
function is mediated by functional molecules embedded in a protein. While the molecular
properties are important to drive the system, I emphasize here that the protein serving as a
scaffold gives more essential advantages as the following: First, the protein has inhomogeneous
molecular binding sites, offering different physical properties even for the same type of
molecule. Second, molecular arrangements are highly optimized within the protein. Third is
the structural flexibility, leading to robustness and allowing response to environmental
perturbations. Thus, by tuning the protein scaffold, the system can obtain a variety of functions
with only few types of molecules. A lot of studies using spectroscopies, structural analyses, and
theoretical approaches, revealed arrangements and inhomogeneous properties of molecules in
proteins. However, the structural flexibility and dynamics of proteins remain poorly understood,
because the structural change is so small and often stochastic that it is averaged out and hence
not observed by conventional ensemble measurements. To overcome the limitation, I apply the
single-molecule spectroscopy. In this talk, I will discuss how the protein dynamics contribute
to the photochemical reaction in photosynthetic protein complexes, based on the fluorescence
fluctuation, cryogenic spectrum, and time-resolved signal observed at the single-molecule level.
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