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METHODS FOR IDENTIFYING
COMPOUNDS THAT MODULATE ATRo2
ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation and claims the benefit of
U.S. patent application Ser. No. 09/894,734, filed on Jun. 28,
2001, now U.S. Pat. No. 6,730,472, issued May 4, 2004,
which claims the benefit of U.S. Provisional Patent Appli-
cation Ser. No. 60/214,572, filed on Jun. 28, 2000, both of
which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

This invention relates to thyroid hormone receptors, and
more particularly to non-nuclear effects of thyroid hormone.

BACKGROUND

Thyroid hormone (TH) has diverse effects on mammals,
including effects on the neonatal and adult brain. In the
developing animal, thyroid hormone regulates various
events such as neuronal processing, glial cell proliferation,
myelination, and neurotransmitter enzyme synthesis. The
metabolically active form of thyroid hormone, 3, 5, 3'-tri-
iodothyronine (T3), acts by binding to two receptors; TRal
and TRPB1. These two receptors are encoded by the c-erbAc
locus. Two truncated receptor transcripts have been identi-
fied that are also transcribed from the c-erbAa locus;
ATRal and ATRa2 (Chassande et al.,, 1997, Mol. Endo-
crinol. 11:1278-1290). Neither truncated receptor has a
DNA binding region and ATRa1 has been shown to antago-
nize T3-induced transcriptional activation.

Type II iodothyronine 5'-deiodinase (D2) is the key
enzyme in the pathway that mediates the conversion of
intracellular thyroxine (T4) to 3, 5, 3'-triiodothyronine (T3).
D2 concentration can be mediated by thyroid hormone
concentration and is regulated by enzyme inactivation. The
D2 activity appears to be more sensitive to T4 than T3. The
degradation of the enzyme is energy-dependent and appar-
ently requires the structural integrity of the actin cytoskel-
eton, i.e., is regulated at least in part by actin-based endocy-
tosis. p29 is the substrate binding subunit of D2. T4 induces
inactivation of D2 and initiates the binding of p29 to F-actin.
The bound p29 is transported to an endosomal pool followed
by dissociation of the F-actin-p29 complex (Farwell et al.,
1993, J. Biol. Chem. 268: 5055-5062).

SUMMARY

The present invention relates to the effects of thyroid
hormone that are mediated by non-nuclear mechanisms. In
particular, the invention relates to methods of identifying
compounds that interact with a ATRal polypeptide and/or
ATRa2 polypeptide (ATRal; ATRa2). The invention also
includes transgenic animals with altered or missing ATRal
and ATRa2. Such animals are useful for identifying new
targets for drug discovery.

Although ATRal and ATRa2 do not bind to 3, 5, 3'-tri-
iodothyronine (T3), they do bind with high affinity to 3, 3,
S'-triiodothyronine (reverse T3; rT3) and that binding can be
displaced by thyroxine (T4) and rT3 (Example 2). The
invention relates to the discovery that the association of
myosin V with p29 vesicles is dependent on thyroid hor-
mone, e.g., T4 and rT3, bound to a ATRc2, and that stable
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complexes between p29, several synaptic vesicle proteins
and myosin V can be isolated on actin fibers. Thus, T4, rT3,
and certain analogs are useful for regulating actin-based
endocytosis, especially movement of synaptic vesicles.

The invention features a method of assaying the function-
ality of a translation product of a mutant ATRa2 gene in a
cell. The method includes binding a labeled ligand for a
ATRa2 polypeptide to the translation product in a cell and
measuring the amount, location, or rate of transit of the
ligand in the cell. An increase in the amount, location, or rate
of transit of the ligand in the cell compared to that in a cell
that does not comprise a mutant ATRa2 gene indicates an
increase in functionality of the translation product. A
decrease in the amount location, or rate of transit of the
ligand in the cell compared to a cell that does not comprise
a mutant ATRa2 gene indicates a decrease in the function-
ality of the translation product. The ligand can be, e.g., a
flavone, an aurone, or a T4 analog.

The invention includes an inhibitor of ATRa2 expression
or activity. The inhibitor can be, e.g., a flavone, an aurone,
or a T4 analog.

The invention also features a method of identifying a
candidate compound that modulates ATRa2 activity by
obtaining a ATRa2 polypeptide, contacting the ATRa2 with
a test compound, assaying for binding of the test compound
to ATRa2, such that binding indicates that the test com-
pound that binds to the ATRa2 polypeptide is a candidate
compound that modulates ATRa2 activity. The test com-
pound can be, e.g., a flavone, an aurone, or a T4 analog.

In another aspect, the invention provides a method of
identifying a candidate compound that modulates ATRa2
activity. This method includes obtaining a ATRa2 polypep-
tide bound to a ATRa2 ligand, contacting the ATRa2 bound
to the ATRa2 ligand with a test compound, and measuring
the displacement of the ATRa2 ligand from the ATRa2
polypeptide, such that displacement indicates that the a test
compound is a candidate compound that modulates ATRa2
activity. The test compound can be, e.g., a flavone, an
aurone, or a T4 analog.

The invention also includes a method of identifying a
candidate compound that modulates ATRa2 activity. This
method includes the steps of obtaining a test sample con-
taining a ATRa2, incubating the test sample with a test
compound, and assaying the test sample containing the test
compound for an alteration in type II 5' deiodinase (D2)
activity, such that a test compound that alters D2 activity
when compared to a test sample that was not incubated with
the test compound is a candidate compound. In this method,
the test compound may decrease the amount of D2 activity.
The test compound can be, e.g., a flavone, an aurone, ora T4
analog.

The invention also features a method of identifying a
candidate compound that modulates ATRa2 activity which
includes the steps of obtaining a test sample containing a
ATRa2, performing an actin binding assay with the test
sample in the presence of a test compound, such that a test
compound that alters the binding of p29 vesicles to F-actin
when compared to a test sample that was not incubated with
the test compound is a candidate compound. The test com-
pound can be, e.g., a flavone, an aurone, or a T4 analog.

The invention includes a compound identified by the any
of the methods described above. The invention also includes
an inhibitor of ATRa2 expression or activity.

Other aspects of the invention are methods of treating a
subject who has a neurologic disorder or a psychiatric
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disorder (e.g., a mood disorder or depression) by adminis-
tering to the subject a therapeutically effective amount of a
ATRa2 ligand.

The invention also features an isolated nucleic acid mol-
ecule that includes a ATRa2 targeting construct that con-
tains a DNA sequence homologous to sequences encoding a
mouse ATRa2, such that when the construct is introduced
into a non-human animal (e.g., a mouse) cell or an ancestor
of the animal cell at an embryonic stage, and the construct-
derived sequences are incorporated into an endogenous TRa
gene, the cell does not express ATRa2 in significant
amounts (e.g., not more than 75%, 50%, 25%, 10%, or 5%
of the level of expression in a cell or animal having a wild
type gene). The invention includes a vector containing this
nucleic acid. The construct can contain a nucleic acid
sequence that is homologous to intron 7 of a mouse TRa
gene or a nucleic acid sequence that is homologous to exon
10 of a mouse TRa DNA sequence. In some aspects of the
invention, introduction of the construct into the cell disrupts
the AP1, ctf, GR, SP1, or etsl sequence of intron 7. The
isolated nucleic acid molecule can also include a gene
selection cassette.

The invention features a transgenic, non-human animal
whose germ cells and somatic cells include a mutated TRa
gene, the mutation being sufficient to inhibit binding of
thyroxine (T4) to ATRa2 transcribed from the gene. The
mutated gene is introduced into the non-human animal or an
ancestor of the animal at an embryonic stage, such that the
animal, if homozygous for the mutation, has impaired motor
function. The non-human animal can be a mouse, a rat, a
goat, a sheep, or a pig. The invention includes a cell derived
from the transgenic animal. The cell can be an astrocyte or
other neuronal cell type. In such transgenic animals, the
TRa gene can be mutated in intron 7 or in exon 10.

Another aspect of the invention features a transgenic
non-human animal whose somatic and germ cells include a
disrupted TRa gene, the disruption being sufficient to inhibit
the binding of T4 to a ATRal or ATRa.2 translation product
of the TR gene and the disrupted gene was introduced into
the animal or an ancestor of the animal at an embryonic
stage. Such an animal, if homozygous for the disrupted gene,
has impaired motor function. The animal can be a rodent
(e.g., a mouse or a rat), a goat, a pig, or a sheep. The
disruption in such an animal can include a mutation in intron
7 or exon 10 of the TRa gene. The disruption can include a
deletion of all or a part of intron 7 of the TRa gene or a
deletion of all or part of exon 10 of the TR gene.

A “transgene” is any piece of DNA that is inserted by
artifice into a cell, and becomes part of the genome of the
organism that develops from that cell or progeny of the
organism. Such a transgene may include a gene that is partly
or entirely heterologous (i.e., foreign) to the transgenic
organism, or may represent a gene or part of a gene that is
homologous with an endogenous gene of the organism.

A cell that is “transgenic” is one which includes a DNA
sequence inserted by artifice into a cell to become part of the
genome of the organism which develops from that cell or
progeny of the organism. As used herein, the transgenic
organism can be an animal, generally a mammal (e.g., a
rodent such as a mouse or rat), and the DNA (transgene) is
inserted into the nuclear genome.

A “transgenic animal” is an animal which includes a
transgene. In general, the transgene is inserted into an
embryonal cell and becomes a part of the genome of the
animal which develops from that cell, or an offspring of such
an animal. The transgene may introduce a heterologous
DNA sequence into the embryonal cell or introduce an
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alteration such as a deletion, insertion, or substitution of an
endogenous DNA sequence (e.g., by homologous recombi-
nation). In the transgenic animals described herein, the
transgene causes cells to express an altered form of ATRal
or ATRa2. Such animals include those produced using
methods such as homologous recombination. In general, the
animals produced by the transgenic technology of the inven-
tion are mammals although any animal that can be produced
by such technology is encompassed by the invention. Mam-
mals used for the invention include non-human primates,
sheep, goats, horses, cattle, pigs, rabbits, and rodents such as
guinea pigs, hamsters, rats, gerbils, and mice.

As used herein, a “homologously recombinant animal” is
a non-human animal, e.g., a mammal, such as a mouse, in
which an endogenous gene has been altered by homologous
recombination between the endogenous gene and an exog-
enous DNA molecule introduced into a cell of the animal,
e.g., an embryonic cell of the animal, prior to development
of the animal.

A“ATRal ligand” or “ATRa2 ligand” is a compound that
binds to a ATRal or ATRa2, respectively. In some embodi-
ments such a ligand binds to a ATRal or ATRa2 with an
affinity of greater than or equal to 10 Mol/L.

A molecule that “specifically binds” is a molecule that
binds to a particular entity, e.g., a ATRal or ATRa2, but
which does not substantially recognize or bind to other
molecules in a sample, e.g., a biological sample, which
includes that particular entity, e.g., a ATRal or ATRa2.

The terms ATRal “candidate compound” or ATRa2
“candidate compound” refer to compounds that interact with
or affect the activity of a ATRal or ATRa2. Such candidate
compounds may be identified, e.g., by their ability to bind to
one of the receptors, by their ability to displace a bound
ligand from the receptor, by indirect assays such as ability to
alter D2 activity when the candidate compound is incubated
with the receptor in a D2-containing preparation, or by this
ability to affect the association of myosin V with p29
vesicles. Candidate compounds may also be ligands.

A “test compound” is a compound used in the methods of
the invention that is tested for its qualifications as a candi-
date compound.

A “homologous sequence” is a sequence with identity to
a reference sequence. Calculations of homology (i.e.,
sequence identity) between sequences are performed as
follows.

To determine the percent identity of two amino acid
sequences, or of two nucleic acid sequences, the sequences
are aligned for optimal comparison purposes (e.g., gaps can
be introduced in one or both of a first and a second amino
acid or nucleic acid sequence for optimal alignment and
non-homologous sequences can be disregarded for compari-
son purposes). In an embodiment, the length of a reference
sequence aligned for comparison purposes (e.g., when align-
ing a second sequence to a ATRal or ATRa2 amino acid
sequence) is at least 30%, 40%, 50%, 60%, 70%, 80%, or
90% of the length of the reference sequence. The length of
the reference sequence can also be 100%. The reference
sequence can be a full-length amino acid sequence of
ATRal or ATRa2 or a partial sequence, e.g., a domain,
intron, or exon (such as intron 7 or exon 10 of a mouse TRa
sequence). In an embodiment, the length of a reference
sequence aligned for comparison purposes (e.g., when align-
ing a second sequence to a ATRal or ATRa2 nucleic acid
sequence) is at least 30%, 40%, 50%, 60%, 70%, 80%, or
90% of the length of the reference sequence. The length of
the reference nucleic acid sequence can also be 100%. The
reference sequence can be a full-length nucleic acid

























































