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Summary  

Lectin and rhodopsin antibody binding sites were studied in developing and adult rat photoreceptors in order to compare 
changes in the total carbohydrate pool with the movement of a known glycoprotein rhodopsin. Electron microscope 
immunocytochemical techniques utilizing modified colloidal gold methods were used. At birth, all three lectins - 
Concanavalin A (ConA), Ricinus communis agglutinin II (RCA I1) and wheat germ agglutinin (WGA) showed heavy 
labelling of the photoreceptor surface scleral to the outer limiting membrane. At the same age, a monoclonal antibody 
against rhodopsin, RET-P1, revealed sparse labelling of only occasional immature photoreceptor surfaces. At postnatal day 
4(P4), all three lectins showed variable binding to the inner segment and along the length of the newly forming connecting 
cilium. There was generally a region of more intense label at the base of the cilium. RET-P1 binding to P4 retina showed a 
discontinuous distribution, with heavily labelled inner segments being adjacent to unlabelled inner segments. This pattern 
indicates that the initial expression of rhodopsin is not a coordinate event but occurs in discrete cells, possibly related to the 
end of mitosis. RET-P1 binding at this age was reduced or absent from the proximal connecting cilium. AT P7, when the 
outer segments are beginning to develop, all the lectins and RET-P1 showed reduced binding to the inner segment plasma 
membrane and heavy labelling of the outer segment surface. In favourable sections, heavy labelling of the photoreceptor 
cell body plasma membrane by ConA and RCA II was also observed, terminating abruptly at the outer limiting membrane. 
The variation in ligand binding between different cellular compartments which are all formed from a continuous plasma 
membrane may indicate the presence of special barriers to diffusion of membrane components. This labelling pattern 
persisted into maturity. RET-P1 and lectin binding did not always correspond in developing retina, indicating that at least 
part of the observed lectin label must be due to other glycoproteins or glycolipids. Post-embedding thin section labelling of 
adult rat retina revealed a uniform binding pattern across the outer segment for ConA, WGA and RET-P1. kIowever, RCA II 
exhibited labelling only along the basal edge of outer segments. Labelling of isolated, opened discs from bovine rod outer 
segments revealed binding to a single surface for ConA, WGA and RET-P1, but RCA II only labelled a small amount of 
membrane. Hence RCA II seems to recognize a determinant present only on the outer segment plasma membrane. 

Introduction 

The mature mammal ian  retina is a highly ordered 
structure specialized for the detection and transduc- 
tion of light energy  into electrical signals. This is 
achieved in the photoreceptor  cells, which have 
become highly polarized both  structurally and 
biochemically to serve this function. In species such 
as the rat, photoreceptors  are p redominant ly  of the 
rod form, with only 1.5% cones (LaVail, 1976). The 
compar tmenta l ized structure of rod cells is largely 
established postnatally: at birth, the scleral-most 
immature  photoreceptor  and Mflller cells are con- 
nected at their apical surfaces by an elaborate system 
of gap junctions, the outer  limiting membrane  (OLM) 
(Dowling, 1970). During the first postnatal  week,  rod 
inner segments  (RIS) extend from the level of the 
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OLM into the sub-retinal space. These structures 
comprise a proximal myoid  region containing Golgi 
bodies and rough endoplasmic ret iculum responsible 
for protein synthesis  (Young & Droz, 1968), and a 
more distally located ellipsoid composed  of many  
mitochondria  (Sj6strand, 1953). Connect ing cilia 
begin to appear  in abundance  at postnatal day 3-4 
(P3M), and finally at P7-8 the rod outer segments 
(ROS), large saccular structures containing a large 
number  of membranous  discs, are formed (Weidman 
& Kuwabara,  1968). 

The visual p igment  in vertebrate rods, responsible 
for the absorpt ion of light quanta,  is rhodopsin.  
Rhodopsin  comprises ~ 9 5 %  of the ROS intrinsic 
membrane  protein (Kuhn, 1982) and is a glycopro- 
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rein, possessing two asparagine-linked oligosacchar- 
ide groups at amino acid residues 2 and 15 of the N 
terminus (Hargrave, 1977). The structure of these 
carbohydrate units has been de termined  as predomi-  
nantly short hexasaccharides of mannose  and N- 
acetylglucosamine (Fukuda et aI., 1979). 

Carbohydrate  moieties in  general have been 
implicated in events such as protein packaging and 
transport,  cellular adhesion,  recognition and dif- 
ferentiation (Barondes & Rosen, 1976; Horowitz  & 
Pigman, 1977; Robbins, 1982). Within the photore-  
ceptor cells, sugar groups may additionally be 
involved in p igmented  epithelial ingestion of R�9 
debris (O'Brien, 1976), and ROS membrane  assembly 
(Fliesler et aI., 1985). 

There have been numerous  studies investigafing 
the distribution of specific sugar groups within 
developing and mature  retinae. Using lectins as 
molecular probes, carbohydrate  distributions have 
been described at the level of the fluorescence 
microscope (Bridges & Fong, 1979, 1980a,b; Uehara et 
aI., 1983; Blanks & Johnson, 1984), scanning electron 
microscope (Molday, 1976) and transmission electron 
microscope (TEM) (Nir & Hall, 1979; McLaughlin & 
Wood,  1980; Hicks & Molday, 1985). These studies 
have concentrated on the binding patterns of several 
lectins on mature retina of various species. Develop- 
mental  changes have been described mainly at the 
level of the light microscope (Bee, 1980, 1982; Blanks 
& Johnson, 1983). The present  s tudy is a detailed 
ultrastrucfural analysis of the developmenta l  changes 
in total sugar distribution be tween the cellular 
compartments ,  and a comparison of these with the 
movements  of a known  glycoprotein,  rhodopsin.  To 
achieve this, three lectins - Concanavalin A (ConA), 
Ricinus communis  aggtutinin II (RCA II) and wheat  
germ agglutinin (WGA) - were used. To compare the 
distribution of their binding sites with a known 
polypept ide determinant ,  these studies have utilized 
a monoclonal  ant ibody against the N terminus of 
rhodopsin,  RET-P1 (Barnstable, 1980; Fekete & 
Barnstable, 1983). Colloidal gold-dext ran  reagenfs 
have been employed  to visualize the binding patterns 
of these ligands (Hicks & Molday, 1984a, 1985). 

Materials and methods 

Use of Iigand-dextran-gold conjugates 
Gold-dextran (Au-Dex) electron-dense markers have been 
previously used to examine the fine subcellular distribu- 
tion of antibody (Hicks & Molday, 1984a,b, 1985) and lectin 
binding (Hicks & Molday, 1985) in adult retina. These 
reagents possess favourable characteristics such as stability, 
minimal tendency to aggregate, independent control of 
ligand concentration and the stable production of low 
molecular weight ligand conjugates. Protein ligands below 
a certain molecular weight, such as WGA, cannot be stably 

adsorbed to colloidal goid by conventional methods 
(Horisberger & Vonlanthen, 1979). The high electron 
density facilitates visualization of label on tissue surfaces 
and intracellular compartments of thin-sectioned material. 

The procedure for the production of Au-Dex conjugates 
and for attaching various ligands has been described 
previously (Hicks & Molday, 1984a, 1985). Briefly, gold 
particles of various sizes from 5 to 17 nm were produced by 
reduction of gold chloride (Frens, 1973). Diaminoethane- 
derivatized dextran was then dissolved in the gold sol; this 
synthetic polymer is stably adsorbed to the gold particles 
and enables covalent attachment of proteins (Hicks & 
Molday, 1984a). Protein ligands used in the present study 
were Avidin (Av) (Vector Labs), goat anti-mouse immuno- 
globulin (g0em Ig) (Research Products Inc.) and the three 
lectins ConA (Sigma), RCA II and WGA (Boehringer- 
Mannheim). After stirring overnight, ligand-Au-Dex con- 
jugates were washed and concentrated to give an absorb- 
ance reading at 520nm of between 0.15 and 0.25 at a 1:100 
dilution. Conjugates were stored at 4~ in 0:1 M Tris- 
buffered saline (TBS), pH 7.2, containing 0.1% bovine 
serum albumin (BSA) and 0.1% sodium azide. Colloidal 
markers prepared in this way displayed good stability with 
minimal loss of activity or tendency to aggregate, even in 
high salt conditions. The numerical subscript of conjugates, 
e.g. WGA-Au~2-Dex, denotes the average diameter of the 
gold core for each preparation. 

Labelling of intact tissue 
Long-Evans rat pups were obtained at birth (defined as P1) 
until eye opening at P13. in addition, juvenile and adult 
animals were also sampled. In aI1 cases, animals were 
decapitated and the eyes rapidly excised and placed in 
0.1 M cacodylate buffer, pH 7.2. The retinae were carefully 
dissected free and fixed in the same buffer containing 
0.25% glutaraldehyde for 1 h at 4 ~ C. Tissue was rinsed in 
the same buffer containing 0.1 M glycine for lh ,  and cut 
into small blocks. Sample tissue was taken from central 
retinal areas and incubated as follows~ (1) To visualize 
ConA binding, tissue was incubated in free ConA (50 btg 
ml -I) in 50ram Tris, pH 7.4, 5raM CaC1 and 5raM MnC1 
overnight at 4 ~ C. Following extensive washing, tissue was 
incubated in Av-Au-Dex diluted 1:10 to 1:20 overnight at 
4 ~ C. (2) Both RCA II and WGA were used directly coupled 
to Au-Dex, tissue being incubated in a dilution of 1:5 to 1:20 
overnight at 4~ Controls for all three tectins were 
performed using the free hapten sugar, i.e. 0.1 M e~-methvl- 
mannoside for ConA, 0.1 M D(+)galactose for RCA II and 
0.01 M NN'-diacetylchitobiose for WGA. (3) To visualize 
rhodopsin, retinal tissue was incubated in RET-P1 culture 
fluid diluted 1:20 overnight at 4~ and then washed and 
incubated in gccm-Au-Dex overnight at 4~ Controls were 
performed by either omitting the primary antibody or by 
using a raonoclonal antibody recognizing a determinant on 
the rhodopsin C terminus, rho 1D4 (Molday & MacKenzie, 
1983). All samples were washed, osmicated, dehydrated 
and embedded in Epon-Araldite. Ultrathin sections were 
taken and examined using a Jeol 35S TEM. 

Post-embedding labelling of retina 
The procedure for post-embedding staining of ultrathin 
sections has been previously described (Roth, 1983, Hicks 
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& Molctay, 1985). Briefly, fixed unosmicated adult rat 
retinal tissue was dehydrated and embedded in Lowicryl 
K4M (Polysciences) at -20~ After UV polymerization, 
ultrathin sections were cut and mounted on grids. Grids 
were incubated in the different lectin or antibody solutions 
for 30 min at 21~ Following extensive washing and a 
second staining step in ligand-Au-Dex solutions if neces- 
sary, grids were counter stained and examined by TEM. 

Labelling of isolated discs 
Bovine ROS were prepared from freshly obtained slaught- 
erhouse material using the method of Papermaster (1982). 
ROS preparations were treated in a number of ways to 
ensure thorough opening of the disc membranes permit- 
ting access to both the interdiscal and intradiscal surfaces. 
A combination of hyposmotic shock, trypsinization, freez- 
ing and thawing and homogenization was generally used. 
Disc samples were spun down onto polylysine-treated 
multiwell microtitre plates and fixed in 0.25% glutaralde- 
hyde. Wells were then treated with lectin or antibody 
solutions as previously described. 

and by P4, with the appearance of the connecting 
cilia, most exposed surfaces were heavily labelled 
(Fig. 10). There was again evidence of heavier 
binding in the region of the proximal cilium (Fig. 11). 
By P8, label was generally not visible on the RIS or 
proximal cilium, but was intense on the newly 
forming ROS (Fig. 12). Again, this pattern of heavy 
ROS and faint RIS label persisted through adulthood 
(Fig 13). Inclusion of t he  sugar hapten D(+)galactose 
reduced binding at all stages examined (Fig. 14). 

Adult rat retina was also labelled using post- 
embedding thin section techniques in order to study 
the intracellular sugar distribution. The lectin was 
seen to have a highly localized binding pattern, 
visible only within the area of approximately the ten 
most basal discs (Fig. 15). To verify the absence of 
RCA II binding sites on the majority of discs, isolated 
and broken discs were incubated with the lectin. 
There was very little labelling of any of the disc 
material (Fig. 16). 

Results 

Binding of Concanavalin A 
At P1, heavy label was visible on the scleral surface of 
the developing photoreceptor cells (Fig. 1). By P4 
there seemed to be a general reduction in the amount 
of label present on the RIS (Figs 2, 3). A heavy label 
was frequently observed on the connecting cilia (Fig. 
2). There is a great deal of variation in the degree of 
label found on adjacent RIS with all the lectins. As 
ROS formation commences around P7-8, there was 
heavy label apparent on the R�9 plasma membrane, 
with low levels of binding still visible on the cilia and 
RIS (Fig. 4). With some sections, it was possible to 
study ligand binding below the level of the OLM, 
where photoreceptor cell bodies remained intact 
along the edge of the tissue block. It can be seen that 
ConA binding is much more intense below the OLM, 
which forms an abrupt barrier (Fig. 5). This discon- 
tinuous pattern argues against non-specific binding 
due to edge artefacts. The general pattern of heavy 
ROS labelling and slight RIS labelling is maintained 
through adulthood. Inclusion of the competing sugar 
hapten 0~-methyl-mannoside greatly reduced binding 
at all developmental ages examined (Fig. 6). Labelling 
of thin sections of adult rat retina revealed a uniform 
distribution of gold particles across the ROS (Fig. 7). 
Labelling of isolated bovine discs demonstrated 
heavy label on a single surface of much membranous 
material, with virtually no label on either surface of 
some membranes (Fig. 8). 

Binding of Ricinus communis agglutinin II 
At P1, RCA II showed moderate to heavy labelling of 
the developing photoreceptor surface (Fig. 9). Label- 
ling intensity remained high over the following days 

Binding of wheat germ agglutinin 
At P1, WGA was bound strongly to developing 
photoreceptor surfaces and Miiller cell microvilli (Fig. 
17). By P4 there was still heavy labelling of these 
surfaces, with an increase in labelling intensity often 
visible on the proximal connecting cilia (Fig. 18). By 
P7-8, heavy label was apparent on the R�9 plasma 
membrane and M/iller cell microvilli, with lower 
levels on the RIS surface (Fig. 19). This pattern 
persisted into adulthood with heavily labelled ROS 
(Fig. 20) and very low levels of RIS binding (Fig. 21). 
Presence of the inhibitor NN'-diacetylchitobiose 
reduced labelling in every case studied (Fig. 22). 

Thin-section labelling of adult rat retina with WGA 
showed a general distribution of gold particles across 
the ROS {Fig. 23). Labelling of broken disc material 
exhibited label on only some surfaces of membrane 
(Fig. 24). 

Binding of anti-rhodopsin monoclonal antibody RET-P1 
At birth, it was difficult to distinguish structurally 
between immature RIS and Miiller cell surfaces 
Antibody binding was seen on the surface of only 7% 
of structures present on the scleral retinal surface 
(n = 100), the majority of the tissue surface remaining 
unlabelled (Fig. 25). By P4, the RIS were clearly 
distinguishable from Mtiller cells and, of these, the 
proportion of labelled RIS had risen to 20-30%, with 
single (or occasionally two or three) strongly labelled 
structures separated by wider areas devoid of 
antibody labelling (Fig, 26). Ciliary binding usually 
appeared intense on the distal portion and faint to 
absent on the proximal section of the connecting cilia 
(Fig. 27). Concurrent with the emergence of the cilia 
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Fig. 1. P1 rat retina incubated in ConA followed by Av-Aul4-Dex. The developing photoreceptor  surface is strongly 
labelled, but the particles do not penetrate past  the outer limiting membrane (eLM). • 19 400. 

Fig. 2. P4 rat incubated in ConA followed by Av-Au14-Dex. The RIS protrude from the photoreceptor  cell bodies, and their 
plasma membranes are still strongly labelled. The connecting cilia (CC) have also emerged,  and show heavy label on their 
surface. Remnants of the overlying pigmented epithelial cell microvilli (PE) are also labelled, x 19400. 

Fig. 3. P4 rat retina incubated in ConA followed by Av-Au~4 Dex. In the majority of areas of the photoreceptor  surface, the 
degree of labelling has already started to decrease. Labelling of the pigmented epithelial microvilli (PE) remains high. M = 
mitochondria; e L M  = outer limiting membrane,  x 23 000. 

Fig. 4. P7 rat retina incubated in ConA followed by Av-Aul4-Dex. The emerging ROS are heavily labelled, as al-e the distal 
portions of the connecting cilia (arrows). The RIS surface is faintly labelled. • 14 600. 

Fig. 5. P7 rat retina incubated in ConA followed by Av-Aul4~Dex. On favourable sections, tile edge of the tissue remains 
undamaged and exhibits intense labelling of the cell body (CB) until the level of the eLM.  An overlying M611er cell 
microvillus (MM) is strongly labelled, whereas the RIS arising from the labelled cell bodv is only faintly labelled. • 38 000. 

Fig. 6. Adult  rat retina embedded  in Lowicryl and processed for post-embedding thin section labelling. The section was 
incubated in ConA and a-methyl-rnannoside followed by Av Au:4-Dex. The ROS and RIS are both virtually free of gold 
particles. • 15000. 

Fig. 7. Adult  rat retina embedded  in Lowicryl and processed for post-embedding thin section labelling, l 'he section was 
incubated in ConA followed by Av-Au 14-Dex. Gold particles are visible scattered across the ROS but not the RIS. x f5 000. 

Fig. 8. Bovine disc membrane incubated with C o l a  followed bv Av--Aul4 Dex. Label is visible on one surface of some of the 
membranous material (arrow). Unlabelled membrane presumably corresponds to discs folded with their interdiscal surface 
outermost, while the carbohydrate-bearing intradiscal surface is innermost and therefore inaccessible to tile lectin, x 34 000. 

Fig. 9. P1 rat retina incubated in RCA ll-Aul~-Dex. The developing photoreceptor surface is moderately labelled. M - 
mitochondria, x 16200. 

Fig. 10. P4 rat retina incubated in RCA ll-Aul~-Dex. The RIS surface is still substantially labelled. A connecting cilium (CC) 
cut in cross-section shows heavv label. A M611er cell microvillus (MM) also displays decoration by gold particles. G Golgi 
body. x 24000. 

Fig. 11. P6 rat retina incubated in RCA ll-Au~-Dex. The proximal connecting cilium exhibits strong label (arrow), whereas 
the more distal regions and the RIS surface express less binding, x 42 500. 

Fig. 12. P8 rat retina incubated in RCA II Au~2-Dex. The heavy proximal connecting cilium label is no longer detectable, 
whereas the distal cilium (arrow) and newly formed ROS are strongly labelled. The R1S is weakly labelled. M = 
mitochondria, x 18000. 

Fig. 13. Adult  rat retina incubated in RCA II -Aul~-Dex. The ROS surface possesses a strong degree of label, whilst the RIS is 
virtually unlabelled. M = mitochondira; V = vesicles, x 15200. 

Fig. 14. P9 rat retina incubated in RCA II-Au~2-Dex and D(+)galactose. The ROS, cilium and RIS are practically untabelled. 
x 19 500. 

Fig. 15. Adult  rat retina embedded  in Lowicryl and processed for post -embedding thin section labelling, f h e  section was 
incubated in RCA II -Auls-Dex,  and exhibits binding only in the vicinity of the basal ROS (arrowhead). The more sclerally 
positioned discs and the RIS are unlabelled. • 48 000. 

Fig. 16. Bovine disc membrane preparation incubated with RCA II -Au~Dex.  There is no evidence of heavv labelling of any 
of the exposed disc membrane.  The discs w e r e  treated exactly the same way as for Fig. 8. • 42 500. 

Fig. 17. P1 rat retina incubated in WGA-Au  i7-Dex. The surface of the newly emerging RIS and Miiller cell microvilli (MM) 
are both heavily labelled. • 14500. 

Fig. 18. P4 rat retina incubated in WGA-Au~v-Dex. The proximal area of the connecting cilium (arrow) is more heavily 
labelled with gold particles than either the more distal cilium or the RIS from which it arises. Neighbouring R1S surfaces 
(arrowheads) express a higher degree of binding than the ciliated one. Pigmented epithelial microvilli (PE) are also strongly 
labelled. • 20000. 

Fig. 19. P7 rat retina incubated in WGA-AuI~Dex .  RIS surfaces are only slightly labelled, whereas M/~lller cell microvilli 
(MM) and ROS are more heavily decorated with gold particles. A less advanced R1S expresses a high degree of labelling 
(arrow). • 17500. 

Fig. 20. Adult  rat retina incubated in WGA Au/7-Dex. The ROS are almost uniformly coated with gold particDs, x 28000. 

Fig. 21. Adult rat retina incubated in WGA Au~;-Dex. The surface of the RIS is essentially unlabelled, x 28000. 

Fig. 22. P9 rat retina incubated in WGA-Au~7-Dex and NN'-diacetylchitobiose. This control retinal tissue is unlabetled. 
• 16000. 

Fig. 23. Adult  rat retina embedded  in Lowicryl and processed for post -embedding thin section labeling. The section was 
incubated in WGA Aul7-Dex, and exhibits scattered label across the ROS but not the RIS. x 19000. 

Fig. 24. Bovine disc membrane preparat ion incubated with WGA Aul~ Dex. Some membranous material exhibits gold label 
on one surface only. Unlabelled membrane represents discs still oriented with their interdiscal faces outwards  while the 
carbohydrate-bearing intradiscal face is innermost  and hence inaccessible to the lectin, x 42500. 
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the amoun t  of RIS label was somet imes  observed  to 
decrease a l though this was  not alwavs the case. 

By P5-6, the propor t ion  of labelled RIS had  risen to 
60-70%. As ROS began to appear  at P7-8, they 
exhibited intense label on their surfaces (Fig. 28~. In 
the majori ty of cases the labelling of the cilia and  RIS 
decreased to near  background  levels (Fig. 28): 
however ,  in some areas there was still substantial  
label on the RIS surface (Fig. 29~. The adult  pat tern  
always showed  a heavy  ROS label and a very low 
level of b inding to the RIS (Fig. 30). When  retinal 
tissue was incubated in Tris buffer wi thout  RET-P1. 
or RET-P1 was replaced with rho- lD4 rhodops in  
antibody,  whose  binding site is h idden on the 
cytoplasmic surface of the photorecep tor  cell I Moldav 
& MacKenzie,  1983), negligible labelling was 
observed.  As expected,  since most  rhodops in  is 
sequestered to the ROS, indirect labelling of thin 
sections of adult  rat retina with RET-P1 culture fluid 
followed by gccm I g - A u - D e x  revealed heavy  uniform 
binding across the ROS domain  (Fig. 31). 

Discussion 

The present  pape r  compares  the deve lopmenta l  
appearance  and distribution of a known m e m b r a n e  
glycoprotein,  rhodopsin ,  with the binding pat terns  of 
three lectins at equivalent  ages. Al though the 
deve lopmenta l  b inding profiles of the three lectins 
and RET-Pt are similar in gross respects,  they clearly 
differ upon  fine compar ison.  Each of the lectins binds 
more heavily than RET-P1 at birth: the lectin binding 
is more cont inuous  be tween  adiacent  RIS than 
RET-P1 at ages prior to ROS formation.  The lectins 
have all been  observed  to exhibit more  intense 

labelling of the proximal  cilium whilst RET-P1 
binding is normally absent  from this region. As 
rhodops in  binds both ConA ~Steinemann & Strver. 
1973t and WGA (Nicotson, 1974), and it forms > 95% 
of the ROS intrinsic m e m b r a n e  protein (Kuhn. 1982~, 
one would  expect a large subset  of the lectin binding 
pat tern to be due to rhodopsin .  However ,  these 
results indicate that much of the observed  lectin 
binding, particularly at birth and a round  the proximal  
cilium, must  be due to alternative glycoproteins and 
glycolipids. 

The deve lopmenta l  changes  in rhodops in  distribu- 
tion in rat retinal pho torecep tor  cells has been 
described previously  (Nir e ta] . .  1984~ The present  
s tudv largely confirms and  extends  their observat ions 
on tl~e initial presence  of rhodops in  in the RIS p!asma 
m e m b r a n e  followed by its preferential  sequestrat ion 
within the ROS upon  the appearance  of the latter In 
the present  s tudy,  rhodops in  was detected using 
RET-P1, a monoclonal  ant ibody recognizing the N 
terminal region Fekete & Barnstable, t983~. The 
discont inuous distribution of rhodops in  m neonatal  
rat retina indicated by ant ibody binding in the 
present  s tudy and p rewous  investigations (Barnst- 
able. 1982; Nit et aI. 1984) points to a synchronous  
initial expression of this protein.  Birth dating 
exper iments  with mouse  retinal cells show cessation 
of cell division within the photorecep tor  cells dur ing 
the first postnatal  week I Sidman, 1%1~ This corre- 
lates with the observed scattered label and its 
increase towards  P7. indicating that ~he appearance  
of rhodops in  may. be related to the end of mitosis. 

Although low levels of rhodops in  persist  in the 
adult RIS plasma m e m b r a n e  (Jan & Revel. 1974: 
Fekete & Barnstable. 1983: Papermas te r  e~ aI.. 1985L 

Fig. 25. P1 rat retina incubated in RET-P1 followed by ga'm-Aus-Dex. The surface is almost unlabelled except for a few gold 
particles, eLM = outer limiting membrane, x 21 000. 

Fig. 26. P4 rat retina incubated ill RET-P1 followed by gc~m-Aul2-Dex. Tw.'o newly emergent RIS are heavily decorated with 
gold particles, whereas the other visible RIS surfaces are practically unlabelled. The cilium visible on one l),iS is also 
unlabelled (arrow). M =- mitochondria. • 19400. 

Fig. 27. P4 rat retina incubated in RET-P1 followed bv gc~m-Au~2-Dex. In this section, gold particles are faintly bound over 
the proximal connecting cilium (arrow), whereas the distal length is heavily coated with label. The RIS surface is slightly 
labelled, whereas the adjacent RIS is more heavily labelled. A third RIS is unlabelled, x 25 000. 

Fig. 28. P7 rat retina incubated in RET-P1 followed by gem~-Au~-Dex. The RIS surface is only faintly labelled whilst the 
newly formed ROS possess nmnerous gold particles on their surface. The proximal cilium is unlabelied. • 14 50{). 

Fig. 29. P7 rat retina incubated in RET-P1 followed by ga'm~Au~ Dex. In this area of the retina, there is still substantial label 
present on the surface of the RIS although the proximal cilium is unlabelled (arrow). The ROS expresses strong labelling. 
x 20 000. 

Fig. 30. Adult rat retina incubated in RET-P1 followed by ge;m-Au~--Dex. The P, OS plasma membrane is uniformly labelled 
down to the level of the cilium, which possesses hardly anv label. The RIS is slightly labelled, x 70 000. 

Fig. 31. Adult rat retina embedded in Lowicryl and processed for post-embedding thin section labelling. The section was 
treated with RET-P1 followed by gc~m-Aus-Dex, and exhibits uniform labelling across the ROS with very little label present 
in the RIS. • 30 000. 
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the large concentration difference of this protein 
between the ROS and RIS indicate the existence of a 
barrier to free diffusion. The possibility of such 
barriers between membrane domains has been 
postulated previously for photoreceptors (Besharse et 
aI., 1985; Papermaster et al, 1985) and other polarized 
cells such as spermatozoa (Myles et al., 1984). The 
structural presence of this barrier may be indicated by 
the prominent glycocalyx at the base of the cilium 
demonstrated in the present work and previous 
studies (Besharse et al., 1985; Hicks & Molday, 1985). 
The heavily glycosylated region at the base of the 
cilium has been described previously for rats 
(Besharse et al., 1985) and cows (Hicks & Molday, 
1985). Furthermore, the lectin labelling seen in the 
present study also partitions unequally between the 
ROS and RIS, and other membrane components 
segregated to RIS or ROS domains include a number 
of ion channels (Bader et aI., 1982) and Na+K + 
ATPase (Stahl & Baskin, 1984). These data indicate 
the barrier may be relatively non-specific, preventing 
movement of large membrane constituents. 

The method of incubating intact tissue in lectin or 
antibody solutions generally limits detection of label 
to the level of the C)LM. However, with favourable 
sections the exposed tissue edge sometimes exhibits 
preserved tissue integrity. In these cases, at least two 
lectins (ConA and RCA II) showed heavier labelling 
of the cell body plasma membrane as compared to the 
RIS membrane distal to the OLM. It is possible that 
the complex array of gap junctions forming the OLM 
represent an additional barrier to movement of 
plasma membrane components, perhaps analogous 
to the tight junctional restrictions to plasma mem- 
brane diffusion seen in epithelial cells (Pisam & 
Ripoche, 1976). Preliminary electron microscopic 
observations suggest rhodopsin itself is present at 
greater concentrations in the mature cell body plasma 
membrane than within the RIS plasma membrane. 
Also, light microscope studies indicate its presence 
throughout the mature photoreceptor cell body layer 
both in vivo and in vitro (Barnstable, 1982; Barnstable 
et aI., 1983). 

An interesting feature of RCA II binding is revealed 
by thin section labelling techniques which expose 
intracellular sites. Labelling is restricted to the basal 
area of the ROS, i.e. the region of new disc formation 
(Steinberg et al., 1980). This highly localized distribu- 
tion has been observed previously in other species, 
including monkey (Uehara, et al., 1983) and cow 
(Hicks & Molday, 1985). In our hands at least, the 
thin section labelling method suffers from limited 
sensitivity since the RCA II binding to the ROS 
surface is not detected. Hence, to ensure there is not 
a lower level of labelling of more sclerally located 
discs, bovine ROS were disrupted and disc mem- 

brane labelled directly. Bovine sources were chosen 
in preference to rat due to the ready availability of 
large quantities of slaughterhouse material and the 
similarity of the two species at the cytochemical level. 
As very little RCA II binding was observed, in 
contrast to heavy ConA labelling, galactose-bearing 
determinants in the ROS must be restricted to or 
accessible only in the plasma membrane and basal 
area. As the disc membrane and plasma membrane 
are continuous at the basal foldings and the present 
study and previous biochemical analyses indicate 
differences between these two membranes (Kamps et 
a l ,  19821, a mechanism for differentially sorting 
components of the two membranes can be envisaged. 
Although in many species cones bind galactose- 
specific lectins more strongly than rods (Uehara et aI., 
1983; Blanks & Johnson, 1984: Hicks & Molday, 1985), 
at least in the rat this predominant RCA iI binding of 
rod plasma membrane as opposed to disc plasma 
membrane may present a convenient method for 
purifying the former by affinity chromatographic 
techniques. The isolation of ROS plasma membrane 
is seen as a crucial step towards understanding the 
mechanism of photoactivation Previous studies have 
suggested that a sub-population of rhodopsin may 
possess galactose residues I O'Brien, 1976: Papermas- 
ter, 1982L Biochemical studies are currently in 
progress to examine the nature ot the galatose- 
bearing determinant in the retina. 

The monoclonal antibodies and lectins used in this 
study have defined some of the developmental 
events in mammalian rod photoreceptors in intact 
tissue. The overall picture which emerges is the early 
neonatal presence of several glycoprotreins and/or 
glycolipids within the RIS plasma membrane, and 
their subsequent disappearance from or reduction 
within this domain concurrent with their appearance 
within the newly forming ROS. The mature photore- 
ceptor is seen as a highly polarized cell with its 
plasma membrane divided into at least three (poss- 
ibly more) domains. The use of tissue culture 
techniques, combined with monoclonal antibody 
markers to each class of retinal cell (Barnstabie et al., 
1983), will extend this analysis to allow discrimina- 
tion of those features of rod photoreceptor topogra- 
phy that are intrinsic to the cells from those that 
depend upon retinal integrity and cell interactions. 
Such studies are currentlv in progress. 
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