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A B S T R A C T  

The utilization of methionine-aH by retinal photorcceptor cells has been studied by radio- 
autographic tcchnique in the rat, mouse, and frog. In all three species, the labeled amino 
acid is conccntratcd initially in the inner segment of the cell. Within 24 hr, the radioactive 
material is displaced to the base of the outer segment, where it accumulates as a distinct 
reaction band. The reaction band then gradually moves along the outer segment and ulti- 
mately disappears at the apex of the cell, which is in contact with the retinal pigment epi- 
thelium. These findings are interpreted to indicate that the photoreceptor ccll outer seg- 
ment  is continually renewed, by the repcated lamellar apposition of material (membranous 
discs) at the base of the outer scgment, in conjunction with a balanced removal of material  
at its apex. The outer segment rencwal rate is accelerated in frogs when ambient temperature 
is raiscd, and is elcvated in both frogs and rats when the intensity of retinal illumination is 
increased. 

I N T R O D U C T I O N  

The photorcceptor cells of the vertebrate retina, 
the rods and cones, are highly specialized cells 
which respond to the stimulus of light, and trans- 
mit  this response to adjoining neurons for ultimate 
relay to the visual centers of the brain. These 
functional requirements have been met through an 
elaborate, segmental organization, involving a re- 
markable degree of intracellular compartmental i-  
zation (Fig. 1). 

The  outer segment of the cell is comprised of a 
stack of many hundreds of densely packed discs, 
each of which represents a double'  layer of in- 
folded plasma membrane. The  light-sensitive 
visual pigment (a protein, opsin, combined with a 
carotenoid, retinene) is restricted to this portion 
of the cell, as a constituent of the discs. Outer  and 
inner segments are continuous through an ex- 
tremely narrow connecting structure, a cylindrical 
stalk containing a modified cilium. Ellipsoid and 
myoid regions may be distinguished within the 

inner segment. The ellipsoid is characterized by a 
dense aggregation of mitochondria, whereas the 
myoid contains the Golgi complex, scattered 
vesicular components, and considerable quantities 
of free and membrane-bound ribosomes. The  
nucleus is located in a widened part of the fber ,  
an axon-like extension which terminates in a 
synaptic body in association with second-order 
neurons. 

As a result of this unusually segmented arrange- 
ment,  sites of synthesis tend to be localized, and 
separated from sites of utilization (29). For ex- 
ample, the mucopolysaccharide in which the 
outer segments are embedded is synthesized in the 
inner segment. From here it is displaced in a 
scleral direction, into the extracellular space (13, 
90), Most of the cell's ribonucleic acid is concen- 
trated in the myoid region of the inner segment. 
However, the source of this material is the cell 
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nucleus, which  cont inual ly  supplies newly syn- 
thesized R N A  to the inner  segment (2, 29). 

T h e  rapid  incorporat ion of radioactive a m i n o  
acids into the inner  segment indicates tha t  protein 
synthesis is confined largely to this RNA-r i ch  com- 
pa r tmen t  of the cell (8, 14, 19). Droz observed by 
rad ioau tography  tha t  in ra t  and  mouse photore- 
ceptors most of the radioactive protein was dis- 
placed from the inner  to the outer  segments (8). 
Wi th in  a week, it apparent ly  had  become dis- 
t r ibuted evenly in this par t  of the cell. I t  was con- 

cluded tha t  " a  protein which may  be opsin is con- 
tinuously being exported from the inner  to the 
outer  segment of ret inal  rods in rats and  mice" (8). 

The  initial results of a comparable  radioauto-  

graphic  study in rats substant iated Droz 's  general 

findings, bu t  differed to the extent  tha t  an  al terna-  

FIGURE 1 Diagrammatic representation of 
retinal photoreceptor cells. A is a schematic 
drawing of a vertebrate photoreceptor, showing 
the compartmentalization of organelles as re- 
vealed by the electron microscope. The follow- 
ing subdivisions of the cell may be distinguished : 
outer segment (o); connecting structure (c); 
ellipsoid (e) and myoid (m), which comprise 
the inner segment; fiber (f); nucleus (n); and 
synaptic body (s). The scleral (apical) end of 
tile cell is at  the top in this diagram. B depicts a 
photoreceptor cell (rod) from the rat. Mouse 
photoreceptors are basically similar. C is a 
green rod, and D a red rod, from tim frog retina. 

tive in terpre ta t ion  of the renewal p h e n o m e n o n  
seemed to be required (27, 28). A repor t  of this 
investigation, which has been expanded  to include 
variables of species, age, temperature ,  and  il lumi- 
nat ion,  is given below. 

M A T E R I A L S  A N D  M E T H O D S  

Tritiated methionine, in aqueous solution (specific 
activity 125-300 mc/mmole),  was injected intra- 
peritoneally into rats and mice, and into the dorsal 
lymph sac in frogs, at a dosage of 10 /xc/g body 
weight. 

In  one group of experiments, animals were main- 
tained at 25 ° C under  conditions of 14 hr illumina- 
tion (about 40 foot-candles) and 10 hr darkness per 
day. 29 female rats (Long-Evans) in three groups, 
1, 4, and 8 wk of age at the beginning of the experi- 
ments, were sacrificed between 1~ hr and 14 days 
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after injection. Three additional 8 wk old rats were 
given two injections, 2 and 6 days before sacrifice. 
In comparable studies, 14 8-wk old female mice 
(C57BL/CJ inbred strain and albinos from a closed 
colony of Swiss-Webster origin) were sacrificed 1 
hr-10 days after injection. 31 adult frogs (Rana 
pipiens), unselected as to sex, were analyzed at post- 
injection intervals ranging from 1 hr to 45 days. 

Frogs were used in experiments designed to ex- 
plore the effects of temperature, since these animals 
are poikilothermic, Groups of frogs (two to three per 
group) were maintained at 4 °, 13 ° , 25 ° , or 34 ° C, 
under the lighting conditions cited above. After 3 
days in these environments, the frogs were injected 
with methionine-3H. All were then kept at these 
temperatures until sacrifice 10 days later. 

Additional experiments were devised to test the 
effects of illumination at a temperature of 25 ° C. 
Eight rats, 10 wk of age, and 10 adult frogs were 
studied. Half the animals were kept in total dark- 
ness. 1 The others were exposed to continuous illumi- 
nation at high intensity (approximately 600 foot- 
candles). This was achieved by maintaining the 
animals in clear, acrylic plastic cages, surrounded 
on three sides by banks of three, 20 watt, "cool- 
white" fluorescent lamps. Plate glass, 6.5 mm thick, 
was interposed between the light source and the 
cage, to filter out heat and ultra-violet wavelengths. 
The rats were exposed to these conditions for 8 days, 
then injected with methionine-3H, and were sacri- 
ficed after 7 additional days in this environment. The 
frogs were acclimated for 2 days before injection, 
and were sacrificed 10 days later. 

At sacrifice, the eyes were removed and immedi- 
ately fixed without further dissection. (Frogs were 
dark-adapted for 2 hr prior to sacrifice, in order to 
cause retraction of the retinal epithelial pigment 
granules which surround the photoreceptor outer 
segments in the light-adapted state). In the initial 
studies (most of the rat experiments), the eyes were 
fixed for 2 days in 4% buffered, neutral formalde- 
hyde. Freeze-substitution subsequently proved to be 
superior, and was employed in the later experiments. 
The eyes were quick-frozen at --160 ° C in isopen- 
tane which had been cooled with liquid nitrogen. 
They then were stored at --80 ° C in a 5% solution 
of picric acid in ethanol for 1-2 wk. The solutions 
were then brought to 4 ° C, and the tissues trans- 
ferred to absolute ethanol for 1 hr at this tempera- 
ture. After an additional hour in absolute ethanol at 
room temperature, the eyes were embedded routinely 
in paraffin, sectioned at 5 #, and prepared for radio- 
autography with Kodak NTB2 liquid emulsion 

1 The frogs were exposed to low intensity illumi- 
nation from a dim, red, photographic safelight during 
a daily, 1 hr feeding period. 

(Eastman Kodak Co., Rochester, N. Y.) by the 
dipping technique. The preparations were exposed 
for 4-16 wk, then developed in Kodak Dektol for 2 
rain at 17 ° C. The sections were stained with peri- 
odic acid-Schiff (PAS) reaction before dipping, and 
with hematoxylin after development. 

R E S U L T S  

Rats 

In the 7 day old rat  retina, the photoreceptor  
cells are still in the process of development.  The 
outer segments, which begin to form about  l0 days 
after birth, attain their mature length between 4 
and 6 wk of age. 

In  rats injected on the 7th postnatal day, there 
was relatively little utilization of methionine-H '~ 
by the developing photoreceptor cells. However, in 
the 4-wk-old rats, a significant incorporation oc- 
curred in the rod inner segments, where it was 
slightly greater in the myoid zone. Within 8 hr 
after injection, labeled material had shifted per- 
ceptibly toward the junction of the inner and outer 
segments. By 24 hr it was concentrated as a distinct 
"reaction band"  at  the base of the outer segment. 
During the next few days, the band was displaced 
progressively in a scleral direction. After 1 wk, the 
band of radioactivity was situated near the apical 
end of the outer segments. At the next interval 
studied, 2 wk after injection, there was no evidence 
of a reaction band over the photoreceptor cells. 
Only a weak, diffuse labeling remained. 

hr after the injection of methionine-3H into 
8-wk-old rats, a distinct radioautographic reaction 
appeared over the rod inner segments (Fig. 2). The  
reaction was slightly more intense in the myoid 
region. At  4 hr the ellipsoids were as heavily reac- 
tive as the myoids; at 8 hr  the radioactivity was 
accumulating at the base of the outer segments. 1 
day after injection, a distinct reaction band was 

visible in this region. During the following week, 

the band was displaced gradually along the outer 

segments (Figs. 3-6). After 9 days it reached the 

ends of the cells, which are in contact  with the 

retinal pigment  epithelium (Fig. 7). The following 

day it disappeared. 

In  both the 4 and 8 wk series, the reaction band 

neither increased in width nor decreased in in- 

tensity during its migration along the outer seg- 

ments. There  was a weak labeling of the outer 

segments immediately "beh ind"  the moving 
band, but the portion of the outer segments in 
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advance of the band was unreactive above back- 
ground. 

In  the 8-wk-old rats given two, spaced injec- 
tions of methionine-3H, two reaction bands were 
observed (Fig. 8). 

Mice 

The  findings in 8-wk-old mice did not differ 
significantly from those in 8-wk-old rats (Figs. 
9-1 l). A reaction band formed at the base of the 
outer segments during the first day, gradually 
moved along the outer segments, and disappeared 
at the interface with the pigment epithelium about 
10 days after injection. 

Frogs 

In  the frog retina, both rod and cone types of 
photoreceptor cells are present. There are two 
varieties of rods (Figs. l, 12). The  outer segment 
of green rods is relatively short, and the inner seg- 
ment long, whereas in red rods, which are in the 
majority, the situation is reversed. Because of the 
relatively large diameter of the frog rod outer seg- 
ments (6-8 #), it is possible to follow the displace- 

ment  of radioactivity within individual photo- 
receptor cells in this species. 

1 hr  after injection of methionine-aH in adult 
frogs, radioactivity was concentrated heavily in 
the myoid region of both types of rods (Figs. 13, 
14). Within 2 hr, radioactive material had begun 
to appear at the junction of the inner and outer 
segments. Most of the remaining radioactivity 
shifted from the myoid to the base of the outer 
segment within 24 hr, where it formed a distinct re- 
action band (Fig. 15). The  band was situated at a 
"h igher"  (more scleral) level in green rods, due to 
the shorter length of the outer segment in these 
ceils. Furthermore,  in this cell type the formation 
of the reaction band lagged slightly behind that in 
red rods. As a result, a definite scleral migration of 
the band was apparent less than 2 days after in- 
jection in red rods, whereas in green rods it was 
2-3 days before such displacement could be con- 
firmed with certainty. 

During subsequent days, the discrete, radioac- 
tive band gradually moved toward the apical end 
of the cells (Figs. 16-20). As in the rats and mice, 
the band neither increased in width nor decreased 

FmLmES 2-7 Radioautographs of rat photoreceptor cells from animals 8 wk old at the 
time of injection of methionine-3H. The pigment epithelium has been displaced artifae- 
tually from the apical end of the rods (except in Fig. 7), which is common with formalde- 
hyde fixation. Traces of pigment granules which have remained associated with the ends 
of the photoreceptors are seen in Figs. 4 and 5, top left. The photoreceptor cell nuclei are 
at the bottom of the field. Fixation in 4% formaldehyde, pH 7; stained with PAS-hema- 
toxylin. × 1,150. 

FIGURE ~ 1/~ hr after injection. Radioactivity is concentrated in the inner segments of 
the retinal rods. 

FIGURE g ~ days after injection. The radioactive material has been displaced from the 
inner segment in the form of a reaction band, which is now located near the base of the 
outer segment. 

Fmu~E 4 3 days after injection. The reaction band has been further displaced. 

FIGURE 5 4 days after injection. The band of radioactive material is near the midpoint 
of the rod outer segments at this interval. 

FmunE 6 1 wk after injection. The reaction band has neither increased in width nor 
decreased in intensity during its displacement. I t  now is located near the apical end of 
the outer segments. 

FmUnE 7 9 days after injection. The reaction band has reached the end of the photo- 
receptor cells, and is disappearing at the interface with the pigment epithelium (arrow). 
(An albino animal was used in this experiment, so that the reduced silver grains could be 
distinguished more easily). 
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FIOURE 8 Photoreceptor cells from an 8 wk old rat 
given two injections of methioulne-3H, 6 and ~ days 
before sacrifice. Two reaction bands are visible. This 
is a characteristic of lamellar apposition. The pigment 
epithelium (weakly labeled) is visible at the top of the 
field. Radioautograph; freeze-substitution; hematoxy- 
fin. X 1,150. 

in intensity during its migration. The outer seg- 

ment  region in advance of the moving band re- 

mained unlabeled, whereas a weak reaction 

occurred immediately behind it. In both types of 

reds, displacement of the reaction band occurred 

much more slowly than in rats or mice. In addi-  

tion, the displacement rate in green rods was 

slightly less than that  in red rods (Figs. 17, 18). ~ 

The band reached the end of the outer segment 

(and disappeared) between 6 and 7 wk after injec- 

tion in red rods, and between 5 and 6 wk after 

injection in green rods. 

Because of the small size of frog cone outer seg- 

ments, it was not possible to resolve a reaction 

band with the techniques used. However,  radio- 

activity first was detected in the cone myoids, and 

subsequently in the outer segments. 

2 In this freeze-substituted material, in which the 
length of the outer segments of red and green rods 
averages 32.6 and 21.1 ~, respectively, the rate of 
band displacement is about 0.74 ~/day in red rods, 
and 0.57 Iz/day in green rods. 

FIGURES 9--11 Radioautographs of retinal photoreceptor cells from Swiss albino mice, 8 wk old at the 
time of injection with mcthionine3H. The retinal pigment epithelium and a portion of the choroid are 
visible at the top of the field. The photoreeeptor nuclei are at the bottom. Freeze-substitution; PAS- 
hematoxylin. X 1,150. 

FIGURE 9 1 hr after injection. Radioactivity is concentrated in the inner segments, where it is heaviest 
in the myoid zone. 

FIOURE 10 1 day after injection. Labeled material has been displaced from the inner segments, and is 
accumulating as a reaction band at the base of the outer segments. 

FmVRE 11 5 days after injection. The reaction band has been displaced epically, and occurs near the 
midpoint of the rod outer segments at this interval. 
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Effect of Temperature 

Differences in ambient temperature had a pro- 
nounced and similar effect on the rate of band 
displacement in both types of rods in the frog 
during the 10 day experimental period. At 4°C, 
the process essentially was stopped; a reaction band 
was still in the process of formation at the base of 
the outer segments. At 13°C a band had been 
formed and displaced a short distance. Migration 
of the reaction band was augmented further at 
25°C, and was appreciably greater at 34°C, at 
which temperature the band was nearly half-way 
along the outer segment after 10 days (Fig. 21) 
The  displacement rate approximately was doubled 
with each 10°C increase in ambient  temperature. 

Effect of Illumination 

In  both rats and frogs, the displacement of the 
reaction band at 25°C was increased under con- 
ditions of continued, high intensity illumination, 
and decreased in total darkness (compared to 
animals maintained at 25°C under standard il- 
lumination for comparable durations). The  dif- 
ferences were relatively small, but  were consistent 
and reproducible (Fig. 22). 

D I S C U S S I O N  

The radioautographic reaction observed over 
tissue sections prepared after administration of 
labeled amino acids is considered to be due mainly 
to incorporation in protein (9). Previous reports, 
which have localized the major part of photo- 
receptor protein synthesis in the inner segment, 
have been confirmed in rats, mice, and frogs. Most 
of the labeled material subsequently was displaced 
from the inner segment to the outer segment in all 
three species, as first described in rodents by Droz 
(8). In  the present study, with improved methods 
of tissue preservation, the radioactivity was ob- 
served to move along the outer segment as a dis- 
crete reaction band, which did not increase in 
width or increase in intensity as it proceeded from 

the base to the apex of the outer segment. This 
finding has been interpreted to indicate that there 
is a continual renewal of the entire photoreceptor 
outer segment (27, 28). 

The  outer segment is an exceptionally dense 
mass (23) of hundreds of transversely arranged, 
lipoprotein discs. The constituent molecules of this 
lamellar structure are oriented precisely in three 
dimensions, in what amounts to a "membranous 

crystal" (5, 11, 25). Each disc consists of a double 
thickness of infolded, three-layered plasma mem- 
brane, in which fusion of the outer membrane  
layers has produced a compact, five-layered unit, 
about 150 A thick, separated by interdisc spaces 
of about 100 A (18) or less (I 1). Within each disc, 
the lipids are longitudinally arranged films, and 
the protein molecules are aligned transversely with 
respect to the outer segment (21). The  visual pig- 
ment  molecules, as well as the intermediate and 
final products of their bleaching, also are oriented 
within this highly differentiated microstructure (4, 
26). A renewal mechanism based on a diffusive 
transport of macromolecules through a medium 
of this nature appears most unlikely. In fact, the 
opinion that "no proteins can move in such a 
structure" has been expressed (25). 

The  gradual displacement of a discrete, radio- 
active band is a characteristic of lamellar apposi- 
tion, as is the appearance of two reaction bands 
following administration of two injections of  
labeled amino acid (30). The  region in front of the 
moving band remained unreaetive, because no 
labeled material diffused into it. The  region im- 
mediately behind the band was labeled weakly. 
This is believed to be due to the formation of addi- 
tional layers of outer segment material during the 
postinjection interval when radioactive precursors 
continued to be available, but  at increasingly lower 
levels. The  concentration of radioactivity in the 
band itself was stable. 3 Available evidence, then, 
does not support the interpretation that the labeled 
protein "'flows" or "diffuses" through the outer 
segment. Instead, it is consistent with the inter- 
pretation that the labeled protein is displaced 
sclerally as a constituent of a stable unit. I t  appears 
likely, therefore, that outer segment renewal in 
mature photoreceptor cells is achieved by the 
continued lamellar apposition of newly formed 
discs, which gradually are displaced sclerally by 
the subsequent addition of newer discs at the base 
of the outer segments. 

This renewal process is apparently in progress 
during formation of the outer segments, as judged 

3 When the concentration of radioactivity in the 
band is assessed by grain-count analysis, and com- 
pared with the concentration in any other region of 
the same retina, this concentration ratio actually 
in~reases with time, as a reflection of the gradual loss 
of radioactivity from the retinal region used for 
comparison. 

RICH.CaD W. YouN~ Renewal of Pholoreeeptor Outer Segments 67 



by its presence in 4-wk-old (70-85 g) rats, and  in 
the  50 g rats studied by Droz (8). 

Ou te r  segment morphogenesis  involves the de- 
ve lopment  of a primit ive ci l ium projecting from 
the inner  segment pr imordium,  followed by saclike 
invaginat ions of the cell membrane ,  which flatten 
and  fuse to form five-layered discs. New invagina-  
tions are formed repeatedly a t  the base of the outer  
segment by successive infolding of the plasma 
m e m b r a n e  (5, 16, 17, 24). In  this way, disc after 
disc is added, increasing the length  of the segment, 
while displacing the first formed discs in a scleral 
direct ion (17). Ou te r  segment renewal in mature  

cells appears  to involve a cont inuat ion  of this 
process of disc formation. Re ten t ion  of the capaci ty 
for disc formation in the ma tu re  photoreceptor  is 
revealed by the regenerat ion of damaged  rod 
outer  segments dur ing  recovery from vi tamin  A 
deficiency (6). 

Cont inued  addi t ion of membranous  discs at  the 
base of the fully developed outer  segments implies 
a ba lanced removal  of mater ia l  elsewhere. The  
present  findings indicate tha t  this removal  occurs 
at  the apical end of the outer  segments, which  are 
in contact  with  the ret inal  p igment  epithelium. In  
the h u m a n  ret ina,  it appears  tha t  groups of discs 

FIGURES 1~--~0 Retinal photoreceptor cells in the frog. The heavily pigmented retinal 
pigment epithelium is at the top; the photoreceptor nuclei are at  the bottom (shown most 
clearly in Fig. 1~). The dark, round or oval bodies seen in the myoid zone of Figs. 13, 15, 
and 18-~0 are portions of cone paraboloids (glycogen deposits). The cone outer segments 
are not in the plane of section. Figs. 13-£0 are radioautographs from adult animals in- 
jected with methioninc-3H. Freeze-substitution; PAS-hematoxylin. X 1,150. 

FIGURE l~ Red and green rods as seen in histological section. Note the relatively short 
outer segment of the green rod, the base of which is located at a higher level than those of 
the red rods (see Fig. 1). 

FIGURE 1,3 1 hr after injection of methionine-3H. The radioactivity is concentrated in 
the myoid portion of the inner segment of red rods. 

FIGURE 14 l hr after injection. The radioactivity also is concentrated in the long, slender 
myoid portion of the inner segment of green rods. The arrow indicates the base of the outer 
segment in a green rod. 

FIGURE 15 1 day after injection. Most of the labeled material has been displaced to the 
base of the outer segment, where it has accumulated as a reaction band. The arrow indi- 
cates the base of a green rod outer segment. 

FIGURE 16 1 wk after injection. The reaction band has been displaced sclerally in red 
rods. The rate of displacement is similar among cells of the same type. 

FmunE 17 1 wk after injection. The reaction band also has been displaced sclerally in 
green rods. The top arrow indicates the reaction band, the lower arrow the base of the 
outer segment in a green rod. 

FIGURE 18 19 days after injection. The reaction band has been displaced further, to- 
wards the apical end of the photoreeeptor cells. The arrows indicate the band and the 
base of the outer segment in a green rod. 

FIGURE 19 3 wks after injection. The reaction band is situated at  essentially the same 
level in each of the red rods. 

FIGURE ~0 ~4 days after injection. The reaction band is still discrete, and has continued 
its gradual displacement from the base to the apex of the photoreeeptor cell outer seg- 
ments. 
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FIGURE ~1 Diagrammatic summary of the effects of 
temperature on tile position of the radioactive band in 
red rods of the frog retina 10 days after injection of 
methionine-3H. During the experimental period, the 
frogs were maintained at 4°C (A), 13°C (B), ~5°C (C), 
and 34°C (D). 

may be detached from the apex of the outer seg- 
ment, phagocytized, and absorbed by the pigment 
epithelium (1). The  presence of lysosomes, residual 
bodies, acid phosphatase, lamellated inclusions, 
and other indicators of intracellular digestion in 
pigment epithelial cells of a variety of species (3, 7, 
10, 15, 22) supports the concept that this cell type 
may participate actively in the disposal phase of 
photoreceptor outer segment renewal. 4 

In  frogs, the rate of reaction band displacement 
was increased when the ambient temperature was 
raised; this suggests that temperature may be an 
important rate-controlling factor in the renewal of 
outer segments in cold-blooded vertebrates. In 
both frogs and rats, the displacement rate also was 
accelerated by raising the intensity of retinal il- 

4 Under such circumstances, it might be possible 
to detect the presence of labeled outer segment pro- 
tein in the pigment epithelium 9-11 days after injec- 
tion of methionine-SH in rats. Further studies are 
required in this regard, as the current material is 
equivocal on this point (Fig. 7). 

Q 

L 

A 

r~ut~ 

D 

B 

FmvRE ~ Diagrammatic summary of the effects of 
illumination on the position of the radioactive band 
in retinal rods of the rat (A) and frog (B), 7 and 10 
days after injection, respectively. Half the animals 
were maintained in complete darkness (D); the re- 
mainder were raised under conditions of continual 
bright light (L). 

luminination, although the effects were not striking, 
considering that the experimental conditions ex- 
ceeded normal environmental variation. Perhaps 
the absorption of light quanta by the visual pig- 
ment exerts an influence on lipoprotein synthetic 
mechanisms, thereby affecting the rate of outer 
segment renewal (29). Temperature  variations in 
the photoreceptor microenvironment, resulting 
from absorption of light energy in the retinal pig- 
ment  epithelium (12), conceivably might partici- 
pate in such a feedback system. 

The results of the present research are inter- 
preted to indicate that the photoreceptor cell outer 
segment is renewed continually. The  renewal 
mechanism apparently involves the repeated 
formation of lamellar structures, probably mem- 
branous di~s, at the base of the outer segment, in 
conjunction with a balanced removal of material 
at its apex. The  protein components of the outer 
segment material are synthesized in the myoid 
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portion of the inner segment. From here they are 
displaced through a region of concentrated mito- 
chondria, and presumably through the connecting 
structure in order to attain the base of the outer 
segment. 
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