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Abstract. Arguments are presented which support the possibility that the unfold-
ing of the rhodopsin molecule during photolysis up to the stage of metarhodop-
sin II is followed by a spontaneous refolding of the protein, once the isomerized
retinaldehyde has left its original binding site. Such a transient conformational
change might imply a very similar conformation for rhodopsin and opsin, apart
from the presence of the chromophore.
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The visual pigment rhodopsin consists of a single protein chain of about 37,000
Dalton and a chromophoric group, 11-cis retinaldehyde (Wald, 1968). A function-
ally intact rhodopsin molecule requires a specific three-dimensional arrangement
(secondary and tertiary structure, conformation) of its protein chain and the chro-
mophore. Illumination of rhodopsin is known to cause isomerization of 11-cis reti-
naldehyde to the all-trans form, accompanied and/or followed by a sequence of
spontaneous (thermal) reactions, which are identified by absorbance spectroscopy
(Wald, 1968). The cis-trans isomerization of the chromophore must involve molecu-
lar motion. The spectral changes during photolysis indicate, that this light-induced
molecular motion of the chromophore results in molecular motion (conformational
changes) in the protein part of rhodopsin as well. The spontaneity of the dark reac-
tions, following the primary photon capture, has led to the idea that the photolysis of
rhodopsin is accompanied by an unfolding of the protein.

This idea is supported by a number of observations, in which rhodopsin and the
endproduct of its photolysis, opsin, are compared with respect to thermal stability,
pH stability, stability towards detergents and accessibility/reactivity of functional
groups. Recent evidence suggests that in the absence of detergent, however, the
differences between rhodopsin and opsin are less pronounced than hitherto generally
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accepted. Thus, whereas in 2% digitonin rhodopsin (as measured by its 500 nm
absorbance) is stable between pH 4 and 10, and opsin (as measured by its regenera-
tion capacity) is only stable between pH 5.5 and 7 (Radding and Wald, 1956), in
membrane suspension opsin can be incubated for 1 h at 25° C between pH 4 and 10
without appreciable damage to its regeneration capacity (Fig. 1). Similarly, the expo-
sure of 2 additional sulfhydrylgroups in opsin as compared to rhodopsin in digitonin
solution (Wald and Brown, 1952), is not observed in suspension (de Grip et al.,
1973a).

Indications for light-induced protein conformational changes are particularly
strong for the transition of metarhodopsin I (MR I, A,,, 480 nm) to metarhodop-
sin II (MR II, A,,,, 380 nm). First, in addition to the large spectral shift, thermody-
namic data suggest large positive entropy changes in this step (Matthews et al,,
1963). Secondly, photoreversal studies (see Williams, 1975) show that the intermed-
iates through MR I instantaneously revert to photopigment with the photo-reisom-
erized chromophore, whereas in MR II photoreversal is less efficient and is delayed.
This suggests that in the latter case substantial protein rearrangement precedes rho-
dopsin regeneration. Thirdly, only at the MR II stage does the covalent Schiff base
linkage between retinaldehyde and apoprotein become accessible to aqueous re-
agents like hydroxylamine and sodium borohydride. Finally, photolysis of rhodopsin



Transient Light-Induced Conformational Changes in Rhodopsin 119

NN )

3 - ionone
SN
ANZEN

x all-trans
B -Cis-aldehyde

A N ail-trans
 -Cig-ketone

I g g ali-trans
retinaldehyde

Fig. 2. Retinaldehyde analogues tested for their effect on the rate of rhodopsin regeneration from opsin
and 11-cis retinaldehyde

at room temperature is easily blocked at the MR I to MR II transition by a variety
of experimental conditions: in the absence of water (Wald et al., 1950), after removal
of the membrane lipids, after glutaraldehyde fixation and after exhaustive sulfhydryl
group modification (Daemen et al., 1976). We suggest that experimental conforma-
tional damage to rhodopsin preferentially blocks the MR I to MR II transition, since
it is here that the most extensive (light-induced) conformational changes take place.
Most of this evidence is consistent with unfolding of the apoprotein at this
stage.

On the other hand, several features of the decay of MR II to opsin seem to
suggest a refolding of the protein. The release of all-trans retinaldehyde from its
original Schiff base binding site during the decay of MR II, gives rise to molecular
species, which are able to react with 11-cis retinaldehyde under formation of photo-
pigment (Rotmans et al., 1974). Protein aminogroups are less reactive in opsin as
compared to MR II (de Grip et al., 1973b). Photophosphorylation of rhodopsin by
ATP or GTP takes place during photolysis, but before opsin is formed (H. Kiihn,
personal communication). Photoreversal does occur rather easily from metarhodop-
sin IIT (Reuter, 1976).

Finally, the effects of retinaldehyde analogues (see Fig. 2) on the rate of the
regeneration reaction between opsin and 11-cis retinaldehyde show the existence in
opsin of a rather specific “chromophore binding space”, in analogy to the specific
“chromophoric space” in rhodopsin. Whereas f-ionone (Matsumoto and Yoshiza-
wa, 1975) and 11-cis retinol, and most effectively all-trans j-C,s-aldehyde (and
alcohol) are efficient inhibitors, all-trans f5-C s-ketone and all-trans retinaldehyde
have no effect on the velocity of rhodopsin regeneration. Apparently, upon surpass-
ing a critical length of the side chain, the “analogues” of 11-cis retinaldehyde no
longer fit in the “chromophore binding space”. This suggests a similar structure for
rhodopsin and opsin, apart from the presence of the chromophore.
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Fig. 3. Summary

Hence, we suggest that during photolysis of rhodopsin transient light-induced
conformational changes occur in its protein part with maximal unfolding of the
molecule at the metarhodopsin I1 stage and spontaneous refolding to a rhodopsin
like conformation during transition to opsin (Fig. 3).
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