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Rat pineal S-antigen: sequence analysis reveals presence of
a-transducin homologous sequence
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S-antigen (S-Ag) is a soluble, highly antigenic protein, the administration of which induces autoimmune uveitis. This
protein is found in the retina and pineal. Retinal S-Ag from three species has been sequenced. In this study rat pineal
S-Ag was sequenced. Clones were isolated from a rat pineal igtll cDNA library by probing with a 300 bp fragment
of mouse retinal S-Ag cDNA containing the 5'-coding region. The largest clone isolated (RPS-118; 1364 bp) contained
the entire coding sequence. Comparison of the rat pineal and mouse retinal S-Ag nucleotide sequences indicated a high
homology (95%). The deduced amino acid sequence was found to contain 403 residues (~44 992 Da). Comparison of
the rat pineal and mouse retinal S-Ag amino acid sequences also revealed high homology (97%). The similarity of both
the nucleotide and amino acid sequences of rat pineal and mouse retinal S-Ag indicates that expression of the S-Ag gene
in both tissues is similar. Further analysis of the rat pineal S-Ag sequence indicated that it contained essentially the same
major uveitopathogenic region of S-Ag present in bovine retina; minor uveitopathogenic sites were somewhat different.
As is true of retinal S-Ag, rat pineal S-Ag contains the same consensus phosphoryi-binding site present in many GTP/
GDP-binding proteins and a homologous sequence found in the C-terminus of a-transducin. These sequences may play
a role in the action of pineal S-Ag in transmembrane signal transduction.
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1. INTRODUCTION

S-antigen is a soluble, highly antigenic protein
which is present in only two tissues, the retina and
pineal gland [1,2]. This protein first attracted at-
tention when it was shown to cause experimental
autoimmune uveitis in susceptible animal strains,
most notably the Lewis rat {1]. EAU is an inflam-
matory condition characterized by destruction of
retinal photoreceptor cells (see [3,4]). The
histological features of the S-Ag-induced EAU are
similar to those of some forms of uveitis in
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humans, a major cause of blindness [4]. This is the
basis of the speculation that S-Ag might play some
role in certain forms of uveitis.
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Sequence analysis of mouse [5], bovine [6,7] and
human [8] retinal S-Ag indicates that it has 403,
404, and 405 amino acid residues, respectively
(= 45 kDa). Sequence analysis has also enhanced
our understanding of how this protein functions.
First, the antigenic regions of S-Ag have been iden-
tified using a series of synthetic peptides which
covered the entire sequence [9-13]. Second, one
region of S-Ag has been found to be highly
homologous to a region of a-transducin [3,5-8],
the GTP-binding regulatory protein which medi-
ates the transmembrane stimulation of phospho-
diesterase (PDE) by phosphorylated photoexcited
rhodopsin (R*-P). The presence of homologous se-
quences in retinal S-Ag and a-transducin has pro-
vided reason to suspect that these two proteins
might bind to the same target site or sites, and that
binding to an a-transducin-binding site might be
the basis for the biological action of S-Ag (see [3]).
Two possible modes of action of S-Ag have been
proposed. One is that binding to R*-P inactivates
the receptor {14,15]; the second is binding to PDE
inhibits activity [16].

In contrast to our knowledge of retinal S-Ag, lit-
tle is known about pineal S-Ag. The presence of S-
Ag in the pineal was first indicated by the
demonstration that administration of retinal S-Ag
causes EAP in the Lewis rat [1,2]. The presence of
S-Ag in the mammalian pineal seems to be an
evolutionary holdover reflecting the photorecep-
tive function of the pineal in lower vertebrates. For
example, the frog pineal organ is clearly photosen-
sitive, has well developed photoreceptors, and also
contains rhodopsin, a-transducin, and S-Ag [17].
In contrast, the mammalian pineal is not photosen-
sitive, does not have photoreceptors, and does not
seem to contain rhodopsin or a-transducin [18,19].

The mammalian pineal functions primarily to
produce and release melatonin, a function it is
known to share with all vertebrate pineal cells and
to a limited degree with the retina. Melatonin pro-
duction is stimulated by norepinephrine acting
through a1- and G:-adrenergic receptors. £;-Adre-
nergic receptors and rhodopsin belong to the same
family of receptors which rely upon GTP-binding
regulatory proteins to mediate transmembrane
signal processing. The GTP-binding protein which
mediates #;-adrenergic stimulation of adenylate
cyclase is Gs. Based on studies with the
B2-adrenergic receptor, it has been proposed that S-
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Ag might bind to a Gs-binding region of this recep-
tor and thereby inhibit function [20]). It seems
reasonable to extend this line of thought to the
F1-adrenergic receptor because it contains those se-
quences thought to be required for the action of S-
Ag on the phosphorylated &»-adrenergic receptor
R*-P [21].

In an effort to better understand the function of
S-Ag in the pineal gland, we decided to determine
the sequence of the polypeptide present in the rat
pineal gland; we were especially interested if the
pineal polypeptide contained the homologous se-
quence found in a-transducin. The rat gland was
chosen because this is the best studied pineal
model. The results of this effort are reported here.

2. MATERIALS AND METHODS

A group of 100 pineal glands was obtained during day time
from male rats (200 g, Sprague Dawley). The tissue was
homogenized in = 10 vols of a 10:1 mixture of buffer (10 mM
Tris, pH 8.4, containing 0.14 M NaCl and 1.5 mM MgCI2) and
5% Nonidet P 40. The homogenate was centrifuged (1 min,
6500 x g, room temperature); the supernatant was removed
and mixed with 500 ] of phenol. Cytoplasmic RNA was ex-
tracted and ethanol precipitated using routine procedures [22].
PolyA RNA was isolated by oligo(dT)-cellulose column
purification [22]. A Agt1l library (817i) was constructed using a
commercially available kit (Pharmacia, Piscataway, NJ). In-
serts were packaged using Protoclone Agtll arms (Promega
Biotech, Madison, WI) and the Pacagene system.

Five petri dishes (23 cm), each containing approximately
2 x 10° recombinant phages and 1 x 10® Escherichia coli
Y1090, were incubated at 37°C for 7-8 h. DNA was transferred
to nitrocellulose filters for hybridization. The filters were in-
cubated as described elsewhere [22). The hybridization probe
was prepared with a synthetic oligonucleotide (from nt 300 to
321) designated for primer extension in the 5'-direction; a 1.6
kbp mouse S-Ag ¢cDNA was used as the template [5]. The
hybridization was performed overnight at 42°C in a solution
containing 50% (v/v) formamide, 5 X SSC, 1 x SSC and
0.1 x SSC at 20°C and subjected to autoradiography. The pla-
que purification procedure was repeated at least three times un-
til all plaques of phage showed a positive signal.

The ¢cDNA insert was excised with EcoRI restriction enzyme
(International Biotechnologies, Inc., New Haven, CT), purified
on a 5% polyacrylamide gel and subcloned into the EcoRI site
of the Bluescribe M13 plasmid (Stratagene, La Jolla, CA) for
DNA sequence determination. The sequencing primers were
synthesized using a Biosearch DNA synthesizer (model 7800,
Burlington, MA). A portion of the DNA sequence was deter-
mined by BioTechnica International, DNA Sequence Deter-
mination Service Division (Cambridge, MA).

Hydrophobicity/hydrophilicity analysis of the deduced
amiro acid sequence was performed using the procedure of Gar-
nier et al. [23]. The secondary structure of the deduced polypep-
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tide was examined using the algorithm of Needlman and
Ununsch {24].

3. RESULTS AND DISCUSSION

Screening of 2 x 10° phages identified 20
positive plaques. The clones were plaque-purified;
the inserts were excised (EcoRI) and sized on 5%
polyacrylamide gels. Inserts ranged from 1.2 to 1.4
kbp in length and all contained the same Haelll
restriction fragment as revealed by polyacrylamide
gel analysis. The clone containing the largest insert
(1.4 kbp) was designated RPS 118. This insert was
subcloned into Bluescribe M13 plasmid DNA se-
quence vector for sequencing. DNA sequence
determination was performed at least twice in one
direction for both strands of RPS-118 without
discrepancies.

The DNA sequence is shown in fig. 1. A single
large open reading frame was found with an ATG
initiation codon at position 28 and a TGA termina-
tion codon at position 1237. The potential
polyadenylation signal (AATAAA) is located at
position 1351 in the 3’-noncoding region. The in-
sert studied here seems to be shorter than the
mRNA because Northern blot analysis has in-
dicated that rat pineal and bovine retinal S-Ag
mRNAs are the same size [5,25]. The published
length of retinal S-Ag mRNA from several species
is about 1600 bp. Hence, it would appear that the
insert we have studied in this report lacks a 250 bp
sequence in the 5'-noncoding region. Comparison
of the rat pineal and the mouse retinal sequences
reveals that the overall homology is approx. 95%
(fig. 1), and that this high homology was apparent
both in the 3’-noncoding and in the coding se-
quences. Analysis of the differences in nucleotides
in the coding sequence indicated that 81% were
found in the third position of triplet codons.

The open reading frame was found to code for a
polypeptide of 403 amino acid residues with a
calculated molecular mass of 44992 Da. Com-
parison of the deduced amino acid sequences of the
rat pineal and mouse retinal polypeptides indicated
that there was 97% homology (fig. 2). Only ten of
the 403 residues were different. Four were con-
served changes; the rest were: Met—Ile (76); Ala-
Pro—Val-Leu(100-101); Leu—Glu (106); Arg—
Leu (108); Ala—Pro (160); Cys—Ser (190) and
His— Asn (205). Similar differences in the deduced
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Fig.1. Comparison of the nucleotide sequences of rat pineal
(RPS-118, upper sequence) and mouse retinal (lower sequence)
S-Ag cDNA. The nucleotide sequence for mouse retinal S-Ag
was taken from Tsuda et al. [5]. An identical nucleotide is in-
dicated by a colon; a dash represents an undetermined
nucleotide. The solid underlining indicates the beginning and
the end of the protein coding region. The broken underlining in-
dicates the polyadenylation signal. The numbers identify
specific nucleotides in the sequence.
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RAT. MAACVKTNKSHVIFKKVSRDKSVTIYLGKRDYIDHVSQVEPVDGVVLVDPELVKGKKVYV
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100 110
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LTFPDYLPCSVMLQPAPQDVGKSCGVDFEVKAFATDITDAEEDKI PKKSSVRLLIRKVQH
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250 260 270 280 290
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310 320 330 340
KHEDTNLASSTIIKEGIDRTVMGILVSYHIKVKLTVSGFLGELTSSEVATEVPFRIMHPQ

370 380 390 400
PEDPAKESVQDENLVFEEFARQNLKDTGENTEGKKDEDAGQDE

Fig.2. Comparison of the amino acid sequences of rat pineal S-
Ag (deduced from RPS-118, above) and mouse retinal S-Ag
(below). The amino acid sequence for mouse retinal S-Ag is
from Tsuda et al. [5]. Identical residues are identified by a col-
on; the single letter code is used to designate amino acids.

sequence of retinal S-Ag polypeptides at the same
positions exist between the human and mouse
polypeptides and the mouse and bovine polypep-
tides [3,5-8]. Analysis of the predicted secondary
structure of rat pineal S-Ag indicated that it is near-
ly identical to that of mouse retinal S-Ag (data not
shown). The marked similarities between rat pineal
S-Ag and mouse retinal S-Ag mRNA [21] and the
deduced amino acid sequence when taken together
with the evidence that only a single gene codes for
this protein in the mouse and human (unpublished
results), indicate that expression of the S-Ag gene is
similar in the pineal and retina.

Consistent with the generally high degree of

N M
Rat. PLLANNRERRGI ALDGKI KHE DTNLASSTI | KEGI D
Bovine, “tc*eene fasesrnaraann ek naasan Re*a+

K 3
Rat. VEQI ANVVLYSSDYYVKPVA  PVTVTVTNNTEKVVKKI KV
Bovine. **fVTereversnve 4T sassproagieagaorses

Fig.3. Amino acid sequence similarities of pathogenic sites in rat
pineal and bovine retinal S-Ag [6,7]. Identical residues are in-
dicated by an asterisk. The range of rat presumptive pathogenic
peptides N (283-303), M (303-318), K (242-261) and 3 (222-240)
and bovine pathogenic peptides N (282-302), M (303-317), K
(241-260) and 3 (221-239) are indicated by lines. Peptides M
and N in bovine S-Ag are considered to be major
uveitopathogenic sites and peptides K and 3 are considered to be
minor uveitopathogenic sites. The single letter code is used to
designate amino acid residues.
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Consensus A X X X X @ K DX X6 NKXXD
(37-42) (146-149) (265-268)
RatSAg. AP Q DV G L DVvI @ NKSH
(136--142) (74-77) (8-11)
B
Rat S-Ag. @DENLVEEE. . ... FARGNLKDTGEN (370-390)

Transducin QNVKFVFDAVTD | 1 | KENLKDCGLF (326-350)
[

ADP-tibosylation site

Fig.4. Amino acid sequence similarities of rat pineal S-Ag and
a-transducin. (A) The GTP/GDP-binding consensus sequences
of most GTP/GDP-binding proteins are presented. The
numbers in parentheses represent amino acid residues. Shad-
owed letters identify similar residues. X represents any residue.
The first two elements are known to bind the phosphoryl por-
tion of guanine nucleotides and the third element is the guanine-
binding site. (B) Similarity at the carboxyl-terminus. Shadowed
letters indicate the same residues including conserved changes
(S=T, I=V=L, R=K and D=E). The arrowhead identifies
the ADP-ribosylation site (Cys) of a-transducin. The numbers
in parentheses identify the residues.

homology, it was found that regions of rat pineal
S-Ag of special interest were also generally similar
to those of retinal S-Ag. For example, two regions
of the retinal polypeptide which correspond to the
two highly uveitopathogenic synthetic peptides M
and N [9-13] are virtually identical in the rat pineal
sequence (fig. 3). Two other regions, which corres-
pond to the less uveitopathogenic peptides K and 3
[9-13], are somewhat different. It is possible that
such differences might explain differences in the
uveitopathogenicity of S-Ag peptides among dif-
ferent species.

Rat pineal S-Ag also contains the same sites as
those in retinal S-Ag which have been proposed to
be involved in the interaction of the S-Ag and R*-P
[20,21,26,27]. These include the consensus
phosphoryl-binding sequence which is found on
many GTP/GDP-binding proteins (fig. 4A) and
the sequence shared with a-transducin (fig. 4B). It
has been proposed that these sites might play an
important role in the function of S-Ag [3]. Thus, it
seems reasonable to suspect that S-Ag might func-
tion in the pineal to regulate the #-adrenergic recep-
tor. Certainly this issue deserves further investiga-
tion. In addition, other possible roles of S-Ag also
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require further study, including the proposal that it
regulates PDE [16].
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