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Abstract. The 11-cis enriched photostationary state mixture of retinal trapped in BLG, a 
water soluble protein, is similar to that of retinal in heptanol. The results, along with those 
of the lower homologs, are consistent with a model involving specific protein interaction with 
the cyclohexenyl portion of the substrate and remote protonation of the aldehyde carbonyl 
group. 

The direction of photoisomerixation of a polyene, such as retinal and related compounds, is 

known to be highly sensitive to environmental effects. 1 Thus, by varying solvent polarity the 

visually important 11-cis isomer of retinal can either be completely absent from the product 

mixture or formed in excess of 25%.2 And, when confined in a protein binding site, the retinyl 

chromophore can isomerize either specifically around the middle portion of the chromophore 

(the 11,12 or the 9.10 bond in visual pigments) or near the terminal portion of the chromophore 

(in bacteriorhodopsin).S For a better understanding of the role of the host protein in affecting 

direction of isomerization, we have initiated a study of photoisomerization of protein 

encapsulated polyenes. In this paper we wish to report results on photoisomerization of S- 

lactoglobulin (BLG)-bound retinal and related compounds for comparison with those in solution. 

BLG is an abundant globular protein, the principal whey protein in the milk of mammals. 

It has a molecular weight of approx. 18,000; but, under physiological conditions or neutral pH, it 

exists as a dimer. Its three dimensional structure has been identified through recent 

determination of its crystal structure at a resolution of 2.5 - 2.8 A.4 It revealed a B-barrel inner 

core similar to that in the plasma retinol-binding proteinP 

Spectroscopic properties of the BLG complex with retinol have been studied in some detail. 

The initially formed weakly fluorescent complex rearranged to a compound possessing a highly 

structured fluorescent spectrum. It was suspected to be that of a dehydrated form of vitamin A. 

Both complexes were shown to be CD active, but of opposite sign.5 A BLG complex with all-trans 

retinylidenepropyl amine is also known.6 

We have now prepared purified BLG complexes of all-trans retinal, the Clg-ketone and the 

C 15aldehyde.7 and compared their photochemical behaviors to the same compounds solubilized 

in hexane and several alcohols. Since at the outset of this investigation we found that formation 

of the all-trans retinal and Cl 5-aldehyde complexes of BLG was accompanied by slow 

isomerixation of the polyene to the terminal cis isomers, we decided that it would not be feasible 

to carry out accurate quantum yield or initial product measurements. Instead, we determined 
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photostationary compositions of these mixtures. Results of such an investigation are summarized 

in Tables 1 & 2. 

Table 1. Photostationary State Compositions of Retinal 

in BLC in the Organic Solvents a.b 

Cone. M 13-cis 11-cis 9-cis all-trens 

Buf 
Hexane (l&x) 
Ethanol 

1-Butanol 
I-Heptanol 

Bx + 1% Ethanol 
8x + 5% Ethanol 

3x10-= 
1.0x10-* 
5.7x10-= 
1.0x10-= 
5.7x10-’ 
1 .Ox1o-4 
5.7x10-’ 
5.7x10-= 
5.7x10-* 
1.0x10-’ 
1.0x10-’ 

23.3H.4 16.8fl.3 
27.49.3 -- 

25.3fl.4 15.29.5 
23.6fl.2 18.5H.2 
23.89.4 19.59.2 
23.39.3 21.49.4 
27.5fl.5 17.w.5 
30.49.2 7.79.4 
28.49.4 14.59.4 
28.7fl. 1 2.09.3 
3O.w.2 5.5fl.2 

7.3fl.6 
2.7q. 1 
7.0&O. 1 
6.5H.2 
5.89.1 
5.6fl.2 
5.OH.2 
7.39.5 
5.2fl.5 
3.ofl.3 
3.39.2 

52.5H.3 
69.m.3 
52.59.2 
51.3N.6 
50.89.6 
49.7fl.5 
50.5fl.2 
54.69.5 
51.89.2 
66.39.2 
60.39.3 

a. Irradiated with 366~11 band using Corning O-52 and 7-60 filter plates and a 
200W Hanovia medium pressure Hg lamp until a constant composition was reached. 
Minor peaks (< 1%) are not included. b. HPLC analyses at 360nm. All data 
corrected for difference absorptivity of isomers at the wavelength of detection. 
c. Starting with a mixture of 24.6% 13-cis and 75.4% all-trans due to catalyzed 
isomerization by BLG. All others starting with the all-trans isomer. 

Table 2. Photostationary state compositions of 

C,s-aldehydea end C,s-ketoneb 

Isomer Composition ( %)c 

Solvent ll-cisd 9-cis 7-cis 7.9-dicis all-trans 

C *s-ketone 
BLC 33.32.4 18.72.2 3.9k.2 -- 44.1%.1 
Hexane 8.4+. 1 7.8+.2 3.5k.l -- 80.3*.3 
Ethanol 2O.lk.4 18.02.3 8.02.5 -- 53.8k.4 

C,,-aldehyde 
BLG -- 11.*.2 15.32.1 4.4k.3 68.4r.4 
Hexane -_ 12.22.5 22.Q. 1 5.8k.3 59.4k.5 
Ethanol _- 9.22.2 19.42.5 3.7+.4 67.7k.4 

a. Irradiated with 313nm light from a LPS 251 Hg-Xenon lamp connected in 
sequence with a monochronrrtor. b. Irradiated with 3661~1 light (see above). 
c. Analysis beam: 340nm for C&s -ketone and 29Onm for Cis-aldehyde. Corrected 
for different absorbance of isomers (ref. 8). d. Overlapping with dicis isomers 
containing the ll-cis geometry. 



4843 

Data in Table 1 show the presence of substantial amounts of the 11-cis isomer in the 

photostationary states of retinal trapped in BLG. Given the generally accepted hydrophobic 

characteristics of the binding site of a water soluble protein such as BLG and the noted solvent 

dependent photochemical properties of retinal, this result is somewhat surprising. For 

comparison, we have also re-determined the compositions of retinal8 in several alcohols. at 

different concentrations and also in hexane and binary mixtures of hexane and ethanol. That the 

compositions are concentration dependent (Table 1) is in agreement with the early observations 

of Brown and Waldq and the more recently reported quantum chain process.10 Cases of low 

retinal concentrations approximate the isolated chromophore trapped within a binding site. Data 

obtained in different solvents show that the amount of the 11-cis isomer in BLG is closer to those 

of the alcohols than that of hexane (closest to that in dilute heptanol). We have further 

demonstrated that small amounts of ethanol (1 and 5%) added to hexane can exert a significant 

effect on the amount of the 11-cis isomer in the photostationary composition. 

The BLG-retinol complex is known to be CD active. 5 We have now demonstrated that the 

BLG complexes with all three substrates used in this study also exhibit induced circular dichroic 

behavior (Figure 1). On the basis of current understanding of the CD properties of the visual 

pigment analogs, it appears reasonable to suggest that the CD activity is associated with induced 
10 
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Figure 1. (a) CD curves of all-treats isomer of retinal,(~). C,,-ketone (2) and 
C,.-aldehyde (2) in F&G-A. The concentrations of all BLG-complexes were 0.1% 
in O.lM of phosphate buffer, pH 7.5. The spectra are averages of 4 *cans. 
path length is 1Om. Baselines were corrected with O.lM of phosphate buffer, 
pH 7.5. W spectra of all-tram isomer of (b) retinal. (c) &s-ketone and 
(d) Cts-aldehyde in hexane. ethanol and BL.GA. 
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ring-chain chirality as a result of specific protein-substrate interactions. Therefore, we suggest 

that the observed photochemical properties of retinal in BLG result from specific hydrophobic 

interaction of the binding site with the trimethylcyclohexenyl ring in conjunction with 

protonation of the carbonyl group by a remote proton source from the protein. The latter effect 

could give rise to the observed chemistry equivalent to that in a polar medium. In agreement 

with this interpretation is the observed red shift of the absorption spectra of the bound 

substrates (Figure 1 b-d) which are reminiscent of that reported for protonated retinal obtained 

in the presence of phenol as a proton donor. 11 However, at this time, it is difficult to pin-point 

the specific amino acid residue that is likely to serve as the proton donor. 

The minor variation of relative amounts of the 9-cis and 13-cis isomers of retinal in BLG 

from those obtained in solution probably reflects local steric constraints within the protein 

binding site. The variations of isomer distribution in the Clg-ketone and the Cl5-aldehyde 

(Table 2) are less dramatic as demonstrated earlier in solution studies.8 The major notable 

trends for the Cl g-ketone are the smaller amount of the 7-cis isomer and the larger amount of 

the 11-cis isomer with the BLG sample. The former is consistent with the notion of a tight, 

specific hydrophobic pocket for the cyclohexenyl ring and the latter could be due to the shape of 

the cavity near the C13-Cl4 bond.12 
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