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INTRODUCTION

Recent work has cast doubt on the validity of
results obtained from glutaraldehyde-fixed ma-
terial in radioautography. Peters and Ashley (3)
have demonstrated that glutaraldehyde binds free
leucine directly onto cells of rat liver. They indicate
that this bound leucine might be confused with
that incorporated by protein synthesis. As an
alternative fixative for radioautography, they rec-
ommend freshly prepared formaldehyde which
binds considerably less free leucine.

This paper reports the localization of the more
active sites of protein synthesis in the rabbit retina

as shown by radioautography. Preliminary work
showed that glutaraldehyde is superior as a retinal
fixative to formaldehyde, and so, rather than aban-
don a useful fixative, we examined the magnitude
of its associated artefact. In addition, model experi-
ments were carried out on solutions of rabbit
albumin.

MATERIALS AND METHODS

Reagents

Retinae were incubated in vitro in a tissue medium
which was a modification of that described by
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FIGURE I Binding of free leucine and tyrosine to rabbit albumin by 3% glutaraldehyde. The abscissa
shows the number of washings with 10% trichloroacetic acid. The ordinate shows a scale proportional
to the total amount of label present.

Schwartz, Danes, and Leinfelder (5). The medium
as described by these authors was freshly prepared,
without the glucose additive, and bubbled with
95% air/5% CO2 gas mixture to pH 7.4. Nine parts
of this solution were supplemented with one part of
0.3 M Sorensen's phosphate buffer pH 7.4, and
finally 100 mg% glucose was added.

When no protein synthesis was required, 2 mM
puromycin (Nutritional Biochemicals Corp., Cleve-
land) was added to the medium (2). Markers of protein
synthesis were L-leucine-4,5-3H (sp. act. 144 mc/
mmole) and L-tyrosine-3,5-3H (sp. act. 1000 mc/
mmole).

The retinae were fixed in 3% glutaraldehyde
(Taab Laboratories, Reading, England) buffered at
pH 7.3 by 0.1 M sodium cacodylate.

Method

Healthy adult Dutch rabbits were injected intra-
venously with a lethal dose of Nembutal, and their
eyes were immediately removed. The eyes were
bisected equatorially under 0.9% saline and the
anterior chamber and vitreous were discarded.
The posterior globe of each eye was divided into
four parts which were placed into 10 ml of incuba-
tion medium for 12 hr. The labeled amino acids,
100 /c of leucine or tyrosine, in 0.3 ml of incubation
medium, were then added. The incubation medium
was maintained at 37C and was air saturated.

Samples were removed after various times, fixed

for 1 hr in glutaraldehyde, and then stored in sucrose
cacodylate buffer at 40 C.

For counting the radioactivity in the fixed retina,
2-mm discs were trephined from the periphery,
blotted, and taken up in I ml of 90% formic acid
for 24 hr. The inner limiting membrane alone re-
sisted this extraction process and was discarded in
each case. Aliquots of 0.3 ml were plated onto Sigma
quadrant aluminum planchets, evaporated to dry-
ness, and counted in a Nuclear Chicago D47 gas
flow counter in the windowless mode of operation.
Background was averaged at 20 cpm, and all plan-
chets were counted to 10,000 sample counts.

For radioautography, samples were postfixed for
1 hr in Robertson's buffered osmium tetroxide (4),
dehydrated, and embedded in Bioloid wax (Will
Corporation, New York). Sections 5 u thick were
mounted on slides and overlaid with Kodak AR10
stripping film. After 7 days' storage in the dark at
4°C, the film was developed in D19b and fixed in
Kodafix (Kodak, Kingsway, London).

Model Experiment

In the model system, 7.7 ml of 3% glutaralde-
hyde were added to 2.3-ml samples containing 0.05 g
of rabbit albumin (Fraction V Powder, Sigma Co.,
Ltd., London) and 100 uc of L-leucine-1 4 C or L-tyro-
sine-14C (both amine acids of sp. act. 14.4 mc/mmole
were supplied by the Radiochemical Centre, Amer-
sham). As a control, two further samples were diluted
with 7.7 ml of distilled water. The protein was pre-
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FIGURE 2 Uptake of labeled tyrosine by normal and puromycin-inlhibited rabbit retinae on incubation
at 37°C.

'FTABLE I

Incorporation of L-Tyrosine-3,5-3 H into Normal and Inhibited Rabbit Retina

Time of incubation (hr) 14 1 1/2 2

Normal retina (net cpm/mg wet wt) 440 860 1730 2490 3430
Puromycin-inhibited retina (net cpm/mg - 10 12 - 27

wet wt)

cipitated with 1:1 20% trichloroacetic acid, centri-
fuged to a pellet, and dried. If further washings were
required, the precipitate was resuspended and re-
precipitated with 10%o trichloroacetic acid.

RESULTS

The model experiment (Fig. 1) shows that glutar-

aldehyde binds free leucine and tyrosine to rabbit

albumin. This extends the observations of Peters

and Ashley to tyrosine, which is at least as strongly
bound as leucine.

The incorporation of tyrosine into the normal

and puromycin-inhibited retina is shown in Table

I and Fig. 2. The total incorporation into the
inhibited retina represents that amount of tyrosine
bound by the fixative and perhaps some residual
protein synthesis (2). Peters and Ashley state that,
in liver slices after 2 min of incubation, 63 % of the
radioactive leucine present is bound by glutar-
aldehyde and that this is near the maximal pro-
portion bound. We find that leucine is in-
corporated into retina at about one-fifth the rate of
tyrosine and so, calculated from Table I and Fig. 2,
the magnitude of the artefact in retina is in general
agreement with that in rat liver. Under our condi-
tions of comparatively long incubations and high
amino acid incorporation, the artefact is seen to be
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FIGURE 3 Radioautograph of peripheral
rabbit retina showing grains situated over
the outer and inner nuclear layers, and
along the Muller's fibers (M). X 900.

FIGURE 4. Radioautograph of rabbit retina in the
region of the streak, showing the nerve fibers divided
by Miiller's fibers (M) overlaid with grains. X 900.

negligible. (In a radioautograph of a retina in-
cubated for 2 hr, less than I grain in 500 would
result from the binding artefact.)

The radioautographs of puromycin-inhibited

retinae showed few grains randomly situated over
the tissue. Examination of the radioautographs of
normal retinae showed that some of the exposed
grains were situated in the cytoplasm around the
bipolar and visual cell nuclei and in the ganglion
cells. However, the highest concentration of grains
was situated over the Muller's fibers (Fig. 3).
These are neuroglial structures found throughout
the retina, and they stain as column-like structures at
right angles to the retinal layers. Their nuclei are
found in the amacrine side of the bipolar layer,
and the fibers expand towards the inner limiting
membrane. Around the optic nerve head in the
rabbit retina is a region called the streak, and here,
owing to the increased size of the nerve fiber layer,
the Muiller's fibers are particularly conspicuous
(Fig. 4). The fibers have a reasonably high glycol-
ysis, and Kuwabara and Cogan (1) suggest that
these cells may have a significant metabolic func-
tion within the retina. Our results show that these
fibers are active in synthesizing protein and con-
tradict older concepts that their function is purely
structural.

SUMMARY

Sites of protein synthesis in the rabbit retina were
examined by the radioautographic determination
of labeled tyrosine. Exposed grains were visible
around the bipolar cell nuclei and visual cell
nuclei. Incorporation into Muiller's fibers was high.
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