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ABSTRACT The picosecond fluorescence kinetics and quantum yield from bovine rhodopsin were measured in the
5-40°K range. The fiuorescence rise and decay times are faster than our resolution of 15 ps (full width at half
maximum) over this entire temperature range. The size of the observed emission was also temperature independent, and
we find that the upper limit of rhodopsin’s fluorescence quantum yield to be ¢; ~ 107>, Replacing all of rhodopsin’s
exchangeable protons with deuterons by suspending rhodopsin in D;0 had no effect on cither the kinetics of the emission
or the value of the quantumn yield. Our data provide strong confirmation of the idea that the first step in the visual
process is an excited-state cls-to-trans isomerization about the C11-C12 double bond of retinal.

INTRODUCTION

The visual pigment, rhodopsin, consists of a single chromo-
phore, 11-¢is retinal, covalently bound in the form of a
protonated Schiff base to the e-amino group of lysine-321
in the apoprotein opsin (1). Vision is initiated when the
chromophore absorbs a photon, and rhodopsin is trans-
formed to its primary photoproduct, bathorhodopsin.
There are a number of remarkable properties in the
primary photophysics of visual proteins. The formation
quantum yield of bathorhodopsin from rhodopsin {0.67)is
very high, indicative of an extremely efficient process.
Also, some two-thirds of the incident photon’s energy is
converted to chemical energy in the rhodopsin-to-batho-
rhodopsin phototransition, since the enthalpy of bathorho-
dopsin is some 35 keal/mol higher than that of rhodopsin’s
(2,3). This energy is used to drive subsequent thermal
reactions, ultimately resulting in visual perception.

The rhodopsin-bathorhodopsin transformation has been
extensively studied. The in situ retinal chromophore isom-
erizes, being converted from an 1l-cis isomer to a trans-
like species (1). The bathorhodopsin formation time is very
fast, <6 ps, at room temperature, being as yet unresolved in
picosecond absorption spectroscopic measurements. At
much lower temperatures near liquid helium, the forma-
tion time has been measured. Peters et al. (4) found that
the rise time of bathorhodopsin followed a non-Arrhenius
temperature dependence and increased markedly when
measured for samples suspended in D,O. These results
prompted their suggestion that a proton(s) translocation
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process is the rate limiting step in bathorhodopsin forma-
tion. Thus, there are at least two steps in the rhodopsin-
bathorhodopsin transformation, isomerization of the reti-
nal chromophore and proton motion of an unspecified, but
exchangeable opsin proton. The ordering of these steps is
unclear.

"Using picosecond fluorescence techniques, we recently
determined the fluorescence quantum yield, ¢y, of bovine
and squid rhodopsins at room temperature (5). Both
pigments yielded the same results within our signal-to-
noise ratio, where we found ¢; — 1.2 (x0.5) x 107°. From
¢; = 7,/ 7., we estimated that the nonradiative lifetime of
the process that competes with fluorescence to be on the
order of 0.1 ps. The rise and decay times of the emission
signal were faster than our resolution of 15 ps. In this
paper, we extend these measurements by studying the
fluorescence properties of bovine rhodopsin at very low
temperatures, in the 5-40°K range, and for samples sus-
pended in D,0 as well as H,0. We find the measured
fluorescence quantum yield and kinetics to be unaffected
by either changes in temperaiure or sample deuteration.
We conclude that the proton-transiocation rate limiting
step in bathorhodopsin formation is too slow to be the
process involved in that governing rhodopsin’s fluorescence
properties. Since previous results (5, 6) from our labora-
tory strongly suggest that the nonradiative decay process
competing with emission in rhodopsin does involve rota-
tional motion about retinal’s 11C-12C bond, we conclude
that the first step in forming bathorhodopsin is a fast
subpicosecond 11-cis-to-trans photoisomerization. We
described below constraints that our data places on the
relevant potential surfaces describing such rapid rotational
motion.
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We thus conclude that, of the two known processes
leading to the photochemical formation of bathorhodopsin,
photoisomerization about retinal’s C11-C12 double bond
proceeds proton translocation. The isomerization process is
very fast and very efficient. Moreover, our results are quite
consistent with previous work suggesting that the excited-
state potential surface along the torsional motion is bar-
rierless and fairly steep (11-13). This follows first from
rhodopsin’s extremely low emission quantum yield, which
requires a fairly steep surface (5). Moreover, should there
be any significant barrier to rotation in the first 45° of
rotation, we would generally expect a strong temperature
dependence to the emission, with a marked increase in
fluorescence quantum yield at liquid helium temperature
compared to room temperature. Such a conclusion is not,
however, unambiguous, The retinal chromophore must be
coupled strongly enough to its thermal bath environment so
that significant thermal equilibration occurs within ~0.1
ps after excitation for there to be any temperature depen-
dence of the emission propertics measured here. This
implies a rather strong coupling that may or may not exist.
Finally, we point out that the excited-state potential energy
surface slope, along the 11-12 torsional angle, is probably
similar in steepness for angles close to 0° or #rans (the
bathorhodopsin side of the surface) as it is for 180° or
11-cis (the rhodopsin side). This follows from the observa-
tion above that bathorhodopsin’s fluorescence quantum
yield is as small or smaller than rhodopsin’s, being =107%,
at feast for temperatures 220°K.
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