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Color Tuning Mechanism in Photofunctional Proteins:
A SAC-CI Theoretical Study

Jun-ya Hasegawa

Department of Synthetic Chemistry and Biological Chemistry,
Graduate School of Engineering, Kyoto University

The present talk summarizes some recent SAC-CI theoretical studies on the photoabsorption
spectral tuning mechanism in photobiological systems [1-5]. The role of light is roughly
classified into the energy resource and the information. In the former case, green plants and
some bacteria have the photosynthetic units in which the photon energy is efficiently
converted into the chemical energy [1]. In the latter case, since light is defined by spectrum
(wavelength and intensity), controlling photo-absorption energy is essential for
photo-functional proteins in our vision, plants, and some bacterial ion pumps. Fluorescent
proteins have got significant attention in the field of molecular imaging. It is therefore very
important to investigate how these proteins control the excitation energies of the chromophore
included.

In our recent studies, SAC-CI calculations successfully reproduced the absorption energy of
various retinal proteins, and the color-tuning mechanism was clarified for rhodopsin,
bacteriorhodopsin, sensoryrhodopsin, and visual cone pigment [2]. For the emission from
fluorescent proteins, role of protein environment was investigated [3]. For firefly luciferin, the
yellow-green luminescence had long been recognized as the fluorescence from the
enol-oxyluciferin. A recent experiment and our calculations suggested that keto-oxyluciferin
can produce the yellow-green luminescence with the help of the protein environment [4].

Depending on the protein environments, some chromophores, retinal and oxyluciferin for
examples, significantly change their photoabsorption energies. On the basis of our theoretical
analysis, we found a common feature in the character of the electronic transitions and the
protein electrostatic environment. On the basis of the proposed color-tuning mechanisms, we
also performed theoretical mutagenesis [4].
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