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Full-Quantum chemical calculation of the absorption

maximum of bacteriorhodopsin: a comprehensive waor X, P83
analysis of the amino acid residues contributing
to the opsin shift Figure 1 Graphical representation of the

chromophore and its surrounding residues in bR.

The residues and water molecules labeled with
'ﬁ::ﬁ - for Biological Resources and Informatics, Tokyo Institute of Technology, B-62 4259 Nagatsuta-cho, Midori-ku, Yokohama 226-8501, the b| ue |e t te rs are inC| u de d as the QM re gion in
“Fujitsu Laboratories, Ltd., 10-1 Morinosato-Wakamiya, Atsugi 243-0197, Japan the ON IOM geometry Optl m |Zat|on for mode| 3.

Tomohiko Hayashi', Azuma Matsuura®, Hiroyuki Sato> and Minoru Sakurai’

Table 2 Results of the Full-QM excitation energy calculations at the INDO/S-CIS level and the corresponding experimental data

Model A /eV fe Opsin shift'eV  Ap®/D Main Cont’.* Locations of MOs*

1 2.16 1.23 +0.05 8.04 H1 — L (0.94) (PRSB-Y185) — PRSB

2 2.30 1.40 +0.19 8.02 H1 — L (-0.74) (W138-W189) — (PRSB-Y185) - PRSB
H2 —» L (0.57) (W138-W189) + (PRSB-Y185) - PRSB

3 2.30 1.40 +0.19 8.05 H1 — L (=0.75) (WI138-W189) — (PRSB-Y185) — PRSB
H2 — L (0.56) (W138-W189) + (PRSB-Y 185) - PRSB

chrom.® 2.11 2.17 5.90 H — L (0.95) PRSB — PRSB

bR (obsd) 2.18 +0.15

chrom. (obsd) 2.03

* QOscillator strength.

" Dipole moment change upon excitation.

¢ Main configuration with the absolute value of CI coefficient (in parentheses) being >0.3. H: HOMO, L: LUMO, H1: HOMO-1, H2: HOMO-2.
4 The left-hand side of the arrow is the residues on which H, H1 or H2 is localized. L is localized on PRSB in all cases.

¢ Protonated Schift base of 6-s-trans-all-trans retinal. The geometry was optimized at the B3LYP/6-31G(d,p) level.
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Figure 4— The charge distribution along the retinal polyene chain. ® Ground State
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Each value of charge corresponds to the sum of the charge on the
carbon atom of interest and those on the attached H atoms. (a) The
data for the gas-phase PRSB, whose geometry was optimized at
the B3LYP/6-31G(d,p) level. (b) The data for the supermolecular
complex composed of PRSB and the counterion residues (Asp85,
Asp212 and W402). Its geometry was taken from the optimized bR 005 1
(model 3). (c) The data for PRSB in bR (model 3). 010
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Figure 7 1 Schematic representation of the molecular orbital
diagram for the excited state responsible for the main
absorption band (A max ). (a) the wild-type bR, (b) W138G and
W189G, and (c) YA185G. In all the cases, LUMO was localized
only on the chromophore PRSB (see Figure 4(b)).

«—Figure 6 (a) Graphical representation of the electron
density difference between the ground state and the excited
state responsible for the main absorption band (A max): an
increase in the electron density upon excitation is shown
by the yellow lobes and a decrease by the green lobes.
(b) The occupied and unoccupied MOs to form the singly
excited configurations whose absolute values of the ClI
coefficients are larger than 0.3. The data were taken from
the calculated results for model 3.
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