4P071

SAC-CLRIC & 2 AR FREA R OERBITAR
B LR AT
OB KR, ik

Theoretical Study of Photoreceptor Protein by SAC-CI method

oTomoo Miyahara, Hiroshi Nakatsuji
Quantum Chemistry Research Institute, Japan

[Abstract] Rhodopsins consist of seven transmembrane o-helices (opsin) with a retinal
chromophore. The retinal chromophore shows photo-isomerization from all-trans to 13-cis in
microbial rhodopsins. The photo-isomerization acts as a light-driven outward proton pump in
bacteriorhodopsin (BR) and as a light-driven inward chloride pump in halorhodopsin (HR).
A sodium-ion pumping rhodopsin (KR2) was discovered by Kandori and Nureki et al. In this
study, to elucidate the ion-pumping mechanisms of BR, HR and KR2, we have theoretically
calculated their ground and excited states using the symmetry adapted cluster-configuration
interaction (SAC-CI) method that clarified the color-tuning mechanisms of visual rhodopsins
in human retina. The SAC-CI studies showed (1) the excitation energies change by the ARG
rotation for the L and N intermediates in BR, (2) the water molecule hydrogen-bonding to the
Schiff base exists as a hydroxide ion instead of a chloride ion for the O intermediate in HR
and (3) the retinal chromophore is 13-cis for the O intermediate in KR2.
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Fig.3. Structure of HR.

(Fig.4), "REA LM,N,O (2% T, ASP116 23alds L 7= R AE

RYDFHFEEZ LIZL Z A, ASP116 NEfisd 5 Z izl v,

Ik N Na'833 v 7 L REAT& 5 2 & AT B wﬁ.(‘Asmlz
7o F72. BR & HR OHfj{k O ® L FF—/ 1T all-trans T ASP116

b2 DITx L, KR2 OFfH{A O 1% Na™2vilis L 72 DIk A&
TLFF—/T 13-cis THDH I ENREB I,

[BHEE] AWF7Caiix. BARRAIER SHRER A o 2 — R BIZ LV ES
NebDOTHY, BN LET,

[ 3CBR] [1] Y. Shichida, T. Matsuyama, Phil. Trans. R. Soc. B 364, 2881 (2009). [2] K. Tsutsui, Y.
Shichida, Photochem. Photobiol. Sci. 9, 1426 (2010). [3] O. P. Ernst, D. T. Lodowski, M. Elstner, P. Hegemann,
L. S. Brown, H. Kandori, Chem. Rev. 114, 126 (2014). [4] H. E. Kato, K. Inoue, H. Kandori, O. Nureki, et al.
Nature 521, 48 (2015). [5] H. Nakatsuji, K. Hirao, J. Chem. Phys. 68, 2053 (1978), H. Nakatsuji, Chem. Phys.
Lett. 59, 362 (1978), 67, 329, 334 (1979), Bull. Chem. Soc. Jpn. 78, 1705 (2005). [6] M. Ehara, J. Hasegawa, H.
Nakatsuji, Theory and applications of Computational Chemistry, The First 40 Years, Elsevier Oxford, (2005);

pp.1099. [7] SAC-CI homepage. http://www.qcri.or.jp/sacci/ (16/12/2012). [8] K. Fujimoto, J. Hasegawa, H.
Nakatsuji, Bull. Chem. Soc. Jpn, 82, 1140 (2009).

Fig.4. Structure of KR2.



