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lor publication or accepted for publication
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1. Manuscript accepted for publication:

Nai-Teng Yu, John F. R. Kuck, Jr. and Carl C, Askren "Laser Raman Spectroscopy of
the Lens in situ, Measured in an Anesthetized Rabbit". Current Eye Res. (in press)
Two copies are sutmitted with this application.

3. Progress Report:

(i) General scientific goals of the project during the budget year: No change.

(i1) We took a major step toward the development of laser Raman spectroscopy as an
in situ structural probe of the ocular lens. We have succeeded in obtaining
the first Raman spectrum from the lens of a Tfve animal. A laser beam (514.5 nm;
15 mW) was directed into the eye of an anesthetized rabbit at 60° from the visual
axis and Raman emission was collected at 90° from the incident beam. The power
density at the retina was estimated at 0,5W/cm®, The entire scattering column
in the Tens can be imaged on the entrance slit of a spectrometer with so little
distortion that Raman "optical dissection" analysis (Askren, Yu and Kuck (1979)
Exp. Eye Res. 29, 647) can be performed on the in situ lens. In addition, we
have demonstrated that a low power He-Ne laser (632.8 nm; 0.78 mW) is a

suitable excitation source for detecting the red fluorophor in a brunescent
human lens. '

There is a possibility that various fluorophors in aging and brunescent human
lenses are formed by photoreaction between the lens proteins and some photo-
sensitizers such as 3-0H kynurenine derivatives in the lens. Preliminary
studies show that y-crystallin treated with 3-OH kynurenine plus near UV for
12 hr. exhibits an enhanced fluorescence tntensity in the red.

The results with excitation wavelengths at 406,7 and 514.5 nm are shown in
Figs. 1 and 2. The findtngs may be important in understanding the mechanisms
by which the red fluorophor is formed in brunescent human lens.

Specific objectives for the coming year:

1. To improve the technique for in situ Raman spectroscopy of the lens,

2. To determine the differences among the three crystallins in regard to the
photosensitivity with 3-0H kynurenine,

3. To investigate the similarities and differences between the fluorophors formed
by photoreaction with 3-0H kynurenine and those in order and brunescent human
Tenses by means of laser Raman/flurescence techniques.

PHS-2590-1 PAGE § {Use Continuation Page as necessary)
(Rev 9/80)




(])_ jférystallin treated with 3-OH kynurenine plus near UV for 12 hr. Protein = 0.414 mg/m1

(2) y-crystallin treated with 3-0H kynurenine plus dark for 12 hr. Protein = 0.414 mg/ml.
6.0 (3) y-crystallin treated with near UV only for 12 hr. Protein = 0.333 mg/ml.
(4) non-treated y-crystallin. Protein - 0.522 mg/ml .
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(1) y-crystallin treated with 3-OH kynurenine plus near UV for 12 hr. Protein = 0.414 mg/ml . T

(2) y-crystallin treated with 3-OH plus dark for 12 hr. Protein = 0.414 mg/ml.

(3) y-crystallin treated with near UV for only 12 hr. Protein = 0.33 mg/ml.

(4) non-treated y-crystallin. Protein = 0.522 mg/m}.

|
X =514.5 nm (19434 cm™))
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C. Progress Report/Preliminary Studies

Title of invention : Non-invasive early prediction;yfcataract by Raman/fluores-

1)
ii)

iif)

iv)

Period: May 1, 1979 - April 30, 1982 cence

Professional Personnel who have worked on the project:

Yu, Nai-Teng, Professor (Principal Investigator) 05/01/79-
present (50%)
Askren, CarlC., Research Technician, 06/01/81-08/31/82, 100%
Graduate Res. Assist. 05/01/79-05/31/80, 100%
Pace, C., Research Associate, 05/01/70-04/30/80, 100%
Bando, M., Sr. Res. Assoc., 10/01/8l-present, 100%

Previous Application's Specific Aims: 1In previous applications

we proposed to achieve the following specific aims: 1) To obtain
quantitative experimental data to explain why cats rarely develop
cataracts, while dogs frequently do; 2) To demonstrate that Raman
spectra can be obtained from the lens of a living animal with
laser power sufficiently low (~1 mW) to avoid retinal damage;

3) To follow the development of a mouse senile cataract using

a Raman spectrometer with a cooled, silicon intensified target,
and zn optical multichannel analyzer (SIM-OMA); 4) To charac-
terize by laser Raman scattering a late-appearing (senile)
cataract in Emory mouse; 5) To investigate whether in vivo near

UV irradiation will accelerate the oxidation of protein sulfhydryl
in the aging rabbit lens; 6) To correlate Raman spectroscopy of
Y-crystallin with available three-dimensional structure obtained
from X-ray crystallography; 7) To determine if human senile
cataract involves the oxidation of protein sulfhydryl to form
disulfide bonds; 8) To perform Raman measurements on specific
amino acids (Trp, Tyr, Cys) and "fluorophors" from human and
animal lenses, and to determine if their profile changes with

age; 9) To obtain "fingerprint" information on "fluorophors"

found in the lens by means of coherent anti-Stokes Raman scatter-
ing (CARS); 10) To employ different Raman techniques for determin-
ing small conformational changes of proteins associated with aging
or cold cataract.

Summary of Progress and Important Findings: (a) We have devel-

oped a multichannel Raman system which was successfully employed
to obtain the first Raman spectrum from the lens of a live rabbit
(Yu, Kuck and Askren, 1982); (b) We discovered a red fluorophor
with emission maximum at 672 nm (excited at 647.1 nm), which is
absent in normal lenses younger than 70-year old (Yu, Kuck and
Askren, 1979). We now have a sensitive indicator for monitoring
the early development of brunescent cataract formation; (c) sub-
sequent studies of brunescent cataracts with laser wavelength at
568.2 and 676.4 nm led to the discovery of near red (emission
maximum at 633 nm) and far red (emission maximum at 707 nm)
fluorophors which are also highly characteristic of brunescent
cataract (Yu and Kuck, 1980); (d) Raman spectra of cataractous
Emory mouse lens have been obtained. A pair of lenses from

the same mouse (8-month old), one normal and the other partially
opaque, were found to exhibit different -SH intensity at

2580 cm~' (unpublished results); (e) We have demonstrated that
fluorophors in mouse lens can be generated in the absence of
light. Fluorescence profiles along the visual axis of aging dark-
adapted mouse lenses have been obtained and compared with those of
light-adapted mouse lenses; (f) Near red fluorophor (emission at

-17-
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633 nm with excitation at 568.2 nm) can be artifically generated
by incubating 3-OH kynurenine with rat y-crystallin in the
presence of near UV irradiation for 16 hrs (unpublished results);
(g) With excitation wavelength at 676.4 nm we have been able to
obtain high-quality Raman spectrum from a human lens as old as
70-year without fluorescence interference (unpublished results);
(h) "Laser Raman Optical Dissection" technique (Askren, Yu and
Kuck, 1979) was introduced to measure the variation of sulfhydryl
level along the visual axis of the lens. The effects of aging

on VA sulfhydryl profiles are quite different between human and
rodents. This has been correlated with the derivation of
albuminoid. The -SH concentration profiles of bovine, rabbit and
chicken lenses of several ages have also been obtained (Kuck, Yu
and Askren, 1982); (i) "Difference Raman" technique was employed
to detect aged-related changes in the tertiary structure of
crystallins in the nucleus of rat lens (Yu and Kuck, 1981). The
nearly complete 2 SH + S-S conversion in rat lens nucleus without
significant changes in the secondary structure has been interpreted
in terms of the three-dimensional structure revealed by X-ray
crystallographic studies of y-crystallin (bovine); (j) We have
completed the measurements of critical wavelengths in human lenses
with ages between 0 and 80-year old. A normal aging curve was
obtained and a brunescence zone was defined (unpublished); (k)

A demonstration that red fluorophor in a brunescent human cataract
can be detected in 1.68 sec. with only 0.6 mW of laser beam at
632.8 nm (unpublished results).

V) Detailed Progress Report:

(a) Multichannel Raman Spectroscopy of the Lens in situ,
Measured in an Anesthetized Rabbit (with Kuck and Askren, Current
Eye Res. in press).

We have obtained the first Raman spectrum from the lens of
a live rabbit. A laser beam (514.5 nm; 15 mW) was directed into
the eye of an anesthetized rabbit at 60° from the visual axis
- T - and Raman
A emission was
collected at 90°

Scattered 8 from the incident
beam (Fig. 1).
The power density
To at retina was
Spectrometer estimated at
¢ 0.5 W/em®. The

entire scatter-
Image  ing column in
the lens can be
imaged on the
entrance slit of

beam our spectrometer
with little dis-
Fig. 1 tortion so that
Raman "optical dissection" analysis can be performed on the in situ

lens.

For in situ Raman spectroscopy, a multichannel detector (500-
700 channels) is superior to the conventional scanning single-

-18~
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channel photomultiplier-photon counting detection modern. Since
all the channels accumulate optical signals simultaneously, the
variations in light output from the lens due to animal's eye
movement are relatively inconsequential if the positilon of the eye
in the laser beam is quickly realigned after movement.

(b) Discovery of Red Fluorescence Characteristic of Human
Brunaescent Cataract (with Kuck and Askren, Invest. Ophthal. &
Vis. Sci., 18, 1278-80 (1979)).

We found a red fluorophor in the nucleus of the older human
lens, whose accumulation appears to parallel the development of
brunescent cataract. Its appearance may be regarded as a sign
of incipient brunescence for four reasons: (1) it is not
normally present before the seventh decade, (2) its concentration
increases rapidly with age around the 7th decade, (3) its accumu-
lation is remarkably higher (~102) in brunescent lenses than in
normal lenses of comparable age, and (4) its distribution has a
maximum near the center of the nucleus. 1In these properties it
differs from the blue fluorophor of the lens which is present in
the normal lenses of all ages, and is only slightly elevated
above normal in brunescent lenses. Red fluorophor does posses
the important properties expected of a substance involved in
nuclear pathology. The red fluorophor has an emission maximum
at 672 nm with excitation at 647.1 nm.

(c¢) Comparison of Fluorescence between Normal Lens and Brunescent
Cataract, With Varying Laser Wavelength (unpublished).

Careful comparison of emission properties of normal and
brunescent lenses (both at 53-year-old) (Fig. 2) led to the
discovery of two additional red fluorophors with excitation/
emission at 568/633 (near red) and 676/707 (far red). These two
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fluorophors, along with the one at 647/672 (red), are quite
distinct from those found in normal lenses. We believe that
these signals at 633,672 and 707 nm may serve as probes for the
in situ monitoring of brunescent cataract formation.

(d) Accelerated Changes in Sulfhydryl Accompany the Cataract

Formation in Emory Mouse (with Kuck, unpublished).
We have estab-

lished that the
25H -+ S-S5 conver-
sion is an

Emory mouse |ens important feature
< Nucleus Center > of normal lens

aging in mouse and
rat, without
‘cataract formation.
8-month old However, it has
been shown that an
accelerated rate

of such a conver-
sion does lead to
lens opacity such
as in UV-irradiated
mice (East, Chang,
Yu and Kuck, 1978).
Recently, we com-
pared the rates of
disappearance of
lens sulfhydryl
between cataract-

prone mouse (Emory
L/normal mouse, a senile

cataract model) and

cataract-resistant
mouse, and found
that there was an

Fig. 3 acceleration for

the former. More interesting is the finding that a pair of lenses
from an 8-month old Emory mouse do not have the same rate of dis-
appearance of lens sulfhydryl. As shown in Fig. 3, the normal lens
exhibits a stronger -SH signal at 2580 cm‘l, compared to the cata-
ractous one. This cataractous lens -was only partially opaque so that
Raman scattered light from the nucleus center could be transmitted.

2580¢m™

cataract

(e) Metabolic Production of A Green Fluorophor in Mice(with Bando & Kuck)

Exposure of ocular lens to UV light can result in production of
fluorescent materials, both in vivo and in vitro (Lerman et al.,
1976a,b; Grover and Zigman, 1972; B Borkman et al., 1977). “However,
we have demonstrated that fluorophors in the lens can also be
generated in the absence of light as a result of aging. As shown
in Fig. 4, the 2-week old mouse lenses (both dark-adapted and light-
adapted) exhibit pratically no fluorescence with excitation at
407.6 nm. Quite interestingly, fluorescence intensity increases
considerably in the nucleus of 35-week and 45-week old lenses. The
fluorescent intensity in the lens of 45-week old light-adapted
mouse lens is not significantly higher than that of the 45-week old

-20-
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o dark-adapted mouse.
Dark adapted mouse We are continuing
the measurements up

Aexc=406.7nm . to at least 2-year
old to see if fluo-
rophor concentration
45 weeks is higher in light-
adapted mouse.

=
T

=35 weeks (f) Near Red Fluo-
rophor Generated
from 3-0H Kynurenine
(with Bando and Kuck,
unpublished).

(%}
T

We demonstrated
. . . that near red fluo-
1.5 1.0 05 0 05 1.0 1.5 rophor at 633 nm can
be artifically gener-
ated by incubating 3-
OH kynurenine with
rat y-crystallin in
the presence of near
UV irradiation for
16 hrs (curve 1 of
Fig. 5). The fluor-
oscent complex is
apparently covalently
linked to y-crystallin
because it cannot be
4 removed by exhaustive
8 dialysis. Incubation

a
e 2 Weeks 7 of y-crystallin with
posterior anterior ~ 3-0H kynurenine with-

9570 o5 0 0% 10 15 -  out near UV produces
VA length (mm) ' no near red fluorophor
Only y-crystaliin with
or without near UV
Fig. 4 also exhibits no near
red fluorescence (curves 2 and 3 of Fig. 5). Since human lens
contains high concentration of 3-0H kynurenine O-f-glucoside
(Bando, Nakajima and Satoh, 1981), this raises the possibility that
near red fluorophor in brunescent cataract may indeed be generated
by ambinent UV light. We are currently investigating if differences
exist among the three crystallins (a-, f- and y-) in regard to the
photosensitivity with 3-0OH kynurenine. Studies of artificially:
generated red and far red fluorophors are also in progress.

o

Light adapted mouse

45 weeks

Fluorescence intensity / Raman intensity at 3400 cm™
(=]

On
T

(g) Earlier Raman studies of human lenses were restricted to
young lenses ( 20-year old) because older lenses had increased
fluorescence which interfered with Raman measurements. Now we
have overcome that deficiency by the use of exciting light of
much longer wavelengths; this gives good Raman signals but does
not excite the major fluorophors (Yu, Kuck and Askren, 1979).
After we reported the Raman spectrum of a 58-year human lens
(Kuck, Yu and Askren, 1982) with excitation at 647.1 nm, we have
succeeded at obtaining interpretable Raman spectra from a 70-year

~21-
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old lens excited at
50 Aexc=568.2nm 676.4 nm (unpublished

2 results). Our SP-171
i Krt laser has a line
L at 752 om (1.2 watts),
which will be employed
’\ 633nm to obtain Raman spectra

1-6r | ' of even older human
\ \ | lenses.
: ' (h) Laser Raman Optical

| Dissection Technique
‘ (with Askren and Kuck,

/ | Exp. Eye Res. 29, 647-
654 (1979)). We have
shown that Raman spec-
troscopy can be used as
a unique optical dissec-~
tion technique for ob-
) ‘ taining the -SH concen-

] ' tration profile along
. - the visual axis (VA) of
o ocular lenses. The VA
0 ‘ L . L length of each rat and

12000 14.000 ]6003 mouse lens was measured
Wavenumber (cm™) using a translation stage
Fig. 5 micrometer and the laser
scattering. The rat VA length varied from 2.85 mm (26 days)to 4.32
mm (16 months). Spectra were obtained from 20 increments along the
VA. The results are presented as VA proriles. The salient features
in the series of curves are two maxima in the cortex (one anterior,
one posterior) and a central minimum. The youngest rat lens showed
a bell-shaped curve. All curves were nearly symmetric for the rat
the maxima slightly off center for the mouse. The two maxima of
the second youngest rat lens were separated by a distance of 1.55
mm which increased to 2.95 mm in the oldest lens. In a 7!5 month
lens a 0.78 mm segment of the VA center contained too little
sulfhydryl to be detected by this technique. This segment in-
creased to 1.44 mm in the oldest lens. The apparant rate of
decrease in SH, being quite pronounced in the nucleus, is dif-
ferent at other points along the VA. A plot of sulfhydryl level
vs. age for several points at distance r from the center (VA
midpoint) along the VA indicates a steady decrease in SH levels
with age for r <1.2 mm (Fig. 6). For larger r, there is actually

2.0

QBF

l / Iwater

0.4

n N/
f232 | I 8 \\
Tory —— .

L . ; \-\6
2 . 2
1

° i ! ' y
<] 100 200 300 400 500
Age (days}
Changes in rat lens eulfhydryl. The intensity ratios for anterior VA distances (in mm) of
(3) # = 0:00 (W), (2) r = 0-40 ((J), (3) r = 0-30 (@), (4) * = 1-20(O), (B) r = 1-35 (), and (8) r = 1-60
{A) ste presented a8 & function of age.
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an increase in SH. These results are interpreted in terms of 2SH +
S-S conversion, changing rates of synthesis of the different
crystallins of glutahione synthesis along the VA.

(i) Comparisons of Sulfhydryl.Behavior in the.Intact Lenses of Humans;
Water Buffalo, Rabbit, Chicken, Rat and Mouse: Variations in the
Nucleus and Along the Optical Axis During Aging (with Kuck and
Askren, Exp. Eye Res. 34, 23-37 (1982)).

For the first time "laser Raman optical dissection” technique
was employed to reveal the dramatic differences in sulfhydryl
behavior among several species. As demonstrated in (h), the
sulfhydryl concentration in the central nucleus of rat and mouse
lenses falls precipitously with age. However, in the lenses of
man and water buffalo, the -SH decreases at a much slower rate with

age (see Fig. 7). The difference between the two groups appears to
— - : be correlated with the derivation of

« albuminoid: in the rodents it is
chiefly y-crystallin which gives rise
to albuminoid while in human and bovine
lenses albuminoid is related to a-
crystallin. The sulfhydryl concentra-
tion profiles along the visual axis of
human, rabbit and chicken lenses of
several ages show that these species
have profiles unlike those of rat and
mouse lenses; the rabbit lens is more
like the human lens while the chicken

0O KW 20 30 4 5 ¢ 0 ®©
Lite enpactoncy O} * lens is in a class by itself due to the
predominance of 6-crystallin in the
Fig. 7 ' nucleus and the consequent extremely low

concentration of sulfhydryl. (see Figs. 8,9,10 & 11).

(a)

Rat Lens

20

\ 35 momm
T3 monihy

Tosez ! farn

[+2-14

VA length (mm)
Fig. 8 ~___ Fig. 9
- [P, . . . s —
20 , CHICKEN LENS
Rabbit Lens
6 months
Ty Lol © 1 day
5 ® 2 years
g . &
~ Y ~
et 3
] R
3 os
os|-
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! L ! 1 1 1 | | o 0000
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»
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(j) Difference Raman Technique Reveals Age-Related Changes in Rat
Lens Protein Tertiary Structure (with Kuck, unpublished).

Raman studies on intact rat lenses have demonstrated that y-
crystallin in the central nucleus undergo almost complete oxida-
tion of sulfhydryl to disulfides within 50% life expectancy. It
is of interest to examine the effects of disulfide formation on

: secondary structures of y-
crystallins in the intact
RAT LENS (nucleus) state. Raman "amide III"
: band near 1240 cm~! reveals
secondary structure, while
Tyr "doublet"” near 840 cm—!
and a Trp ring mode at 760
cm-! reveal tertiary structure.
Difference Raman spectra
between young (l-month) and
old (8-month) lenses display
3 positive bands betweetn
800-890 em~', but complete
cancellation of "amide III"
singals indicating significant
changes in tertiary structure
but not in secondary structure.
The absence of changes in
| secondary structure (predomi-
~SS- Trp ' nately anti-parallel B sheet)
a-b implies that all the -SH groups
Aﬂﬂ//\\“\fwvw\ﬂQ/A/ww““ﬂ"““J“M“”” must be clustered together
756 and/or so arranged on the
— molecular surface that intra-
RAMAN SHIFT cm™)— and inter-disulfide crosslinks
are readily formed during
Fig. 12 - normal agin§ without involving
protein unfolding. Spectral changes (450-800 cm~") caused by aging
process are presented in Fig. 12. The signals at 663 and 725 cm™
are due to the C-S stretching vibrations of -C-5-S-C- linkages and
methionine, respectively.

509
501/

(k) Measurement of Critical Wavelengths in Human Lenses (with Kuck,
unpublished).

Human lenses exhibit strong fluorescence at all ages. However,
as excitation wavelength increases, the intensity of fluorescence
relative to Raman intensity decreases. A critical wavelength may
be defined as the shortest excitation wavelength at which the
fluorescence intensity vanishes relative to Raman signals. As
shown in Fig. 13, the l4-year old lens has a A (critical) at 514.5
nm. We have measured the A (critical) vs. age (Fig. 14) which
shows variations between 480 and 670 nm. A brunescence zone is
reached if A (critical) is longer than 670 nm.

-24—
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u-lo‘1
rrm 26:00% commuy

0 ——2 30 —d0 30 B Fo T35

AGE ( year)

Fig. 14

4543 416.7nm

Fig. 13
(1) A Demonstration That Red Fluorophor in A Brunescent Human

Cataract (Extracted) Can be Detected in 1.68 Second With 0.6 mW
Beam at 632.8 nm (unpublished results).

We have been interested in pursuing the idea that red fluo-
roscence in human lens may be used to monitor the early development
of brunescent cataract. To reduce the laser power and time needed
to record the entire red fluorescence spectrum, we have taken a
major step in redesigning our light-dispersion system (Fig. 15).
With a modified spectrometer (Spex 1870, through rental arrange-
ments) the light paths are reduced from 9 to 5, and an optimization
of dispersion and resolution, it is now possible to view the entire
red fluorescence under the excitation of 632.8 nm beam (at 0.6 mW)
in only 1.68 second. Fig. 16 shows a comparison between a 73-year
old brunescent lens and a 32-year old normal lens. A total of
20,416 counts of signals could be accumulated at 672 nm (red) in
only 1.68 seconds. Under the same conditions, the normal lens ex-
hibited 367 counts.

-25-~




Yu, Nai-Teng
585-28-9345

<[]7 Fig. 15
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20,416 counts exc= 632.8nm (0.6mwW)
t=1.68 sec

BRUNESCENT CATARACT . 6
(73-year old ) Fig. 1

367 NORMAL ( 32-year old)
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