
VDCC GAMMA-8 ION CHANNEL Field of the Invention The
invention relates to ion channel nucleic acids and
polypeptides. The ion channel is hereinafter referred
to as "voltage-dependant calcium channel gamma-8",
"VDCC g-8" or "g-8". The invention also relates to
inhibiting or activating the action of these nucleic
acids and polypeptides, in particular to provide
candidates for the therapy of mental illness.
Background of the Invention Calcium channels are
crucial in the regulation of a wide range of cellular
functions, including but not exclusively, muscle
contraction, neurotransmitter release, hormone
secretion, gene expression, progression through the
cell cycle and cell death. Intracellular calcium is
very low at rest, and changes in this to produce a
transient rise in intracellular calcium can act as a
second messenger, to activate a diverse range of
cellular processes. Either voltage- or ligand-gated
calcium channels can mediate this increase in
intracellular calcium. Voltage-dependent calcium
channels can be split into two broad groups: low (or
T-type) and high thresholdactivated channels. High
threshold channels are subdivided into L, N, P, Q, and
R channels, depending on their subunit composition.
Voltage dependent calcium channels are heteromeric
channels composed of a pore forming alpha-1 subunit
and the accessory subunits beta and alpha-2-delta. In
some situations, a gamma subunit is also present
(Caterall, Curr. Opin Neurobiol. 1991: 1;5-13). Gamma
subunit proteins are integral membrane proteins that
are thought to stabilize the calcium channel in an
inactive (closed) state. There are several gamma
subunit proteins and this VDCC-g8 gene is a member of
the neuronal calcium channel gamma subunit gene
subfamily of the PMP-22/EMP/MP20 family, located in a
cluster with two similar gamma subunit-encoding genes.
It is believed that non-AUG translation initiation can
occur for the VDCC-78 transcript. The VDCC- g8 subunit
contains a postsynaptic density-95, discs large,
zonula occludens (PDZ)- binding motif. VDCC-g8 appears
later in development and progressively increases
during animal maturation (and is not seen in embryonic
development cerebral cortex, see Tomita et al.,J Cell
Biol, 2003: 161; 805-816), as does stargazin and
VDCC-g3. This is in context to VDCC-g4 which is
expressed embryonically and gradually declines during
animal maturation.g-8, along with Stargazin, g-3 and
g-4 belong to a family of transmembrane AMPA
regulatory proteins (TARPS) that mediate surface
expression of AMPA receptors (-75 % decrease in
surface expression of GIuRs in cerebellar cells from
stargazer mice, whereas total GIuR levels are only
reduced by 10-20 %. Mental illness is a term used to
define brain disorders, in particular those involving
affective or emotional instability, behavioural
dysregulation and/or cognitive impairment. Mental
illness can be debilitating to the sufferer and caring
for one suffering a significant emotional and
financial burden. 



Psychosis is a term defining a mental state having
severely impaired thought and perception. A psychotic
episode is debilitating and commonly involves
hallucinations, paranoia, delusions, disorganised
thinking and impairment of social interaction.
Psychoses generally involve a loss of contact with
reality, which can be highly destructive to the
sufferer. Psychoses manifest in conditions including
bipolar disorder, severe clinical depression and
schizophrenia. These conditions are not well
understood and effective therapies to prevent and
treat them are required. In particular, there is a
significant unmet medical need in the therapy of the
negative symptoms schizophrenia. The most commonly
used drugs, clozapine and olanzapine, take 2-4 weeks
to be fully efficacious and have relatively weak
effects on the negative symptoms of schizophrenia.
Epilepsy is a mental illness, often also referred to
as a developmental disability, characterised by
recurrent epileptic seizures. This chronic
neurological condition affects many millions of people
worldwide and, although drugs control the symptoms
exist, there is no cure. There remains a strong need
for effective therapies to prevent and treat mental
illness, in particular anti-psychotic and
anti-epileptic therapies. Summary of the Invention The
present invention is based on the surprising discovery
that VDCC g-8 is implicated in mental illness and is
therefore a useful therapeutic target. In particular,
VDCC g-8 is implicated in diseases involving psychosis
such as schizophrenia, and epilepsy. According to a
first aspect of the present invention, a method of
identifying an agent suitable for therapy of a mental
illness, comprises the step of determining whether a
candidate agent affects the activity of
voltage-dependant calcium-channel gamma -8.Brief
Description of the Drawings Figure 1 is a diagram
showing the knockout vector. Figure 2 is a graph
showing the results of the rotarod test for knockout
mice (mutant, -/-) compared with wild-type mice (wt,
+/+). Figure 3A is a graph showing the results a 1-hr
session in LABORASR (Laboratory Animal Behaviour
Observation Registration and Analysis System) for
knockout mice (mutant, -/-) compared with wild-type
mice (wt, +/+). Figure 3B is a graph showing the
results a 15-hr overnight (ON) session in LABORAS(r)
(Laboratory Animal Behaviour Observation Registration
and Analysis System) for knockout mice (mutant, -/-)
compared with wild-type mice (wt, +/+). Figure 4 shows
immunohistological staining of GluR2 in the
hippocampus of knockout mice (mutant, -/-) compared
with wild-type mice (wt, +/+). Figure 5A shows that
VDCC g-8 knockout mice show decreased time in a
chamber containing an intruder mouse, compared to
wild-type mice; Figure 5b shows ten approach avoidance
scores for VDCC g-8 knockout and 



wild-type mice; and Figure 7 shows the location of the
primers and the genomic structure of the regions of
the VDCC g-8 locus used in the targeting strategy.
Sequence Listings SEQ ID NO: 1 shows the cDNA sequence
of human VDCC g-8. SEQ ID NO: 2 shows an open reading
frame derived from SEQ ID NO: 1. SEQ ID NO: 3 shows
the amino acid sequence of human VDCC g-8 derived from
sequence 2. SEQ ID NO: 4 shows the open reading frame
of a cDNA for Mouse VDCC g-8. SEQ ID NO: 5 shows the
amino acid sequence of Mouse VDCC g-8. SEQ ID No. 6
shows an alternative open reading frame of a cDNA for
human VDCC g-8 . SEQ ID No. 7 shows the amino acid
sequence of human VDCC g-8 derived from SEQ ID No.6.
SEQ ID No. 8-20 show the genotyping primers used to
construct the knockout plasmid. SEQ ID No: 2 1 (Figure
7) shows the location of the primers and the genomic
structure of the regions of the VDCC g-8 locus used in
the targeting strategy.Detailed Description VDCC -8
Ion Channel The VDCC g-8 ion channel, as well as
homologues, variants or derivatives thereof, as well
as its use in the treatment and diagnosis of VDCC g-8
associated diseases, is described herein. VDCC g-8 is
structurally related to other proteins of the ion
channel family, as shown by the results of sequencing
the amplified cDNA products encoding human VDCC g-8.
The cDNA sequence of SEQ ID NO: 1 contains two
possible open reading frames: nucleotide numbers 104
to 1381 (shown as SEQ ID NO:2) encoding a polypeptide
of 425amino acids (shown as SEQ ID NO: 3) and
nucleotide numbers 206 to 1381 (shown as SEQ ID NO:6)
encoding polypeptide of 391 amino acids (shown as SEQ
ID NO: 7). Human VDCC g-8 is found to map to Homo
sapiens chromosome Ch19q13. The practice of the
present invention will employ, unless otherwise
indicated, conventional techniques of chemistry,
molecular biology, microbiology, recombinant DNA and
immunology, which are within the capabilities of a
person of ordinary skill in the art. Such techniques
are explained in the literature. See, for example, J.
Sambrook, E. F. Fritsch, and T. Maniatis, 1989,
Molecular Cloning: A Laboratory Manual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory
Press; Ausubel, F. M. et al. (1995 and periodic
supplements; Current Protocols in Molecular Biology,
ch. 9, 13, and 16, John Wiley & Sons, New York, N.Y.);
B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation
and Sequencing: Essential Techniques, John Wiley &
Sons; J. M. Polak and James O1D. McGee, 1990, In Situ
Hybridization: Principles and Practice; Oxford
University Press; M. J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, IrI
Press; D. M. J. Lilley and J. E. Dahlberg, 1992,
Methods of Enzymology: DNA Structure Part A: Synthesis
and Physical Analysis of DNA Methods in Enzymology,
Academic Press; Using Antibodies : A Laboratory 



Manual : Portable Protocol NO. I by Edward Harlow,
David Lane, Ed Harlow (1999, Cold Spring Harbor
Laboratory Press, ISBN 0-87969-544-7); Antibodies : A
Laboratory Manual by Ed Harlow (Editor), David Lane
(Editor) (1988, Cold Spring Harbor Laboratory Press,
ISBN 0-87969-314-2), 1855, Lars-Inge Larsson
"Immunocytochemistry: Theory and Practice", CRC Press
inc., Baca Raton, Florida, 1988, ISBN 0-8493-6078-1,
John D. Pound (ed); "Immunochemical Protocols, vol
80", in the series: "Methods in Molecular Biology",
Humana Press, Totowa, New Jersey,1998, ISBN
0-89603-493-3, Handbook of Drug Screening, edited by
Ramakrishna Seethala, Prabhavathi B. Femandes (2001,
New York, NY, Marcel Dekker, ISBN 0- 8247-0562-9); Lab
Ref: A Handbook of Recipes, Reagents, and Other
Reference Tools for Use at the Bench, Edited Jane
Roskams and Linda Rodgers, 2002, Cold Spring Harbor
Laboratory, ISBN 0-87969-630-3; and The Merck Manual
of Diagnosis and Therapy (17th Edition, Beers, M. H.,
and Berkow, R, Eds, ISBN: 0911910107, John Wiley &
Sons). Each of these general texts is herein
incorporated by reference. Each of these general texts
is herein incorporated by reference. Identities and
Similarities to VDCC v-8 Analysis of the VDCC g-8
polypeptide (SEQ ID NO: 3) using the HMM structural
prediction software of pfam
(http://www.sanger.ac.uk/Software/Pfam/search.shtml)
confirms that VDCC g-8 peptide is an ion channel. The
mouse homologue of the human VDCC g-8 ion channel has
been cloned, and its nucleic acid sequence and amino
acid sequence are shown as SEQ ID NO: 4 and SEQ ID NO:
5 respectively. The mouse VDCC g-8 ion channel cDNA
(SEQ ID NO: 4) shows a high degree of identity with
the human VDCC g-8 ion channel (SEQ ID NO: 2 and SEQ
ID NO: 6) sequence, while the amino acid sequence (SEQ
ID NO: 5) of the mouse VDCC g-8 ion channel shows a
high degree of identity and similarity with the human
VDCC g-8 ion channel (SEQ ID NO: 3 and SEQ ID NO: 7).
Human and mouse VDCC g-8 ion channel are therefore
members of a large family of ion channels. Expression
Profile of VDCC v-8 Polymerase chain reaction (PCR)
amplification of VDCC g-8 cDNA detects expression of
VDCC g-8 to varying abundance in the hippocampus
(+++), cerebellum, cortex, striatum, mid brain, pons
(++),hypothalamus, thalamus, forebrain, spinal cord,
pituitary, and trigeminal ganglion (+). LacZ staining
in VDCC g-8 knockout mice reveals strong expression of
VDCC g-8 in the brain and in particular in the
hippocampus, cortex, amygdala, olfactory cortex,
forebrain and thalamus. Using VDCC g-8 cDNA to search
the human or mouse EST data sources by BLASTN,
identities are found in cDNA libraries. This indicates
that VDCC g-8 is expressed in these normal or abnormal
tissues: Assession Numbers CX223421, DN176885,
CX205409: Lateral wall of lateralventricle 



Accession Numbers BE647856, BE86411 1 Mouse brain
(from a mix of cerebellum, brain stems, olfactory
bulbs, hypothalamus, cortex, amygdala, basal ganglia,
pineal gland, striatum, hipoccampus) Accession Number
BB641732: Neonate cortex Accession Number BG803929:
Neural retina Accordingly, the VDCC g-8 polypeptides,
nucleic acids, probes, antibodies, expression vectors
and ligands are useful for detection, diagnosis,
treatment and other assays for diseases associated
with over-, under- and abnormal expression of VDCC g-8
ion channel in these and other tissues. Preferably,
the diseases include the VDCC g-8 associated diseases
set out below. VDCC v-8 ion Channel Associated
Diseases According to the methods and compositions
described here, VDCC g-8 ion channel is useful in
therapy and diagnosis, for treating and diagnosing a
range of diseases. VDCC g-8 is also useful in assaying
molecules that modify the activity of VDCC g-8, as
discussed below. A molecule that modifies VDCC g-8 is
a potential therapeutic agent for a VDCC g-8
associated disease. Diseases in which VDCC g-8 is
implicated are referred to for convenience as VDCC g-8
associated diseases. These diseases are mental
illness. As used herein, the term mental illness
refers to disorders of brain function, including
illnesses that include affective or emotional
instability, behavioural dysregulation and/or
cognitive dysfunction or impairment. The term "mental
illness" also includes disorders exhibiting seizures,
for example epilepsy. Human and animal (veterinary)
therapy and diagnosis is within the scope of the
invention. Human VDCC g-8 maps to Homo sapiens
chromosome 19q13. Accordingly, in a specific
embodiment, Ch19q13 ion channel may be used to treat
or diagnose a disease which maps to this locus,
chromosomal band, region, arm or the same chromosome.
Known diseases which have been determined as being
linked to the same locus, chromosomal band, region,
arm or chromosome as the chromosomal location of VDCC
g-8 ion channel (i.e., Homo sapiens chromosome 19q13)
include generalized epilepsy with febrile seizures,
anemia and diabetes. Knockout mice deficient in VDCC
g-8 display a range of phenotypes, as demonstrated in
the Examples. For example, in the LABORAS test, VDCC
g-8 knockout mice are hyperactive initially;
suggesting slower habituation to the novelenvironment
compared to wildtype control mice (Example 5), an
indication of working memory deficits, which can be a
symptom of altered synaptic organisation. We therefore
disclose a method of altering synaptic plasticity in
an individual, the method comprising modulating the
level or activity of VDCC g-8 in that individual. As
noted elsewhere, this can be achieved by modulating
the expression of VDCC g-8, or by use of modulators of
(such as agonists or antagonists) VDCC g-8. VDCC g-8
and modulators of VDCC g-8 activity, including in
particular agonists of VDCC g-8, may be used to treat
or alleviate diseases or syndromes in which 



synaptic plasticity in the relevant brain regions
feature. Such diseases include status epilepticus
disease, generalised seizures and all disorders
exhibiting seizures, childhood and developmental
disorders such as autism, autistic spectrum of
diseases, pervasive developmental disorder,
disintegrative disorder, Asperger's syndrome, Rett
syndrome, Attention-Deficit/Hyperactivity disorder
(ADHD), cognitive disorders, including, but not
exclusively Alzheimer's disease, ishaemic/vascular
dementia, Pick's disease, diffuse Lewy body dementia,
frontotemporal dementias, corticobasal degeneration,
Huntington's disease, progressive supranuclear palsy,
AIDS/HIV dementia, prion infections, encephalitis,
neurosyphilis, vasculitis, progressive multifocal
leukoencephalopathy, and psychoses, including
schizophrenia, generalised anxiety disorder, social
anxiety, post traumatic stress disorder, phobias,
social phobia, special phobias, panic disorder,
obsessive compulsive disorder, acute stress disorder,
separation disorder and depression, major depression,
dysthymia, bipolar disorder, seasonal affective
disorder, post natal depression, acute
neurodegenerative disease, stroke and traumatic brain
injury. In a preferred embodiment, the VDCC g-8
associated disease comprises a disease in which stress
or anxiety is a symptom. In a further preferred
embodiment, the VDCC g-8 associated disease comprises
a disease in which psychosis is, or can be, a symptom.
Psychosis is generally considered to be a symptom of
severe mental illness, but is not a diagnosis in
itself. Any mental illness that is or can be
associated with psychosis is within the scope of the
invention. Preferred diseases involving psychosis are
schizophrenia bipolar disorder (manic depression) and
severe clinical depression. Brain injury (or other
neurological disorder), drug intoxication and
withdrawal (especially alcohol, barbiturates and
benzodiazepenes), lupus, electrolyte disorders in the
elderly (such as urinary tract infections), pain
syndromes, sleep depression and extreme stress(such as
post-traumatic stress disorder) can also cause a
psychotic episode, and are within the scope of the
invention. In yet another preferred embodiment, the
VDCC g-8 associated disease is a disorder exhibiting
seizures, including generalised epilepsy and status
epilepticus disease. The most preferred VDCC g-8
associated diseases are psychosis, schizophrenia,
ADHD, bipolar disorder, major depression, generalised
anxiety disorder and epilepsies including status
epilepticus. The experimental data detailed herein
strongly implicate VDCC g-8 in schizophrenia. The
hyperactivity and the reduction in expression of GluR2
receptor subunits in the hippocampus (Example 5)
indicate strongly that the VDCCg-8 KO mice show a
forebrain glutamatergic deficit and symptoms
equivalent to the negative aspects of schizophrenia.
The ability to make a special map of a new environment
is impaired in the KO mice (Example 5) resulting in an
increased period of exploratory behaviour. This
indicates a role for VDCCg-8 in schizophrenia in line
with the 



glutamatergic hypothesis of schizophrenia proposed by
Carlsson (Carlsson A. 1988, The current status of the
dopamine theory of schizophrenia. Neuropharmacology 1,
179-186). The KO mice also display a lack of social
interaction (Example 6). These mice do not display any
changes in anxiety levels therefore the lack of social
interaction suggests a phenotype with similarities to
the negative symptoms of schizophrenia as described
above. KO mice also show significant pre-pulse
inhibition disruption (Example 7), which is very
strong evidence that VDCCgd (TARPgd) has utility in
the therapy of schizophrenia. The reduction in GluR2
expression, hyperactivity, lack of social interaction
and the PPI deficit all include that the KO mice have
a phenotype similar to that observed in wild type mice
following the administration of glutamatergic NMDA
receptor antagonists. These are known to be
psychotomimetic in humans and are routinely used as
chemical models of schizophrenia in academic research
and drug discovery programmes. Therefore, in a
preferred embodiment, the VDCC g-8 associated disease
is schizophrenia. As noted above, VDCC g-8 ion channel
may be used to diagnose and/or treat any of these
specific diseases using any of the methods and
compositions described here.In particular, the use of
nucleic acids, vectors comprising VDCC g-8 ion channel
nucleic acids, polypeptides, including homologues,
variants or derivatives thereof, pharmaceutical
compositions, host cells, and transgenic animals
comprising VDCC g-8 ion channel nucleic acids and/or
polypeptides, for the treatment or diagnosis of the
specific diseases listed above, is intended.
Furthermore, compounds capable of interacting with or
binding to VDCC g-8 ion channel, preferably
antagonists of VDCC g-8, preferably a compound capable
increasing the conductance of the channel are within
the scope of the invention, antibodies against VDCC
g-8 ion channel, as well as methods of making or
identifying these, in diagnosis or treatment of the
specific diseases mentioned above. In particular, the
use of any of these compounds, compositions,
molecules, etc, in the production of vaccines for
treatment or prevention of the specific diseases is
intended. Diagnostic kits for the detection of the
specific diseases in an individual is also within the
scope of the invention. Methods of linkage mapping to
identify such or further specific diseases treatable
or diagnosable by use of VDCC g-8 ion channel are
known in the art, and are also described elsewhere in
this document. Neuroexcitation, Seizure & Cognitive
Deficits Neuroexcitation, seizure and cognitive
deficits, as well as disorders in which these are
manifested, including transmembrane AMPA regulatory
proteins (TARP) associated diseases, are well known in
the art. A summary description follows:
Neuroexcitation can be defined as the electrical
activation of cells in the brain; neuroexcitation is
part of the normal functioning of the brain or can
also be the result 



of abnormal activity related to malfunction, disease
or injury. Seizures are temporary alterations in brain
function expressing themselves into a changed mental
state, tonic or clonic movements and various other
symptoms. They are due to temporary abnormal
neuroexcitation of a group of brain cells. Seizures
can result from a one-off brain insult (e.g. toxic,
impact) or as a recurring symptom as a result of
tissue damage / degeneration / malfunction. Cognition
can be defined as the operation of the mind by which
one becomes aware of objects of thought or perception;
it includes all aspects of perceiving, thinking, and
remembering. A cognitive deficit is the disruption of
this operation likely due to disrupted neuroexcitation
as a result of malfunction, disease or injury. The
VDCC g-8 ion channel modulators may be used to treat
or alleviate any of these symptoms.Lifestyle and diet
can also contribute to altered neuroexcitability,
seizure and / or cognition effects - for example: 1)
exercise can reduce the rate of Alzheimer's disease
onset (both amyloid load and learning deficits; Adlard
et al. (2005) J. Neurosci. 25: 4217-21); 2) dietary
omega-3 polyunsaturated fatty acid, docosahexaenoic
acid (DHA) could be protective against beta-amyloid
production, accumulation, and potential downstream
toxicity (Lim et al. (2005) J Neurosci 25: 3032-40).
We disclose the use of the VDCC g-8 ion channel and
its modulators in combination with such lifestyle
manipulations to alleviate their neuroexcitability,
seizure and / or cognition effects. Certain drugs,
both recreational and medicinal, can lead to changes
in neuroexcitability, seizure and / or cognition as
either side effects or withdrawal from the drug. Such
drugs include caffeine, cannabis, alcohol, nicotine,
cold remedies, antihistamines, cocaine, and
amphetamine. We disclose the use of the VDCC g-8 ion
channel and its modulators in combination with such
drugs to alleviate their neuroexcitability, seizure
and / or cognition effects. VDCC 3/4-8 Ion Channel
Polypeptides As used here, the term "VDCC g-8 ion
channel polypeptide" is intended to refer to a
polypeptide comprising the amino acid sequence shown
in SEQ ID No. 3, SEQ ID NO: 5 or SEQ ID NO:7 or a
homologue, variant or derivative thereof. Preferably,
the polypeptide comprises or is a homologue, variant
or derivative of the sequence shown in SEQ ID NO: 3.
"Polypeptide" refers to any peptide or protein
comprising two or more amino acids joined to each
other by peptide bonds or modified peptide bonds,
i.e., peptide isosteres. "Polypeptide" refers to both
short chains, commonly referred to as peptides,
oligopeptides or oligomers, and to longer chains,
generally referred to as proteins. Polypeptides may
contain amino acids other than the 20 gene-encoded
amino acids. "Polypeptides" include amino acid
sequences modified either by natural processes, such
as post-translational processing, or by chemical
modification techniques which are well known in the
art. Such modifications are well described in 



basic texts and in more detailed monographs, as well
as in a voluminous research literature. Modifications
can occur anywhere in a polypeptide, including the
peptide backbone, the amino acid side-chains and the
amino or carboxyl termini. It will be appreciated that
the same type of modification may be present in the
same or varyingdegrees at several sites in a given
polypeptide. Also, a given polypeptide may contain
many types of modifications. Polypeptides may be
branched as a result of ubiquitination, and they may
be cyclic, with or without branching. Cyclic, branched
and branched cyclic polypeptides may result from
posttranslation natural processes or may be made by
synthetic methods. Modifications include acetylation,
acylation, ADP-ribosylation, amidation, covalent
attachment of flavin, covalent attachment of a heme
moiety, covalent attachment of a nucleotide or
nucleotide derivative, covalent attachment of a lipid
or lipid derivative, covalent attachment of
phosphotidylinositol, cross-inking, cyclization,
disulfide bond formation, demethylation, formation of
covalent cross-inks, formation of cystine, formation
of pyroglutamate, formylation, gamma-carboxylation,
glycosylation, GPI anchor formation, hydroxylation,
iodination, methylation, myristoylation, oxidation,
proteolytic processing, phosphorylation, prenylation,
racemization, selenoylation, sulfation, transfer-RNA
mediated addition of amino acids to proteins such as
arginylation, and ubiquitination. See, for instance,
Proteins - Structure and Molecular Properties, 2nd
Ed., T. E. Creighton, W. H. Freeman and Company, New
York, 1993 and Wold, F., Posttranslational Protein
Modifications: Perspectives and Prospects, pgs. 1-12
in Posttranslational Covalent Modification of
Proteins, B. C. Johnson, Ed., Academic Press, New
York, 1983; Seifter et al., "Analysis for protein
modifications and nonprotein cofactors", Meth Enzymol
(1990) 182:626-646 and Rattan et aL, "Protein
Synthesis: Posttranslational Modifications and Aging",
Ann NY Acad Sci (1992) 663:48-62. The terms "variant"
, "homologue", "derivative" or "fragment" as used in
this document include any substitution of, variation
of, modification of, replacement of, deletion of or
addition of one (or more) amino acid from or to a
sequence. Unless the context admits otherwise,
references to "VDCC g-8" and "VDCC g-8 ion channel"
include references to such variants, homologues,
derivatives and fragments of VDCC g-8. Preferably, as
applied to VDCC g-8, the resultant amino acid sequence
has ion channel activity, more preferably having at
least the same activity of the VDCC g-8 ion channel
shown as SEQ ID NO: 3, SEQ ID NO: 5 or SEQ ID NO: 7.
In particular, the term "homologue" covers identity
with respect to structure and/or function providing
the resultant amino acid sequence has ion channel
activity. With respect to sequence identity (i.e.
similarity), preferably there is at least 70%, more
preferably atleast 75%, more preferably at least 85%,
even more preferably at least 90% sequence identity.
More preferably there is at least 95%, more preferably
at least 98% sequence identity. These terms also
encompass polypeptides derived from amino acids which
are allelic variations of the VDCC g-8 ion channel
nucleic acid 



sequence. Where reference is made to the "channel
activity" or "biological activity" of an ion channel
such as VDCC g-8 ion channel, these terms are intended
to refer to the metabolic or physiological function of
the VDCC g-8 ion channel, including similar activities
or improved activities or these activities with
decreased undesirable side effects. Also included are
antigenic and immunogenic activities of the VDCC g-8
ion channel. Examples of ion channel activity, and
methods of assaying and quantifying these activities,
are known in the art. As used herein a "deletion" is
defined as a change in either nucleotide or amino acid
sequence in which one or more nucleotides or amino
acid residues, respectively, are absent. As used
herein an "insertion" or "addition" is that change in
a nucleotide or amino acid sequence which has resulted
in the addition of one or more nucleotides or amino
acid residues, respectively, as compared to the
naturally occurring substance. As used herein
"substitution" results from the replacement of one or
more nucleotides or amino acids by different
nucleotides or amino acids, respectively. VDCC g-8
polypeptides as described here may also have
deletions, insertions or substitutions of amino acid
residues which produce a silent change and result in a
functionally equivalent amino acid sequence.
Deliberate amino acid substitutions may be made on the
basis of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues. For example, negatively
charged amino acids include aspartic acid and glutamic
acid; positively charged amino acids include lysine
and arginine; and amino acids with uncharged polar
head groups having similar hydrophilicity values
include leucine, isoieucine, valine, glycine, alanine,
asparagine, glutamine, serine, threonine,
phenylalanine, and tyrosine. Conservative
substitutions may be made, for example according to
the table below. Amino acids in the same block in the
second column and preferably in the same line in the
third column may be substituted for each other:VDCC
g-8 polypeptides may further comprise heterologous
amino acid sequences, typically at the N-terminus or
C-terminus, preferably the N-terminus. Heterologous
sequences may include sequences that affect intra or
extracellular protein targeting (such as leader
sequences). Heterologous sequences may also include
sequences that increase the immunogenicity of the
polypeptide and/or which facilitate identification,
extraction and/or purification of the polypeptides.
Another heterologous sequence that is particularly
preferred is a polyamino acid sequence such as
polyhistidine which is preferably N-terminal. A
polyhistidine sequence of at least 10 amino acids,
preferably at least 17 amino acids but fewer than 50
amino acids is especially preferred. The VDCC g-8 ion
channel polypeptides may be in the form of the
"mature" protein or may be a part of a larger protein
such as a fusion protein. It is often advantageous to
include an additional amino acid sequence which
contains secretory 



or leader sequences, pro-sequences, sequences which
aid in purification such as multiple histidine
residues, or an additional sequence for stability
during recombinant production. VDCC g-8 polypeptides
are advantageously made by recombinant means, using
known techniques. However they may also be made by
synthetic means using techniques well known to skilled
persons such as solid phase synthesis. The
polypeptides described here may also be produced as
fusion proteins, for example to aid in extraction and
purification. Examples of fusion protein partners
include glutathione-S-transferase (GST), 6xHis, GAL4
(DNA binding and/or transcriptional activation
domains) and b-galactosidase. It may also be
convenient to include a proteolytic cleavage site
between the fusion protein partner and the protein
sequence of interest to allow removal of fusion
protein sequences, such as a thrombin cleavagesite.
Preferably the fusion protein will not hinder the
function of the protein of interest sequence. VDCC g-8
polypeptides may be in a substantially isolated form.
This term is intended to refer to alteration by the
hand of man from the natural state. If an "isolated"
composition or substance occurs in nature, it has been
changed or removed from its original environment, or
both. For example, a polynucleotide, nucleic acid or a
polypeptide naturally present in a living animal is
not "isolated," but the same polynucleotide, nucleic
acid or polypeptide separated from the coexisting
materials of its natural state is "isolated", as the
term is employed herein. It will however be understood
that the VDCC g-8 ion channel protein may be mixed
with carriers or diluents which will not interfere
with the intended purpose of the protein and still be
regarded as substantially isolated. A VDCC g-8
polypeptide may also be in a substantially purified
form, in which case it will generally comprise the
protein in a preparation in which more than 90%, for
example, 95%, 98% or 99% of the protein in the
preparation is a VDCC g-8 polypeptide. We further
describe peptides comprising a portion of a VDCC g-8
polypeptide. Thus, fragments of VDCC g-8 ion channel
and its homologues, variants or derivatives are
included. The peptides may be between 2 and 200 amino
acids, preferably between 4 and 40 amino acids in
length. The peptide may be derived from a VDCC g- 8
polypeptide as disclosed here, for example by
digestion with a suitable enzyme, such as trypsin.
Alternatively the peptide, fragment, etc may be made
by recombinant means, or synthesised synthetically,
The term "peptide" includes the various synthetic
peptide variations known in the art, such as a
retroinverso D peptides. The peptide may be an
antigenic determinant and/or a T-cell epitope. The
peptide may be immunogenic in vivo. Preferably the
peptide is capable of inducing neutralising antibodies
in vivo. By aligning VDCC g-8 ion channel sequences
from different species, it is possible to determine
which regions of the amino acid sequence are conserved
between different species ("homologous regions"), and
which regions vary between 



the different species ("heterologous regions"). The
VDCC g-8 polypeptides may therefore comprise a
sequence which corresponds to at least part of a
homologous region. A homologous region shows a high
degree of homology between at least two species. For
example, the homologous region may show at least 70%,
preferably at least 80%, more preferably at least
90%,even more preferably at least 95% for example 98
or 99% identity at the amino acid level using the
tests described above. Peptides which comprise a
sequence which corresponds to a homologous region may
be used in therapeutic strategies as explained in
further detail below. Alternatively, the VDCC g-8 ion
channel peptide may comprise a sequence which
corresponds to at least part of a heterologous region.
A heterologous region shows a low degree of homology
between at least two species. VDCC 3/4-8 Ion Channel
Polynucleotides and Nucleic Acids VDCC g-8
polynucleotides, VDCC g-8 nucleotides and VDCC g-8
nucleic acids, methods of production and uses of these
nucleic acids are intended. The terms "VDCC g-8
polynucleotide", "VDCC g-8 nucleotide" and "VDCC g-8
nucleic acid" may be used interchangeably, and are
intended to refer to a polynucleotide/nucleic acid
comprising a nucleic acid sequence as shown in SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 4 or SEQ ID NO: 6 or a
homologue, variant or derivative thereof. Preferably,
the polynucleotide/nucleic acid comprises or is a
homologue, variant or derivative of the nucleic acid
sequence SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 6,
most preferably, SEQ ID NO: 2. These terms are also
intended to include a nucleic acid sequence capable of
encoding a polypeptide and/or a peptide, i.e., a VDCC
g-8 polypeptide. Thus, VDCC g- 8 ion channel
polynucleotides and nucleic acids comprise a
nucleotide sequence capable of encoding a polypeptide
comprising the amino acid sequence shown in SEQ ID NO:
3, SEQ ID NO: 5 or SEQ ID NO: 7, or a homologue,
variant or derivative thereof. Preferably, the VDCC
g-8 ion channel polynucleotides and nucleic acids
comprise a nucleotide sequence capable of encoding a
polypeptide comprising the amino acid sequence shown
in SEQ ID NO: 3, or a homologue, variant or derivative
thereof. "Polynucleotide" generally refers to any
polyribonucleotide or polydeoxribonucleotide, which
may be unmodified RNA or DNA or modified RNA or DNA.
"Polynucleotides" include, without limitation single-
and double-stranded DNA1 DNA that is a mixture of
single- and double-stranded regions, single- and
doublestranded RNA, and RNA that is mixture of single-
and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or,
more typically, double-stranded or a mixture of
single- and double-stranded regions. In addition,
"polynucleotide" refers to triple-stranded regions
comprising RNA or DNA or both RNA and DNA. The term
polynucleotide also includes DNAs or RNAs containing
one ormore modified bases and DNAs or RNAs with
backbones modified for stability or for other reasons.
"Modified" bases include, for example, tritylated
bases and unusual bases such as inosine. A variety of
modifications has been made to DNA and RNA; 



thus, "polynucleotide" embraces chemically,
enzymatically or metabolically modified forms of
polynucleotides as typically found in nature, as well
as the chemical forms of DNA and RNA characteristic of
viruses and cells. "Polynucleotide" also embraces
relatively short polynucleotides, often referred to as
oligonucleotides. It will be understood by the skilled
person that numerous nucleotide sequences can encode
the same polypeptide as a result of the degeneracy of
the genetic code. As used herein, the term "nucleotide
sequence" refers to nucleotide sequences,
oligonucleotide sequences, polynucleotide sequences
and variants, homologues, fragments and derivatives
thereof (such as portions thereof). The nucleotide
sequence may be DNA or RNA of genomic or synthetic or
recombinant origin which may. be double-stranded or
single-stranded whether representing the sense or
antisense strand or combinations thereof. The term
nucleotide sequence may be prepared by use of
recombinant DNA techniques (for example, recombinant
DNA). Preferably, the term "nucleotide sequence" means
DNA. The terms "variant", "homologue", "derivative" or
"fragment" as used in this document include any
substitution of, variation of, modification of,
replacement of, deletion of or addition of one (or
more) nucleic acids from or to the sequence of a VDCC
g-8 nucleotide sequence. Unless the context admits
otherwise, references to "VDCC g-8" and "VDCC g-8 ion
channel" include references to such variants,
homologues, derivatives and fragments of VDCC g-8.
Preferably, the resultant nucleotide sequence encodes
a polypeptide having ion channel activity, preferably
having at least the same activity of the ion channel
shown as SEQ ID NO: 3, SEQ ID NO: 5 or SEQ ID NO: 7.
Preferably, the term "homologue" is intended to cover
identity with respect to structure and/or function
such that the resultant nucleotide sequence encodes a
polypeptide which has ion channel activity. With
respect to sequence identity (i.e. similarity),
preferably there is at least 70%, more preferably at
least 75%, more preferably at least 85%, more
preferably at least 90% sequence identity. More
preferably there is at least 95%, more preferably at
least 98% or 99%, sequence identity. These terms also
encompass allelic variations of the
sequences.Calculation of Sequence Homology Sequence
identity with respect to any of the sequences
presented here can be determined by a simple "eyeball"
comparison (i.e. a strict comparison) of any one or
more of the sequences with another sequence to see if
that other sequence has, for example, at least 70%
sequence identity to the sequence(s). Relative
sequence identity can also be determined by
commercially available computer programs that can
calculate % identity between two or more sequences
using any suitable algorithm for determining identity,
using for example default parameters. A typical
example of such a computer program is CLUSTAL. Other 



computer program methods to determine identify and
similarity between the two sequences include but are
not limited to the GCG program package (Devereux et al
1984 Nucleic Acids Research 12: 387) and FASTA
(Atschul et al 1990 J Molec Biol 403-410). % homology
may be calculated over contiguous sequences, i.e. one
sequence is aligned with the other sequence and each
amino acid in one sequence is directly compared with
the corresponding amino acid in the other sequence,
one residue at a time. This is called an "ungapped"
alignment. Typically, such ungapped alignments are
performed only over a relatively short number of
residues. Although this is a very simple and
consistent method, it fails to take into consideration
that, for example, in an otherwise identical pair of
sequences, one insertion or deletion will cause the
following amino acid residues to be put out of
alignment, thus potentially resulting in a large
reduction in % homology when a global alignment is
performed. Consequently, most sequence comparison
methods are designed to produce optimal alignments
that take into consideration possible insertions and
deletions without penalising unduly the overall
homology score. This is achieved by inserting "gaps"
in the sequence alignment to try to maximise local
homology. However, these more complex methods assign
"gap penalties" to each gap that occurs in the
alignment so that, for the same number of identical
amino acids, a sequence alignment with as few gaps as
possible - reflecting higher relatedness between the
two compared sequences - will achieve a higher score
than one with many gaps. "Affine gap costs" are
typically used that charge a relatively high cost for
the existence of a gap and a smaller penalty for each
subsequent residue in the gap. This is the most
commonly used gap scoring system. High gap penalties
will of course produce optimised alignments with fewer
gaps. Most alignment programs allow thegap penalties
to be modified. However, it is preferred to use the
default values when using such software for sequence
comparisons. For example, when using the GCG Wisconsin
Bestfit package the default gap penalty for amino acid
sequences is -12 for a gap and -4 for each extension.
Calculation of maximum % homology therefore firstly
requires the production of an optimal alignment,
taking into consideration gap penalties. A suitable
computer program for carrying out such an alignment is
the GCG Wisconsin Bestfit package (University of
Wisconsin, U.S.A.; Devereux et al., 1984, Nucleic
Acids Research 12:387). Examples of other software
than can perform sequence comparisons include, but are
not limited to, the BLAST package (Ausubel et al.,
1999 ibid - Chapter 18), FASTA (Atschul et al., 1990,
J. MoI. Biol., 403-410) and the GENEWORKS suite of
comparison tools. Both BLAST and FASTA are available
for offline and online searching (Ausubel et al., 1999
ibid, pages 7-58 to 7-60). Although the final %
homology can be measured in terms of identity, the
alignment process itself is typically not based on an
all-or-nothing pair comparison. 



Instead, a scaled similarity score matrix is generally
used that assigns scores to each pairwise comparison
based on chemical similarity or evolutionary distance.
An example of such a matrix commonly used is the
BLOSUM62 matrix - the default matrix for the BLAST
suite of programs. GCG Wisconsin programs generally
use either the public default values or a custom
symbol comparison table if supplied. It is preferred
to use the public default values for the GCG package,
or in the case of other software, the default matrix,
such as BLOSUM62. Advantageously, the BLAST algorithm
is employed, with parameters set to default values.
The BLAST algorithm is described in detail at
http://www.ncbi.nih.gov/BLAST/blast_help.html, which
is incorporated herein by reference. Search parameters
can be defined and can be advantageously set over the
defined default parameters. Advantageously,
"substantial identity" when assessed by BLAST equates
to sequences which match with an EXPECT value of at
least about 7, preferably at least about 9 and most
preferably 10 or more. The default threshold for
EXPECT in BLAST searching is usually 10. BLAST (Basic
Local Alignment Search Tool) is the heuristic search
algorithm employed by the programs blastp, blastn,
blastx, tblastn, and tblastx; these programs ascribe
significance to their findings using the statistical
methods of Karlin and Altschul (Karlin and Altschul
1990, Proc. Natl. Acad. Sci. USA 87:2264-68; Karlin
andAltschul, 1993, Proc. Natl. Acad. Sci. USA
90:5873-7; see
http://www.ncbi.nih.gov/BLAST/blasLhelp.html) with a
few enhancements. The BLAST programs are tailored for
sequence similarity searching, for example to identify
homologues to a query sequence. For a discussion of
basic issues in similarity searching of sequence
databases, see Altschul et al (1994) Nature Genetics
6:119-129. Most preferably, sequence comparisons are
conducted using the simple BLAST search algorithm
provided at http://www.ncbi.nlm.nih.gov/BLAST. In some
embodiments, no gap penalties are used when
determining sequence identity. Hybridisation
Nucleotide sequences that are capable of hybridising
to the sequences presented herein, or any fragment or
derivative thereof, or to the complement of any of the
above are disclosed. Hybridization means a "process by
which a strand of nucleic acid joins with a
complementary strand through base pairing" (Coombs J
(1994) Dictionary of Biotechnology, Stockton Press,
New York NY) as well as the process of amplification
as carried out in polymerase chain reaction
technologies as described in Dieffenbach CW and GS
Dveksler (1995, PCR Primer, a Laboratory Manual, Cold
Spring Harbor Press, Plainview NY). Hybridization
conditions are based on the melting temperature (Tm)
of the nucleic acid binding complex, as taught in
Berger and Kimmel (1987, Guide to 



Molecular Cloning Techniques, Methods in Enzymology,
VoI 152, Academic Press, San Diego CA), and confer a
defined "stringency" as explained below. Nucleotide
sequences capable of selectively hybridising to the
nucleotide sequences presented herein, or to their
complement, will be generally at least 70%, preferably
at least 75%, more preferably at least 85 or 90% and
even more preferably at least 95%, 98% or 99%,
homologous to the corresponding nucleotide sequences
presented herein over a region of at least 20,
preferably at least 25 or 30, for instance at least
40, 60 or 100 or more contiguous nucleotides.
Preferred nucleotide sequences will comprise regions
homologous to SEQ ID NO: 1, 2, 4 or 6 preferably at
least 70%, 80% or 90% and more preferably at least 95%
homologous to one of the sequences. The term
"selectively hybridizable" means that the nucleotide
sequence used as a probe is used under conditions
where a target nucleotide sequence is found to
hybridize to the probe at a level significantly above
background. The backgroundhybridization may occur
because of other nucleotide sequences present, for
example, in the cDNA or genomic DNA library being
screened. In this event, background implies a level of
signal generated by interaction between the probe and
a non specific DNA member of the library which is less
than 10 fold, preferably less than 100 fold as intense
as the specific interaction observed with the target
DNA. The intensity of interaction may be measured, for
example, by radiolabelling the probe, e.g. with 32P.
Also included are nucleotide sequences that are
capable of hybridizing to the nucleotide sequences
presented herein under conditions of intermediate to
maximal stringency. Hybridization conditions are based
on the melting temperature (Tm) of the nucleic acid
binding complex, as taught in Berger and Kimmel (1987,
Guide to Molecular Cloning Techniques, Methods in
Enzymology, VoI 152, Academic Press, San Diego CA),
and confer a defined "stringency" as explained below.
Maximum stringency typically occurs at about Tm-5C
(50C below the Tm of the probe); high stringency at
about 5C to 100C below Tm; intermediate stringency at
about 1O0C to 2O0C below Tm; and low stringency at
about 2O0C to 250C below Tm. As will be understood by
those of skill in the art, a maximum stringency
hybridization can be used to identify or detect
identical nucleotide sequences while an intermediate
(or low) stringency hybridization can be used to
identify or detect similar or related nucleotide
sequences. In a preferred embodiment, nucleotide
sequences are disclosed that can hybridise to one or
more of the VDCC g-8 ion channel nucleotide sequences
under stringent conditions (e.g. 65C and O.ixSSC
{1xSSC = 0.15 M NaCI, 0.015 M Na3 Citrate pH 7.0).
Where the nucleotide sequence is double-stranded, both
strands of the duplex, either individually or in
combination, are encompassed. Where the nucleotide
sequence is single-stranded, it is to be understood
that the complementary sequence of that nucleotide
sequence is also of use. 



Nucleotide sequences that are within the scope of the
invention are capable of hybridising to the sequences
that are complementary to the sequences presented
herein, or any fragment or derivative thereof.
Likewise, the invention encompasses nucleotide
sequences that are complementary to sequences that are
capable of hybridising to the sequence. These types of
nucleotide sequences are examples of variant
nucleotide sequences. In this respect, the term
"variant" encompasses sequences that are complementary
to sequences that are capable of hydridising tothe
nucleotide sequences presented herein. Preferably,
however, the term "variant" encompasses sequences that
are complementary to sequences that are capable of
hydridising under stringent conditions (eg. 65C and
O.ixSSC {1xSSC = 0.15 M NaCI, 0.015 Na3 citrate pH
7.0}) to the nucleotide sequences presented herein.
Cloning of VDCC -8 Ion Channel and Homoloques The
present invention encompasses nucleotide sequences
that are complementary to the sequences presented
here, or any fragment or derivative thereof. If the
sequence is complementary to a fragment thereof then
that sequence can be used as a probe to identify and
clone similar ion channel sequences in other organisms
etc. This enables the cloning of VDCC g-8 ion channel,
its homologues and other structurally or functionally
related genes from human and other species such as
mouse, pig, sheep, etc to be accomplished.
Polynucleotides which are identical or sufficiently
identical to a nucleotide sequence contained in SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or a
fragment thereof, may be used as hybridization probes
for cDNA and genomic DNA, to isolate partial or
full-length cDNAs and genomic clones encoding VDCC g-8
ion channel from appropriate libraries. Such probes
may also be used to isolate cDNA and genomic clones of
other genes (including genes encoding homologues and
orthologues from species other than human) that have
sequence similarity, preferably high sequence
similarity, to the VDCC g-8 ion channel gene.
Hybridization screening, cloning and sequencing
techniques are known to those of skill in the art and
are described in, for example, Sambrook et al (supra).
Typically nucleotide sequences suitable for use as
probes are 70% identical, preferably 80% identical,
more preferably 90% identical, even more preferably
95% identical to that of the referent. The probes
generally will comprise at least 15 nucleotides.
Preferably, such probes will have at least 30
nucleotides and may have at least 50 nucleotides.
Particularly preferred probes will range between 150
and 500 nucleotides, more particularly about 300
nucleotides. In one embodiment, to obtain a
polynucleotide encoding a VDCC g-8 polypeptide,
including homologues and orthologues from species
other than human, comprises the steps of screening an
appropriate library under stringent hybridization
conditions with a labelled probe having the SEQ ID NO:
1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or a
fragment thereof and isolating partial or full-length
cDNAand genomic clones containing said polynucleotide
sequence. Such hybridization 



techniques are well known to those of skill in the
art. Stringent hybridization conditions are as defined
above or alternatively conditions under overnight
incubation at 42 degrees C. in a solution comprising:
50% formamide, 5XSSC (150 mM NaCi, 15mM trisodium
citrate), 50 mM sodium phosphate (pH7.6), 5XDenhardt's
solution, 10% dextran sulphate, and 20 microgram/ml
denatured, sheared salmon sperm DNA, followed by
washing the filters in 0.1XSSC at about 65 degrees C.
Functional Assay for VDCC 3/4-8 Ion Channel The cloned
putative VDCC g-8 ion channel polynucleotide may be
verified by sequence analysis or functional assays.
For example, the putative VDCC g-8 ion channel or
homologue may be assayed for activity as follows.
Capped RNA transcripts from linearized plasmid
templates encoding the VDCC g-8 receptor cDNAs are
synthesized in vitro with RNA polymerases in
accordance with standard procedures. In vitro
transcripts are suspended in water at a final
concentration of 0.2 mg/ml. Ovarian lobes are removed
from adult female toads, Stage V defolliculated
oocytes are obtained, and RNA transcripts (10
ng/oocyte) are injected, co-expressed with glutamate
receptors or other VOCC subunits in a 50 nl bolus
using a microinjection apparatus. Two electrode
voltage clamps are used to measure the currents from
individual Xenopus oocytes in response to agonist
exposure. Recordings are made in ND96 solution medium
at room temperature. The Xenopus system may also be
used to screen known ligands and tissue/cell extracts
for activating ligands, as described in further detail
below. Alternative functional assays include whole
cell electrophysiology, fluorescence resonance energy
transfer (FRET) analysis and FLIPR analysis. CeH
surface expression assay for VDCC 3/4-8 ion-channel
Stage V defolliculated oocytes are obtained, and RNA
transcripts (10 ng/oocyte) are injected, co-expressed
with glutamate receptors (such as GIuRI -flip) into
which a haemaglutinin epitope has been engineered into
the extracellular region in a 50 nl bolus using a
microinjection apparatus. 3 days after injection
oocytes are incubated for 1 h with 0.25mg/ml rat
ant-HA antibody (3F10, Roche) followed by 30 min with
horseradish-peroxidase-congugated anti-rat
immunoglobulin. Individual oocytes are placed into
50ml of SuperSignal ELISA Femto maximum sensitivity
substrate (Pierce) and quantified by chemiluminescence
using a suitable luminometer such as a TD20/20m
(Turner Designs).Expression Assays for VDCC g-8 Ion
Channel In order to design useful therapeutics for
treating VDCC g-8 ion channel associated diseases, it
is useful to determine the expression profile of VDCC
g-8 (whether wild-type or a particular mutant). Thus,
methods known in the art may be used to determine the
organs, tissues and cell types (as well as the
developmental stages) in which VDCC g-8 is expressed.
For example, traditional or "electronic" Northerns may
be conducted. Reverse-transcriptase PCR (RT-PCR) may
also be employed to assay expression of the VDCC g-8
gene or mutant. More sensitive 



methods for determining the expression profile of VDCC
g-8 include RNAse protection assays, as known in the
art. Northern analysis is a laboratory technique used
to detect the presence of a transcript of a gene and
involves the hybridization of a labelled nucleotide
sequence to a membrane on which RNAs from a particular
cell type or tissue have been bound. (Sambrook, supra,
ch. 7 and Ausubel, F. M. et al. supra, ch. 4 and 16.)
Analogous computer techniques ("electronic Northerns")
applying BLAST may be used to search for identical or
related molecules in nucleotide databases such as
GenBank or the LIFESEQ database (Incyte
Pharmaceuticals). This type of analysis has advantages
in that they may be faster than multiple
membrane-based hybridizations. In addition, the
sensitivity of the computer search can be modified to
determine whether any particular match is categorized
as exact or homologous. The polynucleotides and
polypeptides described here, including the probes
described above, may be employed as research reagents
and materials for discovery of treatments and
diagnostics to animal and human disease. Expression of
VDCC 3/4-8 Ion Channel Polypeptides A VDCC g-8
polypeptide can be produced by (in general terms)
culturing a host cell comprising a nucleic acid
encoding VDCC g-8 ion channel polypeptide, or a
homologue, variant, or derivative thereof, under
suitable conditions (i.e., conditions in which the
VDCC g-8 ion channel polypeptide is expressed), as
will be apparent to one skilled in the art. In order
to express a biologically active VDCC g-8 ion channel,
the nucleotide sequences encoding VDCC g-8 ion channel
or homologues, variants, or derivatives thereof are
inserted into appropriate expression vector, i.e., a
vector which contains the necessary elements for the
transcription and translation of the inserted coding
sequence.Methods which are well known to those skilled
in the art are used to construct expression vectors
containing sequences encoding VDCC g-8 ion channel and
appropriate transcriptional and translational control
elements. These methods include in vitro recombinant
DNA techniques, synthetic techniques, and in vivo
genetic recombination. Such techniques are described
in Sambrook, J. et al. (1989; Molecular Cloning, A
Laboratory Manual, ch. 4, 8, and 16-17, Cold Spring
Harbor Press, Plainview, N.Y.) and Ausubel, F. M. et
al. (1995 and periodic supplements; Current Protocols
in Molecular Biology, ch. 9, 13, and 16, John Wiley &
Sons, New York, N.Y.). A variety of expression
vector/host systems may be utilized to contain and
express sequences encoding VDCC g-8 ion channel. These
include, but are not limited to, microorganisms such
as bacteria transformed with recombinant
bacteriophage, plasmid, or cosmid DNA expression
vectors; yeast transformed with yeast expression
vectors; insect cell systems infected with virus
expression vectors (e.g., baculovirus); plant cell
systems transformed with virus expression vectors
(e.g., 



cauliflower mosaic virus (CaMV) or tobacco mosaic
virus (TMV)) or with bacterial expression vectors
(e.g., Ti or pBR322 plasmids); or animal cell systems.
The nature of the host cell employed does not matter.
The "control elements" or "regulatory sequences" are
those non-translated regions of the vector (i.e.,
enhancers, promoters, and 5' and 3' untranslated
regions) which interact with host cellular proteins to
carry out transcription and translation. Such elements
may vary in their strength and specificity. Depending
on the vector system and host utilized, any number of
suitable transcription and translation elements,
including constitutive and inducible promoters, may be
used. For example, when cloning in bacterial systems,
inducible promoters such as the hybrid lacZ promoter
of the BLUESCRIPT phagemid (Stratagene, La JoIIa,
Calif.) or PSPORT1 plasmid (GIBCO/BRL), and the like,
may be used. The baculovirus polyhedrin promoter may
be used in insect cells. Promoters or enhancers
derived from the genomes of plant cells (e.g., heat
shock, RUBISCO, and storage protein genes) or from
plant viruses (e.g., viral promoters or leader
sequences) may be cloned into the vector. In mammalian
cell systems, promoters from mammalian genes or from
mammalian viruses are preferable. If it is necessary
to generate a cell line that contains multiple copies
of the sequence encoding VDCC g-8 ion channel, vectors
based on SV40 or EBV may be used with an appropriate
selectable marker.In bacterial systems, a number of
expression vectors may be selected depending upon the
use intended for VDCC g-8 ion channel. For example,
when large quantities of VDCC g-8 ion channel are
needed for the induction of antibodies, vectors which
direct high level expression of fusion proteins that
are readily purified may be used. Such vectors
include, but are not limited to, multifunctional E.
coli cloning and expression vectors such as BLUESCRIPT
(Stratagene), in which the sequence encoding VDCC g-8
ion channel may be ligated into the vector in frame
with sequences for the amino-terminal Met and the
subsequent 7 residues of b- galactosidase so that a
hybrid protein is produced, plN vectors (Van Heeke, G.
and S. M. Schuster (1989) J. Biol. Chem.
264:5503-5509), and the like. pGEX vectors (Promega,
Madison, Wis.) may also be used to express foreign
polypeptides as fusion proteins with glutathione
S-transferase (GST). In general, such fusion proteins
are soluble and can easily be purified from lysed
cells by adsorption to glutathioneagarose beads
followed by elution in the presence of free
glutathione. Proteins made in such systems may be
designed to include heparin, thrombin, or factor XA
protease cleavage sites so that the cloned polypeptide
of interest can be released from the GST moiety at
will. In the yeast Saccharomyces cerevisiae, a number
of vectors containing constitutive or inducible
promoters, such as alpha factor, alcohol oxidase, and
PGH, may be used. For reviews, see Ausubel (supra) and
Grant et al. (1987; Methods Enzymol. 153:516-544). In
cases where plant expression vectors are used, the
expression of 



sequences encoding VDCC g-8 ion channel may be driven
by any of a number of promoters. For example, viral
promoters such as the 35S and 19S promoters of CaMV
may be used alone or in combination with the omega
leader sequence from TMV. (Takamatsu, N. (1987) EMBO
J. 6:307-311.) Alternatively, plant promoters such as
the small subunit of RUBISCO or heat shock promoters
may be used. (Coruzzi, G. et al. (1984) EMBO J.
3:1671-1680; Broglie, R. et al. (1984) Science
224:838-843; and Winter, J. et al. (1991) Results
Probl. Cell Differ. 17:85-105.). These constructs can
be introduced into plant cells by direct DNA
transformation or pathogen-mediated transfection. Such
techniques are described in a number of generally
available reviews. (See, for example, Hobbs, S. or
Murry, L E. in McGraw Hill Yearbook of Science and
Technology (1992) McGraw Hill, New York, N.Y.; pp.
191-196.).An insect system may also be used to express
VDCC g-8 ion channel. For example, in one such system,
Autographa califomica nuclear polyhedrosis virus
(AcNPV) is used as a vector to express foreign genes
in Spodoptera frugiperda cells or in Trichoplusia
larvae. The sequences encoding VDCC g-8 ion channel
may be cloned into a non-essential region of the
virus, such as the polyhedrin gene, and placed under
control of the polyhedrin promoter. Successful
insertion of VDCC g-8 ion channel will render the
polyhedrin gene inactive and produce recombinant virus
lacking coat protein. The recombinant viruses may then
be used to infect, for example, S. frugiperda cells or
Trichoplusia larvae in which TrpM8 ion channel may be
expressed. (Engelhard, E. K. et al. (1994) Proc. Nat.
Acad. Sci. 91:3224-3227.) In mammalian host cells, a
number of viral-based expression systems may be
utilized. In cases where an adenovirus is used as an
expression vector, sequences encoding VDCC g-8 ion
channel may be ligated into an adenovirus
transcription/translation complex consisting of the
late promoter and tripartite leader sequence.
Insertion in a non-essential E1 or E3 region of the
viral genome may be used to obtain a viable virus
which is capable of expressing VDCC g-8 ion channel in
infected host cells. (Logan, J. and T. Shenk (1984)
Proc. Natl. Acad. Sci. 81:3655- 3659.) In addition,
transcription enhancers, such as the Rous sarcoma
virus (RSV) enhancer, may be used to increase
expression in mammalian host cells. Thus, for example,
the VDCC g-8 receptors may be expressed in either
human embryonic kidney 293 (HEK293) cells or adherent
CHO cells. To maximize receptor expression, typically
all 5' and 3' untranslated regions (UTRs) are removed
from the receptor cDNA prior to insertion into a pCDN
or pCDNA3 vector. The cells are transfected with
individual receptor cDNAs by lipofectin and selected
in the presence of 400 mg/ml G418. After 3 weeks of
selection, individual clones are picked and expanded
for further analysis. HEK293 or CHO cells transfected
with the vector alone serve as negative controls. To
isolate cell lines stably expressing the individual
receptors, about 24 clones are typically selected and
analyzed by Northern blot analysis. Receptor mRNAs are
generally detectable in about 50% of the G418-
resistant clones analyzed. 



Human artificial chromosomes (HACs) may also be
employed to deliver larger fragments of DNA than can
be contained and expressed in a plasmid. HACs of about
6 kb to 10 Mb are constructed and delivered via
conventional delivery methods (liposomes, polycationic
amino polymers, or vesicles) for therapeutic
purposes.Specific initiation signals may also be used
to achieve more efficient translation of sequences
encoding VDCC g-8 ion channel. Such signals include
the ATG initiation codon and adjacent sequences. In
cases where sequences encoding VDCC g-8 ion channel
and its initiation codon and upstream sequences are
inserted into the appropriate expression vector, no
additional transcriptional or translational control
signals may be needed. However, in cases where only
coding sequence, or a fragment thereof, is inserted,
exogenous translational control signals including the
ATG initiation codon should be provided. Furthermore,
the initiation codon should be in the correct reading
frame to ensure translation of the entire insert.
Exogenous translational elements and initiation codons
may be of various origins, both natural and synthetic.
The efficiency of expression may be enhanced by the
inclusion of enhancers appropriate for the particular
cell system used, such as those described in the
literature. (Scharf, D. et al. (1994) Results Probl.
Cell Differ. 20:125-162.) In addition, a host cell
strain may be chosen for its ability to modulate
expression of the .inserted sequences or to process
the expressed protein in the desired fashion. Such
modifications of the polypeptide include, but are not
limited to, acetylation, carboxylation, glycosylation,
phosphorylation, lipidation, and acylation.
Post-translational processing which cleaves a "prepro"
form of the protein may also be used to facilitate
correct insertion, folding, and/or function. Different
host cells which have specific cellular machinery and
characteristic mechanisms for post-translational
activities (e.g., CHO, HeLa, MDCK, HEK293, and WI38),
are available from the American Type Culture
Collection (ATCC, Bethesda, Md.) and may be chosen to
ensure the correct modification and processing of the
foreign protein. For long term, high yield production
of recombinant proteins, stable expression is
preferred. For example, cell lines capable of stably
expressing VDCC g-8 ion channel can be transformed
using expression vectors which may contain viral
origins of replication and/or endogenous expression
elements and a selectable marker gene on the same or
on a separate vector. Following the introduction of
the vector, cells may be allowed to grow for about 1
to 2 days in enriched media before being switched to
selective media. The purpose of the selectable marker
is to confer resistance to selection, and its presence
allows growth and recovery of cells which successfully
express the introduced sequences. Resistant clones of
stably transformed cells may be proliferated using
tissue culture techniques appropriate to the cell
type. Any number of selection systems may be used to
recover transformed cell lines. These include, but are
not limited to, the herpes simplex virus thymidine
kinasegenes (Wigler, M. et al. (1977) Cell 11:223-32)
and adenine phosphoribosyltransferase genes (Lowy, I.
et al. (1980) Cell 22:817-23), which can be employed
in tk- or apr- cells, respectively. Also,
antimetabolite, antibiotic, or herbicide 



resistance can be used as the basis for selection. For
example, dhfr confers resistance to methotrexate
(Wigler, M. et al. (1980) Proc. Natl. Acad. Sci.
77:3567- 70); npt confers resistance to the
aminoglycosides neomycin and G-418 (Colbere- Garapin,
F. et al (1981) J. MoI. Biol. 150:1-14); and als or
pat confer resistance to chlorsulfuron and
phosphinotricin acetyltransferase, respectively
(Murry, supra). Additional selectable genes have been
described, for example, trpB, which allows cells to
utilize indole in place of tryptophan, or hisD, which
allows cells to utilize histinol in place of
histidine. (Hartman, S. C. and R. C. Mulligan (1988)
Proc. Natl. Acad. Sci. 85:8047-51.) Recently, the use
of visible markers has gained popularity with such
markers as anthocyanins, b-glucuronidase and its
substrate GUS, and luciferase and its substrate
luciferin. These markers can be used not only to
identify transformants, but also to quantify the
amount of transient or stable protein expression
attributable to a specific vector system. (Rhodes, C.
A. et al. (1995) Methods MoI. Biol. 55:121-131.)
Although the presence/absence of marker gene
expression suggests that the gene of interest is also
present, the presence and expression of the gene may
need to be confirmed. For example, if the sequence
encoding VDCC g-8 ion channel is inserted within a
marker gene sequence, transformed cells containing
sequences encoding VDCC g-8 ion channel can be
identified by the absence of marker gene function.
Alternatively, a marker gene can be placed in tandem
with a sequence encoding VDCC g-8 ion channel under
the control of a single promoter. Expression of the
marker gene in response to induction or selection
usually indicates expression of the tandem gene as
well. Alternatively, host cells which contain the
nucleic acid sequence encoding VDCC g-8 ion channel
and express VDCC g-8 ion channel may be identified by
a variety of procedures known to those of skill in the
art. These procedures include, but are not limited to,
DNA-DNA or DNA-RNA hybridizations and protein bioassay
or immunoassay techniques which include membrane,
solution, or chip based technologies for the detection
and/or quantification of nucleic acid or protein
sequences.The presence of polynucleotide sequences
encoding VDCC g-8 ion channel can be detected by
DNA-DNA or DNA-RNA hybridization or amplification
using probes or fragments or fragments of
polynucleotides encoding VDCC g-8 ion channel. Nucleic
acid amplification based assays involve the use of
oligonucleotides or oligomers based on the sequences
encoding VDCC g-8 ion channel to detect transformants
containing DNA or RNA encoding VDCC g-8 ion channel. A
variety of protocols for detecting and measuring the
expression of VDCC g-8 ion channel, using either
polyclonal or monoclonal antibodies specific for the
protein, are known in the art. Examples of such
techniques include enzyme-linked immunosorbent assays
(ELISAs), radioimmunoassays (RIAs), and fluorescence
activated cell sorting (FACS). A two-site,
monoclonal-based immunoassay utilizing 



monoclonal antibodies reactive to two non-interfering
epitopes on VDCC g-8 ion channel is preferred, but a
competitive binding assay may be employed. These and
other assays are well described in the art, for
example, in Hampton, R. et al. (1990; Serological
Methods, a Laboratory Manual, Section IV, APS Press,
St Paul, Minn.) and in Maddox, D. E. et al. (1983; J.
Exp. Med. 158:1211-1216). A wide variety of labels and
conjugation techniques are known by those skilled in
the art and may be used in various nucleic acid and
amino acid assays. Means for producing labeled
hybridization or PCR probes for detecting sequences
related to polynucleotides encoding VDCC g-8 ion
channel include oligolabeling, nick translation,
end-labeling, or PCR amplification using a labeled
nucleotide. Alternatively, the sequences encoding VDCC
g-8 ion channel, or any fragments thereof, may be
cloned into a vector for the production of an mRNA
probe. Such vectors are known in the art, are
commercially available, and may be used to synthesize
RNA probes in vitro by addition of an appropriate RNA
polymerase such as T7, T3, or SP6 and labeled
nucleotides. These procedures may be conducted using a
variety of commercially available kits, such as those
provided by Pharmacia & Upjohn (Kalamazoo, Mich.), GE
Healthcare (UK) and U.S. Biochemical Corp. (Cleveland,
Ohio). Suitable reporter molecules or labels which may
be used for ease of detection include radionuclides,
enzymes, fluorescent, chemiluminescent, or chromogenic
agents, as well as substrates, cofactors, inhibitors,
magnetic particles, and the like. Host cells
transformed with nucleotide sequences encoding VDCC
g-8 subunits may be cultured under conditions suitable
for the expression and recovery ofthe protein from
cell culture. The protein produced by a transformed
cell may be located in the cell membrane, secreted or
contained intracellularly depending on the sequence
and/or the vector used. As will be understood by those
of skill in the art, expression vectors containing
polynucleotides which encode VDCC g-8 subunits may be
designed to contain signal sequences which direct
secretion of VDCC g-8 subunits through a prokaryotic
or eukaryotic cell membrane. Other constructions may
be used to join sequences encoding VDCC g-8 subunit to
nucleotide sequences encoding a polypeptide domain
which will facilitate purification of soluble
proteins. Such purification facilitating domains
include, but are not limited to, metal chelating
peptides such as histidine-tryptophan modules that
allow purification on immobilized metals, protein A
domains that allow purification on immobilized
immunoglobulin, and the domain utilized in the FLAGS
extension/affinity purification system (Immunex Corp.,
Seattle, Wash.). The inclusion of cleavable linker
sequences, such as those specific for Factor XA or
enterokinase (Invitrogen, San Diego, Calif.), between
the purification domain and the VDCC g-8 subunit
encoding sequence may be used to facilitate
purification. One such expression vector provides for
expression of a fusion protein containing VDCC g-8
subunit and a nucleic acid encoding 6 histidine
residues preceding a thioredoxin or an enterokinase
cleavage site. The histidine residues 



facilitate purification on immobilized metal ion
affinity chromatography (IMIAC; described in Porath,
J. et al. (1992) Prot. Exp. Purif. 3: 263-281), while
the enterokinase cleavage site provides a means for
purifying VDCC g-8 subunits from the fusion protein. A
discussion of vectors which contain fusion proteins is
provided in Kroll, D. J. et al. (1993; DNA Cell Biol.
12:441-453). Fragments of VDCC g-8 subunits may be
produced not only by recombinant production, but also
by direct peptide synthesis using solid-phase
techniques. (Merrifield J. (1963) J. Am. Chem. Soc.
85:2149-2154.) Protein synthesis may be performed by
manual techniques or by automation. Automated
synthesis may be achieved, for example, using the
Applied Biosystems 431A peptide synthesizer (Perkin
Elmer). Various fragments of VDCC g-8 subunits may be
synthesized separately and then combined to produce
the full length molecule. Biosensors The VDCC g-8
polypeptides, nucleic acids, probes, antibodies,
expression vectors and ligands are useful as (and for
the production of) biosensors.According to Aizawa
(1988), Anal. Chem. Symp. 17: 683, a biosensor is
defined as being a unique combination of a receptor
for molecular recognition, for example a selective
layer with immobilized antibodies or receptors such as
a VDCC g- 8, and a transducer for transmitting the
values measured. One group of such biosensors will
detect the change that is caused in the optical
properties of a surface layer due to the interaction
of the receptor with the surrounding medium. Among
such techniques may be mentioned especially
ellipso-metry and surface plasmon resonance.
Biosensors incorporating VDCC g-8 may be used to
detect the presence or level of VDCC g-8 ligands more
preferably with regard to the diseases defined above.
The construction of such biosensors is well known in
the art. Thus, cell lines expressing VDCC g-8 subunits
may be used as reporter systems for detection of
ligands such as ATP via receptor-promoted formation of
[3H]inositol phosphates or other second messengers
(Watt et al., 1998, J Biol Chem May 29;273(22):
14053-8). Receptor-ligand biosensors are also
described in Hoffman et al., 2000, Proc Natl Acad Sci
U S A Oct 10;97(21):1 1215-20. Optical and other
biosensors comprising VDCC g-8 may also be used to
detect the level or presence of interaction with
G-proteins and other proteins, as described by, for
example, Figler et al, 1997, Biochemistry Dec 23;
36(51): 16288-99 and Sarrio et al., 2000, MoI Cell
Biol 2000 Jul;20(14):51 64-74). Sensor units for
biosensors are described in, for example, US
5,492,840. The skilled person will recognise equally
the value of an antagonist of VDCC g-8. For example,
in an alternative embodiment, treatment ADHD may be
effected by a VDCC g-8 antogonist. Screeinq Assays The
VDCC g-8 polypeptide, including homologues, variants,
and derivatives, whether natural or recombinant, may
be employed in a screening process for compounds which
bind the subunit and which activate (agonists) or
inhibit activation 



of (antagonists) of VDCC g-8, alter the kinetics of
associated channels or change expression thereof.
Thus, such polypeptides may also be used to assess the
binding of small molecule substrates and ligands in,
for example, cells, cell-free preparations, chemical
libraries, and natural product mixtures. These
substrates and ligands may be natural substrates and
ligands or may be structural or functional mimetics.
See Coligan et al., Current Protocols in Immunology
1(2):Chapter 5 (1991). VDCC g-8 ion channel
polypeptides are responsible for many biological
functions and are associated with the diseases listed
above. Accordingly, it isdesirous to find compounds
and drugs which stimulate VDCC g-8 ion channels on the
one hand and which can inhibit the function of VDCC
g-8 ion channels on the other hand. In general,
agonists and antagonists are employed for therapeutic
and prophylactic purposes for such conditions as
excitotoxicity and cognitive deficits. The skilled
person will understand that the data herein indicated
that mice lacking VDCC g-8 demonstrate a schizophrenic
phenotype. Therefore, in a preferred embodiment, a
compound or drug that activates VDCC g-8 (i.e. an
agonist) is a potential therapy for schizophrenia and
other related mental illnesses, as indicated above.
The skilled person will recognise equally the value of
an antagonist of VDCC g-8. For example, in an
alternative embodiment, treatment of ADHD may be
effected by a VDCC g-8 antagonist. Rational design of
candidate compounds likely to be able to interact with
VDCC g-8 ion channel proteins may be based upon
structural studies of the molecular shapes of a
polypeptide. One means for determining which sites
interact with specific other proteins is a physical
structure determination, e.g., X-ray crystallography
or twodimensional NMR techniques. These will provide
guidance as to which amino acid residues form
molecular contact regions. For a detailed description
of protein structural determination, see, e.g.,
Blundell and Johnson (1976) Protein Crystallography,
Academic Press, New York. An alternative to rational
design uses a screening procedure which involves in
general producing appropriate cells which express the
VDCC g-8 receptor polypeptide on the surface thereof.
Such cells include cells from animals, yeast,
Drosophila or E. coli. Cells expressing the receptor
(or cell membrane containing the expressed receptor)
are then contacted with a test compound to observe
binding, or stimulation or inhibition of a functional
response. For example, Xenopus oocytes may be injected
with VDCC g-8 mRNA or polypeptide, and currents
induced by exposure to test compounds measured by use
of voltage clamps measured, as described in further
detail elsewhere. Instead of testing each candidate
compound individually with the VDCC g-8 ion channel, a
library or bank of candidate ligands may
advantageously be produced and screened. Thus, for
example, a bank of over 200 putative receptor ligands
has been assembled for screening. The bank comprises:
transmitters, hormones and chemokines known to act via
an ion channel; naturally occurring compounds which 



may be putative agonists for an ion channel,
non-mammalian, biologically activepeptides for which a
mammalian counterpart has not yet been identified; and
compounds not found in nature, but which activate ion
channels with unknown natural ligands. This bank is
used to screen the receptor for known ligands, using
both functional (i.e. calcium, microphysiometer, FLIPR
assay, whole cell electrophysiology, oocyte
electrophysiology, etc, see elsewhere) as well as
binding assays as described in further detail
elsewhere. However, a large number of mammalian
receptors exist for which there remains, as yet, no
cognate activating ligand (agonist) or deactivating
ligand (antagonist). Thus, active ligands for these
receptors may not be included within the ligands banks
as identified to date. Accordingly, VDCC g-8 may also
be functionally screened (using calcium, cAMP,
microphysiometer, ooyte electrophysiology, etc.,
functional screens) against tissue extracts to
identify natural ligands. Extracts that produce
positive functional responses can be sequentially
subfractionated, with the fractions being assayed as
described here, until an activating ligand is isolated
and identified. In such experiments, basal calcium
levels in the HEK 293 cells in transfected or vector
control cells are observed to be in the normal, 100 nM
to 200 nM, range. HEK 293 cells expressing homomeric
or heteromeric VDCC g-8 ion channels or recombinant
homomeric or heteromeric VDCC g -8 ion channels are
loaded with fura 2 and in a single day more than 150
selected ligands or tissue/cell extracts are evaluated
for agonist induced calcium mobilization. Similarly,
HEK 293 cells expressing VDCC g-8 ion channel or
recombinant VDCC g-8 ion channel are evaluated for the
increase or decrease of Ca2+ flux. Agonists presenting
a calcium transient are tested in vector control cells
to determine if the response is unique to the
transfected cells expressing receptor. Another method
involves screening for receptor inhibitors by
determining inhibition or stimulation of VDCC g-8 ion
channels. Such a method involves transfecting a
eukaryotic cell with the VDCC g-8 subunits either
alone to form a homomeric channel or with other Trp
channel subunits to form a heteromeric channel to
express the receptor on the cell surface. The cell is
then exposed to potential antagonists in the presence
of the VDCC g-8 receptor. The cell can be tested using
whole cell electrophsysiology to determine the changes
in the conductance or kinetics of the current.Another
method for detecting agonists or antagonists of VDCC
g-8 is the yeast based technology as described in U.S.
Pat. No. 5,482,835, incorporated by reference herein.
Where the candidate compounds are proteins, in
particular antibodies or peptides, libraries of
candidate compounds may be screened using phage
display techniques. Phage display is a protocol of
molecular screening which utilises recombinant
bacteriophage. The technology involves transforming
bacteriophage with a gene that encodes one compound
from the library of candidate compounds, such that
each phage or phagemid expresses a particular
candidate compound. The 



transformed bacteriophage (which preferably is
tethered to a solid support) expresses the appropriate
candidate compound and displays it on their phage
coat. Specific candidate compounds which are capable
of binding to a VDCC g-8 polypeptide or peptide are
enriched by selection strategies based on affinity
interaction. The successful candidate agents are then
characterised. Phage display has advantages over
standard affinity ligand screening technologies. The
phage surface displays the candidate agent in a three
dimensional configuration, more closely resembling its
naturally occurring conformation. This allows for more
specific and higher affinity binding for screening
purposes. Another method of screening a library of
compounds utilises eukaryotic or prokaryotic host
cells which are stably transformed with recombinant
DNA molecules expressing a library of compounds. Such
cells, either in viable or fixed form, can be used for
standard binding-partner assays. See also Parce et al.
(1989) Science 246:243-247; and Owicki et al. (1990)
Proc. Nat'l Acad. Sci. USA 87;4007-401 1, which
describe sensitive methods to detect cellular
responses. Competitive assays are particularly useful,
where the cells expressing the library of compounds
are contacted or incubated with a labelled antibody
known to bind to a VDCC g-8 polypeptide, such as
1251-antibody, and a test sample such as a candidate
compound whose binding affinity to the binding
composition is being measured. The bound and free
labelled binding partners for the polypeptide are then
separated to assess the degree of binding. The amount
of test sample bound is inversely proportional to the
amount of labelled antibody binding to the
polypeptide. Any one of numerous techniques can be
used to separate bound from free binding partners to
assess the degree of binding. This separation step
could typically involve a procedure such as adhesion
to filters followed by washing, adhesion to plastic
following by washing, or centrifugation of the cell
membranes.Still another approach is to use
solubilized, unpurified or solubilized purified
polypeptide or peptides, for example extracted from
transformed eukaryotic or prokaryotic host cells. This
allows for a "molecular" binding assay with the
advantages of increased specificity, the ability to
automate, and high drug test throughput. Another
technique for candidate compound screening involves an
approach which provides high throughput screening for
new compounds having suitable binding affinity, e.g.,
to a VDCC g-8 polypeptide, and is described in detail
in International Patent application No. WO 84/03564
(Commonwealth Serum Labs.), published on September 13
1984. First, large numbers of different small peptide
test compounds are synthesized on a solid substrate,
e.g., plastic pins or some other appropriate surface;
see Fodor et al. (1991). Then all the pins are reacted
with solubilized VDCC g-8 polypeptide and washed. The
next step involves detecting bound polypeptide.
Compounds which interact specifically with the
polypeptide will thus be identified. Ligand binding
assays provide a direct method for ascertaining
receptor pharmacology and are adaptable to a high
throughput format. The purified ligand for a 



receptor may be radiolabeled to high specific activity
(50-2000 Ci/mmol) for binding studies. A determination
is then made that the process of radiolabeiing does
not diminish the activity of the ligand towards its
receptor. Assay conditions for buffers, ions, pH and
other modulators such as nucleotides are optimized to
establish a workable signal to noise ratio for both
membrane and whole cell receptor sources. For these
assays, specific receptor binding is defined as total
associated radioactivity minus the radioactivity
measured in the presence of an excess of unlabeled
competing ligand. Where possible, more than one
competing ligand is used to define residual
nonspecific binding. The assays may simply test
binding of a candidate compound wherein adherence to
the cells bearing the receptor is detected by means of
a label directly or indirectly associated with the
candidate compound or in an assay involving
competition with a labeled competitor. Further, these
assays may test whether the candidate compound results
in a signal generated by activation of the receptor,
using detection systems appropriate to the cells
bearing the receptor at their surfaces. Inhibitors of
activation are generally assayed in the presence of a
known agonist and the effect on activation by the
agonist by the presence of the candidate compound is
observed. Further, the assays may simply comprise the
steps of mixing a candidate compound with a solution
containing a VDCC g-8 polypeptide to form a
mixture,measuring VDCC g-8 ion channel activity in the
mixture, and comparing the VDCC g-8 ion channel
activity of the mixture to a standard. The VDCC g-8
subunit cDNA, protein and antibodies to the protein
may also be used to configure assays for detecting the
effect of added compounds on the production of VDCC
g-8 subunit mRNA and protein in cells. For example, an
ELISA may be constructed for measuring secreted or
cell associated levels of VDCC g-8 subunit protein
using monoclonal and polyclonal antibodies by standard
methods known in the art, and this can be used to
discover agents which may inhibit or enhance the
production of VDCC g-8 subunit (also called antagonist
or agonist, respectively) from suitably manipulated
cells or tissues. Standard methods for conducting
screening assays are well understood in the art.
Examples of potential VDCC g-8 ion channel antagonists
and blockers include antibodies or, in some cases,
nucleotides and their analogues, including purines and
purine analogues, oligonucleotides or proteins which
are closely related to the ligand of the VDCC g-8 ion
channel, e.g., a fragment of the ligand, or small
molecules which bind to the receptor but do not elicit
a response, so that the activity of the receptor is
prevented. We there therefore also provide a compound
capable of binding specifically to a VDCC g-8
polypeptide and/or peptide. The term "compound" refers
to a chemical compound (naturally occurring or
synthesised), such as a biological macromolecule
(e.g., nucleic acid, protein, nonpeptide, 



or organic molecule), or an extract made from
biological materials such as bacteria, plants, fungi,
or animal (particularly mammalian) cells or tissues,
or even an inorganic element or molecule. Preferably
the compound is an antibody. The materials necessary
for such screening to be conducted may be packaged
into a screening kit. Such a screening kit is useful
for identifying agonists, antagonists, ligands,
receptors, substrates, enzymes, etc. for VDCC g-8
polypeptides or compounds which decrease or enhance
the production of VDCC g-8 ion channel polypeptides.
The screening kit comprises: (a) a VDCC g-8
polypeptide; (b) a recombinant cell expressing a VDCC
g-8 polypeptide; (c) a cell membrane expressing a VDCC
g-8 polypeptide; or (d) antibody to a VDCC g-8
polypeptide. The screening kit may optionally comprise
instructions for use. Transgenic AnimalsTransgenic
animals capable of expressing natural or recombinant
VDCC g-8 ion channel, or a homologue, variant or
derivative, at elevated or reduced levels compared to
the normal expression level are within the scope of
the invention. Included are transgenic animals ("VDCC
g-8 knockout's) which do not express functional VDCC
g-8 receptor as a result of one or more loss of
function mutations, including a deletion, of the VDCC
g-8 gene. Preferably, such a transgenic animal is a
non-human mammal, such as a pig, a sheep or a rodent.
Most preferably the transgenic animal is a mouse or a
rat. Such transgenic animals may be used in screening
procedures to identify agonists and/or antagonists of
VDCC g-8 ion channel, as well as to test for their
efficacy as treatments for diseases in vivo. In
preferred embodiments, the transgenic VDCC g-8
animals, particularly VDCC g-8 knockouts, display the
phenotypes set out in the Examples, preferably as
measured by the tests set out therein. Thus, the VDCC
g-8 animals, particularly VDCC g-8 knockouts,
preferably display any one or more of the following:
decreased rotarod performance, reduced habituation to
a novel environment, cognitive deficits or seizure
sensitivity. In highly preferred embodiments, the VDCC
g-8 animals, particularly VDCC g-8 knockouts, display
at least 10%, preferably at least 20%, more preferably
at least30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%
higher or lower (as the case may be) of the measured
parameter as compared to the corresponding wild-type
mice. For example, transgenic animals that have been
engineered to be deficient in the production of VDCC
g-8 ion channel may be used in assays to identify
agonists and/or antagonists of VDCC g-8 ion channel.
One assay is designed to evaluate a potential drug (a
candidate ligand or compound) to determine if it
produces a physiological response in the absence of
VDCC g-8 ion channel receptors. This may be
accomplished by administering the drug to a transgenic
animal as discussed above, and then assaying the
animal for a particular response. Although any
physiological parameter could be measured in this
assay, preferred responses include one or more of the
following: changes to disease resistance; altered
inflammatory 



responses; altered seizure sensitivity; altered
cognitive performance; altered synaptic plasticity;
altered social interaction. Tissues derived from the
VDCC g-8 knockout animals may be used in receptor
binding assays to determine whether the potential drug
(a candidate ligand or compound) binds to the VDCC g-8
receptor. Such assays can be conducted byobtaining a
first receptor preparation from the transgenic animal
engineered to be deficient in VDCC g-8 receptor
production and a second receptor preparation from a
source known to bind any identified VDCC g-8 ligands
or compounds. In general, the first and second
receptor preparations will be similar in all respects
except for the source from which they are obtained.
For example, if brain tissue from a transgenic animal
(such as described above and below) is used in an
assay, comparable brain tissue from a normal (wild
type) animal is used as the source of the second
receptor preparation. Each of the receptor
preparations is incubated with a ligand known to bind
to VDCC g-8 receptors, both alone and in the presence
of the candidate ligand or compound. Preferably, the
candidate ligand or compound will be examined at
several different concentrations. The extent to which
binding by the known ligand is displaced by the test
compound is determined for both the first and second
receptor preparations. Tissues derived from transgenic
animals may be used in assays directly or the tissues
may be processed to isolate membranes or membrane
proteins, which are themselves used in the assays. A
preferred transgenic animal is the mouse. The ligand
may be labeled using any means compatible with binding
assays. This would include, without limitation,
radioactive, enzymatic, fluorescent or
chemiiuminescent labeling (as well as other labelling
techniques as described in further detail above).
Furthermore, antagonists of VDCC g-8 ion channel
receptor may be identified by administering candidate
compounds, etc, to wild type animals expressing
functional VDCC g-8, and animals identified which
exhibit any of the phenotypic characteristics
associated with reduced or abolished expression of
VDCC g-8 receptor function. Detailed methods for
generating non-human transgenic animals are described
in further detail below (Examples 1 and 2). Transgenic
gene constructs can be introduced into the germ line
of an animal to make a transgenic mammal. For example,
one or several copies of the construct may be
incorporated into the genome of a mammalian embryo by
standard transgenic techniques. In an exemplary
embodiment, the transgenic non-human animals are
produced by introducing transgenes into the germline
of the non-human animal. Embryonal target cells at
various developmental stages can be used to introduce
transgenes. Different methods are used depending on
the stage of development of the embryonal target cell.
The specific line(s) of any animal are selected for
generalgood health, good embryo yields, good
pronuclear visibility in the embryo, and good
reproductive fitness. In addition, the haplotype is a
significant factor. Introduction of the transgene into
the embryo can be accomplished by any 



means known in the art such as, for example,
microinjection, electroporation, or lipofection. For
example, the VDCC g-8 receptor transgene can be
introduced into a mammal by microinjection of the
construct into the pronuclei of the fertilized
mammalian egg(s) to cause one or more copies of the
construct to be retained in the cells of the
developing mammal(s). Following introduction of the
transgene construct into the fertilized egg, the egg
may be incubated in vitro for varying amounts of time,
or reimplanted into the surrogate host, or both. In
vitro incubation to maturity may also be conducted.
One common method in to incubate the embryos in vitro
for about 1-7 days, depending on the species, and then
reimplant them into the surrogate host. The progeny of
the transgenically manipulated embryos can be tested
for the presence of the construct by Southern blot
analysis of the segment of tissue. If one or more
copies of the exogenous cloned construct remains
stably integrated into the genome of such transgenic
embryos, it is possible to establish permanent
transgenic mammal lines carrying the transgenically
added construct. The litters of transgenically altered
mammals can be assayed after birth for the
incorporation of the construct into the genome of the
offspring. Preferably, this assay is accomplished by
hybridizing a probe corresponding to the DNA sequence
coding for the desired recombinant protein product or
a segment thereof onto chromosomal material from the
progeny. Those mammalian progeny found to contain at
least one copy of the construct in their genome are
grown to maturity. For the purposes of this document,
a zygote is essentially the formation of a diploid
cell which is capable of developing into a complete
organism. Generally, the zygote will be comprised of
an egg containing a nucleus formed, either naturally
or artificially, by the fusion of two haploid nuclei
from a gamete or gametes. Thus, the gamete nuclei must
be ones which are naturally compatible, i.e., ones
which result in a viable zygote capable of undergoing
differentiation and developing into a functioning
organism. Generally, a euploid zygote is preferred. If
an aneuploid zygote is obtained, then the number of
chromosomes should not vary by more than one with
respect to the euploid number of the organism from
which either gamete originated. In addition to similar
biological considerations, physical ones also govern
the amount (e.g., volume) of exogenous genetic
material which can be added to the nucleus of the
zygote or to the genetic material which forms a part
of the zygotenucleus. If no genetic material is
removed, then the amount of exogenous genetic material
which can be added is limited by the amount which will
be absorbed without being physically disruptive.
Generally, the volume of exogenous genetic material
inserted will not exceed about 10 picoliters. The
physical effects of addition must not be so great as
to physically destroy the viability of the zygote. The
biological limit of the number and variety of DNA
sequences will vary depending upon the particular
zygote and functions of the exogenous genetic material
and will be readily apparent to one skilled in the
art, because the genetic material, including the
exogenous genetic material, of the resulting zygote
must be biologically capable of initiating and 



maintaining the differentiation and development of the
zygote into a functional organism. The number of
copies of the transgene constructs which are added to
the zygote is dependent upon the total amount of
exogenous genetic material added and will be the
amount which enables the genetic transformation to
occur. Theoretically only one copy is required;
however, generally, numerous copies are utilized, for
example, 1,000-20,000 copies of the transgene
construct, in order to insure that one copy is
functional. There will often be an advantage to having
more than one functioning copy of each of the inserted
exogenous DNA sequences to enhance the phenotypic
expression of the exogenous DNA sequences. Any
technique which allows for the addition of the
exogenous genetic material into nucleic genetic
material can be utilized so long as it is not
destructive to the cell, nuclear membrane or other
existing cellular or genetic structures. The exogenous
genetic material is preferentially inserted into the
nucleic genetic material by microinjection.
Microinjection of cells and cellular structures is
known and is used in the art. Reimplantation is
accomplished using standard methods. Usually, the
surrogate host is anesthetized, and the embryos are
inserted into the oviduct. The number of embryos
implanted into a particular host will vary by species,
but will usually be comparable to the number of off
spring the species naturally produces. Transgenic
offspring of the surrogate host may be screened for
the presence and/or expression of the transgene by any
suitable method. Screening is often accomplished by
Southern blot or Northern blot analysis, using a probe
that is complementary to at least a portion of the
transgene. Western blot analysis using an antibody
against the protein encoded by the transgene may be
employed as an alternative or additional method for
screening for the presence of the transgeneproduct.
Typically, DNA is prepared from tail tissue and
analyzed by Southern analysis or PCR for the
transgene. Alternatively, the tissues or cells
believed to express the transgene at the highest
levels are tested for the presence and expression of
the transgene using Southern analysis or PCR, although
any tissues or cell types may be used for this
analysis. Alternative or additional methods for
evaluating the presence of the transgene include,
without limitation, suitable biochemical assays such
as enzyme and/or immunological assays, histological
stains for particular marker or enzyme activities,
flow cytometric analysis, and the like. Analysis of
the blood may also be useful to detect the presence of
the transgene product in the blood, as well as to
evaluate the effect of the transgene on the levels of
various types of blood cells and other blood
constituents. Progeny of the transgenic animals may be
obtained by mating the transgenic animal with a
suitable partner, or by in vitro fertilization of eggs
and/or sperm obtained from the transgenic animal.
Where mating with a partner is to be performed, the 



partner may or may not be transgenic and/or a
knockout; where it is transgenic, it may contain the
same or a different transgene, or both. Alternatively,
the partner may be a parental line. Where in vitro
fertilization is used, the fertilized embryo may be
implanted into a surrogate host or incubated in vitro,
or both. Using either method, the progeny may be
evaluated for the presence of the transgene using
methods described above, or other appropriate methods.
The transgenic animals produced in accordance with the
methods described here will include exogenous genetic
material. As set out above, the exogenous genetic
material will, in certain embodiments, be a DNA
sequence which results in the production of a VDCC g-8
ion channel. Further, in such embodiments the sequence
will be attached to a transcriptional control element,
e.g., a promoter, which preferably allows the
expression of the transgene product in a specific type
of cell. Retroviral infection can also be used to
introduce transgene into a non-human animal. The
developing non-human embryo can be cultured in vitro
to the blastocyst stage. During this time, the
blastomeres can be targets for retroviral infection
(Jaenich, R. (1976) PNAS 73:1260-1264). Efficient
infection of the blastomeres is obtained by enzymatic
treatment to remove the zona pellucida (Manipulating
the Mouse Embryo, Hogan eds. (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, 1986). The viral
vector system used to introduce the transgene is
typically a replication-defective retrovirus carrying
the transgene (Jahner et al. (1985) PNAS82:6927-6931;
Van der Putten et al. (1985) PNAS 82:6148-6152).
Transfection is easily and efficiently obtained by
culturing the blastomeres on a monolayer of
virusproducing cells (Van der Putten, supra; Stewart
et al. (1987) EMBO J. 6:383-388). Alternatively,
infection can be performed at a later stage. Virus or
virus-producing cells can be injected into the
blastocoele (Jahner et al. (1982) Nature 298:623-628).
Most of the founders will be mosaic for the transgene
since incorporation occurs only in a subset of the
cells which formed the transgenic non-human animal.
Further, the founder may contain various retroviral
insertions of the transgene at different positions in
the genome which generally will segregate in the
offspring. In addition, it is also possible to
introduce transgenes into the germ line by
intrauterine retroviral infection of the midgestation
embryo (Jahner et al. (1982) supra). A third type of
target cell for transgene introduction is the
embryonal stem cell (ES). ES cells are obtained from
pre-implantation embryos cultured in vitro and fused
with embryos (Evans et al. (1981) Nature 292:154-156;
Bradley et al. (1984) Nature 309:255-258; Gossler et
al. (1986) PNAS 83: 9065-9069; and Robertson et al.
(1986) Nature 322:445-448). Transgenes can be
efficiently introduced into the ES cells by DNA
transfection or by retrovirus-mediated transduction.
Such transformed ES cells can thereafter be combined
with blastocysts from a non-human animal. The ES cells
thereafter colonize the embryo and contribute to the
germ line of the resulting chimeric animal. For review
see Jaenisch, R. (1988) Science 240:1468-1474.
Non-human transgenic animals are provided, where the
transgenic animal is 



characterized by having an altered VDCC g-8 gene,
preferably as described above, as models for VDCC g-8
ion channel function. Alterations to the gene include
deletions or other loss of function mutations,
introduction of an exogenous gene having a nucleotide
sequence with targeted or random mutations,
introduction of an exogenous gene from another
species, or a combination thereof. The transgenic
animals may be either homozygous or heterozygous for
the alteration. The animals and cells derived
therefrom are useful for screening biologically active
agents that may modulate VDCC g-8 ion channel
function. The screening methods are of particular use
for determining the specificity and action of
potential therapies for pain and cancer, particularly
prostate cancer. The animals are useful as a model to
investigate the role of VDCC g- 8 ion channels in
normal tissues and organs such as the brain, heart,
spleen and liver and the effect on their
function.Another aspect pertains to a transgenic
nonhuman animal having a functionally disrupted
endogenous VDCC g-8 gene but which also carries in its
genome, and expresses, a transgene encoding a
heterologous VDCC g-8 protein (i.e., a VDCC g-8 from
another species). Preferably, the animal is a mouse
and the heterologous VDCC g-8 is a human VDCC g-8. An
animal, or cell lines derived from such an animal,
which has been reconstituted with human VDCC g-8, can
be used to identify agents that inhibit human VDCC g-8
in vivo and in vitro. For example, a stimulus that
induces signalling through human VDCC g-8 can be
administered to the animal, or cell line, in the
presence and absence of an agent to be tested and the
response in the animal, or cell line, can be measured.
An agent that inhibits human VDCC g-8 in vivo or in
vitro can be identified based upon a decreased
response in the presence of the agent compared to the
response in the absence of the agent. A VDCC g-8
deficient transgenic non-human animal (a "VDCC g-8
subunit knock-out") is also provided. Such an animal
is one which expresses lowered or no VDCC g-8 ion
channel activity, preferably as a result of an
endogenous VDCC g-8 ion channel genomic sequence being
disrupted or deleted. Preferably, such an animal
expresses no ion channel activity. More preferably,
the animal expresses no activity of the VDCC g-8 ion
channel shown as SEQ ID NO: 3 or SEQ ID NO: 5. VDCC
g-8 ion channel knock-outs may be generated by various
means known in the art, as described in further detail
below. The present invention also pertains to a
nucleic acid construct for functionally disrupting a
VDCC g-8 gene in a host cell. The nucleic acid
construct comprises: a) a non-homologous replacement
portion; b) a first homology region located upstream
of the non-homologous replacement portion, the first
homology region having a nucleotide sequence with
substantial identity to a first VDCC g-8 gene
sequence; and c) a second homology region located
downstream of the non-homologous replacement portion,
the second homology region having a nucleotide
sequence with substantial identity to a second VDCC
g-8 gene sequence, the second VDCC g-8 gene sequence
having a location downstream of the first VDCC g-8
gene sequence in 



a naturally occurring endogenous VDCC g-8 gene.
Additionally, the first and second homology regions
are of sufficient length for homologous recombination
between the nucleic acid construct and an endogenous
VDCC g-8 gene in a host cell when the nucleic acid
molecule is introduced into the host cell. In a
preferred embodiment, the non-homologous replacement
portion comprises an expression reporter,
preferablyincluding lacZ and a positive selection
expression cassette, preferably including a neomycin
phosphotransferase gene operatively linked to a
regulatory element(s). Preferably, the first and
second VDCC g-8 gene sequences are derived from SEQ ID
No. 1, SEQ ID No.2, SEQ ID NO: 4 or SEQ ID NO: 6, or a
homologue, variant or derivative thereof. Another
aspect pertains to recombinant vectors into which the
nucleic acid construct described above has been
incorporated. Yet another aspect pertains to host
cells into which the nucleic acid construct has been
introduced to thereby allow homologous recombination
between the nucleic acid construct and an endogenous
VDCC g-8 gene of the host cell, resulting in
functional disruption of the endogenous VDCC g-8 gene.
The host cell can be a mammalian cell that normally
expresses VDCC g-8 from the liver, brain, spleen or
heart, or a pluripotent cell, such as a mouse
embryonic stem cell. Further development of an
embryonic stem cell into which the nucleic acid
construct has been introduced and homologously
recombined with the endogenous VDCC g-8 gene produces
a transgenic nonhuman animal having cells that are
descendant from the embryonic stem cell and thus carry
the VDCC g-8 gene disruption in their genome. Animals
that carry the VDCC g-8 gene disruption in their
germline can then be selected and bred to produce
animals having the VDCC g-8 gene disruption in all
somatic and germ cells. Such mice can then be bred to
homozygosity for the VDCC g-8 gene disruption.
Antibodies For the purposes of this document, the term
"antibody", unless specified to the contrary, includes
but is not limited to, polyclonal, monoclonal,
chimeric, single chain, Fab fragments and fragments
produced by a Fab expression library. Such fragments
include fragments of whole antibodies which retain
their binding activity for a target substance, Fv,
F(ab') and F(ab')2 fragments, as well as single chain
antibodies (scFv), fusion proteins and other synthetic
proteins which comprise the antigenbinding site of the
antibody. The antibodies and fragments thereof may be
humanised antibodies, for example as described in
EP-A-239400. Furthermore, antibodies with fully human
variable regions (or their fragments), for example, as
described in US Patent Nos. 5,545,807 and 6,075,181
may also be used. Neutralizing antibodies, i.e., those
which inhibit biological activity of the substance
amino acid sequences, are especially preferred for
diagnostics and therapeutics.Antibodies may be
produced by standard techniques, such as by
immunisation or by using a phage display library. A
polypeptide or peptide of may be used to develop an
antibody by known techniques. Such an antibody may be
capable of binding specifically to the VDCC g-8 



ion channel protein or homologue, fragment, etc. If
polyclonal antibodies are desired, a selected mammal
(e.g., mouse, rabbit, goat, horse, etc.) may be
immunised with an immunogenic composition comprising a
relevant polypeptide or peptide. Depending on the host
species, various adjuvants may be used to increase
immunological response. Such adjuvants include, but
are not limited to, Freund's, mineral gels such as
aluminium hydroxide, and surface active substances
such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanin,
and dinitrophenol. BCG (Bacilli Calmette-Guerin) and
Corynebacterium parvum are potentially useful human
adjuvants which may be employed if purified the
substance amino acid sequence is administered to
immunologically compromised individuals for the
purpose of stimulating systemic defence. Serum from
the immunised animal is collected and treated
according to known procedures. If serum containing
polyclonal antibodies to an epitope obtainable from a
VDCC g-8 polypeptide contains antibodies to other
antigens, the polyclonal antibodies can be purified by
immunoaffinity chromatography. Techniques for
producing and processing polyclonal antisera are known
in the art. In order that such antibodies may be made,
we also provide amino acid sequences of VDCC g-8 or
fragments thereof haptenised to another amino acid
sequence for use as immunogens in animals or humans.
Monoclonal antibodies directed against epitopes
obtainable from a VDCC g-8 ion channel polypeptide or
peptide can also be readily produced by one skilled in
the art. The general methodology for making monoclonal
antibodies by hybridomas is well known. Immortal
antibody-producing cell lines can be created by cell
fusion, and also by other techniques such as direct
transformation of B lymphocytes with oncogenic DNA, or
transfection with Epstein-Barr virus. Panels of
monoclonal antibodies produced against orbit epitopes
can be screened for various properties; i.e., for
isotype and epitope affinity. Monoclonal antibodies
may be prepared using any technique which provides for
the production of antibody molecules by continuous
cell lines in culture. Theseinclude, but are not
limited to, the hybridoma technique originally
described by Koehler and Milstein (1975 Nature
256:495-497), the trioma technique, the human Bcell
hybridoma technique (Kosbor et al (1983) Immunol Today
4:72; Cote et al (1983) Proc Natl Acad Sci
80:2026-2030) and the EBV-hybridoma technique (Cole et
al., Monoclonal Antibodies and Cancer Therapy, pp.
77-96, Alan R. Liss, Inc., 1985). In addition,
techniques developed for the production of "chimeric
antibodies", the splicing of mouse antibody genes to
human antibody genes to obtain a molecule with
appropriate antigen specificity and biological
activity can be used (Morrison et al (1984) Proc Natl
Acad Sci 81:6851-6855; Neuberger et al (1984) Nature
312:604-608; Takeda et al (1985) Nature 314:452-454).
Alternatively, techniques described for the production
of single chain antibodies (US Patent No. 4,946,779)
can be adapted to 



produce the substance specific single chain
antibodies. Antibodies, both monoclonal and
polyclonal, which are directed against epitopes
obtainable from a VDCC g-8 ion channel polypeptide or
peptide are particularly useful in diagnosis, and
those which are neutralising are useful in passive
immunotherapy. Monoclonal antibodies, in particular,
may be used to raise anti idiotype antibodies.
Anti-idiotype antibodies are immunoglobulins which
carry an "internal image" of the substance and/or
agent against which protection is desired. Techniques
for raising anti-idiotype antibodies are known in the
art. These antiidiotype antibodies may also be useful
in therapy. Antibodies may also be produced by
inducing in vivo production in the lymphocyte
population or by screening recombinant immunoglobulin
libraries or panels of highly specific binding
reagents as disclosed in Orlandi et al (1989, Proc
Natl Acad Sci 86: 3833-3837), and Winter G and
Milstein C (1991; Nature 349:293- 299). Antibody
fragments which contain specific binding sites for the
polypeptide or peptide may also be generated. For
example, such fragments include, but are not limited
to, the F(ab')2 fragments which can be produced by
pepsin digestion of the antibody molecule and the Fab
fragments which can be generated by reducing the
disulfide bridges of the F(ab')2 fragments.
Alternatively, Fab expression libraries may be
constructed to allow rapid and easy identification of
monoclonal Fab fragments with the desired specificity
(Huse WD et al (1989) Science 256:1275-128 1).
Techniques for the production of single chain
antibodies (U.S. Pat. No. 4,946,778) can also be
adapted to produce single chain antibodies to VDCC g-8
ionchannel polypeptides. Also, transgenic mice, or
other organisms including other mammals, may be used
to express humanized antibodies. The above-described
antibodies may be employed to isolate or to identify
clones expressing the polypeptide or to purify the
polypeptides by affinity chromatography. Antibodies
against VDCC g-8 ion channel polypeptides may also be
employed to treat VDCC g-8 associated diseases.
Diagnostic Assays This disclosure also relates to the
use of VDCC g-8 ion channel polynucleotides and
polypeptides (as well as homologues, variants and
derivatives thereof) for use in diagnosis as
diagnostic reagents or in genetic analysis. Nucleic
acids complementary to or capable of hybridising to
VDCC g-8 ion channel nucleic acids (including
homologues, variants and derivatives), as well as
antibodies against VDCC g-8 polypeptides are also
useful in such assays. In a preferred embodiment, the
diagnostic assay is carried out on a sample isolated
from the patient, so that the assay is not carried out
on a human or animal body. Detection of a mutated form
of the VDCC g-8 ion channel gene associated 



with a dysfunction will provide a diagnostic tool that
can add to or define a diagnosis of a disease or
susceptibility to a disease which results from
under-expression, overexpression or altered expression
of VDCC g-8 ion channel. Individuals carrying
mutations in the VDCC g-8 ion channel gene (including
control sequences) may be detected at the DNA level by
a variety of techniques. For example, DNA may be
isolated from a patient and the DNA polymorphism
pattern of VDCC g-8 determined. The identified pattern
is compared to controls of patients known to be
suffering from a disease associated with over-, under-
or abnormal expression of VDCC g-8. Patients
expressing a genetic polymorphism pattern associated
with VDCC g-8 associated disease may then be
identified. Genetic analysis of the VDCC g-8 ion
channel gene may be conducted by any technique known
in the art. For example, individuals may be screened
by determining DNA sequence of a VDCC g-8 allele, by
RFLP or SNP analysis, etc. Patients may be identified
as having a genetic predisposition for a disease
associated with the over-, under-, or abnormal
expression of VDCC g-8 by detecting the presence of a
DNApolymorphism in the gene sequence for VDCC g-8 or
any sequence controlling its expression. Patients so
identified can then be treated to prevent the
occurrence of VDCC g-8 associated disease, or more
aggressively in the early stages of VDCC g-8
associated disease to prevent the further occurrence
or development of the disease. A kit for the
identification of a patient's genetic polymorphism
pattern associated with VDCC g-8 associated disease is
also provided. The kit includes DNA sample collecting
means and means for determining a genetic polymorphism
pattern, which is then compared to control samples to
determine a patient's susceptibility to VDCC g-8
associated disease. Kits for diagnosis of a VDCC g-8
associated disease comprising VDCC g-8 polypeptide
and/or an antibody against such a polypeptide (or
fragment of it) are also provided. Nucleic acids for
diagnosis may be obtained from a subject's cells, such
as from blood, urine, saliva, tissue biopsy or autopsy
material. In a preferred embodiment, the DNA is
obtained from blood cells obtained from a finger prick
of the patient with the blood collected on absorbent
paper. In a further preferred embodiment, the blood
will be collected on an AmpHCard.TM. (University of
Sheffield, Department of Medicine and Pharmacology,
Royal Hallamshire Hospital, Sheffield, England S10
2JF). The DNA may be used directly for detection or
may be amplified enzymatically by using PCR or other
amplification techniques prior to analysis.
Oligonucleotide DNA primers that target the specific
polymorphic DNA region within the genes of interest
may be prepared so that in the PCR reaction
amplification of the target sequences is achieved. RNA
or cDNA may also be used as templates in similar
fashion. The amplified DNA sequences from the template
DNA may then be analyzed using restriction enzymes to
determine the genetic polymorphisms present in the
amplified 



sequences and thereby provide a genetic polymorphism
profile of the patient. Restriction fragments lengths
may be identified by gel analysis. Alternatively, or
in conjunction, techniques such as SNP (single
nucleotide polymorphisms) analysis may be employed.
Deletions and insertions can be detected by a change
in size of the amplified product in comparison to the
normal genotype. Point mutations can be identified by
hybridizing amplified DNA to labeled VDCC g-8 ion
channel nucleotide sequences. Perfectly matched
sequences can be distinguished from mismatched
duplexes byRNase digestion or by differences in
melting temperatures. DNA sequence differences may
also be detected by alterations in electrophoretic
mobility of DNA fragments in gels, with or without
denaturing agents, or by direct DNA sequencing. See,
eg., Myers et al, Science (1985)230:1242. Sequence
changes at specific locations may also be revealed by
nuclease protection assays, such as RNAse and S
1protection or the chemical cleavage method. See
Cotton et al., Proc Natl Acad Sci USA (1985) 85:
4397-4401. In another embodiment, an array of
oligonucleotides probes comprising the VDCC g-8 ion
channel nucleotide sequence or fragments thereof can
be constructed to conduct efficient screening of e.g.,
genetic mutations. Array technology methods are well
known and have general applicability and can be used
to address a variety of questions in molecular
genetics including gene expression, genetic linkage,
and genetic variability. (See for example: M.Chee et
al., Science, VoI 274, pp 6 10-61 3 ( 1996)). Single
strand conformation polymorphism (SSCP) may be used to
detect differences in electrophoretic mobility between
mutant and wild type nucleic acids (Orita et al.
(1989) Proc Natl. Acad. Sci USA: 86:2766, see also
Cotton (1993) Mutat Res 285:125-144; and Hayashi
(1992) Genet Anal Tech Appl 9:73-79). Singlestranded
DNA fragments of sample and control VDCC g-8nucleic
acids may be denatured and allowed to renature. The
secondary structure of single-stranded nucleic acids
varies according to sequence, the resulting alteration
in electrophoretic mobility enables the detection of
even a single base change. The DNA fragments may be
labelled or detected with labelled probes. The
sensitivity of the assay may be enhanced by using RNA
(rather than DNA), in which the secondary structure is
more sensitive to a change in sequence. In a preferred
embodiment, the subject method utilizes heteroduplex
analysis to separate double stranded heteroduplex
molecules on the basis of changes in electrophoretic
mobility (Keen et al. (1991) Trends Genet 7:5). The
presence of VDCC g-8 polypeptides and nucleic acids
may be detected in a sample. Thus, infections and
diseases as listed above can be diagnosed by methods
comprising determining from a sample derived from a
subject an abnormally decreased or increased level of
the VDCC g-8 polypeptide or VDCC g-8 ion channel mRNA.
The sample may comprise a cell or tissue sample from
an organism suffering or suspected to be suffering
from a disease associated with increased, reduced or
otherwise abnormal VDCC g-8 expression, including
spatial or temporal changes in 



level or pattern of expression. The level or pattern
of expression of VDCC g-8 in anorganism suffering from
or suspected to be suffering from such a disease may
be usefully compared with the level or pattern of
expression in a normal organism as a means of
diagnosis of disease. In general therefore, a method
of detecting the presence of a nucleic acid comprising
a VDCC g-8 nucleic acid in a sample comprises
contacting the sample with at least one nucleic acid
probe which is specific for said nucleic acid and
monitoring said sample for the presence of the nucleic
acid. For example, the nucleic acid probe may
specifically bind to the VDCC g-8 ion channel subunit
nucleic acid, or a portion of it, and binding between
the two detected; the presence of the complex itself
may also be detected. Furthermore, we encompass a
method of detecting the presence of a VDCC g-8
polypeptide by contacting a cell sample with an
antibody capable of binding the polypeptide and
monitoring said sample for the presence of the
polypeptide. Monitoring the presence of a complex
formed between the antibody and the polypeptide, or
monitoring the binding between the polypeptide and the
antibody may conveniently achieve this. Methods of
detecting binding between two entities are known in
the art, and include FRET (fluorescence resonance
energy transfer), surface plasmon resonance, etc.
Decreased or increased expression can be measured at
the RNA level using any of the methods well known in
the art for the quantitation of polynucleotides, such
as, for example, PCR, RT-PCR, RNAse protection,
Northern blotting and other hybridization methods.
Assay techniques that can be used to determine levels
of a protein, such as VDCC g-8, in a sample derived
from a host are well-known to those of skill in the
art. Such assay methods include radioimmunoassays,
competitivebinding assays, Western Blot analysis and
ELISA assays. We further disclose a diagnostic kit for
a disease or susceptibility to a disease (including an
infection), for example, pain and cancer, particularly
neuropathic pain and prostate cancer. The diagnostic
kit comprises a VDCC g-8 polynucleotide or a fragment
thereof; a complementary nucleotide sequence; a VDCC
g-8 polypeptide or a fragment thereof, or an antibody
to a VDCC g-8 polypeptide. Chromosome Assays The
nucleotide sequences described here are also valuable
for chromosome identification. The sequence is
specifically targeted to and can hybridize with a
particular location on an individual human chromosome.
As described above, human VDCC g-8 ion channel is
found to map to Homo sapiens chromosome 19q13.The
mapping of relevant sequences to chromosomes is an
important first step in correlating those sequences
with gene associated disease. Once a sequence has been
mapped to a precise chromosomal location, the physical
position of the sequence on the chromosome can be
correlated with genetic map data. Such data are found,
for example, in V. McKusick, Mendelian heritance in
Man (available on line through Johns Hopkins
University Welch Medical Library). The relationship
between genes and diseases that have been mapped to
the same chromosomal region are 



then identified through linkage analysis
(coinheritance of physically adjacent genes). The
differences in the cDNA or genomic sequence between
affected and unaffected individuals can also be
determined. If a mutation is observed in some or all
of the affected individuals but not in any normal
individuals, then the mutation is likely to be the
causative agent of the disease. Prophylactic and
Therapeutic Methods Methods of treating an abnormal
conditions related to both an excess of and
insufficient amounts of VDCC g-8 ion channel activity
are provided. If the activity of VDCC g-8 ion channel
is in excess, several approaches are available. One
approach comprises administering to a subject an
inhibitor compound (antagonist) as hereinabove
described along with a pharmaceutically acceptable
carrier in an amount effective to inhibit activation
by blocking binding of ligands to the VDCC g-8 ion
channel, or by inhibiting a second signal, and thereby
alleviating the abnormal condition. In another
approach, soluble forms of VDCC g-8 polypeptides still
capable of binding the ligand in competition with
endogenous VDCC g-8 ion channel may be administered.
Typical embodiments of such competitors comprise
fragments of the VDCC g-8 polypeptide. In still
another approach, expression of the gene encoding
endogenous VDCC g-8 ion channel can be inhibited using
expression blocking techniques. Known such techniques
involve the use of antisense sequences, either
internally generated or separately administered. See,
for example, O'Connor, J Neurochem (1991) 56:560 in
Oligodeoxvnucleotides as Antisense Inhibitors of Gene
Expression, CRC Press, Boca Raton, FIa. (1988).
Alternatively, oligonucleotides which form triple
helices with the gene can be supplied. See, for
example, Lee et al., Nucleic Acids Res (1979) 6:3073;
Cooney et al., Science (1988) 241:456; Dervan et al.,
Science (1991) 251:1360.These oligomers can be
administered per se or the relevant oligomers can be
expressed in vivo. For treating abnormal conditions
related to an under-expression of VDCC g-8 ion channel
and its activity, several approaches are also
available. One approach comprises administering to a
subject a therapeutically effective amount of a
compound which activates VDCC g-8 ion channel, i.e.,
an agonist as described above, in combination with a
pharmaceutically acceptable carrier, to thereby
alleviate the abnormal condition. Alternatively, gene
therapy may be employed to effect the endogenous
production of VDCC g-8 ion channel by the relevant
cells in the subject. For example, a VDCC g-8
polynucleotide may be engineered for expression in a
replication defective retroviral vector, as discussed
above. The retroviral expression construct may then be
isolated and introduced into a packaging cell
transduced with a retroviral plasmid vector containing
RNA encoding a VDCC g-8 polypeptide such that the
packaging cell now produces infectious viral particles
containing the gene of interest. These producer cells
may be administered to a subject for engineering cells



in vivo and expression of the polypeptide in vivo. For
overview of gene therapy, see Chapter 20, Gene Therapy
and other Molecular Genetic-based Therapeutic
Approaches, (and references cited therein) in Human
Molecular Genetics, T Strachan and A P Read, BIOS
Scientific Publishers Ltd (1996). Formulation and
Administration Peptides, such as the soluble form of
VDCC g-8 ion channel polypeptides, and agonists and
antagonist peptides or small molecules, may be
formulated in combination with a suitable
pharmaceutical carrier. Such formulations comprise a
therapeutically effective amount of the polypeptide or
compound, and a pharmaceutically acceptable carrier or
excipient. Such carriers include but are not limited
to, saline, buffered saline, dextrose, water,
glycerol, ethanol, and combinations thereof.
Formulation should suit the mode of administration,
and is well within the skill of the art. The
disclosure further relates to pharmaceutical packs and
kits comprising one or more containers filled with one
or more of the ingredients of the aforementioned
compositions. VDCC g-8 polypeptides and other
compounds may be employed alone or in conjunction with
other compounds, such as therapeutic compounds.
Preferred forms of systemic administration of the
pharmaceutical compositions include injection,
typically by intravenous injection. Other injection
routes, such assubcutaneous, intramuscular, or
intraperitoneal, can be used. Alternative means for
systemic administration include transmucosal and
transdermal administration using penetrants such as
bile salts or fusidic acids or other detergents. In
addition, if properly formulated in enteric or
encapsulated formulations, oral administration may
also be possible. Administration of these compounds
may also be topical and/or localize, in the form of
salves, pastes, gels and the like. The dosage range
required depends on the choice of peptide, the route
of administration, the nature of the formulation, the
nature of the subject's condition, and the judgment of
the attending practitioner. Suitable dosages, however,
are in the range of 0.1-100 mg/kg of subject. Wide
variations in the needed dosage, however, are to be
expected in view of the variety of compounds available
and the differing efficiencies of various routes of
administration. 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 standard
empirical routines for optimization, as is well
understood in the art. Polypeptides used in treatment
can also be generated endogenously in the subject, in
treatment modalities often referred to as "gene
therapy" as described above. Thus, for example, cells
from a subject may be engineered with a
polynucleotide, such as a DNA or RNA, to encode a
polypeptide ex vivo, and for example, by the use of a
retroviral plasmid vector. The cells are then
introduced into the subject. Pharmaceutical
Compositions 



A pharmaceutical composition comprising a
therapeutically effective amount of the VDCC g-8
polypeptide, polynucleotide, peptide, vector or
antibody thereof and optionally a pharmaceutically
acceptable carrier, diluent or excipients (including
combinations thereof) is provided. The pharmaceutical
composition may be for human or animal usage in human
and veterinary medicine and will typically comprise
any one or more of a pharmaceutically acceptable
diluent, carrier, or excipient. Acceptable carriers or
diluents for therapeutic use are well known in the
pharmaceutical art, and are described, for example, in
Remington's Pharmaceutical Sciences, Mack Publishing
Co. (A. R. Gennaro edit. 1985). The choice of
pharmaceutical carrier, excipient or diluent can be
selected with regard to the intended route of
administration and standard pharmaceutical practice.
The pharmaceutical compositions may comprise as- or in
addition to - the carrier, excipient or diluent any
suitable binder(s), lubricant(s), suspending agent(s),
coating agent(s), solubilising agent(s).
Preservatives, stabilizers, dyes and even flavoring
agents may be provided in the pharmaceutical
composition. Examples of preservatives include sodium
benzoate, sorbic acid and esters of p-hydroxybenzoic
acid. Antioxidants and suspending agents may be also
used. There may be different composition/formulation
requirements dependent on the different delivery
systems. By way of example, the pharmaceutical
composition described here may be formulated to be
delivered using a a mini-pump or by a mucosal route,
for example, as a nasal spray or aerosol for
inhalation or ingestable solution, or parenterally in
which the composition is formulated by an injectable
form, for delivery, by, for example, an intravenous,
intramuscular or subcutaneous route. Alternatively,
the formulation may be designed to be delivered by
both routes. Where the agent is to be delivered
mucosally through the gastrointestinal mucosa, it
should be able to remain stable during transit though
the gastrointestinal tract; for example, it should be
resistant to proteolytic degradation, stable at acid
pH and resistant to the detergent effects of bile.
Where appropriate, the pharmaceutical compositions can
be administered by inhalation, in the form of a
suppository or pessary, topically in the form of a
lotion, solution, cream, ointment or dusting powder,
by use of a skin patch, orally in the form of tablets
containing excipients such as starch or lactose, or in
capsules or ovules either alone or in admixture with
excipients, or in the form of elixirs, solutions or
suspensions containing flavouring or colouring agents,
or they can be injected parenterally, for example
intravenously, intramuscularly or subcutaneously. For
parenteral administration, the compositions may be
best used in the form of a sterile aqueous solution
which may contain other substances, for example enough
salts or monosaccharides to make the solution isotonic
with blood. For buccal or sublingual administration
the compositions may be administered in the form of
tablets or lozenges which can be formulated in a
conventional manner. 



Vaccines Another embodiment relates to a method for
inducing an immunological response in a mammal which
comprises inoculating the mammal with the VDCC g-8 ion
channel polypeptide, or a fragment thereof, adequate
to produce antibody and/or T cell immune response to
protect said animal from VDCC g-8-associated
diseases.Yet another embodiment relates to a method of
inducing immunological response in a mammal which
comprises delivering a VDCC g-8 polypeptide via a
vector directing expression of VDCC g-8 polynucleotide
in vivo in order to induce such an immunological
response to produce antibody to protect said animal
from diseases. A further embodiment relates to an
immunological/vaccine formulation (composition) which,
when introduced into a mammalian host, induces an
immunological response in that mammal to a VDCC g-8
polypeptide wherein the composition comprises a VDCC
g-8 polypeptide or VDCC g-8 gene. The vaccine
formulation may further comprise a suitable carrier.
Since the VDCC g-8 polypeptide may be broken down in
the stomach, it is preferably administered
parenterally (including subcutaneous, intramuscular,
intravenous, intradermal etc. injection). Formulations
suitable for parenteral administration include aqueous
and non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation instonic with the
blood of the recipient; and aqueous and non-aqueous
sterile suspensions which may include suspending
agents or thickening agents. The formulations may be
presented in unit-dose or multi-dose containers, for
example, sealed ampoules and vials and may be stored
in a freeze-dried condition requiring only the
addition of the sterile liquid carrier immediately
prior to use. The vaccine formulation may also include
adjuvant systems for enhancing the immunogenicity of
the formulation, such as oil-in water systems and
other systems known in the art. The dosage will depend
on the specific activity of the vaccine and can be
readily determined by routine experimentation.
Vaccines may be prepared from one or more VDCC g-8
polypeptides or peptides. The preparation of vaccines
which contain an immunogenic polypeptide(s) or
peptide(s) as active ingredient(s), is known to one
skilled in the art. Typically, such vaccines are
prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or
suspension in, liquid prior to injection may also be
prepared. The preparation may also be emulsified, or
the protein encapsulated in liposomes. The active
immunogenic ingredients are often mixed with
excipients which are pharmaceutically acceptable and
compatible with the active ingredient. Suitable
excipients are, for example, water, saline, dextrose,
glycerol, ethanol, or the like and combinations
thereof.In addition, if desired, the vaccine may
contain minor amounts of auxiliary substances such as
wetting or emulsifying agents, pH buffering agents,
and/or adjuvants which enhance the effectiveness of
the vaccine. Examples of adjuvants 



which may be effective include but are not limited to:
aluminum hydroxide, N-acetylmuramyl-
L-threonyl-D-isoglutamine (thr-MDP),
N-acetyl-nor-muramyl-L-alanyl-Disoglutamine (CGP
11637, referred to as nor-MDP),
N-acetylmuramyl-L-alanyl-Disogiutaminyl-
L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxypho
sphoryloxy)- ethylamine (CGP 19835A, referred to as
MTP-PE), and RIBI, which contains three components
extracted from bacteria, monophosphoryl lipid A,
trehalose dimycolate and cell wall skeleton
(MPL+TDM+CWS) in a 2% squalene/Tween 80 emulsion.
Further examples of adjuvants and other agents include
aluminum hydroxide, aluminum phosphate, aluminum
potassium sulfate (alum), beryllium sulfate, silica,
kaolin, carbon, water-in-oil emulsions, oil-in-water
emulsions, muramyl dipeptide, bacterial endotoxin,
lipid X, Corynebacterium parvum (Propionobacterium
acnes), Bordetella pertussis, polyribonucleotides,
sodium alginate, lanolin, lysolecithin, vitamin A,
saponin, liposomes, levamisole, DEAE-dextran, blocked
copolymers or other synthetic adjuvants. Such
adjuvants are available commercially from various
sources, for example, Merck Adjuvant 65 (Merck and
Company, Inc., Rahway, N.J.) or Freund's Incomplete
Adjuvant and Complete Adjuvant (Difco Laboratories,
Detroit, Michigan). Typically, adjuvants such as
Amphigen (oil-in-water), Alhydrogel (aluminum
hydroxide), or a mixture of Amphigen and Alhydrogel
are used. Only aluminum hydroxide is approved for
human use. The proportion of immunogen and adjuvant
can be varied over a broad range so long as both are
present in effective amounts. For example, aluminum
hydroxide can be present in an amount of about 0.5% of
the vaccine mixture (AI2O3 basis). Conveniently, the
vaccines are formulated to contain a final
concentration of immunogen in the range of from 0.2 to
200 mg/ml, preferably 5 to 50 mg/ml, most preferably
15 mg/ml. After formulation, the vaccine may be
incorporated into a sterile container which is then
sealed and stored at a low temperature, for example
4oC, or it may be freeze-dried. Lyophilisation permits
long-term storage in a stabilised form. The vaccines
are conventionally administered parenterally, by
injection, for example, either subcutaneously or
intramuscularly. Additional formulations which are
suitable for other modes of administration include
suppositories and, in some cases,oral formulations.
For suppositories, traditional binders and carriers
may include, for example, polyalkylene glycols or
triglycerides; such suppositories may be formed from
mixtures containing the active ingredient in the range
of 0.5% to 10%, preferably 1% to 2%. Oral formulations
include such normally employed excipients as, for
example, pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine,
cellulose, magnesium carbonate, and the like. These
compositions take the form of solutions, suspensions,
tablets, pills, capsules, sustained release
formulations or powders and contain 10% to 95% of
active ingredient, preferably 25% to 70%. Where the
vaccine composition is lyophilised, the lyophilised
material may be 



reconstituted prior to administration, e.g. as a
suspension. Reconstitution is preferably effected in
buffer Capsules, tablets and pills for oral
administration to a patient may be provided with an
enteric coating comprising, for example, Eudragit "S",
Eudragit "L", cellulose acetate, cellulose acetate
phthalate or hydroxypropylmethyl cellulose. The VDCC
g-8 polypeptides may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable
salts include the acid addition salts (formed with
free amino groups of the peptide) and which are formed
with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic
acids such as acetic, oxalic, tartaric and maleic.
Salts formed with the free carboxyl groups may also be
derived from inorganic bases such as, for example,
sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine and
procaine. Administration Typically, a physician will
determine the actual dosage which will be most
suitable for an individual subject and it will vary
with the age, weight and response of the particular
patient. The dosages below are exemplary of the
average case. There can, of course, be individual
instances where higher or lower dosage ranges are
merited. The pharmaceutical and vaccine compositions
described here may be administered by direct
injection. The composition may be formulated for
parenteral, mucosal, intramuscular, intravenous,
subcutaneous, intraocular or transdermal
administration. Typically, each protein may be
administered at a dose of from 0.01 to 30 mg/kg body
weight, preferably from 0.1 to 10 mg/kg, more
preferably from 0.1 to 1 mg/kg body weight.The term
"administered" includes delivery by viral or non-viral
techniques. Viral delivery mechanisms include but are
not limited to adenoviral vectors, adenoassociated
viral (AAV) vectors, herpes viral vectors, retroviral
vectors, lentiviral vectors, and baculoviral vectors.
Non-viral delivery mechanisms include lipid mediated
transfection, liposomes, immunoliposomes, lipofectin,
cationic facial amphiphiles (CFAs) and combinations
thereof. The routes for such delivery mechanisms
include but are not limited to mucosal, nasal, oral,
parenteral, gastrointestinal, topical, or sublingual
routes. The term "administered" includes but is not
limited to delivery by a mucosal route, for example,
as a nasal spray or aerosol for inhalation or as an
ingestable solution; a parenteral route where delivery
is by an injectable form, such as, for example, an
intravenous, intramuscular or subcutaneous route. The
term "co-administered" means that the site and time of
administration of each of for example, the VDCC g-8
polypeptide and an additional entity such as adjuvant
are such that the necessary modulation of the immune
system is achieved. Thus, whilst the polypeptide and
the adjuvant may be administered at the same 



moment in time and at the same site, there may be
advantages in administering the polypeptide at a
different time and to a different site from the
adjuvant. The polypeptide and adjuvant may even be
delivered in the same delivery vehicle - and the
polypeptide and the antigen may be coupled and/or
uncoupled and/or genetically coupled and/or uncoupled.
The VDCC g-8 polypeptide, polynucleotide, peptide,
nucleotide, antibody thereof and optionally an
adjuvant may be administered separately or
co-administered to the host subject as a single dose
or in multiple doses. The vaccine composition and
pharmaceutical compositions may be administered by a
number of different routes such as injection (which
includes parenteral, subcutaneous and intramuscular
injection) intranasal, mucosal, oral, intravaginal,
urethral or ocular administration. The vaccines and
pharmaceutical compositions of described here may be
conventionally administered parenterally, by
injection, for example, either subcutaneously or
intramuscularly. Additional formulations which are
suitable for other modes of administration include
suppositories and, in some cases, oral formulations.
For suppositories, traditional binders and carriers
may include, for example, polyalkylene glycols or
triglycerides; such suppositories may be formed from
mixtures containing the active ingredient in the range
of 0.5% to 10%, may be 1% to 2%. Oralformulations
include such normally employed excipients as, for
example, pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine,
cellulose, magnesium carbonate, and the like. These
compositions take the form of solutions, suspensions,
tablets, pills, capsules, sustained release
formulations or powders and contain 10% to 95% of
active ingredient, preferably 25% to 70%. Where the
vaccine composition is lyophilised, the lyophilised
material may be reconstituted prior to administration,
e.g. as a suspension. Reconstitution is preferably
effected in buffer. Examples Example 1. Transgenic
VDCC g -8 Knock-Out Mouse: Construction of VDCC g -8
Gene Targeting Vector The VDCC g-8 gene was identified
bio-informatically using homology searches of genome
databases. A 40kb murine genomic contig was assembled
from various databases. This contig provided
sufficient flanking sequence information to enable the
design of homologous arms to clone into the targeting
vector. The murine VDCC g-8 gene has 4 coding exons.
The targeting strategy is designed to remove the
majority of the translated part of the first coding
exon. A 4.1kb 5' homologous arm and a 2.1kb 3'
homologous arm flanking the region to be deleted are
amplified by PCR and the fragments are cloned into the
targeting vector. The 5' end of each oligonucleotide
primer used to amplify the arms is synthesised to
contain a different recognition site for a
rare-cutting restriction enzyme, compatible with the
cloning sites of the vector polylinkers and absent
from the arms themselves. In the 



case of VDCC g-8, the primers are designed as listed
in the primer table below, with 5' arm cloning sites
of Notl/Spel and 3'arm cloning sites of Ascl/Fsel (the
structure of the targeting vector used, including the
relevant restriction sites, is shown in Figure 1). In
addition to the arm primer pairs (5'armF/5'armR) and
(3'armF/3'armR), further primers specific to the VDCC
g-8 locus are designed for the following purposes: 5'
and 3' probe primer pairs (5'prF/5'prR and
3'prF/3'prR) to amplify two short 150-300bp fragments
of non-repetitive genomic DNA external to and
extending beyond each arm, to allow Southern analysis
of the targeted locus, in isolated putative targeted
clones; a mouse genotyping primer pair (hetF and hetR)
which allows differentiation between wild-type,
heterozygote and homozygous mice, when used in a
multiplex PCR with a vector specific primer, in this
case, asc350; and lastly, a target screening primer
(3'scr) which anneals downstream of the end of the 31
arm region,and which produces a target event specific
2.2kb amplimer when paired with a primer specific to
the 31end of the vector (TK5IBLMNL), in this case
asc146. This amplimer can only be derived from
template DNA from cells where the desired genomic
alteration has occurred and allows the identification
of correctly targeted cells from the background of
clones containing randomly integrated copies of the
vector. The location of these primers and the genomic
structure of the regions of the VDCC g-8 locus used in
the targeting strategy is shown in Figure 7 (SEQ ID
NO: 21).Table 1. VDCC g -8 Primer Sequences musPiom
5'prF (SEQ ID NO.8) CGTCAGGGTTAAGCAATGGGGAAGCAG
musPiom 5'prR (SEQ ID N0.9)
CGCCACCGCCTCTTCCTGTTGTCATAG musPiom 5'armF Not (SEQ ID
NO.10) aaagcggccGCCATGCTGAAGAAATGGAGGCTAGTG musPiom
5'armR Spe (SEQ ID NO.1 1)
aaaactAGTAGTCAGTGCTGATGGCGATGGTC musPiom 3'armF Asc
(SEQ ID NO.12) tttggcgcgCCTCCAGCAAATCGACTTCTAGTGTTC
musPiom 3'armR Fse (SEQ ID NO.13)
tttggccggccTGTTTTACCCCTTGTTGCTCTTGAATC musPiom 3'scr
(SEQ ID NO.14) CCATTACTCTTTTCCCCCTCCTTCCAG musPiom
3'prF (SEQ ID NO.15) ACCCCAGGCACTGATGAAGAATTGAAG
musPiom 3'prR (SEQ ID NO.16)
CCCCCTGTCACGGGTATTATTTCTTAC musPiom hetF (SEQ ID
NO.17) GCTCTCATCTGCAACACCACCAACCTC musPiom hetR (SEQ
ID NO.18) GACTCAGAACACTAGAAGTCGATTTGC asc350 (SEQ ID
NO.19) GTCGTGACCCATGGCGATGCCTGCTTG asc146 (SEQ ID
NO.20) CGCATCGCCTTCTATCGCCTTCTTGAC The position of the
homology arms is chosen to functionally disrupt the
VDCC g-8 gene. A targeting vector is prepared where
the VDCC g-8 region to be deleted is replaced with
non-homologous sequences composed of an endogenous
gene expression reporter (a frame independent lacZ
gene) upstream of a selection cassette composed of a
promoted neomycin phosphotransferase (neo) gene
arranged in the same orientation as the VDCC g-8 gene.
Once the 5' and 3' homology arms have been cloned into
the targeting vector TK5IBLMNL (see Figure 1), a large
highly pure DNA preparation is made using standard
molecular biology techniques. 20 mg of the freshly
prepared endotoxin-free 



DNA is restricted with another rare-cutting
restriction enzyme Pmel, present at a unique site in
the vector backbone between the ampicillin resistance
gene and the bacterial origin of replication. The
linearized DNA is then precipitated and resuspended in
100 ml of Phosphate Buffered Saline, ready for
electroporation. 24 hours following electroporation
the transfected cells are cultured for 9 days in
medium containing 200mg/ml neomycin. Clones are picked
into 96 well plates, replicated and expanded before
being screened by PCR (using primers 3'scr and asc146,
as described above) to identify clones in which
homologous recombination has occurred between the
endogenous VDCC g-8 gene and the targeting construct.
Positive clones can be identified at a rate of 1 to
5%. These clones are expanded toallow replicas to be
frozen and sufficient high quality DNA to be prepared
for Southern blot confirmation of the targeting event
using the external 5' and 3' probes prepared as
described above, all using standard procedures (Russ
et al, Nature 2000 Mar 2;404(6773):95-99). When
Southern blots of DNA digested with diagnostic
restriction enzymes are hybridized with an external
probe, homologously targeted ES cell clones are
verified by the presence of a mutant band as well an
unaltered wild-type band. For instance, using the 5'
probe, EcoRI digested genomic DNA will give a 9.3kb
wild-type band and a 6.7kb targeted band; and with the
31probe, Sspl cut DNA will give a 15kb wild-type band
and a 9.5kb targeted band. Example 2. Transgenic VDCC
g-8 Knock-Out Mouse: Generation of VDCC g-8 Ion
Channel Deficient Mice C57BL/6 female and male mice
are mated and blastocysts are isolated at 3.5 days of
gestation. 10-12 cells from a chosen clone are
injected per blastocyst and 7-8 blastocysts are
implanted in the uterus of a pseudopregnant F 1
female. A litter of chimeric pups are born containing
several high level (up to 100%) agouti males (the
agouti coat colour indicates the contribution of cells
descended from the targeted clone). These male
chimeras are mated with female MF1 and 129 mice, and
germline transmission is determined by the agouti coat
colour and by PCR genotyping respectively. PCR
Genotyping is carried out on lysed tail clips, using
the primers hetF and hetR with a third, vector
specific primer (asc350). This multiplex PCR allows
amplification from the wild-type locus (if present)
from primers hetF and hetR giving a 216bp band. The
site for hetF is deleted in the knockout mice, so this
amplification will fail from a targeted allele.
However, the asc350 primer will amplify a 384 bp band
from the targeted locus, in combination with the hetR
primer which anneals to a region just inside the 3'
arm. Therefore, this multiplex PCR reveals the
genotype of the litters as follows: wild-type samples
exhibit a single 216 bp band; heterozygous DNA samples
yield two bands at 216 bp and 384bp; and the
homozygous samples will show only the target specific
384 bp band. Example 3. Biological Data: Gene
expression patterns 1) RT-PCR 



Using RT-PCR, expression of the gene is shown in the
hippocampus (+++), cerebellum, cortex, striatum, mid
brain, pons (++),hypothalamus, thalamus, forebrain,
spinal cord, pituitary, and trigeminal ganglion (+)2)
List of Lac Z stained structures LacZ Staining The X
gal staining of dissected tissues is performed in the
following manner. Representative tissue slices are
made of large organs. Whole small organs and tubes are
sliced open, so fixative and stain will penetrate.
Tissues are rinsed thoroughly in PBS (phosphate
buffered saline) to remove blood or gut contents.
Tissues are placed in fixative (PBS containing 2%
formaldehyde, 0.2% glutaraldehyde, 0.02% NP40, 1mM
MgCI2, Sodium deoxycholate 0.23mM) for 30-45 minutes.
Following three 5 minute washes in PBS, tissues are
placed in Xgal staining solution (4mM K Ferrocyanide,
4mMKFerricyanide, 2mM MgCI2, 1mg/mlX-gal in PBS) for
18 hours at 3OC. Tissues are PBS washed 3 times,
postfixed for 24 hours in 4% formaldehyde, PBS washed
again before storage in 70% ethanol. Using LacZ
staining, VDCC g-8 is found to be expressed in the
hippocampus, cortex, amygdala, olfactory cortex,
forebrain and thalamus. Example 4. Biological Data:
Behaviour: Rotarod All animals are housed with free
access to food and water under a light-dark cycle of
12h light/12h darkness with lights on at 7am. Animals
are tested at set times to avoid circadian effects.
The test involves three trials on the accelerating
rotarod, which accelerates at a constant rate from 4
to 40 rpm over the course of 5 min, then remains at 40
rpm until either the cut-off time (10 minutes), or
when the mice fall off the rotardo. The time at which
animals fall from the rotarod is recorded. Knockout
mice showed a reduced performance on the rotarod
compared to wildtype mice, in all three sessions
(Figure 2). Example 5. Biological Data: Behaviour:
Laboras The laboras (Laboratory Animal Behaviour
Observation Registration and Analysis System) system
is an automated behaviour apparatus commercialised by
Metris BV (Netherlands). Laboras automatically records
and quantifies behaviours using vibrations patterns.
All animals are housed with free access to food and
water under a light-dark cycle of 12h light/1 2h
darkness with lights on at 7am. Animals are tested at
set times to avoid circadian effects. Mice are placed
in this apparatus for an initial period of 1 hour with
with free access to food and water. This is followed
up by a 15 hour overnight session with free access to
food and water. In the 1 hour study, VDCC g-8 knockout
mice are hyperactive (locomotor frequency / distance
travelled / grooming) across the session (Figure
3a).In the 15 hour overnight study, VDCC g-8knockout
mice are hyperactive for the first three hours of the
session, after which time the level activity decreased
as the animals habituated to the apparatus to match
the activity levels of the wildtype mice (Figure 3b).
Example 5. Biological Data: Immunohistochemistry:
GluR2 



immunohistochemistry Using standard immunohistological
methods for GIuR antibodies (e.g. Mead and Stephens
(2003) J.Neurosci. 23: 1041-1048), immunolabelling of
the GluR2 AMPA receptor subunit was completed in
sections of the brain containing the hippocampus using
Sant Cruz GluR-2 (N-19; sc-761 1) antibody,
lmmunostaining for GluR2 was very low in the
hippocampus of VDCC g-8 knockout mice compared to
wildtype mice (Figure 4). Example 6. Biological data:
Behaviour: Social interaction All animals are housed
with free access to food and water under a light-dark
cycle of 12h light/1 2h darkness with lights on at
7am. Animals are tested at set times to avoid
circadian effects. Animals (5 KO mice of each sex with
corresponding age matched wild type controls) are
placed in a three chamber apparatus, consisting of a
central chamber and two 'side' chambers each
containing a 9cm diameter cylinder. Each test mouse is
initially placed in the apparatus for minutes and the
activity recorded using tracking software. The test
mouse is then removed, an intruder mouse of the same
sex placed on of the cylinders and the test mouse then
placed back into the central chamber. The activity is
then recorded for a further five minutes. The time
each test mouse spends in the chamber containing the
intruder mouse, compared to the empty chamber is
recorded and used as a measure of social interaction.
The data is calculated as the time or percentage time
spent in each chamber or as the approach avoidance
score, where a positive score indicates increasing
social interaction, a score of zero indicates no
social interaction and a negative score indicates
increasing social avoidance. VDCC g-8 knockout mice
showed a clear lack of social interaction in this test
compared to aged matched wild type control when
measured as percentage time in the intruder chamber or
as approach avoidance score (figures 5a& 5b). This
data suggests utility in schizophrenia.Example 7.
Biological data: Behaviour: Pre Pulse Inhibition. Pre
pulse inhibition (PPI) is an observed phenomenon
whereby the startle response evoked by a loud (115dB)
stimulus is inhibited by a brief much quieter sound
stimulus (3-1OdB above background) presented 100ms
before the startle stimulus. This so-called pre pulse
inhibition is disrupted in schizophrenic patients and
may reflect a deficit in psychomotor gating. PPI can
be evoked in rodents and disrupted by psychogenic and
psychotomimetc drugs such as amphetamine, apomorphine,
phencyclidine and MK801 . This disruption can be
reversed by antipsychotic drugs such as haloperidol,
clozapine and olanzapine. (Bakshi VP, Swerdlow NR and
Geyer MA. Clozapine antagonizes phencyclidine-induced
deficits in sensorimotor gating of the startle
response. J. Pharmacol. Exp. Ther. 1994; 271:787-794.)
Therefore an animal model of PPI exists with both
construct and predictive validity. Any effect of a
drug or a 



mutation on PPI is a strong indication of potential
utility in the therapy of schizophrenia. (McGhie A and
Chapman J. Disorders of attention and perception in
early schizophrenia. Br. J. Med. Psychol. 1961 ;34:
103-1 16. Braff DL1 Geyer MA and Swerdlow NR. Human
studies of prepulse inhibition of startle: normal
subjects, patient groups, and pharmacological studies.
Psychopharmacology. 2001; 156:234-258) Animals are
housed with free access to food and water under a
light-dark cycle of 12h light/1 2h darkness with
lights on at 7am and are tested at set times to avoid
circadian effects. Mice (6 KO mice of each sex with
corresponding age matched wild type controls) are
placed in a startle chamber (San Diego Instruments,
San Diego California, USA). Each system consisted of a
sound attenuated chamber ventilated with a small fan
and illuminated by a light bulb mounted in the
ceiling. The chamber contained a transparent acrylic
cylinder (where mouse to be put in) mounted to a
frame. The cylinder and the frame were elevated about
a Plexiglas base by four screws stationed under each
comer of the frame. Acoustic stimuli were delivered
through a small speaker mounted in the enclosure
ceiling. Startle responses were transduced by the
piezoelectric accelerometer mounted beneath the frame.
Output signals were digitized, rectified and recorded
as consecutive 1millisecond (ms) readings on a PC with
San Diego Instruments Startle Reflex software. The
startle stimulus was a 115dB pulse of broad spectrum
noise 50ms in length. The pre- pulse stimulus was 3, 7
and 1OdB above background and presented 100ms before
the startle stimulus.. Stimuli were presented in a
pseudo randomised fashion.In the male KO mice PPI was
significantly disrupted compared to age matched wild
type controls (paired t test p=0.01), see figure 6.
Each of the applications and patents mentioned in this
document, and each document cited or referenced in
each of the above applications and patents, including
during the prosecution of each of the applications and
patents ("application cited documents") and any
manufacturer's instructions or catalogues for any
products cited or mentioned in each of the
applications and patents and in any of the application
cited documents, are hereby incorporated herein by
reference. Furthermore, all documents cited in this
text, and all documents cited or referenced in
documents cited in this text, and any manufacturer's
instructions or catalogues for any products cited or
mentioned in this text, are hereby incorporated herein
by reference. Various modifications and variations of
the described methods and system of the invention will
be apparent to those skilled in the art without
departing from the scope and spirit of the invention.
Although the invention has been described in
connection with specific preferred embodiments, it
should be understood that the invention as claimed
should not be unduly limited to such specific
embodiments and that many modifications and additions
thereto may be made within the scope of the invention.
Indeed, various modifications of the described modes
for carrying out the invention which are obvious to
those skilled in molecular biology or related fields
are intended to be within the scope of the claims.
Furthermore, various combinations of 



the features of the following dependent claims can be
made with the features of the independent claims
without departing from the scope of the present
invention.Claims 1. A method of identifying an agent
suitable for therapy of a mental illness, comprising
the step of determining whether a candidate agent
affects the activity of voltage-dependant
calcium-channel gamma-8. 2. A method according to
claim 1, wherein the agent is an antagonist that
inhibits the activity of voltage-dependent calcium
channel gamma-8. 3. A method according to claim 1,
wherein the agent is an agonist that enhances the
activity of voltage-dependent calcium channel gamma-8.
4. A method according to any preceding claim, wherein
the voltage-dependant calcium channel gamma-8
comprises or encodes a polypeptide identified herein
as SEQ ID No. 3, SEQ ID No. 5 or SEQ ID No 7, or a
sequence with at least 70% sequence identity thereto.
5. A method according to any preceding claim, wherein
the voltage-dependent calcium channel gamma-8 consists
or encodes a polypeptide identified herein as SEQ ID
No 3, SEQ ID No 5, SEQ ID No 7, or a sequence with at
least 70% identity thereto. 6. A method according to
any preceding claim, wherein the mental illness
involves psychosis. 7. A method according to any
preceding claim, wherein the mental illness is
schizophrenia, attention-deficit/hyperactivity
disorder, bipolar disorder or major depression. 8. A
method according to any of claims 1 to 5, wherein the
mental illness is epilepsy. 9. A method according to
any preceding claim, wherein voltage-dependent
calcium-channel gamma-8 polypeptide is contacted with
the candidate agent to determine whether the candidate
affects the activity of the voltage-dependent
calcium-channel gamma-8 polypeptide. 10. A method
according to any preceding claim, wherein the
candidate agent is contacted with a cell expressing a
voltage-dependent calcium-channel gamma-8 polypeptide.
11. A method according to any preceding claim, wherein
the candidate agent is administered to a non-human
animal expressing a voltage-dependent calciumchannel
gamma-8 polypeptide and determining whether the animal
exhibits altered behaviour.12. A method according to
claim 11, wherein the non-human animal expresses
functional voltage-dependent calcium-channel gamma-8
polypeptide. 13. A method according to claim 11 or
claim 12, wherein the non-human animal is wild-type.
14. A method according to any of claims 11 to 13,
wherein the non-human animal is a rodent. 15. A
non-human transgenic animal having a
functionality-disrupted endogenous 



voltage-dependent calcium-channel gamma-8 gene. 16. A
non-human transgenic animal according to claim 15,
wherein the animal has a null mutation. 17. A
non-human transgenic animal according to claim 15 or
claim 16, wherein the animal is -/- for the
voltage-dependent calcium-channel gamma-8 gene. 18.
Use of a non-human transgenic animal according to any
of claims 15 to 17 or an isolated cell or tissue
thereof, to identify an agonist or antagonist of
voltagedependent calcium-channel gamma-8 gene for
therapy of mental illness. 19. Use of a non-human
transgenic animal according to any of claims 15 to 17
as a model for mental illness. 20. A method of
determining the presence or susceptibility of mental
illness in an individual, comprising the steps of (i)
determining the expression level of voltagedependent
calcium-channel gamma-8 gene in a sample isolated from
the patient, and (ii) determining, compared to a
control, whether the individual from which the sample
was isolated has or is susceptible to mental illness.
21. Use of an agent that affects the activity of a
voltage-dependent calciumchannel gamma-8 polypeptide
in the manufacture of a medicament for the prevention
or treatment of mental illness. 22. Use of an
exogenous voltage-dependent calcium-channel gamma-8
polynucleotide in the manufacture of a medicament for
the treatment or prevention of mental illness. 23. Use
of an agent that increases or decreases the
transcription or expression of a voltage-dependent
calcium-channel gamma-8 polynucleotide, in the
manufacture of a medicament for the treatment or
prevention of mental illness. 24. A method or use
according to any of claims 18 to 23, wherein the
mental illness is as defined in any of claims 6 to
8.SEQUENCE LISTING <110> Paradigm Therapeutics Ltd.
<120> VDDC gamma 8 Ion Channel 30> REP07968WO 50>
GB0517916.3 51> 2005-09-02 <160> 21 <170> Patentln
version 3.3 <210> 1 <211> 1417 <212> DNA <213> Homo
sapiens <400> 1 ccccgcttct gcctgcgctg tgaacccccc
cccagccgcc ggcacggccc cgcccccgct 60 gccccggtgg
tggcccacgg ccccccggct gcccgtggtc aaactggagt cgctgaagcg
120 



ctggaacgaa gagcggggcc tctggtgcga gaagggggtg caggtgctgc
tgacgacggt 180 gggcgccttc gccgccttcg gcctcatgac
catcgccatc agcactgact actggctcta 240 cacgcgcgcc
ctcatctgca acaccaccaa cctcacggcc ggcggcgacg acgggacccc
300 ccaccgcggg ggcggcggcg cctcggagaa gaaggacccc
ggcggcctca cgcactcggg 360 cctctggagg atctgctgcc
tggaagggtt gaaaagaggc gtctgcgtga agatcaatca 420
tttcccggag gacacggact acgaccacga cagcgcggag tatctactcc
gagttgtccg 480 ggcctccagc atcttcccca tccttagcgc
catcctgctg ctgctcgggg gtgtgtgcgt 540 ggcggcctcc
cgcgtctaca agtccaagag gaacatcatt ctgggcgcag ggatcctgtt
600 cgtggcagca ggcctgagca acatcatcgg cgtgatcgtg
tacatctccg ccaacgcggg 660 cgagccgggc ccgaagcggg
acgaggagaa gaaaaaccac tactcgtacg gctggtcctt 720
ctacttcggc gggctgtcgt tcatcctggc cgaggtgata ggcgtgctgg
ccgtcaacat 780 ctacatcgag cgcagccgcg aggcgcactg
ccagtctcgc tcggacctgc tcaaggccgg 840 cgggggcgcg
ggcggcagtg gcgggagcgg cccctcggcc atcctccgtc tgcccagtta
900 ccgcttccgc taccgccgcc gctcccgctc tagctcccgc
tccagcgagc cgtcgccgtc 960 gcgggacgcg tctcccggcg
gccccggggg cccgggcttt gcctccacgg acatctccat 1020
gtacacgctc agccgcgacc cctccaaggg cagcgtggcc gcggggctgg
cgggggccgg 1080 cggcggcggc ggcggcgccg tgggggcgtt
cggcggcgcg gccgggggcg ccgggggcgg 1140 cggcggaggc
ggcggcgggg cgggtgccga gcgggaccgc gggggggcgt ccggcttcct
1200cacgctgcac aacgccttcc ccaaggaggc gggcggcggc
gtcacggtca cggtcaccgg 1260 gccgcccgcc ccgcccgcgc
ccgcgccacc cgcgccctct gcgcccgccc ccgggaccct 1320
ggccaaggag gccgccgcct ccaacaccaa cacgctcaac aggaaaacca
cgcctgtgta 1380 ggcgcggc gggggagccg aggggcgtgt ccggggc
1417 10> 2 <211> 1278 <212> DNA <213> Homo sapiens
<400> 2 ctggagtcgc tgaagcgctg gaacgaagag cggggcctct
ggtgcgagaa gggggtgcag 60 gtgctgctga cgacggtggg
cgccttcgcc gccttcggcc tcatgaccat cgccatcagc 120
actgactact ggctctacac gcgcgccctc atctgcaaca ccaccaacct
cacggccggc 180 ggcgacgacg ggacccccca ccgcgggggc
ggcggcgcct cggagaagaa ggaccccggc 240 ggcctcacgc
actcgggcct ctggaggatc tgctgcctgg aagggttgaa aagaggcgtc
300 tgcgtgaaga tcaatcattt cccggaggac acggactacg
accacgacag cgcggagtat 360 ctactccgag ttgtccgggc
ctccagcatc ttccccatcc ttagcgccat cctgctgctg 420
ctcgggggtg tgtgcgtggc ggcctcccgc gtctacaagt ccaagaggaa
catcattctg 480 ggcgcaggga tcctgttcgt ggcagcaggc
ctgagcaaca tcatcggcgt gatcgtgtac 540 atctccgcca
acgcgggcga gccgggcccg aagcgggacg aggagaagaa aaaccactac
600 tcgtacggct ggtccttcta cttcggcggg ctgtcgttca
tcctggccga ggtgataggc 660 gtgctggccg tcaacatcta
catcgagcgc agccgcgagg cgcactgcca gtctcgctcg 720
gacctgctca aggccggcgg gggcgcgggc ggcagtggcg ggagcggccc
ctcggccatc 780 ctccgtctgc ccagttaccg cttccgctac
cgccgccgct cccgctctag ctcccgctcc 840 



agcgagccgt cgccgtcgcg ggacgcgtct cccggcggcc ccgggggccc
gggctttgcc 900 tccacggaca tctccatgta cacgctcagc
cgcgacccct ccaagggcag cgtggccgcg 960 gggctggcgg
gggccggcgg cggcggcggc ggcgccgtgg gggcgttcgg cggcgcggcc
1020 gggggcgccg ggggcggcgg cggaggcggc ggcggggcgg
gtgccgagcg ggaccgcggg 1080 ggggcgtccg gcttcctcac
gctgcacaac gccttcccca aggaggcggg cggcggcgtc 1140
acggtcacgg tcaccgggcc gcccgccccg cccgcgcccg cgccacccgc
gccctctgcg 1200 cccgcccccg ggaccctggc caaggaggcc
gccgcctcca acaccaacac gctcaacagg 1260 aaaaccacgc
ctgtgtag 1278 <210> 3<211> 425 <212> PRT <213> Homo
sapiens <400> 3 t GIu Ser Leu Lys Arg Trp Asn GIu GIu
Arg GIy Leu Trp Cys GIu 5 10 . 15 Lys GIy VaI GIn VaI
Leu Leu Thr Thr VaI GIy Ala Phe Ala Ala Phe 20 25 30
GIy Leu Met Thr lie Ala lie Ser Thr Asp Tyr Trp Leu
Tyr Thr Arg 35 40 45 Ala Leu lie Cys Asn Thr Thr Asn
Leu Thr Ala GIy GIy Asp Asp GIy 50 55 60 Thr Pro His
Arg GIy GIy GIy GIy Ala Ser GIu Lys Lys Asp Pro GIy 65
70 75 80 GIy Leu Thr His Ser GIy Leu Trp Arg H e Cys
Cys Leu GIu GIy Leu 85 90 95. . Lys Arg GIy VaI Cys
VaI Lys H e Asn His Phe Pro GIu Asp Thr Asp 100 105 H
O Tyr Asp His Asp Ser Ala GIu Tyr Leu Leu Arg VaI VaI
Arg Ala Ser 115 120 125 Ser H e Phe Pro H e Leu Ser
Ala H e Leu Leu Leu Leu GIy GIy VaI 130 135 140 Cys
VaI Ala Ala Ser Arg VaI Tyr Lys Ser Lys Arg Asn H e H
e Leu 145 150 155 160 GIy Ala GIy H e Leu Phe VaI Ala
Ala GIy Leu Ser Asn H e H e GIy 165 170 175 VaI H e
VaI Tyr H e Ser Ala Asn Ala GIy GIu Pro GIy Pro Lys
Arg 180 185 190 Asp GIu GIu Lys Lys Asn His Tyr Ser
Tyr GIy Trp Ser Phe Tyr Phe 195 200 205 GIy GIy Leu
Ser Phe H e Leu Ala GIu VaI H e GIy VaI Leu Ala VaI
210 215 220Asn lie Tyr lie GIu Arg Ser Arg GIu Ala His
Cys GIn Ser Arg Ser 



225 230 235 240 Asp Leu Leu Lys Ala GIy GIy GIy Ala
GIy GIy Ser GIy GIy Ser GIy 245 250 255 1/4 Ser Ala
lie Leu Arg Leu Pro Ser Tyr Arg Phe Arg Tyr Arg Arg
260 265 270 Arg Ser Arg Ser Ser Ser Arg Ser Ser GIu
Pro Ser Pro Ser Arg Asp 275 280 285 Ala Ser Pro GIy
GIy Pro GIy GIy Pro GIy Phe Ala Ser Thr Asp lie 290
295 300 Ser Met Tyr Thr Leu Ser Arg Asp Pro Ser Lys
GIy Ser VaI Ala Ala 305 310 315 320 GIy Leu Ala GIy
Ala GIy GIy GIy GIy GIy GIy Ala VaI GIy Ala Phe 325
330 335 GIy GIy Ala Ala GIy GIy Ala GIy GIy GIy GIy
GIy GIy GIy GIy GIy 340 345 350 Ala GIy Ala GIu Arg
Asp Arg GIy GIy Ala Ser GIy Phe Leu Thr Leu 355 360
365 His Asn Ala Phe Pro Lys GIu Ala GIy GIy GIy VaI
Thr VaI Thr VaI 370 375 380 Thr GIy Pro Pro Ala Pro
Pro Ala Pro Ala Pro Pro Ala Pro Ser Ala 385 390 395
400 Pro Ala Pro GIy Thr Leu Ala Lys GIu Ala Ala Ala
Ser Asn Thr Asn 405 410 415 Thr Leu Asn Arg Lys Thr
Thr Pro VaI 420 425 <210> .4 <211> 1380 <212> DNA
<213> Mus musculus <400> 4 tgaggccccc cagcttctgc
ctgtgctgtg atccccccag ccgccggcac ggccccgcct
60ccgctgcccc ggtggtggcc cacggccccc cggttgccag
tggtgaaact ggagtcattg 120 aaacgctgga atgaagagag
gggtttgtgg tgtgaaaagg gcgttcaggt actactgacc 180
accatcggcg ccttctcggc ttttggcctc atgaccatcg ccatcagcac
tgactactgg 240 ctacacaa gagctctcat ctgcaacacc
accaacctca cagcaggtga tgacggacca 300 ccatcgtg
ggggcagtgg ctcctccgag aagaaggacc ctgggggcct cacacattca
360 ggcctctggc ggatatgctg cctggaaggg ttgaaaagag
gtgtctgcgt gaagatcaac 420 cacttcccgg aggacacgga
ctacgaccac gacagcgcgg agtacctgct ccgagtagtc 480
cgggcttcca gcatctttcc tatcctgagc gccatcctgc tgctgctcgg
gggcgtgtgc 540 gtagctgcct cccgcgtcta caagtccaaa
aggaacatca tcctgggcgc agggatcctg 600 ttcgtggcag
caggcttgag caacatcatc ggggtgattg tgtacatatc ggccaacgcc
660 



ggcgagcctg gccccaagag ggacgaggag aagaaaaacc actactcgta
cggctggtcc 720 ttctacttcg gcgggctgtc cttcatcctg
gctgaggtga tcggagtact ggccgtcaac 780 atctacatcg
agcgcagccg cgaggcacac tgccaatcac gctcggacct gctcaaggcc
840 ggcggcggcg cgggcggcag tggcgggagc ggcccctcgg
ccatcctccg tctgcccagt 900 taccgcttcc gctaccgccg
ccgctcccgc tccagctccc gaggctccag cgaggcgtcg 960
ccatcccggg atgcgtctcc cggcggcccc gggggcccgg gcttcgcctc
cacggacatc 1020 tccatgtaca cgctcagccg cgacccgtcc
aagggcagcg tggctgcggg gctggcgagc 1080 gccggtggcg
gcggcagcgg tgccggcgtg ggtgcctacg gcggggcggc cggggcggcg
1140 gggggcggcg gggcgggctc ggagcgggac cgcgggagct
cggcgggttt tctcacgctg 1200 cacaacgcct tccccaagga
agcggcgtcc ggcgtcacgg tcacagtcac cggaccgccc 1260
gctgcacccg cgcccgcgcc cgcgccgccc gctcctgcag cgcccgcgcc
cgggaccctg 1320 tccaaagagg ccgcggcgtc caacaccaac
acgctcaaca ggaaaaccac gcccgtgtag 1380 <210> 5 <211>
423 <212> PRT <213> Mus musculus <400> 5 Met GIu Ser
Leu Lys Arg Trp Asn GIu GIu Arg GIy Leu Trp Cys GIu 1
5 10 15 Lys GIy VaI GIn VaI Leu Leu Thr Thr lie GIy
Ala Phe Ser Ala Phe 20 25 30 GIy Leu Met Thr lie Ala
lie Ser Thr Asp Tyr Trp Leu Tyr Thr Arg35 40 45 Ala
Leu H e Cys Asn Thr Thr Asn Leu Thr Ala GIy Asp Asp
GIy Pro 50 55 60 o His Arg GIy GIy Ser GIy Ser Ser GIu
Lys Lys Asp Pro GIy GIy 70 75 80 Leu Thr His Ser GIy
Leu Trp Arg H e Cys Cys Leu GIu GIy Leu Lys 85 90 95
Arg GIy VaI- Cys VaI Lys H e Asn His Phe Pro GIu Asp
Thr Asp Tyr 100 105 H O Asp His Asp Ser Ala GIu Tyr
Leu Leu Arg VaI VaI Arg Ala Ser Ser 115 120 125 H e
Phe Pro H e Leu Ser Ala H e Leu Leu Leu Leu GIy GIy
VaI Cys 130 135 140 VaI Ala Ala Ser Arg VaI Tyr Lys
Ser Lys Arg Asn H e H e Leu GIy 145 150 155 160 Ala
GIy H e Leu Phe VaI Ala Ala GIy Leu Ser Asn H e H e
GIy VaI 165 170 175 H e VaI Tyr H e Ser Ala Asn Ala
GIy GIu Pro GIy Pro Lys Arg Asp 180 185 190 



GIu GIu Lys Lys Asn His Tyr Ser Tyr GIy Trp Ser Phe
Tyr Phe GIy 195 200 205 GIy Leu Ser Phe H e Leu Ala
GIu VaI H e GIy VaI Leu Ala VaI Asn 210 215 220 H e
Tyr H e GIu Arg Ser Arg GIu Ala His Cys GIn Ser Arg
Ser Asp 225 230 235 240 Leu Leu Lys Ala GIy GIy GIy
Ala GIy GIy Ser GIy GIy Ser GIy Pro 245 250 255 Ser
Ala H e Leu Arg Leu Pro Ser Tyr Arg Phe Arg Tyr Arg
Arg Arg 260 265 270 Ser Arg Ser Ser Ser Arg GIy Ser
Ser GIu Ala Ser Pro Ser Arg Asp 275 280 285Ala Ser Pro
GIy GIy Pro GIy GIy Pro GIy Phe Ala Ser Thr Asp lie
290 295 300 -r Met Tyr Thr Leu Ser Arg Asp Pro Ser Lys
GIy Ser VaI Ala Ala )5 310 315 320 biy Leu Ala Ser Ala
GIy GIy GIy GIy Ser GIy Ala GIy VaI GIy Ala 325 330
335 Tyr GIy GIy Ala Ala GIy Ala Ala GIy GIy GIy GIy
Ala GIy Ser GIu 340 345 350 Arg Asp Arg GIy Ser Ser
Ala GIy Phe Leu Thr Leu His Asn Ala Phe 355 360 365
Pro Lys GIu Ala Ala Ser GIy VaI Thr VaI Thr VaI Thr
GIy Pro Pro 370 375 380 Ala Ala Pro Ala Pro Ala Pro
Ala Pro Pro Ala Pro Ala Ala Pro Ala 385 390 . 395 400
Pro GIy Thr Leu Ser Lys GIu Ala Ala Ala Ser Asn Thr
Asn Thr Leu 405 410 415- Asn Arg Lys Thr Thr Pro VaI
420 <210> 6 <211> 1176 <212> DNA <213> Homo sapiens
<400> 6 atgaccatcg ccatcagcac tgactactgg ctctacacgc
gcgccctcat ctgcaacacc 60 accaacctca cggccggcgg
cgacgacggg accccccacc gcgggggcgg cggcgcctcg 120
gagaagaagg accccggcgg cctcacgcac tcgggcctct ggaggatctg
ctgcctggaa 180 gggttgaaaa gaggcgtctg cgtgaagatc
aatcatttcc cggaggacac ggactacgac 240 cacgacagcg
cggagtatct actccgagtt gtccgggcct ccagcatctt ccccatcctt
300 agcgccatcc tgctgctgct cgggggtgtg tgcgtggcgg
cctcccgcgt ctacaagtcc 360 



aagaggaaca tcattctggg cgcagggatc ctgttcgtgg cagcaggcct
gagcaacatc 420 atcggcgtga tcgtgtacat ctccgccaac
gcgggcgagc cgggcccgaa gcgggacgag 480 gagaagaaaa
accactactc gtacggctgg tccttctact tcggcgggct gtcgttcatc
540ctggccgagg tgataggcgt gctggccgtc aacatctaca
tcgagcgcag ccgcgaggcg 600 cactgccagt ctcgctcgga
cctgctcaag gccggcgggg gcgcgggcgg cagtggcggg 660
agcggcccct cggccatcct ccgtctgccc agttaccgct tccgctaccg
ccgccgctcc 720 ctctagct cccgctccag cgagccgtcg
ccgtcgcggg acgcgtct sc cggcggcccc 780 gggcccgg
gctttgcctc cacggacatc tccatgtaca cgctcagccg cgacccctcc
840 aagggcagcg tggccgcggg gctggcgggg gccggcggcg
gcggcggcgg cgccgtgggg 900 gcgttcggcg gcgcggccgg
gggcgccggg ggcggcggcg gaggcggcgg cggggcgggt 960
gccgagcggg accgcggggg ggcgtccggc ttcctcacgc tgcacaacgc
cttccccaag 1020 gaggcgggcg gcggcgtcac ggtcacggtc
accgggccgc ccgccccgcc cgcgcccgcg 1080 ccacccgcgc
cctctgcgcc cgcccccggg accctggcca aggaggccgc cgcctccaac
1140 accaacacgc tcaacaggaa aaccacgcct gtgtag 1176
<210> 7 <211> 391 <212> PRT <213> Home sapiens <400> 7
Met Thr lie Ala lie Ser Thr Asp Tyr Trp Leu Tyr Thr
Arg Ala Leu 1 5 10 15 lie Cys Asn Thr Thr Asn Leu Thr
Ala GIy GIy Asp Asp GIy Thr Pro 20 25 30 His Arg GIy
GIy GIy GIy Ala Ser GIu Lys Lys Asp Pro GIy GIy Leu 35
40 45 Thr His Ser GIy Leu Trp Arg lie Cys Cys Leu GIu
GIy Leu Lys Arg 50 55 60 GIy VaI Cys VaI Lys lie Asn
His Phe Pro GIu Asp Thr Asp Tyr Asp 65 70 75 80 His
Asp Ser Ala GIu Tyr Leu Leu Arg VaI VaI Arg Ala Ser
Ser lie 85 90 95 Phe Pro lie Leu Ser Ala lie Leu Leu
Leu Leu GIy GIy VaI Cys VaI 100 105 110 Ala Ala Ser
Arg VaI Tyr Lys Ser Lys Arg Asn lie H e Leu GIy Ala
115 120 125GIy lie Leu Phe VaI Ala Ala GIy Leu Ser Asn
H e H e GIy VaI H e 130 135 140 = Tyr H e Ser Ala Asn
Ala GIy GIu Pro GIy Pro Lys Arg Asp GIu 5 150 155 160
-U Lys Lys Asn His Tyr Ser Tyr GIy Trp Ser Phe Tyr Phe
GIy GIy 165 170 175 Leu Ser Phe H e Leu Ala GIu VaI H
e GIy VaI Leu Ala VaI Asn H e 



180 185 190 Tyr H e GIu Arg Ser Arg GIu Ala His Cys
GIn Ser Arg Ser Asp Leu 195 200 205 Leu Lys Ala GIy
GIy GIy Ala GIy GIy Ser GIy GIy Ser GIy Pro Ser 210
215 220 Ala H e Leu Arg Leu Pro Ser Tyr Arg Phe Arg
Tyr Arg Arg Arg Ser 225 230 235 240 Arg Ser Ser Ser
Arg Ser Ser GIu Pro Ser Pro Ser Arg Asp Ala Ser 245
250 255 Pro GIy GIy Pro GIy GIy Pro GIy Phe Ala Ser
Thr Asp H e Ser Met 260 265 270 Tyr Thr Leu Ser Arg
Asp Pro Ser Lys GIy Ser VaI Ala Ala GIy Leu 275 280
285 Ala GIy Ala GIy GIy GIy GIy GIy GIy Ala VaI GIy
Ala Phe GIy GIy 290 295 300 Ala Ala GIy GIy Ala GIy
GIy GIy GIy GIy GIy GIy GIy GIy Ala GIy 305 310 315
320 Ala GIu Arg Asp Arg GIy GIy Ala Ser GIy Phe Leu
Thr Leu His Asn 325 330 335 Ala Phe Pro Lys GIu Ala
GIy GIy GIy VaI Thr VaI Thr VaI Thr GIy 340 345 350
Pro Pro Ala Pro Pro Ala Pro Ala Pro Pro Ala Pro Ser
Ala Pro Ala 355 360 365Pro GIy Thr Leu Ala Lys GIu Ala
Ala Ala Ser Asn Thr Asn Thr Leu 370 375 380 Asn Arg
Lys Thr Thr Pro VaI 5 390 _10> 8 <211> 27 <212> DNA
<213> Artificial <220> <223> Synthetic Oligonucleotide
Primer <400> 8 cgtcagggtt aagcaatggg gaagcag 27 <210>
9 <211> 27 <212> DNA <213> Artificial <220> <223>
Synthetic Oligonucleotide Primer 



<400> 9 cgccaccgcc tcttcctgtt gtcatag 27 <210> 10
<211> 36 <212> DNA <213> Artificial <220> <223>
Synthetic Oligonucleotide Primer <400> 10 aaagcggccg
ccatgctgaa gaaatggagg ctagtg 36 <210> 11 <211> 32
<212> DNA <213> Artificial <220> <223> Synthetic
Oligonucleotide Primer <400> 11 aaaactagta gtcagtgctg
atggcgatgg tc 32 <210> 12 <211> 36 <212> DNA <213>
Artificial<220> <223> Synthetic Oligonucleotide Primer
<400> 12 tttggcgcgc ctccagcaaa tcgacttcta gtgttc 36
10> 13 11> 38 <212> DNA <213> Artificial <220> <223>
Synthetic Oligonucleotide Primer <400> 13 tttggccggc
ctgttttacc ccttgttgct cttgaatc 38 <210> 14 <211> 27
<212> DNA <213> Artificial <220> <223> Synthetic
Oligonucleotide Primer <400> 14 



ccattactct tttccccctc cttccag 27 <210> 15 <211> 27
<212> DNA <213> Artificial <220> <223> Synthetic
Oligonucleotide Primer <400> 15 accccaggca ctgatgaaga
attgaag 27 <210> 16 <211> 27 <212> DNA <213>
Artificial <220> <223> Synthetic Oligonucleotide
Primer <400> 16 ccccctgtca cgggtattat ttcttac 27 <210>
17 <211> 27 <212> DNA <213> Artificial<220> <223>
Synthetic Oligonucleotide Primer <400> 17 gctctcatct
gcaacaccac caacctc 27 IO> 18 11> 27 12> DNA -.-.13>
Artificial <220> <223> Synthetic Oligonucleotide
Primer <400> 18 gactcagaac actagaagtc gatttgc 27 <210>
19 <211> 27 <212> DNA <213> Artificial <220> <223>
Synthetic Oligonucleotide Primer <400> 19 gtcgtgaccc
atggcgatgc ctgcttg 27 



<210> 20 <211> 27 <212> DNA <213> Artificial <220>
<223> Synthetic Oligonucleotide Primer <400> 20
cgcatcgcct tctatcgcct tcttgac . 27 <210> 21 <211> 8060
<212> DNA <213> Mus musculus <400> 21 cgtcagggtt
aagcaatggg gaagcagagg gtaccaagaa aaagaaaatt gttggtaaaa
60 ctcaaaatgc ttgctgtgct tgtaaatgaa tgatggttca
tttggaagca atctttggcc 120 ccgctacttg agaaaagagg
agaaaagacc tgggaagctg agcttttcct tgattttttt 180
tggggggggg ggaagaggtg gggagggcat tcctggggtc tttttaaaaa
ggccctcccc 240 ttatttccgg ccgccgctgc caaccttggc
tgggcgcctg gatcctgttg ctatgacaac 300 aggaagaggc
ggtggcggcg gcaagccatg ctgaagaaat ggaggctagt gggggtgggg
360gtggtggctt tgaaatgggg ttgggggtag ggatcaaggg
gattggggtg cgggtgagag 420 ggagcagagg tgtcctctat
ctctgacttc ctcagtgcac ctgaaatggt cccgtttccc 80
acaatcaacc tctctctctc tctctctctc tctctctctc tctctctctc
tctctctctc 540 tctctact ctctctctct cccttgcccc
atccccaatt tcttcatcac cccttcctct 600 ttctttcc
ctcttcccat cctctcaatc tctctcttcc catctgtctc tcctcccttt
660 tctctccctt atctcttact cctgttccct tccgttgccc
agaccccatc cctcttcctc , 720 tcaacccccc ccccaccttc
ccccagcttc cccctaccct tctatttctc cctcatctct 780
tgctgttctc tctttgcatc tcttcctgct tttgtcccct tctctctctg
gatatttctc 840 tctgtgtgtg tctcctcaac ttccttctgc
taccagtcac tgtctccccc aaatccttcc 900 ctcccccacc
tctgttctca gtctctggat ctctctgttt ttccgattct ccttgtctct
960 cttcatctcc ctccctctct ggatctgttt ctcttcttcc
tcagcttcct tctgccactc 1020 agaccctgct ccccgaccae
ttcccttccc cccaatccct ctcctctcgg aggctccccc 1080
atccctcagc agctcccctc cccctccctc cctcctccct ccttctctct
tccagctccg 1140 cactttaccc agcgacacga aaaccaaatt
gtctcctcac cttttttttt tttttttttt 1200 ttttttaaat
cccgaccctc atatcctgac cgcccaagct ccgagctacc cccggctccc
1260 ctccccctca ctctacaccc ccattcttca tacgcctcct
catctccatc ccgtctcaac 1320 caggtcggac gcctgggtcc
cttgctgttg ggggaggggg aagcagcaag aattgggagc 1380
ccagaggtgt tttttggggg ggtgctggca acaggggctg gacgtccctc
cccagtgcat 1440 cggagagttg acctatcgtc aactgaggtg
agagatcttt ttattaatcg gaggtgggtg 1500 ggtgtagaat
taaggttctg tggatccccc tgattctgag aaaagctggt ctctcagatg
1560 aaggactgtg atcccttctt ctatccagaa gctttagaac
tggggggggg tcccctattc 1620 ctttctcctt tgcagatgga
ctcaatgaag agtctccaaa gcaaaacaga ttgcctctca 1680 



aattgacaaa aacaaaaagc tcttaaaaat ctttattgat gaagaaagtc
cctcctggtc 1740 ccttttcctt caattccagg ttgtagggcc
cactaggcat gggaaagagg tacatctcag 1800 gaccagagct
cacgtctgtg gaagaaacaa tttgttaaga tagtggaggt agctgctgtg
1860 gtactggtga ggggcaaagg catgtccaga ggcaagagag
aaactcagtc cgggtcaggg 1920 gccagcctgg aaaatggaca
gctggaatga gcccagaaag gggggggggc agagagagag 1980
agagagagag agagaatgag agagagaaaa tgagagagag agaatgagag
agagaaggca 2040 ggagcacacg tgtggggcac taggccccgt
tgccatggag acaccccccc catagacaac 2100 ctttctctac
atcccctcct gggagcagac ccagtccagg gccagctggt gggggcggtg
2160 gagccaggga gaggaaactg ggaggccaag gtcaccctgt
accaggaccc agggtttctg 2220gttgctgcct ctcatcctca
gagcttccag actttcctac agggggattg gaaagaagtc 2280
aagggaagag gttagaacag gtaaaggaaa cagagaggaa gaggcactat
ggtgggattg 2340 tatagaagac agaaatgaat gcacagcaat
gagttatccc gagagttgta gtttgtagct 2400 ctcccttt
ctcccccccg cctttttttt tttttttttt gagatggtgg gggctaagtt
2460 -jtgcacagg tgaaattgtt atggggaagg gctggggttg
ttccagagaa gtctatgggg 2520 cctgcagagg ggattttcct
acatgaaaga ggtgctagaa gctgtggtgg gtggaagaag 2580
tgggcaaaag gaaggggatt ttctacgatg tttttaaaaa caaaagttgg
gagggcaggt 2640 tctaatatgt tgaagagagt atagcggcag
agtcacctga gagcatctag aactgggaaa 2700 ttactgaagc
tgtggtgagg tgtctctgtg gagggcaaga gccagggcat gctgggcaga
27 60 acaggagacg gcgattacat ttttggacgg gttagatatt
aggacatttc tgaatggaag 2820 gaaattgggg tctggagggc
gtaatcgctg tgagtgggga agctgtggtg ctcacagagc 2880
aaatttttct taatggagaa gaaagcagtg gaaaagatga gtttgtgtaa
gttgtaggga 2940 gaagggaggc caggttccaa atgcttcgaa
gcaagacaga gtacagagtt ttctttgagt 3000 tgaaaccaca
gtcggctgct ggggttggaa gggagatgga tgacagtaca ggagggaccg
3060 agagtccaaa tggtgcaggt ggggggtata gtctcttaaa
cttaggggac ttggaaatag 3120 tccagggtgc tttctaaaaa
ccctaggtgc tctgactatt tctcagatcc attaaattgg 3180
gatttctcag gtaggagtcc aggcatcaga atttttattg aatcctctgg
cacttcagag 3240 atgtgtccga ggtgcaaggc tagttcctaa
ggcacggagg ctacgagagg aagagaggcc 3300 tattaggaca
aaactgtgga agtgttagga ccagtgagca gacattgaac tcctgtgaat
3360 agtgatggtc acttggaaag gttttttttt tttaagttaa
ggggacagtg agggatttat 3420 gtttcctaag tagagaaaat
tataagaaga aatgcaggtg tcacagaaac ttttggggag 3480
attggcatcc tgctaagaag gagaaagaaa agaaaaggac tttgtgagca
ttttcttttt 3540 cctttacatg ggctgtcaag tggcccagac
ttgcctccaa cttattatgt agccaaggac 3600 gcccttgaac
tgatccttct gcctctacct actgagtgct gacattacag gcatacacca
3660 ccatgcccca tttatactgt ggctgggatc aaacccaggg
ctttgctagg ccaacaccta 3720 ccaactacat cccctgactt
agtctctgac agttgctgct cctaagttgg agagatacta 3780
gagaggcaca gttggagacg tatgaatcgg cttttcttga gcagtgaacc
tacaaggtgc 3840 aggagtatgt gtgtggagta cgatatgtga
gagagttggt agtggggagc agggggctct 3900 gaggagtgaa
cagaggcagg ggcatcctta ggaggagata gcagtagggt tggaattgag
3960 ggctggcttc acaagaggac agaggtgatc acagaagagg
aactcagggg actggattat 4020gacctcttag tatatggcta
gtgagggata atctctcagt agaatttagc aggcaagcag 4080
ttttgggtaa aaaaaaaatg ccatctcaga gaactaactc cctctctctt
ttgcctccac 4140 cagctggaga ctatggcttc actctgacct
tcgcctctgc agccacctgc tcgctgcccc 4200 



gccccctc tggccccttg aggcccccca gcttctgcct gtgctgtgat
ccccccagcc 4260 cggcacgg ccccgcctcc gctgccccgg
tggtggccca cggccccccg gttgccagtg 4320 gtgaaactgg
agtcattgaa acgctggaat gaagagaggg gtttgtggtg tgaaaagggc
4380 gttcaggtac tactgaccac catcggcgcc ttcgcggctt
ttggcctcat gaccatcgcc 4440 atcagcactg actactggct
ctacacaaga gctctcatct gcaacaccac caacctcaca 4500
gcaggtgatg acggaccacc ccatcgtggg ggcagtggct cctccgagaa
gaaggaccct 4560 gggggcctca cacattcagg cctctggcgg
atatgctgcc tggaaggtag ggtgcaggaa 4620 ggccctggct
ggccacctcc gctgaagcct gtgcctccag caaatcgact tctagtgttc
4680 tgagtctcat cccaaggtct tgaggggtgt gctttactgc
tggaggcgtg tgattccatg 4740 cacccctcca tccctctgtc
caatccctct tctgggattc tcgttttatt tttattttat 4800
actggacttg atgatgcgtg tgaatgtttt gtcagcgtgg tcaactgtgc
actgcatgcg 4860 tgcctggtgc cctttgaggt cagaagagcc
tctggaactg gagttacaga tggttgtgtg 4920 ccaggtggaa
ttaccatatg tgtatctgta tgggtctctg ctttgcacac ttgcatgtat
4980 tcaagtaccc gtggaagcct gaacagggcc tctgacacac
atggaggtag taataaagtg 5040 ttgttagctg cctgatatgg
tgctgggaac tggactctgg tcctgtggaa gagcagggag 5100
tgttcttcag tactgagcca tctctccaac ccccttaaaa agtgtgtgtg
ttttttttaa 5160 ttcatagtat ttatttattt agtgtgtgct
cgttccagta tgcaaatgga aggcagacgg 5220 caactcgcag
gagttgataa tcttcttcaa ccatgtgggt ccctgggatg gaaactcagg
5280 ttgtcacatt tggccacatg tgtgaccttc acccacgagc
catctcacat gcttgtcttg 5340 ctccttcccc atgtcttccc
tctcctgttt ggctctgtgg gctcccagaa ttgaaacaaa 5400
gctatgcctt atgacctcct cgggtctccc tcggtagctc ctcttcttgt
aggacttttc 5460 ttctcatctg caaccttcgg cttctctccc
atcaggatct ctcccaagct cacagcctgg 5520 tcttccttgt
tcccatttcc aatggcatct ccccagcctc tcttagcagg ctccagggac
5580 atttcctttc ttgtttctgc tccccctcca atgctccccc
tccaaccggt ttcttttctt 5640 tgtgatgctt cctggctcaa
acccctctcc ttgctagtcc cctcattccc caagacccct 5700
gctgtcttcc tcttcagccc cttctctagc ctgctttcca tgtcagtaat
tctttcatgc 57 60 acatctcagg tgtgccacca tgcatttaga
ggtgttgggc tgggaagcaa gactctggga 5820 gccccactgt
gtgaccacca cccatcctct ctgagccttg gcgcccttat cagtggcttt
5880aaatagtgga ccagggacct cgaaatatcc cccatagcac
caataggctt aagttttttt 5940 attccccagc tttgcttttt
cattcgtctt catttccatt gcctctgact cctctgtcct 6000
gacaaaccag tcaccaaact tgaggaatgg gagggctttg aagataagtt
tgtggagtgt 6060 attacag aaaaccaaag tcagtcgtca
atgtatcaaa gccggggaga ccgcttcctg 6120 ggtctgac
tgctggctcc tggccagcca tcatggaaga tctgacccta aaggcccggg
6180 agttctgaac tgacccctac tgcccctgac tgagtagtgt
gaactttcct ggatctgatt 6240 atggagtcac tcagatatca
tagtcaccag tgctcactgt catcccctgc ccctcttctc 6300
tgtcactccc caccgtatcc ctggaggctg tgtcactcac gtgcatactc
tggcctggcc 6360 aggcacaggg tacagagcca aatacgagag
tttgcacttg gaccctccat ttatgtatcc 6420 actcactcat
ttatccggat gctcaagtac ccatcagttt ttattggctt taaactgcgt
6480 agcaaggttc tgaagctttt aactttatgc gtgtgtcagt
aggggctgag tgtgtgtcta 6540 gctcagtgtg agcgtagagg
cctgaggaga acttgtgggt gtcatttcgc tctttccacc 6600
atgtaagttc gtggacctga atcaggttct caggcttgga agcaagaacc
tctactcact 6660 



gagccatcgc tgtggcccct aggttctcat ggctgattca agagcaacaa
ggggtaaaac 6720 atgcagatct ctgactttaa gtatcttctg
ctctggaagg agggggaaaa gagtaatgga 6780 gataaacaaa
tagggaaaaa gcagaaatgg agagagggaa gcatcaggcc tgtgcatgtg
6840 agtcaatcaa gaagtctggg aggaggggct ggagagatgg
ctcagtggtt aagagcactg 6900 actgctcttc tgaaggtcct
gagttcaaat cccagcaatc acatggtggc tcacaaccat 6960
ccataacaag aagtctggga ggagccagat ggtggtggaa gatgccttaa
tcccagcaga 7020 ggcaggtgga tctctgagtt caaggccagc
ctggtctata gagtgagttc caggacagcc 7080 agggctacac
agagaagccc tgtctcgaaa accaaaaatg aaagaaagaa agacaagtgg
7140 agggaggaat tccacgtggc agttgacttt ggttggtgac
cagaaagaag tgaggttgaa 7200 gacacagggt gttgggctgt
ggatatagtc cttgcaaagg tcctgaggta gcgtgaatct 72 60
gtgtttggcc aacagtggga gaccagtgtg gctgggacac aatgagaggg
gagagatgta 7320 tggtcaagga gataatagac acttgatccc
acaggttcac atatatggca tagaagattc 7380 agcttttgct
tggagatggg agtccctgaa ggttccggag cagagaagcc ctgtgagcta
7440 gcttaagttc taccaggatg gctcctgctg ctgtgctcag
aaatggctac ggggagggtg 7500 gaaagggaga atgtgggagc
cagtggtttg aatgcatagt atattccaaa gttccccgfcg 7560
ggaaggcact gctgatggag caattatggc atctgagagg gagagcaggg
tgaggggtgt 7620 ctcggaggtg gggcttctga acctccgccc
tggtgacatt ttgggactga gaattctgtg 7680tggcgggggc
tgagctgtac atcgtaggac gttgatctgc tcctctattc tctgtctagt
7740 cccgcccacc cccaacagtt gtgacaacca agatcgtaaa
attgtctcca tacattattt 7800 acattctcgg gggggggggg
gggggagatt aaatatcccc tcaggtgaga accccaggca 7860
ctgatgaaga attgaagaag tgctggccag agcacttggc agtgggggat
ctgctcttga 7920 tgaaagag caagcagttt ttatttaaat
tcctttattt tctcttagtt agctcactat 7980 __aggagagg
tagcacaggc tccattgtga gcatgtctga tttagagtgc ttggtaagaa
8040 ataatacccg tgacaggggg 8060 


