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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
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WA, 2000 EUBEEEEMER AL LRALSL, BRRCES SHTIZERbroTE T, KKER
BB AHMERCBVC, FHln FF v odns IO TRRSRET MY 7 AL 4 (Nat) K> 7 KR2
BIOREROR RV L7 I BEREEL b ERVATERESATHRE~Y 4 r RFY Yy (HeR) oW
THRETV., LTIk~ 2EE L% TE,

(1) KR2 DA A ki ofmH

KEEHEA AL BT UTF, A RCT) iF, MEEEZN LA A ORBIB%ELITOEY VI BT
B, VFF—ABEARDOREEICERENEZ VRV BBEEIR I > TA Bt Ehd, 2hET
. T hy (HY) REASAFY (C1) REZBETIERMOA AL R IRERENTVWD, L4 0F
CBEORE, ThOBHBONEAEE, HBEORCHLEDL, XBORLEREE I —LLTWVBI
HLEDLT, BETIAA L RE VNIV BEDLCRRDATHD, NatBy 7 ORRITBEA AL OREE % 1
R, TOBESHIEDE, BEAFLOBHBEEL, DPIRMEOENIC L > TS AL BRI - BRSh
TWBZ L ERBT DM, £ OWHEE LA LEFEIIZARV, ,

RKEEE, KR2 BEEHOA A RBICKE L THBRELBERT BHEICHER Lz, KR2 i NatFET T
A NatBy 7L LT, Natk Y RERKBEET TR H R 7L LCHIET 2, 20D, 1BEDY v/ &
FROWT 2HEADA A VRSN EB TR A A BREBCEERHR B OND L E 2, £ 20, KR2
BEEA L2V B OBEORAB LA A VBRI T OHES A T I 7 2OBBAICRYBATR,

BIFEIZ >V Tid, KR2 885 Nat i BB TO Nat DB EIZ L o T, RAH L R Y RFF FEL OAERES
BMENBRDZLEHLMC L, BEKEVOIZ, RAHOKRBAEM L NatRAEHA L4 24 AbBER T
WHEETHDB, F RNV BREICH D NaEABWAL~DOA F AN, 2RI BRARCH D REMECT~Y
v 7 ADHEEEN L TED D, NatB o 7l L HE Y 7HEL YV B X CO BB~ IcRE LE,

BEIZOWTIE, Nat R F&ME HR V74 L T, IVBHECH LR RISPRIED & vy B
EROPIC L, ZORSTRAR, ZOAR, MEICH-S T NatOBA L HHAEE 570, KR2 OHER
RICBEERTHAECHE, ZREZAVEERSLFRACBONTEEEERLET I BEEXRAE
L. 2285 NarOBGA & T D ~Y v 7 2 DMELIL R HEE L,

(2) HeR DR AHBEOHRMEDR R

HeRIZ 2018 FICER ENTZa FTF VU ThH D, HIRIFVFF—ARAHZAELTEBD ., # U 37 G#ED
REROBWMAEDH e K7LV LHEPTHB EEZ BN TVS, —F, 73/ BAEREIIED TELS . #ewR o
RV ERRARBHERIT I —CBTHLEEZONTND, ZTOMELRMTHY . HeR & 4 HE
R EDRBHIERRDENTWVD, T TRKEKER, BT ONEZHAVT, HeR DORGHKEE %
A WAEDE R NF YU ORGAMEE L B U, FAGEERLE HeR ORAH O AR b, HEH
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