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Opsin pigments formed with acyclic retinal analogues

Minimum ‘ring portion’ requirements for opsin pigment formation

Received 28 April 1983

Three acyclic derivatives (3,7-dimethyl-10-ethyl-2,4,6,8-dodecatetraenal, 3,7,10-trimethyl-2,4,6,8-dodeca-
tetraenal, and 3,7,10-trimethyl-2,4,6,8-undecatetraenal) have been synthesized and the 2-cis, 6-cis,
2,6-dicis, and all-trans isomers of each isolated. Unlike the undecatetraenal compound, the dodecate-
traenal derivatives, have methyl groups which can mimic the C-1 and/or C-5 methyl group of retinal. The
6-cis and 2,6-dicis isomers of ihe dodecaiciracnal compounds form photosensitive pigments with bovine
opsin. No pigment is obtained with the undecatetraenal derivative. Therefore, although the retinal
cyclohexyl ring is not essential for pigment formation, at least one methyl group corresponding to the C-1

or C-5 retinal methyl may be required for obtaining stable opsin pigments.

Rhodopsin Visual pigment Retinal Isorhodopsin Regeneration Vitamin A

1. INTRODUCTION protonated Schiff base. The steric and electronic
constraints of the binding site of retinal have been
Rhodopsin, the photosensitive pigment of the investigated by several groups using retinal
vertebrate retina, is a lipoprotein linked to its analogues [1]. The retinals found to form
chromophore, the 11-cis isomer of retinal 1, via a reasonably stable pigments with the apoprotein op-
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sin all have two features in common:
(i) At least one bond in the side chain other than
at C-13 which can assume a cis conformation;
(ii) At least one methyl group on the ring at C-1
or C-5.
Studies on the competitive inhibition of the rate of
rhodopsin regeneration in the presence of com-
pounds resembling portions of the retinal structure
have also suggested that the ring methyls are of im-
portance for stable interaction of the chromophore
with the protein [2,3]. In [4] we reported that an
acyclic derivative 2 lacking the cyclohexyl ring, but
containing two methyl groups which can possibly
mimic the C-1 and C-5 methyl groups of retinal,
forms a stable photosensitive pigment with bovine
opsin. Thus, the cyclohexyl ring of retinal is not
essential for pigment formation but one or more of
the ring methyl groups may be required for obtain-
ing stable pigment. Here, we report the synthesis
of two retinal analogues, one (3) containing a
single methyl and the other (4) lacking any methyl
which might fill the space requirements of the
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retinal ring methyls, and we describe studies on
pigment formation between these analogues and
bovine opsin.

2. EXPERIMENTAL

3,7-Dimethyl-10-ethyl-2,4,6,8-dodecatetraenal 2
is synthesized as in [4]. The intermediate, 6-ethyl-
3-methyl-2,4-octadienal, is separated into the 2-cis
and all-trans isomers by flash column chromato-
graphy [5] (10% ether/hexane). The 2-cis inter-
mediate isomer forms the 6-cis and 2,6-dicis
isomers of 2; the all-frans intermediate forms the
2-cis and all-trans isomers of 2. The 2-cis, 6-cis,
2,6-dicis and all-trans isomers, obtained in a ratio
of 2:2:1:3 respectively, are separated by thin
layer chromatography (silica gel, 5% ethyl acetate/
hexane) and high-pressure liquid chromatography
(HPLC, 1-5% ethyl ether/hexane, x-Porasil
column). The isomers are identified by nuclear
magnetic resonance spectroscopy (NMR, table 1).
3,7,10-Trimethyl-2,4,6,8-dodecatetraenal 4 is syn-

Table 1
NMR data of acyclic retinal analogues

Analogue Chemical shift § (ppm)
3-CH; Hs Hs Hs Hs Hy H; H,
o) (dxd) @ @ (dxd) @ @ ()]
All-trans 2 2.29 5.59 6.09 6.11 7.08 6.32 5.94 10.07
2-cis 2 2.11 5.60 6.11 6.15 6.98 7.23 5.81 10.17
6-cis 2 2.31 5.61 6.59 6.00 7.21 6.26 5.94 10.07
2,6-dicis 2 2.13 5.62 6.58 6.04 7.10 7.18 5.82 10.17
All-trans 3 2.30 5.73 6.10 6.11 7.08 6.32 5.94 10.07
2-cis 3 2.11 5.73 6.12 6.15 6.98 7.23 5.81 10.17
6-cis 3 2.31 5.73 6.61 6.01 7.21 6.26 5.94 10.08
2,6-dicis 3 2.13 5.73 6.60 6.04 7.10 7.17 5.81 10.17
All-trans 4 2.30 5.83 6.11 6.12 7.08 6.32 5.94 10.07
2-cis 4 2.13 5.83 6.12 6.15 6.96 7.23 5.82 10.17
6-cis 4 2.3t 5.83 6.62 6.01 7.20 6.26 5.94 10.08
2,6-dicis 4 2.13 5.83 6.60 6.05 7.09 7.19 5.85 10.17

Additional chemical shifts & (ppm): 2, 3 and 4, 7-CH; = 1.95; 2, 0.85 (11,11'-CHj, ¢, J = 7.4), 1.38—1.21 (H11,m),
1.56—1.38 (H11',m), 1.95—1.85 (Hio,m); 3 = 0.87 (11-CHs, ¢, J = 7.4), 1.03 (10-CH3, d, J = 6.7), 2.23-2.13 (Hio,m);

4, 1.00 (10-CH3, d, J = 6.7); 2.53—2.36 (H10,m)

Coupling constants (Hz): 2, 3 and 4: Jg,0 = 15.5, Js6 = 11.3, Jo,s = 15.0, J1,2 = 8.1; Jo,10: 2 = 9.0, 3 = 8.0, 4 = 6.8
Recorded on a Bruker WH-400 Fourier transform NMR spectrometer at 400 MHz on solutions in CDCl; containing
" CHCI; (6 = 7.24 ppm) as internal standard. Chemical shifts are reported to a precision of + 0.01 ppm and coupling
constants to = 0.2 Hz
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thesized in a similar manner from 2-methylbutanal
in an overall yield of 15%. The isomeric mixture
shows a parent peak in the mass spectrum at m/e
218 (70 eV). The 2-cis, 6-cis, 2,6-dicis and all-trans
isomers are separated as above and identified by
NMR (table 1). 3,7,10-Trimethyl-2,4,6,8-undec-
atetraenal 4 is synthesized from 2-methyl propanal
in an overall yield of 18%; mass spectrum M* m/e
204, 70 eV. The 2-cis, 6-cis, 2,6-dicis and all-frans
isomers are separated as above and identified by
NMR (table 1). Absorption data for all analogues
is given in table 2; all isomers of the acyclic
analogues showed fine structure in hexane which
was not observed in ethanol.

Bovine rod outer segments are isolated from
frozen retinae [6]. Pigment is regenerated from
rods suspended in potassium phosphate buffer
(67 mM, pH 7.4) by incubating with the retinal
(10 molar excess) for 1h at 25°C. Excess
chromophore is removed by washing the pigment
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Table 2
Absorption of acyclic retinal analogues and opsin
pigments
Analogue Amax (RM) Pigment
Amax (NM)
Ethanol Hexane
All-trans 2 366 347 -
2-cis 2 359 344 -~
6-cis 2 360 343 460
2,6-dicis 2 358 340 460
All-trans 3 364 347 -
2-cis 3 361 344 -~
6-cis 3 350 344 455
2,6-dicis 3 358 346 453
All-trans 4 364 346 -~
2-cis 4 358 343 -
6-cis 4 358 341 -~
2,6-dicis 4 356 339 -~

All analogues show fine structure in hexane (see fig.1 for
6-cis 3) which is not detectable in ethanol. The Ayax Of
the pigments are obtained from difference absorption
spectra measured by subtraction of the absorption
spectra after exposure of the pigment to light for 1 min
from spectra of the pigment before exposure (67 mM
potassium phosphate buffer, pH 7.2). All values are
+2nm
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with 1% bovine serum albumin in potassium
phosphate buffer. Pigment formation is measured
by difference absorption spectra obtained by sub-
traction of the absorption spectrum after bleaching
(exposure of the pigments to white light for 1 min)
from the absorption spectrum obtained on
pigments before bleaching. Stability of the pig-
ment to hydroxylamine is assessed by the addition
of 20 xl of a 1 M solution (pH 7.4) of NH,OH to
the pigment in suspension (~0.5 mg in 1 ml
potassium phosphate (pH 7.4) and following
changes in the absorption spectrum over 1 h.
Stability of the pigment to 11-cis retinal is deter-
mined by the addition of a 5 M excess of the retinal
to a pigment suspension and following changes in
the absorption spectrum over 24 h.

3. RESULTS AND DISCUSSION

The 6-cis and 2,6-dicis isomers of 2 and 3 (cor-
responding to the 9-cis and 9,13-dicis isomers of
retinal) form pigments with bovine opsin (fig.1).
The Amax Of these pigments (table 2) are somewhat
blue shifted from those of isorhodopsin (485 nm)
[7] and isorhodopsin II (484 nm) [8] due to the lack
of the C-5 ‘ring’ double bond. Pigment is not ob-
tained with any isomer of 4 even on prolonged in-
cubation with bovine opsin. The acyclic pigments
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Fig.1. Absorption spectra of 6-cis 3,7,10-trimethyl-

2-4,6,8-dodecatetraenal 3 in hexane (——) and pigment

formed on combination of 6-cis 3 with an excess of

bovine opsin in 67 mM potassium phosphate buffer (pH

7.4) (---).
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are photosensitive to white light. Proof of the
acyclic structure and the isomeric identity of the at-
tached chromophore in the synthetic pigments was
obtained by extraction of the chromophore in
methylene chloride [8] and identification of the
retinal by absorption and chromatographic data.
The rate of pigment formation with both the
acyclic 6-cis isomers of 2 and 3 is about 3-fold
slower than with 9-cis retinal.

Addition of 1l-cis retinal to the analogue
pigments does not initially result in any decrease in
the quantity of the analogue pigment or in the for-
mation of rhodopsin. Therefore these acyclic
retinal analogues appear to be binding at the native
binding site for 11-cis retinal. However, over 24 h
there is evidently some displacement of the 6-cis 3
by 11-cis retinal as the absorption at 500 nm in-
creases with some concurrent decrease at 460 nm.
The 6-cis 2 pigment spectrum is unaffected by
11-cis retinal over 24 h. The pigments formed from
2 were stable to the addition of hydroxylamine
over 24 h. However, pigments formed from 3
decomposed over 5 h on the addition of hydrox-
ylamine. These results suggest the second methyl
group on the analogue adds to the stability of the
pigment.

These data are evidence for the hypothesis that
at least one ring methyl group of retinal is required
for stable pigment formation. Within the opsin
binding cavity, the retinal sites which provide the
essential interaction between the protein and
chromophore and thus determine pigment forma-
tion may be, in addition to the C-15 carbonyl, in
the region of the C-1 and/or C-5 methyl groups.

142

FEBS LETTERS

July 1983

ACKNOWLEDGEMENTS

This study was supported by the National
Science Foundation (grant no. BNS 80-11563) and
National Institutes of Health (grant no.
EY-04064). We thank Dr Daniel Knapp (Depart-
ment of Pharmacology, MUSC) for obtaining the
mass spectral data and Shawn Ghent for technical
assistance on the pigment studies. NMR data was
obtained at the National Science Foundation facili-
ty for NMR spectroscopy at the University of
South Carolina (CHE78-18723).

REFERENCES

[1] Balogh-Nair, V. and Nakanishi, K. (1982) in:
Stereochemistry (Tamm, C. ed) New Comp.
Biochem. vol.3, pp.283—334, Elsevier, Amsterdam,
New York.

[2) Crouch, R., Veronee, C. and Lacy, M. (1982) Vision
Res. 22, 1451-1456.

[3] Matsumoto, H. and Yoshizawa, T. (1975) Nature
258, 523-526.

[4] Crouch, R.K. (1982) J. Am. Chem. Soc. 104,
4946—4948 (Erratum: p.4947, fig.1 and first column,
line 12, hexane should read ethanol.)

{5] Still, W.C., Kahn, M. and Mitra, A. (1978) J. Org.
Chem. 43, 2923-2925.

[6] Papermaster, D.S. and Dreyer, W.J. (1974)
Biochemistry 13, 2438-2444.

[7]1 Hubbard, R. and Wald, G. (1952) J. Gen. Physiol.
36, 269-315.

[8] Crouch, R., Purvin, V., Nakanishi, K. and Ebrey,
T. (1975) Proc. Natl. Acad. Sci. USA 22,
1538-1542.



