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PROLOGUE

Whether or not a thing is measurable is not something
to be decided a priori by thought alone but something

to be decided only by experiment.

Feynam (1963)
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SUMMARY

The abiiity of retina derived antigens to induce a strong
immunological response resulting in immunopathological alterations
in the retinae of experimentally immunised animals has been well
established (reviewed by Faure, 1980). The photoreceptor specific
soluble protein, known as S-antigen, has been implicated as one of
the most uveitopathogenic components of the retina (Wacker et al.,
1977). There is a growing number of reports suggesting
immunological alterations in human retinal degeneration, such as
retinitis pigmentosa (RP), and chorioretinal inflammatory diseases,
either involving specific retinal autoimmunity or an imbalance in
immunological control mechanisms (reviewed by Forrester et al.,
1986). This thesis has sought to further characterise S-antigen,
and to examine the specificity of autoimmunity in the RCS rat

retinal dystrophic model, human uveitis, and RP.

Sensitive ELISA assays were developed 1in order to investigate
humoral responses in RCS rats, and RP and uveitis patients to
purified S-antigen, and rod outer segment membranes. In the rat
study, it was possible to measure the antibody responses of
individual animals at different times during the degenerative
process, and the animals were tested at the ages of 3, 6 and 9
weeks, ie. early, middle and late stages. Four of the ten Campbell
RCS rats exhibited positive titres to S-antigen, and weaker
reponses to ROS in the middle to Tate stages of the degeneration.
The pigmented Hunter RCS rats did not demonstrate responses

significantly different from the controls. One Wistar albino

control rat was also significantly positive to S-antigen at the age



of 6 weeks. It was interesting that the highest responses were
obtained from the pink-eyed or albino animals, suggesting that
light dinduced retinal changes could have a role in the initiation
of autosensitisation. In immunoblots, two of the positive Campbell
rat sera, and the one positive Wistar serum, identified S-antigen,
plus a 40K antigen in the crude retinal extract. One Campbell rat
also appeared to recognise a 35K antigen. Autoantibodies to opsin
were not readily demonstrated in 1immunoblots, perhaps due to

denaturation of the relevant epitopes during the procedure.

Five of the six wuveitis patients' sera tested in the ELISA,
demonstrated titres raised above those of the controls, either to
S-antigen or to the ROS, but not to both antigens. The five RP
patients tested, generated serum responses within the range of the
ten normal sera. All of the pbsitive sera, regardless of ELISA
specificity, reacted with S-antigen and a 40K antigen in the crude
retinal extract. Human antibodies to opsin were not detected in the

immunoblots.

The potential humoral autoimmune responses to rétina] antigens was
further examined by the temporary immortalisation of the B
1ymphocytes of humans and rats. Circulating B 1ymphocytes from RP
and uveitis patients were transformed by Epstein Barr virus (EBV),
cultured and assayed for anti-retinal antibody secretion. Using
this technology, several clones of transformed B cells producing
antibody reactive against S-antigen and ROS could be detected in
some RP and uveitis patients, but not 1in the healthy control
subjects tested. The splenic 1lymphocytes of both strains of
dystrophic RCS rats and pigmented PVG control rats were

jmmortalised using the hybridoma technology of Kohler and Milstein
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(1975), and similarly assayed. In the rat system, 14 out of 249
primary clones, derived from 5 fusions with RCS rat B 1ymphocytes,
demonstrated reactivity in ELISA to S-antigen and/or ROS. Similar

positive clones were not detected in the 3 control fusions.

Three Hunter RCS hybridoma 1lines secféting autoantibody to
S-antigen and ROS were subcloned to attain stability and
monoclonality, before further study. One of these clones, H9.1.(C2,
secreted antibody reactive with S-antigen. A second monoclonal
autoantibody, H9.5.A4, was reactive against ROS in the ELISA but
was unreactive in immunoblots, presumably due to the denaturation
of the specific epitope upon binding to the nitroce]]u]ose paper.
The third antibody, H10.1.C2, crossreacted with S-antigen and opsin
in ELISA in dimmunoblotting. The crossreaction may have resulted
from a shared ammino acid sequence or a common carbohydrate group,
or perhaps more 1likely, from dual specificity of the monoclonal
antibody. A1l three monoc]oha] autoantibodies were of the IgM class
and were of relatively Tow affinity, demonstrating 1low antibody

titres.

In addition to the anti-retinal monoclonal autoantibodies, two
monoclonal antibodies were produced from hyperimmunised DA rats.
Monoclonal antibody, S$2.4.C5 raised against S-antigen, indicated
high specificity in immunoblots against crude retinal antigéns and‘
irrelevant antigens. This monoclonal antibody was shown to be of
the IgGl isotype, and demonstrated a relatively high titre and high
affinity in the ELISA. This antibody was wused 1in the
immunocytochemical localisation of S-antigen at the ultrastructural
level on human and pig photoreceptor ROS disc membranes visualised

by gold probes. Labelling of the outer segments was more intense



compared with the inner segments, although the perinuclear region
of the rods was fairly intensely stained. In addition the S-antigen
was also localised on apparently newly phagocytosed ROS membranes
within the retinal pigment epithelial (RPE) cells. IgM antibody,
R1.2.D2, raised against ROS membranes, was reactive against an
antigen with an apparent molecular weight of 39K in immunoblots.
This antibody was also reactive at the electron microscopical
level, specifically 1labelling the disc membranes of the rod cells
in human and pig retinae. In contrast to the localisation of
S-antigen, the 39K antigen appeared to be virtually absent from the

inner segments.

In conclusion, certain patients with uveoretinal diseases might
become sensitised to their retinal antigens, although it was not
possible to deduce the immunopathogenicity of the response. This
preliminary study wusing B  1lymphocyte transformations, in
conjunction with ELISA assays, has indicated the potential of the
technique to dissect the humoral 1immune response of patients
without the complications of nonspecific antibody reactions preseht
in Tow serum dilutions. Similar retinal autoimmune responses appear
to develop 1in RCS rats. However, humoral autoimminity was only
detected in a relatively small number of individuals, in particular
the Campbell rats, suggesting that the phenomenon is not general
and is unlikely to be involved in the initiation of the disease.
S-antigen appears to be one of the dominant potential autoantigens
in the retina, as indicated by the immunoblotting results. However,
there seems to be at least one other important antigen, with an
apparent molecular weight of 40K. This antigen may be the bearer of

the epitope recognised by the IgMbantibody, R1.2.D2.
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1.1.2

Chapter 1
INTRODUCTION

LOCATION, STRUCTURE AND FUNCTION OF THE RETINA

The Anatomy of the Eye

The basic structure of the eye is similar in all classes of
vertebrates (Figure 1.1). The outer coat of the eye is a tough,
c611agenous layer known as the sclera. The sclera is continuous
with the transparent cornea. Adjacent to the sclera 1is a second
layer of tissue, the wuvea, which is pigmented and regionally
differentiated to form the choroid, the ciliary body and the iris.
A pigmented monolayer of cells, the retinal pigment epithelium
(RPE) is intermediary between the vascular choroid and the neural
retina. The neural retina forms a complex layer of cells, including
the photoreceptors, which Tine the interior of the optic cup. The
photoreceptor cells are closely associated with the RPE cells. The
transparent vitreous body is an intraocular tissue with a gel-like
structure, which occupies four-fifths of the volume of the globe.
The transparent aqueous humour, located behind the cornea, is more
fluid in form than the vitreous. The aqueous humour and vitreous
assist .in" the maintenance of intraocular pressure. The corneal
curvature and the lens are responsible for focussing transmitted

light onto the retina.

The Neural Retina

The neural retina consists of a highly organised layer of six
different kinds of neurons, including the photoreceptor rod and

cone cells (Figure 1.2). The second order neurons, the horizontal

and bipolar cells, synapse with the photoreceptors. The bipolar
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Figure 1.2

RPE

OSL

ISL

OLM
ONL

OPL

INL

IPL-

GCL

NFL

e - mmrmeee—emT oo oo oo S TN

Diagramatic Representation of the Interrelationships of Cells

in the Retina. Cell types: A=amicrine cell; B=bipolar cell;
G=ganglion cell; H=horizontal cell; PE=pigment epithelial cell;
CC=choriocapillaris; C=cone cell; R=rod cell. Layers of retina:
RPE=retinal pigment epithelium; OSL=outer segment layer;
ISL=inner segment layer; OLM=outer 1imiting membrane; ONL=outer
nuclear layer; OPL=outer plexiform layer; INL=inner nuclear layer
IPL=inner plexiform layer; GCL=ganglion cell layer; NFL=nerve

fiber layer; ILM=inner limiting membrane. (Modified from
Dowling and Boycott, 1966).
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cells form synapses with the ganglion cells. The amacrine cells are
accessory cells, and also .synapse with the ganglion cells. The
nuclei of the closely spaced photoreceptor cell bodies form the
outer nuclear layer, and those of the second order neurons form the
inner nuclear layer. The outer and inner plexiform layers consist
of the axons and synapses between the cells of the neural retina
(Figure 1.2). Incident 1ight pasées through these various layers

before it reaches the Tight sensitive photoreceptor outer segments.

The photoreceptor cells are separated by Miller cell processes. The
preéise function of the Miller cells is unclear, although they -may
offer ph&sica] support to the retina. The-tight junctions between
the photoreceptor and the Miller cell membranes, form the external
1imiting wmembrane which is located below the photoreceptor nuclei
(Figures 1.2 and 1.3). The photoreceptor cells and microvilli of
the PRE do not completely fill the subretinal space, but are
surrounded by the interphotoreceptor matrix (IPM). The IPM contains
proteins which are distinct from those of the cells which it

surrounds (Adler and Severin, 1981; Adler and Klucznik, 1982). The

IPM proteins are synthesised and secreted by the RPE and, in

particular, the vretina (Adler and Severin, 1981) which is
responsible for the production of interphotoreceptor retinol

binding protein (Bridges et al., 1984).

The Photoreceptor Cells

Vertebrates may possess two basic photoreceptor cell types; the
rods and the cones (Figure 1.3). These terms were originally coined
by early nineteenth century biologists, to describe the
morphological appearance of the distal t}ps of the cells at the

level of the light microscope. However, the morphology of the two

2
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photoréceptor types is not always distinct, for example foveal
cones are cylindrical rather than tapered, and are difficult to
distinguish from rod cells. The rod cells are primarily responsible
for vision in  low ']ight intensities, detecting different
intensities of light, and are also involved in the perception of
shape. The rods generally form the dominant cell type. A human
retina has approximately 1.2 x 108 rods and 6 x 106 cones
(Zsterberg, 1935). The ratio of rods to cones is greater in
nocturnal animals; for example in the rat the ratio is 4000:1 and
in man it dis 20:1 (La Vail, 1976c). The cone cells are the
medﬁators of colour vision, and in mammals there appears to be
distinct Vcone receptors which discriminate discrete bands of the
spectrum, red, blue and green. The fovea, in man, is a region of
the retina, 1.5mm in diameter, in the centre of the visual axis,
which is composed viftua]]y exclusively of cones (see Fein and

Szuts, 1982). Towards the . periphery of the visuval field, the

frequency of the cones decreases.

The photoreceptor cells are highly differentiated (Figure 1.3). The
main regions of the photoreceptor cells are the outer segments,
inner segments, nuclear regions, axons and synapses. The outer
segments are modified non-motile cilia which are outgrowths of the
inner segments. Finger-1ike structures, known as calycal processes
extend from the inner .segments and 1lie parallel and 1in close
proximity to the outer segments, and may have a supportive role.’
The inner segments can be subdivided into specialised regions. The
apical ellipsoid regions, of the 1inner segments contain large,
densely packed mitochondria. Proximal to the ellipsoid region is
the paraboloid region which contains vaéuo]es and presumptive

glycogen granules. Below the mitochondrial area is the myoid
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region, characterised by rough endoplasmic reticulum (RER), Golgi
apparatus and free polyribosomes. This region 1is also rich in
contractile proteins, actin and myosin, which are responsible for
photomechanical movements in some species (see Fein and Szuts,
1982). The photoreceptor cell bodies house the nuclei, and from
this region, slender axons of approximately lpym in diameter, extend
to the synaptic terminals. The rod synapse is known as the
spherule, and the 1larger cone synapse is referred to as the
pedicle. The dendrites of the horizontal and bipolar cells, insert
into the single deep invagination of each spherule, and the

numerous shallow invaginations of the pedicles.

The outer $egments are packed with thousands of flattened disc
membranes (Figure 1.3), containing a high concentration of the
visual pigments and the other proteins associated with the
biochemistry of vision (Sections 1.2.1). The discs are orientated
perpendicular to the long axis of the outer segments. The disc
membranes are formed by invagination in the plasma membrane at the
base of the outer segment. In typical rod outer segments (ROS), the
disc membranes are pinched off and separated from the plasma
membrane; and only the lower 10 to 20 discs are continuous with the
plasma membrane. In contrast, typical cone disc membranes remain
continuous with the plasma membrane, and are filled with
extracellular material. The rims of the discs are not
free-floating, but are attached to the plasma membrane by proteins
which have recently been partially characterised (Molday et al.,

1986). Microtubules are also located within the outer segments.

Role of the Retinal Pigment Epithelium

The apical membrane of the retinal pigment epithelium (RPE) is



closely associated with the photoreceptor cell layer, and the two
cell types are embryologically related. The RPE cells are vital to
the normal ‘functioning and health of the photoreceptor cells. The
basal membrane surface of the RPE has numerous infoldings, and
forms one boundary of Bruch's membrane. The membranes of fhe
choriocapillaris of the choroid, form the other boundary to Bruch's
membrane. The basal membrane of the . RPE is specialised in the
uptake of nutrients, oxygen, and other metabolites from the
choriocapillaris, for the support of the photoreceptors as well as

itself; both cell types are metabolically very active.

The apical surface of the RPE is specialised in the phagocytosis of
shed rod outer segment (ROS) membranes and also in the exchange of
material from the interphotoreceptor matrix (IPM), “including
nutrients and metabolites. - Numerous microvillus processes, which
afe important in phagocytosis, extend from the apical surface of
the RPE, for a distance equal to at least twice the height of the
RPE cell. The thicker of these processes, which may contain melanin
granules, encase the tips of the photoreceptor cell outer segments

(Figure 1.2).

The RPE cell are involved in the metabolism of retinol, a vitamin A
derivative. The RPE cells receive retinol from the circulation,
which is transported tightly complexed with serum retinol binding
protgin '(SRBP). The RPE monolayer forms a permeability barrier,
simi]ér to that found in the brain, which does not allow proteins
and most Jow molecular weight substances, to cross to the
interstitial space. Thus the apical surfaces of the RPE cells have

receptors for SRBP (see Heller, 1976). The retinol is transported

through the cytoplasm of the RPE cells associated with a cellular



retinol binding protein (Heller, 1976). In the photoreceptor cell,
the vitamin A derivative, in the form of retinal, provides the
chromophore "group for rhodopsin, the visual pigment. When rodopsin
absorbs a photon of 1ight, the chromophore is released in the form
of retinol (Dowling, 1960). The retinol is transported through the
interphotoreceptor matrix, associated with interphotoreceptor
retinol binding proteins (IRBP) (Adler and Martin, 1982). The
retinol is transported to the RPE were it is esterified and stored
(Berman et al., 1979). These transport processes are reversed in
the dark. In Tight adapted retinae, the majority of retinol is
bound to IRBP, in the IPM (Adler and Martin, 1982).

The outer segments of many vertebrates, including the rat, are
continually renewed at their base and trimmed at their tips by the
RPE (Young, 1967, 1971, 1974). The considerable proliferation of
the rhodopsin containing membranes is one of the most
characteristic features of the photoreceptor cells. New discs are
formed at the base of the outer segments, thus displacing the
existing membranes. The renewal process was determined by the use
of tritiated amino acids, eg. methionine, leucine, histidine and
phenalalanine, injected into 1live frogs, rats, mice and rhesus
monkeys (Young, 1967; Young and Droz, 1968; Young and Bok, 1969;
Bok and Hall, 1971). The animals were killed at different time
intervals, their retinae fixed and sectioned for autoradiography.
‘The results suggested that the precursors of the visual pigment,
and other cellular proteins, were synthesised from the = Tabelled
amino acids, primarily in the myoid region of the photoreceptors.
The 1labelled proteins appeared to migrate through the inner
segment, many via the Golgi apparatus, through the connecting

cilium and subsequently incorporated into the newly forming disc



membranes (Young and Droz, 1968). The labelled band of discs was
displaced along the ROS as new, less intensely labelled discs were
formed. The Tlabelling of a band of discs more 1ikely represented
membrane proteins, such as rhodopsin, rather than the soluble
proteins which would not remain confined to discrete regions. The
older discs were discarded at the outer segment tips, and removed
by phagocytosis. Young (1971) reported that in the rhesus monkey,
groups of 8 to 30 discs were shed at a time. Electron
microscopically, the edges of the discs appeared to curl upwards,
displacing a small portion of cytoplasm into the space thus formed
(Young, 1971). The plasma membrane of the oufer segment indents,
separating the shed package of discs and sealing the tip of the
outerA segment. Cytoplasmic extensions, originating from the RPE,
surround the shed group of discs, and phagocytosis proceeds. Bok
and Hall (1971) found that complete renewal of disc membranes was
achieved after 8 days 1in rats, a]though the time varies with

species.

Phagosomes containing ROS membrane material undergoihg lysosomal
degradation d}e found within the RPE cells (Young and Bok, 1969;
Young, 1971). It has been suggested that the 1ysosomes of the RPE
are specialised in their content of hydrolytic enzymes, for the
degradation of ROS membranes (Zimmerman et al., 1983). At least
some protein epitopes, eg. of S-antigen (Section 1.2), may be
.detected within the RPE phagosomes prior to complete digestion

(Section 8.5).

In the developing retina, the RPE actively phagocytoses ROS

membranes before the ROS have reached their maximum length (Herron

t al., 1969; Bok and Hall, 1971; Tamai and Chader, 1979). The rate



of disc production must exceed the disc shedding until the maximum
ROS Tlength is reached, and a balance achieved. The adult pattern of
shedding in the rat is reached at 3 to 4 weeks after birth. Under
normal circumstances, there 1is a balance between synthesis and
phagocytosis of disc membranes. The RCS rat model for inherited
retinal degeneration, possesses an RPE which demonstrates a failure
to phagocytose shed ROS membranes (Section 1.5.5). It is possible
that some forms of human retinal dégeneration have similar RPE
abnormalities. Ripps et al. (1978) suggest that in some forms of
human autosomal dominant retinitis pigmentosa (AD RP), there may be
an imbalance in the renewal system such that the rate of disc
shedding and phagocytosis is greater than their production, thus
resulting in a progressive shortening of the ROS. Further

" investigations, however, are required to establish this.

Evidence suggests that the processes of photoreceptor disc shedding
and phagocytosis in rats are Tlight stimulated and follow a
circadian rhythm, such that the packets of discs are shed at
daybreak (La” Vail, 1976b). However, these processes will continue
in an animal which has already been exposed to the 1light cycle, if
the Tight stimulus 1is absent. Maximal disc shedding in the rat,
however, occurs 1 to 2 hours after the onset of 1light (La Vail,
'1976a,b). Tamai and Chader (1979) present evidence that circadian
rhythm of disc shedding and phagocytosis, is established at a very
early age in the development of the rat retina, ie. when the eyes
open at about 14 to 15 days. In addition, no difference was
observed in the development of the ROS disc shedding and
phagocytosis, in rats raised under dim or bright Tlighting

conditions.



1.2
1.2.1

There is a growing number of reports supporting the view that there
exists specific receptor-ligand interactions, which are involved in
disc shedding and phagocytosis (see Colley and Hall, 1986). Colley
and Hall (1986) produced evidence suggesting that the Tigands on
ROS surfaces do not vary in the relation to the shedding cycle, or
that if cyclic alterations in components of the ROS surface do

occur, they are not stable during the isolation procedure.

Finally, the RPE has a role in the absorption of 'stray' light
particles which escape absorption by the photoreceptors. The is
achieved by the numerous 1ight absorbing pigment granules,

containing melanin.

RETINAL S-ANTIGEN

Introduction

S-antigen is a soluble protein extractable from mammalian
photoreceptor rod outer segments, with a molecular weight in the
region of 50K. S-antigen 1is so called because of its high
solubility. Since its discovery (Wacker, 1973), S-antigen has
stimulated much interest with respect to its role in photoreceptor
function and its ability to induce retinal autoimmunity (Sections
1.2.3 and 1.3.3). The protein was originally identified-as a highly
uveitopathogenic factor present within the photorecepter rod outer

segments (Wacker, 1973) (Section 1.6.2).

Some groups have reported the absence of carbohydrate on S-antigen
(Wacker et al., 1977; Beneski et al., 1984), however, the protein
may have a small carbohydrate moiety, since it has been shown to

stain positively with periodic acid-Schiff's (PAS) reagent in



1.2.2

SDS-polyacrylamide gels (Borthwick and Forrester, 1983). Wacker et

al. (1977) suggested that there may be a small amount of 1ipid

associated with the protein. There has been some discrepancy of the
molecular weight of S-antigen (reviewed by Broekhuyse and Bessems,
1985) (Section 8.1). Recently, it has been suggested that S-antigen
is the 48K protein, described by Kiihn (1978), although the precise

molecular weight is likely to vary between species.

There have been relatively few reports on the properties of human
S-antigen, since the human tissue is difficult to obtain in
quahtity. Beneski et al. (1984), found that human S-antigen
demonstrafed similar properties to that of the bovine retina. The
molecular weight was found to be 52K by SDS-PAGE and 48K by high
pressure 1iquid chromatography (HPLC). The isoelectric point of the
human protein was 5.7, which 1is similar to the value of 5.5
reported for bovine S-antigen (Borthwick and Forrester, 1983). The
amino'acid composition of bovine and human S-antigens were similar,
except that there was almost twice the amount of glycine in the
human protein (Beneski et al., 1984). In addition, the most common
amino acids in the human S-antigen were aspartic acid and leucine,
whereas in the bovine protein, aspartic acid and glutamine were the
most abundant. The human S-antigen was demonstrated to have a
similar capacity for the induction of experimental autoimmune
uveitis (EAU) in guinea pigs (Beneski et al., 1984).

— —

Cellular Localisation of S-Antigen and Species Specificty

S-antigen was first localised by Wacker et al., (1977) using
antisera to purified S-antigen, throughout the photoreceptor rod
cells in an immunofluorescence procedure. Using similar techniques,

S-antigen has also been localised within the mammalian pineal gland

10



(Kalsow and Wacker, 1977; Korf et al., 1985), which is
phy]ogenetic§11y related to the retina (reviewed by Wiechmann,
1986). Furthermore, S-antigen has been identified within fixed
sections of human photoreceptor derived retinoblastoma cells, using

a monoclonal antibody in an immunoperoxidase technique (Donoso et

al., 1985).

S-antigen appears to be well conserved; antibodies raised against
the S-antigen from one species cross-reacts with the same protein
of different species (Dorey and Faure, 1977; Wacker et al., 1977;
Tuyen et al., 1982). Dorey and Faure (1977) obtained a reaction of
identity in Quchterloney immunodiffusion assays, with human, guinea
pig, rabbit, bovine and possibly sheep, pig and horse S-antigens,
using guinea pig antisera to homologous retina. Wacker et al.
(1977) found that purified bovine S-antigen migrated as a doublet
in SDS-PAGE, and that one of these bands gave a reaction of idenity
with the guinea pig protein, and the other band gave a reaction of
only partial identity with guinea pig S-antigen. De Kozak et al.
(1981) found that S-antigen extracted from different species
demonstrated similar capacities to induce EAU in rats. Tuyen et al.
(1982) suggested that the conserved nature of S-antigen is not
complete, since the sera of rats immunised with S-antigens
extracted from different mammalian species, reacted most strongly
with the immunising S-antigen in the enzyme 1inked 1immunosorbent
‘assay (ELISA). Faure et al., (1984), Mirshahi et al., (1984) and
Mirshahi et al., (1985) have studied the phylogenic distribution of
distinct epitopes of S-antigen using mouse monoclonal antibodies.
At least some epﬁtbpes seem to date back to the Cambrian period,
being present in the ciliary type of photoreceptors (Mirshahi et

al., 1984). These authors have detected epitopes of S-antigen in

—
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1.2.3

the photoreceptors and pinealocytes of species from every class of
vertebrates, and in the photoreceptors of “certain invertebrates,
using mouse monoclonal antibodies and rat polyclonal antisera to
S-antigen, in immunofluorescence techniques. Epitopes of S-antigen
could even be detected in annelids and molluscs, although not in
the two species from the class of Arthropoda which were tested
(Mirshahi et al., 1985). The photoreceptor outer segments of the
retina and pineal organ were consistently stained, and the 1inner
segments and synapses were usually also stained (Mirshahi et al.,
1984). One of the monoclonal antibodies was specific for bovine

S-antigen, which further suggested a diversion between the

mammalian proteins (Faure et al., 1984).

At the level of the electron microscope, the protein has been
Tocalised primarily on the rod disc membranes (Broekhuyse et al.,
1984a; McKechnie et al., 1986) wusing conventional polyclonal
antisera with immunocytochemical techniques. The ultrastructural
localisation of S-antigen is further discussed in the context of
the findings of the present study (Section 8.5).

Physiological Role of S-antigen

The biological function of S-antigen remains obscure. Wacker et al.
(1977) first suggested that it may be the 50K subunit of ROS
cytosol retinol binding protein. Later, it was speculated that it
might be the phoforeceptor phosphodiesterase (Faure, 1980).
Nussenblatt et al. (1981c) presented immunological evidence which
suggested that S-antigen might be rhodopsin kinase (RK), a 67K

protein (Kiihn, 1978). The evidence was based on the crossreactivity

"of antiserum to S-antigen with RK, the presence of RK activity

within preparations of S-antigen, inhibition of RK activity with
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antiserum to S-antigen and the similar capacities of RK to induce
EAU. The significant difference in the molecular weights of the two
proteins was not discussed, and the experimental observations
probably resulted from contaminating RK within the preparations of

S-antigen, and vice versa.

At present, it is generally accepted that S-antigen is the soluble
48K ROS protein described by Kuhn (1978). The 48K protein is
characterised by its 1ight-dependent binding to photoactivated,
phosphorylated rhodopsin (the visual pigment) on disc membranes
(Kihn, 1978; Kihn et al., 1984), and the inhibition of the light
dependent activity of guanosine 3',5'-monophosphate (cyclic
GMP)-phosphodiesterase. The 48K protein is purified from ROS using
a procedure based on its ability to bind to illuminated disc
membranes (Kihn, 1982). Evidence for the identity of S-antigen with
the 48K protein, was based on their co-migration in SDS-PAGE with
apparent molecular weights in the region of 50K, the ability for
both proteins to bind to illuminated ROS disc membranes, the
crossreactivity of monoclonal antibodies to S-antigen with the 48K
protein, similar titration curves of specific antisera 1in
radioimmunoassay (RIA) to both antigens, and the similarity in
severity of ocular inflammation in EAU experiments (Pfister et al.,
1985). The mechanism of interaction of the 48K protein (or

S-antigen) suggested by Kihn et al., 1984) is descri