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Coomassie brilliant blue R-250; DMEM, Dulbecco’s Modified Eagle Medium ; FITC,
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inner nuclear layer; IPL, inner plexiform layer, IS, inner segment; ONL, outer nuclear
layer ; OPL, outer plexiform layer; OS, outer segment; RS, retina soluble protein; SDS-
PAGE, sodium dodecyl sulfate polyacrylamide gel elecrtophoresis.
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Fig.1. SDS-PAGE of developing chick retina (A)
and cerebrum (B). Soluble proteins from the
chick retina and cerebrum at various develop-
mental stages were subjected to SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
stained with Coomasie brilliant blue R-250 (CBB).
Approximately 30 g of protein were applied to
each lane. 1, 12th day embryo; 2, 14 th day
embryo; 3, 16th day embryo: 4, 19th day
embryo ; 5, young (about 1 week old) chick ; 6,
adult (about 3 months old) chick. An arrow
indicates visinin (24 Kd); T, tubulin (55 Kd); A,
actin (43 Kd).
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Fig.2. SDS-PAGE of the DEAE-cellulose fractions
of adult chick retina (A) and of adult chick
cerebrum (B). Each fraction was dialyzed over-
night against 200 vol. of 5 mM Tris-HCl buffer
(pH 8.0) at 4°C, lyophilized, and dissolved in
distilled water. About 10-15 zg of protein were
applied to each lane and stained with CBB. I,
non-absorbed fraction. II, 50 mM NaCl eluted
fraction. I, 250 mM NaCl eluted fraction. IV,
1.5M NaCl eluted fraction. An arrow indicates
visinin position.
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Fig.3. Phase-contrast photomicrographs of
monolayer culture of neuroretinal cells disso-
ciated from a 16th day embryo. a, 3 days
culture ; b, 6 days culture ; ¢, 3 times-subculture.
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Fig. 4. Analysis of visinin from various culture
conditions. The soluble proteins from various
cultures were subjected to SDS-PAGE and
stained with CBB. An arrows indicate visinin
position. A: Effect of culture day on the
content of visinin. 1, 16 th day embryonic retina
(0 day culture); 2, 6 days culture; 3, 9 days
culture; 4, 11 days culture. B: Effects of
ouabain and D, L-a-aminoadipic acid (A. A. A)
treatment during culture. 1, control; 2, 0.1 mM
ouabain added to the 3 days’ culture for 8 hr; 3,
0.1lmM for 24 hr. After washing out ouabain, the
culture was incubated for another several days.
4, control ; 5 and 6, 1.26mM A. A. A. was added to
the 3 days’ culture for 8hr (5) or 24 hr (6),
following culture conditions were essentially the
same as the ouabain experiment. Approximate-
ly 30 ug protein were applied to each lane.
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Fig.5. Preparation of anti-visinin serum. A:
Electrophoretic pattern of 3 g (1) and 6 g (2) of
electrophoretically purified visinin on SDS.
PAGE. An arrow indicates the visinin position.
Protein was stained with CBB. B: Ouchterlony
double-immunodiffusion of anti-visinin serum
against an electrophoretically purified visinin.
1, 3 ug of purified visinin; 2, 15 4l of preimmune
serum ; 3, 30 ug of IgG from preimmune serum ;
4, 15 gl of anti-visinin serum; 5, 30 ug of IgG
from anti-visinin serum. C: Immunoelec-
trophoresis of purified visinin and partially
purified visinin. 1, 5 xg of electrophoretically
purified visinin; 2, 20 ,g of partially purified
visinin. The trough was filled with 50 xl of anti-
visinin serum. The anode is to the right.
Protein was stained with Amide Black 10 B.

Fig. 6. Indirect immunofluorescent staining of
chick retinae during development. a, chick
retina (1 or 2 weeks old) stained with anti-visinin
serum with an arrow indicating an amacrine cell ;

b, chick retina stained with visinin-absorbed

antiserum ; ¢, 4 th day embryonic retina; d, 7 th

day embryonic retina; e, 9th day embryonic
retina ; f, 13th day embryonic retina; g, 16 th
day embryonic retina; h, 19 th day embryonic

retina. Antiserum dilutions were at 1:1,000 (b,c)

and at 1:80,000 (a, d-h). OS, outer segments; IS,

inner segments ; ONL, outer nuclear layer ; OPL,
outer plexiform layer ; INL, inner nuclear layer ;

IPL, inner plexiform layer; GCL, ganglion cell

layer; NL, nuclear layer.
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Fig. 7. Indirect immunofluorescent staining of
various vertebrate retinae with anti-visinin
serum. a, human retina; b, cat retina, with an
arrow indicating axonal processes of horizontal
cells; ¢, frog retina; d, carp retina, with an
arrow indicating the connecting fibers; e, mouse
retina. Auto-fluorescence (yellow color) was
observed in mouse photoreceptor cell layer.
Antiserum dilution was at 1:1,000 (a-e). All
abbreviations are the same as in Fig. 6.
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Fig. 8. Electron microscopic immuno-
histochemical localization of visinin in a cone
cell of chick retina (1-2 weeks old). M, mitochon-
dria ; IS, inner segment of cone cell ; OS, outer
segment.
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Fig.9. Indirect immunofluorescent staining of
cultured chick retinal cells. a, control culture
for b and ¢ from 16 th day embryonic retina ; b,
0.1 mM ouabain added to the 3 days’ culture for
24 hr, and after washing out ouabain, they were
cultured for another 3 days; ¢, 50 mM D, L-a-
aminoadipic acid treatment was carried out in
the manner similar to that by ouabain. Anti-
serum dilution was at 1:10,000.
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Abstract

Soluble proteins from the chick retina were analyzed at various developmental stages. A
peptide of about 24,000 daltons, pI=5.5 (visinin) appeared in the 14th day embryo and gradually
increased with embryonic age. Vininin was not detected in the cerebrum, tectum, pigment
epithelium and vitreous body at any age. It is suggested that visinin is one of the distinctive
proteins that increase in concentration during the development of the chick retina. In primary
cultures of the chick embryonic retina, the visinin content was gradually decreased during culture
in parallel with the decrease in number of neuronal cells. When the cultured retinal cells were
exposed to ouabain which selectively degenerated the neuronal cells in monolayer culture, the
visinin content also decreased. Degeneration of glial cells by the addition of a-aminoadipic acid
to the medium, however, did not cause any appreciable change in the visinin content. These data
indicate that visinin originates from neuronal cells, but not from glial cells, This was also sup-
ported by the immunohistochemical study using the antibody raised against visinin. Visinin
was mostly localized in the photoreceptor cell layer in 1 to 2-week-old chick retina. Staining
intensity of the inner segments was more than that of the outer nuclear layer, but no significant
labeling was found in outer segments. In addition some amacrine and displaced amacrine cells
were stained. Miiller cells were not reactive, however. Changes in retinal localization of visinin
were examined in the course of maturation. No obvious staining was detected in the 4th day
embryonic retinae.In the 7th day embryonic retinae, putative photoreceptor cells were appar-
ently stained, and thereafter increased in the intensity. In the 11th day embryonic retinae,
putative neuronal cells in the inner nuclear layer began to be reactive. In the 16th day embryo-
nic retinae, fluorescent pattern of the whole retina was essentially the same as that of the chick.
In electron microscopic study, immunoreactive structure was found in cone cells, but not in rod
cells. Human, cat, frog and carp retinae, which contain both rods and cones, were also examined.
In all the animals, the visinin-like immunoreactivity was clearly observed in cone cells, but not in
the rods. Furthermore, the immunoreactivity was barely detectable in the photoreceptor cells of
mouse, rat and bovine retinae containing mostly rod cells. These results suggest that visinin is a
good marker for cone cells and involved in an important function of the retina, since it is

abundant in cone-dominant retinae and exisits in vertebrate retinae beyond species barriers,



