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The regeneration process in rhodopsin was studied by an esti-

mation of isomer population at photoequilibrium for the model 

compounds of N-retinylidene phosphatidylethanolimine. We suggested 

that the preferential formation of 11-cis isomer may be induced by 

the through-bond effect of oxygen atom of imine moiety of a Schiff 

base.

Light absorption by the chromophore, retinal, of rhodopsin induces its isomeri-

zation from the 11-cis to the all-trans form and this triggers a series of reactions 

leading to visual excitation. Reisomerization of the all-trans retinal thus formed 

to the 11-cis isomer, followed by resynthesis of rhodopsin, is an essential process 

for maintaining unimpaired vision. There are at least two possible modes in the 

step of retinal reisomerization: dark and light reactions. In the dark, all-trans 

retinal is converted to 13-cis and 9-cis retinals in the presence of catalysts, and 

not to 11-cis retinal, the least thermodynamically stable isomer. 1-3) From these 

facts, the presence of retinal isomerase in bovine retinas was suggested, 4) but not 

supported by later studies. 5,6) On the other hand, Shichi and Somers6) found that 

11-cis isomer is exclusively formed by irradiation of 460 nm light on a protonated 

all-trans N-retinylidene phosphatidylethanolimine(NRPE), which is located in the 

disc membrane of rod outer segment. This is the most attractive finding for the 

step of retinal reisomerization at present. MO calculation) indicated that the 
coulombic interaction between the negative charge on phosphate group and the posi-

tive charge along the polyene chain significantly contributes to the specific con-

version to the 11-cis form in the photoisomerization of all-trans NRPE, but not 

followed by experimental data. In order to better understand the mechanism of re-

generation process, further information would be required for the role of 

phosphatidylethanolamine(PE) moiety on the photoisomerization of NRPE. 

We investigated the effect of the terminal polar group of Schiff bases on their 

isomer population at photoequilibrium. We used all-trans N-retinylidene ethanol-

imine(NRE) as a simplified analog of NRPE and the following compounds for a compar-

ison; all-trans N-retinylidene butylimine(NRB), all-trans N-retinylidene 

propanolimine (NRPr), all-trans N-retinylidene pentanolimine (NRPe), and all-trans 

retinal. Retinal was synthesized by a procedure described elsewhere 8) and purified 

by TLC immediately before use. Each Schiff base was prepared by adding excess 

amine(100-fold excess) to a methanol solution of each retinal isomer in quartz cell
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and subsequently it was irradiated with a light of 15w fluorescence lamp at 10 CC. 

It has been reported that almost 100 percent of retinal is present as Schiff base 

at equilibrium, when it reacts with 40-fold excess of ethanolamine in ethanol. 9) 

The above condition seems to be sufficient for full reaction of retinal. All the 

Schiff bases had the absorption maxima at 365 nm in methanol. UV absorption spec-

tra were measured on a Beckman model 25 spectrometer. 

Isomer population of each sample at photoequilibrium was determined according 

to the method of Kropf and Hubbard.10) We obtained the absorption spectra of 

photoisomerized mixture and analyzed under following assumptions: the mixture was 

composed of all-trans, 9-cis, 11-cis, and 13-cis isomers and the observed absorp-

tion spectra were fitted by the sum of the spectra of these isomers. It was 

confirmed that in the case of retinal, isomer population obtained from this method 

is more reliable than the one determined by spectrophotomeric assay of components 

eluted after TLC. We believe that the method of spectral fitting is the best 

available one to examine the isomer population of Schiff bases, considering that 

it is difficult to separate their isomers by HPLC.

In Fig.l is shown the 

time dependence of isomer 

population starting from a 

pure all-trans retinal. 

The absorption spectra 

recorded in three 

minutes interval during 

irradiation. The succes-

sive spectra indicate that 

photoequilibrium is estab-

lished after about 30 

minutes. 

Table 1 shows the 

isomer population of NRE, 

NRB and retinal at photo-

equilibrium in methanol. 

It is noted that 11-cis 

isomer is exclusively 

formed upon irradiation 

of all-trans NRE, although 

in the case of NRB and

Fig. 1. The time dependence of isomer 

population starting from pure all-trans retinal 

in methanol.

retinal, 9-cis and 13-cis isomers are also formed as major products. It has been 

recognized that the composition of photoisomerized products depends on the polarity 

of solvents in the direct irradiation of all-trans retinal: the 11-cis isomer is 

formed in addition to 9-cis and 13-cis isomers in alcoholic or polar solvents, but 

not in nonpolar solvents. 10,11) This has been explained by the change of the 

relative ordering of n-Tr* and Tr-Tr* states depending on whether the solvent is polar 

or nonpolar.11) The isomer population of NRB is rather similar to that of retinal. 

The polarity of solvents may be also responsible for the preferential formation of
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 11-cis isomer in 

NRB. However, the 

absence of 9-cis and 

13-cis isomers in 

NRE clearly indicates 

that there is anothei 

factor in the selec-

tive photoisomeriza-

tion of NRE. NRE is 

different from NRB 

in the structure of 

terminal imine. It

Table 1. Isomer population of NRE, NRB and retinal 

at photoequilibrium in methanol.

is quite natural to suppose that an alcoholic group of imine moiety may play an 

important role of retinyl moiety of a Schiff base.

Fig. 2. The dependence of 

the yield of 11-cis isomer 

on the terminal structure of 

Schiff bases in their trans-

cis photoisomerization. 

P(X) denotes the popula-

tion of X-cis isomer and 

all-trans isomer, where X 

is 9, 11, and 13 for cis 

isomer, and A for all-trans 

isomer. 

Schiff bases with n=2,3, and 5 

correspond to NRE, NRPr, NRPe, 

respectively.

Figure 2 shows the dependence of the yield of the 11-cis isomer on the terminal 

structure of Schiff bases in their trans-cis photoisomerization. The selective 

formation of 11-cis isomer was observed only in NRE. This means that the ethanol-

like structure of imine moiety is essentially required for the specific isomeriza-

tion. From a consideration of the molecular structure of NRE using CPK molecular 

model, we could not find any special intramolecular interaction which stabilizes the 

11-cis isomer of NRE. The single bond of ethanol moiety would freely rotate in 

solution. Furthermore, considering that the solute molecule is surrounded by sol-

vent molecules, methanol, it is reasonable to be assumed that there is no specific 

interaction through space between the ethanolamine OH group and polyene moiety.
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We conclude that the ethanolamine OH group influences mainly on the electronic 

states of polyene moiety by through-bond effect, that is, by the a-inductive effect. 

This effect would be enhanced by the formation of hydrogen bond between the imine 

OH group and methanol. The above data suggested that two-bond separation between 

the oxygen atom and the Schiff base nitrogen atom is optimal for the formation of 

11-cis isomer. In PE there is a similar type of oxygen in polar head group, so 

that the specific formation of 11-cis isomer may be expected for an unprotonated 

NRPE. 

Recently, Becker et al. found that in the case of polar solvents, a protonation 

exert no influence on the type of isomerization already existing for the unprotonated 

NRB and little or no influence on the quantum yield. 13) This indicated that the 

through-bond effect described above is also important for the photoisomerization 

of protonated form of NRE and NRPE. Therefore, the mechanism for retinal reisomeri-

zation process may not be understood without a consideration of the through-bond 

effect induced by oxygen atom of PE moiety. Our suggestion is essentially different 

from that previously reported by Rabinovich who has taken account of the through-

space effect of the negative charge of phosphate group on the electronic states of 

polyene moiety, but not the through-bond effec owing to the crude approximation 

in MO calculation. 7) 

There has been no report on the relationship between the structure of imine 

moiety of a Schiff base and its photoproducts. In the present report, it is clearly 

demonstrated that the direction of photoconversion of a Schiff base is sensitively 

dependent on the structure of its imine moiety. We are now studying this with more 

extended model system of NRPE.
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