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SUMMARY.

Raman scattering of 4880 A laser radiation from intact dark adapted bovine
retinas, in the temperature range of 70 to -85%C, is reported. The observed
spectra are contributed only by the visual pigments. The strongest line, at
1555 cm™! is contributed by the ethylenic C = C stretching mode of retinal.
Results on Raman spectra of the model system retinylidene hexylamine in
acidified ethanol solution show this mode at 1560 cm™!, supporting the hypoth-
esis that the pigment in the retina is bound as a protonated Schiff base.

We report the detection of Resonance-enhanced vibrational Raman (BR)
scattering from whole bovine retinas at temperatures between -859C and -70°C.
Assignment of the observed mode to bound visual pigments is proposed, and the
state of protonation of the bound pigment, implied by reference to model
systems, is discussed.

Resonance enhancement in Raman spectra may be attained when the excitation
frequency is close to an absorption peak of the scatterer.l The effect is very
pronounced in carotenoids and vitamins A? and the shape of the corresponding
excitation profiles3 makes possible the selective observation of a particular
pigment in a complicated system such as an intact tissue.4 Qur experience with
carotenoids in various plant tissues indicates that the Raman spectrum is
completely dominated by its resonance enhanced constituent while the spectrum
of all the non-resonant ingredients is attenuated by the absorbing pigment.

The vibrational modes involving the skeletal C =G, C - C and C = N stretching
deformations, which most effectively modulate the chromophor, are the only
ones to be resonance-enhanced. The RR gpectra of carotenolds and vitamins A
respond to factors important to the biochemistry of vision: a) delocalization

5

of T electrons, which weakens the C = C bonds, b) stereoisomerism,6 and

¢) formation of C =N bonds.7
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The samples were dark-adapted bovine retinas shipped in dry ice by

Hormel, Inc. The still frozen agglomerate of retinag was sawed in the dark

into coin sigzed slices which were not processed any further. A slice was
placed in a temperature-controlled cell (T = 170°K) built for grazing-angle
Raman spectroscopy.8 Spectra were taken in the 1500-1600 cm—! range, where
the most intense resonance enhanced modes of conjugated linear molecules

(C = C stretch) are located.

The output beam of a continuous-wave Argon laser at power levels of 30 md
or less was directed to graze the surface of the sample. The light scattered
at ~ 90° was analyzed by a scanning double monochromator adjusted to ~ 6 cm~!
resolution. The detector was a photon counter with a digital data handling
system, and had a practically unlimited dynamic range. This feature allowed
the detection of Raman spectra superimposed on top of intense fluorescence
bands. It tock ten minutes on the average before the background of fluores-

9,10 and of elastic scattering (caused by the particulate nature of the

cence
sample) stabilized to a degree that reproducible spectra could be obtained.

Considering the history of the sample (dark adapted, stored in dry ice,
inserted into a cold (-709C) cell before being exposed to light) as well as the
prevalence of visual rods in the retina, our Raman spectrum is most probably
contributed by lumirhodopsin (Kmax = 497 nm).ll—l3 [Correspondence between
the low-temperature bleaching cycles in vhole retina and in its frozen extracts
is assumed.]

The conclusions that the scattered radiation has the resonance-enhanced
Raman (RR) characteristics, that it is contributed by the visual pigments alone
and then only by the C = C stretching mode, are based on the following evidence:
a) The sideband nature of the Raman spectrum is ascertained by varying the
wavelength of excitation (4880, 4765, 4579 1) (Fig. 1). The shape of the spec-
trum does depend, however, on the wavelength. The strongest line in the
spectrum is at 1555 cm~'; at the longer excitation wavelength it shows a shoul-

der at 1520 em=', which becomes progressively sharper and better resolved as
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Fig. 1
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Typical grazing incidence Raman spectra of frozen whole bovine retinas.
The scan rate, limited by background drift, is 20 cm'1/min. Inte-
gration time - ~ 3 sec. The two top traces, taken at different times
on the same sample, indicate a reproducible spectrum in spite of
drifting background. The major peak at 1550 cm™! and the subsidiary
peak at 1520, which shows as a shoulder in the spectra excited at
longer wavelength, are definitely reproducible and therefore iden-
tified as Raman lines.

the excitation wavelength is decreased from 4880 L to 4576 A. The shoulder may

either differ from the main line in its excitation profile, or the two lines

may be contributed by different bleaching products, the relative abundance of

which depends on the excitation wavelength [see also Fig. 2]. Alternatively,

the 1520 line may pertain to a macular carotenoid. b) The absorption peaks

of lumirhodopsin, or for that matter of all the low temperature bleaching
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TRANS - RETINAL IN OCTANOL
ADSORBED ON FILTER PAPER
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Fig. 2 Ramen spectra of trans retinal, 1% solution in octanol, adsorbed on
filter paper; grazing incidence of laser light at xo = 4880 A. Scan
speed 20 em~1/min.

products of retinal chromoprote'1nsll"13

are close to the excitation wavelengths
employed in the present experiment. Accordingly the Raman spectra of the pig-
ments should be resonance-enhanced and dominant. The trend of resonance
enhancement was indeed apparent even in dilute solutions of retinol and retinal
excited in the red (6328 A).é c) Under equal experimental conditions, no
Raman signal was obtained from whole blood or dense protein suspensions.
Excitation at wavelengths close to the absorption peak of retinal is
expected to isomerize the molecules. Indeed, the Raman spectra of 9-cis, 13-cis
and trang retinal in hexane and octanol solutions indicated complete cis-trans
conversion induced by the Argon laser light, while no conversion was caused by

the red light of the He-Ne 1aser.7
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The model systems were the neutral and the acidified solutions of trans~
retinal and trans-retinylidene hexylamine in hexane, ethanol and octanol. The
pertinent results (at room temperature) are: 1) The major transition of trans-
retinal is at 1574 em~1 in ethanol and at 1570 ecm~! in octanol. [The spectrum
in octanol was run at low temperatures (Fig. 2}, where several peaks were ob-
served. The major peak in the -70°C spectrum is the only one seen at room
temperature.] 2) The major Reman line of trans-retinylidene hexylasmine is at
1582 cm~! in ethanol and at 158/ in hexane. Upon acidification, this mode
shifts down to 1560 cm™! in both solvents. 3) In acidified ethanol solutions
of retinal the C = C line shifts all the way down to 1530 cm—',

The major peak in the spectrum of the whole retina is at 1555 cm—’ (Fig. 1),
measurably lower in frequency than the major line in either free retinal or in
the normal (basic) Schiff base. Although one cannot conclude from the proximity
of this frequency to that of the C = C line in the protonated Schiff base that
a -C:ﬁH- bond bridges the chromophor to the lipoprotein in the bleaching product
under observation (predominantly lumirhodopsin), such a modellz*_18 is supported
by our finding.

Our results may have relevance to retinal therapy by Argon ion laser
irradiation. Raman scattering by visual pigments probably is a by-product of
the therapy, and as such may deserve collection and sampling.

We are indebted to Professor B. Rosenberg for an instructive and

encouraging discussion and to Mrs. M. E, Heyde for her work on the model systems.

REFERENCES

1. J. Behringer, in "Raman Spectroscopy”, Ed. by H. A. Szymanski, Chapter 6.
Plenum Press, New York, 1967.
2. J. Behringer, Z. Elektrochem. 62, 544 (1958). p. 557, 559.
3. L. Rimai, R. G. Kilponen and D. Gill, J. Am. Chem. Scc. 92, 3824 (1970).
4. D. Gill, R. G. Kilponen and L. Rimai, Nature, 227, 743 (1970).
5. K. W. Haugser, R, Kuhn and G. Seitz, Z. Phys. Chem. (Leipzig) 29B, 391
(1935)3 K. W. Hausser, R. Kuhn and E. Kuhn, ibid., 29B, 417 (1935).
6. L. Rimai, D. Gill and J. L. Parsons, submitted for publication, 1970.
7. M. E. Heyde, D. Gill and L. Rimai, in preparation.
8. P. J. Hendra and P. M. Stratton, Chem. Rev. 69, 325 (1969).
9. A. V. Guzzo and G. L. Pool, Photochem. Photobiol. 9, 565 (1969).
10. ' A. J. Thomson, J. Chem. Phys. 51, 4106 (1969).

496



Vol. 41, No. 2, 1970 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

11. G, Wald, Science 162, 230 (1968).
12. E. W. Abrghamson and S. E. Ostroy, Prog. Biophys. 17, 181 (1967).

13. C. D. B. Bridges, in "Comprehensive Biochemistry" 27, 31 (1967), Elsevier,
New York.

14. R. A. Morton and G. A. J. Pitt, Biochem. J. 45, 304 (1949).

15. A. Kropf and R. Hubbard, Ann. N, Y. Acad. Sci. 74, 266 (1958).

16. D. Bownds, Nature 216, 1178 (1967).

17. M, Akhtar, P. T. Blosse and P. B. Dewhurst, Chem. Comm. 1967, 631.

18. R. P. Poincelot, R. G. Millar, R. L. Kimbel, Jr. and E. W. Abrahamson,
Nature 221, 256 (1969).

497



