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Cis—trans isomerisation in
vhodopsin occurs in picoseconds
IThas been believed for some time that the primary eventin vision,
the photochemicul formation of bathorhodopsin, can he attri-
buted to a cis-—-trans photoisomerisationt. Recently this model has
been questioned. Busch e af. proposed that the less-than-6-ps
formation time of bathorhedopsin from rhedopsin does notatlow
sipnificantisomerisation of the | L-ciy cheomophaore to an wll-frans
isomer?, This appurent dilliculty with the iy ey photo-
isomerisation moded has prompted alternative models including
(1) & mechanism involving deprotonation of the Schiflt” base
nitrogen?, (2) proton transier rom the retinal methyl at position
five to opsin®* {involving the shifting of double bonds along the
polyene chain Lo form a “retro’ type retinal), and (3) a photoin-
duced electron transfer to retinal from a protein donor group®. We
have approached this question by performing  picosecond
absorption kinetic measurements on the fosmation time of
buathorhodopsin from bovine rhodopsin and isorhodopsin, The
essence of this experiment is that bathorhodopsin, being the
commaon photo-product of thodopsin (1 L-¢is retinaty and isorhod-
opsin (9-cis retinal) must be anisomerised product o at least one of
these pigments, but could be a product ef both pigments (that is,
basically all-zrens retinal), Thus formation time measurements of
bathorhodopsin from the two primary pigments cin settle whether
isomerisation can take place on the picosecond time scule.
Rhodopsin s the visual pigment in disk membranes of verteb-
rate rod cells?. 1tis composed ol the chromophore, 11-¢is retinal,
~covalently tinked through i protonated Schill’ base to a small
protein called opsin. On absorption of a photon by the
chromophore, a consccutive series ol thermal intermediates is
formed ending inthe release of all rany retinad and free opsin®?,
The opsin binding site also accommodates a 9-civ retinal, This
pigment, isorhodopsin, has the same thermal intermediates as
rhodopsin. The first thermal intermediate, batherhodopsin, has
been shown to be generwted from rhodopsin in less than 6 ps at
room temperature iand thermally decays in about 100 ns (ref. 2),
The picosecond apparatusis detailed in Fig, 1. Generated pump
and probe pulses were at 530 and 561 nm respectively. Rod outer
segment membrane fragments were isolated from dark-adapted
bovine retinae essentially s deseribed previously!'©, Solubilised
rhodopsin was obtained by extracting the membrance fragments in
3% laveyldimethylamine oxide @nd 5¢ mM phosphate bufter (pH
6.6). lsorhodopsin was prepared photochemically'! by taking
some of the rhodopsin samples to Hquid nitrogen temperature,
irradiating using the 568.2-nm krypton laser light, and warming.
Allmeasurements were taken it room temperature, and the sample
stirred between cach laser pulse to avoid light induced sample
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Fig.2  Luser-induced absorbancechangesat 361 nm axa function of
time in detergent selubilised bovine rhodopsin( % ) und isorbodopsin
{ @) at room temperature. Bathorkodopsin is the only intcrmcdri,uw
during the bleaching of bovine rhodopsin known to sbsorb strongly
at 561 nm. The encrgy of the 53-pump pulse was about 1074
the energy of the S6T-mm probe pulse was wbout 1077 1, The beam
sizes were about 1 mm? for the pump and 0.5 mm? for the prohe.
The samples {ubout 1.5 ml) were held in 0.5-cm cuvettes. The con-
centrutions were about 4 A cmtoat the absorption peaks near
500 nm; the rulios A ,y0 ey, were about 0.3 and ctios Aoyt o
were about 0.7 for rhodopsin iend 0.5 for iserhodopsin, Each data
pointshownis the average of'six {rhodopsin} and nine (isorhodapsin)
luser shots, Typical mean standurd deviations are +0.03. The rero
time s jocated using & 0.5 em CS; Kerr optica) shutter?! at the
sample site, The ball width at half masimum for the €S, shutter
Prompt response curve is about 6 ps.

changes in the taser light path, No avernge sample degration was
observed during the experiments as measured by standurd
ultraviolet-visual absorption spectroscopy.

Inthese measurements, care must be taken soas not to aver drive
the sample in the faser beam during the picosecond pulse, For
example, significant amounts of isorhodopsin can be produced
froma rhodopsin sample at high light levels, Calculations using an
average intensity for the luser pulse, the quantum yields2:'3 and
absorplion constants at the pump wavelength show that fess than
[0, of the rhodopsin sample in the taser path would be converted
toisorhodopsinand similarty forisorhodopsin to rhodopsin, Also,
for the pump intensitics used, the yield of buthorhodopsin starting
with isorhodopsin would be about half the yield of bathorhadop-
sin from rhodopsin, in agreement with the experimental results,

The time dependence of the laser-induced absorbunce chunges
for theconversion ofthodopsinand isorhodopsin to bathorhodop-
sinare shownin Fig, 2. The sulient feature of the curves is the rupid

Fig. 1 Schematic representution of
the experimental system. The com-
panerts include: a Nd** glass oscil-
lator with cavity mircors Mand satur-
able dye absorber; asingle pulse selee-
tor consisting of two crossed pol-
arisers, Pockels cell and spark gap: a
Ball warve plate and ‘clcun~u?' sulur-
able dye absorber: two Nd* ™t plass
amplifiers{uain x 20} filter I, toelim-

é 1.08um

A Q.53um (pump)

COMPUTER

AND b
RECORDER A L0.56um {probe}

inate flash lump; u second harmonic
penerator: filter F, to eliminate
1.06 panr: a1 5-cm benzene cell to pro-
deee stimuluted Raman seattering
561 nm: specially couted mirrors to
separate the 530 nmand 561 nim beam
puthstin the 361 nm path, an expand-

ing telescope lens sysiem, a time deluyed reftection echelon { 14 stepsat 4.5 ps perstep), filters Iy and Fy toeliminate 330 nm, o Focusing Jeas on sample
andd i optical multichanetanalyser detector system 2 in the 530 am pradh, adelay prism and directing mirres, The Tull width al halt maximum for the

106 gy and 530 nm pulsesare 9 psand 7 ps respectively.




rise within ps. Thus, the photochentical formution of bathorhod-
opsin from either thodoepsin or isorhodopsin oceurs in fess than
9 ps. The time 1o reuch haif the limiting absorbance change!* is
about 3 ps,
buthoerhodopsin. The formation time rom rhodopsin is in agree-
ment with the work of Busch er af.2.

As briefly argued above, buthorhodopsin must be anisomerised
product of at least one of the primary pigments. Prool for this is
given by recent resonance Raman work (o technigue sensitive 1o
conformation'®). Similaritics between the resonance Raman
spectra ol the T-eis protonated Schill” base in solution and
shodopsin, and between the Y-¢is protonitted Schilt base and

isorhodopsin, show that the conformations ol the retinals of

rhodopsin and isorhodopsin are 11-ciy and 9-civ respectively, and
are not particularly distorted by the surroundig proteint™t7 Iy
addition, the resonance Raman spectrum o photochemically

produced isorhodopsin'* s identieal to that of regenerated 9-eiy

retinad'™ and opsin, proving that complete photoisomerisation(s)
aboul two double bonds takes place in the rhodopsin-
—bathorhodopsin—isorhedopsin phototransitions. Either at the
first or the second phetoreaction orat both photorcactions a major
isomerisation must take place. Thus, there is no doubt that

bathorhodopsin, being a common photoproduct of both rhodop-
sinand isorhodopsin, is anisomerised praduct ofat least one of'the
primary pigments.

Our picosecond results show that major photo-induced
isomerisation{s) ol retinal in bovine rhodopsin can take place ona
picasecond time sealesinee both rhodopsin— bathorhodopsin and
tsorhodopsin -» buthorhedopsin photoreactions take plaee in less
thun 9 ps. In agreement with our observations, Warshel' has
shown that picosecond isomerisation times are theoreticadly
feasible in rhodopsin, although this theoretical approach relies
heavily on the exact nature of the excited state potential surlaces
which are difficult to obtain precisely.

Huppert er ¢l have performed Kinetic measurements with
protonated retinal Schilt bases in solution. and report nunosecond
recovery kineties which ure aseribed to isomerisation times. From
our resubts and theirs, it scems lkely that in the visuul pigments
the photoisomerisation times are  greatly wccelerated by
chromophare-protein interactions. That the protein significantly
modifies this retinal property is not surprising, In contrast 1o
retinals in the visual pigments, protonated retinal Schifl bases in
solution have blue-shifted absorption bands und much reduced,
wavelength dependent quantum yiclds of photoisomerisation 'S,

This is an indication of the formation time of

Finally, our resulis do not deseribe the exact nature of
bathorhodopsin. Rosenteld ef «f. '3, however, using the busic carly
arguments of Hubbard and Kropt? und Yoshizawa and Wald?"
coneerning the properties of hathorhodopsin {or lumirhodopsing,
recent resonance Ruman data’™, and recent artificial pigment
wark have recently argued that the chromophore of bathorhodop-
sinmust have essentially o trems conformation but ot necessarily a
planae one, Qur results remove any uncertainty from these
arguments due to the picosecond isomerisation times.
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