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                                     様式３ 

論 文  内  容  の  要  旨  

氏  名  （    大友 章裕    ）  

論文題名 

Resonance Raman Studies on Structure of Novel Rhodopsins 

（共鳴ラマン分光法による新規ロドプシンの構造化学研究） 

論文内容の要旨 

The aim of this thesis is to reveal the relationship between function and structure of photoreceptor 

protein, rhodopsin. Rhodopsins possess a retinal molecule as a chromophore in common inside a protein moiety. 

The retinal chromophore is covalently bound to the lysine residue forming Schiff base. The photoisomerization 

of the retinal chromophore induces the global conformational change of protein, which generates diverse 

functions such as ion transport, photosensor, vision, body-color change, and more. It is important to achieve 

a comprehensive understanding of how rhodopsins generate various functions despite sharing a similar 

structural motif. To achieve this goal, firstly, I focused on the light-driven sodium ion pump, KR2. KR2 

is a good model to investigate the functional and structural relationship in rhodopsin. Because KR2 works 

as a sodium ion pump in the presence of sodium ion but as a proton pump in the presence of larger monovalent 

cation, such as potassium ion. In addition, since KR2 is a first discovered protein, which functions as a 

sodium ion pump, the understanding of the sodium ion transport mechanism in KR2 is an overriding issue. Next, 

I focused on the newly discovered heliorhodopsins (HeRs), which are paid attention since they have a low 

homology among other rhodopsins and their function are unknown. I used resonance Raman spectroscopy in order 

to reveal the structure both of the retinal chromophore and the protein moiety of KR2 and HeRs and to elucidate 

the relationship between the function and structure. 

In Chapter 1, the basic structural and functional properties of rhodopsins, which are classified into 

three types, and principles of Raman spectroscopy are explained. There, I describe the diverse functions 

of rhodopsins and the reason why I selected KR2 and HeRs as target proteins. The materials and methods are 

described in Chapter 2. In Chapter 3, I give detailed descriptions of the investigation of the ion binding 

effects on the retinal chromophore of KR2. I found that not only sodium ion but also potassium ion binds 

to KR2. The sodium ion binding alters the structure around the retinal chromophore, which increases the 

distance between the protonated Schiff base and its counter-ion. Since the ion binding site located far from 

the retinal chromophore, this ion binding effect suggested that the allosteric communication between the 

Schiff base and ion binding site. In Chapter 4, the protein structural changes during sodium ion transport 

in KR2 is investigated. Although the structural changes of the retinal chromophore have been studied so far, 

there are few investigations about them of protein moiety. I succeeded to observe the structural changes 

of KR2 using time-resolved ultraviolet resonance Raman spectroscopy for the first time. The time-resolved 

spectra indicated that some tryptophan and tyrosine residues show structural changes during sodium ion 

transport. By using the KR2 mutants, I proposed that a helix movement is essential for sodium ion transport. 

In Chapter 5, I investigated the chromophore structure of HeRs from two distinct species. I revealed that 

the chromophore has a distinctive geometry and forms a strong hydrogen bond with not water molecule but amino 

acid residue. On the basis of these spectroscopic features, we concluded that HeRs work as a photosensor. 

I demonstrated that resonance Raman spectroscopy is useful not only for the elucidation of the ion transport 

mechanism of rhodopsin but also for the study of rhodopsin of unknown function, through this thesis. 






