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Primary Photoreaction Processes in Vision

Hideki KANDORI
Nagoya Institute of Technology, gokiso-cho, Showa-ku, Nagoya, Aichi 466-8555

(Received September 11, 2002)

This article reviews the primary reaction processes in thodopsin, a light-sensor protein in our vision. Rhodop-
sin has an 11-cis retinal as the chromophore, which binds covalently with a lysine residue through a protonated
Schiff base linkage. Picosecond time-resolved spectroscopy of 1 I-cis locked rhodopsin analogs revealed that
the cis-trans isomerization of the chromophore is the primary reaction in rhodopsin. Then, generation of
femtosecond laser pulses in the 1990s made it possible to follow the process of isomerization in real time.
Formation of photorhodopsin within 200 fs was observed by a transient absorption (pump-probe) experiment,
which also revealed that the photoisomerization in rhodopsin is a vibrationally coherent process. Femtosecond
fluorescence spectroscopy directly captured excited-state dynamics of rhodopsin, so that both coherent reac-
tion process and unreacted excited state were observed. Faster photoreaction of the chromophore in rhodopsin
than that in solution implies that the protein environment facilitates the efficient isomerization process.
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Fig. I Chromophore structure of bovine rhodopsin.
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Fig. 2 Photobleaching process of bovine rhodopsin. The
primary process isshown in the frame, which involves
excited state of rhodopsin, photorhodopsin and
bathorhodopsin.
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Fig. 3 Schematic drawing of ground- and excited-state po-
tential surfaces along the 11-ene tortional coordinates
of the chromophore of rhodopsin (A), 8- membered
rhodopsin (B), 7-membered rhodopsin (C), and 5-
membered rhodopsin (D). This figure is modified
from Mizukami et al.!®
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Table 1 Femtosecond Time-Resolved Spectroscopy of Rhodopsin.

Authors Year Samp Spectroscopy  Pulse property Ref
Schoenlein et al. 1991 Rh pump-probe pump: 500 nm, 35 fs, probe: 450-580 nm, 10 fs [14)
Yan et al. 1991 Rh pump-probe pump: 500 nm, probe: 520-620 nm, time-resolution: 300 fs [15}
Taiji et al. 1992 Rh(octopus) pump-probe pump: 525 nm, 300 fs, probe: 400-1000 nm [16]
Schoenlein et al. 1993  9<isRh pump-probe pump: 500 nm, 40 fs, probe: 450-670 nm, 10 fs nmn
Peteanu et al. 1993 Rh pump-probe pump: 500 nm, 35 fs, probe: 490-670 nm, 10 fs [18]
Wang et al. 1994  Rh pump-probe pump: 500 nm, 35 fs, probe: 490-620 nm, 10 fs {191
Wang et al. 1996  13-dmRh pump-probe pump: 500 nm, 40 fs, probe: 470-650 nm, 10 fs [20]
Kandori et al. 1996 8 bered Rh fluc e excitation: 444 nm, emission: 550-670 nm, time-resolution: 180 fs* 21]
Kobayashi et al. 1998 Rh (octopus) pump-probe pump: 525 nm, 300 fs, probe: 400-1000 nm 22]
Chosrowjan et al. 1998  Rh fluorescence excitation: 430 nm, emission: 578, 635 nm, time-resolution: 210 fs* {23]
Haran et al. 1999 Rh pump-probe pump: 500 nm, probe: 580-900 nm, time-resotution: 100-140 fs* [24]
Yan et al. 2001 Rh pump-probe pump: 500 nm, probe: 570, 605 nm, time-resolution: 300 fs [25)
Kandori et al. 2001 Rh fluorescence excitation: 430 nm, emission: 530-780 nm, time-resolution: 210 fs* [26]
Kandon et al. 1995 PSB11/MeOH fluorescence excitation: 444 nm, emission: 605, 695 nm, time-resolution: 170 fs* 27N

In sample condition column, animals are bovine except for two reports on octopus. 13-dm Rh: 13-demethylrhodopsin. PSB11/MeOH: protonated Schiff

base of 11-cis retinal in methanol.

*cross correlation width,
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Fig. 4 Fluorescence dynamics of bovine rhodopsin excited
at 430 nm and monitored at 530, 580, 630, 680, 730
and 780 nm. Smooth courves are the best fits ob-
tained by deconvolution procedure with the instru-
mental response function (FWHM: 210 fs). Three
kinetic components are used in the fitting;
femtosecond (125-330 fs), early picosecond (1.0-2.4
ps) and > 50 ps components, among which the
femtosecond component is major (58-87 %). This
figure is modified from Kandori et al. 26
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Fig. 5 Schematic diagram for the primary reaction processes
of rhodopsin. FC and FL correspond to the excited
Franck-Condon and fluorescence states, respectively.
FC-to-FL conversion followed by the ultrafast twist-
ing to the formation of photointermedaite and the
slow deactivation to the original state. This figure is

modified from Kandori et al.>®
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Fig. 6 Three-dimensional structure of bovine rhodopsin.
Peptide backbone of the protein is shown by stick
drawing together with the retinal chromophore (CPK
model).
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