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EII'ECTS O' TEMPE RATURI,: AND ORIENTATION OF AN INTACT RABI1T LENS
ON THE POLARIZED RAMAN SPECTRA

INTRODUCTION

Recently a number of papers have dealt with the chemical makeup of the

crystalline lens in various animal species, including humans (1-3). These

results have essentially been concerned with the spectroscopic properties of

lenticular proteins; namely, the a, 8, and y crystallins. Raman spectroscopy

has been the primary technique used in elucidating conformational properties of

these proteins and in determining their vibrational characteristics and corre-

sponding amino acids (4,5). Little information exists, however, regarding

polarization properties with respect to orientation of the intact lens. In a

previous paper we investigated the UV-laser radiation effects on a rabbit lens

(6); in the course of that work, baseline spectral properties were studied. The

purpose of this paper is to present orientational effects of a rabbit lens on

the polarized Raman spectra and the effect of high temperature on the conforma-

tion of proteins of the rabbit lens. Our aim is to gain a better understanding

of the lens transmission properties as well as of temperature and radiation

effects on the normal functioning lens.

MATERIALS AND METHODS

Subjects for these experiments were mature Dutch-belted rabbits (2-4 kg)

with healthy corneas and lenses. Just before the animal was to be sacrificed, a

Nikon slit lamp was used to examine the eyes to insure that normal lenses were

present. The rabbits were sacrificed with a lethal dose of Barb-Euthol (0.22

cc/kg, Haver-Lockhart); the eyes were enucleated; and intact lenses were excised.

Lenses were examined under a surgical microscope to assure that no damage had

occurred and were then transferred to the optical cell. The quartz cell used to

hold the lenses has been discussed previously (6). Resting in the axial position,

the lens could be easily changed to equatorial and slanted (450) orientations.

For the high-temperature measurements, a lens was deposited in a test tube and

immersed in boiling water until 1000 C was maintained inside the test tube for
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5 minutes. The lens immediately turned opaque and white, yet remained intact.

The lens was removed and sliced into several sections; a cortical section (a

region outside the central nucleus) was used for the Raman measurements. This

particular section was solid enough to be mounted in a solid sample holder; a

900 scattering geometry was used.

Raman spectra were recorded using a Cary model 82 spectrophotometer with a

Spectra Physics 170-03 argon-ion laser as an excitation source; the 514.5-nm

laser line was used for all measurements. The frequency accuracy for all
-1

spectra, based on calibration results, is ± 2 cm . For the polarization

measurements, a polarizer and polarization scrambler were inserted in the

optical train to obtain spectra parallel and perpendicular to the incident

electric vector, labelled (Al) and (B1.) respectively. Laser power at the sample

was measured using a Cary power meter; power was varied between 235 and 300 mW.

No evidence suggested that the intact lens was affected by the probing laser

beam or its container environment; thus, we assumed that the intact lens did not

undergo any unintended changes.

RESULTS AND DISCUSSION

Lens Orientation

The three orientation spectra for the intact rabbit lens are shown in

Figures 1-3. Several rabbit lenses displayed similar spectral patterns and

intensity distributions. The region between 200 and 1800 cm-1 was recorded at

a higher sensitivity level (gain) because of the overall intensity weakness

compared to the region from 2000 to 4000 cm-1 . Table 1 lists the observed

frequencies for the axial position of the rabbit lens.

A detailed discussion of the assignments of the observed bands for the

intact rabbit lens has been published elsewhere (6). Essentially, the spectral

range from 200 to .000 cm. can be discussed as two separate regions; the high

frequency region, 2000-4000 c -I , and the low frequency region, 200-1800 cm-1 .

Three important types of vibrations are in the 2000-4000-cm-1 region.

These are the S-9 stretch at 2575 cm"1, the C-H stretch at 2935 cm"1, and the

2
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water structure at 3280 and 3400 cm-I  In comparing the spectra for the three

orientations (axial, equatorial, and slanted), we find no difference among them

in terms of polarization, band appearance, or intensity distribution. The C-H-i
stretching mode at 2935 cm appears as the strongest band in the entire spec-

trum. In the perpendicular position (Bj), another component appears at 2965 cm-I .

At 3060 cm-I another C-H stretching mode appears; this, too, has a component at
3040 cm-I which appears in the (B±) spectrum. These C-H vibrations do not

change among the three orientations. The weak S-H vibration at 2575 cm-I also
does not change noticeably. The final remaining important bands are due to

water vibration. The modes at 3400 and 3280 cm-I are both polarized with a

third component appearing at 3450 cm-I in the BjLspectrum; these bands also

change very little for different orientations. The water-band system, however,

shows a slight intensity difference between the equatorial and slanted positions.

The 3400- to 3280-cm -I bands are strongest in the slanted position and weakest

in the equatorial position. This very small difference could be due to differences

in gain or overall scattering efficiency in the two orientations. The scattering

volume is believed to be almost the same for all three orientations in the

cortical section, but slight local differences could be in the water concentra-

tion. In all, the polarization results are essentially identical for the three

orientations, with the possibility that local water-concentration differences

might produce very slight changes.

In the region between 200 and 1800 cm-I, the amino acid and protein back-
bone vibrations occur. Below 400 cm - , no vibrational modes are observed

(unpublished results). This implies no lattice-mode vibrations, and consequently

no lattice-mode structure in the crystalline lens. In this region, as in the

high frequency region, all three orientation spectra are essentially the same in

terms of polarization and intensity distribution. A few exceptions show slight

differences in intensity distribution, and these will be discussed.

Two weak bands that appear at 620 and 644 cm-I are assigned to the amino

acids, phenylalanine and tyrosine respectively; these two bands are unique in

that they are depolarized. The intensity ratio AN /Al between 644 and 620 cm-1

varies in the three spectra: axial = 1.67; slanted = 1.33; and equatorial = 1.00.

If the concentration distribution of phenylalanine and tyrosine is fairly constant

throughout the lens, this ratio difference could indicate local orientational

effects of the two ring systems. Both of these vibrations are out-of-plane ring
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deformations, and their intensity should depend on in-plane/out-of-plane orientation

effects. It is feasible that phenylalanine changes from an in-plane axial

orientation, where the plane of the ring is parallel to the incident electric

vector, to an out-of-plane equatorial orientation, where the plane of the ring

is perpendicular to the incident electric vector, and as a result, the vibration

gains intensity. This effect, however, is not due to orientation of the lens as
-i

a whole but to a local effect. At 759 cm a tryptophan band appears that

remains constant in intensity and polarization for all three positions.

A series of bands forming a triplet appears at 870, 855, and 830 cm
-I

These are due to tryptophan (870) and tyrosine (855, 830) respectively. The

overall band intensity for the triplet is slightly stronger in the axial than

the equatorial position. The same slight intensity changes occur for the
-I

Amide III band at 1235 cm ; this band decreases from the axial to equatorial

position. These changes are considered too small to be of significance.

For the phenylalanine bands at 1207 and 1603 cm- I , there is a marked

increase in intensity for the equatorial position as compared to the axial. The

same is true for the 1003-cm phenylalanine band. A comparison between the

1003- and 1669-cm (Amide I) bands shows that the difference between the inten-

sities of the two increases from the axial to the equatorial position: axial = 19,

slanted = 20, and equatorial = 29. A trend is indicated by the 1003-, 1207-,

and 1603-cm -I phenylalanine bands: the vibrations increase in intensity when

oriented in the equatorial position. Apparently the orientation of the benzene

ring in phenylalanine becomes more polarizable during an in-plane ring deforma-

tion. However, the 620-cm out-of-plane ring vibration also appears with more

intensity in the equatorial position, which suggests some anomaly here. The

explanation might be that the 620-cmI band is the only phenylalanine band that

is depolarized; the others are strongly polarized. Thus some other coupling
mechanism must be present, causing depolarization and intensity (orientation)

changes or simply symmetry (local) effects at the molecular site in the lens.

Only phenylalanine bands appear to change appreciably with different orientation.

In general, however, the changes that occur for the three orientations are small

and do not represent significantly different optical characteristics for axial

or equatorial position.
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Lens Temperature

The high-temperature lens spectra are shown in Figures 4 and 5. Figure 5

is a recording made without the polarizer and polarizer scrambler; these were

removed since all polarization had been lost. For a discussion of temperature

effects on the lens, the spectral range of 200-4000 cm-1 can be divided into a

low and high frequency region. In the 2000 to 4000-cm-1 range, a dramatic

change is seen in the disappearance of the water; only a weak band at 3280 cm-1

remains. This appears reasonable since most of the water has evaporated, leaving

only a residual of tightly bound hydrogen-bonded water. A new band does appear
-1

at 3115 cm- , which is most likely a C-H stretch uncovered by the decrease in

water-band intensity. Another major change is seen in the complete loss of

polarization effects. This indicates that a random array of protein molecules

is now fixed in a solid matrix.

In the 200- to 1800-cm -1 region, the most obvious change is in the complete

loss of polarization of all bands and the general increase of band intensity,

mainly due to the drastic decrease in water concentration. The low frequency

bands between 400 and 700 cm-1 have changed very little except for some sharpen-

ing. The tryptophan bands at 759 and 870 cm-1 have decreased in intensity
-.1 -1relative to the bands at 830 and 855 cm . The bands at 935 and 955 cm have

both become more distinct, and the 935-cm -1 band has slightly decreased. Another

decrease is seen in the 1070-cm- 1 (C-N stretch) band which has also shifted to
1 -1080 cm- . The Amide III band at 1235 cm-1 has broadened and become more intense,

especially relative to the 1207-cm -1 band of phenylalanine. The broadening

possibly suggests more extensive hydrogen bonding. A rather large increase in

band intensity is seen for the CH2 deformation at 1445 cm-1; in fact, for the

band envelope between 1150 and 1500 cm , the Raman scattered intensity has

increased overall. Perhaps the most interesting and important observation is

that the Amide I vibration at 1669 cm-1 has not changed in frequency position,

although a large increase in intensity is seen in the heated spectrum. This

suggests no observable change in protein conformation due to the thermal insult.

CONCLUSION

We have shown that regardless of a rabbit lens orientation with respect to

incident/scattered exciting laser beams, the resultant polarized Raman spectra
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are essentially identical. A few of the bands changed slightly from an axial to

equatorial orientation (a local effect), but their polarization characteristics

remained fairly constant. Thus, the Raman spectral results cannot be treated as

originating from a true uniaxial crystal. The results indicate that the lens is

optically isotropic. This is evidenced by the small depolarization ratios for

all intense bands in the spectra, indicating totally symmetric vibrations.

Temperature effects at 100°C seem to have no effect on protein conformation

within the lens, which implies that lenticular proteins are very heat stable.

These effects are observed with rabbits and may or may not be applicable to

humans.
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TABLE OBSERVED FREQUENCIES, RELATIVE INTENSITIES, AND ASSIGNMENTS FOR
THE NORMAL RABBIT LENS: AXIAL POSITION

Frequency (cm-1)/ Relative Intensity
Polarization (arbitrary units) Assignment

2000-4000 cm-1 -- low-gain intensities (Fig. 1)

34 50a 8.3 water

3400 p 41.0 water
3280 p 43.0 water
3060 p 31.1 C-H3040a  4.7 C-H
2970' 13.0 C-H stretch

2935 p 89.0 C-H
2870 p 40.2 C-H
2765 p 3.0
2720 p 3.0
2575 p 2.5 S-H stretch

200-1800 cm-1 -- high-gain intensities (Fig. 1)

1669 p 65.2 Amide I
1615 dp 28.4 Tyr
1603 dp 25.0 Phe
1583 p 15.4 Phe
1577 p 15.8 Trp
1548 p 27.7 Trp
1445 dp 36.5 CH2 def. (Ref. 6)
1400 p 25.1 2
1360 p 28.1 Trp
1340 p 38.5 Trp
1235 p 51.0 Amide III
1207 p 46.9 Phe
1174 p 21.7 Tyr
1157 p 16.5 C-N
1125 p 22.0 C-N) stretch
-10 p 25.7 C-N
1030 p 39.5 Phe
1003 p 81.2 Phe
955 p 23.6 C-C stretch
935 p 24.0 C-C
870 p 27.0 Trp
855 p 31.0 Tyr
830 p 26.5 Tyr
759 p 24.0 Trp
644 dp 7.-0 Tyr
620 dp 4.2 Phe
570 p 2.0
547 p 2.1
492 p 2.3 Cys-Cys (Ref. 6)
420 p 1.2

'Bands that appeared only in the perpendicular polarization.

p polarized; dp - depolarized.
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