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Figure 4
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1
METHODS AND COMPOSITIONS FOR
TREATING AND IDENTIFYING
COMPOUNDS TO TREAT AGE-RELATED
MACULAR DEGENERATION

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application Ser. No. 61/124,624, filed Apr. 18,2008, which is
incorporated by reference herein in its entirety.

STATEMENT OF GOVERNMENT RIGHTS

This invention was made with government support under
National Institutes of Health, Grant Number RO3 EY(014403.
The government has certain rights in the invention.

BACKGROUND

Age-related macular degeneration (“AMD”) is an aging-
associated disease resulting in the loss of vision in the macula
(the center of the visual field) because of damage to the retina.
AMD is a prevalent disorder of the aged, with approximately
10% of patients 66 to 74 years and 30% of patients 75 to 85
years of age having some level of macular degeneration.
Currently there is no effective treatment available for most
patients with AMD, and no early stage intervention.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides methods for
treating age-related macular degeneration (AMD), compris-
ing administering to a subject with AMD an amount effective
for treating AMD of an agonist of the OA1 receptor. In a
second aspect, the present invention provides methods for
limiting development of AMD, comprising administering to a
subject at risk of developing AMD an amount effective for
limiting development of AMD of an agonist of the OAl
receptor. In one preferred embodiment of either of these
aspects of the invention, the agonist of the OA1 receptor is
selected from the group consisting of L-DOPA and L.-DOPA
analogues.

In another aspect, the present invention provides methods
for identifying compounds to treat AMD, comprising con-
tacting cells with a test compound, wherein the cells com-
prise:

(a) a first cell population expressing OA1; and, optionally,

(b) a second cell population not expressing OA1; and

(c) identifying as positive test compounds those test com-

pounds that increase one or both of
(1) pigment epithelium-derived factor (PEDF) expres-
sion in the first cell population relative to one or both
(A) PEDF expression in the first population of cells
not contacted with the test compound, and (B) the
second cell population, and
(ii) intracellular calcium concentration in the first cell
population relative to one or both (A) intracellular
calcium concentration in the first population of cells
not contacted with the test compound, and (B) the
second cell population;
wherein the positive test compounds are candidate com-
pounds for treating and/or limiting development of AMD.

In a further aspect, the present invention provides methods
for identitying compounds to treat AMD, comprising

(a) administering a test compound to a tyrosinase deficient
pregnant female non-human mammal, wherein the test com-
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pound is administered during embryonic photoreceptor and/
or retinal ganglion development; and

(b) comparing an effect of the test compound on photore-
ceptor and/or retinal ganglion development in the embryo or
post-natal non-human mammal, to photoreceptor and/or reti-
nal ganglion development in an embryo or post-natal non-
human mammal not administered the test compound,
wherein those test compounds that increase photoreceptor
and/or retinal ganglion development are candidate com-
pounds for treating and/or limiting development of AMD.

In a still further aspect, the invention provides composi-
tions comprising:

(a) an amount effective of L-DOPA or an L-DOPA ana-
logue for treating or limiting development of AMD; and

(b) an amount effective for treating or limiting develop-
ment of AMD of a composition comprising a source of vita-
min C, a source of vitamin E, a source of vitamin A, a source
of zinc, and a source of copper.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1(a-c) Western blot analysis of proteins bound (B) or
unbound (U) to strepavidin-conjugated beads after biotinyla-
tion of RPE inssitu, cultured RPE (b), or COS cells transfected
to express OA1-GFP (c). Blots were probed to visualize OA1
and actin after cell surface biotinylation and fractionation
using streptavidin-conjugated beads. For cultured cells (b, ¢)
cells were either maintained in 500 uM (normal DMEM) or 1
uM tyrosine for 3 days prior to analysis.

FIG. 1(d) Quantification of western blot analysis by den-
sitometry. OA1 densitometry is shown as the % of the control
for paired cell cultures, transfected then split into 2 equal
groups, one of which was the control, maintained in normal
DMEM (control). The other group was maintained in 1 uM
tyrosine DMEM (LT) until harvest. Paired t-test analysis was
used to test whether the difference was significant, and *
denotes p<0.001. Actin, analyzed the same way showed no
differences, and p=0.724.

FIG. 1(e-f) Composite confocal microscopy of pigmenting
RPE cells maintained in normal DMEM (e) or 1 uM tyrosine
(f) then stained with anti-OA1 antibodies and imaged at 20x.
Bar=25 um.

FIG. 2(a) Representative traces of [Ca**]i during the time
course of the standard experimental protocol in transfected
and untransfected CHO cells. After establishment of a stable
baseline for 3 minutes, the test agent was added at 1 uM. At 5
minutes, KCI was added to serve as a control that the cells
were Fura-2 loaded and patent. Identical protocols were per-
formed for both transfected cells and paired untransfected
cells.

FIG. 2(b) Summary data for [Ca**]i in response to tyrosine,
dopamine, and L-DOPA in transfected and untransfected
CHO cells. Untransfected cells are shown with L-DOPA
treatment. The experimental control of membrane depolar-
ization with KCl is also shown. Each bar represents data
collected from at least 10 experiments and is presented as the
mean change from baseline [Ca®*]i after test agent addition.
Error bars represent S.D., and t-test analyses were used to test
for significant differences, * denotes p<0.01. Analysis of
pertussis toxin sensitivity of [Ca®*]i increase in cells trans-
fected to express OA1 or RPE that express the natural protein.
Data represent mean of at least 6 experiments.

FIG. 2(c) Analysis of pertussis toxin sensitivity of [Ca®*]i
increase in cells transfected to express OAl or RPE that
express the natural protein. Data represent mean of at least 6
experiments for each group of transfected cells and 20 indi-
vidual experiments for each the treated and untreated RPE
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with endogenous OA1 expression. T-tests analyses were used
to test for significant differences, and * denotes p<0.01.

FIG. 2(d) cAMP was measured in CHO transfected to
express OAl. The control group represents transfected but
untreated CHO cells and the basal level of cAMP in those
cells. Cells were treated with 1.0 uM L-DOPA, 0.1 uM for-
skolin, L-DOPA+0.1 uM forskolin, and as a positive control 1
uM forskolin. Results represent the mean cAMP levels
observed in at least 6 experiments in which all experimental
groups were analyzed in a paired fashion using replicate
monolayers in the same culture plate. Error bars represent the
S.D. of each group, and the only significant difference
observed was the increase in cAMP levels after forskolin
treatment.

FIG. 3(a) Binding kinetics between OAl and [-DOPA
were determined using radiolabeled ligand binding assays.
Results represent data collected from 5 such experiments and
are presented as mean specific binding+/-SEM. The hyper-
bolic curve fit exhibited an R? value of 0.994, Kd was deter-
mined to be 9.34x107°M+/1.14x107°M.

FIG. 3(b) Comparative binding of 5 uM [H?] L-DOPA to
OA1 transfected CHO cells was compared in the presence of
1.0 mM dopamine, tyrosine, or L-DOPA. The data represent
mean total binding+/-S.D. for each group. * denotes p<0.05
when comparing the results between the control group to the
binding in the presence of the potential competitive ligands.

FIG. 3(c) Competitive interaction between 5 uM [H?]
L-DOPA and dopamine were assessed to determine whether
dopamine functions as an antagonist of OA1 activity. Results
indicate that dopamine and L-DOPA compete for the same
OA1 binding site, and the data fits the binding model with an
r*value of 0.95. The Ki for dopamine was 2.388+/-0.266 uM
(mean+/-SEM), similar to the Kd for L-DOPA.

FIG. 3(d) Dose-dependent OA1 signaling through OAl.
Data represent mean increase in [Ca**], elicited by L.-DOPA
treatment of the cells at the concentrations given (n=6 for
each dose). T-test analyzes were used to compare between the
responses achieved at each dose, and * denotes p<0.01 for the
comparison at 1 and 10 pM.

FIG. 3(e) Scatchard plot illustrating the kinetics of a single
site binding relationship based on FIG. 3(a).

FIG. 4(a-k) All images represent 2 um thick confocal sec-
tions of CHO cells transfected to express OA1-GFP. p-arres-
tin was visualized using immuno fluorescence methods. Prior
to addition of L-DOPA (a-c) and after treatment with 1 uM
L-DOPA (d-1), and the merged images (c, f) illustrate regions
where the two proteins co-localize, at the resolution of white
light imaging. (g,h) are low magnification of field of trans-
fected CHO cells, with two transfected cells visible (arrows)
(2). The remainder of the cell population is visualized using
antibodies to B-arrestin (h) to illustrate that -arrestin recruit-
ment to the membrane only occurred in the OA1 expressing
cells (arrows).

FIG. 5(a) PEDF concentrations were determined by
ELISA of cell conditioned medium. RPE cells were control
cells, without L-DOPA treatment, or OA1l stimulated cells
that were treated with 1 pM L-DOPA prior to being main-
tained for 3 days in normal DMEM. Data are presented as the
mean of 3 experiments conducted in triplicate, error bars
represent S.D, and * denotes P<0.01 using a paired t-test.

FIG. 5(b) PEDF concentrations in conditioned medium
from pigmenting RPE determined by ELISA. Cells were
either control pigmenting RPE cultures or paired cultures
treated with phenylthiourea (PTU) at 200 uM. Data are pre-
sented as the mean of 3 experiments conducted in triplicate,
error bars represent S.D, and * denotes P<0.01 using a paired
t-test.
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FIG. 5(c) PEDF concentrations in conditioned medium of
pigmented RPE cells treated with PTU then treated with
L-DOPA to stimulate OA1 signaling. ELISA assays were
conducted prior to PTU treatment, then after PTU treatment,
and then from the same cultures after L-DOPA stimulation.
Results are presented as mean+/-S.D. of the value achieved
related to that culture of cells. * denotes p<0.01 when com-
paring PTU to the control (same culture tested prior to PTU),
and L-DOPA/PTU compared to the PTU sample from that
same culture.

FIG. 6(a) Data represents mean+/-SEM bound [3H]-L-
DOPA in all fractions, total, specific and non-specific. Non-
specific binding was determined by measuring radiolabeled-
L-DOPA bound in the presence of excess unlabeled L-DOPA
(1 mM). Specific binding at each given concentration is deter-
mined by subtracting the measured non-specific binding from
the measured total binding.

FIG. 6(b) The figure illustrates competitive interaction
between tyrosine and L-DOPA, measured using increasing
concentrations of tyrosine and 5 uM [H*] L-DOPA. Each data
point represents the mean data from 5 replicate wells, and the
error bars are S.D. Data illustrate that tyrosine competes for
binding with L-DOPA, but with a low affinity. The results
suggest tyrosine has a Ki of 52.9 uM, and fits the single site
binding model with an r* value of 0.85. Saturation could not
be achieved because of the limited solubility of tyrosine.

FIG. 7 Western blot and graphical representation of PEDF
secretion in wild-type vs OA deficient mice.

FIG. 8(a) is a graphical representation of data demonstrat-
ing that L-DOPA supplementation increases retinal ganglion
cell numbers compared to what is expected in a normal wild-
type mouse.

FIG. 8(b) is a graphical representation of data demonstrat-
ing that L-DOPA supplementation increases photoreceptor
numbers compared to what is expected in a normal wild-type
mouse.

FIG. 8(c) is a Western blot showing PEDF detection in 2
wild-type and 20A1-/y mice.

DETAILED DESCRIPTION OF THE INVENTION

All references cited are herein incorporated by reference in
their entirety.

Within this application, unless otherwise stated, the tech-
niques utilized may be found in any of several well-known
references such as: Molecular Cloning: A Laboratory
Manual (Sambrook, et al., 1989, Cold Spring Harbor Labo-
ratory Press), Gene Expression Technology (Methods in
Enzymology, Vol. 185, edited by D. Goeddel, 1991. Aca-
demic Press, San Diego, Calit.), “Guide to Protein Purifica-
tion” in Methods in Enzymology (M. P. Deutshcer, ed., (1990)
Academic Press, Inc.); PCR Protocols: A Guide to Methods
and Applications (Innis, et al. 1990. Academic Press, San
Diego, Calif.), Culture of Animal Cells: A Manual of Basic
Technigue, 2"“Ed. (R. 1. Freshney. 1987. Liss, Inc. New York,
N.Y.), Gene Transfer and Expression Protocols, pp. 109-128,
ed. E. J. Murray, The Humana Press Inc., Clifton, N.J.), and
the Ambion 1998 Catalog (Ambion, Austin, Tex.).

As used herein, the singular forms “a”, “an” and “the”
include plural referents unless the context clearly dictates
otherwise.

In a first aspect, the present invention provides methods for
treating age-related macular degeneration (AMD), compris-
ing administering to a subject with AMD an amount effective
for treating AMD of an agonist of the OA1 receptor.

In a second aspect, the present invention provides methods
for limiting development of AMD, comprising administering
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to asubject atrisk of developing AMD an amount effective for
limiting development of AMD of an agonist of the OAl
receptor.

The human Oal gene, is found on the X chromosome, and
has been shown to encode a 404 amino acid protein OAl
(SEQ ID NO:2), likely to be a G-protein coupled receptor
(GPCR) [12,13] based upon sequence analysis [14]. As dis-
closed in detail herein, the inventors have identified the OA1
signaling pathway as a critical determinant of neurosensory
retina survival, such that stimulation of this pathway will
provide treatment for AMD as well as a means to limit AMD
development for those at potential risk. While not being
bound by any mechanism, the inventors believe that OA1 and
tyrosinase participate in an autocrine loop through [-DOPA
that regulates the secretion of at least one potent neurotrophic
factor, PEDF. Thus administration of L-DOPA can be used to
stimulate OA1 activity and thus upregulate PEDF expression,
making it a valuable therapeutic to treat and limit develop-
ment of AMD.

As discussed in detail below, such OA1l agonists can be
identified, for example, using the drug discovery methods of
the third and fourth aspects of the invention. Exemplary OA1
agonists are discussed in detail below.

The subject preferably is a human.

As used herein for all aspects and embodiments of the
invention, “AMD” means an aging-associated disease result-
ing in the loss of vision in the macula (the center of the visual
field) because of damage to the retina know as Age-related
Macular Degeneration. As used herein, AMD encompasses
both wet and dry AMD, described in more detail below.

AMD begins with characteristic drusen (yellow deposits)
in the macula between the retinal pigment epithelium and the
underlying choroid. Most people with these early changes
(referred to as age-related maculopathy) have good vision.
People with drusen can go on to develop advanced AMD. The
risk is considerably higher when the drusen are large and
numerous and associated with disturbance in the pigmented
cell layer under the macula.

Subjects with age-related maculopathy may progress to
either of the two main forms of advanced AMD, each of
which can be treated or be limited in its development using the
methods of the invention. “Wet” AMD causes vision loss due
to abnormal blood vessel growth in the choriocapillaries,
through Bruch’s membrane, ultimately leading to blood and
protein leakage below the macula. Bleeding, leaking, and
scarring from these blood vessels eventually causes irrevers-
ible damage to the photoreceptors and rapid vision loss if left
untreated. “Dry” AMD occurs when light-sensitive cells in
the macula slowly break down, gradually causing vision loss
in the affected eye. Blurring in AMD is probably due to the
accumulation of drusen under the retinal pigment epithelium
(RPE) which alters to focal properties of the photorecep-
torsby moving them out of the plane of focus.

Dry AMD may occur in one or both eyes, and can advance
from age-related maculopathy into intermediate or advanced
stages of dry AMD.

Intermediate Dry AMD: FEither many medium-sized
drusen or one or more large drusen. Some people see a blurred
spot in the center of their vision. More light may be needed for
reading and other tasks.

Advanced Dry AMD: In addition to drusen, a breakdown of
light-sensitive cells and supporting tissue in the central retinal
area. This breakdown can cause a blurred spot in the center of
vision. Over time, the blurred spot may get bigger and darker,
taking more of the central vision; may have difficulty reading
or recognizing faces until they are very close to you.

20

25

30

35

40

45

50

55

60

65

6

AMD symptoms include, but are not limited to blurred/
reduced central vision, central scotomas (shadows or missing
areas of vision), trouble discerning one dark color from
another dark color and/or one light color from another light
color; slow recovery of visual function after exposure to
bright light, a loss in contrast sensitivity, so that contours,
shadows and color vision are less vivid, retinal pigment epi-
thelial (RPE) disturbance (including pigment clumping and/
or dropout), RPE detachment, geographic atrophy, subretinal
neovascularization, and disciform scar, and distorted vision
(metamorphopsia), such that a grid of straight lines appears
wavy and parts of the grid may appear blank Symptoms of dry
AMD and wet AMD are generally similar early during dis-
ease progression, and thus it may not be possible to determine
which early-stage patients will develop dry vs. wet forms of
AMD. Dry AMD develops as ‘geographic atrophy’, and early
AMD become ‘wet” AMD when new blood vessels sprout.

As used herein, “treat” or “treating” AMD means accom-
plishing one or more of the following: (a) reducing the sever-
ity of AMD; (b) limiting or preventing development of one or
more symptoms characteristic of AMD, as described above;
(c) inhibiting worsening of one or more symptoms character-
istic of AMD, as described above; (d) limiting or preventing
recurrence of AMD in patients that have previously had the
disorder(s); and (e) limiting or preventing recurrence of one
or more symptoms in patients that were previously symptom-
atic for AMD. Such treating includes treating of wet AMD
and dry AMD.

As used herein, the term “limiting development of” AMD
means to prevent or to minimize development of AMD in
individuals at risk of developing AMD, as well as limiting
progression of age-related maculopathy to AMD (wetor dry),
or intermediate dry AMD to advanced dry or ‘wet” AMD. In
one preferred embodiment, the methods comprise treating a
subject with drusen accumulation (ie: age-related maculopa-
thy), to limit development of AMD. In another preferred
embodiment, the methods comprise treating a subject with an
amount effective of the OA1 agonist to decrease the rate of
lines of loss of vision relative to a non-treated AMD subject,
or subject at risk of AMD. In another preferred embodiment,
the methods comprise treating a subject with wet AMD, or at
risk of developing wet AMD, an amount effective of the OA1
agonist to decrease the rate and number of new blood vessel
formation. As discussed in more detail below, OA1 stimula-
tion causes the RPE to increase PEDF secretion, and PEDF is
a potent anti-angiogenic factor. Thus, OA1 stimulation strat-
egies may stop new blood vessel development in ‘wet’ AMD,
in addition to its effects on retinal development discussed
herein.

In another preferred embodiment, the methods comprise
treating a subject that has blurred or reduced central vision
with an amount of OA1 agonist effective to increase the lines
of visual acuity in one or both eyes. In this embodiment, the
lines of visual acuity are as measured by the standard Snellen
test, where the increase or decrease in ‘lines’ of visual acuity
are based on which smallest ‘line’ on a Snellen chart a patient
can read clearly.

“Subjects at risk of developing AMD” mean anyone with
any risk factor for development of AMD, including but not
limited to being over 50 years old (in various preferred
embodiments, over 60 years old, over 65 years old, over 70
years old, or over 75 years old), presence of drusen deposits,
Caucasian race, having a blood relative that has or had AMD,
a mutation in the complement factor H gene (CFH) of
(Tyr402His), Arg80Gly variant of the complement protein C3
gene, hypertension, high cholesterol levels, obesity, smoking,
a high fat intake, and mutations in the fibulin 5 gene. Thus, in
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a preferred embodiment, the subject to be treated has one or
more of these risk factors, particularly in methods for limiting
development of AMD.

The phrase “therapeutically effective amount,” as used
herein, refers to an amount that is sufficient or effective to
limit development of or treat (prevent the progression of or
reverse) AMD. The appropriate dosage range depends on the
choice of the compound, the route of administration, the
nature of the formulation, the nature of the subject’s condi-
tion, and the judgment of the attending practitioner. For
example, oral administration would be expected to require
higher dosages than administration by intravenous injection.
Variations in these dosage levels can be adjusted using stan-
dard empirical routines for optimization, as is well under-
stood in the art.

In a preferred embodiment, the OA1 receptor agonist com-
prises a compound selected from the group consisting of
L-DOPA and L-DOPA analogues.

L-DOPA is [2-amino-3-(3,4-dihydroxyphenyl)propanoic
acid] known for use in treating Parkinson’s, and has the
following structure.

H,N. COOH

~~

OH

OH

L-DOPA is commercially available and methods for its
synthesis are known to those of skill in the art.

As used herein, “L-DOPA analogues” are those L-DOPA
variants that retain OAl-stimulatory activity, including
L-DOPA prodrugs, of which many are known in the art;
exemplary such analogues are disclosed below. While not
being bound by a specific mechanism of action, the inventor
believes that [.-DOPA binding to OA1 involves two sites of
binding, one involving one or both hydroxyl groups, and one
involving the carboxylic acid group. In one embodiment, the
L-DOPA analogues are [.-DOPA prodrugs that are metabo-
lized to L-DOPA after administration (and generally prior to
binding to OA1 on the cell surface), and thus are expected to
retain OA1-stimulatory activity. In another embodiment, one
or both hydroxyl group and/or the carboxyl group can be
substituted to produce various analogues (prodrug or other-
wise) for use in the methods of the invention.

In another embodiment, the L-DOPA analogues comprise
L-DOPA esters Exemplary L-DOPA esters, and methods for
preparing them, are disclosed in WO/1997/016181; U.S. Pat.
No. 4,663,349; U.S. Pat. No. 4,873,263; U.S. Pat. No. 4,873,
263; U.S. Pat. No. 5,345,885, and U.S. Pat. No. 4,771,073. In
various preferred embodiments, the L.-DOPA ester is selected
from the group consisting of L.-DOPA methyl ester, [.-DOPA
butyl ester, [-DOPA pentyl ester, [.-DOPA cyclohexyl ester,
L-DOPA benzyl ester, and L-DOPA ethyl ester. In various
further preferred embodiments, the L-DOPA esters are
selected from the alkyl, aryl and substituted and unsubstituted
aralkyl esters of L-DOPA. In a further preferred embodiment,
the L-DOPA esters are represented by the following formula:
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COOR

HO LN

wherein R is a straight or branched chain alkyl (C,-C,,) such
as methyl, ethyl, propyl, butyl, myristyl, palmityl, pentyl,
tetradecyl, hexadecyl and the like; aryl(C4-C,) such as phe-
nyl, tolyl and the like; substituted and unsubstituted mono, di
or polyhydroxyalkyl(C,-C,,) such as benzyl, alkoxybenzyl,
4-hydroxybutyl, 2-hydroxypropyl, 2,3-dihydroxypropyl,
1,3-dihydroxypropyl, 6-hydroxyhexyl and 5-hydroxypentyl
and the like optionally having a substituent such as alkoxy
(C,.s) [methoxy, ethoxy, butoxy and the like]; carbalkoxy
(C,_s) [methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl
butoxycarbonyl and the like]; amino; mono or dialkylamino
(C,.10) [methylamino, methylethylamino, diethylamino and
the like]; acylamino(C, ;) [acetamido, butyramido and the
like]; ketoalkyl (C,_5) [methylketo, ethylketo, butylketo and
the like]; halo [chloro, bromo and the like] or carboxamide;
substituted and unsubstituted aralkyl(C,_,,) such as benzyl,
alkoxybenzyl Cg ,,) [methoxy, ethoxy, isobutoxy and the
like]; phenylethyl; phenylpropyl; phenylbutyl; phenylhexyl;
phenyloctyl and the like; and pharmaceutically acceptable
organic or inorganic counterion salts.

Synthetic processes for preparing the esters of L-DOPA
and the salts thereof are known in the art, for example, in U.S.
Pat. Nos. 3,891,696; 4,035,507, and 5,354,885, and Journal
of Pharmaceutical Sciences, 62, p. 510 (1973), each incorpo-
rated by reference herein in their entirety.

In another embodiment, the L-DOPA analogues comprise
bile acid conjugates as are known in the art. Exemplary
L-DOPA bile acid conjugates, and methods for preparing
them, are disclosed in W0O/2002/028882 and
US20020151526. Upon oral administration, these prodrugs
are cleaved within the enterohepatic system to release the
parent drug and/or an active metabolite from the bile acid into
the systemic circulation. Significantly, only a fraction (typi-
cally <50%) <50%) of the prodrug is cleaved during each pass
through the enterohepatic cycle. Thus, the enterohepatic cir-
culation serves as a reservoir of the drug enabling sustained
systemic drug levels to be achieved. Naturally occurring bile
acids such as cholic acid, chenodeoxycholic acid, ursodeoxy-
cholic acid, deoxycholic acid, ursocholic acid and lithocholic
acid are particularly preferred. The site of conjugation of
these bile acids to L-DOPA or other L-DOPA analogue is
preferably via the 3-hydroxy group or the C-24 carboxyl
moiety. Optionally, cleavable linker functionality may be
introduced between the drug and the bile acid and this linker
may be selected. In a preferred embodiment, such L-DOPA
bile acid conjugates are represented by the following formula

2,
v,

R2 W

R1
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wherein R1 is selected from the group consisting of hydrogen
and OH;
R2 is selected from the group consisting of hydrogen and OH;
X is selected from the group consisting of OH and D-Y—,
where Y is selected from the group consisting of a covalent
bond and a cleavable linker group covalently connecting D to
the steroid;
D is a member selected from the group consisting of L.-DOPA
and other L.-DOPA analogues;
W is selected from the group consisting of (a) a substituted
alkyl group containing a moiety which is negatively charged
at physiological pH, which moiety is selected from the group
consisting of —COOH, —SO;H, —SO,H, —P(O)(OR6)
(OH),
—OP(O)(OR6)(OH),—OSO,H and the like and pharmaceu-
tically acceptable salts thereof,
where R6 is selected from the group consisting of alkyl,
substituted alkyl, aryl and substituted aryl; and (b) a group of
the formula -M-Y'-D'
where M is selected from the group consisting of —CH,OC
(O)— and —CH,CH,C(O)—;
Y' is a covalent bond or a cleavable linker group covalently
connecting D' to M;
D'is amember selected from the group consisting of L-DOPA
and other L.-DOPA analogues;
with the proviso that either X is —Y-D and/or W is -M-Y'-D'
wherein the compound of formula (I) above is a substrate for
an intestinal bile acid transporter;
or a pharmaceutically acceptable salt thereof.

In another embodiment, the L-DOPA analogues comprise
di or tri-peptide derivatives. Exemplary L.-DOPA di- or tri-
peptide analogues, and methods for preparing them, are dis-
closed in U.S. Pat. No. 3,803,120 and U.S. Pat. No. 5,686,
423. Oral absorption of the di- and tri-peptide L-DOPA
prodrugs show high oral bioavailability with some com-
pounds having the plasma concentration 60-100 fold higher
than that of L-dopa. In a preferred embodiment, such
L-DOPA prodrugs are represented by the following formula

OH
OH
HN
N2 Il{l COOH
S N 0
Y 0 Rs
n

wherein n is 0 or 1; R is hydrogen or hydroxyl, preferably R
is hydroxyl;
R1 is hydrogen; and
R2 is hydrogen, alkyl of from one to four carbon atoms, alkyl
of from one to four carbon atoms substituted with one —OH,
—SH, —SCH;, —NH,, —NHC(—NH)NH,, —COOH,
phenyl, hydroxyphenyl, indolyl or imidazolyl group, alkyl
from one to four carbon atoms substituted with one car-
boalkoxyl group of from one to six carbon atoms, preferably
R2 is hydrogen, methyl or hydroxymethyl; or
R1 and R2 together are trimethylene.

Preferably, R1 and R2 of the di- or tri-peptide derivative of
L-DOPA (2-amino-3-(3,4-dihydroxyphenyl-)propanoic
acid) of the formula (I) together is trimethylene.
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In another embodiment, di-peptide derivatives of L.-DOPA
[2-amino-3-(3,4-dihydroxyphenyl)propanoic acid] are repre-
sented by the following formula

Ry 0

A

HOOC N

OH

R; NH,

OH

wherein R3 is hydrogen; and R4 is phenyl or hydroxyphe-
nyl; or R3 and R4 together is trimethylene.

In another embodiment, the L-DOPA analogues comprise
amine prodrugs as are known in the art. Exemplary L-DOPA
amine analogues, and methods for preparing them, are dis-
closed in US20060025385 and WO/2004/069146. In one pre-
ferred embodiment, such L.-DOPA amine analogues are rep-
resented by

RGO *

R5O

wherein *C denotes a chiral carbon;

R1, R2, R3 and R4 are each independently selected from the
group consisting of hydrogen, alkyl having 1-30 carbon
atoms, alkenyl having 1-30 carbon atoms, alkynyl having
1-30 carbon atoms, cycloalkyl, aryl, O-carboxy, C-carboxy,
carbonyl, thiocarbonyl, O-carbamyl, O-thiocarbamyl and a
fatty acid acyl, or, alternatively, R1 and R2 and/or R3 and R4
form a five- or six-membered ring; and

R5 and R6 are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, aryl and phospho-
nyl,

or a pharmaceutically acceptable salt thereof.

Preferred L-DOPA amine analogues include: compounds
wherein R5 and R6 are each hydrogen; compounds wherein
R1andR2 are each hydrogen; compounds wherein R3 and R4
are each hydrogen; compounds wherein at least one of R1,
R2, R3 and R4, preferably R3 and/or R4 is carbonyl, e.g.,
acetyl. Additional preferred compounds according to the
present embodiments include compounds wherein at least
one of R1, R2, R3 and R4 is an alkyl, alkenyl or alkynyl
having 1-30 carbon atoms, or, alternatively, at least one of R1,
R2,R3 and R4 is a fatty acid acyl, derived from, for example,
myristic acid, lauric acid, palmitic acid, stearic acid, oleic
acid, arachidonic acid, linoleic acid or linolenic acid. Further
preferred examples of L-DOPA amine analogues according
to the present embodiments include a-amino-3,4-dihydroxy-
benzenepropanamide, a-N-acetyl-3,4-dihydroxy-ben-
zenepropanamide and pharmaceutically acceptable salts
thereof.

In a further preferred embodiment, L.-DOPA prodrugs for
use in the present invention, and methods for their synthesis,
are disclosed in U.S. Pat. Nos. 4,065,566 and 4,035,507 and
are represented by the formula
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OR

OR

N
R

R; 0

wherein each R is independently selected from the group
consisting of a hydrogen atom, an acyl group, a

(2

group, a —CO-pyridyl group, and a —CO—R3 group,
wherein R3 represents the residue of any N.N—C1-C2
dialkylamino acid or a C4-C6 cycloalkylamino acid

(CHz)s N

wherein R1 represents a member selected from the group
consisting of a hydroxyl group and a—OM group, wherein M
is an alkali metal (Na, K, etc.) or an ammonium ion; and
wherein R2 represents a member selected from the group
consisting of a

(o

group,

a —CO-pyridyl group, and a —CO—R3 group, wherein R3
represents the residue of any N,N—(C1-C2)-dialkylamino
acid or a C4-C6-cycloalkylamino acid

(CHys N

Further L-DOPA prodrugs for use in the present invention,
and methods for their synthesis, disclosed in U.S. Pat. Nos.
4,065,566 and 4,035,507 are represented by the formula
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OR

OR

N
R

R/ 0

wherein R represents an acyl group; wherein R2 represents a
hydrogen atom; and wherein R1 represents a —NHCH(R4)
COORS group, wherein R4 represents the residue of any
naturally occurring amino acid, and wherein RS represents a
member selected from the group consisting of a hydrogen
atom, a C1-C5 alkyl group (e.g., methyl, ethyl, propyl, butyl,
pentyl), and a C1-C5 alkylaryl group (e.g., —CH,—CHs,
—CH,—CH,—CiH,, etc.), and the HX salts thereof,
wherein X is a conventional pharmaceutically acceptable acid
addition salt anion (e.g., chloride, bromide, perchlorate,
methanesulfonate, succinate, etc.);

Preferred exemplary L-DOPA prodrugs disclosed in U.S.

Pat. Nos. 4,065,566 and 4,035,507 include the following:

1. Glycyl-3,4-diacetyloxy-L-phenylalanine and its HX
salt, wherein X represents a pharmaceutically accept-
able anion.

2. Glycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

3.3,4-diacetyloxy-L-phenylalanyl-glycine and its HX salt,
wherein X represents a pharmaceutically acceptable
anion.

4. N-nicotinoyl-3,4-dihydroxy-L-phenylalanine and its M
salt, wherein M represents an alkali metal.

5. N-nicotinoyl-3.4-diacetyloxy-L-phenylalanine and its
M salt, wherein M represents an alkali metal.

6. N-nicotinoyl-3,4-dipivalyloxy-L-phenylalanine and its
M salt, wherein M represents an alkali metal.

7.3,4-diacetyloxy-L-phenylalanyl-glycine and its HX salt,
wherein X represents a pharmaceutically acceptable
anion.

8. 3.4-diacetyloxy-L-phenylalanyl-glycine-methyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

9. 3,4-diacetyloxy-L-phenylalanyl-glycine-ethyl ester and
its HX salt, wherein X represents a pharmaceutically
acceptable anion.

10. 3,4-diacetyloxy-L-phenylalanyl-glycine-benzyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

11. 3,4-diacetyloxy-L-phenylalanyl-I.-leucine and its HX
salt, wherein X represents a pharmaceutically accept-
able anion.

12. 3,4-diacetyloxy-L-phenylalanyl-L-leucine-methyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

13. 3,4-diacetyloxy-L-phenylalanyl-I-leucine-ethyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

14. 3,4-diacetyloxy-L-phenylalanyl-L-leucine-benzyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.
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15. 3,4-diacetyloxy-L-phenylalanyl-L-isoleucine and its
HX salt, wherein X represents a pharmaceutically
acceptable anion.

16. 3,4-diacetyloxy-L-phenylalanyl-I -isoleucine-methyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

17.  3,4-diacetyloxy-L-phenylalanyl-[ -isoleucine-ethyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

18. 3.,4-diacetyloxy-L-phenylalanyl-L-isoleucine-benzyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

19. 3,4-diacetyloxy-L-phenylalanyl-phenylalanine and its
HX salt, wherein X represents a pharmaceutically
acceptable anion.

20. 3.4-diacetyloxy-L-phenylalanyl-phenylalanine-me-
thyl ester and its HX salt, wherein X represents a phar-
maceutically acceptable anion.

21. 3,4-diacetyloxy-L-phenylalanyl-phenylalanine-ethyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

22.3,4-diacetyloxy-L-phenylalanyl-phenylalanine-benzyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

23. Glycyl-3,4-diacetyloxy-L-phenylalanine and its HX
salt, wherein X represents a pharmaceutically accept-
able anion.

24. Glycyl-3,4-dipivalyloxy-L-phenylalanine and its HX
salt, wherein X represents a pharmaceutically accept-
able anion.

25. Glycyl-3,4-diacetyloxy-L-phenylalanine-methyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

26. Glycyl-3,4-diacetyloxy-L-phenylalanine-ethyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

27. Glycyl-3,4-diacetyloxy-L-phenylalanine-benzyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

28. L-leucyl-3,4-diacetyloxy-L-phenylalanine and its HX
salt, wherein X represents a pharmaceutically accept-
able anion.

29. L-leucyl-3,4-diacetyloxy-L-phenylalanine-methyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

30. L-leucyl-3.4-diacetyloxy-L-phenylalanine-ethyl ester
and its HX salt, wherein X represents a pharmaceutically
acceptable anion.

31. L-leucyl-3,4-diacetyloxy-L-phenylalanine-benzyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

32. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine and its
HX salt, wherein X represents a pharmaceutically
acceptable anion.

33. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine-methyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

34.  L-isoleucyl-3.4-diacetyloxy-L-phenylalanine-ethyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

35. L-isoleucyl-3,4-diacetyloxy-L-phenylalanine-benzyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

36. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine and its
HX salt, wherein X represents a pharmaceutically
acceptable anion.

20

25

30

35

45

50

55

60

65

14

37. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine-me-
thyl ester and its HX salt, wherein X represents a phar-
maceutically acceptable anion.

38. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine-ethyl
ester and its HX salt, wherein X represents a pharma-
ceutically acceptable anion.

39. Phenylalanyl-3,4-diacetyloxy-L-phenylalanine-ben-
zyl ester and its HX salt, wherein X represents a phar-
maceutically acceptable anion.

40. 34-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-
phenylalanine and its HX salt, wherein X represents a
pharmaceutically acceptable anion.

41. 3.4-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-
phenylalanine-methyl ester and its HX salt, wherein X
represents a pharmaceutically acceptable anion.

42. 34-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-
phenylalanine-ethyl ester and its HX salt, wherein X
represents a pharmaceutically acceptable anion.

43.  34-diacetyloxy-L-phenylalanyl-3,4-diacetyloxy-L-
phenylalanine-benzyl ester and its HX salt, wherein X
represents a pharmaceutically acceptable anion.

44. N—[N,N-dimethylamino]|-glycyl-3,4-diacetyloxy-L-
phenylalanine and its M salt, wherein M represents an
alkali metal.

45.  N-nicotinoyl-3,4-dinicotinoyloxy-L-phenylalanine
and its M salt, wherein M represents an alkali metal.

46.  N-3-pyridylacetyl-3,4-dihydroxy-L-phenylalanine
and its M salt, wherein M represents an alkali metal.

47. N-3-pyridylacetyl-3,4-diacetyloxy-L-phenylalanine
and its M salt, wherein M represents an alkali metal.

48. 3,4-N,N-dimethylaminoglycyl-L-phenylalanine
methylester and its HX salt, wherein X represents a
pharmaceutically acceptable anion.

49. N—|N,N-dimethylamino|glycyl-3,4-[N,N-dimethy-
laminoglycyl]-L-phenylalanine and its M salt, wherein
M represents an alkali metal.

50.  N—|N,N-diethylaminoglycyl]-3,4-diacetyloxy-L.-
phenylalanine and its M salt, wherein M represents an
alkali metal.

As used herein, the term “alkyl” refers to a saturated ali-
phatic hydrocarbon including straight chain and branched
chain groups. The alkyl group preferably has between 1 and
30 carbon atoms, more preferably between 1 and 20 carbon
atoms. While lower alkyls, e.g., of between 1 and 6 carbon
atoms may facilitate the formulation of the compounds,
higher alkyls provides for enhanced permeability thereof
through the BBB.

The alkyl group, according to the present invention, may be
substituted or non-substituted. When substituted, the sub-
stituent group can be, for example, cycloalkyl, alkenyl, aryl,
heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, thiohy-
droxy, thioalkoxy, thioaryloxy, halo, carboxy, alkoxycarbo-
nyl, thiocarboxy, carbamyl, and amino, as these terms are
defined herein.

As used herein, the term “cycloalkyl” refers to an all-
carbon monocyclic or fused ring (i.e., rings which share an
adjacent pair of carbon atoms) group wherein one of more of
the rings does not have a completely conjugated pi-electron
system. Examples, without limitation, of cycloalkyl groups
are cyclopropane, cyclobutane, cyclopentane, cyclopentene,
cyclohexane, cyclohexadiene, cycloheptane, cyclohep-
tatriene and adamantane. The cycloalkyl group, according to
the present invention, may be substituted or non-substituted.
When substituted, the substituent group can be, for example,
alkyl, cycloalkyl, alkenyl, aryl, heteroaryl, heteroalicyclic,
hydroxy, alkoxy, aryloxy, thiohydroxy, thioalkoxy, thioary-
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loxy, halo, carboxy, alkoxycarbonyl, thiocarboxy, carbamyl,
and amino, as these terms are defined herein.

The term “alkenyl” refers to an alkyl group which consists
of at least two carbon atoms and at least one carbon-carbon
double bond.

The term “alkynyl” refers to an alkyl group which consists
of at least two carbon atoms and at least one carbon-carbon
triple bond.

As is discussed above, both the alkenyl and the alkynyl
groups preferably have between 1 and 30 carbon atoms.

An “aryl” group refers to an all-carbon monocyclic or
fused-ring polycyclic (i.e., rings which share adjacent pairs of
carbon atoms) group having a completely conjugated pi-
electron system. Examples, without limitation, of aryl groups
are phenyl, naphthalenyl and anthracenyl. The aryl group,
according to the present invention, may be substituted or
non-substituted. When substituted, the substituent group can
be, for example, alkyl, cycloalkyl, alkenyl, aryl, heteroaryl,
heteroalicyclic, hydroxy, alkoxy, aryloxy, thiohydroxy, thio-
alkoxy, thioaryloxy, halo, carboxy, alkoxycarbonyl, thiocar-
boxy, carbamyl, and amino, as these terms are defined herein.

The term “C-carboxy” refers to a +C(—0O)—OR' group,
where R' is hydrogen, alkyl, cycloalkyl, alkenyl, aryl, het-
eroaryl (bonded through a ring carbon) or heteroalicyclic
(bonded through a ring carbon) as defined herein.

The term “O-carboxy” refers to a R—C(—0)—0—
group, where R' is hydrogen, alkyl, cycloalkyl, alkenyl, aryl,
heteroaryl (bonded through a ring carbon) or heteroalicyclic
(bonded through a ring carbon) as defined herein.

The term “carbonyl” refers to a —C(—0O)—R' group,
where R' is as defined hereinabove.

The term “thiocarbonyl” refers to a —C(—S)—R' group,
where R' is as defined hereinabove.

An “O-carbamyl” group refers to an —OC(—0O)—NR'R"
group, where R'is as defined hereinabove and R" is as defined
for R".

An “O-thiocarbamyl” group refers to an —OC(—S)—
NR'R" group, where R' is and R" are as defined hereinabove.

A “fatty acid acyl” refers to a R"C(—0)—O— group,
where R™ is a saturated or unsaturated hydrocarbon chain
having at least 10 carbon atoms.

The term “alkoxy” refers to both an —O-alkyl and an
—O-cycloalkyl group, as defined hereinabove. Representa-
tive examples of alkoxy groups include methoxy, ethoxy,
propoxy and tert-butoxy.

The —O-alkyl and the O-cycloalkyl groups, according to
the present invention, may be substituted or non-substituted.
When substituted, the substituent group can be, for example,
cycloalkyl, alkenyl, aryl, heteroaryl, heteroalicyclic,
hydroxy, alkoxy, aryloxy, thiohydroxy, thioalkoxy, thioary-
loxy, halo, carboxy, alkoxycarbonyl, thiocarboxy, carbamyl,
and amino, as these terms are defined herein.

The term “thioalkoxy” refers to both an —S-alkyl group,
and an —S-cycloalkyl group, as defined herein.

The term “hydroxy” refers to an —OH group.

The term “thiohydroxy” refers to an —SH group.

An “aryloxy” group refers to both an —O-aryl and an
—O-heteroaryl group, as defined herein.

A “thioaryloxy” group refers to both an —S-aryl and an
—S-heteroaryl group, as defined herein.

The term “amino” refers to a —NR'R" group, with R' and
R" as defined hereinabove.

The term “alkoxycarbonyl”, which is also referred to
herein interchangeably as “carbalkoxy”, refers to a carboxy
group, as defined hereinabove, where R' is not hydrogen.

The term “heteroaryl” group includes a monocyclic or
fused ring (i.e., rings which share an adjacent pair of atoms)
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group having in the ring(s) one or more atoms, such as, for
example, nitrogen, oxygen and sulfur and, in addition, having
a completely conjugated pi-electron system. Examples, with-
out limitation, of heteroaryl groups include pyrrole, furane,
thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine,
pyrimidine, quinoline, isoquinoline and purine.

A “heteroalicyclic” group refers to a monocyclic or fused
ring group having in the ring(s) one or more atoms such as
nitrogen, oxygen and sulfur. The rings may also have one or
more double bonds. However, the rings do not have a com-
pletely conjugated pi-electron system.

The term “halo” refers to a fluorine, chlorine, bromine or
iodine atom.

The term “phosphonyl” describes an —P(—O)(OR"),
group, with R' as defined hereinabove.

In any embodiment of the first or second aspect of the
invention, the methods may comprise administering two or
more compounds selected from the group consisting of
L-DOPA and L-DOPA analogues. In another preferred
embodiment, the methods may further comprise administer-
ing a further therapeutic compound to the subject, including
but not limited to an L-amino acid decarboxylase inhibitor,
such as carbidopa or benserazide. Such L.-amino acid decar-
boxylase inhibitors can be used, for example, to increase
plasma half-life of L-DOPA and reduce conversion of
L-DOPA to dopamine peripherally, which reduces side
effects of L-DOPA treatment. In another embodiment, the
methods may further comprise administering one or more
other compounds useful for treating or limiting development
of AMD, including but not limited to anti-angiogenic thera-
peutics, such as anti-vascular endothelial growth factor
(VEGF) agents, including but not limited to VEGF antibodies
(or fragments thereof) such as ranibizumab or bevacizumab,
or VEGF aptamers, such as pegaptanib. In another embodi-
ment, the L-DOPA or L-DOPA analogues may be present in
a more complex mixture, such as in a nutritional supplement
containing [.-DOPA or L.-DOPA analogues.

In a preferred embodiment, any one or more of the
L-DOPA and/or L-DOPA analogues described herein may be
used in the form of a dietary supplement. Such a supplement
may combine any one or more further components that might
be beneficial in treating or limiting development of AMD. In
one preferred embodiment, [.-DOPA and/or an L.-DOPA ana-
logue are combined with a combination of vitamin C source,
vitamin E source, Vitamin A source, zinc source, and, and
copper source, disclosed in U.S. Pat. No. 6,660,297 as useful
in treating AMD; U.S. Pat. No. 6,660,297 is incorporated by
reference herein in its entirety. Any suitable amount of each of
these additional components can be used in combination with
L-DOPA and/or L-DOPA analogues in carrying out the meth-
ods of the invention. In a further preferred embodiment, this
combination may further comprise lutein and/or zeaxanthin
in an amount suitable to provide further protective retinal
effects, preferably between 1 mg and 100 mg; between 1 mg
and 50 mg, between 2 mg and 25 mg, or between 2 mg and 10
mg per day. In a further preferred embodiment of any of the
above preferred embodiments, this combination may further
comprise docosahexaenoic acid (DHA) and/or eicosapen-
taenoic acid (EPA) in an amount suitable to provide further
protective retinal effects, preferably between 250 mg and
1000 mg; between 300 mg and 750 mg, between 350 mg and
750 mg, or between 350 mg and 650 mg per day.

Ascorbic acid is the preferred source of vitamin C,
although other sources such as for example sodium ascorbate
could alternatively be used.

Dl-alpha tocopheryl acetate is the preferred source of vita-
min E, although other sources of vitamin E, such as for
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example trimethyl tocopheryl acetate and/or vitamin E suc-
cinate, may be used in the alternative.

Beta-carotene is preferred in the subject composition due
to its ready commercial availability although alternative caro-
tenoid proforms of vitamin A could likewise be used.

Zinc is preferred in the form of zinc oxide in subject tablets
due to the fact zinc oxide provides the most concentrated form
for elemental zinc and is well tolerated in the digestive sys-
tem. However, other forms of zinc such as for example zinc
gluconate may alternatively be used or be used in combina-
tion with zinc oxide in the subject composition.

Copper in the form of cupric oxide is preferred in the
subject tablets to help prevent zinc induced copper deficiency
anemia, although other forms of copper such as for example
copper gluconate may alternatively be used or used in com-
bination with cupric oxide in the subject composition.

In a preferred embodiment, the amounts of each of these
other components (on a per day basis) is as follows:

between 450 mg and 600 mg vitamin C (approximately
7-10 times the recommended daily allowance (RDA))

between 400 IU and 540 IU vitamin E (approximately
13-18 times the RDA);

between 17.2 mg and 28 mg beta carotene (approximately
6-10 times the RDA of vitamin A; beta carotene is a prodrug
of vitamin A);

between 68 mg and 100 mg zinc (approximately 4-7 times
the RDA for zinc); and

between 1.6 mg and 2.4 mg copper.

In a further preferred embodiment, the amounts of each of
these other components (on a per day basis) is as follows:

500 mg Vitamin C;

400 IU Vitamin E;

0 mg or 15 mg beta carotene;

25 mg or 80 mg zinc oxide; and

2 mg cupric oxide.

In a further preferred embodiment, that may be combined
with any other embodiments herein, other ingredients
believed to be of benefit in maintaining eye health may like-
wise be combined with L.-DOPA and/or L.-DOPA analogues,
including but not limited to lutein and/or zeaxanthin in an
amount suitable to provide further protective retinal effects,
preferably between 1 mg and 100 mg; between 1 mg and 50
mg, between 2 mg and 25 mg, or between 2 mg and 10 mg per
day; and/or docosahexaenoic acid (DHA) and/or eicosapen-
taenoic acid (EPA) in an amount suitable to provide further
protective retinal effects, preferably between 250 mg and
1000 mg; between 300 mg and 750 mg, between 350 mg and
750 mg, or between 350 mg and 650 mg per day. Further
examples of additional compounds that may optionally be
used include but are not limited to alpha-lipoic acid and,
phenolic compounds such as for example but not limited to
oligomeric proanthocyanidins, anthocyanosides and combi-
nations thereof.

L-DOPA and/or L-DOPA analogues can be administered
individually or in combination, usually in the form of a phar-
maceutical composition. Such compositions are prepared in a
manner well known in the pharmaceutical art. [.-DOPA and/
or L-DOPA analogues can be administered as the sole active
pharmaceutical agent, or they can be used in combination
with one or more other compounds useful for carrying out the
methods of the invention, including but not limited to an
anti-angiogenic therapeutics such as VEG-F, and L-amino
acid decarboxylase inhibitors, such as carbidopa and benser-
azide. When administered as a combination, combination can
be formulated as separate compositions that are given at the
same time or different times, or can be given as a single
composition.
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The L-DOPA and/or L-DOPA analogues may be made up
in a solid form (including granules, powders or suppositories)
or in a liquid form (e.g., solutions, suspensions, or emul-
sions). The L-DOPA and/or L-DOPA analogues may be
applied in a variety of solutions and may be subjected to
conventional pharmaceutical operations such as sterilization
and/or may contain conventional adjuvants, such as preser-
vatives, stabilizers, wetting agents, emulsifiers, buffers etc.

The L-DOPA and/or L-DOPA analogues may be adminis-
tered by any suitable route, including but not limited to oral,
topical (including but not limited to eye drops and ophthalmic
ointments), parenteral, intranasal, pulmonary, or rectal in
dosage unit formulations containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants and vehicles.
The term parenteral as used herein includes percutaneous,
subcutaneous, intravascular (e.g., intravenous), intramuscu-
lar, or intrathecal injection or infusion techniques and the like.
In addition, there is provided a pharmaceutical formulation
comprising a compound of the invention and a pharmaceuti-
cally acceptable carrier. L-DOPA and/or L-DOPA analogues
may be present in association with one or more non-toxic
pharmaceutically acceptable carriers and/or diluents and/or
adjuvants, and if desired other active ingredients. The phar-
maceutical compositions containing [-DOPA and/or
L-DOPA analogues may be in a form suitable for oral use, for
example, as tablets, troches, lozenges, aqueous or oily sus-
pensions, dispersible powders or granules, emulsion, hard or
soft capsules, or syrups or elixirs.

Eye drops can be prepared using any technique in the art,
including but not limited to using a tonicity agent such as
sodium chloride or concentrated glycerin, a buffer such as
sodium phosphate or sodium acetate, a surfactant such as
polyoxyethylene sorbitan monooleate, polyoxyl 40 stearate
or polyoxyethylene hydrogenated castor oil, a stabilizer such
as sodium citrate or sodium edetate, a preservative such as
benzalkonium chloride or paraben as needed. The pH of the
eyedrops is preferably in the range of from 4 to 8. Ophthalmic
ointments can be prepared with a generally used base such as
white soft paraffin or liquid paraffin.

L-DOPA and/or L-DOPA analogues intended for oral use
may be prepared according to any method known to the art for
the manufacture of pharmaceutical compositions and such
compositions may contain one or more agents selected from
the group consisting of sweetening agents, flavoring agents,
coloring agents and preservative agents in order to provide
palatable preparations. Tablets contain the L-DOPA and/or
L-DOPA analogues in admixture with non-toxic pharmaceu-
tically acceptable excipients that are suitable for the manu-
facture of tablets. These excipients may be for example, inert
diluents, such as calcium carbonate, sodium carbonate, lac-
tose, calcium phosphate or sodium phosphate; granulating
and disintegrating agents, for example, corn starch, or alginic
acid; binding agents, for example starch, gelatin or acacia,
and lubricating agents, for example magnesium stearate,
stearic acid or talc. The tablets may be uncoated or they may
be coated by known techniques. In some cases such coatings
may be prepared by known techniques to delay disintegration
and absorption in the gastrointestinal tract and thereby pro-
vide a sustained action over a longer period. For example, a
time delay material such as glyceryl monosterate or glyceryl
distearate may be employed.

Formulations for oral use may also be presented as hard
gelatin capsules wherein the L-DOPA and/or L.-DOPA ana-
logue is mixed with an inert solid diluent, for example, cal-
cium carbonate, calcium phosphate or kaolin, or as soft gela-
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tin capsules wherein the active ingredient is mixed with water
or an oil medium, for example peanut oil, liquid paraffin or
olive oil.

Aqueous suspensions contain the L-DOPA and/or
L-DOPA analogues in admixture with excipients suitable for
the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example sodium carboxymethylcellu-
lose, methylcellulose, hydropropyl-methylcellulose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum aca-
cia; dispersing or wetting agents may be a naturally-occurring
phosphatide, for example, lecithin, or condensation products
of an alkylene oxide with fatty acids, for example polyoxy-
ethylene stearate, or condensation products of ethylene oxide
with long chain aliphatic alcohols, for example heptadecaeth-
yleneoxycetanol, or condensation products of ethylene oxide
with partial esters derived from fatty acids and a hexitol such
as polyoxyethylene sorbitol monooleate, or condensation
products of ethylene oxide with partial esters derived from
fatty acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous suspensions may also con-
tain one or more preservatives, for example ethyl, or n-propyl
p-hydroxybenzoate, one or more coloring agents, one or more
flavoring agents, and one or more sweetening agents, such as
sucrose or saccharin.

Oily suspensions may be formulated by suspending the
L-DOPA and/or L-DOPA analogues in a vegetable oil, for
example arachis oil, olive oil, sesame o0il or coconut oil, or in
amineral oil such as liquid paraftin. The oily suspensions may
contain a thickening agent, for example beeswax, hard par-
affin or cetyl alcohol. Sweetening agents and flavoring agents
may be added to provide palatable oral preparations. These
compositions may be preserved by the addition of an anti-
oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation
of'an aqueous suspension by the addition of water provide the
active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suit-
able dispersing or wetting agents or suspending agents are
exemplified by those already mentioned above. Additional
excipients, for example sweetening, flavoring and coloring
agents, may also be present.

Pharmaceutical compositions for use in the methods of the
invention may also be in the form of oil-in-water emulsions.
The oily phase may be a vegetable oil or a mineral oil or
mixtures of these. Suitable emulsifying agents may be natu-
rally-occurring gums, for example gum acacia or gum traga-
canth, naturally-occurring phosphatides, for example soy
bean, lecithin, and esters or partial esters derived from fatty
acids and hexitol, anhydrides, for example sorbitan
monooleate, and condensation products of the said partial
esters with ethylene oxide, for example polyoxyethylene sor-
bitan monooleate. The emulsions may also contain sweeten-
ing and flavoring agents.

Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol, sorbitol, glu-
cose or sucrose. Such formulations may also contain a demul-
cent, a preservative and flavoring and coloring agents. The
pharmaceutical compositions may be in the form of a sterile
injectable aqueous or oleaginous suspension. This suspen-
sion may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending
agents that have been mentioned above. The sterile injectable
preparation may also be a sterile injectable solution or sus-
pension in a non-toxic parentally acceptable diluent or sol-
vent, for example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are
water, Ringer’s solution and isotonic sodium chloride solu-
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tion. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this pur-
pose any bland fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic
acid find use in the preparation of injectables.

Specific methods for intranasal administration of L-DOPA
and L-DOPA analogues are known in the art; see, for
example, Kao et al., Pharmaceutical Research 17(8):978-984
(2000).

The dosage range depends on the choice of the compound,
the route of administration, the nature of the formulation, the
nature of the subject’s condition, and the judgment of the
attending practitioner. For example, oral administration
would be expected to require higher dosages than adminis-
tration by intravenous injection. Variations in these dosage
levels can be adjusted using standard empirical routines for
optimization, as is well understood in the art. In certain
embodiments, L-DOPA and/or L-DOPAS analogues can be
administered at dosages of between 10 mg/day and 1500
mg/day; in various preferred embodiments administration
can be between 20 mg and 1200 mg/day, 50 mg and 1000
mg/day, 100 mg and 500 mg/day, and 200 mg and 400
mg/day.

Pharmaceutical compositions containing the compounds
described herein are administered to an individual in need
thereof. In a preferred embodiment, the subject is a mammal;
in a more preferred embodiment, the subject is a human. In
therapeutic applications, compositions are administered in an
amount sufficient to carry out the methods of the invention.
Amounts effective for these uses depend on factors including,
but not limited to, the nature of the compound (specific activ-
ity, etc.), the mute of administration, the stage and severity of
the disorder, the weight and general state of health of the
subject, and the judgment of the prescribing physician. The
active compounds are effective over a wide dosage range.
However, it will be understood that the amount of the com-
pound actually administered will be determined by a physi-
cian, in the light of the above relevant circumstances. There-
fore, the above dosage ranges are not intended to limit the
scope of the invention in any way.

In a third aspect, the present invention provides composi-
tions comprising:

(a) an amount effective of L-DOPA or an L-DOPA ana-
logue for treating or limiting development of AMD; and

(b) an amount effective for treating or limiting develop-
ment of AMD of a composition comprising a source of vita-
min C, a source of vitamin E, a source of vitamin A, a source
of zinc, and a source of copper.

The amount of L-DOPA and/or L-DOPAS analogues in the
compositions is suitable to provide for administration at dos-
ages of between 10 mg/day and 1500 mg/day; in various
preferred embodiments administration can be between 20 mg
and 1200 mg/day, 50 mg and 1000 mg/day, 100 mg and 500
mg/day, and 200 mg and 400 mg/day.

Ascorbic acid is the preferred source of vitamin C in the
subject tablets, although other sources such as for example
sodium ascorbate could alternatively be used. Dl-alpha toco-
pheryl acetate is the preferred source of vitamin E in the
subject tablets although other sources of vitamin E, such as
for example trimethyl tocopheryl acetate and/or vitamin E
succinate, may be used in the alternative. Beta-carotene is
preferred in the subject composition due to its ready commer-
cial availability although alternative carotenoid proforms of
vitamin A could likewise be used. Zinc is preferred in the
form of zinc oxide in subject tablets due to the fact zinc oxide
provides the most concentrated form for elemental zinc and is
well tolerated in the digestive system. However, other forms
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of zinc such as for example zinc gluconate may alternatively
be used or be used in combination with zinc oxide in the
subject composition. Copper in the form of cupric oxide is
preferred in the subject tablets to help prevent zinc induced
copper deficiency anemia, although other forms of copper
such as for example copper gluconate may alternatively be
used or used in combination with cupric oxide in the subject
composition.

In one preferred embodiment of this third aspect of the
invention, composition “b” provides a formulation suitable to
permit ingestion of the following amounts of each compo-
nent:

Ascorbic acid: at least 450 mg;

dl-alpha tocopheryl acetate: 400 IU;

beta carotene: 17.2 mg;

zinc oxide: 68 mg; and

cupric oxide: 1.6 mg.

In one preferred embodiment of this third aspect of the
invention, composition “b” provides a formulation suitable to
permit ingestion of the following amounts of each compo-
nent:

500 mg Vitamin C;

400 IU Vitamin E;

0 mg or 15 mg beta carotene;

25 mg or 80 mg zinc oxide; and

2 mg cupric oxide.

The preferred daily dosage of the subject composition as
specified above may be administered in the form of 1, 2, 3, 4,
or more dosage forms according to any suitable route of
administration as disclosed above. In preferred embodiments,
the dosage form is an oral or topical dosage form, according
to any embodiment of such dosage forms described herein. In
another preferred embodiment the daily dosage of the subject
composition is provided in the form of one dosage form taken
twice daily, for a total of two dosage forms a day, or in the
form of two dosage forms taken twice daily, for a total of four
dosage forms a day. Compared to taking the total daily dose
once a day, twice daily dosing of half the total daily dose in
one or more dosage forms per dose provides improved
absorption and better maintenance of blood levels of the
essential ingredients. Accordingly, if two dosage forms of the
preferred formulation of the subject composition are to be
ingested each day, each dosage form is formulated to prefer-
ably provide not less than approximately 225 mg ascorbic
acid, approximately 200 IU dl-alpha tocopheryl acetate,
approximately 8.6 mg beta-carotene, approximately 34 mg
zinc oxide and approximately 0.8 mg cupric oxide upon oral
administration. If four tablets of the preferred formulation of
the subject composition are to be ingested each day, each
tablet is formulated to preferably provide not less than
approximately 112.5 mgascorbic acid, approximately 100 IU
dl-alpha tocopheryl acetate, approximately 4.3 mg beta-caro-
tene, approximately 17 mg zinc oxide, approximately 0.4 mg
cupric oxide, and between 5 mg and 750 mg or L-DOPA
and/or L-DOPA analogues.

In another preferred embodiment, the compositions com-
prise

(a) between 5 mg and 1500 mg L-DOPA or L-DOPA ana-
logue;

(b) between 450 mg and 600 mg vitamin C (approximately
7-10 times the recommended daily allowance (RDA))

(c) between 400 IU and 540 IU vitamin E (approximately
13-18 times the RDA);

(d) between 17.2 mg and 28 mg beta carotene (approxi-
mately 6-10 times the RDA of vitamin A; beta carotene is a
prodrug of vitamin A);
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(e) between 68 mg and 100 mg of zinc (approximately 4-7
times the RDA for zinc); and

() at least 1.6 mg of copper.

In various preferred embodiments, the composition may
comprise between 10 mg and 1200 mg; between 25 mg and
1000 mg; between 50 mg and 500 mg, or between 100 mg and
400 mg L-DOPA or L-DOPA analogue.

In a further preferred embodiment, that may be combined
with any other embodiments herein, other ingredients
believed to be of benefit in maintaining eye health may like-
wise be combined with L-DOPA and/or L.-DOPA analogues,
including but not limited to lutein and/or zeaxanthin in an
amount suitable to provide further protective retinal effects,
preferably between 1 mg and 100 mg; between 1 mg and 50
mg, between 2 mg and 25 mg, or between 2 mg and 10 mg per
day; and/or docosahexaenoic acid (DHA) and/or eicosapen-
taenoic acid (EPA) in an amount suitable to provide further
protective retinal effects, preferably between 250 mg and
1000 mg; between 300 mg and 750 mg, between 350 mg and
750 mg, or between 350 mg and 650 mg per day. The amounts
necessary in any particular dosage form to provide the recited
amounts can be determined by one of skill in the art based on
the teachings herein and the number of dosage forms to be
administered per day.

In a fourth aspect, the present invention provides in vitro
methods for identifying compounds to treat AMD, compris-
ing contacting cells with a test compound, wherein the cells
comprise:

(a) a first cell population expressing OA1; and, optionally,

(b) a second cell population not expressing OA1; and

(c) identitying as positive test compounds those test com-
pounds that increase one or both of

(1) pigment epithelium-derived factor (PEDF) expression

in the first cell population relative to one or both (A)
PEDF expression in the first population of cells not
contacted with the test compound, and (B) the second
cell population, and

(i) intracellular calcium concentration in the first cell

population relative to one or both (A) intracellular cal-
cium concentration in the first population of cells not
contacted with the test compound, and (B) the second
cell population

wherein the positive test compounds are candidate com-

pounds for treating and/or limiting development of
AMD.

As described above, human OAl (SEQ ID NO:1-2 NP
000264.1) is a G-protein coupled receptor and the inventors
have herein identified L-DOPA as an OA1 ligand. As dis-
closed in more detail below, the inventor has discovered the
existence of an autocrine loop between OA1 and tyrosinase
linked through [.-DOPA, and this loop includes the secretion
of at least one very potent retinal neurotrophic factor (PEDF)
as well as an increase in intracellular calcium concentration.
OA1l is a selective L-DOPA receptor whose downstream
effects govern spatial patterning of the developing retina.
Thus, test compounds that selectively up-regulate PEDF
expression and/or intracellular calcium concentration via
stimulation of the OA1 pathway are candidate compounds for
treating and/or limiting development of AMD. The methods
of'this aspect of the invention can be carried out with any OA1
homologue of, including but not limited to:

Mouse: SEQ ID NO:3-4 (NM__010951);

Xenopus tropicalis: SEQ ID NOS:5-6 (NM__001011018);

Cow: SEQ ID NOS:7-8 (XM__001506318);

Rat: SEQ ID NOS: 9-10 (NM__001106958);

Platypus: SEQ ID NOS: 11-12 (XM__001506318);

Xenopus laevis: SEQ ID NOS: 13-14 (NM__001096842)
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Chicken: SEQ ID NOS:15-16 (XM__416848);

Zebrafish: SEQ ID NOS: 17-18 (NM__200822);

Chimpanzee: SEQ ID NO: 19 (XR__025625);

Rhesus monkey: SEQ ID NOS:21-22 (XM__001090139;
and

Macaque: SEQ ID NO: 23 (BV209253).

PEDF is pigment epithelium-derived factor (Exp Eye Res
53: 411-414), and is a known neurotrophic factor with the
potential to alter neurosensory retina development, and to
inhibit blood vessel growth. The methods of this aspect of the
invention can be carried out with any PEDF homologue of,
including but not limited to:

Human: SEQ ID NOS:25-26 (NM__002615);

Rat: SEQ ID NOS:27-28 (NM__031356);

Zebra finch: SEQ ID NOS: 29-30 (XM__002197419),

Horse: SEQ ID NOS:31-32 (NM__001143954),

Xenpous tropicalis: SEQ ID NOS:33-34 (NM__203755);

Mouse: SEQ ID NOS:35-36 (NM__011340);

Atlantic salmon: SEQ ID NOS:37-38 (NM__001140334);

Sheep: SEQ ID NOS:39-40 (NM__001139447),

Guinea pig: SEQ ID NOS:41-42 (EF679792);

Cow: SEQ ID NOS:43-44 (NM__174140);

Wild boar: SEQ ID NOS:45-46 (NM__001078662);

Platypus: SEQ ID NOS:47-48 (XM__001507128);

Wolf: SEQ ID NOS: 49-50 (NM__001077588);

Macaque: SEQ ID NOS: 51-52 (AB174277);

Chimpanzee: SEQ ID NOS: 53-54 (XM__001154665);

Rhesus monkey: SEQ ID NOS: 55-56 (XM__001117361);
and

Flounder: SEQ ID NOS: 57-58 (DQ115406).

The first and second population of cells can be any suitable
eukaryotic cell types, where the first population of cells is
capable of expressing OA1 as a cell surface receptor protein.
In one preferred embodiment, the first and second popula-
tions of cells are of mammalian origin, such as mouse, rat,
hamster, or human cells. All eukaryotic cells tested to date
have been found suitable for carrying out the methods of the
invention, particularly when used with embodiments involv-
ing analysis of intracellular calcium concentration. Cell types
tested to date for conservation of the OA1 signaling pathway
disclosed herein with respect to one or both of intracellular
calcium signaling and/or PEDF secretion include MCF7
(breast cancer epithelial cells), COS cells (kidney fibro-
blasts), MDCK cells (kidney epithelial), CHO (Chinese ham-
ster ovary), Mouse RPE, and 3T3 (mouse fibroblast), as well
as those disclosed in the examples below. Such cells are
commercially available from a variety of sources (Lifeline
Cell Technology, Walkersville, Md.; ATCC (American Type
Culture Collection)), or can be isolated using methods known
in the art and described below.

In one embodiment, a first portion of the first population of
cells expressing OAl as a cell surface receptor protein are
contacted with the test compound, and a second portion of the
first population of cells are not contacted with the test com-
pound, and those compounds that increase expression of
PEDF and/or increased intracellular calcium concentration in
the first portion relative to the second are candidate com-
pounds for treating and/or limiting development of AMD.

Alternatively, the method may comprise use of a second
population of cells not expressing OAl as a cell surface
receptor protein, and those compounds that increase expres-
sion of PEDF and/or increased intracellular calcium concen-
tration in the first cell population relative to the second cell
population are candidate compounds for treating and/or lim-
iting development of AMD. In a preferred embodiment, the
first and second populations of cells are the same cell type,
with the first being engineered to recombinantly express
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OA1, while the second population of cells is not. In this
embodiment, the second population of cells may be trans-
fected with a similar expression vector as the first population
of cells; such transfection may comprise transfection with an
empty expression vector (ie: no expressed protein driven from
the vector in the transfected cells), or an expression vector
capable of expressing a truncated or mutated OA1 that does
not insert appropriately into the cell membrane. Alternatively,
cells can be transfected with an expression vector encoding an
OA1 mutant known to be inactive for OA1 signaling, or an
engineered form of OA1 that can signal through a different
GPCR pathway (eg: cAMP).

For example, one could fuse the 7 transmembrane domains
of OA1 with a different intracellular c-terminal tail to change
its activity without changing the ligand binding.

As used herein, an “increase in PEDF expression” or
“increase in intracellular calcium concentration” is any
increases in PEDF expression or intracellular calcium con-
centration in the first population of cells during the course of
the assay above that seen in the second population of cells (or
the first portion of the first population relative to the second
portion). The method does not require a specific amount of
increase in PEDF expression or intracellular calcium concen-
tration over control, so long as the compound(s) promotes an
increase in PEDF expression or intracellular calcium concen-
tration above that seen in the control. In a preferred embodi-
ment, the increase is a statistically significant increase as
measured by standard statistical measurements.

Determining intracellular calcium concentrations is well
known in the art and exemplary methods using Fura-2 cell
loading and ratiometric imaging are described in the
examples below. However, intracellular calcium concentra-
tion can be measured using any method known to those of
skill in the art, including but not limited to Fura™ I (see
below), or high throughput methods using FLIPer™.

Determining expression levels of PEDF in the cell popu-
lations can be performed using any technique in the art such
as those described below, including but not limited to, nRNA
hybridization (Northern blot, slot blot, etc.), reverse tran-
scription-polymerase chain reaction techniques using any
suitable primer sets, fluorescence-in situ hybridization, and
antibody detection in conditioned cell medium expressing/
secreting PEDF (Western blot, immunocytochemistry,
ELISA). PEDF antibodies are commercially available (for
example, from Abcam, Cambridge, Mass.). Protein analysis
can be on conditioned cell medium (since PEDF is an
expressed protein); all assays can also be conducted at intra-
cellular PEDF protein/fmRNA production. In another
embodiment, recombinant cells can be generated that include
an expression vector driving expression of a detectable signal
(GFP, luciferase, etc.) from the PEDF promoter; such cells
can be used as the first cell population where “PEDF expres-
sion” is measured via measuring the detectable fluorescent
intensity or other signal driven by the PEDF promoter.

As used in this fourth aspect, the term “contacting” means
in vitro under suitable conditions to promote binding of OA1
ligands to OAl expressed on the cell surface of the first
population of cells. As used herein the “contacting” can occur
at the time of initiating the culturing, or any time subsequent
to initiating the culturing of the cell populations. PEDF
expression and/or intracellular calcium concentration can be
measured at any time after contacting with the test compound
as determined appropriate for a given assay. In one embodi-
ment, a time course is carried out, measuring levels pre-
contacting and at various times post-contact. In various
embodiments, such measurements of calcium signaling after
contacting are made between 5 seconds and 60 minutes; more
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preferably 10 second and 30 minutes, 10 seconds and 10
minutes, and 10 seconds and 5 minutes. 10 seconds and 1
minutes, and 10 seconds and 30 seconds. In various embodi-
ments, measurement of PEDF expression can range between
1 minute and 72 hours, with analysis of PEDF secretion
requiring later measurements than analysis of PEDF mRNA
expression, PEDF intracellular protein expression, or expres-
sion of detectable signals driven by the PEDF promoter.

Any suitable cell culture conditions can be used as appro-
priate for a given assay. In one preferred embodiment, the
contacting occurs in cell culture medium that has either a very
low concentration of tyrosine (for example, between 0.1 um
and 10 um tyrosine) or no tyrosine, to reduce its production of
endogenous L-DOPA in the cells, and to maintain the amount
of OA1 present at the cell surface (since OA1 internalizes to
the endosomes upon ligand binding). In one preferred
embodiment, cells are cultured prior to test compound con-
tacting in low tyrosine medium to maximize OA1 expression
and localization at the cell surface, followed by plating into
tyrosine-free media for contacting with the test compounds.
In another preferred embodiment, contacting occurs in low
tyrosine medium. In another preferred embodiment, which
can be combined with other embodiments disclosed above,
the culture media includes a tyrosinase inhibitor, including
but not limited to phenylthiourea, to limit cell production of
L-DOPA from tyrosine. This embodiment is particularly pre-
ferred when using pigmented cells.

In another preferred embodiment, the method may further
comprise use of one or more of L-DOPA, tyrosine, and
dopamine as competitors for binding to OA1. This embodi-
ment may be carried out after identitying a test compound as
an OA1 ligand, or it may be carried out in an initial screen of
test compounds for binding to OAl. As shown in the
examples below, at concentrations of 1 mM and above,
tyrosine and dopamine can compete with L-DOPA for bind-
ing to OAl. Thus, competitive assays using tyrosine and/or
dopamine at concentrations between 1 mM and 100 mM,
preferably between 1 mM and 50 mM or between 1 mM and
25 mM, can be used to further verity that the test compounds
are operating via the OA1 pathway, and to measure the ability
of tyrosine and dopamine to displace positive test compound
binding to OAl as compared to displacement of L.-DOPA.
Similarly, competitive binding compared to L-DOPA (at
similar molarity to the test compounds being tested) can help
identify those compounds with increased avidity for OAl
compared to L-DOPA.

Any suitable test compounds can be assessed using the
methods of the fourth and fifth aspects (see below) of the
invention, including small molecules, polypeptides, and
nucleic acids. When the test compounds comprise polypep-
tide sequences, such polypeptides may be chemically synthe-
sized or recombinantly expressed. Recombinant expression
can be accomplished using standard methods in the art, as
disclosed above. Such expression vectors can comprise bac-
terial or viral expression vectors, and such host cells can be
prokaryotic or eukaryotic. Synthetic polypeptides, prepared
using the well-known techniques of solid phase, liquid phase,
or peptide condensation techniques, or any combination
thereof, can include natural and unnatural amino acids.
Amino acids used for peptide synthesis may be standard Boc
(No-amino protected Na-t-butyloxycarbonyl) amino acid
resin with standard deprotecting, neutralization, coupling and
wash protocols, or standard base-labile Na-amino protected
9-fluorenylmethoxycarbonyl (Fmoc) amino acids. Both
Fmoc and Boc Na-amino protected amino acids can be
obtained from Sigma, Cambridge Research Biochemical, or
other chemical companies familiar to those skilled in the art.
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In addition, the polypeptides can be synthesized with other
Na-protecting groups that are familiar to those skilled in this
art. Solid phase peptide synthesis may be accomplished by
techniques familiar to those in the art and provided, such as by
using automated synthesizers.

When the test compounds comprise antibodies, such anti-
bodies can be polyclonal or monoclonal. The antibodies can
be humanized, fully human, or murine forms of the antibod-
ies. Such antibodies can be made by well-known methods,
such as described in Harlow and Lane, Antibodies; A Labo-
ratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., (1988).

When the test compounds comprise nucleic acid
sequences, such nucleic acids may be chemically synthesized
or recombinantly expressed as well. Recombinant expression
techniques are well known to those in the art (See, for
example, Sambrook, et al., 1989, supra). The nucleic acids
may be DNA or RNA, and may be single stranded or double.
Similarly, such nucleic acids can be chemically or enzymati-
cally synthesized by manual or automated reactions, using
standard techniques in the art. If synthesized chemically or by
in vitro enzymatic synthesis, the nucleic acid may be purified
prior to introduction into the cell. For example, the nucleic
acids can be purified from a mixture by extraction with a
solvent or resin, precipitation, electrophoresis, chromatogra-
phy, or a combination thereof. Alternatively, the nucleic acids
may be used with no or a minimum of purification to avoid
losses due to sample processing.

When the test compounds comprise compounds other then
polypeptides, antibodies, or nucleic acids, such compounds
can be made by any of the variety of methods in the art for
conducting organic chemical synthesis.

Test compounds identified as increasing the expression of
PEDF and/or intracellular calcium concentration in the first
cell population relative to the second cell population, can be
further assessed for use as a candidate compound for treating
orlimiting development of AMD using any further technique,
including but not limited to the in vivo methods of the fourth
aspect of the invention, described below. In one preferred
embodiment, the method may further comprise re-testing the
positive test compounds in the assay in the presence of com-
petitive amounts of tyrosine and/or dopamine, as described
above.

In a fifth aspect, the present invention provides methods for
identifying compounds to treat AMD, comprising

(a) administering a test compound to a tyrosinase deficient
pregnant female non-human mammal, wherein the test com-
pound is administered during embryonic photoreceptor and/
or retinal ganglion development; and

(b) comparing an effect of the test compound on photore-
ceptor and/or retinal ganglion development in the embryo or
post-natal non-human mammal, to photoreceptor and/or reti-
nal ganglion development in an embryo or post-natal non-
human mammal not administered the test compound,
wherein those test compounds that increase photoreceptor
and/or retinal ganglion development are candidate com-
pounds for treating and/or limiting development of AMD.

The inventor has determined that OA1 signaling can be
used to rescue photoreceptor and ganglion cell development
in tyrosinase-deficient animals, and in the process establish
the neurotrophic effect of OA1 signaling. Thus, compounds
that rescue neurosensory retinal development through OA1
signaling are good candidates for AMD treatment. The
present invention provides the first establishment of such an
animal model for AMD drug screening.

As described in more detail herein, tyrosinase acts on
tyrosine to create L.-DOPA. Thus, a tyrosinase deficient mam-
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mal does not produce L-DOPA, permitting the use of such
mammals to identify activators of OA1 (via rescue of retinal
development and/or increased PEDF expression) in the
absence of endogenous L-DOPA. As used herein, a “tyrosi-
nase deficient” means that the pregnant female non-human
mammal does not produce adequate amounts of tyrosinase to
create L-DOPA in amounts adequate for normal pigment
formation. In one preferred embodiment, the pregnant non-
human mammal is a knockout animal (deleted for portion or
all of the tyrosinase gene, or have naturally occurring muta-
tions in the tyrosinse gene or accessory genes that control,
activate, or traffic tyrosinase to the melanosome) with no
ability to express or traffic functional tyrosinase. Such tyro-
sinase knockouts are known in the art and are commercially
available (Lexicon Pharmaceuticals, Jackson Laboratories,
Taconic Farms. In other embodiments, the tyrosinase defi-
ciency may be transiently induced by methods known in the
art including, but not limited to, administering siRNAs tar-
geting tyrosinase, tyrosinase antibody/aptamer treatment,
etc.

The non-human mammal can be any in which tyrosinase-
deficient (retinal albino) females can be obtained, which
includes all mammals. In various preferred embodiments, the
non-human mammal is mouse, pig, apes, and rat.

In one preferred embodiment, administration of test com-
pound is continued during the post-natal period of photore-
ceptor and/or retinal ganglion development. The embryonic
and post-natal photoreceptor and/or retinal ganglion devel-
opment pathways in various non-human mammals is well
understood by those of skill in the art. In one exemplary
embodiment, mouse embryonic photoreceptor and retinal
ganglion development begins on embryonic day 10 (E10) and
retinal development is complete by postnatal day 14 (P14)
when the pups eyes are open. Thus, in various embodiments,
test compounds are first administered at about day E7, E8, E9,
or E10 (to facilitate its presence at the earliest stage of ocular
development) and administration can continue as desired for
a given assay between day P1, P2, P3, P4, PS5, P6, P7, P8, P9,
P10, P11, P12, P13, and day P14 or later as desired (up to one
year post-natal). As will be understood by those of skill in the
art, administration will be to the pregnant female mother
during the embryonic phase and to the pup postnatally. In
another embodiment, pigmented cell development begins in
earnest at approximately day E10.5 (when OA1 and tyrosi-
nase appear), and thus in one embodiment, administration of
test compound may begin on about day E10, E10.5, or E11
and continue as desired up to about day P1, P2, P3, P4, PS5, P6,
P7, P8, P9, P10, P11, P12, P13, P14 or later as desired. In
another embodiment, test compound administration may be
limited to between day E7 and E10 or E11. In a further
embodiment, retinal ganglion development begins in earnest
ataboutday E12, and thus in one embodiment, administration
of test compound may begin on about day E12 or E13 and
continue as desired up to about day P1, P2, P3, P4, PS, P6,P7,
P8, P9, P10, P11, P12, P13, P14 or later as desired. In another
embodiment, test compound administration may be limited to
between day E7 and E12 or E13. In a most preferred embodi-
ment test compounds are first administered daily from day E7
until day P14. As will be understood by those of skill inthe art,
the exact timing of test compound administration will depend
on the goals of the particular assay and can be determined by
one of skill in the art based on the teachings herein.

The test compounds may be administered by any route
suitable for use with experimental animals, including those
routes of administration disclosed above for therapeutic
administration of L.-DOPA or L.-DOPA analogues. In a pre-
ferred embodiment, the test compounds are administered in
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the animal’s drinking water, parenterally (as discussed above)
or topically (for example, in eye drops or ophthalmic oint-
ments). Frequency of test compound administration can be as
often as appropriate for a given assay; in a preferred embodi-
ment, test compound is administered daily throughout the
desired course of treatment; in other embodiments, adminis-
tration is every second, third, fourth, or fifth day during the
course of treatment; the frequency of administration can be
determined by one of skill in the art based on the teachings
herein and the specific goals of a given assay.

Asused herein, an “increase in photoreceptor and/or retinal
ganglion development” is any increase in photoreceptor and/
or retinal ganglion development in test-compound treated vs.
non-treated embryos/animals. The method does not require a
specific amount of increase in photoreceptor and/or retinal
ganglion development over control, so long as the com-
pound(s) promotes an increase in photoreceptor and/or retinal
ganglion development above that seen in the control. In a
preferred embodiment, the increase is a statistically signifi-
cant increase as measured by standard statistical measure-
ments. In one embodiment, animals are euthanized at the
appropriate time point, and retinal ganglion cells and/or pho-
toreceptors are counted using standard methods in the art,
including but not limited to those disclosed in the examples
below.

Test compounds identified as increasing photoreceptor
and/or retinal ganglion development, can be further assessed
for use as a candidate compound for treating or limiting
development of AMD using any further technique, including
but not limited to re-testing the positive test compounds using
the in vitro methods disclosed in the third aspect of the inven-
tion in the presence of competitive amounts of tyrosine and/or
dopamine. As shown in the examples below, at concentrations
of' 1 mM and above, tyrosine and dopamine can compete with
L-DOPA for binding to OA1. Thus, competitive assays using
tyrosine and/or dopamine at concentrations between 1 mM
and 100 mM, preferably between 1 mM and 50 mM or
between 1 mM and 25 mM, can be used to further verify that
the test compounds are operating via the OA1 pathway, and to
measure the ability of tyrosine and dopamine to displace
positive test compound binding to OA1 as compared to dis-
placement of L.-DOPA.

EXAMPLES
L-DOPA is an Endogenous Ligand for OA1

Background:

Albinism is a genetic defect characterized by a loss of
pigmentation. The neurosensory retina, which is not pig-
mented, exhibits pathologic changes secondary to the loss of
pigmentation in the retina pigment epithelium (RPE). How
the loss of pigmentation in the RPE causes developmental
defects in the adjacent neurosensory retina has not been deter-
mined, but offers a unique opportunity to investigate the
interactions between these two important tissues. One of the
genes which causes albinism encodes for an orphan GPCR
(OA1) expressed only in pigmented cells, including the RPE.
Methodology/Principle Findings:

The function and signaling of OAl was investigated in
RPE and transfected cell lines. The results indicate that OA1
is a selective L-DOPA receptor, with no measurable second
messenger activity from two closely related compounds,
tyrosine and dopamine. Radiolabeled ligand binding con-
firmed that OA1 exhibited a single, saturable binding site for
L-DOPA. Dopamine competed with L-DOPA for the single
OA1 binding site suggesting it could function as an OAl
antagonist. OA1 response to L-DOPA was defined by several
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common measures of GPCR activation including influx of
intracellular calcium and recruitment of (-arrestin. Further,
inhibition of tyrosinase, the enzyme that makes [.-DOPA,
resulted in decreased PEDF secretion by RPE. Further, stimu-
lation of OAl in RPE with L-DOPA resulted in increased
PEDF secretion.

Conclusions/Significance:

Taken together the results illustrate an autocrine loop
between OA1 and tyrosinase linked through [-DOPA, and
this loop includes the secretion of at least one very potent
retinal neurotrophic factor. OA1 is a selective L-DOPA recep-
tor whose downstream effects govern spatial patterning of the
developing retina. The results suggest that the retinal conse-
quences of albinism caused by changes in melanin synthetic
machinery may be treated by L-DOPA supplementation.
Introduction:

Albinism is a group of inherited genetic diseases in which
there is a variable loss of pigmentation in the eye, hair or skin.
When the eye is affected, there are significant alterations in
neurosensory retina development that lead to low vision
[1-8]. There are two broad classes of albinism, ocular-cuta-
neous albinism (OCA) and ocular albinism (OA). OCA
occurs when all pigmented tissues exhibit hypopigmentation
and involves genetic mutations that result in defects in the
melanin synthetic machinery [3,7-9]. OA occurs when cuta-
neous tissues pigment normally, but the ocular tissues are
hypopigmented [10,11]. Since the same proteins produce
pigment in all tissues, OA most likely results from lack of
expression of the melanogenic enzymes in ocular tissue
rather than an inability to synthesize melanin because the
other tissues pigment normally.

OA can be linked to at least one gene, Oal, which is found
on the X chromosome. Oal encodes a 404 amino acid protein
likely to be an orphan G-protein coupled receptor (GPCR),
OA1 (Genbank GPR143) [12,13] based upon sequence
analysis [14]. Schiaffino et al. has demonstrated that OA1l
associates with several G, subunits as well as Gy adding
further evidence that OAl is a GPCR [14,15]. Indeed,
Innamorati et. al. used a combinatorial expression strategy to
illustrate GPCR-like activity from OA1, as well as [-arrestin
association, even in the absence of a ligand [16]. This work
suggested that OA1 could signal through a Gaq subunit
through phospholipase C and inositol triphosphate second
messengers. [n a yeast based expression system, Staleva and
Orlow have demonstrated GPCR signaling from OA1 that
appeared to be activated by a component in the melanosomal
compartment [17]. Despite the significant amount of circum-
stantial evidence that OA1 is a GPCR, confirmation is lacking
because no ligand has been identified. Other data has called
into question the idea that OA1 is a GPCR. For example, the
localization of OAl as a fully intracellular protein is not
typical of GPCRs and suggests that it would be a unique
member of the family [14]. OA1 is primarily localized to the
endolysomal compartment [14,15,18-21] and melanosomes
[11,14,22] rather than the cell surface.

In this study the function of OA1 as a potential GPCR was
investigated, based on the hypothesis that the endosomal
localization of OA1 in cultured cells was due to internaliza-
tion of OA1 in response to an agent in the culture medium.
Further, a ligand for OA1 was sought based on the observa-
tion that all forms OCA and OA appear to have the same
retinal phenotype, indicating that tyrosinase activity and OA1
signaling are coupled upstream of retinal development. Thus,
tests on whether tyrosinase activity produces the ligand for
OA1 were carried out. A by-product of melanin synthesis is
L-DOPA, which is released to the retina during melanin syn-
thesis in the RPE at a critical time in retinal development
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[23,24]. The data suggest that OA1 is a highly selective
L-DOPA receptor, and that L-DOPA causes OA1 signaling
with the downstream effect of neurotrophic factor secretion
by RPE. Thus, the first evidence is presented of a ligand for
OA1, and provide a mechanism through which either tyrosi-
nase or OA1 deficiency results in changes to retinal develop-
ment.

Results:

Cell Surface Localization of OA1.

OA1 has previously been localized in pigment granules in
situ [22], however, using transfected cells of various types,
OA1 also has been localized to both the plasma membrane
[16,17] and the endosomal fraction of cultured cells [14,16-
18,20,21]. The investigation began by determining where
OA1 resides in the human tissue using cell surface biotinyla-
tion/western blot strategies. In the human eye, OAl was
present on the apical cell surface of the RPE in situ (FIG. 1A).
Quantification of cell surface, biotinylated OA1 in five human
eyes indicated that at least 3.5+/-0.7% of the total OAl
resided on the apical cell surface of RPE in situ. Access to the
biotinylation reagent using eye cup preparations is restricted
to the apical surface, so the polarity of OA1 in the epithelium
cannot be determined. Further, the total cell surface OAl is
likely underestimated because of the lack of access to the
basal cell surface. Blots were also probed with antibodies
against actin as a control to verify that cytoplasmic proteins
were not biotinylated. In each experiment actin was only
found in the unbound fraction.

Others have reported that recombinant OA1 and OA1-GFP
is almost exclusively localized to the endosomal compart-
ment in cultured cells [14,15,17,18,20-22]. However, when
overexpressed [16], or when endocytosis is inhibited [17],
OA1 accumulates at the cell surface. The observation that
OA1 protein is present on the apical surface of RPE in situ led
us to explore the issue further.

Effects of Tyrosine on OA1 Expression and Distribution

Endosomal localization of GPCRs occurs normally after
exposure to a ligand. Therefore, it was investigated whether a
ligand for the receptor was present in the standard incubation
medium that could drive internalization of OAl. Since the
standard culture medium contains 500 uM tyrosine, and
tyrosine is the starting material for pigment synthesis, the
effect of tyrosine on receptor distribution was evaluated. To
test whether tyrosine affected OA1 distribution in cultured
cells DMEM was formulated without tyrosine, and dialyzed
fetal bovine serum was used. In the presence of tyrosine-free
medium, OAl was detected on the plasma membrane of
cultured RPE cells both in the absence (not shown), and in
medium containing low concentrations of tyrosine (1 puM,
FIG. 1B). Averaged over five experiments, 4.5+/-1% of total
OA1 protein was observed on the surface of cultured RPE
maintained in 1 pM tyrosine, similar to what was observed for
RPE in situ. In all experiments actin was observed in the
unbound protein fraction, demonstrating the absence of any
cytoplasmic protein in the cell surface assay. Similarly, OA1-
GFP expressed in COS illustrated a cell surface expression
that was tyrosine sensitive (FIG. 1C). Quantification of six
such experiments indicated significant variability in the
amount of OA1 found at the cell surface using transient trans-
fections. The range of OA1 in the bound fraction of trans-
fected cells maintained in 1 pM tyrosine ranged between
5-40%, unlike the results with the endogenous OA1 protein
that were reproducibly ~5%.

Not only was the distribution of OA1 in transfected cells
sensitive to tyrosine levels in the medium, total OA1-GFP
expression was increased 5-fold in cells maintained in 1 uM
tyrosine. To verify that this difference related to OA1 expres-
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sion rather than cell number, actin expression was evaluated
from the paired samples. The data (FIG. 1D) presented as
optical density units indicate no difference in actin. The
amount of cell surface OAl between the normal and low
tyrosine groups was also compared. Importantly, in the five
RPE experiments and six OA1-GFP in COS experiments,
OA1 in the plasma membrane fraction of cells in standard
medium was not reproducibly detected, similar to that found
by others.

The distribution of OA1 in RPE cells also was evaluated by
confocal microscopy. OA1 has previously been characterized
as an endosomal protein in cultured RPE cells as shown in
(FIG.1E). In contrast, the distribution of OA1 in low tyrosine
medium was diffuse on the plasma membrane of cultured
RPE cells, with little endosomal accumulation (FIG. 1F), an
observation consistent with the results obtained using bio-
chemical methods.

L-DOPA as a Natural Agonist for OA1.

Tyrosinase function in melanogenesis begins with its activ-
ity on tyrosine to create L-DOPA, followed by a second
reaction to create dopaquinone that leads to pigment forma-
tion [25]. Of the intermediates between tyrosine and melanin,
L-DOPA has the greatest half-life, and L-DOPA is released
into the subretinal space apical to the RPE when melanin
synthesis occurs [23,24]. L-DOPA is also the precursor to
dopamine, a neurotransmitter produced by dopaneurgic neu-
rons from tyrosine. The release of calcium from intracellular
stores is a common downstream effect of GPCR activation by
a ligand. Since the expression of OAl on the cell surface
appears to be sensitive to tyrosine, it was examined whether
tyrosine, or its metabolites L-DOPA and dopamine, could
stimulate influx of Ca®* into the cytoplasm in an OA1-depen-
dent manner. CHO cells were transfected with an OAl
expression vector then maintained in DMEM containing 1
UM tyrosine for 48 hours followed by tyrosine-free DMEM
for 24 hours to facilitate cell surface expression of OAl.
Intracellular Ca®* was evaluated using Fura-2, and [Ca*]i
was determined by ratiometric imaging [26]. In the absence
of any ligand, [Ca®*]i was not significantly different between
transfected and untransfected cells (FIG. 2). Tyrosine and
several tyrosine metabolites were tested at 1 uM for an effect
on [Ca®*]i. As a positive control each experiment was ended
by treatment with 20 mM KCI1 to depolarize the cell and
increase [Ca®*]i via activation of voltage-gated channels.
This maneuver served to verify the Fura-2 loading and
responsiveness of the cells being tested (FIG. 2). Only
L-DOPA elicited a significant increase in [Ca®*]i (FIG. 2A).
Tyrosine and dopamine had no positive effect on intracellular
at [Ca®*]i concentrations up to 1 mM (not shown). The slight
negative effect of 1 M dopamine was not statistically sig-
nificant, but reproducible among the 11 experiments with
dopamine (FIG. 2B).

Over expression of GPCRs in non-native cell lines can lead
to false signal transduction coupling. To verify that OAl
signaling in response to [-DOPA was indeed a natural
response, OA1 was expressed in RPE cells (FIG. 2C). Results
using transfected RPE cells were similar to those achieved
with transfected CHO cells. RPE cells transfected to express
OA1 responded to 1.0 uM L-DOPA with an increase in [Ca?]i.
It was next determined whether RPE cells expressing the
endogenous OA1l receptor, at endogenous levels exhibited
L-DOPA responsiveness. Like all of the transfected cell
experiments, RPE expressing OA1 demonstrated an increase
in [Ca®*]i after treatment with 1.0 uM L-DOPA (FIG. 2C).

To further characterize OA1 signaling activity, pertussis
toxin was used to distinguish between G, coupled [Ca**]i
signaling and G; linked signaling (FIG. 2C). In all cells stud-
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ied, pertussis toxin lowered the basal level of [Ca®*]i, indi-
cating its activity on inhibition of the background signaling
through G, subunit activity. Pertussis toxin was used in
experiments conducted in cells transfected to express OAl
including both CHO and RPE, as well as RPE expressing the
endogenous OA1 protein at natural levels. In all transfected
cells tested the measured [Ca®*]i response to L-DOPA was
greater than in the absence of the toxin (FIG. 2), owing largely
to the lower initial [Ca®*]i. Thus, the signaling through OA1
in response to L-DOPA that results in increase [Ca>*]i is not
pertussis toxin sensitive and likely G, subunit mediated. The
second messenger cAMP was also measured in CHO cells
transfected to express OA1 (FIG. 2D). Using inactive cells or
a submaximal forskolin treatment, the experiments were set
up to measure either an increase or decrease in cAMP in
response to L-DOPA. In six such experiments, no change in
cAMP was observed suggesting neither G, nor G, subunits are
involved in OA1 signaling.

Standard methods of radiolabeled ligand binding were
used to characterize the interaction between OAl and
L-DOPA (FIG. 3A). CHO cells were transfected to express
OA1, then binding of L.-DOPA was quantified in a concen-
tration-dependent manner, and the results were further char-
acterized by Scatchard Plot analysis (FIG. 3E). Results illus-
trate saturable binding of L-DOPA to OA1 expressing cells
with a Kd of 9.35x107°M. No specific binding was observed
in untransfected CHO cells, indicating that the cells do not
have an endogenous L-DOPA receptor (not shown). All bind-
ing parameters, total, specific, and nonspecific are shown as
supplemental data (FIG. 6 A). Tyrosine exhibited the potential
to interact with OAl, but neither tyrosine nor dopamine
stimulated OAL1 signaling (see FIG. 2). Competitive ligand
binding was used to determine whether either tyrosine or
dopamine competed with L-DOPA for OA1 binding. At high
concentrations (1 mM), both tyrosine and dopamine com-
peted with L-DOPA for OA1 binding (FIG. 3B). To further
characterize this the kinetics of the competition between
L-DOPA and either dopamine (FIG. 3C) or tyrosine (FIG.
6B) was examined. Dopamine exhibited competitive binding
to a single site with L-DOPA with a Ki of 2.33x10754+/-0.2x
107° M. Similar experiments with tyrosine demonstrated
inhibition of L-DOPA binding only at high concentrations
(FIG. 6B). Saturation kinetics were not possible with tyrosine
because of'its low affinity and insolubility at the high concen-
trations.

Given the relatively low affinity of OA1 for L-DOPA it was
determined whether its signaling activity was dose-depen-
dent in the range of this binding affinity. The concentrations in
which binding data suggested the steepest rise in association
between L-DOPA and OAl, 1.0-10 uM were tested, and
results illustrate a concentration dependent GPCR response
as measured by [Ca®*]i (FIG. 3C). Thus, the activation kinet-
ics of L-DOPA and OA1 matched the concentration range
observed in radiolabeled ligand binding experiments.

In response to ligand binding, GPCRs recruit f-arrestin to
the plasma membrane which is followed by internalization of
the ligand-receptor complex [27-33]. The effect of L.-DOPA
on B-arrestin localization was then tested (FIG. 4). Cells were
transfected to express OAl then cultured in 1 uM tyrosine
DMEM for 48 hours prior to analysis to allow cell surface
expression of the protein. Cells were then treated with 1 uM
L-DOPA followed by rapid fixation on ice in cold methanol.
Initially, under resting conditions in the absence of an agonist,
OA1-GFP was found at the cell surface and f-arrestin was
diffuse in the cytoplasm (FIG. 4A-C), with no co-localization
between the proteins. After stimulation with L-DOPA, OA1
and f-arrestin were co-localized at the plasma membrane
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(FIG. 4D-F). Untransfected cells showed no response to
L-DOPA treatment (FIG. 4G,H), illustrating that the [.-DOPA
effect on p-arrestin distribution was OA1 dependent, similar
to results obtained for [Ca®*]i.

Effects of 1-DOPA on PEDF Secretion

Mutations in OA1 cause defects in the development of the
neurosensory retina. In previous work it has been shown that
pigmented RPE secrete significantly more PEDF than non-
pigmented RPE [34], and PEDF is a neurotrophic factor with
the potential of altering neurosensory retina development
[35-41]. Mutations in OA1 cause a loss of pigmentation in the
RPE, suggesting that OA1 activity governs RPE pigmenta-
tion. Thus, it was determined whether L-DOPA stimulation of
pigmented RPE cells caused increased secretion of PEDF
(FIG. 5). This assay is made somewhat more difficult because
pigmenting RPE cells produce L.-DOPA, which is the agonist
for OA1, and OA1 is not readily detectable in nonpigmented
cultures of RPE. Thus, pigmented RPE were used to deter-
mine whether L.-DOPA stimulation increases PEDF expres-
sion/secretion. RPE cells were placed in tyrosine-free
medium for 24 hours then treated with 1 uM L-DOPA for one
hour. After treatment, the cells were returned to standard
medium without exogenous [.-DOPA for three days. Control
cells were not treated with L-DOPA, but the medium was
changed at the same time the experimental cells were returned
to normal medium. Conditioned medium was collected after
three days and PEDF was measured. Results illustrate a sig-
nificant increase in the secretion of PEDF in pigmented cells
treated with L-DOPA when compared to paired, control
monolayers of pigmented RPE (FIG. 5A). Importantly, this
significant increase occurred in cells which were pigmenting
and therefore expressed OA1 and had a basal level of PEDF
expression.

To determine whether pigmented RPE cells secrete PEDF
through an autocrine loop involving tyrosinase activity and
OA1 signaling, a specific tyrosinase inhibitor phenylthiourea
(PTU) was used to inhibit pigmentation and [-DOPA pro-
duction (FIG. 5B). In these experiments, pigmented RPE
cells were either maintained in DMEM, or DMEM containing
200 uM PTU for three days, then PEDF secretion was mea-
sured. Pigmented RPE secreted substantial PEDF, but PTU
caused a significant decrease in PEDF secretion indicating
that tyrosinase activity is necessary for the high level of PEDF
secretion observed in pigmented RPE cells. To verify that it
was the lack of L-DOPA in the PTU treated cells that caused
the decreased PEDF secretion, 3 different cultures of pig-
mented RPE were used, and exposed to PTU for 48 hours,
then treated with 1.0 pM L-DOPA in the continued presence
of PTU; PEDF was measured after 72 hours (FIG. 5C). The
data are presented as percent of control for this experiment
because the cultures used varied in both pigmentation and
PEDF expression before the experiment began. PTU treated
RPE responded to the added L-DOPA by increasing PEDF
secretion, indicating that the effect of PTU on PEDF secretion
is caused be the lack of L-DOPA production when tyrosinase
is inhibited.

Discussion:

There is a complex inter-tissue relationship between the
RPE and the neurosensory retina. One aspect of this relation-
ship is centered on RPE pigmentation, and defects in melanin
synthesis which result in significant neurosensory retina
alterations [8,23,42]. The data suggest that OA1 and tyrosi-
nase participate in an autocrine loop through L.-DOPA that
regulates the secretion of at least one potent neurotrophic
factor, PEDF. The data also suggest that the pathologic
changes in retinal development that occur in albinism may
result from changes in the activity of the OAl signaling
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pathway. Reduced OA1 signaling activity can be caused
either directly through OA1 mutations or indirectly through
changes in L.-DOPA production by tyrosinase activity. Thus,
it is hypothesized that the similar retinal phenotypes that
accompany the diverse forms of albinism can be reconciled to
a single common pathway, OA1 signaling.

In the study, OA1 on the apical surface of human RPE in
situ was observed. Previous reports have suggested that OA1
in mice is localized to the melanosome [22], and in cultured
cells to the endosomal compartment [15-18,20-22,43]. The
results from in situ RPE preparations indicate that OAl is
distributed to the apical surface of the RPE. The limited
quantities of OA1 on the surface of the RPE (~3.5% of total
OA1) may account for the lack of observation of the protein in
previous studies where immunogold electron microscopy
was used. Like many cell surface GPCRs, OA1l is not an
abundant protein.

The endosomal localization of OA1 reported in previous
studies using cultured cells was reproduced in this study for
both the endogenous protein and the transgenic protein.
When tested in normal culture medium little detectable OA1
protein on the cell surface was found, in agreement with all
previous work. However, reduction of tyrosine in the medium
caused a modest increase in cell surface receptor accumula-
tion of both the endogenous and recombinant OA1 proteins.
This suggests that the distribution of OA1 to the cell surface
in cultured cells is sensitive to tyrosine. A previous study has
demonstrated OA1 could be localized to the cell surface when
endocytosis ininhibited [17] and OA1 on the apical surface of
human RPE was observed in situ. The data suggest OAl is a
cell surface GPCR, but is a target for endocytosis that may be
stimulated by tyrosine or tyrosine metabolites. In this regard,
the results differ from past reports of OA1 localization that
have classified OA1 as a unique type of intracellular GPCR.
Most GPCRs are cell surface proteins that are internalized by
a variety of signals, and the data suggest OAl is similar to
most other GPCRs.

OA1 signaling activity was stimulated by L-DOPA, but not
by either its precursor, tyrosine, or its neuronal metabolite
dopamine. This result suggests an exquisitely sensitive recep-
tor activity able to distinguish between closely related mol-
ecules, after all L-DOPA and tyrosine differ by a sole
hydroxyl group. OAl is sensitive to tyrosine, as tyrosine
causes an intracellular localization of OA1 in cultured cells.
However, no signaling response to tyrosine was noted, and
competition binding studies suggest that tyrosine has a low
affinity for OA1. The data suggest that the continuous expo-
sure of cells to high concentrations of tyrosine present in
normal medium is sufficient to result in internalization of
OA1, but it is unlikely to result in measurable OA1 activation.
Strong evidence of a single site competitive interaction
between L.-DOPA and dopamine was found. The Ki observed
for dopamine was similar to the Kd observed for L-DOPA,
suggesting that the affinity for the two tyrosine metabolites is
similar. The results illustrated a slight, but reproducible,
decrease in OA1 signaling from dopamine, suggesting that
dopamine may be an effective antagonist or inverse agonist
for OAL.

As an orphan GPCR, its signaling pathway has not previ-
ously been identified. In this study it was illustrated that OA1
signaling in response to L-DOPA causes an increase in [Ca®*]
i. The data illustrate that the increased [Ca*]i observed in
response to L.-DOPA was insensitive to pertussis toxin and no
effects on cAMP were found, indicating that OA1 is likely
signaling through a G, subunit. Previous work has suggested
that OA1 can associate with multiple subunits in transfected
cells including members of the G, G,, and G, subunit fami-
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lies. Innamorati et al. has shown that spontaneous activity of
overexpressed OA1 is likely signaled through a Gq subunit
[16]. The data indicate that ligand-dependent signaling from
endogenous OA1 in RPE most likely occurs through a G,
mediated pathway, and no promiscuous coupling activities
were observed when comparing OA1 over expressionin CHO
and RPE to natural OA1 expressed in RPE. Interestingly, two
overactive mutant forms of Gq subunits cause hyperpigmen-
tation in skin and hair [44], but whether they have an eftect in
RPE is unknown. RPE and cutaneous melanocytes use the
same enzymes to produce pigmentation but differ in their
control of melanogenesis. A recent report suggests that OA1
may signal through Gai3, because the retinal phenotype of
OA1~"~ and Gai3 ™~ are similar [45]. That study provided no
data regarding interaction or signaling between Gai3 and
OA1, and the results do not support OA1 signaling through
Gai3. However, both OA1 and Gai3 could have activity in
convergent pathways that govern some part of the complex
system of retinal development.

The response of OA1 to L-DOPA was measured in three
ways, increased [Ca*]i, recruitment of B-arrestin to plasma
membrane OAl, and the increased secretion of PEDF. In
addition, inhibiting the activity of tyrosinase in pigmented
RPE inhibits L.-DOPA production, and results in a decreased
secretion of PEDF. Taken together, these studies present a
strong argument for a productive ligand:receptor relationship
between L-DOPA and OA1. Further, the data suggest selec-
tivity among tyrosine and its metabolites, with only L-DOPA
being a productive ligand for OA1. We have determined the
binding kinetics between OA1 and L-DOPA, and observed a
typical one site receptor:ligand relationship between the two.
The binding affinity between OA1 and L-DOPA, witha Kd in
the uM range, is not uncommon for an endogenous ligand:
receptor relationship. Future identification of a specific, high
affinity antagonist for OA1 will aid in further biochemical
characterization of the interaction between OAl and
L-DOPA, and be useful in determining whether dopamine is
an inverse agonist.

This study illustrated the selective activation of OAl, an
orphan GPCR, by L-DOPA, an intermediate product of mela-
nin synthesis. This study has also illustrated that OA1 activity
stimulates PEDF secretion by RPE, a molecule that has the
potential to support normal retinal development [40,41]. In
humans, this suggests that pharmacologic intervention
through OA1 activation could be useful for albinism caused
by defects in the melanogenic machinery (OCA 1-4). Unfor-
tunately, the data also suggest that OA1 is necessary for such
pharmacologic intervention, and mutations in Oal are the
most common cause of albinism.

Methods:
Cell Culture
RPE—

Cells were isolated as described [46] and maintained in
Dulbecco’s modified essential medium (DMEM) supple-
mented with 5% fetal bovine serum (FBS). For experiments
in which tyrosine concentrations were lowered, custom
manufactured DMEM produced without tyrosine by JRH
Biosciences (Lenexa, Kans.) was used. Dialyzed FBS was
purchased from Invitrogen, (San Diego, Calif.).

COS-7 and CHO—

Cells were obtained from ATCC and cultured in DMEM
supplemented with 5% FBS. For analysis of OA1 distribu-
tion, cells were cultured in tyrosine-free DMEM supple-
mented with 1 pM tyrosine, 5% dialyzed FBS for 2-4 days,
then tyrosine-free media as described for the experiment.
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Cell Surface Biotinylation
Human RPE In Situ—

Human eyecups were produced by dissection ~2 mm ante-
rior to the equator and removals of the anterior segment. The
vitreous and retina were removed without impairing the
underlying RPE monolayer, and the retina was cut at the optic
nerve head. The resulting eyecups with RPE exposed were
rinsed three times with reaction buffer (100 mM NaCl, 50
mM NaHCO3, pH 8.0) then filled with Sulfo-NHS-LC-Bi-
otin (1 mg/ml) two times for thirty minutes. The reaction was
stopped with TG buffer (25 mM Tris, 192 mM Glycine, pH
8.3) then the cells were harvested in lysis buffer (2 mM
EDTA, 1% Triton X and 1% Tween 20 in Tris Base Saline
Buffer) containing Halt Protease Inhibitor Cocktail. Intact
cells and pigment granules were removed by centrifugation at
14,000 rpm for 20 minutes. Biotinylated proteins were cap-
tured overnight with immobilized streptavidin beads and then
mixed with 4x reducing buffer (250 mM Tris, pH 6.8, 8%
SDS, 40% Glycerol, 20% Beta-mercaptoethanol, 0.08% bro-
mophenol blue). The OA1 protein was separated on a 10%
SDS-PAGE gel and identified by a using a polyclonal rabbit
OA1 antibody for western blot analysis. Paired western blots
were probed with a monoclonal antibody directed against
actin.

Cultured Cells—

RPE and transfected cells were maintained in DMEM con-
taining tyrosine concentrations described for the experiment.
Cultures were rinsed three times in reaction buffer, then bioti-
nylated as described above for the in situ preparation.
Cloning of Oal

A cDNA library was constructed from pooled tissue from
6 human donor eyes. Total RNA was harvested using Trizol
reagent, then cDNA was synthesized using Poly-T primers
for the first strand synthesis, and random hexamers for the
second strand. Following c¢DNA synthesis, RNA was
removed using RNase A. The coding sequence for OA1 was
obtained by PCR using terminal primers that added restric-
tion sites to the 5' and 3' ends and removed the native stop
codon. The PCR product was ligated in frame with GFP in the
pEGFP N-1 vector (Clontech). The sequence was verified by
automated sequencing in both directions over the entire
sequence.

Immunocytochemistry

Cells on slides were fixed with 3% paraformaldehyde at
RT, rinsed with 0.1% Triton X-100 in 10% milk in TBST then
blocked with 10% milk in TBST. p-arrestin was visualized
using a polyclonal antibody directed against [-arrestin, and
incubated overnight at 4° C. Cover slips were mounted using
50% glycerol and immunostaining was analyzed by optical
sectioning using a Nikon Eclipse E800 laser scanning confo-
cal microscope powered by Compix Confocal Imaging Sys-
tems software (Simple PCI Version 4.0.6.1605). Three-di-
mensional analysis of OA1-GFP and p-arrestin distribution
was performed in Image J 1.32.

Measurement of [Ca®*]i

OA1-GFP expressing CHO cells plated on glass cover slips
were rinsed in Ca®* containing HEPES buffered Hanks Bal-
anced Salt Solution (HBSS) (pH 7.45), then incubated with
2.5 uM Fura-2 (solubilized in anhydrous dimethylsulfoxide
and 0.002% pluronic acid) for 20 minutes at37° C., 5% CO,.
The Fura-2 loaded cells were rinsed with HBSS for 15 min-
utes at 37° C., 5% CO, to allow for full cleavage of the dye to
its active form. Each cover slip was incubated in 1 ml of
HBSS in a chamber held at 37° C. on the stage of an inverted
Olympus 1X70 microscope equipped with a 40x1.35 NA
UV-fluor objective.
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Using a filter wheel, excitation light from a 200 W Xe bulb
was passed alternately through 340 and 380 nm filters. A 10
nm bandpass filter, centered at 510 nm, selected for the emit-
ted fluorescence which was passed to a CCD camera (Photo-
metrics CH-250). For each experiment, image pairs were
taken every minute for the first three minutes, which estab-
lished a stable baseline. Then L.-DOPA (1 uM final concen-
tration) was added and image sets were taken every 30 sec-
onds for the next three minutes. Finally, KC1 (20 mM final
concentration) was added one minute before completion of
each experiment as a positive control to establish that the cells
were loaded with Fura-2. The same was repeated indepen-
dently for tyrosine and dopamine (both at 1 uM final concen-
tration). Using a Silicon Graphics Personal IRIS computer,
the 340/380 nm ratio was computed for each pixel within a
cell, and then analyzed using Microsoft Excel version 4.0
(Microsoft, Redmond, Wash.). Once the 340/380 nm ratio
was determined, each ratio was normalized to 1 (ratio at time
zero divided by itself), then the free ion concentration was
calculated using the following equation:

[CaJ#=Kd#*(R-R,,, #)/R,, #-R)
and R

inwhichR,R,,;,., max are the measured, minimum, and
maximum ratios, respectively. R, represents the ratio of
fluorescence intensity of ion-sensitive wavelengths under
fully deprotonated conditions, whereas R,,,,, is the ratio for
the dye when it is fully protonated. In the case of Fura-2, R
increases with increasing Ca®*; hence R, ,, represents Fura-2
in the absence of Ca®* (Ca>*<1 nM) whereas R, ,, represents
the Ca**-Fura-2 chelate as previously described [26]. R,,,,,.,
R™%* and Kd were determined in independent experiments in
Fura-2 loaded cells, and subsequently utilized for calculation
of free Ca** for the experimental procedures.
Radiolabeled Ligand Binding

CHO cells were transfected to express OA1-GFP were
plated into 24-well plates. Cells were chilled to -2 C, then
rinsed in cold binding buffer, 25 mM Tris, 150 mM NaCl, 5
mM EDTA, 5 uM digitonin (pH 7.45). Cells were incubated
for two hours in binding buffer containing [*H]-L-DOPA
(Moravek Biochemicals, Brea, Calif.) at concentrations
between 10™*M to 10~°M. The temperature was not allowed
to exceed —2° C. at any step of the assay. Controls included
assays conducted on nontransfected CHO and specific bind-
ing was determined by competition with excess unlabelled
L-DOPA at 10~>M. Bound L-DOPA was quantified by scin-
tillation spectroscopy.
Measurement of cAMP

Cells were pretreated with forskolin (15 minutes) then
challenged with L-DOPA using an assay setup as previously
described [47]. After 1 minute of ligand exposure, cells are
scraped into ice-cold buffer, boiled then centrifuged. Equiva-
lent volumes, 50 ul, of supernate and *H-cAMP (New
England Nuclear) then combined with 100 pl cold PKA. After
2 hours, the solution is passed over activated charcoal, and
supernates are counted in a scintillation counter. Results are
compared to those achieved using a standard curve, instead of
cytosol, produced using 50 ul of cAMP 0.25-32.0 pmole/500

ul.

Example 2
The OA1 Loop Functions In Vivo

PEDF secretion in OA deficient mice was compared to
wild type mice, and showed that wild-type mice secreted
significantly more PEDF than OAl-/y mice. The culture
medium (C.M.) used contains PEDF, and it is likely that
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PEDF in the CM from OA1-/y is from the medium used, not
the RPE. Results (FIG. 7) are quantified and summarized in
the graph. The difference, even with the background PEDF in
the CM for both groups is significant. T-test analysis results
are presented

Tyrosinase deficient pregnant mice were maintained under
normal conditions (No L-DOPA), or supplemented with 1.0
mg/mL-DOPA in there drinking water, beginning on embry-
onic day 7 for their pups. Animals were maintained on supple-
mental until post-natal day 14, when ocular development is
over and the eyes are open.

Two cell types are reduced in number in albinism: retinal
ganglion cells and photoreceptors. FIG. 8 A demonstrates that
L-DOPA supplementation increases retinal ganglion cell
numbers compared to what is expected in a normal wild-type
mouse. FIG. 8B shows the same result for photoreceptors.
Photoreceptors are not counted directly as they are too dense.
Rather, the area occupied by photoreceptor nuclei is mea-
sured as a measure of photoreceptor numbers. L-DOPA
supplementation increased the photoreceptor nuclear area, so
the number of photoreceptors were increased. Again, this
appeared to restore the albino animal to normal levels.

As shown in FIG. 8C, Four paired littermate animals, 2
wild-type and 2 OA1-/y (female OA1 deficient) were eutha-
nized and the retinas from each animal were loaded indepen-
dently in a lane, then proteins were western blotted to detect
PEDF, which was readily observed in the retina from wild-
type mice. In contrast, PEDF is not readily detected in the
retinas from the OA1-/y mice.

In summary this data illustrate that OA1-/y mice make less
PEDF than wild type mice. L-DOPA stimulation in tyrosinase
defective mice rescues the two most prominent neurosensory
retina defects of albinism: a loss of photoreceptor cells and
retinal ganglion cells. Finally, PEDF levels are reduced in the
retinas of mice lacking OA1. Thus, it is concluded that the
OA1 autocrine loop functions in vivo, and can be stimulated
with oral L-DOPA.

The data together illustrate that the linkage between RPE
pigmentation and AMD are likely through the signaling activ-
ity of OAl. The data illustrate that the ligand for OAl is
L-DOPA, and that OA1 signaling from L-DOPA controls the
expression of PEDF. PEDF is the most potent neurotrophic
factor made by RPE. Thus, the identification of L-DOPA as
the ligand for OA1, which controls PEDF expression, ties
together L-DOPA and neurotrophic activity in the RPE.
Because L-DOPA is produced as a by-product of pigment
production, this established for the first time a linkage
between RPE pigmentation and neurotrophic activity. This
system is defined as the OA1 autocrine loop. Tyrosinase
makes pigment and releases L-DOPA. Released [.-DOPA
binds to and initiates signaling through OA1. OA1 signaling
controls the expression of both tyrosinase and PEDF.

To date the data illustrate this model biochemically, in
cultured cells, and in vivo. The fact that retinal development
in an albino animal can be rescued using dietary L-DOPA
indicates that dietary L-DOPA can be used to stimulate RPE
trophic factor expression in vivo. AMD is clearly tied to an
RPE defect somehow related to its pigmentation. Blue-eyed
individuals get AMD at a much greater frequency than dark-
eyed individuals, so the level of RPE pigmentation controls
the AMD process. The level of RPE pigmentation is con-
trolled by OA1 signaling and is part of the same OA1 auto-
crine loop described above. Thus, AMD is related to OA1l
signaling in RPE. Therefore, those with lower RPE pigmen-
tation will have lower tyrosinase, lower L-DOPA, lower OA1
signaling, and lower PEDF production. We can use dietary
L-DOPA orrelated compounds as ligands for OA1 and stimu-
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late that activity. The final determinant of the health of the
neurosensory retina is PEDF, but we can use OA1 signaling to
increase the OA1 loop activity, and increase the neurotrophic
activity of the RPE. The effect of OA1 signaling will be to
foster neuron survival.
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 58
<210> SEQ ID NO 1
<211> LENGTH: 1607
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
atgacccagg caggceggeg gggtccetgge acacccgage cgegteegeg aacacagece 60
atggectece cgegectagg gaccttetge tgecccacge gggacgcage cacgeagete 120
gtgctgaget tccageecgeg ggecttecac gegetetgece tgggcagegyg cgggetecege 180
ttggegetgyg gecttetgea getgetgece ggecgecgge cegegggece cgggteccee 240
gegacgtece cgeeggecte ggtccgeate ctgegegetyg cegetgecty cgaccttete 300
ggctgectgyg gtatggtgat ccggtecace gtgtggttag gattcccaaa ttttgttgac 360
agcgtetegyg atatgaacca cacggaaatt tggectgetyg ctttetgegt ggggagtgeg 420
atgtggatce agcetgttgta cagtgectge ttetggtgge tgttttgeta tgcagtggat 480
gettatetgyg tgatccggag atcggcagga ctgagcacca tectgetgta tcacatcatg 540
gegtggggee tggecaccct getetgtgtg gagggagecyg ccatgeteta ctacccttece 600
gtgtccaggt gtgagegggyg cctggaccac gecatccccece actatgtcac catgtacctg 660
cceetgetge tggttetegt ggcgaaccece atcctgttece aaaagacagt gactgecagtg 720
gectetttac ttaaaggaag acaaggcatt tacacggaga acgagaggayg gatgggagece 780
gtgatcaaga tccgattttt caaaatcatg ctggttttaa ttatttgttg gttgtcgaat 840
atcatcaatg aaagcctttt attctatett gagatgcaaa cagatatcaa tggaggttet 900
ttgaaacctyg tcagaactge agccaagacc acatggttta ttatgggaat cctgaatcca 960
gcccagggat ttetecttgte tttggecttce tacggctgga caggatgcag cctgggtttt 1020
cagtctccca ggaaggagat ccagtgggaa tcactgacca cctecggctge tgagggggct 1080
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cacccatccece

gggcagactt

gaaattcaca

catggagacc

aattcttgtt

ggcccccaaa

dgagaaaggy

agctgeteta

aaggtccaca

cactgatgece

ctgacgaage

ctgcaagtga

tatgaagggg

ctttagaact

ccttgetete

ttcatgcaca

gecttagtty

tcecttgggga

<210> SEQ ID NO 2
<211> LENGTH: 424
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 2

ccatgaaaac

cctgageatyg

atcctgcaac

atgtgctggg

gtgttctcac

atcaccagct

cacgtgtgag

ccactaggaa

agtagttaaa

Homo sapiens

Met Thr Gln Ala Gly Arg Arg Gly

1

Arg

Thr

Phe

Leu

65

Ala

Cys

Leu

Glu

Leu

145

Ala

Tyr

Ala

Asp

Val

225

Ala

Arg

Leu

Thr

Arg

His

Leu

Thr

Asp

Gly

Ile

130

Leu

Tyr

His

Ala

His

210

Leu

Ser

Met

Ile

Gln

Asp

35

Ala

Gln

Ser

Leu

Phe

115

Trp

Tyr

Leu

Ile

Met

195

Ala

Val

Leu

Gly

Ile

Pro Met Ala Ser Pro

20

Ala Ala Thr Gln Leu

40

Leu Cys Leu Gly Ser

Leu Leu Pro Gly Arg

70

Pro Pro Ala Ser Val

85

Leu Gly Cys Leu Gly

100

Pro Asn Phe Val Asp

120

Pro Ala Ala Phe Cys

135

Ser Ala Cys Phe Trp
150

Val Ile Arg Arg Ser

165

Met Ala Trp Gly Leu

180

Leu Tyr Tyr Pro Ser

200

Ile Pro His Tyr Val

215

Ala Asn Pro Ile Leu
230

Leu Lys Gly Arg Gln

245

Ala Val Ile Lys Ile

260

Cys Trp Leu Ser Asn

cctgetteey
ctgtctgaag
aaaaatgagg
ggtccagace
cttecccaaca
agagcttett
aatggaagag
gttttctgag

taaaatagtt

Pro Gly Thr
10

Arg Leu Gly
25

Val Leu Ser

Gly Gly Leu

Arg Pro Ala

75

Arg Ile Leu
90

Met Val Ile
105

Ser Val Ser

Val Gly Ser

Trp Leu Phe
155

Ala Gly Leu
170

Ala Thr Leu
185

Val Ser Arg

Thr Met Tyr

Phe Gln Lys

235

Gly Ile Tyr
250

Arg Phe Phe
265

Ile Ile Asn

ggaaggtgte tcaagtgggt

gttetgatge

gtgaccctge

ccatattcect

ctgcactgee

cccgaaggyge

ccecectecag

getggetgta

atgactg

Pro

Thr

Phe

Arg

Gly

Arg

Arg

Asp

Ala

140

Cys

Ser

Leu

Cys

Leu

220

Thr

Thr

Lys

Glu

Glu

Phe

Gln

45

Leu

Pro

Ala

Ser

Met

125

Met

Tyr

Thr

Cys

Glu

205

Pro

Val

Glu

Ile

Ser

Pro

Cys

30

Pro

Ala

Gly

Ala

Thr

110

Asn

Trp

Ala

Ile

Val

190

Arg

Leu

Thr

Asn

Met
270

Leu

cagcacaatt
tcteccaace
cagactcaac
gaagtgtage
ctttaggata
accactctac

aagtaagtgt

Arg Pro
15

Cys Pro

Arg Ala

Leu Gly

Ser Pro
80

Ala Ala
95

Val Trp

His Thr

Ile Gln

Val Asp
160

Leu Leu
175

Glu Gly

Gly Leu

Leu Leu

Ala Val
240

Glu Arg
255

Leu Val

Leu Phe

1140

1200

1260

1320

1380

1440

1500

1560

1607
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-continued
275 280 285
Tyr Leu Glu Met Gln Thr Asp Ile Asn Gly Gly Ser Leu Lys Pro Val
290 295 300

Arg Thr Ala Ala Lys Thr Thr Trp Phe Ile Met Gly Ile Leu Asn Pro
305 310 315 320
Ala Gln Gly Phe Leu Leu Ser Leu Ala Phe Tyr Gly Trp Thr Gly Cys

325 330 335
Ser Leu Gly Phe Gln Ser Pro Arg Lys Glu Ile Gln Trp Glu Ser Leu

340 345 350
Thr Thr Ser Ala Ala Glu Gly Ala His Pro Ser Pro Leu Met Pro His
355 360 365
Glu Asn Pro Ala Ser Gly Lys Val Ser Gln Val Gly Gly Gln Thr Ser
370 375 380

Asp Glu Ala Leu Ser Met Leu Ser Glu Gly Ser Asp Ala Ser Thr Ile
385 390 395 400
Glu Ile His Thr Ala Ser Glu Ser Cys Asn Lys Asn Glu Gly Asp Pro

405 410 415
Ala Leu Pro Thr His Gly Asp Leu

420

<210> SEQ ID NO 3
<211> LENGTH: 1651
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 3
gaggtteggyg aagaggcaca gggcacatga cgcccaatct cectcaccag cccagcacct 60
gatcaggaaa agctgaaagc tgtgggttcce gcaaaccaga gaccggtcecc tgagcaagac 120
gaatggccte cecegegectyg ggaattttet getgeectac gtgggacgca gecacacage 180
tggtgctaag cttccaaccg cgggtgttee atgecctgtyg cectgggaage ggcactctcee 240
gectggtget tggectectt cagetectat cagggegteg atctgttggt cacagggege 300
ctgcgacate cccagecgece tcagtccaca tectcegtge tgecactgece tgtgacttge 360
ttggctgect gggaatcgtt atcaggtcca cagtgtggat agectaccca gagttcattg 420
aaaacatttc caatgtgaat gcaacagaca tttggcctge tactttcetgt gtggggageg 480
caatgtggat ccagctgttg tacagtgect gettetggtyg getettttge tatgecagttg 540
atgtatactt ggtgatcagg agatcggegg gacggagcac catcctgetyg taccacatca 600
tggcetgggg cctggetgtyg ctgctetgtyg tggagggage agtcatgete tactaccctt 660
ctgtgtccag gtgtgagagg ggcctggacce atgecatcee ccattatgte accacatact 720
tgccacttet gettgtectyg gtggccaacce caatcctgtt tcacaagaca gtgacttcag 780
tggcctettt actgaaagga agaaaaggtg tttacacaga gaatgagaga ctgatggggg 840
ctgtgatcaa gacccgtttt ttcaaaataa tgctggtgtt aattgcatgt tggttgtcca 900
atatcatcaa tgaaagtctt ttgttctacc ttgaaatgca accagatatc catggaggct 960
ctctgaaacg catccagaat gcagctagga ccacatggtt tataatggga atactgaatc 1020
cagcccaagg acttcectcettg tetcectggect tctatggetg gacaggatge agecctggatg 1080
tccatectee caagatggtg attcagtggg aaacaatgac tgcctcectget getgagggca 1140
cgtaccagac ccctgtgegt tectgtgtge cccatcaaaa ccccaggaag gttgtatgtg 1200
tcgggggaca tacttctgat gaggtgctga gcattttgtce tgaagattca gatgccagta 1260
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ctgttgaaat

aagcccaggg

ctgtgtettyg

ttccactetyg

cacatcagaa

ttaattaccc

catgagaaaa

ccatactgca
ggaactctga
ttgttttgga
gtcaccatag
cttgaagatg
cttggacttt

tagttaaata

<210> SEQ ID NO 4
<211> LENGTH: 405
<212> TYPE:
<213> ORGANISM: Mus musculus

PRT

<400> SEQUENCE: 4

actgggtect
aggaatggga
ttgtgttett
tggagttcac
gaaagttcce
ttctaaggec

aagtcattgt

Met Ala Ser Pro Arg Leu Gly Ile

1

Ala

Cys

Leu

Ala

65

Gly

Glu

Ala

Ala

Ile

145

Ala

Tyr

Pro

Asn

Lys

225

Val

Trp

Gln

Arg

Thr

Leu

Ser

50

Ala

Cys

Phe

Thr

Cys

130

Arg

Trp

Tyr

His

Pro

210

Gly

Ile

Leu

Pro

Thr
290

Gln

Gly

35

Gly

Ser

Leu

Ile

Phe

115

Phe

Arg

Gly

Pro

Tyr

195

Ile

Arg

Lys

Ser

Asp
275

Thr

Leu Val Leu Ser Phe

20

Ser Gly Thr Leu Arg

40

Arg Arg Ser Val Gly

55

Val His Ile Leu Arg

Gly Ile Val Ile Arg

85

Glu Asn Ile Ser Asn

100

Cys Val Gly Ser Ala

120

Trp Trp Leu Phe Cys

135

Ser Ala Gly Arg Ser
150

Leu Ala Val Leu Leu

165

Ser Val Ser Arg Cys

180

Val Thr Thr Tyr Leu

200

Leu Phe His Lys Thr

215

Lys Gly Val Tyr Thr
230

Thr Arg Phe Phe Lys

245

Asn Ile Ile Asn Glu

260

Ile His Gly Gly Ser

280

Trp Phe Ile Met Gly

295

gcaacataaa
taggggtcag
getgecacaa
tgaatatgtc
tctagaacag
agctgtaatg

g

Phe Cys Cys
10

Gln Pro Arg
25

Leu Val Leu

His Arg Ala

Ala Ala Thr

75

Ser Thr Val
90

Val Asn Ala
105

Met Trp Ile

Tyr Ala Val

Thr Ile Leu
155

Cys Val Glu
170

Glu Arg Gly
185

Pro Leu Leu

Val Thr Ser

Glu Asn Glu
235

Ile Met Leu
250

Ser Leu Leu
265

Leu Lys Arg

Ile Leu Asn

ggaagttgac tccatttcce

acacccctat

tgtatgtatg

ctttatactg

tcagtatcac

ctaagtgceca

Pro

Val

Gly

Pro

60

Ala

Trp

Thr

Gln

Asp

140

Leu

Gly

Leu

Leu

Val

220

Arg

Val

Phe

Ile

Pro
300

Thr

Phe

Leu

45

Ala

Cys

Ile

Asp

Leu

125

Val

Tyr

Ala

Asp

Val

205

Ala

Leu

Leu

Tyr

Gln

285

Ala

Trp

His

30

Leu

Thr

Asp

Ala

Ile

110

Leu

Tyr

His

Val

His

190

Leu

Ser

Met

Ile

Leu

270

Asn

Gln

ttttcaggtt
atctttcaaa
ggagaaacaa
ctcttgacte

gatccaaatc

Asp Ala
15

Ala Leu

Gln Leu

Ser Pro

Leu Leu
80

Tyr Pro
95

Trp Pro

Tyr Ser

Leu Val

Ile Met

160

Met Leu
175

Ala Ile

Val Ala

Leu Leu

Gly Ala
240

Ala Cys
255
Glu Met

Ala Ala

Gly Leu

1320

1380

1440

1500

1560

1620

1651
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-continued
Leu Leu Ser Leu Ala Phe Tyr Gly Trp Thr Gly Cys Ser Leu Asp Val
305 310 315 320
His Pro Pro Lys Met Val Ile Gln Trp Glu Thr Met Thr Ala Ser Ala
325 330 335
Ala Glu Gly Thr Tyr Gln Thr Pro Val Arg Ser Cys Val Pro His Gln
340 345 350
Asn Pro Arg Lys Val Val Cys Val Gly Gly His Thr Ser Asp Glu Val
355 360 365
Leu Ser Ile Leu Ser Glu Asp Ser Asp Ala Ser Thr Val Glu Ile His
370 375 380
Thr Ala Thr Gly Ser Cys Asn Ile Lys Glu Val Asp Ser Ile Ser Gln
385 390 395 400
Ala Gln Gly Glu Leu
405
<210> SEQ ID NO 5
<211> LENGTH: 1723
<212> TYPE: DNA
<213> ORGANISM: Xenopus tropicalis
<400> SEQUENCE: 5
cggatectgee tgacacttte tecttetgete ctteccttgg gagactgegyg ggcttecgag 60
cgtaaggatg gcttecccca ggctggagac tttetgetge cccaacaggyg atccagetac 120
tcagttagtg cttgatttcc agcctcagat ctatggcteg ctgtgtateg gcagtggett 180
ggtgagtcte ctgctgacca ttgtccaget getgceccaag acaaagcagg gttacaggag 240
gctagggaga gccatgctge caaaacctte ctegtecaga atcttgtttce tagttattat 300
ctgtgacctyg ctgggetgcee taggcatttt aattcgatca tcagtttgga tttcatccce 360
aggtttcatt agtaatatgt cactaatgaa cacgtcagac atctggcctt caactttttg 420
tgttggaagt gcgatgtgga tacagctgtt ttacagtgca agtttctggt ggttattttg 480
ctatgcaatt gatgcttacc tggtggttcg cagatcagca ggaataagca caattgtttt 540
gtatcacatyg atgacatggg gcctggcact gatgctetge atcgaaggtg tggctatget 600
ttattatcct tccgtttecca attgtgaaaa cggactagaa catgcaatcce ctcattatgt 660
cacaacctat gcgccactte ttattgtaat gttcgctaat ccaatcctet ttaggagaac 720
agtcgetgea gttgettett tactgaaagg aagacaaggg atttatacag aaaatgaaag 780
acggctgggg acagaaattc agctcegttt tttcaagatt atgttggtgt ttatgatctg 840
ttggacagce aatattatca atgagaccct tttgttctac ctggaaatgce agccagacat 900
caacacagat cagctgaaaa atgtcaggaa tgctgctcte atcacatggt ttataatggg 960
tatactgaat ccaatgcaag gctttctctt cactctgget ttctatgggt ggacaggatg 1020
gaatgttgat tttaatttca gacagaagga aacagcttgg gaacgagtgt ccacatctac 1080
aataactgaa actgcacaca atggcaccaa tggatctttc ctggattacc ctggctatat 1140
acagaaccaa aacaagactg aaattggaaa cagccaacaa acagatgaag ctctgagcat 1200
actgtctgaa ggtaatggga gtatagtgga acgactgaac aggaactccc ccatttatca 1260
aggatggtag tttgttgatg tcatttcaca tctaggcaat tattccagcce ttgaatactt 1320
tggtatagta tttgtgcttc ctttggcaga caagcagtca taaaaccttc acaataaaac 1380
aaataatgtg ctatggagaa gcaattgcaa tggctgaact taaaacacaa tctcatactc 1440
cattatacag ttgcctattg gaaaaataat aaacctgtgt ctcaatttaa cattttgtaa 1500
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cagataattt gagtgcatgt tgcctgccac tgatgttgtg taatcaagat gggatataaa 1560
gcccttttta agtctectgca tcettttgetg tactcaggga aataatatgg ctgaatagga 1620
ctagtccata aacagaaata actttggatg ttaatgggat agaggaagat atggtaattt 1680
gctatttcaa taaaatattt tttgtacaaa aaaaaaaaaa aaa 1723
<210> SEQ ID NO 6

<211> LENGTH: 400

<212> TYPE: PRT

<213> ORGANISM: Xenopus tropicalis

<400> SEQUENCE: 6

Met Ala Ser Pro Arg Leu Glu Thr Phe Cys Cys Pro Asn Arg Asp Pro
1 5 10 15

Ala Thr Gln Leu Val Leu Asp Phe Gln Pro Gln Ile Tyr Gly Ser Leu
20 25 30

Cys Ile Gly Ser Gly Leu Val Ser Leu Leu Leu Thr Ile Val Gln Leu
35 40 45

Leu Pro Lys Thr Lys Gln Gly Tyr Arg Arg Leu Gly Arg Ala Met Leu
50 55 60

Pro Lys Pro Ser Ser Ser Arg Ile Leu Phe Leu Val Ile Ile Cys Asp
65 70 75 80

Leu Leu Gly Cys Leu Gly Ile Leu Ile Arg Ser Ser Val Trp Ile Ser
85 90 95

Ser Pro Gly Phe Ile Ser Asn Met Ser Leu Met Asn Thr Ser Asp Ile
100 105 110

Trp Pro Ser Thr Phe Cys Val Gly Ser Ala Met Trp Ile Gln Leu Phe
115 120 125

Tyr Ser Ala Ser Phe Trp Trp Leu Phe Cys Tyr Ala Ile Asp Ala Tyr
130 135 140

Leu Val Val Arg Arg Ser Ala Gly Ile Ser Thr Ile Val Leu Tyr His
145 150 155 160

Met Met Thr Trp Gly Leu Ala Leu Met Leu Cys Ile Glu Gly Val Ala
165 170 175

Met Leu Tyr Tyr Pro Ser Val Ser Asn Cys Glu Asn Gly Leu Glu His
180 185 190

Ala Ile Pro His Tyr Val Thr Thr Tyr Ala Pro Leu Leu Ile Val Met
195 200 205

Phe Ala Asn Pro Ile Leu Phe Arg Arg Thr Val Ala Ala Val Ala Ser
210 215 220

Leu Leu Lys Gly Arg Gln Gly Ile Tyr Thr Glu Asn Glu Arg Arg Leu
225 230 235 240

Gly Thr Glu Ile Gln Leu Arg Phe Phe Lys Ile Met Leu Val Phe Met
245 250 255

Ile Cys Trp Thr Ala Asn Ile Ile Asn Glu Thr Leu Leu Phe Tyr Leu
260 265 270

Glu Met Gln Pro Asp Ile Asn Thr Asp Gln Leu Lys Asn Val Arg Asn
275 280 285

Ala Ala Leu Ile Thr Trp Phe Ile Met Gly Ile Leu Asn Pro Met Gln
290 295 300

Gly Phe Leu Phe Thr Leu Ala Phe Tyr Gly Trp Thr Gly Trp Asn Val
305 310 315 320

Asp Phe Asn Phe Arg Gln Lys Glu Thr Ala Trp Glu Arg Val Ser Thr
325 330 335
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54

Ser

Asp

Ser

Ser
385

Thr

Tyr

Gln

370

Ile

Ile Thr Glu Thr Ala His

340

Pro Gly Tyr Ile Gln Asn

355

360

Gln Thr Asp Glu Ala Leu

375

Val Glu Arg Leu Asn Arg
390

<210> SEQ ID NO 7
<211> LENGTH: 1585
<212> TYPE: DNA

<213> ORGANISM: Bos

<400> SEQUENCE: 7

atggcctete cgcgactagg

gegetggget tcecagecgeg

ctggegeteg gectectgea

tcagecctege cggcgaccte

accgettgeg acctgettgg

tttccgagtt tegtggacga

ttctgegtgy ggagtgcact

ttctgctacyg cagtggatge

ctgetgtace acctcatgac

atgctgtact atccttecat

tacatcacca cgtacttgee

aagacagtga ccgcagtgge

gagagacgca tgggagccag

gtttgetggt tctcaaatgt

gatatcaaca gcagctcettt

atggggatcc tgaatccagce

ggctgecgee tgacgettee

tcggecacey agggggceged

geteccaaga aggagettee

tctgaaggtt ccggeggcag

aaggcccceyg actctettee

ctctggacce tgtgtgtatt

gececttcagt cagcacactg

acagttaaca gagtgttccc

tgcttggaaa ggaaaggcag

acgttegttt ctctgatetg

aataaataac aataattaaa

<210> SEQ ID NO 8
<211> LENGTH: 413
<212> TYPE: PRT

<213> ORGANISM: Bos taurus

taurus

caccttetge

ggctttccac

getgeggece

ggcecgegte

ctgectgggt

catctetgee

ctggatccag

ctacctggtyg

ctggggcctg

ggccaggtgc

getgetactyg

ctccttactg

gatcaagacc

catcaacgaa

gaaacaggtc

ccaaggttte

aggtcccage

ccectececcece

dggcggeacy

caccattgaa

gaaagtccaa

ttcagacgeg

cggggtgtag

tggcagecte

attccettygg

getgtaatgt

aaaaa

Asn Gly Thr
345

Gln Asn Lys

Ser Ile Leu

Asn Ser Pro
395

tgccccacge
gegetgtgte
gggegecgge
ccegecteeyg
atcgcggtec
gtgaacaaca
ctgctgtaca
atccagaggt
getgeectge
gagaggggcec
gtcetggtgyg

aagggaagac

cgattctteca
agcettttgt
agaaacgcag
ctgttgtece
aaggagatcc
gggggeccce
cacactteeg
atccacatcg
ggaacccegt
acggttctca
cgtececeece
tgtgtgatge
agcccagcag

caacgccaga

Asn Gly Ser
350

Thr Glu Ile
365

Phe Leu

Gly Asn

Ser Glu Gly Asn Gly

380

Ile Tyr Gln Gly Trp

gggacgccgce

tgggtagegg

cegegggece

tgcgcategt

gatctgeggt

cagatgtgtyg

gtgcctgett

cggetggaca

tgagcgtgga

tggagcatge

gcaaccccat

aaggcattta

aaataatgct

tctatcttga

ccaagaccac

tggcctteta

agtgggactce

aagagccegg

atgaggecett

caagcgggte

agagaggacyg

tcccttatga

aactgaatct

agaggcccac

cttgtccgga

tccaggtect

400

cacgcagete

cgegeteege

cgggatcgee

gegegecgea

gtggttaggg

gectgeegte

ctggtggtgg

gagcaccatce

gggtgcccte

catcccececac

cctatttega

cacggagaac

ggttttcatt

aatgcaacca

gtggttcatg

tggctggacg

gatgaccacc

ggaaggcccce

gagettgett

c¢cgeggegga

agacagaggg

cggtacccett

tcctgecate

cgtgagectyg

gtcteegtgg

tggaagagtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1585
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56

<400> SEQUENCE:

Met Ala Ser Pro

1

Ala

Cys

Arg

Ala

65

Thr

Val

Ile

Val

145

Leu

Glu

Gly

Leu

Ala

225

Glu

Leu

Leu

Gln

Asn

305

Gly

Ser

Pro

Gly

Gly

385

Lys

Thr

Leu

Pro

50

Thr

Ala

Trp

Thr

Gln

130

Asp

Leu

Gly

Leu

Leu

210

Val

Arg

Val

Phe

Val

290

Pro

Cys

Met

Gln

Thr
370

Gly

Ala

Gln

Gly

35

Gly

Ser

Cys

Leu

Asp

115

Leu

Ala

Tyr

Ala

Glu

195

Val

Ala

Arg

Phe

Tyr

275

Arg

Ala

Arg

Thr

Glu
355
His

Ser

Pro

Leu

20

Ser

Arg

Ala

Asp

Gly

100

Val

Leu

Tyr

His

Leu

180

His

Leu

Ser

Met

Ile

260

Leu

Asn

Gln

Leu

Thr

340

Pro

Thr

Thr

Asp

8

Arg

Ala

Gly

Arg

Arg

Leu

85

Phe

Trp

Tyr

Leu

Leu

165

Met

Ala

Val

Leu

Gly

245

Val

Glu

Ala

Gly

Thr

325

Ser

Gly

Ser

Ile

Ser

Leu

Leu

Ala

Pro

Val

70

Leu

Pro

Pro

Ser

Val

150

Met

Leu

Ile

Gly

Leu

230

Ala

Cys

Met

Ala

Phe

310

Leu

Ala

Glu

Asp

Glu
390

Leu

Gly

Gly

Leu

Ala

55

Pro

Gly

Ser

Ala

Ala

135

Ile

Thr

Tyr

Pro

Asn

215

Lys

Arg

Trp

Gln

Lys

295

Leu

Pro

Thr

Gly

Glu
375

Ile

Pro

Thr

Phe

Arg

40

Gly

Ala

Cys

Phe

Val

120

Cys

Gln

Trp

Tyr

His

200

Pro

Gly

Ile

Phe

Pro

280

Thr

Leu

Gly

Glu

Pro
360
Ala

His

Lys

Phe

Gln

25

Leu

Pro

Ser

Leu

Val

105

Phe

Phe

Arg

Gly

Pro

185

Tyr

Ile

Arg

Lys

Ser

265

Asp

Thr

Ser

Pro

Gly

345

Ala

Leu

Ile

Val

Cys

10

Pro

Ala

Gly

Val

Gly

90

Asp

Cys

Trp

Ser

Leu

170

Ser

Ile

Leu

Gln

Thr

250

Asn

Ile

Trp

Leu

Ser

330

Ala

Pro

Ser

Ala

Gln

Cys

Arg

Leu

Ile

Arg

75

Ile

Asp

Val

Trp

Ala

155

Ala

Met

Thr

Phe

Gly

235

Arg

Val

Asn

Phe

Ala

315

Lys

Pro

Lys

Leu

Ser
395

Gly

Pro

Ala

Gly

Ala

60

Ile

Ala

Ile

Gly

Trp

140

Gly

Ala

Ala

Thr

Arg

220

Ile

Phe

Ile

Ser

Met

300

Phe

Glu

Pro

Lys

Leu
380

Gly

Thr

Thr

Phe

Leu

45

Ser

Val

Val

Ser

Ser

125

Phe

Gln

Leu

Arg

Tyr

205

Lys

Tyr

Phe

Asn

Ser

285

Met

Tyr

Ile

Ser

Glu

365

Ser

Ser

Pro

Arg

His

30

Leu

Ala

Arg

Arg

Ala

110

Ala

Cys

Ser

Leu

Cys

190

Leu

Thr

Thr

Lys

Glu

270

Ser

Gly

Gly

Gln

Pro
350
Leu

Glu

Arg

Asp

15

Ala

Gln

Ser

Ala

Ser

95

Val

Leu

Tyr

Thr

Ser

175

Glu

Pro

Val

Glu

Ile

255

Ser

Leu

Ile

Trp

Trp

335

Gly

Pro

Gly

Gly

Ala

Leu

Leu

Pro

Ala

80

Ala

Asn

Trp

Ala

Ile

160

Val

Arg

Leu

Thr

Asn

240

Met

Leu

Lys

Leu

Thr

320

Asp

Gly

Gly

Ser

Gly
400
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-continued

405 410
<210> SEQ ID NO 9
<211> LENGTH: 1612
<212> TYPE: DNA
<213> ORGANISM: Rattus norvegicus
<400> SEQUENCE: 9
geecagcace tgaccaggaa aagcetgtggg ttetgecagac cagagaccgg tcecgtgagea 60
agaccaatgg cctececcgeg cctgggaate ttetgcetgee cttegtggga tgcagecaca 120
cagctggtge tgaccttcca accgegggtyg ttecatgege tgtgtetggyg cageggegece 180
cteegectgg tgcttggect ccttcagete ctaacaggge gecgatctgt tggtcacagg 240
gegectgega caaccccage agcectcagte cacatcctte gtgctgecac cgectgtgat 300
ttgcttgget gectgggaat cgttatcagg tccacagtgt ggatagcecta cccagaatte 360
attgaaaaca tttccaatat gaatggaaca gacatttgge ctactgettt ctgtgtceggg 420
agtgcaatgt ggatccagct gttgtacagt gectgcettet ggtggetett ctgctatgea 480
gttgatgtat acttggtgat caggagatca gcaggacgga gcaccatcct gctgtaccac 540
atcatggcct ggggectgece tgtgctgete tgtgtggaag gtgcagtcat getttattac 600
ccttetgtgt ccaggtgtga gagaggectg gaccatgeca tceccccatta tgtcaccaca 660
tacttgccac ttatgettgt ccttgtggec aacccgatee tgtttcacaa gacagtgatt 720
tcagtggcct ctttactgaa aggacgaaaa ggtgtttata cagagaatga gagattgatg 780
ggggccegtga tcaagaccceg gtttttcaaa ataatgetgg tgttaattge atgttggttg 840
tccaatatca tcaatgaatg tcttttgtte taccttgaaa tgcaaccaga tacccatgga 900
ggctcectetga aacgcatcca gaatgcagcece aggaccacat ggtttattat gggaatattg 960
aatccatctc aaggacttcect cttgtctctg gcecttctatg getggacagg atgcagectg 1020
gatgtccatg ctcccaagat ggtgattcag tgggaaacaa tgactgcctce ggctgctgag 1080
ggcacatatc agacccctga gggttceccetgt gtgccccatce aaaaccccag gaaggtggtyg 1140
tgtgttgggg ggcacacttc tgatgaggtg ctgagtattt tgtctgaagg ttcggatgcet 1200
agcactgttg aaatccatac tgcaactggg tcccacaaca taaaggaagt tgactccatt 1260
tceccaagece agggggatcect ctgaatggat gggatggggg ccagacatcce ctgtttttca 1320
ggttctgtgt cttgttgttt tggattgtgt tcttgectte cttectatca cagtgctgece 1380
atgatgtagc atccttcaaa ttccactttg gtcaccatag aggagctcac tgaggatggce 1440
ctttatgctg ggagaaacaa cacaccagaa cttggacatg gaaaatttcc tctagaacat 1500
tcagtgtcac ctcttgactt ttaattaccc cttggacttt tactaaggcc agttgtagtg 1560
cttaagtgcce agacccaaat tcecttgagaaa atagttaaat aaagtcattg tg 1612

<210> SEQ ID NO 10
<211> LENGTH: 405
<212> TYPE: PRT

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 10

Met Ala Ser Pro Arg Leu Gly Ile Phe Cys Cys Pro Ser Trp Asp Ala

1 5

10

15

Ala Thr Gln Leu Val Leu Thr Phe Gln Pro Arg Val Phe His Ala Leu

20

25

30

Cys Leu Gly Ser Gly Ala Leu Arg Leu Val Leu Gly Leu Leu Gln Leu
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60

Leu

Ala

65

Gly

Glu

Thr

Ala

Ile

145

Ala

Tyr

Pro

Asn

Lys

225

Val

Trp

Gln

Arg

Leu

305

Ala

Asn

Leu

Thr
385

Ala

<210>
<211>
<212>
<213>

<400>

Thr

50

Ala

Cys

Phe

Ala

Cys

130

Arg

Trp

Tyr

His

Pro

210

Gly

Ile

Leu

Pro

Thr

290

Leu

Ala

Glu

Pro

Ser

370

Ala

Gln

35

Gly

Ser

Leu

Ile

Phe

115

Phe

Arg

Gly

Pro

Tyr

195

Ile

Arg

Lys

Ser

Asp

275

Thr

Ser

Pro

Gly

Arg

355

Ile

Thr

Gly

Arg

Val

Gly

Glu

100

Cys

Trp

Ser

Leu

Ser

180

Val

Leu

Lys

Thr

Asn

260

Thr

Trp

Leu

Lys

Thr

340

Lys

Leu

Gly

Asp

SEQUENCE :

Arg

His

Ile

85

Asn

Val

Trp

Ala

Pro

165

Val

Thr

Phe

Gly

Arg

245

Ile

His

Phe

Ala

Met

325

Tyr

Val

Ser

Ser

Leu
405

SEQ ID NO 11
LENGTH:
TYPE: DNA
ORGANISM: Ornithorhynchus anatinus

425

11

Ser

Ile

70

Val

Ile

Gly

Leu

Gly

150

Val

Ser

Thr

His

Val

230

Phe

Ile

Gly

Ile

Phe

310

Val

Gln

Val

Glu

His
390

Val

55

Leu

Ile

Ser

Ser

Phe

135

Arg

Leu

Arg

Tyr

Lys

215

Tyr

Phe

Asn

Gly

Met

295

Tyr

Ile

Thr

Cys

Gly

375

Asn

40

Gly

Arg

Arg

Asn

Ala

120

Cys

Ser

Leu

Cys

Leu

200

Thr

Thr

Lys

Glu

Ser

280

Gly

Gly

Gln

Pro

Val

360

Ser

Ile

His

Ala

Ser

Met

105

Met

Tyr

Thr

Cys

Glu

185

Pro

Val

Glu

Ile

Cys

265

Leu

Ile

Trp

Trp

Glu

345

Gly

Asp

Lys

Arg

Ala

Thr

90

Asn

Trp

Ala

Ile

Val

170

Arg

Leu

Ile

Asn

Met

250

Leu

Lys

Leu

Thr

Glu

330

Gly

Gly

Ala

Glu

Ala

Thr

75

Val

Gly

Ile

Val

Leu

155

Glu

Gly

Met

Ser

Glu

235

Leu

Leu

Arg

Asn

Gly

315

Thr

Ser

His

Ser

Val
395

Pro

60

Ala

Trp

Thr

Gln

Asp

140

Leu

Gly

Leu

Leu

Val

220

Arg

Val

Phe

Ile

Pro

300

Cys

Met

Cys

Thr

Thr

380

Asp

45

Ala

Cys

Ile

Asp

Leu

125

Val

Tyr

Ala

Asp

Val

205

Ala

Leu

Leu

Tyr

Gln

285

Ser

Ser

Thr

Val

Ser

365

Val

Ser

Thr

Asp

Ala

Ile

110

Leu

Tyr

His

Val

His

190

Leu

Ser

Met

Ile

Leu

270

Asn

Gln

Leu

Ala

Pro

350

Asp

Glu

Ile

Thr

Leu

Tyr

95

Trp

Tyr

Leu

Ile

Met

175

Ala

Val

Leu

Gly

Ala

255

Glu

Ala

Gly

Asp

Ser

335

His

Glu

Ile

Ser

Pro

Leu

80

Pro

Pro

Ser

Val

Met

160

Leu

Ile

Ala

Leu

Ala

240

Cys

Met

Ala

Leu

Val

320

Ala

Gln

Val

His

Gln
400
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atggcttete

atgttgaatt

ctecetgetea

caaacctcect

ggtgtaatat

gtggtgaatg

caactgctgt

tgett

<210>
<211>
<212>
<213>

<400>

ctaggctgga

ttcagectca

gcatctteca

ctgccageat

tcaggtccac

ggacagatgg

acagtgcttg

SEQ ID NO 12
LENGTH: 141
TYPE :
ORGANISM:

PRT

SEQUENCE: 12

gaccttetge
aattttcaac
getecttece
cctgetette
agtgtggtta
atggcectca

cttetggtygyg

Ornithorhynchus

Met Ala Ser Pro Arg Leu Glu Thr

1

Ala

Cys

Leu

Ala

65

Gly

Gly

Cys

Trp

<210>
<211>
<212>
<213>

<400>

Thr

Leu

Pro

50

Ser

Val

Asn

Val

Trp
130

Gln

Gly

35

Lys

Ile

Ile

Ile

Gly

115

Leu

Leu Met Leu Asn Phe

20

Ser Ala Ser Ala Asn

40

Arg Gly Gln Gly Pro

55

Leu Leu Phe Ile Ser

70

Phe Arg Ser Thr Val

85

Ser Val Val Asn Gly

100

Ser Ala Met Trp Ile

120

Val Cys Tyr Ala Val

SEQ ID NO 13
LENGTH: 1800
TYPE: DNA

ORGANISM: Xenopus laevis

SEQUENCE: 13

cacgggaacce cctgacccag

tgtaaaggca

gggtagcgtg

getettgage

gatgcagcta

ggcagcggct

ggctacagga

ctagttattg

atatcatccc

tcaagetttt

catgatcgca

catctgecte

ctataaggat

cacagttagt

tggtgagtct

dgcacgggag

tctgtgacct

caggtttcat

gegttggaag

135

aattgagceg

ttcteeccegt

gacgctttet

ggctteccce

gettgattte

cctgetgace

atccatgetg

actgggctge

tagtaatatg

tgcgatgtgg

tgccccaace
ggcegtetgee
aaacgaggcec
atctctgect
ggattcccag
getttetgty

cttgtttget

anatinus

Phe Cys Cys
10

Gln Pro Gln
25

Leu Leu Leu

Arg Lys Leu

Ala Cys Asp

Trp Leu Gly
90

Thr Asp Gly
105

Gln Leu Leu

Asp Ala Leu

agcgagacaa
gatcagcage
cttctcttet
aggctggaga
cagcctcagyg
attgtccage
ccaaaacctt
ctaggaattt
tcactaatga

atacagctgt

gggatgcage cacacaactg

tgggaagtgc

aaggccccag

gtgaccttet

atttcegttgg

tagggagtgc

atgctgtaga

Pro

Ile

Ser

Thr

60

Leu

Phe

Trp

Tyr

Pro
140

Asn

Phe

Ile

45

Gln

Leu

Pro

Pro

Ser

125

Cys

Arg

Asn

30

Phe

Thr

Gly

Asp

Ser

110

Ala

agacgtagcet

getgtageat

tgccttttgg

ctttetgetyg

tctatggete

tgttgcccaa

cttectecag

taattcgatc

atacttcaga

tttacagtge

ttcagccaac
gaaactaact
tggctgtety
aaacatctcg
aatgtggatt

tgccttacct

Asp Ala

Gly Val

Gln Leu

Ser Ser

Cys Leu
80

Phe Val
95

Ala Phe

Cys Phe

ggggggggat
gaagctcaga
agactgcggg
ccccaacagg
getgtgtete
gacaaagcac
gatcttgttt
atcggtatgg
catctggect

aagtttctgyg

60

120

180

240

300

360

420

425

60

120

180

240

300

360

420

480

540

600



63

US 9,173,862 B2

-continued

tggttatttt

acaattgtgt

gtggctatge

ccteattatg

tttcgaagaa

gagaatgaaa

tttatgatct

cagccagaca

tttataatgg

tggacagggt

tctacatctt

cctggetaca

getttgagcea

cctgtatate

ttgattactt

caataatggg

ctcataatca

agataatttg

tctgcategt

ggtaaaatta

gctatgcaat

tgtatcacat

tttactatcc

tcacaaccta

cagttgcage

gacggcetggg

gttggacagce

tcaaaacgga

gtatactgaa

ggaatgttga

cattgactga

tacagaacca

tactatctga

aaggatggta

tggtgtagta

tacctggcaa

cttcacaatt

agtgcatgtt

ttgctataat

ataaaaatat

<210> SEQ ID NO 14
<211> LENGTH: 400
<212> TYPE:
<213> ORGANISM: Xenopus laevis

PRT

<400> SEQUENCE: 14

tgatgcttac

gatgacgtgg

ttecagtttee

tgcaccactt

agttgettet

gacagaaatt

taatattatc

tcagctaaag

tccaatgcaa

ctttaatttc

agctgcacac

aaacaagact

aggtaatggg

gtttccagat

ttgttgctce

tatgaagaag

tcaaatatta

gectgecact

tcataaattg

ttttatacac

Met Ala Ser Pro Arg Leu Glu Thr

1

Ala

Cys

Leu

Pro

65

Leu

Ser

Trp

Tyr

Leu

145

Met

Thr

Leu

Pro

50

Lys

Leu

Pro

Pro

Ser

130

Val

Met

Gln

Gly

35

Lys

Pro

Gly

Gly

Ser

115

Ala

Val

Thr

Leu Val Leu Asp Phe

20

Ser Gly Leu Val Ser

40

Thr Lys His Gly Tyr

Ser Ser Ser Arg Ile

70

Cys Leu Gly Ile Leu

85

Phe Ile Ser Asn Met

100

Ser Phe Cys Val Gly

120

Ser Phe Trp Trp Leu

135

Arg Arg Ser Ala Gly
150

Trp Gly Leu Ala Leu

ctagttgtte
ggcetggeac
aattgtgaaa
cttatcgtaa
ttactgaaag
caactcegtt
aatgagactc
aatgtcagga
ggctttetet
agacaaaagg
aatggcacca
gaaattggaa
agtatagtgg
gtcattttat
cgttggegge
caattgcaat
aacttgtgte
gtcgtcatat
aaatggatgt

gtcaaaaaaa

Phe Cys Cys
10

Gln Pro Gln
25

Leu Leu Leu

Arg Arg His

Leu Phe Leu
75

Ile Arg Ser
90

Ser Leu Met
105

Ser Ala Met

Phe Cys Tyr

Ile Ser Thr

155

Met Leu Cys

gcagatctge aggaataagce

ttatgctetg

atggactaga

tgtttgcgaa

gaagacaagg

ttttcaagat

ttttgttcta

atgcagcact

tcactttgge

aaacagcttyg

atggatcttt

acagtcaaca

aacgactaag

atctaggcta

aagaagtcat

gactgaattt

tccattaaac

aatcaagatg

taaggggata

aaaaaaaaaa

Pro

Val

Thr

Gly

Val

Ser

Asn

Trp

Ala

140

Ile

Val

Asn

Tyr

Ile

45

Arg

Ile

Val

Thr

Ile

125

Ile

Val

Glu

Arg

Gly

30

Val

Ser

Val

Trp

Ser

110

Gln

Asp

Leu

Gly

cgttgaaggt
acatgcaatt
tccaatccte
aatttataca
catgttggtyg
cctggaaatyg
catcacatgg
tttctacggy
ggaacgagta
cctggattac
aacagatgag
caggaactcc
ttattccacc
cactctatct
aaaacacatt
attttgtaac
ggatatgtag
gaggaatttt

aaaaaaaaaa

Asp Ala

Ser Leu

Gln Leu

Met Leu

Cys Asp

80

Ile Ser
95

Asp Ile

Leu Phe

Ala Tyr

Tyr His

160

Val Ala

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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66

Met

Ala

Phe

Leu

225

Gly

Ile

Glu

Ala

Gly

305

Asp

Ser

Asp

Ser

Ser
385

Leu

Ile

Ala

210

Leu

Thr

Cys

Met

Ala

290

Phe

Phe

Ser

Tyr

Gln

370

Ile

Tyr

Pro

195

Asn

Lys

Glu

Trp

Gln

275

Leu

Leu

Asn

Leu

Pro

355

Gln

Val

165

Tyr Pro Ser Val Ser

180

His Tyr Val Thr Thr

200

Pro Ile Leu Phe Arg

215

Gly Arg Gln Gly Ile
230

Ile Gln Leu Arg Phe

245

Thr Ala Asn Ile Ile

260

Pro Asp Ile Lys Thr

280

Ile Thr Trp Phe Ile

295

Phe Thr Leu Ala Phe
310

Phe Arg Gln Lys Glu

325

Thr Glu Ala Ala His

340

Gly Tyr Ile Gln Asn

360

Thr Asp Glu Ala Leu

375

Glu Arg Leu Ser Arg
390

<210> SEQ ID NO 15
<211> LENGTH: 1622
<212> TYPE: DNA

<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 15

agcacacgct gecttttgga

gCnggtht

gccacgcage

gectetgeca

cggaagatge

atcecttggtyg

attgccaaca

agcgcgatgt

gtcgattett

atgatggect

cegteecttt

tatgccecac

gcagttgect

gggacagaga

tcatggecte

tcgtgatgaa

gectgetget

ccaaagecte

gctcaggtgt

tctecagtgge

ggatccagcet

acttggtggt

gggggctgge

ccagctgtga

tcectgetggt

ctttactgaa

tccagatgeg

agcaacagcg

tcccaggtta

cttecagece

gaccatcctyg

ctecctectec

gatcttcaga

caacgggact

gttgtatagt

aagaagatca

agttttgete

aagaggcctyg

gCtggtggtC

agggagacaa

ctttttcaag

170

Asn Cys Glu
185

Tyr Ala Pro

Arg Thr Val

Tyr Thr Glu

235

Phe Lys Ile
250

Asn Glu Thr
265

Asp Gln Leu

Met Gly Ile

Tyr Gly Trp

315

Thr Ala Trp
330

Asn Gly Thr
345

Gln Asn Lys

Ser Ile Leu

Asn Ser Pro
395

geggettety
gaaacctact
caggtettet
cagctectge
accattctte
tcgagtgtet
gacatatgge
getggettet
gecaggacgga
tgcatggagyg
gagcatgcaa
aacccagtec
gggatttaca

attatgctgg

Asn

Leu

Ala

220

Asn

Met

Leu

Lys

Leu

300

Thr

Glu

Asn

Thr

Ser

380

Val

Gly

Leu

205

Ala

Glu

Leu

Leu

Asn

285

Asn

Gly

Arg

Gly

Glu

365

Glu

Tyr

175

Leu Glu His
190

Ile Val Met

Val Ala Ser

Arg Arg Leu

240

Val Phe Met
255

Phe Tyr Leu
270

Val Arg Asn

Pro Met Gln

Trp Asn Val

320

Val Ser Thr
335

Ser Phe Leu
350

Ile Gly Asn

Gly Asn Gly

Gln Gly Trp
400

cttgegggee cccttegeca

getgeeccaa cagggatgca

gtggggtetyg catcggcage

cgaagaaggg gcagagcctyg

tccttatete cgtetgtgac

ggttgggett cccgagette

cctetgectt ctgegtggge

ggtggttatt ttgctatget

gtacaattgt gctgtaccat

gegtcatget getttactac

tcccacatta catcacaacc

tgttcagaag gacggtgact

cagagaatga gagacggctyg

tattcactgt ttgctggtca

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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tctaatatca

acacctttga

aatccgatge

gacctgaaat

gacaatgact

tcgaccactyg

agcagtgatg

ggagagctga

ccactgcetca

ctgtagettt

tcacttgect

tatgtctetyg

taacctcegt

tt

tcaacgagag

aaaacattag

aaggcttect

ggcagaagag

atccctcacce

acagccagca

acaggttgac

atctcacttce

ctctggaatt

tgttegtgty

tataggagat

cagggatcta

atggtagaag

<210> SEQ ID NO 16
<211> LENGTH: 392
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 16

ccttttgtte

aagtgctgea

cttcacatta

agaaataccc

agtgaactac

gactgatgag

caggagctct

tcccattgte

tttgcctaat

tgagactgtg

gtgtagcaag

tgttacttat

agtcttttgt

Gallus gallus

Met Ala Ser Pro Arg Leu Glu Thr

1

Ala

Cys

Leu

Ser

65

Ser

Ile

Phe

Phe

Arg

145

Gly

Pro

Tyr

Val

Thr

Ile

Pro

50

Ser

Gly

Ala

Cys

Trp

130

Ser

Leu

Ser

Ile

Leu
210

Gln

Gly

35

Lys

Thr

Val

Asn

Val

115

Trp

Ala

Ala

Leu

Thr

195

Phe

Leu Val Met Asn Phe

20

Ser Ala Ser Ala Ser

40

Lys Gly Gln Ser Leu

Ile Leu Leu Leu Ile

70

Ile Phe Arg Ser Ser

85

Ile Ser Val Ala Asn

100

Gly Ser Ala Met Trp

120

Leu Phe Cys Tyr Ala

135

Gly Arg Ser Thr Ile
150

Val Leu Leu Cys Met

165

Ser Ser Cys Glu Arg

180

Thr Tyr Ala Pro Leu

200

Arg Arg Thr Val Thr

215

tatctcgaaa
ttgatcacat
gctttetatyg
tgggaatcga
caaagcaacg
gctattagcea
gccatctace
aagactcaca
ggtttttgge
tatgatgcag
gtacaaaggc
gattcatctyg

ttaaataaac

Tyr Cys Cys
10

Gln Pro Gln
25

Leu Leu Leu

Arg Lys Met

Ser Val Cys
75

Val Trp Leu
90

Gly Thr Asp
105

Ile Gln Leu

Val Asp Ser

Val Leu Tyr
155

Glu Gly Val
170

Gly Leu Glu
185

Leu Leu Val

Ala Val Ala

tgcagccaga tatcaatgaa

ggattataat

gctggacagg

tgtcctcate

tccacgatte

tgttgtctga

agggctggta

aaaccatgge

taatggctca

agaaatgatg

ctgatecgett

ttttctttca

agactattaa

Pro

Val

Thr

Pro

60

Asp

Gly

Ile

Leu

Tyr

140

His

Met

His

Leu

Ser
220

Asn

Phe

Ile

45

Lys

Ile

Phe

Trp

Tyr

125

Leu

Met

Leu

Ala

Val

205

Leu

Arg

Cys

30

Leu

Ala

Leu

Pro

Pro

110

Ser

Val

Met

Leu

Ile
190

Val

Leu

gggagttett
atggaaagtyg
aacagtgggce
aaagaagata
aggtaacact
gcttaaaggt
actgtgtgaa
atgtaatttc
gttaatgtet
ttagcaggeyg
atctctectyg

tatgttggtt

Asp Ala
15

Gly Val

Gln Leu

Ser Ser

Gly Gly

80

Ser Phe
95

Ser Ala

Ala Gly

Val Arg

Ala Trp
160

Tyr Tyr
175
Pro His

Asn Pro

Lys Gly

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1622
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-continued

Arg Gln Gly Ile Tyr Thr Glu Asn Glu Arg Arg Leu Gly Thr Glu Ile
225 230 235 240
Gln Met Arg Phe Phe Lys Ile Met Leu Val Phe Thr Val Cys Trp Ser

245 250 255
Ser Asn Ile Ile Asn Glu Ser Leu Leu Phe Tyr Leu Glu Met Gln Pro

260 265 270
Asp Ile Asn Glu Thr Pro Leu Lys Asn Ile Arg Ser Ala Ala Leu Ile
275 280 285
Thr Trp Ile Ile Met Gly Val Leu Asn Pro Met Gln Gly Phe Leu Phe
290 295 300

Thr Leu Ala Phe Tyr Gly Trp Thr Gly Trp Lys Val Asp Leu Lys Trp
305 310 315 320
Gln Lys Arg Glu Ile Pro Trp Glu Ser Met Ser Ser Ser Thr Val Gly

325 330 335
Asp Asn Asp Tyr Pro Ser Pro Val Asn Tyr Gln Ser Asn Val His Asp

340 345 350
Ser Lys Lys Ile Ser Thr Thr Asp Ser Gln Gln Thr Asp Glu Ala Ile
355 360 365
Ser Met Leu Ser Glu Gly Asn Thr Ser Ser Asp Asp Arg Leu Thr Arg
370 375 380

Ser Ser Ala Ile Tyr Gln Gly Trp
385 390
<210> SEQ ID NO 17
<211> LENGTH: 1712
<212> TYPE: DNA
<213> ORGANISM: Danio rerio
<400> SEQUENCE: 17
gctegtgate cagcagtcge acttcaggcece agcacaatga atgaatgagce ttcectgcgetce 60
tgcttetget ccatcttcecat cttcagcatt attttcatcet tcattttcett catcttette 120
atcttettea tcatcttcat catcatggece tetceegegee tegagacctt ctgetgeccg 180
aaccgcgacg gcgccacgga getggtggtg ggettcecage cgetgttett cggggtgatg 240
tgtgtgtgca gcgecgetet gagcteegge ctggegetge tgcagattet gceccaagegg 300
aggagcttca gaccgcaggce gcacagcage agagccgegt cctecagecyg catcctcace 360
atcatcageg tctgegacat actgggetge acagggatca tcatccgete ctegetgtgg 420
atcggtttge caaacctegt ctcggagatce tcagatggaa acagcagcetce ggtgtggecg 480
caggtettet gtgttggcag cgcgatgtgg atacagetgt tetttagege ctecttetgg 540
tggactttet gctacgeegt cgacgtette ctggtggtca agagatctge aggcatcage 600
accatcatce tctaccacat gatcacgtgg ggtttgacat tgctgcetgtyg tgtggaagga 660
gtegecatge tttactacce gtccatctcece agttgtgaga acggtcttca acatgccatt 720
cctcattacg tcaccacata cgctccaatg ctgetggtge tggeggtcaa tccagtacte 780
ttcaccagga ccgtatccge cgtgacgtet ctgctcaagg gtcagcaggyg catttacacg 840
gagaacgaga ggagactcgg ctctgagatc aaaatacgct tcttcaagat catgetggtg 900
ttettecattt getggetgcee caacatcatce aacgagagte tgcetgtttta tctggagatg 960
caggacgatg ttaaatccag cgatctgaag aacattcgca acgctgcgcet aatcacatgg 1020
ttcatcatgg gaatcctgaa ccccatgcag ggcttceccectga acacgcectgge gtttcacggce 1080
tggacgggtc tggatctgga cttcagtcgg cagagacgtc gcgagctgcce ctgggactcg 1140
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gectecacat

agccacgtge

gccatcagtyg

gagcagcegag

taaagattca

ggccegttte

aacctgcact

cttttgagty

cgectteact

aaaaaaaaaa

<210>
<211>
<212>
<213>

<400>

ctettgetygyg

aggagatcaa

tgctttetga

aatttgagga

gaagagtcat

tgttcaagat

ttgagcaata

ttttgtttta

aaagctctac

aaaaaaaaaa

SEQ ID NO 18
LENGTH: 412

TYPE :
ORGANISM: Danio

PRT

SEQUENCE: 18

aggattcact

gaaaaacctyg

agattcagag

gctgaagega

ttgctgatca

ttctctaaga

tctotggtta

atcctetgta

aataaagcag

aaaaaaaaaa

rerio

Met Ala Ser Pro Arg Leu Glu Thr

1

Ala

Cys

Leu

Ala

65

Gly

Asn

Gln

Ala

Val

145

Thr

Tyr

Pro

Asn

Lys
225

Glu

Trp

Thr

Val

Pro

50

Ser

Cys

Leu

Val

Ser

130

Lys

Trp

Tyr

His

Pro
210
Gly

Ile

Leu

Glu

Cys

35

Lys

Ser

Thr

Val

Phe

115

Phe

Arg

Gly

Pro

Tyr

195

Val

Gln

Lys

Pro

Leu Val Val Gly Phe

20

Ser Ala Ala Leu Ser

40

Arg Arg Ser Phe Arg

55

Ser Arg Ile Leu Thr

70

Gly Ile Ile Ile Arg

85

Ser Glu Ile Ser Asp

100

Cys Val Gly Ser Ala

120

Trp Trp Thr Phe Cys

135

Ser Ala Gly Ile Ser
150

Leu Thr Leu Leu Leu

165

Ser Ile Ser Ser Cys

180

Val Thr Thr Tyr Ala

200

Leu Phe Thr Arg Thr

215

Gln Gly Ile Tyr Thr
230

Ile Arg Phe Phe Lys

245

Asn Ile Ile Asn Glu

260

cctgtggteg
agcgccaacyg
tcgagtacgg
aacggagcat
gegattcect
acttcteccag
aactgegtte
attcagtgta
atccattgaa

aa

Phe Cys Cys
10

Gln Pro Leu
25

Ser Gly Leu

Pro Gln Ala

Ile Ile Ser

75

Ser Ser Leu
90

Gly Asn Ser
105

Met Trp Ile

Tyr Ala Val

Thr Ile Ile
155

Cys Val Glu
170

Glu Asn Gly
185

Pro Met Leu

Val Ser Ala

Glu Asn Glu

235

Ile Met Leu
250

Ser Leu Leu
265

gatcatcttt aatttaccag

gaggccagca

tagaaatcca

cgtgggagat

gaacaaatgc

actttaagtt

ctgacatcac

cactattacg

cttcaaaaaa

Pro

Phe

Ala

His

60

Val

Trp

Ser

Gln

Asp

140

Leu

Gly

Leu

Leu

Val
220
Arg

Val

Phe

Asn

Phe

Leu

45

Ser

Cys

Ile

Ser

Leu

125

Val

Tyr

Val

Gln

Val

205

Thr

Arg

Phe

Tyr

Arg

Gly

30

Leu

Ser

Asp

Gly

Val

110

Phe

Phe

His

Ala

His

190

Leu

Ser

Leu

Phe

Leu
270

geegteggac
catttccage
ttctacagge
ttctgtetga
ttaaagcttt
tctaggctac
tgcttegggt

aaaaaaaaaa

Asp Gly
15

Val Met

Gln Ile

Arg Ala

Ile Leu
80

Leu Pro
95

Trp Pro

Phe Ser

Leu Val

Met Ile
160

Met Leu
175

Ala Ile

Ala Val

Leu Leu

Gly Ser

240

Ile Cys
255

Glu Met

1200

1260

1320

1380

1440

1500

1560

1620

1680

1712
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-continued
Gln Asp Asp Val Lys Ser Ser Asp Leu Lys Asn Ile Arg Asn Ala Ala
275 280 285

Leu Ile Thr Trp Phe Ile Met Gly Ile Leu Asn Pro Met Gln Gly Phe

290 295 300
Leu Asn Thr Leu Ala Phe His Gly Trp Thr Gly Leu Asp Leu Asp Phe
305 310 315 320
Ser Arg Gln Arg Arg Arg Glu Leu Pro Trp Asp Ser Ala Ser Thr Ser

325 330 335
Leu Ala Gly Gly Phe Thr Pro Val Val Gly Ser Ser Leu Ile Tyr Gln
340 345 350
Ser His Val Gln Glu Ile Lys Lys Asn Leu Ser Ala Asn Gly Gly Gln
355 360 365

Gln Pro Ser Asp Ala Ile Ser Val Leu Ser Glu Asp Ser Glu Ser Ser

370 375 380
Thr Val Glu Ile His Ile Ser Ser Glu Gln Arg Glu Phe Glu Glu Leu
385 390 395 400
Lys Arg Asn Gly Ala Ser Trp Glu Ile Ser Thr Gly

405 410

<210> SEQ ID NO 19
<211> LENGTH: 1476
<212> TYPE: DNA
<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 19
atgacccagg caggccggceg gggtcectgge acacccgage cgegtetgtyg aacacagcce 60
atggcctccee cgcgectagg gaccttetge tgecccacge gggacgcegge cacgcagcete 120
gtgctgaget tecageccgeg ggecttecac gegetcetgee tgggcagegyg tgggeteege 180
ttggegetgg gecttetgca getgetgece ggetgecgge cegegggece cgggtectee 240
gegacgteee cgecggecte ggtcecacatce ctgegegetyg cegetgectg cgaccttete 300
ggctgectygyg gtatggtgat ccggtccace gtgtggttag gattcccaaa ttttgttgac 360
agcgtetegg atatgaacca cacggaaatt tggectgetg ctttetgegt ggggagtgeg 420
atgtggatce agctgttgta cagtgectge ttetggtgge tgttttgeta tgcagtggat 480
gettatetgyg tgatccggag atcggcagga ctgagaacag tcctgaaaca tcacatcatce 540
aactttggtc tctctgtett getcectgtcecge ccaggctgga aatgactttg gttttectet 600
ctcaggtgtyg agcggggect ggaccacgece atcccccact atgtcaccat gtacctgcece 660
ctgctgetgg ttcetegtgge gaaccccate ctgttcecaaa agacagtgac tgcagtggece 720
tctttactta aaggaagaca aggcatttac acggagaacyg agaggaggat gggagccgtg 780
atcaagatcc gatttttcaa aatcatgctg gttttaatta tttgttggtt gtcgaatatc 840
atcaatgaaa gccttttatt ctatcttgag atgcaaacag atatcaatgg aggttctttg 900
aaacctgtca gaactgcagc caagaccaca tggtttatta tggacacaga cagacacagt 960
cagtcttttg tecttttecte tecaggttct gatgccagca caattgaaat tcacactgca 1020
agtgaatcct gcaacaaaaa tgagggtgac cctgctctece caacccatgg agacctatga 1080
aggggatgtg ctgggggtcc agaccccata ttcctcagac tcaacaattce ttgttettta 1140
gaactgtgtt ctcaccttce caacactgca ctgccaaagt gtagcggcecc ccaaaccttg 1200
ctctcatcac cagttagagc ttcttceccga agagcecttta ggataggaga aacgattcat 1260
gcacacgcegt gtgagaatgg aagagccccc tccagaccac tctacagett ctcectagectt 1320
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agttgccact aggaagtttt ctgaggctgg ctgtaaagta agtgtaaggt ccacatcctt

ggggaagtag ttaaataaaa tagttatgac tgagctctca gectgacttg gattetgtet

taacacttct agcaaaagaa aatatatgta cagtta

<210> SEQ ID NO 20

<400> SEQUENCE: 20

000

<210> SEQ ID NO 21

<211> LENGTH: 1770
<212> TYPE: DNA

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 21

caccgagect ggctctactg

atgatgcege ccccagecceg

acccgagecyg cgteegtgag

cceccacacgyg gatgeggeca

getetgecety ggcageggeyg

cegecggece gegggeocag

gegegetgee actgectgeg

gtggttagga ttcccaaatt

gectgetgtt ttetgegtgyg

ctggtggetyg ttttgetatg

gagcaccate ctgctgtatce

gggagccegee atgctctact

catcccccac tatgtcacca

cctgttcecaa aagacagtga

cacggagaac gagagaagga

ggttttaatt atttgttggt

gatgcaaaca gatatcaatg

atggtttatt atgggaatcc

tggctggaca ggatgtagec

actgaccacce tcggetgetg

ggaaaaccct gcttccaaga

gagcatgetyg tctgaaggtt

ctgcaacaaa aatgaggctg

tgctgggggt ccagatccca

ttctcacctt cccatcactg

accagttaga gcttcttece

gtgtgggaat ggaagagccce

cactaggaag ttttctgagg

gtagttaaat aaaatagtta

caggcgctgg

cccagcacat

cacagcccat

cgcaactegt

cgcteegett

ggtececege

accttcetagyg

ttgttgacag

ggagtgcgat

cggtggatgc

acatcatgge

accctteegt

tgtacctgee

ctgcagtgge

tgggagctgt

tgtcgaatat

gaggttettt

tgaatccage

tgggttttca

atggggctca

aggtgtcteg

ctgatgecag

accctgetet

tattcctecag

cactgccaaa

gaagagcctt

cctecagace

ctggctgtaa

tgactaggct

gggttggggt

gacccaggca

ggccteceey

getgagette

ggegetggge

gacgtcccca

ctgectgggt

catctcagat

gtggatccag

ttatctggty

gtggggcctg

atccaggtgt

cctgetgetyg

ctctttactt

gatcaagatc

catcaatgaa

gaaacctgte

ccagggattt

gtcteecagyg

cccateceeyg

agtgggtggg

tacaattgaa

cccaacccat

actctgtaat

gtgtagcage

taggatagga

actctacage

agtaagtgta

cccagectga

dggggagagg

dgccggegygg

cgcttaggga

cagccgcggyg

cttetgecage

ceggectegy

gttgtgatce

gtgaaccgca

ctgttgtaca

atccggagat

gctaccctge

gagcggggte

gttctcatgg

aaaggaagac

cgatttttca

agccttttat

agaactgcag

ctettgtett

aaggagatcc

ctggactece

cagacttctyg

attcacactyg

ggagacctat

tcttgttcett

ccccaaacct

gaaatgattc

ttctctacce

aggtccaagt

cttggattet

cccagggege

gtcetggeac

ccttetgety

ccttecacge

tgctgecegy

tccgecatect

ggtccacegt

cggaaatttyg

gtgcctgett

cggcgggact

tctgtgtgga

tggaccatge

ccaaccccat

aaggcattta

agataatgct

tctatcttga

ccaagaccac

tggcctteta

agtgggaatc

gggtgccceca

atgaagcect

caagtgaatc

gaaggggatg

tagaactgtyg

tgctctcate

atgcatatgce

tcttagttte

ccttgggaaa

gtcttaacac

1380

1440

1476

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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78

ttctagcaaa agaaaatgta tgtacagtta

<210> SEQ ID NO 22

<211> LENGTH: 407

<212> TYPE: PRT

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 22

Met Ala Ser Pro Arg Leu Gly Thr
1 5

Ala Thr Gln Leu Val Leu Ser Phe
20

Cys Leu Gly Ser Gly Ala Leu Arg
35 40

Leu Pro Gly Arg Arg Pro Ala Gly
50 55

Pro Ala Ser Val Arg Ile Leu Arg
65 70

Gly Cys Leu Gly Val Val Ile Arg
85

Asn Phe Val Asp Ser Ile Ser Asp
100

Ala Val Phe Cys Val Gly Ser Ala
115 120

Ala Cys Phe Trp Trp Leu Phe Cys
130 135

Ile Arg Arg Ser Ala Gly Leu Ser
145 150

Ala Trp Gly Leu Ala Thr Leu Leu
165

Tyr Tyr Pro Ser Val Ser Arg Cys
180

Pro His Tyr Val Thr Met Tyr Leu
195 200

Asn Pro Ile Leu Phe Gln Lys Thr
210 215

Lys Gly Arg Gln Gly Ile Tyr Thr
225 230

Val Ile Lys Ile Arg Phe Phe Lys
245

Trp Leu Ser Asn Ile Ile Asn Glu
260

Gln Thr Asp Ile Asn Gly Gly Ser
275 280

Lys Thr Thr Trp Phe Ile Met Gly
290 295

Leu Leu Ser Leu Ala Phe Tyr Gly
305 310

Gln Ser Pro Arg Lys Glu Ile Gln
325

Ala Asp Gly Ala His Pro Ser Pro
340

Asn Pro Ala Ser Lys Lys Val Ser
355 360

Phe

Gln

25

Leu

Pro

Ala

Ser

Val

105

Met

Tyr

Thr

Cys

Glu

185

Pro

Val

Glu

Ile

Ser

265

Leu

Ile

Trp

Trp

Leu

345

Arg

Cys

10

Pro

Ala

Gly

Ala

Thr

90

Asn

Trp

Ala

Ile

Val

170

Arg

Leu

Thr

Asn

Met

250

Leu

Lys

Leu

Thr

Glu
330

Asp

Val

Cys

Arg

Leu

Ser

Thr

75

Val

Arg

Ile

Val

Leu

155

Glu

Gly

Leu

Ala

Glu

235

Leu

Leu

Pro

Asn

Gly

315

Ser

Ser

Gly

Pro

Ala

Gly

Pro

60

Ala

Trp

Thr

Gln

Asp

140

Leu

Gly

Leu

Leu

Val

220

Arg

Val

Phe

Val

Pro

300

Cys

Leu

Arg

Gly

Thr

Phe

Leu

45

Ala

Cys

Leu

Glu

Leu

125

Ala

Tyr

Ala

Asp

Val

205

Ala

Arg

Leu

Tyr

Arg

285

Ala

Ser

Thr

Val

Gln
365

Arg

His

Leu

Thr

Asp

Gly

Ile

110

Leu

Tyr

His

Ala

His

190

Leu

Ser

Met

Ile

Leu

270

Thr

Gln

Leu

Thr

Pro

350

Thr

Asp

15

Ala

Gln

Ser

Leu

Phe

95

Trp

Tyr

Leu

Ile

Met

175

Ala

Met

Leu

Gly

Ile

255

Glu

Ala

Gly

Gly

Ser
335

Gln

Ser

Ala

Leu

Leu

Pro

Leu

80

Pro

Pro

Ser

Val

Met

160

Leu

Ile

Ala

Leu

Ala

240

Cys

Met

Ala

Phe

Phe

320

Ala

Glu

Asp

1770
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80

Glu Ala Leu Ser Met Leu Ser Glu Gly Ser Asp

370

375

Ile His Thr Ala Ser Glu Ser Cys Asn Lys Asn
385 390

Leu Pro Thr His Gly Asp Leu

405

<210> SEQ ID NO 23
<211> LENGTH: 517
<212> TYPE: DNA

<213> ORGANISM: Rhesus macaque

<400> SEQUENCE: 23

gaagctgatg acaaacctgt

tctecaggtt ctgatgecag

aatgaggctyg accctgetet

ccagatccca tattecteag

cccatcactyg cactgccaaa

gettettece gaagagectt

ggaagagcce cctccagace

ttttctgagyg ctggctgtaa

aaaatagtta tgactaggct

<210> SEQ ID NO 24
<400> SEQUENCE: 24
000

<210> SEQ ID NO 25

<211> LENGTH: 1542
<212> TYPE: DNA

taggatgcag
tacaattgaa
cccaacccat
actctgtaat
gtgtagcage
taggataggt
actctacage
agtaagtgta

cccagectga

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

ggtcgettta agaaaggagt

agcaaaaaaa gctctgtget

Ctgggtgtgg agctgcagcg

ctgcattgga gcectecteg

gggctececa gacccecgaca

agtcccegty aacaagctgg

gegatccage acgagcccca

ccteteggee ctetegetgyg

ctactatgac ttgatcagca

ggtcactgee ccccagaaga

gegcataaaa tccagetttyg

cctgacggge aacccteget

gaaagggaag ctcgccaggt

cggtgtggeyg cacttcaagg

cgaggattte tacttggatg

agctgtaatc

ggctggagcc

tatccacagg

ggcacagcag

gcacaggggc

cagecggetgt

cgaccaacgt

gagcggagcea

gcccagacat

acctcaagag

tggcacctct

tggacctgca

ccacaaagga

ggcagtgggt

aagagaggac

395

acactgtcac

attcacactg

ggagacctat

tcttgttcett

ccccaaacct

gaaatgattc

ttctctacce

aggtccaagt

cttggat

tgaagcctge

ccctecagtgt

ccccaggatyg

ctgccagaac

getggtggag

ctccaactte

getectgtet

gcgaacagaa

ccatggtacc

tgcctecegy

ggaaaagtca

agagatcaac

aattcccgat

aacaaagttt

cgtgagggtc

Ala Ser Thr Ile Glu
380

Glu Ala Asp Pro Ala
400

agtcaaattt tgtcttttec
caagtgaatc ctgcaacaaa
gaaggggatg tgctgggggt
tataactgtyg ttctcacctt
tgctctcate accagttaga
atgcatatgce gtgtgggaat
tcttagttte cactaggaag

ccttgggaaa gtagttaaat

tggacgctgyg attagaagge
gcaggettag agggactagg
caggcectgg tgctactect
cctgecagee ccccggagga
gaggaggatc ctttcttcaa
ggctatgace tgtaccgggt
cctetecagty tggecacgge
tccatcatte accgggetet
tataaggagc tccttgacac
atcgtcettty agaagaagcet
tatgggacca ggcccagagt
aactgggtgce aggcgcagat
gagatcagca ttctecttet
gactccagaa agacttccct

cccatgatgt cggaccctaa

60

120

180

240

300

360

420

480

517

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



81

US 9,173,862 B2

-continued

ggctgtttta

gaccggaage

gatagaggag

gcaggcggtc

cctgecaggag

caaacccatce

ggcgggaacc

tcaccttaac

cattggcaag

tagaagaaaa

tcaatgcata

cgctatgget

atgagtatca

agcctcacct

ctcactgtee

atgaagctge

aagctgactce

acccccagcce

cagectttea

attctggacc

ccegagggac

caataaaaga

<210> SEQ ID NO 26
<211> LENGTH: 418
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 26

tggattcaga

tcttettect

ccgagtteat

ccaagctgaa

aatccttgtt

aggtggaaca

cagggctgea

tcttegtact

ccaggggecc

agcagattcc

getttatece

Homo sapiens

Met Gln Ala Leu Val Leu Leu Leu

1

Ser

Pro

Val

Leu

65

Ser

Glu

Ile

Val

Glu

145

Ser

Leu

Ala

Gly

Lys

225

Val

Ser

Asp

Pro

50

Tyr

Pro

Gln

Ser

Thr

130

Lys

Tyr

Gln

Arg

Val
210

Thr

Pro

Cys

Ser

35

Val

Arg

Leu

Arg

Ser

115

Ala

Lys

Gly

Glu

Ser
195
Ala

Ser

Met

Gln Asn Pro Ala Ser

20

Thr Gly Ala Leu Val

40

Asn Lys Leu Ala Ala

55

Val Arg Ser Ser Thr

70

Ser Val Ala Thr Ala

85

Thr Glu Ser Ile Ile

100

Pro Asp Ile His Gly

120

Pro Gln Lys Asn Leu

135

Leu Arg Ile Lys Ser
150

Thr Arg Pro Arg Val

165

Ile Asn Asn Trp Val

180

Thr Lys Glu Ile Pro

200

His Phe Lys Gly Gln

215

Leu Glu Asp Phe Tyr
230

Met Ser Asp Pro Lys

245

tctecagetge
gecectgaaa
tcatgacata
getgagttat
tgattcacca
cegggetgge
gectgeccac
gagggacaca
ctaatatcce
acaggacacg

taacttctgt

Cys Ile Gly
10

Pro Pro Glu
25

Glu Glu Glu

Ala Val Ser

Ser Pro Thr

75

Leu Ser Ala
90

His Arg Ala
105

Thr Tyr Lys

Lys Ser Ala

Ser Phe Val
155

Leu Thr Gly
170

Gln Ala Gln
185

Asp Glu Ile

Trp Val Thr

Leu Asp Glu
235

Ala Val Leu
250

aagattgcce

gtgacccaga

gaccgagaac

gaaggcgaag

gactttagca

tttgagtgga

ctcaccttcece

gacacagggyg

agtttaatat

aaggctgece

ta

Ala

Glu

Asp

Asn

60

Thr

Leu

Leu

Glu

Ser

140

Ala

Asn

Met

Ser

Lys
220

Glu

Arg

Leu

Gly

Pro

45

Phe

Asn

Ser

Tyr

Leu

125

Arg

Pro

Pro

Lys

Ile
205
Phe

Arg

Tyr

Leu

Ser

30

Phe

Gly

Val

Leu

Tyr

110

Leu

Ile

Leu

Arg

Gly

190

Leu

Asp

Thr

Gly

agctgeecett
atttgacctt
tgaagaccgt
tcaccaagtce
agatcacagg
acgaggatgg
cgctggacta
ccettetett
tccaatacce

ctgtaaggtt

Gly His
15

Pro Asp

Phe Lys

Tyr Asp

Leu Leu

80

Gly Ala

Asp Leu

Asp Thr

Val Phe

Glu Lys

160

Leu Asp
175

Lys Leu

Leu Leu

Ser Arg

Val Arg

240

Leu Asp
255

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1542
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-continued
Ser Asp Leu Ser Cys Lys Ile Ala Gln Leu Pro Leu Thr Gly Ser Met
260 265 270
Ser Ile Ile Phe Phe Leu Pro Leu Lys Val Thr Gln Asn Leu Thr Leu
275 280 285
Ile Glu Glu Ser Leu Thr Ser Glu Phe Ile His Asp Ile Asp Arg Glu
290 295 300

Leu Lys Thr Val Gln Ala Val Leu Thr Val Pro Lys Leu Lys Leu Ser
305 310 315 320
Tyr Glu Gly Glu Val Thr Lys Ser Leu Gln Glu Met Lys Leu Gln Ser

325 330 335
Leu Phe Asp Ser Pro Asp Phe Ser Lys Ile Thr Gly Lys Pro Ile Lys

340 345 350
Leu Thr Gln Val Glu His Arg Ala Gly Phe Glu Trp Asn Glu Asp Gly
355 360 365
Ala Gly Thr Thr Pro Ser Pro Gly Leu Gln Pro Ala His Leu Thr Phe
370 375 380

Pro Leu Asp Tyr His Leu Asn Gln Pro Phe Ile Phe Val Leu Arg Asp
385 390 395 400
Thr Asp Thr Gly Ala Leu Leu Phe Ile Gly Lys Ile Leu Asp Pro Arg

405 410 415
Gly Pro
<210> SEQ ID NO 27
<211> LENGTH: 2105
<212> TYPE: DNA
<213> ORGANISM: Rattus norvegicus
<400> SEQUENCE: 27
gtggtgtttyg accccttegyg cggtgtgtga aaagaaaagg aaggagcecgg agcttcctag 60
gagcggtege cgaaatgtte cggtgtggag gectggeggg tgctttcaag cagaaactgg 120
tgccettggt geggteggtyg tgcgtccaga ggccgaaaca gaggaaccgyg cttecaggca 180
acttgttcca gcaatggegt gttcctctag aactccagat ggcaagacaa atggctaget 240
ctggtecate agggggcaaa atggataatt ctgtgttagt ccttattgtg ggcttatcaa 300
caataggagc tggtgcatat gcctacaaga ctattaaaga agaccaaaaa agatataatg 360
aaagaataat gggattagga ctgtcaccag aagagaaaca gagaagagcc attgectctg 420
ctgcagaagg aggctcagtt cctccaatca gggtaccaag tcacgtccect ttectgetga 480
ttggtggagg tactgctgcce tttgcagcag ctagatccat cegggctegyg gatcctgggg 540
ccagggtect catcgtatct gaagaccctg aactaccata catgcgacct cctctttcaa 600
aagaattgtg gttttcagat gacccaaatg tcacaaagac actgcagttc agacagtgga 660
atggaaaaga gagaagcatc tatttccage caccttettt ctatgtctet gctcaggace 720
tgcctecatat tgagaatggt ggtgtggetyg tectcacegyg gaagaaggta gtccacctgg 780
atgtaagagg caacatggtg aaacttaatg atggctctca gattaccttt gaaaagtgct 840
tgattgcaac gggaggcact ccaagaagtc tgtctgctat cgataggget ggagcagagg 900
tgaagagtag aacaacactt ttcagaaaga ttggagattt tagagccttyg gagaagatct 960
ccegggaagt caagtcaatt acagttattg gtggaggcett ccttgggage gaactggect 1020
gtgctcttgyg cagaaagtct caagcctcag gcatagaagt gattcagectce ttcecctgaga 1080
aaggaaatat ggggaagatc cttcctgaat acctcagcaa ctggaccatg gaaaaagtca 1140
aacgagaggg agtgaaagtg atgcccaatg caattgtaca atcagttgga gtcagcggtg 1200
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gcaagttact cattaagcta aaggacggaa ggaaggtaga aactgaccac atagtaacag 1260
ctgtgggcct agaacccaat gtcgagttgg ccaagactgg tgggctggaa atagattccg 1320
attttggtgg cttcecgggta aatgcagagce ttcaagcacg ttctaacatc tgggtggcag 1380
gagatgctgce atgcttctat gatataaagt tgggtcgaag gagagtagaa catcatgatc 1440
acgctgttgt gagtggaaga ctggctggag aaaatatgac tggagctgct aagccatact 1500
ggcatcagtc aatgttctgg agtgatttgg gtcctgatgt tggctatgaa gctattggtce 1560
tggtggatag tagtttgccc acagttggtg tttttgcaaa agcaactgca caagacaacc 1620
caaaatctgc cacagagcag tcaggaactg gtatccgttc ggagagtgag acagagtctg 1680
aagcttcectga aatcacaatc cctcccagtg accctgcagt cccacaggte cctgttgaag 1740
gggaggacta cggcaaaggt gtcatcttct acctcaggga caaagttgtg gtggggattg 1800
tgctatggaa cgtctttaac cgaatgccga ttgcaaggaa gatcattaaa gacggtgagc 1860
aacatgaaga cctcaatgaa gtagccaaac tcttcaacat tcatgaagat tgaatcccta 1920
tcatggaata cacaagcact tttccatcce tgacagggaa tgggtggata aaagaacatt 1980
ttttattcag catacttttt ctttatgtag gagcaggaat cgaacaagcc tctgtgaata 2040
ttttcatctg tataaatgca catcacaaat taaaatctga ttcttttcaa aaaaaaagcg 2100
gccge 2105
<210> SEQ ID NO 28
<211> LENGTH: 612
<212> TYPE: PRT
<213> ORGANISM: Rattus norvegicus
<400> SEQUENCE: 28
Met Phe Arg Cys Gly Gly Leu Ala Gly Ala Phe Lys Gln Lys Leu Val
1 5 10 15
Pro Leu Val Arg Ser Val Cys Val Gln Arg Pro Lys Gln Arg Asn Arg
20 25 30
Leu Pro Gly Asn Leu Phe Gln Gln Trp Arg Val Pro Leu Glu Leu Gln
35 40 45
Met Ala Arg Gln Met Ala Ser Ser Gly Pro Ser Gly Gly Lys Met Asp
50 55 60
Asn Ser Val Leu Val Leu Ile Val Gly Leu Ser Thr Ile Gly Ala Gly
65 70 75 80
Ala Tyr Ala Tyr Lys Thr Ile Lys Glu Asp Gln Lys Arg Tyr Asn Glu
85 90 95
Arg Ile Met Gly Leu Gly Leu Ser Pro Glu Glu Lys Gln Arg Arg Ala
100 105 110
Ile Ala Ser Ala Ala Glu Gly Gly Ser Val Pro Pro Ile Arg Val Pro
115 120 125
Ser His Val Pro Phe Leu Leu Ile Gly Gly Gly Thr Ala Ala Phe Ala
130 135 140
Ala Ala Arg Ser Ile Arg Ala Arg Asp Pro Gly Ala Arg Val Leu Ile
145 150 155 160
Val Ser Glu Asp Pro Glu Leu Pro Tyr Met Arg Pro Pro Leu Ser Lys
165 170 175
Glu Leu Trp Phe Ser Asp Asp Pro Asn Val Thr Lys Thr Leu Gln Phe
180 185 190
Arg Gln Trp Asn Gly Lys Glu Arg Ser Ile Tyr Phe Gln Pro Pro Ser
195 200 205
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88

Phe

Ala

225

Met

Ile

Gly

Phe

Ile

305

Lys

Gly

Glu

Gln

Gly

385

Pro

Phe

Trp

Arg

Gly

465

Phe

Val

Gln

Ser

Ser

545

Lys

Leu

Asp

Ile

Tyr

210

Val

Val

Ala

Ala

Arg

290

Gly

Ser

Asn

Lys

Ser

370

Arg

Asn

Gly

Val

Arg

450

Glu

Trp

Asp

Asp

Glu

530

Asp

Gly

Trp

Gly

His
610

Val

Leu

Lys

Thr

Glu

275

Ala

Gly

Gln

Met

Val

355

Val

Lys

Val

Gly

Ala

435

Val

Asn

Ser

Ser

Asn

515

Ser

Pro

Val

Asn

Glu

595

Glu

Ser

Thr

Leu

Gly

260

Val

Leu

Gly

Ala

Gly

340

Lys

Gly

Val

Glu

Phe

420

Gly

Glu

Met

Asp

Ser

500

Pro

Glu

Ala

Ile

Val

580

Gln

Asp

Ala

Gly

Asn

245

Gly

Lys

Glu

Phe

Ser

325

Lys

Arg

Val

Glu

Leu

405

Arg

Asp

His

Thr

Leu

485

Leu

Lys

Thr

Val

Phe
565

Phe

His

Gln

Lys

230

Asp

Thr

Ser

Lys

Leu

310

Gly

Ile

Glu

Ser

Thr

390

Ala

Val

Ala

His

Gly

470

Gly

Pro

Ser

Glu

Pro
550
Tyr

Asn

Glu

Asp

215

Lys

Gly

Pro

Arg

Ile

295

Gly

Ile

Leu

Gly

Gly

375

Asp

Lys

Asn

Ala

Asp

455

Ala

Pro

Thr

Ala

Ser

535

Gln

Leu

Arg

Asp

Leu

Val

Ser

Arg

Thr

280

Ser

Ser

Glu

Pro

Val

360

Gly

His

Thr

Ala

Cys

440

His

Ala

Asp

Val

Thr

520

Glu

Val

Arg

Met

Leu
600

Pro

Val

Gln

Ser

265

Thr

Arg

Glu

Val

Glu

345

Lys

Lys

Ile

Gly

Glu

425

Phe

Ala

Lys

Val

Gly

505

Glu

Ala

Pro

Asp

Pro

585

Asn

His

His

Ile

250

Leu

Leu

Glu

Leu

Ile

330

Tyr

Val

Leu

Val

Gly

410

Leu

Tyr

Val

Pro

Gly

490

Val

Gln

Ser

Val
Lys
570

Ile

Glu

Ile

Leu

235

Thr

Ser

Phe

Val

Ala

315

Gln

Leu

Met

Leu

Thr

395

Leu

Gln

Asp

Val

Tyr

475

Tyr

Phe

Ser

Glu

Glu

555

Val

Ala

Val

Glu

220

Asp

Phe

Ala

Arg

Lys

300

Cys

Leu

Ser

Pro

Ile

380

Ala

Glu

Ala

Ile

Ser

460

Trp

Glu

Ala

Gly

Ile

540

Gly

Val

Arg

Ala

Asn

Val

Glu

Ile

Lys

285

Ser

Ala

Phe

Asn

Asn

365

Lys

Val

Ile

Arg

Lys

445

Gly

His

Ala

Lys

Thr

525

Thr

Glu

Val

Lys

Lys
605

Gly

Arg

Lys

Asp

270

Ile

Ile

Leu

Pro

Trp

350

Ala

Leu

Gly

Asp

Ser

430

Leu

Arg

Gln

Ile

Ala

510

Gly

Ile

Asp

Gly

Ile
590

Leu

Gly

Gly

Cys

255

Arg

Gly

Thr

Gly

Glu

335

Thr

Ile

Lys

Leu

Ser

415

Asn

Gly

Leu

Ser

Gly

495

Thr

Ile

Pro

Tyr

Ile
575

Ile

Phe

Val

Asn

240

Leu

Ala

Asp

Val

Arg

320

Lys

Met

Val

Asp

Glu

400

Asp

Ile

Arg

Ala

Met

480

Leu

Ala

Arg

Pro

Gly

560

Val

Lys

Asn
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-continued
<210> SEQ ID NO 29
<211> LENGTH: 1486
<212> TYPE: DNA
<213> ORGANISM: Taeniopygia guttata
<400> SEQUENCE: 29
gtggctgcac caaacccgca ctgtcctega ctegcaccge tgggagecct gacagcageg 60
gecgagagga gccccaggte caggcatgca ggttccagtg gttcetecttt teectgggtet 120
cttaactgte ccaagcagaa cccagaacte agetaccgag cagaactcetg ccacagcetga 180
tggagccaat gctgggtgag gaagaggaag atccattcta caagagccce gtgaacaagce 240
tggcagctge agtctecaac tttggctacg acctgtaceg ccagcagtcee atccggacag 300
ccacggccaa cgtgetgetg teteecttea gectggecac tgcactttet ggtctctcac 360
ttggggctgyg agaacgaact gaggatgtga tttctegege cetettctac gatctgetga 420
acaaggccga ggtccacgac acctacaaag agetectgag cagtgtgact gggccagaga 480
agagcatgaa aagtgcctece cggatcatct tggagaaaag actcagggca aggcctggat 540
ttcacagcca gctcgagaag tcectacaaga tgecgaccaag agcactgagt ggcaacaccce 600
agctggacct ccaagaaatc aacacctggg tccgacagea gacaaagggda aggatcatga 660
ggttcatgaa ggacatgccc acagatgtca gcattctect tgetgggget getttettea 720
aggggacatyg gaaaaccaag tttgacacca agaggactgce cctgcaggac ttccacctgg 780
atgaggacag gactgtgaag gtgtccatga tgtcagacce caaagccatce ctgagatatg 840
gttttgactc agaactcaac tgcaagattyg cccagctgece cctgacagag ggaatcagtg 900
ccatgttett cctgeccacg aaggtgacce agaacatgac tctgattgag gaaagcctca 960

cttctgagtt tgtccacgat gtggacaagg agctgaagac agtccacgcet gtgctgaget 1020
tgcccaaact gaagctgaac cacgaagagg cacttggcag cacactaaag gagacaaggce 1080
tccaatcact tttcacatca cctgatttct ccaagatttc tgccaaacct ctgagattat 1140
ctcatgtgca acacaaggca atgctggagce ttggtgagga tggggaaaga tccacaccaa 1200
acgctggggce caatgctgcet cgtctgacct tccccataga ataccacgtg gacagacctt 1260
tcettettgt actgagggat gataccactg ggaccctect cttcattgge aagatcctgg 1320
atcccagggg tgtttagatc ccttcacaat aatctgtaat ggtagggccce aaatggaaag 1380
ggtgatattg ggagggatac tggctccctg ctctgctgca caaagacaca acttgcaaat 1440
cttacgcctt catgctgcaa taaaagagct tttgctatta atctca 1486
<210> SEQ ID NO 30

<211> LENGTH: 385

<212> TYPE: PRT

<213> ORGANISM: Taeniopygia guttata

<400> SEQUENCE: 30

Met Glu Pro Met Leu Gly Glu Glu Glu Glu Asp Pro Phe Tyr Lys Ser
1 5 10 15

Pro Val Asn Lys Leu Ala Ala Ala Val Ser Asn Phe Gly Tyr Asp Leu
20 25 30

Tyr Arg Gln Gln Ser Ile Arg Thr Ala Thr Ala Asn Val Leu Leu Ser
35 40 45

Pro Phe Ser Leu Ala Thr Ala Leu Ser Gly Leu Ser Leu Gly Ala Gly
50 55 60

Glu Arg Thr Glu Asp Val Ile Ser Arg Ala Leu Phe Tyr Asp Leu Leu
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92

65

Asn

Thr

Lys

Tyr

Gln

145

Arg

Ala

Thr

Ser

Glu

225

Ala

Glu

Lys

Glu

Phe

305

Ser

Arg

Ile

Thr

Val
385

<210>
<211>
<212>
<213>

<400>

Lys

Gly

Arg

Lys

130

Glu

Phe

Ala

Ala

Met

210

Leu

Met

Glu

Thr

Glu

290

Thr

His

Ser

Glu

Thr
370

Ala

Pro

Leu

115

Met

Ile

Met

Phe

Leu

195

Met

Asn

Phe

Ser

Val

275

Ala

Ser

Val

Thr

Tyr

355

Gly

70

Glu Val His Asp Thr

85

Glu Lys Ser Met Lys

100

Arg Ala Arg Pro Gly

120

Arg Pro Arg Ala Leu

135

Asn Thr Trp Val Arg
150

Lys Asp Met Pro Thr

165

Phe Lys Gly Thr Trp

180

Gln Asp Phe His Leu

200

Ser Asp Pro Lys Ala

215

Cys Lys Ile Ala Gln
230

Phe Leu Pro Thr Lys

245

Leu Thr Ser Glu Phe

260

His Ala Val Leu Ser

280

Leu Gly Ser Thr Leu

295

Pro Asp Phe Ser Lys
310

Gln His Lys Ala Met

325

Pro Asn Ala Gly Ala

340

His Val Asp Arg Pro

360

Thr Leu Leu Phe Ile

SEQ ID NO 31
LENGTH: 1464
TYPE: DNA
ORGANISM: Equus

SEQUENCE: 31

ttaaaagttt tgtgettget

tgcagcacac

cteettggge

cctgacatca

aagctggcag

ccacaggecec

atggcagetyg

caggggcacc

cggeegtete

375

caballus

ggagcccect

cgggatgcag

ccagaacaac

agtggaggag

caactttgge

75

Tyr Lys Glu
90

Ser Ala Ser
105

Phe His Ser

Ser Gly Asn

Gln Gln Thr
155

Asp Val Ser
170

Lys Thr Lys
185

Asp Glu Asp

Ile Leu Arg

Leu Pro Leu
235

Val Thr Gln
250

Val His Asp
265

Leu Pro Lys

Lys Glu Thr

Ile Ser Ala
315

Leu Glu Leu
330

Asn Ala Ala
345

Phe Leu Leu

Gly Lys Ile

cagtgtgcag
gccctaatge
gecggeggece
gaggatccett

tatgacctgt

Leu

Arg

Gln

Thr

140

Lys

Ile

Phe

Arg

Tyr

220

Thr

Asn

Val

Leu

Arg

300

Lys

Gly

Arg

Val

Leu
380

Leu

Ile

Leu

125

Gln

Gly

Leu

Asp

Thr

205

Gly

Glu

Met

Asp

Lys

285

Leu

Pro

Glu

Leu

Leu

365

Asp

Ser

Ile

110

Glu

Leu

Arg

Leu

Thr

190

Val

Phe

Gly

Thr

Lys

270

Leu

Gln

Leu

Asp

Thr

350

Arg

Pro

acctaggcetyg

tactcctety

cagaggaggyg

tcctcaaggt

accgcgcgaa

80

Ser Val
95

Leu Glu

Lys Ser

Asp Leu

Ile Met
160

Ala Gly
175

Lys Arg

Lys Val

Asp Ser

Ile Ser
240

Leu Ile
255

Glu Leu

Asn His

Ser Leu

Arg Leu
320

Gly Glu
335

Phe Pro

Asp Asp

Arg Gly

ggegeggage
gactggagcce
ctcecccagac
ccctgtgaac

atccagcatg

60

120

180

240

300
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agccccacceg

tegetggggg

atcaagaacc

aataagaact

agetttgtta

tctegeacygy

gctaggteca

ttcaaggggce

ttggatgagg

tacggettygyg

agcatcgtet

ctcaccteeg

accatcccca

aagctgcaat

cttactcaag

agccaaggge

ttecatcttty

gaccccaggyg

tagagggatg

tttcaataaa

ccaatgtget

cggaacagceg

cagacatcca

tcaagagcge

caccactgga

atcttcagga

caagggaagt

agtgggtaac

agaggaccgt

attctgatcet

tcttectgee

agttccttca

agctgaagcet

ccttgtttga

tggaacatcg

cccagectge

tactgaggga

gcacttaatg

gcagattata

agtgctttat

<210> SEQ ID NO 32
<211> LENGTH: 417
<212> TYPE:
<213> ORGANISM: Equus

PRT

<400> SEQUENCE: 32

cctgtecceca

gacagagtce

cggcacctac

ttceccgaate

gaagtcatat

gattaacaac

gcccagtgaa

aaagtttgac

gacagtccce

caactgtaag

tcagaaagtyg

tgacatagac

gagttatgag

ttcaccagac

tgctggettt

ccacctcacce

cacggacaca

ctctagetta

tattacgtga

cctt

caballus

Met Gln Ala Leu Met Leu Leu Leu

1

Gly

Pro

Val

Leu

65

Ser

Glu

Ile

Val

Glu
145

Ser

Asp

Pro

50

Tyr

Pro

Gln

Lys

Thr
130

Lys

Cys

Ile

35

Val

Arg

Leu

Arg

Asn
115

Ala

Lys

Gln Asn Asn Ala Gly

20

Thr Gly Ala Pro Val

40

Asn Lys Leu Ala Ala

55

Ala Lys Ser Ser Met

70

Ser Val Ala Thr Ala

85

Thr Glu Ser Ser Ile

100

Pro Asp Ile His Gly

120

Pro Asn Lys Asn Phe

135

Leu Arg Ile Lys Ser
150

ctcagegtygyg
agcattcacc
aaggaactcc
atcttcgaga
gggaccagge
tgggtgcagg
atcagcattce
tccagaaaga
acgatgtcag
atcgcccage
acccagaacc
cgagagctga
ggtgaagtca
tttagcaaga
gagtggaatg
ttceceettygy
ggggcectte
atgttcaaat

aggctgeect

Trp Thr Gly
10

Gly Pro Glu
25

Glu Glu Glu

Ala Val Ser

Ser Pro Thr
75

Leu Ser Ala
90

His Leu Ala
105

Thr Tyr Lys

Lys Ser Ala

Ser Phe Val
155

ccacagcact ctectgeectt

tggctcetceta

ttgcgteegt

agaagctgeg

ccaagatect

cccagatgaa

tccttetegy

cttcecteca

atccgaagge

tacccctgac

tgaccatgat

agactgtgca

ctaagtcect

tcacaggcaa

aggatgggge

actaccacct

tcttcatagy

accctagatg

ataatgtttc

Ala

Glu

Asp

Asn

60

Ala

Leu

Leu

Glu

Ser

140

Thr

Leu

Gly

Pro

45

Phe

Asn

Ser

Tyr

Leu

125

Arg

Pro

Leu

Ser

30

Phe

Gly

Val

Leu

Tyr
110
Leu

Ile

Leu

ctatgacctyg
cactgececee
catcaaatcc
gactggcaac
agggaaaatt
tgtggcttac
ggatttccac
cattctacge
cggaagcatg
agaagagagc
ggcagtcetyg
gcaggagata
acctctcaag
aaccaacccc
taaccaacct
caaaattctyg
aagaaaaccc

aatgtatcct

Gly His
15

Pro Asp

Leu Lys

Tyr Asp

Leu Leu

80

Gly Ala

95

Asp Leu

Ala Ser

Ile Phe

Glu Lys
160

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1464
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96

Ser

Leu

Ala

Gly

Lys

225

Val

Ser

Ser

Ile

Leu

305

Tyr

Leu

Leu

Ala

Leu

385

Asp

Thr

Tyr

Gln

Arg

Val

210

Thr

Pro

Asp

Ile

Glu

290

Lys

Glu

Phe

Thr

Thr

370

Asp

Thr

Gly

Glu

Ser

195

Ala

Ser

Thr

Leu

Val

275

Glu

Thr

Gly

Asp

Gln

355

Asn

Tyr

Gly

Thr Arg Pro Lys Ile

165

Ile Asn Asn Trp Val

180

Thr Arg Glu Val Pro

200

Tyr Phe Lys Gly Gln

215

Leu Gln Asp Phe His
230

Met Ser Asp Pro Lys

245

Asn Cys Lys Ile Ala

260

Phe Phe Leu Pro Gln

280

Ser Leu Thr Ser Glu

295

Val Gln Ala Val Leu
310

Glu Val Thr Lys Ser

325

Ser Pro Asp Phe Ser

340

Val Glu His Arg Ala

360

Pro Ser Gln Gly Pro

375

His Leu Asn Gln Pro
390

Ala Leu Leu Phe Ile

405

<210> SEQ ID NO 33
<211> LENGTH: 1503
<212> TYPE: DNA

<213> ORGANISM: Xenopus (Siluran

<400> SEQUENCE: 33

geecggggga ggtaccetgt

ccaagaactg

caccagegec

ctacaagagt

tcgtatgeaa

tacatctectg

ttctctatac

tgcaagtttt

aaggctcagg

aaaggttttg

gcagacacaa

acaatgaaga

cagaatgetg

ccaatcaaca

gcaaacaaaa

tcaagtettt

tatgacctte

acttctcaag

ctacggatgg

acaggaagca

gggaaagtgg

cccaggagac

tctacctgge

cagatgaggt

ggcttgecte

atcccaacag

cecttgggggg

tcaatgatcc

cgagtggatt

attttgtgac

ctcgectgga

tgaagttett

Leu Thr Gly
170

Gln Ala Gln
185

Ser Glu Ile

Trp Val Thr

Leu Asp Glu

235

Ala Ile Leu
250

Gln Leu Pro
265

Lys Val Thr

Phe Leu His

Thr Ile Pro

315

Leu Gln Glu
330

Lys Ile Thr
345

Gly Phe Glu

Gln Pro Ala

Phe Ile Phe
395

Gly Lys Ile
410

Asn

Met

Ser

Lys

220

Glu

Arg

Leu

Gln

Asp

300

Lys

Ile

Gly

Trp

His

380

Val

Leu

a) tropicalis

agaacccgtyg

tttgettttt

ccctacagag

ttetgeatet

caatatcatt

tggacaaaga

tgaagtccat

gaaaagcaca

tcaggtagag

cctgcaggaa

caaagagatt

Ser

Lys

Ile

205

Phe

Arg

Tyr

Thr

Asn

285

Ile

Leu

Lys

Lys

Asn

365

Leu

Leu

Asp

Arg

Gly

190

Leu

Asp

Thr

Gly

Gly

270

Leu

Asp

Lys

Leu

Pro

350

Glu

Thr

Arg

Pro

ggtaccagca

acaggaagtt

gtagaagaag

aactttggat

atttcaccac

actgaatcat

gctacatata

tggcgaatca

aagttctatg

gccaacgact

ccaactagtyg

Thr Asp
175

Lys Ile

Leu Leu

Ser Arg

Val Thr
240

Leu Asp
255

Ser Met

Thr Met

Arg Glu

Leu Ser
320

Gln Ser
335

Leu Lys

Asp Gly

Phe Pro

Asp Thr
400

Arg Gly
415

attacccttyg
tcectttecta
aagatccctt
atgacctata
tgagcattge
taatccageg
aagacttget
tgctggagag
gaaacaagcc
ttatacagaa

tgagcattct

60

120

180

240

300

360

420

480

540

600

660



97

US 9,173,862 B2

-continued

98

getgetegga

tgtccagegt

taaaaacatc

tcctetecact

gactatgatt

gectatcaac

ggaagcactyg

ctcctcaaag

ggaaggagca

gtatcactta

cttecattggyg

atctcccttt

aagtceccttt

ttgcctgtgt

aaa

actacttact

gaattccace

ccegtgagat

ggtggggtta

gaagagggcc

ttggtcctaa

caggaatcaa

ccattaaage

gagacagcge

gatcatcett

aaagttatgg

aatgttctga

ggcagagagc

tcaatcccac

<210> SEQ ID NO 34
<211> LENGTH: 409
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 34

taaaaggcca

tcgatgaaca

acggcttaga

gcatcatgtt

tgacatctga

gegtceectaa

agctccaatce

tctectatgt

caaaaccaga

tettgtttgt

accctaaggg

atgacggaga

aactgtagct

tgtgttatta

Xenopus (Siluran

Met Lys Ile Tyr Leu Ala Leu Leu

1

Thr

Glu

Ser

Asn

65

Ser

Ser

Lys

Thr

Val

145

Gly

Gln

Val

Tyr

Ser

Asp

Asn

50

Ser

Leu

Leu

Asp

Trp

130

Thr

Ser

Thr

Ser

Lys

Ala

Pro

35

Phe

Asn

Ser

Tyr

Leu

115

Arg

Gln

Thr

Gln

Ile
195

Phe

Gln Asn Ala Ala Asp

20

Phe Tyr Lys Ser Pro

40

Gly Tyr Asp Leu Tyr

55

Ile Ile Ile Ser Pro

70

Leu Gly Gly Gly Gln

85

Tyr Asp Leu Leu Asn

100

Leu Ala Ser Phe Thr

120

Ile Met Leu Glu Arg

135

Val Glu Lys Phe Tyr
150

Arg Leu Asp Leu Gln

165

Gly Lys Val Val Lys

180

Leu Leu Leu Gly Thr

200

Asn Pro Arg Glu Thr

gtgggegtac
gacatctgte
ctctgatttt
tttecctgeca
gtttgtccat
actaaagctg
cecttttegee
cgtacataaa
ggacagccac
tcteegtgee
attctcctte
agtgcaataa
actgtactgt

aatcattttce

aaatttaatc

actgttccaa

aactgcaaga

aacacagtca

gacatagacc

aactatgaag

actcctgact

gecaccettgg

cgcaattact

aatgacaacg

taataaatca

attgetttge

agccgactee

cagaaaaaaa

a) tropicalis

Phe Thr Gly
10

Glu Val Pro
25

Ile Asn Arg

Arg Met Gln

Leu Ser Ile
75

Arg Thr Glu
90

Asp Pro Glu
105

Ser Gln Ala

Arg Leu Arg

Gly Asn Lys
155

Glu Ala Asn
170

Phe Phe Lys
185

Thr Tyr Leu

Val Gln Arg

Ser

Thr

Leu

Ala

60

Ala

Ser

Val

Ser

Leu

140

Pro

Asp

Glu

Lys

Glu

Phe

Glu

Ala

45

Asn

Thr

Leu

His

Gly

125

Arg

Lys

Phe

Ile

Gly
205

Phe

Leu

Val

30

Ser

Lys

Ser

Ile

Ala

110

Leu

Met

Val

Ile

Pro
190

Gln

His

ctcgggaaac
tgatgtcatc
ttgttcaget
cccagaactt
aggcactgca
ctgagcttaa
tcagcaaaat
aattgaacga
ttcetttgga
gegetetect
gtgetgtget
aaaatatctc
aatgccacag

aaaaaaaaaa

Ser Tyr
15

Glu Glu

Ser Ala

Asn Pro

Leu Ser

80

Gln Arg
95

Thr Tyr

Lys Ser

Asp Phe

Leu Thr
160

Gln Lys
175
Thr Ser

Trp Ala

Leu Asp

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1503
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-continued
210 215 220
Glu Gln Thr Ser Val Thr Val Pro Met Met Ser Ser Lys Asn Ile Pro
225 230 235 240
Val Arg Tyr Gly Leu Asp Ser Asp Phe Asn Cys Lys Ile Val Gln Leu
245 250 255
Pro Leu Thr Gly Gly Val Ser Ile Met Phe Phe Leu Pro Asn Thr Val
260 265 270
Thr Gln Asn Leu Thr Met Ile Glu Glu Gly Leu Thr Ser Glu Phe Val
275 280 285
His Asp Ile Asp Gln Ala Leu Gln Pro Ile Asn Leu Val Leu Ser Val
290 295 300
Pro Lys Leu Lys Leu Asn Tyr Glu Ala Glu Leu Lys Glu Ala Leu Gln
305 310 315 320
Glu Ser Lys Leu Gln Ser Leu Phe Ala Thr Pro Asp Phe Ser Lys Ile
325 330 335
Ser Ser Lys Pro Leu Lys Leu Ser Tyr Val Val His Lys Ala Thr Leu
340 345 350
Glu Leu Asn Glu Glu Gly Ala Glu Thr Ala Pro Lys Pro Glu Asp Ser
355 360 365
His Arg Asn Tyr Phe Pro Leu Glu Tyr His Leu Asp His Pro Phe Leu
370 375 380
Phe Val Leu Arg Ala Asn Asp Asn Gly Ala Leu Leu Phe Ile Gly Lys
385 390 395 400
Val Met Asp Pro Lys Gly Phe Ser Phe
405
<210> SEQ ID NO 35
<211> LENGTH: 1497
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 35
gtcactttaa gaaaagagta gctgtaatct gaagcctget ggacgetggt tgagaggcag 60
ctactcccct cactgettcee tggageccecect cagagtgcag gcetgtgagag aagctgecge 120
aaccacagtt ccgggatgca ggccctggtg ctactcctet ggactggage cctgeteggg 180
cacggcagca gccagaacgt ccccagecage tctgaggget cceccagtcecce ggacagcacyg 240
ggcgagceceyg tggaggagga ggaccectte ttcaaggtee ctgtgaacaa getggcagea 300
getgteteca actteggcta cgatctgtac cgectgagat ccagtgecag cccaacggge 360
aacgtcctge tgtctecact cagcegtggece acggecctet ctgeccttte tcetgggaget 420
gaacatcgaa cagagtctgt cattcaccgg getctctact acgacctgat caccaaccct 480
gacatccaca gcacctacaa ggagctectt gectcetgtta ctgccectga gaagaacctce 540
aagagtgctt ccagaattgt gtttgagagg aaacttcgag tcaaatccag ctttgttgee 600
cctetggaga agtectatgg gaccaggecce cggatcectea cgggcaacce tcgagtagac 660
cttcaggaga ttaacaactg ggtgcaggcece cagatgaaag ggaagattgce ccggtccacg 720
agggaaatgc ccagtgccct cagcatcctt ctecttggeg tggcettactt caaggggcag 780
tgggtaacca agtttgactc gagaaagacg accctccagyg attttcattt ggacgaggac 840
aggaccgtga gagtccccat gatgtcagat cctaaggceca tcttacgata cggettggac 900
tctgatctca actgcaagat tgcccagetg cecttgacag gaagtatgag catcatctte 960
ttectgecee tgaccgtgac ccagaacttg accatgatag aagagagcct cacctcectgag 1020
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-continued

ttcattcatg acatcgaccyg agaactgaag actatccaag ctgtgctgac tgtccccaag 1080
ctgaagctga gcttcgaagg cgaacttacc aagtctcetgce aggacatgaa gctacagtcg 1140
ttgtttgaat cacccgactt cagcaagatt actggcaaac ccgtgaagct cacccaagtg 1200
gaacacaggyg ctgctttcga gtggaatgaa gagggggcag gaagcagcecc cagceccaggce 1260
ctccageceg tecgectcecac cttecccgcecta gactatcacce ttaaccaacce tttectettt 1320
gttctgaggg acacggacac gggggccctce ctcttcatag gcagaatcct ggaccccagt 1380
agtacttaat gtctcagtgc tctacagaac ccccagaggg aagctgatta tacattccag 1440
gaaggcggcece ggtagcttca gtgtagectce tgcaataaaa gagcttttcece ttaaaaa 1497
<210> SEQ ID NO 36

<211> LENGTH: 416

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 36

Met Gln Ala Leu Val Leu Leu Leu Trp Thr Gly Ala Leu Leu Gly His
1 5 10 15

Gly Ser Ser Gln Asn Val Pro Ser Ser Ser Glu Gly Ser Pro Val Pro
20 25 30

Asp Ser Thr Gly Glu Pro Val Glu Glu Glu Asp Pro Phe Phe Lys Val
35 40 45

Pro Val Asn Lys Leu Ala Ala Ala Val Ser Asn Phe Gly Tyr Asp Leu
Tyr Arg Leu Arg Ser Ser Ala Ser Pro Thr Gly Asn Val Leu Leu Ser
65 70 75 80

Pro Leu Ser Val Ala Thr Ala Leu Ser Ala Leu Ser Leu Gly Ala Glu
85 90 95

His Arg Thr Glu Ser Val Ile His Arg Ala Leu Tyr Tyr Asp Leu Ile
100 105 110

Thr Asn Pro Asp Ile His Ser Thr Tyr Lys Glu Leu Leu Ala Ser Val
115 120 125

Thr Ala Pro Glu Lys Asn Leu Lys Ser Ala Ser Arg Ile Val Phe Glu
130 135 140

Arg Lys Leu Arg Val Lys Ser Ser Phe Val Ala Pro Leu Glu Lys Ser
145 150 155 160

Tyr Gly Thr Arg Pro Arg Ile Leu Thr Gly Asn Pro Arg Val Asp Leu
165 170 175

Gln Glu Ile Asn Asn Trp Val Gln Ala Gln Met Lys Gly Lys Ile Ala
180 185 190

Arg Ser Thr Arg Glu Met Pro Ser Ala Leu Ser Ile Leu Leu Leu Gly
195 200 205

Val Ala Tyr Phe Lys Gly Gln Trp Val Thr Lys Phe Asp Ser Arg Lys
210 215 220

Thr Thr Leu Gln Asp Phe His Leu Asp Glu Asp Arg Thr Val Arg Val
225 230 235 240

Pro Met Met Ser Asp Pro Lys Ala Ile Leu Arg Tyr Gly Leu Asp Ser
245 250 255

Asp Leu Asn Cys Lys Ile Ala Gln Leu Pro Leu Thr Gly Ser Met Ser
260 265 270

Ile Ile Phe Phe Leu Pro Leu Thr Val Thr Gln Asn Leu Thr Met Ile
275 280 285
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Glu Glu Ser Leu Thr Ser Glu Phe Ile His Asp Ile Asp Arg Glu Leu
290 295 300

Lys Thr Ile Gln Ala Val Leu Thr Val Pro Lys Leu Lys Leu Ser Phe
305 310 315 320
Glu Gly Glu Leu Thr Lys Ser Leu Gln Asp Met Lys Leu Gln Ser Leu

325 330 335
Phe Glu Ser Pro Asp Phe Ser Lys Ile Thr Gly Lys Pro Val Lys Leu

340 345 350
Thr Gln Val Glu His Arg Ala Ala Phe Glu Trp Asn Glu Glu Gly Ala
355 360 365
Gly Ser Ser Pro Ser Pro Gly Leu Gln Pro Val Arg Leu Thr Phe Pro
370 375 380

Leu Asp Tyr His Leu Asn Gln Pro Phe Leu Phe Val Leu Arg Asp Thr
385 390 395 400
Asp Thr Gly Ala Leu Leu Phe Ile Gly Arg Ile Leu Asp Pro Ser Ser

405 410 415
<210> SEQ ID NO 37
<211> LENGTH: 1810
<212> TYPE: DNA
<213> ORGANISM: Salmo salar
<400> SEQUENCE: 37
cacgggceggg cgacgtggcece cataategtg ctaaaaggat gcetgeggacyg accctgttge 60
tgtgtetggg ggcectecte tegetcetett atgetcagtt gttggagaca gaggeggcgyg 120
gaggggaaga ggaagctgtg gagctcttta ccacgeccag agcaaagatg gecgetgeca 180
cctetgactt cggctacaac ctgtteeggg cettggeggyg tegcaaccece aatactaacyg 240
tgttectgge ccccatcage atctctgegg tgctcactea gcetatccatyg ggagegtcete 300
cggategtte agagaggtgg ttatacagag ctectgaggta tcacaccctyg caggacccte 360
agctccacga cacactcaga gacctacttg cctcactcag agcacctgga aaaggcectca 420
gecatcgetge acgtgtctac ctggeccgca ggctgegtet gaagcaggaa tactttggeg 480
tggtggagaa gcagtatggg gtgcggecca aggctctgat gggegggget aaagatgtga 540
atgagatcaa tgattgggtc aaacagcaga cgggcggcaa ggtcgaccge ttcatgtcca 600
agccectggg acggaactct ggtgtggtte ctetgggege ggectactte aaagtgaagt 660
ggatgactcyg gttcagtcag agtggagtga tggaggactt ccagettgtt ggagaggcetce 720
ccgeccgeat ttccatgatg cagcaggaca attaccceggt gaagatgggt gtagacccag 780
acctgggetyg tacaattgct cagatccaga tgcaggatga cgtcagcatg tttgtgttce 840
ttectgatga tgtcactcag aacatgacct tggtggagga gagectgaca gctgagtttg 900
ttcaggacct ctccatgacce cttcaccceg tgcagacgge cctcacactyg cctgtectaa 960
aattcagcta ctccactgac ctgctgccac tgctcactga cctgggtcte gacgaattte 1020
tggcagacac ggacctgacc aagatcacgt ctcaggcgge gaagctcegge agcectcaate 1080
ataaggttgt catggagatg gccccagagg gcacccagta tgccagctcece ctecccgect 1140
ccacacccct ttcegtactge gtggaccatce ccttectgtt cectggtgagg gatgaggect 1200
cgggagcact gctctttatt ggcaaggtgg tcaacccacg caatctgagg atataaacac 1260
agacacacac tgccttctaa gcaggtccta ggaggggatc agccatcgtt aagcttaagce 1320
ttectgtgtgt cataaatgca caatatgaga gggtggataa gcagctagat ttacccattg 1380
atcatataat acagtttctt aatcatgtat ggaaaccatg cataacattc agactaaaag 1440
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ttcagaccaa aagtctgaac actcacaact gatagtctca agttgttttc agggaaaata 1500
atttgtgatt gaaaagtaca gctctcataa tttttaaata gaggcacatt ctttaacccc 1560
aaaaatactc atcataatat tgtcaattgc gatgcaagaa ataaacattg aagttaagtc 1620
tttctgtttg tectgtctgac tccatagatg gaattgtata actttatcca gttgacatac 1680
aatagctgct tccagtaaag ggttgggtta ttttggaaag aaattggact cttggatgcet 1740
ctttccttag ctattgtget gttaaacaaa attaaaggac taacacaaaa aaaaaaaaaa 1800
aaaaaaaaga 1810
<210> SEQ ID NO 38

<211> LENGTH: 405

<212> TYPE: PRT

<213> ORGANISM: Salmo salar

<400> SEQUENCE: 38

Met Leu Arg Thr Thr Leu Leu Leu Cys Leu Gly Ala Leu Leu Ser Leu
1 5 10 15

Ser Tyr Ala Gln Leu Leu Glu Thr Glu Ala Ala Gly Gly Glu Glu Glu
20 25 30

Ala Val Glu Leu Phe Thr Thr Pro Arg Ala Lys Met Ala Ala Ala Thr
35 40 45

Ser Asp Phe Gly Tyr Asn Leu Phe Arg Ala Leu Ala Gly Arg Asn Pro
50 55 60

Asn Thr Asn Val Phe Leu Ala Pro Ile Ser Ile Ser Ala Val Leu Thr
65 70 75 80

Gln Leu Ser Met Gly Ala Ser Pro Asp Arg Ser Glu Arg Trp Leu Tyr
85 90 95

Arg Ala Leu Arg Tyr His Thr Leu Gln Asp Pro Gln Leu His Asp Thr
100 105 110

Leu Arg Asp Leu Leu Ala Ser Leu Arg Ala Pro Gly Lys Gly Leu Ser
115 120 125

Ile Ala Ala Arg Val Tyr Leu Ala Arg Arg Leu Arg Leu Lys Gln Glu
130 135 140

Tyr Phe Gly Val Val Glu Lys Gln Tyr Gly Val Arg Pro Lys Ala Leu
145 150 155 160

Met Gly Gly Ala Lys Asp Val Asn Glu Ile Asn Asp Trp Val Lys Gln
165 170 175

Gln Thr Gly Gly Lys Val Asp Arg Phe Met Ser Lys Pro Leu Gly Arg
180 185 190

Asn Ser Gly Val Val Pro Leu Gly Ala Ala Tyr Phe Lys Val Lys Trp
195 200 205

Met Thr Arg Phe Ser Gln Ser Gly Val Met Glu Asp Phe Gln Leu Val
210 215 220

Gly Glu Ala Pro Ala Arg Ile Ser Met Met Gln Gln Asp Asn Tyr Pro
225 230 235 240

Val Lys Met Gly Val Asp Pro Asp Leu Gly Cys Thr Ile Ala Gln Ile
245 250 255

Gln Met Gln Asp Asp Val Ser Met Phe Val Phe Leu Pro Asp Asp Val
260 265 270

Thr Gln Asn Met Thr Leu Val Glu Glu Ser Leu Thr Ala Glu Phe Val
275 280 285

Gln Asp Leu Ser Met Thr Leu His Pro Val Gln Thr Ala Leu Thr Leu
290 295 300
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Pro Val Leu Lys Phe Ser Tyr Ser Thr Asp Leu Leu Pro Leu Leu Thr
305 310 315 320
Asp Leu Gly Leu Asp Glu Phe Leu Ala Asp Thr Asp Leu Thr Lys Ile
325 330 335
Thr Ser Gln Ala Ala Lys Leu Gly Ser Leu Asn His Lys Val Val Met
340 345 350
Glu Met Ala Pro Glu Gly Thr Gln Tyr Ala Ser Ser Leu Pro Ala Ser
355 360 365
Thr Pro Leu Ser Tyr Cys Val Asp His Pro Phe Leu Phe Leu Val Arg
370 375 380
Asp Glu Ala Ser Gly Ala Leu Leu Phe Ile Gly Lys Val Val Asn Pro
385 390 395 400
Arg Asn Leu Arg Ile
405
<210> SEQ ID NO 39
<211> LENGTH: 1422
<212> TYPE: DNA
<213> ORGANISM: Ovis aries
<400> SEQUENCE: 39
ggctgggegt ggageggcegg tgcacccaca ggccccgaga tgcaggecct cgtgctacte 60
ctetggactyg gagecctect tgggtttgge cactgtcaga acgecggece ggaggeggge 120
tcectggece ctgagagcac aggggcaccece gtggaggaag aggatccctt cttcaaggte 180
ccegtgaaca agetggegge agecgtetece aacttegget acgacctgta ccgegtgaga 240
tctggegaga gccccaccac caacgtgetg ctgtceteege tcagegtgge cacggegete 300
tctgecctgt cgctgggtge ggaacagegg acagaatcca gcattcaccyg ggctctgtac 360
tacgacctga tcagtaaccc agacatccac ggcacctaca aggacctect tgccteegte 420
actgccccee agaagaacct taaaagtget teccggatta tetttgagag gaagetgcegg 480
ataaaagcca gcttegtece acccctegag aagtcatatg ggaccaggece cagaatcctg 540
accggcaact ctcgaataga ccttcaggag attaacaact gggtgcaggce ccagatgaaa 600
gggaaaattyg ctagatccac acgggaaata cccagtggaa tcagcattct ccttettggt 660
gtggcttact tcaaggggca gtgggtaaca aagtttgact ccaggaagac ttccctggag 720
gatttccact tggatgaggg gaggaccgtg aaagttccca tgatgtcaga ccctaaggec 780
gttttacggt acggcttgga ttctgatctce aactgcaaga tcgcccaget geccttgacce 840
gggagcacaa gtatcatctt cttectgect cagaaagtga cccagaactt gaccttgata 900
gaagagagcce tcacctctga gttcattcat gacatagacc gagaactgaa gactgttcag 960
gcagtcctga ccattcccaa gctgaagetg agttatgaag gcgaactcac gaagtctgtg 1020
caggagctga agctacaatc cctgtttgat gcaccagact ttagcaagat cacaggcaaa 1080
cctatcaaac ttactcaagt ggaacatcgc atcggattcg agtggaatga ggatggggcyg 1140
ggtactaact ccagcccagg ggtccagect gecccgectceca ccttecectet ggactatcac 1200
cttaaccaac ctttcatctt tgtactgagg gacacagaca caggggccct tetcttcata 1260
ggcaaaattc tggaccccag aggcacttaa tactcaactt aatgttcaaa taccccagaa 1320
gaaaaaaaca ctagcgggat ggcagattat atattatatg aaggctgccc ctacgtttca 1380
atgtatactt tgcaataaaa gtgctttctc cttaaaaaaa aa 1422
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<210> SEQ ID NO 40

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Ovis aries

PRT

<400> SEQUENCE:

Met Gln Ala Leu

1

Gly

Ser

Val

Arg

65

Leu

Arg

Asn

Ala

Lys

145

Gly

Glu

Ser

Ala

Ser

225

Met

Leu

Ile

Glu

Thr

305

Gly

Asp

Gln

Thr

His

Thr

Asn

50

Val

Ser

Thr

Pro

Pro

130

Leu

Thr

Ile

Thr

Tyr

210

Leu

Met

Asn

Phe

Ser

290

Val

Glu

Ala

Val

Asn
370

Cys

Gly

Lys

Arg

Val

Glu

Asp

115

Gln

Arg

Arg

Asn

Arg

195

Phe

Glu

Ser

Cys

Phe

275

Leu

Gln

Leu

Pro

Glu

355

Ser

Gln

20

Ala

Leu

Ser

Ala

Ser

100

Ile

Lys

Ile

Pro

Asn

180

Glu

Lys

Asp

Asp

Lys

260

Leu

Thr

Ala

Thr

Asp
340

His

Ser

416

40

Val

Asn

Pro

Ala

Gly

Thr

85

Ser

His

Asn

Lys

Arg

165

Trp

Ile

Gly

Phe

Pro

245

Ile

Pro

Ser

Val

Lys

325

Phe

Arg

Pro

Leu

Ala

Val

Ala

Glu

70

Ala

Ile

Gly

Leu

Ala

150

Ile

Val

Pro

Gln

His

230

Lys

Ala

Gln

Glu

Leu

310

Ser

Ser

Ile

Gly

Leu

Gly

Glu

Ala

55

Ser

Leu

His

Thr

Lys

135

Ser

Leu

Gln

Ser

Trp

215

Leu

Ala

Gln

Lys

Phe

295

Thr

Val

Lys

Gly

Val
375

Leu

Pro

Glu

40

Val

Pro

Ser

Arg

Tyr

120

Ser

Phe

Thr

Ala

Gly

200

Val

Asp

Val

Leu

Val

280

Ile

Ile

Gln

Ile

Phe

360

Gln

Trp

Glu

25

Glu

Ser

Thr

Ala

Ala

105

Lys

Ala

Val

Gly

Gln

185

Ile

Thr

Glu

Leu

Pro

265

Thr

His

Pro

Glu

Thr
345

Glu

Pro

Thr

10

Ala

Asp

Asn

Thr

Leu

90

Leu

Asp

Ser

Pro

Asn

170

Met

Ser

Lys

Gly

Arg

250

Leu

Gln

Asp

Lys

Leu
330
Gly

Trp

Ala

Gly

Gly

Pro

Phe

Asn

75

Ser

Tyr

Leu

Arg

Pro

155

Ser

Lys

Ile

Phe

Arg

235

Tyr

Thr

Asn

Ile

Leu

315

Lys

Lys

Asn

Arg

Ala

Ser

Phe

Gly

60

Val

Leu

Tyr

Leu

Ile

140

Leu

Arg

Gly

Leu

Asp

220

Thr

Gly

Gly

Leu

Asp

300

Lys

Leu

Pro

Glu

Leu
380

Leu

Leu

Phe

45

Tyr

Leu

Gly

Asp

Ala

125

Ile

Glu

Ile

Lys

Leu

205

Ser

Val

Leu

Ser

Thr

285

Arg

Leu

Gln

Ile

Asp

365

Thr

Leu

Ala

30

Lys

Asp

Leu

Ala

Leu

110

Ser

Phe

Lys

Asp

Ile

190

Leu

Arg

Lys

Asp

Thr

270

Leu

Glu

Ser

Ser

Lys

350

Gly

Phe

Gly

15

Pro

Val

Leu

Ser

Glu

95

Ile

Val

Glu

Ser

Leu

175

Ala

Gly

Lys

Val

Ser

255

Ser

Ile

Leu

Tyr

Leu
335
Leu

Ala

Pro

Phe

Glu

Pro

Tyr

Pro

80

Gln

Ser

Thr

Arg

Tyr

160

Gln

Arg

Val

Thr

Pro

240

Asp

Ile

Glu

Lys

Glu

320

Phe

Thr

Gly

Leu
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Asp Tyr His Leu Asn Gln Pro Phe Ile Phe Val
390

385

395

Thr Gly Ala Leu Leu Phe Ile Gly Lys Ile Leu

405

<210> SEQ ID NO 41
<211> LENGTH: 1465

<212> TYPE:

DNA

<213> ORGANISM: Cavia

<400> SEQUENCE: 41

gtgcagactyg
aggttcagga
agctgecagyg
ccagtggagg
tccaactttyg
ctgetgtece
cgaacagaag
cacagcacct
gettegagga
gaaaagtcat
gagattagca
gtgcccagty
acaaaatttg
gtaaaagttc
ctcaactgca
cccatgaggyg
catgacataa
ctgagttteg
gagtcccecyg
cgggetggtte
cagcctactg
ctgagagaca
acttaatgct
ttatacatta

ttatccttaa

agcaggacct

tgcaggtect

acatcgccag

aggaggaccc

gctacgacct

ccctecagegt

ccaccattca

acaaggagct

ttgtctttga

attcgaccag

actgggtgca

gcatcagcat

actccagaaa

ccatgatgte

agattgccca

caacccagaa

accgagaact

aaggcgaact

actttagcaa

tcgagtggaa

gettcacatt

cggacacggg

ccagtttaat

caggggggea

aaaaaaaaaa

<210> SEQ ID NO 42
<211> LENGTH: 418

<212> TYPE:

PRT

<213> ORGANISM: Cavia

<400> SEQUENCE: 42

porcellus

gaactggagt
tgtgctacte
caaccecggag
cttettcaag
ataccgggtyg
ggccaccgee
tegggetete
cctggecact
gaggaagetg
gcccagaatce
ggcccagatyg
tctecttete
gacttctete
agaccccaag
getgeectty
cttgaccatg
gaaggctgte
taccaagtcc
gatcacaggce
tgaggagggg
ctectetggac
ggcecttete
gttctactac
gececcacag

aaaaa

porcellus

Met Gln Val Leu Val Leu Leu Leu

1

5

Gly Ser Cys Gln Asp Ile Ala Ser

20

Glu Ser Thr Gly Glu Pro Val Glu

410

acggetggga
ctctggaceyg
gactcccegt
gtcectgtga
agatccatcg
ctectetgece
tactatgaca
gtcaccgece
cgcataaaat
ctgactggea
aaagggaaaa
ggtgtggett
caggatttce
gccatcatac
actggaagca
atagaagaga
caagcggtte
ctgcaggaga
aaacctatca
gegecaggaa
tatcacctga
ttcataggca
tctagaaaga

tttcagtgta

Trp Thr Gly
10

Asn Pro Glu
25

Glu Glu Asp

Leu Arg Asp Thr Asp
400

Asp Pro Arg Gly Thr
415

gcagagctge agggaaccac
gageccetget agggegtgge
ccectgaaag cacaggggag
acaagctgge tgcagcecatce
agagccccac caccaatgtg
tttegetggy ggcggaacag
tgatcagcaa ccctgacatce
cgcagaagaa cctgaagagt
ccagecttgt cgcactactg
accctegeat tgaccttcaa
tcaccaggtce tacgagggaa
acttcaaggg gcagtgggtce
acttggatga ggagaggact
getatggect ggatactgat
tgagtatcat cttcttettyg
gectcaccte cgagtttgtt
tcagcatcce caggctgaag
tgaagctgca ttecttgttt
agctgactca agtggaacac
ccagcaccaa ctcagaccte
accagccgtt catcttegte
aaattctgga ccccagaagt
aaccccagaa ggatggcagt

tactttgcaa taaaagagct

Ala Leu Leu Gly Arg
15

Asp Ser Pro Ser Pro
30

Pro Phe Phe Lys Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1465
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Pro

Tyr

65

Pro

Gln

Ser

Thr

Arg

145

Tyr

Gln

Arg

Val

Thr

225

Pro

Asp

Ile

Glu

Lys

305

Glu

Phe

Thr

Pro

Ser
385

Thr

Ser

Val

50

Arg

Leu

Arg

Asn

Ala

130

Lys

Ser

Glu

Ser

Ala

210

Ser

Met

Leu

Ile

Glu

290

Ala

Gly

Glu

Gln

Gly

370

Leu

Asp

Thr

35

Asn

Val

Ser

Thr

Pro

115

Pro

Leu

Thr

Ile

Thr

195

Tyr

Leu

Met

Asn

Phe

275

Ser

Val

Glu

Ser

Val

355

Thr

Asp

Thr

Lys

Arg

Val

Glu

100

Asp

Gln

Arg

Arg

Ser

180

Arg

Phe

Gln

Ser

Cys

260

Phe

Leu

Gln

Leu

Pro

340

Glu

Ser

Tyr

Gly

Leu

Ser

Ala

85

Ala

Ile

Lys

Ile

Pro

165

Asn

Glu

Lys

Asp

Asp

245

Lys

Leu

Thr

Ala

Thr

325

Asp

His

Thr

His

Ala
405

<210> SEQ ID NO 43

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Bos taurus

1408

Ala

Ile

70

Thr

Thr

His

Asn

Lys

150

Arg

Trp

Val

Gly

Phe

230

Pro

Ile

Pro

Ser

Val

310

Lys

Phe

Arg

Asn

Leu
390

Leu

Ala

55

Glu

Ala

Ile

Ser

Leu

135

Ser

Ile

Val

Pro

Gln

215

His

Lys

Ala

Met

Glu

295

Leu

Ser

Ser

Ala

Ser

375

Asn

Leu

40

Ala

Ser

Leu

His

Thr

120

Lys

Ser

Leu

Gln

Ser

200

Trp

Leu

Ala

Gln

Arg

280

Phe

Ser

Leu

Lys

Gly

360

Asp

Gln

Phe

Ile

Pro

Ser

Arg

105

Tyr

Ser

Leu

Thr

Ala

185

Gly

Val

Asp

Ile

Leu

265

Ala

Val

Ile

Gln

Ile

345

Phe

Leu

Pro

Ile

Ser

Thr

Ala

90

Ala

Lys

Ala

Val

Gly

170

Gln

Ile

Thr

Glu

Ile

250

Pro

Thr

His

Pro

Glu

330

Thr

Glu

Gln

Phe

Gly
410

Asn

Thr

75

Leu

Leu

Glu

Ser

Ala

155

Asn

Met

Ser

Lys

Glu

235

Arg

Leu

Gln

Asp

Arg

315

Met

Gly

Trp

Pro

Ile
395

Lys

Phe

60

Asn

Ser

Tyr

Leu

Arg

140

Leu

Pro

Lys

Ile

Phe

220

Arg

Tyr

Thr

Asn

Ile

300

Leu

Lys

Lys

Asn

Thr

380

Phe

Ile

45

Gly

Val

Leu

Tyr

Leu

125

Ile

Leu

Arg

Gly

Leu

205

Asp

Thr

Gly

Gly

Leu

285

Asn

Lys

Leu

Pro

Glu

365

Gly

Val

Leu

Tyr

Leu

Gly

Asp

110

Ala

Val

Glu

Ile

Lys

190

Leu

Ser

Val

Leu

Ser

270

Thr

Arg

Leu

His

Ile

350

Glu

Phe

Leu

Asp

Asp

Leu

Ala

95

Met

Thr

Phe

Lys

Asp

175

Ile

Leu

Arg

Lys

Asp

255

Met

Met

Glu

Ser

Ser

335

Lys

Gly

Thr

Arg

Pro
415

Leu

Ser

80

Glu

Ile

Val

Glu

Ser

160

Leu

Thr

Gly

Lys

Val

240

Thr

Ser

Ile

Leu

Phe

320

Leu

Leu

Ala

Phe

Asp

400

Arg
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<400> SEQUENCE: 43

gaggtgcacc cacaggcccce gagatgcagg ccctegtget actcctetgg actggagccc 60
tgcttgggtt tggcecgetge cagaacgccg gccaggaggce gggctctcetyg accectgaga 120
gcacgggggce accagtggag gaagaggatc ccttcttcaa ggtccctgtg aacaagetgg 180
cggcageggt ctccaacttce ggctacgacce tgtaccgegt gagatcceggt gagagcccca 240
cecgccaatgt getgetgtcet cegetcageg tggccacgge getctcetgec ctgtegetgg 300
gtgcggaaca gcggacagaa tccaacattc accgggctct gtactacgac ctgatcagta 360
acccagacat ccacggcacc tacaaggacc tccttgecte cgtcaccgec ccccagaaga 420
accttaagag tgcttcccgg attatctttg agaggaagct gcggataaaa gccagcttca 480
tcccaccect ggagaagtca tatgggacca ggcccagaat cctgaccggce aactctcegag 540
tagaccttca ggagattaac aactgggtgc aggcccagat gaaagggaaa gtcgctaggt 600
ccacgaggga gatgcccagt gagatcagca ttttcoctect gggegtgget tacttcaagg 660
ggcagtgggt aacaaagttt gactccagaa aaacttccct ggaggatttc tacttggatg 720
aggagaggac cgtgaaagtc cccatgatgt cagaccctca ggcecgtttta cggtacgget 780
tggattctga tctcaactgc aagatcgccc agctgccctt gaccgggagce acaagtatca 840
tcttettect gectcagaaa gtgacccaga acttgacctt gatagaagag agcctcacct 900
ctgagttcat tcatgacata gaccgagaac tgaagactgt tcaggcggtc ctgaccattce 960

ccaagctgaa gctgagttat gaaggcgaac tcacgaagtc cgtgcaggag ctgaagctgce 1020
aatccctgtt tgatgcacca gactttagca agatcacagg caaacctatc aaacttactce 1080
aagtggaaca tcgcgtcgga tttgagtgga atgaggatgg ggcgggtact aactccagcece 1140
caggggtcca gectgccege ctcaccttee ctetggacta tcaccttaac caacctttca 1200
tctttgtact gagggacaca gacacagggg cccttctett cataggcaaa attctggacce 1260
ccaggggcac ttagtactcc aactaaatgt tcaaataccc cagaagaaaa aaacactaga 1320
gggatggcag attatatatt atacgaaggc tgcccctaca tttcaatgta tactttgcaa 1380
taaaagtgct ttatccttaa aaaaaaaa 1408
<210> SEQ ID NO 44

<211> LENGTH: 416

<212> TYPE: PRT

<213> ORGANISM: Bos taurus

<400> SEQUENCE: 44

Met Gln Ala Leu Val Leu Leu Leu Trp Thr Gly Ala Leu Leu Gly Phe
1 5 10 15

Gly Arg Cys Gln Asn Ala Gly Gln Glu Ala Gly Ser Leu Thr Pro Glu
20 25 30

Ser Thr Gly Ala Pro Val Glu Glu Glu Asp Pro Phe Phe Lys Val Pro
35 40 45

Val Asn Lys Leu Ala Ala Ala Val Ser Asn Phe Gly Tyr Asp Leu Tyr
50 55 60

Arg Val Arg Ser Gly Glu Ser Pro Thr Ala Asn Val Leu Leu Ser Pro
65 70 75 80

Leu Ser Val Ala Thr Ala Leu Ser Ala Leu Ser Leu Gly Ala Glu Gln
85 90 95

Arg Thr Glu Ser Asn Ile His Arg Ala Leu Tyr Tyr Asp Leu Ile Ser
100 105 110
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Asn

Ala

Lys

145

Gly

Glu

Ser

Ala

Ser

225

Met

Leu

Ile

Glu

Thr

305

Gly

Asp

Gln

Thr

Asp

385

Thr

<210>
<211>
<212>
<213>

<400>

Pro

Pro

130

Leu

Thr

Ile

Thr

Tyr

210

Leu

Met

Asn

Phe

Ser

290

Val

Glu

Ala

Val

Asn

370

Tyr

Gly

Asp

115

Gln

Arg

Arg

Asn

Arg

195

Phe

Glu

Ser

Cys

Phe

275

Leu

Gln

Leu

Pro

Glu

355

Ser

His

Ala

Ile His Gly Thr Tyr

120

Lys Asn Leu Lys Ser

135

Ile Lys Ala Ser Phe
150

Pro Arg Ile Leu Thr

165

Asn Trp Val Gln Ala

180

Glu Met Pro Ser Glu

200

Lys Gly Gln Trp Val

215

Asp Phe Tyr Leu Asp
230

Asp Pro Gln Ala Val

245

Lys Ile Ala Gln Leu

260

Leu Pro Gln Lys Val

280

Thr Ser Glu Phe Ile

295

Ala Val Leu Thr Ile
310

Thr Lys Ser Val Gln

325

Asp Phe Ser Lys Ile

340

His Arg Val Gly Phe

360

Ser Pro Gly Val Gln

375

Leu Asn Gln Pro Phe
390

Leu Leu Phe Ile Gly

405

SEQ ID NO 45
LENGTH: 1418
TYPE: DNA

ORGANISM: Sus

SEQUENCE: 45

agtgcacgga cctaggctgg

cectegtget

gcccggagga

ccttcettecaa

tgtaccgagt

tggccacgge

accgggetet

actcctetgg

gggctececy

ggtccctgty

gagatccage

getetetgee

ctactatgac

scrofa

gcgtggagct

actggagccc

gecectgaca

aacaagctgg

gagagcccca

ctgtetetygyg

ctgatcagca

Lys Asp Leu

Ala Ser Arg

Ile Pro Pro
155

Gly Asn Ser
170

Gln Met Lys
185

Ile Ser Ile

Thr Lys Phe

Glu Glu Arg
235

Leu Arg Tyr
250

Pro Leu Thr
265

Thr Gln Asn

His Asp Ile

Pro Lys Leu
315

Glu Leu Lys
330

Thr Gly Lys
345

Glu Trp Asn

Pro Ala Arg

Ile Phe Val
395

Lys Ile Leu
410

gcagcgcace
tcctegggte
cggtgggggce
cggeggeegt
ccgecaacgt
gagccgaaca

accecggacct

Leu

Ile

140

Leu

Arg

Gly

Phe

Asp

220

Thr

Gly

Gly

Leu

Asp

300

Lys

Leu

Pro

Glu

Leu

380

Leu

Asp

Ala

125

Ile

Glu

Val

Lys

Leu

205

Ser

Val

Leu

Ser

Thr

285

Arg

Leu

Gln

Ile

Asp

365

Thr

Arg

Pro

Ser

Phe

Lys

Asp

Val

190

Leu

Arg

Lys

Asp

Thr

270

Leu

Glu

Ser

Ser

Lys

350

Gly

Phe

Asp

Arg

cacaggcecc

tggcagctge

gccagtggag

ctccaacttt

getectgtet

geggacagaa

ccacggcace

Val Thr

Glu Arg

Ser Tyr
160

Leu Gln
175

Ala Arg

Gly Val

Lys Thr

Val Pro
240

Ser Asp
255

Ser Ile

Ile Glu

Leu Lys

Tyr Glu
320

Leu Phe
335

Leu Thr

Ala Gly

Pro Leu

Thr Asp
400

Gly Thr
415

gggatgcagg
cagaacgctyg
gaggaggatc
ggttacgacc
ccectecageyg
tccagectee

tacaaggagc

60

120

180

240

300

360

420
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teccttgetge cgtcactgcce ccccagaaga acctcaagag tgcttcccgg atcatctttg 480
agaagaagct gcggataaaa gccagctttg ttgcacccct ggaaaagtca tacgggacca 540
ggcccagaat tctgaccgge aactcccget tggaccttca ggaggttaac aactgggtge 600
aggctcagac gaaagggaaa gtcgccaggt ccacgcggga actgcccggce gaaatcagca 660
tecctecttet tggtgtgget tacttcaagg ggcagtgggt aaccaagttt gactccagga 720
agacgtcget ggaggatttce cacttggatg aggagagaac cgtgaaggtg cccatgatgt 780
cagaccctaa ggccgtttta cgctacgget tggattctga tctcaactgce aagattgcecce 840
agctgeccctt gaccggaagce atgagtatca tcttcttect gectctgaaa gtgacccaga 900
acctgaccat gatagaagag agcctcacct ctgagttcat tcacgacata gaccgagaac 960

tgaagacggt tcaagcggtc ctgaccgtcce ccaagctgaa gctgagttac gaaggcgaac 1020
tcacgaagtc tgtgcaggaa ctgaagctgc aatccttgtt tgattcacca gactttagca 1080
agatcacggg caaacctatc aaacttactc aagtggaaca tcgcattggce tttgagtgga 1140
acgaggatgg gggaagcgcc acctccagece cagggcecceg cctcacctte cccectggact 1200
atcaccttaa ccagccttte atctttgtac tgagggacac agacacagga gcccttcetcet 1260
tcataggcaa gattctggac cccaggagca cttaatgctc tagtttaatg ttcaaatatc 1320
ccagaagaag aaaactctag acagatggca gattatatat tacacgaaag ctgcacatat 1380
gtttcaatgt atactttgca ataaaagtgc tttatccc 1418
<210> SEQ ID NO 46

<211> LENGTH: 413

<212> TYPE: PRT

<213> ORGANISM: Sus scrofa

<400> SEQUENCE: 46

Met Gln Ala Leu Val Leu Leu Leu Trp Thr Gly Ala Leu Leu Gly Ser
1 5 10 15

Gly Ser Cys Gln Asn Ala Gly Pro Glu Glu Gly Ser Pro Ala Pro Asp
20 25 30

Thr Val Gly Ala Pro Val Glu Glu Glu Asp Pro Phe Phe Lys Val Pro
Val Asn Lys Leu Ala Ala Ala Val Ser Asn Phe Gly Tyr Asp Leu Tyr
50 55 60

Arg Val Arg Ser Ser Glu Ser Pro Thr Ala Asn Val Leu Leu Ser Pro
65 70 75 80

Leu Ser Val Ala Thr Ala Leu Ser Ala Leu Ser Leu Gly Ala Glu Gln
85 90 95

Arg Thr Glu Ser Ser Leu His Arg Ala Leu Tyr Tyr Asp Leu Ile Ser
100 105 110

Asn Pro Asp Leu His Gly Thr Tyr Lys Glu Leu Leu Ala Ala Val Thr
115 120 125

Ala Pro Gln Lys Asn Leu Lys Ser Ala Ser Arg Ile Ile Phe Glu Lys
130 135 140

Lys Leu Arg Ile Lys Ala Ser Phe Val Ala Pro Leu Glu Lys Ser Tyr
145 150 155 160

Gly Thr Arg Pro Arg Ile Leu Thr Gly Asn Ser Arg Leu Asp Leu Gln
165 170 175

Glu Val Asn Asn Trp Val Gln Ala Gln Thr Lys Gly Lys Val Ala Arg
180 185 190

Ser Thr Arg Glu Leu Pro Gly Glu Ile Ser Ile Leu Leu Leu Gly Val
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195 200 205
Ala Tyr Phe Lys Gly Gln Trp Val Thr Lys Phe Asp Ser Arg Lys Thr
210 215 220
Ser Leu Glu Asp Phe His Leu Asp Glu Glu Arg Thr Val Lys Val Pro
225 230 235 240
Met Met Ser Asp Pro Lys Ala Val Leu Arg Tyr Gly Leu Asp Ser Asp
245 250 255
Leu Asn Cys Lys Ile Ala Gln Leu Pro Leu Thr Gly Ser Met Ser Ile
260 265 270
Ile Phe Phe Leu Pro Leu Lys Val Thr Gln Asn Leu Thr Met Ile Glu
275 280 285
Glu Ser Leu Thr Ser Glu Phe Ile His Asp Ile Asp Arg Glu Leu Lys
290 295 300
Thr Val Gln Ala Val Leu Thr Val Pro Lys Leu Lys Leu Ser Tyr Glu
305 310 315 320
Gly Glu Leu Thr Lys Ser Val Gln Glu Leu Lys Leu Gln Ser Leu Phe
325 330 335
Asp Ser Pro Asp Phe Ser Lys Ile Thr Gly Lys Pro Ile Lys Leu Thr
340 345 350
Gln Val Glu His Arg Ile Gly Phe Glu Trp Asn Glu Asp Gly Gly Ser
355 360 365
Ala Thr Ser Ser Pro Gly Pro Arg Leu Thr Phe Pro Leu Asp Tyr His
370 375 380
Leu Asn Gln Pro Phe Ile Phe Val Leu Arg Asp Thr Asp Thr Gly Ala
385 390 395 400
Leu Leu Phe Ile Gly Lys Ile Leu Asp Pro Arg Ser Thr
405 410
<210> SEQ ID NO 47
<211> LENGTH: 1317
<212> TYPE: DNA
<213> ORGANISM: Ornithorhynchus anatinus
<400> SEQUENCE: 47
agtgtgcaga ctttgtttaa ccacagttgg tagccgaget gaagagaatc cccaggccce 60
acaatgcagce cctttgeggt actcctgtgg gtgggagtece tcatcggete cagtaagtce 120
caggatgceg ctgggectga ggaatcteca getcccgacyg ccacggggac tgcggtggtyg 180
gaggaggagyg accctttctt caaggtccct gtgaacaagce tggcagecgce cgtctccaac 240
tttggctacyg acctgtatcg ccagaaatcce agetcgagece ccaccaccaa tgtgetgetg 300
tcecectetea gtgtggecac cgctctetet agectctect tgggtgetgyg gecccggacy 360
gaaagcctca tacaccggge tctttattat gacttgattce acaacccgga catccacgge 420
acttacaagg aacttctcgce tacagtcacc getccgcaaa agaacctgaa gactgettcee 480
cggettgtet tggagagaaa gectgcggata aaagctggat tegttggget getggaaaag 540
tecgtatggat ccaggccgaa gattctgacg ggcaacacte ggactgacct tcacgaaatg 600
aacaactgga tgcagaccca gactaagggg aagatgggece ggacgctgaa ggagcetgcce 660
agtggaatta gcgttcttet tcecttgggata gettactteca aagggcagtyg ggtgactaag 720
tttgatccca agaagacttc cctgcaggac ttccacttgg atgaagaccyg aactgtaaaa 780
gteecccatga tgtcagatce caaggctatce atacgctacyg gectggactce cgacctcaac 840
tgcaagattg cccagctgcce cctggaggga agcatgageg tcattttett cctgecgetg 900
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aaagcaaccce agaacctgac gctcatagag gagagtctca cctcagagtt cattcacgac 960
attgacagag agctgaagac catccaggcg gtgctaactg tacccaagct tcagctcagce 1020
ttcgagggag aagtgtccaa aacatttcag gagataaagc ttcagtctcect cttcaactcce 1080
ccggatctcea gcaagatcac geccagaccce atcaagctca ctcacgtggt gcaccggtca 1140
tctetggaat ggagtgagga tggggtgggg gacgccccca gecccgcget actgeccget 1200
cgactgacct tcccectgga ctaccaccte aaccagectt tcatctttgt cttgcecgggac 1260
actgacacgg gcacccttet cttcattgge aaaatcctgg accccagggg caactga 1317
<210> SEQ ID NO 48

<211> LENGTH: 417

<212> TYPE: PRT

<213> ORGANISM: Ornithorhynchus anatinus

<400> SEQUENCE: 48

Met Gln Pro Phe Ala Val Leu Leu Trp Val Gly Val Leu Ile Gly Ser
1 5 10 15

Ser Lys Ser Gln Asp Ala Ala Gly Pro Glu Glu Ser Pro Ala Pro Asp
20 25 30

Ala Thr Gly Thr Ala Val Val Glu Glu Glu Asp Pro Phe Phe Lys Val
35 40 45

Pro Val Asn Lys Leu Ala Ala Ala Val Ser Asn Phe Gly Tyr Asp Leu
50 55 60

Tyr Arg Gln Lys Ser Ser Ser Ser Pro Thr Thr Asn Val Leu Leu Ser
65 70 75 80

Pro Leu Ser Val Ala Thr Ala Leu Ser Ser Leu Ser Leu Gly Ala Gly
85 90 95

Pro Arg Thr Glu Ser Leu Ile His Arg Ala Leu Tyr Tyr Asp Leu Ile
100 105 110

His Asn Pro Asp Ile His Gly Thr Tyr Lys Glu Leu Leu Ala Thr Val
115 120 125

Thr Ala Pro Gln Lys Asn Leu Lys Thr Ala Ser Arg Leu Val Leu Glu
130 135 140

Arg Lys Leu Arg Ile Lys Ala Gly Phe Val Gly Leu Leu Glu Lys Ser
145 150 155 160

Tyr Gly Ser Arg Pro Lys Ile Leu Thr Gly Asn Thr Arg Thr Asp Leu
165 170 175

His Glu Met Asn Asn Trp Met Gln Thr Gln Thr Lys Gly Lys Met Gly
180 185 190

Arg Thr Leu Lys Glu Leu Pro Ser Gly Ile Ser Val Leu Leu Leu Gly
195 200 205

Ile Ala Tyr Phe Lys Gly Gln Trp Val Thr Lys Phe Asp Pro Lys Lys
210 215 220

Thr Ser Leu Gln Asp Phe His Leu Asp Glu Asp Arg Thr Val Lys Val
225 230 235 240

Pro Met Met Ser Asp Pro Lys Ala Ile Ile Arg Tyr Gly Leu Asp Ser
245 250 255

Asp Leu Asn Cys Lys Ile Ala Gln Leu Pro Leu Glu Gly Ser Met Ser
260 265 270

Val Ile Phe Phe Leu Pro Leu Lys Ala Thr Gln Asn Leu Thr Leu Ile
275 280 285

Glu Glu Ser Leu Thr Ser Glu Phe Ile His Asp Ile Asp Arg Glu Leu
290 295 300
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Lys Thr Ile Gln Ala Val Leu Thr Val Pro Lys Leu Gln Leu Ser Phe
305 310 315 320
Glu Gly Glu Val Ser Lys Thr Phe Gln Glu Ile Lys Leu Gln Ser Leu

325 330 335
Phe Asn Ser Pro Asp Leu Ser Lys Ile Thr Pro Arg Pro Ile Lys Leu

340 345 350
Thr His Val Val His Arg Ser Ser Leu Glu Trp Ser Glu Asp Gly Val
355 360 365
Gly Asp Ala Pro Ser Pro Ala Leu Leu Pro Ala Arg Leu Thr Phe Pro
370 375 380

Leu Asp Tyr His Leu Asn Gln Pro Phe Ile Phe Val Leu Arg Asp Thr
385 390 395 400
Asp Thr Gly Thr Leu Leu Phe Ile Gly Lys Ile Leu Asp Pro Arg Gly

405 410 415
Asn
<210> SEQ ID NO 49
<211> LENGTH: 1484
<212> TYPE: DNA
<213> ORGANISM: Canis lupus familiaris
<400> SEQUENCE: 49
ctggattggg aggcgcagca aaagctctgg tgettgetgyg ageccctcag cctgcagace 60
taggctggeg cagagctgca gcacacccac aggtcccagyg atgcaggecce tcegtgetact 120
cctetggace ggagecctee tggggcacag cagetgcecag aacgatgegyg gceggecccca 180
aggactctee agcteccgac gecgacagggg tgeccgtgga ggaggaggac cccttettca 240
gggtcccegt gaataagetg gcagcagcca tctccaactt cggctatgac ctgtaccgtg 300
taaggtccag cttcageccct getgccaatg tgetgcetgte accactcage gtggecaccyg 360
cactctetge getetegetyg ggagcggaac ageggacaga atccaccatt caccgggcete 420
tctactacga cctgatcagce aacccggaca tccacagcac ctataaggag ctccttgect 480
ctgtcactge cccggagaag aacttcaaga gtgcttceeeg gattgtcettt gagaggaage 540
tgcggataaa atccagettt gttgcaccac tggagaagte ctatagcacc aggcccagaa 600
tcctgacegg caaccctege ctggacctte aggaggttaa caactgggtyg caggeccaga 660
tgaaagggaa aattgctaga tccacacggg aaatacccag tggaatcage attctectte 720
ttggtgtgge ttacttcaag gggcagtggg taacaaagtt tgactccaga aagacttcce 780
tcgaggattt ccacttggat gaggagagga ctgtgaaagt ccccatgatg tcagacccta 840
aggccatctt acgctatgge ttggactctg atctcagetyg taagattgece cagetgecct 900
tgaccggcag catgagtatc atctttttee tgectctgaa agtaacccag aacttgacca 960
tgatagaaga gagcctcacc tcectgagttca ttcatgacat agaccgagag ctgaagacaa 1020
ttcaagcagt cctgaccatc cccaagctga agctgagtta tgaaggcgaa gtcacgaagt 1080
ccetgcagga aatgaaactg caatccttgt ttgattcacce agacttcagce aagatcacag 1140
gcaaacctat taaacttacc caagtggaac atcgagctgg cttcgagtgg aacgaggatg 1200
gggcaggcac cacccccage ccggggctcece agcectacceg cctcaccttt cctetggatt 1260
atcacctgaa ccgaccttte atctttgtge tgagagacac agacacaggg gcccttcetcet 1320
tcataggcaa aatcctggac cccaggggca tttaatgcectc cggtttttaa tgttccaata 1380
ccctagaaga acaaaaccct caacggatgg cagatgacat attacatgaa ggctgcccect 1440
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acaatggttt cagtgtatac tttgcaataa aagtgcttta

<210> SEQ ID NO 50

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Ala Ala

1

Pro

Ala

Ser

Thr

65

Thr

Lys

Arg

145

Trp

Ile

Gly

Phe

Pro

225

Ile

Pro

Ser

Val

Lys

305

Phe

Arg

Pro

Val

Ala

Phe

50

Ala

Ile

Ser

Phe

Ser

130

Ile

Val

Pro

Gln

His

210

Lys

Ala

Leu

Glu

Leu

290

Ser

Ser

Ala

Gly

Glu

Ala

35

Ser

Leu

His

Thr

Lys

115

Ser

Leu

Gln

Ser

Trp

195

Leu

Ala

Gln

Lys

Phe

275

Thr

Leu

Lys

Gly

Leu
355

Glu

20

Ile

Pro

Ser

Arg

Tyr

100

Ser

Phe

Thr

Ala

Gly

180

Val

Asp

Ile

Leu

Val

260

Ile

Ile

Gln

Ile

Phe

340

Gln

396

Canis lupus

50

Pro

Glu

Ser

Ala

Ala

Ala

85

Lys

Ala

Val

Gly

Gln

165

Ile

Thr

Glu

Leu

Pro

245

Thr

His

Pro

Glu

Thr
325

Glu

Pro

Lys

Asp

Asn

Ala

Leu

70

Leu

Glu

Ser

Ala

Asn

150

Met

Ser

Lys

Glu

Arg

230

Leu

Gln

Asp

Lys

Met
310
Gly

Trp

Thr

Asp

Pro

Phe

Asn

55

Ser

Tyr

Leu

Arg

Pro

135

Pro

Lys

Ile

Phe

Arg

215

Tyr

Thr

Asn

Ile

Leu

295

Lys

Lys

Asn

Arg

familiaris

Ser

Phe

Gly

40

Val

Leu

Tyr

Leu

Ile

120

Leu

Arg

Gly

Leu

Asp

200

Thr

Gly

Gly

Leu

Asp

280

Lys

Leu

Pro

Glu

Leu
360

Pro

Phe

25

Tyr

Leu

Gly

Asp

Ala

105

Val

Glu

Leu

Lys

Leu

185

Ser

Val

Leu

Ser

Thr

265

Arg

Leu

Gln

Ile

Asp

345

Thr

Ala

10

Arg

Asp

Leu

Ala

Leu

90

Ser

Phe

Lys

Asp

Ile

170

Leu

Arg

Lys

Asp

Met

250

Met

Glu

Ser

Ser

Lys

330

Gly

Phe

Pro

Val

Leu

Ser

Glu

75

Ile

Val

Glu

Ser

Leu

155

Ala

Gly

Lys

Val

Ser

235

Ser

Ile

Leu

Tyr

Leu
315
Leu

Ala

Pro

tcct

Asp

Pro

Tyr

Pro

60

Gln

Ser

Thr

Arg

Tyr

140

Gln

Arg

Val

Thr

Pro

220

Asp

Ile

Glu

Lys

Glu

300

Phe

Thr

Gly

Leu

Ala

Val

Arg

45

Leu

Arg

Asn

Ala

Lys

125

Ser

Glu

Ser

Ala

Ser

205

Met

Leu

Ile

Glu

Thr

285

Gly

Asp

Gln

Thr

Asp
365

Thr

Asn

30

Val

Ser

Thr

Pro

Pro

110

Leu

Thr

Val

Thr

Tyr

190

Leu

Met

Ser

Phe

Ser

270

Ile

Glu

Ser

Val

Thr

350

Tyr

Gly

15

Lys

Arg

Val

Glu

Asp

95

Glu

Arg

Arg

Asn

Arg

175

Phe

Glu

Ser

Cys

Phe

255

Leu

Gln

Val

Pro

Glu
335

Pro

His

Val

Leu

Ser

Ala

Ser

80

Ile

Lys

Ile

Pro

Asn

160

Glu

Lys

Asp

Asp

Lys

240

Leu

Thr

Ala

Thr

Asp

320

His

Ser

Leu

1484



US 9,173,862 B2
129 130

-continued

Asn Arg Pro Phe Ile Phe Val Leu Arg Asp Thr Asp Thr Gly Ala Leu
370 375 380

Leu Phe Ile Gly Lys Ile Leu Asp Pro Arg Gly Ile
385 390 395

<210> SEQ ID NO 51

<211> LENGTH: 1579

<212> TYPE: DNA

<213> ORGANISM: Macaca fascicularis

<400> SEQUENCE: 51

agtgatgcaa tctcagaatc caaattgagt gcaggteget ttaagaaagg agtagcetgta 60
atctgaagce tgctggacge tggattagaa ggcagcaaaa aaagcetcttg tgetggetgg 120
agcccectca gtgtgecagge ttggtgggac taggetgggt gtggagetge agegtatcca 180
caggccccag gatgcaggece ctggtgetat tectetgett tgcagetcete ctegggcaca 240
gecagctgeca gagectegee ageggeccegyg aggagggcte cccagacccce gacagcacag 300
gagcgetggt ggaggaggaa gatcctttet tcaaagtcce ggtgaacaag ctggecagegg 360
ctgtctccaa ctttggetat gacctgtace gggtgeggte cagecatgage cccacgacca 420
acgtgctect gtetectete agtgtggeca cggeectete ggegetcteg ctgggagegg 480
agcagcgaac ggaatcegte attcaccggg ctetctacta tgacctgate agcagceccag 540
acatccacgg cacctacaag gagctecttg gecacggtcac cgccceccag aaaaacctca 600
agagtgccte ccggategte tttgagaaga agetgegeat aaaatccage tttgtggeac 660
ccctggaaaa gtcatatggg accaggecca gagtectgac gggcaacect cgettggace 720
tgcaggagat caacaactgg gtgcaggece agatgaaagg gaagctcgece aggtccacga 780
aggaactgce cgatgagatc agtattctee ttettggtgt ggegtactte aaggggcagt 840
gggtaacaaa gtttgacccc agaaagactt ccctcgagga cttecacttyg gatgaagaga 900
ggaccgtgag ggtccccatg atgtcagacce ctaaggctat tttacgetat ggettggatt 960

cggatctcag ctgcaagatt gcccagectge ctttgaccgg aagcatgagt atcatcttcet 1020
tcetgecect caaagtgacce cagaatttga ccctgataga ggagagcctce acctcecgagt 1080
tcattcacga catagaccgg gaactgaaga cggtgcagge ggtcectgace ctccccaage 1140
tgaagctgag ttacgaaggc gaagtcacca agtcgctaca ggagacgaag ctgcagtctt 1200
tgtttgattc accagacttt agcaagatca caggcaaacc catcaagctg actcaagtgg 1260
aacaccgggce cggcttegag tggaacgagg atggggeggyg agcecacccecece agceccgggge 1320
tgcagcctge gcacctcacce ttectgetgg actatcacct taaccagcct ttcatctteg 1380
tcetgaggga cacggacaca ggggcecectte tcettcattgg caagattctg gaccccagag 1440
gcacctaata ccctgtttaa cattccagtg ccctagaagg gaaccctaga gggacagcag 1500
attccacagg acacaaagct gctcccgtaa ggtttcaatg catacaataa aagagcttta 1560

tcecttaaaaa aaaaaaaaa 1579

<210> SEQ ID NO 52

<211> LENGTH: 418

<212> TYPE: PRT

<213> ORGANISM: Macaca fascicularis

<400> SEQUENCE: 52

Met Gln Ala Leu Val Leu Phe Leu Cys Phe Ala Ala Leu Leu Gly His
1 5 10 15
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132

Ser

Pro

Val

Leu

65

Ser

Glu

Ile

Val

Glu

145

Ser

Leu

Ala

Gly

Lys

225

Val

Ser

Ser

Ile

Leu

305

Tyr

Leu

Leu

Ala

Leu
385

Thr

Gly

Ser

Asp

Pro

50

Tyr

Pro

Gln

Ser

Thr

130

Lys

Tyr

Gln

Arg

Val

210

Thr

Pro

Asp

Ile

Glu

290

Lys

Glu

Phe

Thr

Gly
370
Leu

Asp

Thr

Cys

Ser

35

Val

Arg

Leu

Arg

Ser

115

Ala

Lys

Gly

Glu

Ser

195

Ala

Ser

Met

Leu

Ile

275

Glu

Thr

Gly

Asp

Gln

355

Ala

Asp

Thr

Gln

20

Thr

Asn

Val

Ser

Thr

100

Pro

Pro

Leu

Thr

Ile

180

Thr

Tyr

Leu

Met

Ser

260

Phe

Ser

Val

Glu

Ser

340

Val

Thr

Tyr

Gly

<210> SEQ ID NO

Ser

Gly

Lys

Arg

Val

85

Glu

Asp

Gln

Arg

Arg

165

Asn

Lys

Phe

Glu

Ser

245

Cys

Phe

Leu

Gln

Val

325

Pro

Glu

Pro

His

Ala
405

53

Leu

Ala

Leu

Ser

70

Ala

Ser

Ile

Lys

Ile

150

Pro

Asn

Glu

Lys

Asp

230

Asp

Lys

Leu

Thr

Ala

310

Thr

Asp

His

Ser

Leu
390

Leu

Ala

Leu

Ala

55

Ser

Thr

Val

His

Asn

135

Lys

Arg

Trp

Leu

Gly

215

Phe

Pro

Ile

Pro

Ser

295

Val

Lys

Phe

Arg

Pro
375

Asn

Leu

Ser

Val

40

Ala

Met

Ala

Ile

Gly

120

Leu

Ser

Val

Val

Pro

200

Gln

His

Lys

Ala

Leu

280

Glu

Leu

Ser

Ser

Ala

360

Gly

Gln

Phe

Gly

Glu

Ala

Ser

Leu

His

105

Thr

Lys

Ser

Leu

Gln

185

Asp

Trp

Leu

Ala

Gln

265

Lys

Phe

Thr

Leu

Lys

345

Gly

Leu

Pro

Ile

Pro

Glu

Val

Pro

Ser

90

Arg

Tyr

Ser

Phe

Thr

170

Ala

Glu

Val

Asp

Ile

250

Leu

Val

Ile

Leu

Gln

330

Ile

Phe

Gln

Phe

Gly
410

Glu

Glu

Ser

Thr

75

Ala

Ala

Lys

Ala

Val

155

Gly

Gln

Ile

Thr

Glu

235

Leu

Pro

Thr

His

Pro

315

Glu

Thr

Glu

Pro

Ile
395

Lys

Glu

Asp

Asn

60

Thr

Leu

Leu

Glu

Ser

140

Ala

Asn

Met

Ser

Lys

220

Glu

Arg

Leu

Gln

Asp

300

Lys

Thr

Gly

Trp

Ala
380

Phe

Ile

Gly Ser Pro

Pro

45

Phe

Asn

Ser

Tyr

Leu

125

Arg

Pro

Pro

Lys

Ile

205

Phe

Arg

Tyr

Thr

Asn

285

Ile

Leu

Lys

Lys

Asn

365

His

Val

Leu

30

Phe

Gly

Val

Leu

Tyr

110

Leu

Ile

Leu

Arg

Gly

190

Leu

Asp

Thr

Gly

Gly

270

Leu

Asp

Lys

Leu

Pro

350

Glu

Leu

Leu

Asp

Phe

Tyr

Leu

Gly

Asp

Gly

Val

Glu

Leu

175

Lys

Leu

Pro

Val

Leu

255

Ser

Thr

Arg

Leu

Gln

335

Ile

Asp

Thr

Arg

Pro
415

Asp

Lys

Asp

Leu

80

Ala

Leu

Thr

Phe

Lys

160

Asp

Leu

Leu

Arg

Arg

240

Asp

Met

Leu

Glu

Ser

320

Ser

Lys

Gly

Phe

Asp
400

Arg
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-continued
<211> LENGTH: 1935
<212> TYPE: DNA
<213> ORGANISM: Pan troglodytes
<400> SEQUENCE: 53
aaaaaaagct ctgtgetgge tggagcecccece tcagtgtgea ggcttagagyg gactaggcetg 60
ggtgtggage tgcagcgtat ccacaggccce caggatgcag gecctggtge tactectetg 120
cattggagcee ctccteggge acagcagetg ccagaaccct gecagecccee cggaggagag 180
agctcatgeg tgatcaggga ataaaactca ttecegtttt aggccaaaca cagaaaaatt 240
aggaaggaca gccccaaggg gccagaacca ccaccctaca caaagccatyg aggagacagt 300
cagtcectgt gcatctcetge gagtcectga actcaaacce aagacttect gtctectgee 360
agggctccee agaccccgac agcacagggg cgctggtgga ggaggaagat cctttcettcea 420
aagtcccegt gaacaagetg gcagceggetyg tcetcecaactt cggcetatgac ctgtaccggg 480
tgcgatccag catgagccce acgaccaacg tgetcctgte tectetcagt gtggecacgg 540
cectetegge cctetegetyg ggagecggage agcgaacaga atccatcatt caccgggcete 600
tctactatga cttgatcagce agcccagaca tccatggtac ctacaaggag ctccttgaca 660
cggtcactge cccccagaag aacctcaaga gtgectceeg gatcgtettt gagaagaage 720
tgcgcataaa atccagettt gtggcaccte tggaaaagte atatgggacce aggcccagag 780
tcctgacggg caaccctege ttggacctge aggagatcaa caactgggtyg caggegcaga 840
tgaaagggaa gctcgecagg tccacaaagg aaattcccga tgagatcage attctectte 900
teggtgtgge gcacttcaag gggcagtggg taacaaagtt tgactccaga aagacttcce 960

tcgaggattt ccacttggat gaagagagga cagtgagggt ccccatgatg tcggacccta 1020
aggctgtttt acgctatggc ttggattcag atctcagetg caagattgcce cagctgccect 1080
tgaccggaag cacgagtatc atcttcttce tgcccctgaa agtgacccag aatttgacct 1140
tgatagagga gagcctcacc tcectgagttca ttcatgacat agaccgagaa ctgaagaccg 1200
tgcaggceggt cctgaccgte cccaagctga agctgagtta cgaaggcgaa gtcaccaagt 1260
ccetgcagga gatgaagetg caatccttgt ttgattcacce agactttage aagatcacag 1320
gcaaacccat caagctgact caggtggaac accgggetgg cttegagtgg aacgaggatg 1380
gggcgggaac cacccccage ccagggcetge agectgecca cctcacctte cegetggact 1440
atcaccttaa ccagccttte atcttcegtac tgagggacac agacacaggg gcccttetcet 1500
tcattggcaa gattctggac cccaggggca cctaataccc cagtttaata ttccaatacc 1560
ctagaagaaa acccgaggga cagcagattc cacaggacac gaaggctgece cctgtaaggt 1620
ttcaatgcat aaaataaaag agctttatcc ctaacttcectg ttacttcgtt cctectecta 1680
ttttgagcta tgcgaaatat catatgaaga gaaacagctc tttaggaatt tggtggtcect 1740
ctacttctag cctggtttta tctaaacact gcaggaagtc accgtttata agaactctta 1800
gttagctgtyg gtggataatg cacggacagc tgctctgcte tgggggtgtt tctgtactag 1860
gatcagcgat cctcccggga ggccatttece tgcccccata atcagggaag catgctegta 1920

agcaacacat ggaca 1935

<210> SEQ ID NO 54

<211> LENGTH: 415

<212> TYPE: PRT

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE: 54
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Met

Asn

Thr

Asn

Val

65

Ser

Thr

Pro

Pro

Leu

145

Thr

Ile

Thr

Leu

225

Met

Ser

Phe

Ser

Val

305

Glu

Ser

Val

Thr

Tyr

385

Gly

Arg

Pro

Gly

Lys

50

Arg

Val

Glu

Asp

Gln

130

Arg

Arg

Asn

Lys

Phe

210

Glu

Ser

Cys

Phe

Leu

290

Gln

Val

Pro

Glu

Pro
370

His

Ala

Arg

Arg

Ala

35

Leu

Ser

Ala

Ser

Ile

115

Lys

Ile

Pro

Asn

Glu

195

Lys

Asp

Asp

Lys

Leu

275

Thr

Ala

Thr

Asp

His

355

Ser

Leu

Leu

Gln

Leu

20

Leu

Ala

Ser

Thr

Ile

100

His

Asn

Lys

Arg

Trp

180

Ile

Gly

Phe

Pro

Ile

260

Pro

Ser

Val

Lys

Phe

340

Arg

Pro

Asn

Leu

Ser

Pro

Val

Ala

Met

Ala

85

Ile

Gly

Leu

Ser

Val

165

Val

Pro

Gln

His

Lys

245

Ala

Leu

Glu

Leu

Ser

325

Ser

Ala

Gly

Gln

Phe
405

Val

Val

Glu

Ala

Ser

Leu

His

Thr

Lys

Ser

150

Leu

Gln

Asp

Trp

Leu

230

Ala

Gln

Lys

Phe

Thr

310

Leu

Lys

Gly

Leu

Pro
390

Ile

Pro

Ser

Glu

Val

55

Pro

Ser

Arg

Tyr

Ser

135

Phe

Thr

Ala

Glu

Val

215

Asp

Val

Leu

Val

Ile

295

Val

Gln

Ile

Phe

Gln
375

Phe

Gly

Val

Cys

Glu

40

Ser

Thr

Ala

Ala

Lys

120

Ala

Val

Gly

Gln

Ile

200

Thr

Glu

Leu

Pro

Thr

280

His

Pro

Glu

Thr

Glu
360
Pro

Ile

Lys

His

Gln

25

Asp

Asn

Thr

Leu

Leu

105

Glu

Ser

Ala

Asn

Met

185

Ser

Lys

Glu

Arg

Leu

265

Gln

Asp

Lys

Met

Gly

345

Trp

Ala

Phe

Ile

Leu

10

Gly

Pro

Phe

Asn

Ser

90

Tyr

Leu

Arg

Pro

Pro

170

Lys

Ile

Phe

Arg

Tyr

250

Thr

Asn

Ile

Leu

Lys

330

Lys

Asn

His

Val

Leu
410

Cys

Ser

Phe

Gly

Val

75

Leu

Tyr

Leu

Ile

Leu

155

Arg

Gly

Leu

Asp

Thr

235

Gly

Gly

Leu

Asp

Lys

315

Leu

Pro

Glu

Leu

Leu

395

Asp

Glu

Pro

Phe

Tyr

60

Leu

Gly

Asp

Asp

Val

140

Glu

Leu

Lys

Leu

Ser

220

Val

Leu

Ser

Thr

Arg

300

Leu

Gln

Ile

Asp

Thr

380

Arg

Pro

Ser

Asp

Lys

45

Asp

Leu

Ala

Leu

Thr

125

Phe

Lys

Asp

Leu

Leu

205

Arg

Arg

Asp

Thr

Leu

285

Glu

Ser

Ser

Lys

Gly

365

Phe

Asp

Arg

Leu

Pro

30

Val

Leu

Ser

Glu

Ile

110

Val

Glu

Ser

Leu

Ala

190

Gly

Lys

Val

Ser

Ser

270

Ile

Leu

Tyr

Leu

Leu

350

Ala

Pro

Thr

Gly

Asn

15

Asp

Pro

Tyr

Pro

Gln

95

Ser

Thr

Lys

Tyr

Gln

175

Arg

Val

Thr

Pro

Asp

255

Ile

Glu

Lys

Glu

Phe

335

Thr

Gly

Leu

Asp

Thr
415

Ser

Ser

Val

Arg

Leu

80

Arg

Ser

Ala

Lys

Gly

160

Glu

Ser

Ala

Ser

Met

240

Leu

Ile

Glu

Thr

Gly

320

Asp

Gln

Thr

Asp

Thr
400
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<210> SEQ ID NO 55
<211> LENGTH: 833
<212> TYPE: DNA
<213> ORGANISM: Macaca mulatta
<400> SEQUENCE: 55
atgtggggat ctgctgccce ctggccagtg cctggggatg ccagcagaag tcctgagetg 60
cgcataaaat ccagctttgt ggcacccctg gaaaagtcat atgggaccag gcccagagtce 120
ctgacgggca accctecgcett ggacctgcag gagatcaaca actgggtgca ggcccagatg 180
aaagggaagc tcgccaggtce cacgaaggag ctgcccgatg agatcagtat tctecttete 240
ggtgtggegt acttcaaggg gcagtgggta acaaagtttg accccagaaa gacttccctce 300
gaggacttce acttggatga agagaggacc gtgagggtcc ccatgatgtc agaccctaag 360
gctattttac gctatggett ggattcggat ctcagctgca agattgccca getgectttg 420
accggaagca tgagtatcat cttcttectg ccecctcaaag tgacccagaa tttgaccctg 480
atagaggaga gcctcacctc cgagttcatt cacgacatag accgggaact gaagacggtg 540
caggcggtcec tgaccctcce caagctgaag ctgagttacg aaggcgaagt caccaagtcg 600
ctgcaggaga cgatggacta tcaccttaac cagcctttca tcttegtcct gagggacacg 660
gacacagggg cccttctett cattggcaag attctggacc ccagaggcac ctaataccct 720
gtttaacatt ccagtgccct agaagggaac cctagaggga cagcagattc cacaggacac 780
aaagctgctc ccgtaaggtt tcaatgcata caataaaaga gctttatcct taa 833

<210> SEQ ID NO 56

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Macaca mulatta

<400> SEQUENCE: 56

Met Trp Gly Ser Ala Ala Pro Trp Pro Val Pro Gly Asp Ala Ser Arg
1 5 10 15

Ser Pro Glu Leu Arg Ile Lys Ser Ser Phe Val Ala Pro Leu Glu Lys
20 25 30

Ser Tyr Gly Thr Arg Pro Arg Val Leu Thr Gly Asn Pro Arg Leu Asp
35 40 45

Leu Gln Glu Ile Asn Asn Trp Val Gln Ala Gln Met Lys Gly Lys Leu
50 55 60

Ala Arg Ser Thr Lys Glu Leu Pro Asp Glu Ile Ser Ile Leu Leu Leu
65 70 75 80

Gly Val Ala Tyr Phe Lys Gly Gln Trp Val Thr Lys Phe Asp Pro Arg
85 90 95

Lys Thr Ser Leu Glu Asp Phe His Leu Asp Glu Glu Arg Thr Val Arg
100 105 110

Val Pro Met Met Ser Asp Pro Lys Ala Ile Leu Arg Tyr Gly Leu Asp
115 120 125

Ser Asp Leu Ser Cys Lys Ile Ala Gln Leu Pro Leu Thr Gly Ser Met
130 135 140

Ser Ile Ile Phe Phe Leu Pro Leu Lys Val Thr Gln Asn Leu Thr Leu
145 150 155 160

Ile Glu Glu Ser Leu Thr Ser Glu Phe Ile His Asp Ile Asp Arg Glu
165 170 175

Leu Lys Thr Val Gln Ala Val Leu Thr Leu Pro Lys Leu Lys Leu Ser
180 185 190
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140

Tyr Glu Gly
195

Leu Asn Gln

210

Leu Leu Phe

225

Glu Val Thr Lys Ser Leu Gln Glu

200

Pro Phe Ile Phe Val Leu Arg Asp

215

Ile Gly Lys Ile Leu Asp Pro Arg
230

<210> SEQ ID NO 57
<211> LENGTH: 4645

<212> TYPE

: DNA

235

<213> ORGANISM: Paralichthys olivaceus

<400> SEQUENCE: 57

ggcagagaaa

ctgatctgag

gtggtgactt

cggagtttet

gtctgtggte

atcttatctce

gactctggtt

ttttacatct

tcatcagtgt

ttgtttetgt

tgtgtgtgtg

acagactttt

actttgtgeg

tgaggaatga

tttggaggtt

actgagggag

cctecaggtt

tcttcaccct

agtcgtectyg

aggaagttac

acccagtata

cagtcggagg

actacgaggt

agtcgegaca

caactgtcca

gttcaggtaa

gaaaattaca

tttccatcty

cagaatctte

agtttttect

tcacaacaga

cagtcggage

ctgagetgat

tacagctgac

gaacaactca

ggatcagttt

acttcatcta

tttaactgtt

gtgtagttte

gtgtgtgtat

gtgtgtgtgt

¢gegegegey

gtttetgtaa

tcagagettt

gatcaccttt

tgaggtttgg

acattggtcg

ttetetttge

caggtgtttyg

agcttcagte

tgttgtgacyg

tttcagtaat

dcgaggagac

tggcagcege

ccacgaccaa

tgggtgaagg

agactccatce

catagacaca

aactcaacct

tccatcagaa

tgagggcgac

atgtttetge

gacgttgatc

ctgatctgag

ttcagagatg

tcagttettt

gtaattcagg

taaatggatc

tctggaaaca

tatggattta

gtgagtgtge

gtgtgtgcat

cgcgtgtgtg

ccatgacaac

tgtttgaaac

ctctgeteag

gagctggatce

tetttgtete

ctgagattca

tgttgcagat

aggctcaggt

tgattgttgt

tacagtgaaa

gactgtggag

cacctecgac

cgtettectyg

cacaaactca

gtcatcaggt

gaggaactga

ggtctgacaa

getgtttaag

acgttgcata

atgatggaaa

cggatcagac

ctgatctgac

atctgatcag

taaaaaccgg

aacaagaata

aactgaggtt

ttcagattet

ctgcaaactg

acgtttgtgt

gegtgtggta

tgtgtgtaca

cagctecaga

ttgtttgtgt

atgttcagaa

ctgtgggttt

tgacactgte

ttgtgtttee

gaagacaaca

atcacatcag

gtaacacaca

gtgtcegacy

gaggagcatg

tttggctaca

gececccatca

acacaaacta

ggtegtcact

tgtttttaat

aagttcagag

aaaatgattt

aaaatgttgg

aacctcaaac

Thr Met Asp Tyr His

205

Thr Asp Thr Gly Ala

220

Gly Thr

gtgagctgat
ctgagcetgat
aaacaacaga
atcagaacca
aaaataagtyg
tctcagtgty
caacattatt
tccgttaaac
gegtgtgtgt
tgtgtgtgca
tgcggtctga
tgttgcagag
ccgaatgaaa
ggtttttgga
tcactgtgat
tcagtgtcte
tgcagtgaga
acattecctge
ctgtttctga
aatacaccaa
actcttctcet
tcgagetett
acctgtteceg
gtgtgtctge
aaaacattca
ttgttttcct
gatttetget
tcctgeaccey
ccaataaact
aggaggagaa

ccatgaacag

ctgagcetgat

ctgagggtga

tttatttcac

ggacacacgc

tttaactttc

gatctggtgt

catctecgagt

caggagtttce

gtgtatctgt

tgcgtgtgta

ggtccagatg

gaacaaagga

atgttgaget

tgatggatta

tatacaaaac

cacatattct

ttgtgacacyg

tgatgtgtgg

tttctcacac

catcaaacac

gtectgttte

caccacacca

atctctggeyg

ggcgetgace

cagaaattga

acatttgacyg

cgagctgaag

aggctgaget

gtttccatgg

aggttttgat

tttcatgaat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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-continued
aagaagtcat ttcattattt ggctgtagaa tcattctctc caagtagaaa acatttaaat 1920
aatgttaata aacctcgttc tgacaaagct gagaattatt gtggctgtaa aagagaaaac 1980
tgcctcaaag cctttgaact gctccaagat ggagacaaga gacaagggat catatttctce 2040
ttaacataaa acaaatgtga atcctctggt tcagtgatac tgttgctgaa tcectgtctaaa 2100
gtatgaagtt gctcatgtca gggtctttaa acttaatgtt cttccaccga taaaggaaac 2160
tgttcacgtg agaatctgac atgtctcctg caggagggtc agagctggct gagcggcagce 2220
tgttcagggce tctgaggttt cacaccctge aggaccctca gcectccacaac accctgaagg 2280
acctgttgge ctcecteege tcacctggga aaggcctgag catcgectget cgtcetcectace 2340
tggctcgacg agtagttcac ctggaacatg tgataactgt taaatgtgtt ttcagatagg 2400
ggggtcaact ggttgaacag atcaggtctc ttcttecttet tegtttggtt tattggtgga 2460
tggcaaccaa cgtcaaggtg tactgcccce tggaggtact gtaattccag gtatagtgca 2520
gctgcagttt ttgagcagca agcaagtgat ttccaggaaa agaaatatac tttaaagacg 2580
cagtatcaga cgggtacatt gatttgggta ctctacattt ttggcagcat caggtatcgg 2640
ttttgaaacc tttttaacaa caaggtgttg aattaatatg ccctcatgga aatctctttt 2700
ggttgtgttyg ctgtgtttag cttegtctga accaggagtt cttggcgectg gtggagcagce 2760
agtatggagt tcgtccaaag gcattgccgg ttggaggcaa agatttgaaa gaaatcaacg 2820
actgggtgtc tcaggagacc ggcgggaagg tgcagcgcett cctggccaaa ccctectcete 2880
gaaaccctte agtgaacact gtgagcgccg cctactttaa agggtgcgtc gggaggattt 2940
caaactcaac atctttacat cgacagtttg atgccggtca catgtgacga cacagttttce 3000
tgttaacagg aggtgggtca ctcgcttcag taacagtgga gtcatggagg agtttcaggt 3060
ggacggcgceg gcacctgtte gcgttcecceccat gatgcagcag gacaactatc ctgtgaagat 3120
gggagccgac tcagacttga gctgcacggt gagtgtttte tacttcttcce atttcattte 3180
tgaaatttgt cctgaacaat gtttattttg ctcgtccacc agattgctca gatccagatg 3240
cagaatgacg ttagcatgtt catcttecctg ccagacgagg ttatgtccaa catgacactg 3300
ctggaggaga gtctgaccgce tgagtttgtt caggaccttt ccatgacact gctcccagcece 3360
caggtgtccce tcactctgece taccctgagg ctcagctact ccacagacct getgccactg 3420
ctcagcgacce tgggtgagtc cagaaccagg tccaggtcetg actttaccac aataataaat 3480
atggaaatga tttgaatgat ttgaatacca acaagttatg aggttcagtt ttgtcaggag 3540
ctacttaaat gtattttctt tgtgtttcta ctccacaaca aaatacattt cttggtttga 3600
agatctgaat gtttgtaaaa acaaaaagga gtcaaacaga gaaaccctga ttcaaaacaa 3660
tactaataaa gtgagtcatc aggtcagata gagacaaaca ggcgggagca gaagaaacca 3720
tgagtgtaaa catgaggaaa agtctggaca ggaagtacaa tgacacaaga gttaagaaca 3780
acaacataaa acaggaaaca gatactgaaa cagtaactgg atgttaacgt tacagagtct 3840
tcataattca aacattacct ccagagatac agacgctctg attcatgaca actcaggatc 3900
ttttcaattg tgtccgtecee tecatcegtcee ccecteccetgt aggcectcact gattggatgg 3960
agaacccgca gctggagaag atctcaaccce aggctgccaa gctcaccage gtcaatcaca 4020
aggtcatcat ggagacagca cctgaaggtg accagtaccce cggcgccatyg tcaacaccca 4080
accacctgtce ataccgggtg gaccgcccct tcectctacct gatccgggac gaagcatcegg 4140
gggcgctget cttcattgge agagtggtca accccaaaga cctgaggata taagacagat 4200
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tceccataatg cattgccatt taacctcacce tcaaccctca ccccaacccet cacctcaacce 4260
ctcacctcaa ccctcaccce aaccctcacce tcaaccctea cctcaaccct caccccaacce 4320
ctcacctcac cctcaccecca accctcacct caaacttcac cctagaacca agtctgaget 4380
tcaaatagca caaacaataa gacgccataa ttttctctaa actcaagctce tcecttcatggt 4440
cctettetca ggtcecgtacga cagatttcag gtgtttgete cacgtttgtg geggcagatce 4500
tgtgaggacg tttgatttga tttttcttac ttttcatgtt gaaacaaaca cgttggtgtg 4560
atcatgttaa gatactgatg atacgaggaa agatgttaga aatattgtca tttgttttca 4620
aaggaataaa cacgacaatg aaagc 4645
<210> SEQ ID NO 58

<211> LENGTH: 403

<212> TYPE: PRT

<213> ORGANISM: Paralichthys olivaceus

<400> SEQUENCE: 58

Met Lys Thr Thr Thr Phe Leu Leu Met Cys Gly Val Val Leu Ser Phe
1 5 10 15

Ser Gln Ala Gln Ser Glu Gly Glu Glu Thr Thr Val Glu Glu Glu His
20 25 30

Val Glu Leu Phe Thr Thr Pro Thr Thr Arg Leu Ala Ala Ala Thr Ser
35 40 45

Asp Phe Gly Tyr Asn Leu Phe Arg Ser Leu Ala Ser Arg Asp Thr Thr
50 55 60

Thr Asn Val Phe Leu Ala Pro Ile Ser Val Ser Ala Ala Leu Thr Gln
65 70 75 80

Leu Ser Met Gly Gly Ser Glu Leu Ala Glu Arg Gln Leu Phe Arg Ala
85 90 95

Leu Arg Phe His Thr Leu Gln Asp Pro Gln Leu His Asn Thr Leu Lys
100 105 110

Asp Leu Leu Ala Ser Leu Arg Ser Pro Gly Lys Gly Leu Ser Ile Ala
115 120 125

Ala Arg Leu Tyr Leu Ala Arg Arg Leu Arg Leu Asn Gln Glu Phe Leu
130 135 140

Ala Leu Val Glu Gln Gln Tyr Gly Val Arg Pro Lys Ala Leu Pro Val
145 150 155 160

Gly Gly Lys Asp Leu Lys Glu Ile Asn Asp Trp Val Ser Gln Glu Thr
165 170 175

Gly Gly Lys Val Gln Arg Phe Leu Ala Lys Pro Ser Ser Arg Asn Pro
180 185 190

Ser Val Asn Thr Val Ser Ala Ala Tyr Phe Lys Gly Arg Trp Val Thr
195 200 205

Arg Phe Ser Asn Ser Gly Val Met Glu Glu Phe Gln Val Asp Gly Ala
210 215 220

Ala Pro Val Arg Val Pro Met Met Gln Gln Asp Asn Tyr Pro Val Lys
225 230 235 240

Met Gly Ala Asp Ser Asp Leu Ser Cys Thr Ile Ala Gln Ile Gln Met
245 250 255

Gln Asn Asp Val Ser Met Phe Ile Phe Leu Pro Asp Glu Val Met Ser
260 265 270

Asn Met Thr Leu Leu Glu Glu Ser Leu Thr Ala Glu Phe Val Gln Asp
275 280 285

Leu Ser Met Thr Leu Leu Pro Ala Gln Val Ser Leu Thr Leu Pro Thr
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290 295 300

Thr Pro Leu Leu

315

Ser Leu Leu

310

Leu Leu Ser

305

Arg Tyr Asp

Glu Gln

330

Gly Leu Thr Asp Trp Met Asn Pro

325

Leu Glu Lys

Gln Ala Ala Thr Val Asn His Ile

345

Lys Leu Ser

340

Lys Val

Gln Ala Thr

365

Ala Glu

355

Pro Met Ser

360

Pro Gly Asp Tyr Gly

Ser Val Pro Phe Leu

370

Leu Tyr Arg Asp Arg

375

Tyr Leu Ile
380
Phe

Ile Val Val

395

Ala
385

Ala Leu Asn

390

Ser Gly Leu Gly Arg

Leu Arg Ile

Ser

Ile

Met

350

Pro

Arg

Pro

Leu
320

Asp

Ser Thr

335

Glu Thr

Asn His

Asp Glu

Lys Asp

400

We claim:

1. A method for treating age-related macular degeneration
(AMD), comprising administering to a subject with AMD an
amount of an agonist of the OA1 receptor selected from the
group consisting of [-DOPA, an L-DOPA analogue, and
pharmaceutically acceptable salts thereof, effective for treat-
ing AMD.

2. The method of claim 1, wherein the agonist comprises
L-DOPA, or a pharmaceutically acceptable salt thereof.

3. The method of claim 1, wherein the L.-DOPA analogue
comprises an L-DOPA prodrug, or a pharmaceutically
acceptable salt thereof.

4. The method of claim 3, wherein the L-DOPA prodrug
comprises an L-DOPA ester, or a pharmaceutically accept-
able salt thereof.

5. The method of claim 3, wherein the L-DOPA prodrug
comprises a bile acid conjugate of L-DOPA, or a pharmaceu-
tically acceptable salt thereof.

6. The method of claim 3 wherein the L.-DOPA prodrug
comprises a di- or tri-peptide L-DOPA analogue, or a phar-
maceutically acceptable salt thereof.

7. The method claim 1, wherein the subject is over the age
of 60.

8. The method of claim 1, wherein the subject has wet
AMD.

9. The method of claim 1, wherein the subject has dry
AMD.
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10. The method of claim 1, further comprising administer-
ing to the subject a combination of a vitamin C source, a
vitamin E source, a beta-carotene source, a zinc source, and a
copper source.

11. The method of claim 10, comprising administering

between 450 mg and 600 mg vitamin C;

between 400 IU and 540 IU vitamin E;

between 17.2 mg and 28 mg beta-carotene;

between 68 mg and 100 mg zinc; and

between 1.6 mg and 2.4 mg copper.

12. The method claim 2, wherein the subject is over the age
of 60.

13. The method of claim 2, wherein the subject has wet
AMD.

14. The method of claim 2, wherein the subject has dry
AMD.

15. The method of claim 2, further comprising administer-
ing to the subject a combination of a vitamin C source, a
vitamin E source, a beta-carotene source, a zinc source, and a
copper source.

16. The method of claim 15, comprising administering

between 450 mg and 600 mg vitamin C;

between 400 IU and 540 IU vitamin E;

between 17.2 mg and 28 mg beta-carotene;

between 68 mg and 100 mg zinc; and

between 1.6 mg and 2.4 mg copper.
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