
Vision involves a series of processes starting from

electromagnetic wave perception in light�sensitive eye

receptors (rhodopsin of rods and iodopsin of cones). The

literature contains a large body of experimental data con�

cerning the structure and function of visual receptors

(particularly, rhodopsin). The mechanism of rhodopsin

isomerization was reviewed elsewhere [1�5]. Steric repul�

sion between hydrogen atom of the C10 atom and the

methyl group of C13 was shown to modify the quantum

yield of the isomerization. Side methyl groups of C5 and

C13 (polarization of the bond between side methyl group

and carbon atom of the polyene chain) should also be

taken into account, because they have an effect on cis�

trans isomerization of retinal.

To provide more detailed description of the visual

process, the spatial configuration of the electrostatic field

in the cavity (pocket) in the protein moiety of rhodopsin

(opsin) should be taken into account. The chromophore

(11�cis�retinal) is located within this cavity. The chro�

mophore interacts with the protein moiety, and photoin�

duced chromophore isomerization modifies the protein

part of the receptor [5].

The goal of this work was to consider the mechanism

of the fastest primary reaction induced by a quantum of

light (isomerization or rearrangement of the nuclear sub�

system of retinal) coupled with electronic rearrangement

of 11�cis�retinal. Further steps of the reaction cascade in

rhodopsin (signal transmission from retinal to opsin) are

beyond the scope of this work. A semiclassical approach

to this problem was sufficient to obtain qualitative results.

Our task was to analyze the properties of the electromag�

netic wave interacting with visual receptor chromophore

and intramolecular processes in the receptor itself. The

intramolecular processes in the receptor modify the state

of the ion channel associated with the receptor.

An electromagnetic wave of the optical range is

absorbed by the receptor chromophore in the first stage of

the visual process. The chromophores with electric dipole

moment parallel to the electric vector of the incident light

absorb the light with linear polarization [6].

Retinal (the chromophore of rod rhodopsin) in the

dark is oriented virtually across the ion channel formed

by the subunits of the opsin (protein moiety of the recep�

tor) (Fig. 1). It is well known that the π�electron system

of the rhodopsin chromophore group (11�cis�retinal) is

delocalized [6�8], and light induces π→π* transition of

the electronic system with subsequent cis�trans isomer�

ization of the retinal. The energy of the transition is about

2 eV.

The transition induces electronic density redistribu�

tion on retinal atoms and bonds. The electronic density at

the C12–C13 bond and atom C12 decreases slightly, where�

as the electronic density at the retinal ends increases. An

increase in the electronic charge at the nitrogen atom
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weakens the bond between the retinal tail fragment and a

lysine residue of opsin [8].

Light�induced cis�trans isomerization of retinal is

characterized by high stereospecificity, fast reaction rate

(reaction time, ~200 fsec), and high quantum yield

(~0.67) [3]. Cis�trans isomerization is believed to be

caused by weakening of the C12–C13 bond. However, rota�

tion is thought to be implemented not only by weakening

of force constant of the bond. It is obvious that it requires

also rotating moment causing the turn. Let us consider

this opportunity in more detail.

11�cis�Retinal contains five methyl groups. The dis�

tance between methyl groups (a) and (b), r12, is approxi�

mately 4.5 Å. Methyl groups (a) and (b) are connected to

C5 of the cyclohexane ring and C13 of the retinal tail frag�

ment, respectively (Fig. 1).

11�cis�Retinal configuration is non�planar, which

was reported for bovine rhodopsin [8]. Therefore, methyl

groups of C13 and C5 atoms are above and below plane B,

respectively. The polyene chain segment is localized in

plane B (Fig. 2).

Substitution of the rhodopsin chromophore by a reti�

nal analog with 5,6�dehydroretinal derivative was shown

to inhibit activity as measured using circular dichroism

[8]. This indicates reduced isomerization activity of the

rhodopsin derivative with methyl group of C5 substituted

by hydrogen. This also indicates the role of the CH3–C5

bond in light�induced isomerization of 11�cis�retinal.

Side methyl groups in unsaturated molecules pro�

duce electric dipole moment with main chain atoms. Side

methyl groups are characterized by electron density defi�

ciency, and dipole moment is directed from the C atom of

the main chain toward the side methyl group [9].

According to the literature [9�11], the electric dipole

moment associated with the side methyl group and the

carbon atom of the polyene chain is:

→
| D | (C–CH3) ≅ 0.4 D,                       (1)

→

where |D | is dipole moment, D is Debye (1 D =

10–18 CGS) [9]. The initial angle between dipole

moments (a) and (b) is about 135° [12]. The energy U,

force |F |, and rotating moment |N | characterize the

interaction between electric dipole moments (a) and (b)

[13, 14]:

(D1D2) (D1 r12) (D2 r12)
U = 

_______
–3 

_____________ ,

r 3
12                                   r 5

12

→        →
F = –∇U,                                     (2)

[(D1D2)]        [D1(D2 r12)r12)]
N = 

________
–3 

_____________ ,

r 3
12                                   r 5

12

→              →
where D1 and D2 are dipole moments of groups (a) and

(b), respectively, r12 is the distance between the dipole

moments.

Substituting Eq. (1) into Eqs. (2) and assuming that

r12 = 4.5 Å, numerical values of these variables are

obtained:

U ≈ 0.5 · 10–13 erg ,

→

|F | ≈ 4 · 10–7 dyn ,                          (3)
→

|N | ≈ 0.5 · 10–13 dyn·cm .

The force constant of torsional oscillations is

described by an equation derived in [14]:

,

W ≈ 2.3 · 10–12 erg ,                         (4)

where W is potential barrier, α is angle of torsional oscil�

lations.

11�cis�retinal

Fig. 1. Spatial configuration of 11�cis�retinal according to [12].

Plane A, in which the indole ring is situated, forms an angle –65°
with respect to plane B, in which the polyene chain is situated.

Plane C, in which the tail fragment of 11�cis�retinal is situated,

forms an angle +150° with respect to plane B.

Methyl groups at C5 and C13

C

C

Fig. 2. Methyl groups (a) and (b) are below and above plane B,

respectively.
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According to [14], the force constant is Kα ≈
3·104 CGS. Therefore, W ≈ 3.9·10–12 erg. Thus, the

potential barrier of torsional oscillations of 11�cis�retinal

with respect to bond C12–C13 inhibits intramolecular

rotation in retinal (because U (Eq. (3)) < W (Eq. (4)).

The π→π* transition induced by absorption of a

quantum is accompanied by electron density redistribu�

tion in the 11�cis�retinal, thereby changing the force con�

stant (Kα → Kα*) of torsional oscillations around the

C11–C12 bond. It should be noted that Kα* < Kα.
The decrease in the force constant correlates with

the decrease in the potential barrier of torsional oscilla�

tions with respect to bond C11–C12. According to the lit�

erature [15, 16], exposure to light induces a decrease in

the potential barrier W* of torsional oscillations around

the C11–C12 bond. This decrease converts the double

bond into an ordinary single bond during the π→π* tran�

sition. The potential barrier of torsional oscillations is ~5�

6 kcal/mol. Therefore, W* < 0.25⋅10–12 erg. According to

[5], exposure to light reduces the potential barrier of tor�

sional oscillations around the C11–C12 bond virtually to

zero.

It should be taken into account that the π→π* tran�

sition significantly modifies the properties of the π�elec�

tron system. The initial properties of the side methyl

groups (a) and (b) remain invariable because the π→π*

transition modifies only the π�electron system rather than

side CH3 groups. The side CH3 groups do not contribute

to formation of the π�electron system [9, 14]. The effec�

tive charges and electric dipole moments of the side

groups remain invariable. Therefore, in this case the ener�

gy of dipole–dipole repulsion U (Eq. (3)) is sufficient for

overcoming the potential barrier of torsional oscillations

with respect to bond W (C11–C12). Thus, the force of

dipole–dipole repulsion F (Eq. (3)) and torsional

moment N (Eq. (3)) are able to induce rotation around

the C11–C12 bond. The final configuration in this case

may correspond to a new steady�state conformation (all�

trans�retinal) (Fig. 3).
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→All�trans�retinal

Fig. 3. Chromophore group of rhodopsin (all�trans�retinal) after

exposure to light.


