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INHIBITION OF THE BETA3 SUBUNIT OF L-TYPE 
CA2-. CHANNELS 

CROSS REFERENCE 

0001. This application claims priority to U.S. Provisional 
Application Serial No. 60/366152 filed Mar. 20, 2002 and to 
U.S. Provisional Application Serial No. 60/442142 filed Jan. 
22, 2003. 

FIELD OF THE INVENTION 

0002 This invention relates to molecular biology, cell 
biology, Voltage gated calcium channels, calcium signaling, 
drug discovery, diabetes, insulin resistance, impaired insulin 
Secretion, and impaired glucose homeostasis. 

BACKGROUND 

0003 Diabetes mellitus (DM) comprises a series of dis 
orders, all characterized by hyperglycemia. Type I ("insulin 
dependent”) DM is characterized by insulin deficiency, 
whereas Type II (“non-insulin dependent” or “adult-onset") 
DM is characterized by insulin resistance, impaired insulin 
Secretion, and increased hepatic glucose production. 
Chronic complications of DM result from hyperglycemia 
and include retinopathy, neuropathy, nephropathy, and car 
diovascular disease. 

0004. In the pancreatic B-cell, membrane depolarization 
and an oscillatory increase in Cal are key features in 
glucose-induced insulin Secretion. The OScillatory increase 
in Cal, is regulated by a Sophisticated interplay between 
nutrients, hormones and neurotransmitters and is due to both 
Ca" influx through voltage-gated L-type Ca" channels and 
Ca" mobilization from intracellular stores such as the 
endoplasmic reticulum (ER) (Berggren & Larsson 1994, 
Biochem. Soc. Transact. 22:12-18). Upon metabolism of 
glucose within the B-cell, ATP is formed, which in turn 
closes specific ATP-regulated K channels, triggering depo 
larization of the plasma membrane. Such depolarization 
leads to an opening of voltage-gated L-type Ca" channels, 
Ca' influx, an increase in Ca", and subsequently insulin 
release. The opening of the Voltage-gated L-type Ca" 
channels thus occurs at glucose concentration levels that 
Stimulate pancreatic beta cells to Secrete insulin. 
0005) L-type Ca" channels are multi-subunit proteins, 
consisting of a combination of C, B, and Y Subunits, where 
each type of subunit exists in multiple forms. While the C. 
subunit forms the pore of the L-type Ca" channel, the B 
Subunits are believed to play a key role in the assembly/ 
expression of the channel complex, and to modulate Ca" 
currents through the B subunits (Singer et al. 1991, Science 
253:1553-1557; Hullin et al. 1992, EMBO J. 11:885-890; 
Tareilus et al. 1997, Proc. Natl. Acad. Sci. USA 94.1703 
1708). To date the role of Ca" channel B subunits in insulin 
Secretion has mainly been Studied by heterologous expres 
sion experiments (Ihara et al. 1995, Mol. Endocrinol. 9:121 
130). Pancreatic f-cells express both f3 and B. Subunits. 
0006 Intracellular stores such as the ER are able to 
modulate depolarization-induced Ca" signaling by seques 
tering Some of the Ca" entering through the voltage-gated 
L-type Ca" channels into intracellular calcium stores, or by 
releasing additional Cat" into the cytoplasm. Such Cat" 
release may occur through Ca" mediated activation of 
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phosphatidylinositol-specific phospholipase C (PI-PLC) and 
formation of inositol 1,4,5-trisphosphate (Ins(1,4,5)P) or 
through direct gating of the intracellular Ca" channels by 
the incoming Ca". 
0007 Most efforts to develop drugs to promote insulin 
Secretion, treat insulin resistance, and increase the efficiency 
of glucose homeostasis have targeted the ATP-regulated K' 
channels. However, Such drugs often act regardless of the 
blood glucose concentration, and thus can lead to Serious 
Side effects, Such as hypoglycemia. Therefore, there is a 
need in the art to identify targets for therapeutics that do not 
Suffer from these drawbacks. 

SUMMARY OF THE INVENTION 

0008. In one aspect, the present invention provides non 
human transgenic animals having a disruption in the L-type 
Ca" channel 3 gene that inhibits expression of active 
L-type Ca" channel B. protein, and methods for making 
Such transgenic animals. In a further aspect, the present 
invention provides isolated nucleic acid Sequences and vec 
tors for creating Such transgenic animals. 
0009. In another aspect, the present invention provides 
recombinant host cells that have been transfected with a 
recombinant expression vector comprising nucleic acid con 
trol sequences operatively linked to an L-type Ca" channel 
B gene, wherein the host cell does not possess functional 
L-type Cat" channels. 
0010. In another aspect, the present invention provides 
methods for identifying inhibitors of the L-type Cat" chan 
nel 3 protein, comprising providing the recombinant host 
cells of the invention, contacting the recombinant host cells 
with a calcium indicator that emits detectable signals in the 
presence of calcium, treating the recombinant cells with one 
or more test compounds, wherein the treating occurs before, 
Simultaneous with, or after the contacting of the recombi 
nant host cells with the calcium indicator, Stimulating the 
recombinant host cells with an amount of ATP that is 
effective to increase intracellular calcium concentration in 
control cells, and detecting the Signals from the calcium 
indicator in the recombinant host cells, wherein a test 
compound-induced increase in the Signals from the calcium 
indicator in the recombinant host cells indicates that the test 
compound is an inhibitor of the L-type Cat" channel 3. 
protein. 
0011. In a further aspect, the present invention provides 
methods for treating a Subject with one or more disorders 
Selected from the group consisting of diabetes, insulin 
resistance, impaired insulin Secretion, and impaired glucose 
homeostasis, comprising administering to the Subject one or 
more inhibitors of an L-type Cat" channel B. subunit to 
provide a benefit to the subject. 

BRIEF DESCRIPTION OF THE FIGURES 

0012 FIG. 1 depicts the organization of the B gene (A) 
and the targeting vector (IIMB) used to generate a knockout 
of the ?a gene (B). Exons are represented by filled boxes and 
introns by lines. The Structure of the homologous recombi 
nation product is shown in (C). Abbreviations: E, EcoRI; H, 
HincII; P, probe; thi, herpes simplex virus thymidin kinase 
gene. 

0013 FIG. 2 depicts the results of the (A) intraperitoneal 
glucose tolerance test and (B) oral glucose tolerance test in 
wild type (O) and B (O) mice. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0.014. The present invention fulfills a need in the art by 
identifying the ?a Subunit of voltage-gated L-type Ca" 
channel as a target for drugs to treat diabetes, insulin 
resistance, impaired insulin Secretion, and impaired glucose 
homeostasis. The inventors have discovered that inhibition 
of the fs subunit of voltage-gated L-type Ca" channel 
(hereinafter referred to as the “L-type Ca" channel 3. 
protein" or the “L-type Ca" channel f subunit”) leads to 
increased Secretion of insulin only at Stimulatory glucose 
concentrations (i.e.: blood levels of glucose that are 
increased above normal levels, that is above about 100 
mg/dL). 
0015 Therefore, inhibitors of the L-type Cat" channel B 
protein are much less likely to lead to hypoglycemia or other 
Serious Side effects than are currently available treatments 
for diabetes, insulin resistance, impaired insulin Secretion, 
and impaired glucose homeostasis. 
0016. In one aspect, the invention provides a non-human 
transgenic animal having a disruption (i.e., "knockout”) in 
the L-type Ca" channel 3 gene that inhibits expression of 
active L-type Ca" channel fa protein wherein the non 
human animal is characterized, relative to a wild type 
animal, by one or more characteristic Selected from the 
group consisting of (a) an increase in calcium release from 
intracellular calcium Stores, (b) increased insulin release at 
Stimulatory concentrations of glucose, but not at basal 
glucose levels, and (c) more efficient glucose removal from 
blood. 

0.017. The transgenic animals of the invention are useful 
for the determination of the function of the L-type Cat" 
channel f protein, as a Source of specific cell types (for 
example, pancreatic f-cells) in which expression of the 
L-type Ca" channel fa protein is knocked out, and for use 
in Verifying that a candidate compound is acting as an 
inhibitor of the L-type Ca" channel B. protein (discussed 
below). 
0.018. By “increased insulin release at stimulatory con 
centrations of glucose, but not at basal glucose levels' it is 
meant that the transgenic animals of the invention will 
Secrete more insulin than wild type animals when the blood 
glucose concentration rises to a Stimulatory level, but not 
when the blood glucose concentration is at a basal level. By 
“more efficient glucose removal from blood” it is meant that 
in response to an oral or intraperitoneal glucose tolerance 
test, the transgenic animals of the invention will remove 
glucose from the bloodstream at a more efficient rate than 
wild type animals. 
0.019 AS used herein, the term “transgenic animal' refers 
to a non-human animal, (e.g., single-celled organism (e.g., 
yeast), mammal, or non-mammal (e.g., nematode or Droso 
phila)), having a non-endogenous (i.e., heterologous) 
nucleic acid Sequence present as an extra-chromosomal 
element in a portion of its cells or stably integrated into its 
germ line DNA (i.e., in the genomic sequence of most or all 
of its cells), as well as the progeny of Such animals. In a 
preferred embodiment, the transgenic animal is a mammal, 
and the heterologous nucleic acid Sequence is stably inte 
grated. In a more preferred embodiment, the transgenic 
animal is a rodent. The terms "rodent' and "rodents' refer to 
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all members of the phylogenetic order Rodentia (including 
rats and mice), including any and all progeny of all future 
generations derived therefrom. 
0020. In a most preferred embodiment, the transgenic 
animal is a transgenic mouse with either a heterozygous or 
homozygous disruption in the L-type Ca" channel 3 gene. 
In a preferred embodiment, the transgenic mice have a 
homozygous disruption in the L-type Ca" channel 3 gene. 
In a most preferred embodiment, the transgenic mice of the 
invention have a homozygous disruption that results in a null 
mutation of the endogenous L-type Ca" channel f, gene. 
0021 AS used in this aspect of the invention, the “L-type 
Ca" channel B. gene” and “L-type Ca" channel B. protein" 
can be from any non-human animal for which an L-type 
Cat" channel B knockout is desired. In a preferred embodi 
ment, the L-type Ca" channel 3 gene is from mouse or rat. 
In a most preferred embodiment, the mouse L-type Cat" 
channel B gene (SEQ ID NO:1), GenBank accession 
number U20372) is the target to be “knocked out.” In 
another most preferred embodiment, the rat L-type Ca" 
channel B gene (SEQ ID NO:3), GenBank accession 
number M88751) is the target to be “knocked out.” 
0022. As used herein, a “knockout” of an L-type Ca" 
channel B gene refers to partial or complete reduction of the 
expression of at least a portion of the polypeptide encoded 
by an endogenous L-type Ca" channel f, gene of a single 
cell, selected cells, or all of the cells of the animal. "Knock 
out' transgenics of the invention can be transgenic animals 
having a "heterozygous knockout,” wherein one allele of the 
endogenous L-type Ca" channel B. gene has been dis 
rupted, or a homozygous knockout, wherein both alleles of 
the endogenous L-type Ca' channel B. gene have been 
disrupted. "Knockouts” also include conditional knockouts, 
where alteration of the target gene can occur upon, for 
example, exposure of the animal to a Substance that pro 
motes target gene disruption, introduction of an enzyme that 
promotes recombination at the target gene site (e.g., Cre in 
the Cre-lox System), or any other method for disrupting the 
target gene alteration post-natally. 
0023 The term “progeny” refers to any and all future 
generations derived or descending from the transgenic ani 
mal, whether the transgenic animal is heterozygous or 
homozygous for the knockout construct. Progeny of any 
Successive generation are included herein Such that the 
progeny, the F1, F2, and F3 generations, and So on indefi 
nitely, containing the knockout construct are included in this 
definition. 

0024. In a further aspect, the present invention provides 
isolated pancreatic islets and pancreatic B-cells that are 
isolated from the transgenic animals of the invention. Such 
isolated pancreatic beta cells possess a disruption in the 
L-type Ca" channel fis gene, and thus are useful as a model 
of the L-type Ca" channel (3 gene knockout within a 
Specific cell type in which the L-type Ca channel B gene is 
normally active. 
0025 Methods for isolating pancreatic islets and B-cells 
are known in the art. See, for example, U.S. Pat. No. 
6,361,995 and Rosati et al. 2000, FASEB J 14:2601-10. 
0026. In a further aspect, the present invention provides 
an isolated nucleic acid sequence comprising an L-type Ca" 
channel 3 gene knockout construct, which comprises a 
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Selectable marker Sequence flanked by DNA sequences 
homologous to the endogenous L-type Ca" channel 3. 
gene. In a preferred embodiment, the L-type Ca" channel fa 
gene is from mouse or rat. In a most preferred embodiment, 
the mouse L-type Ca" channel B. gene (SEQ ID NO:1), 
GenBank accession number U20372) is the target to be 
“knocked out”. In another most preferred embodiment, the 
rat L-type Ca" channel B. gene (SEQ ID NO:3), GenBank 
accession number M88751) is the target to be “knocked 
out.' 

0027. The term “knockout construct” refers to a nucle 
otide Sequence that is designed to decrease or SuppreSS 
expression of a polypeptide encoded by an endogenous 
L-type Ca" channel fis gene in one or more cells of an 
animal. The nucleotide Sequence used as the knockout 
construct is comprised of (1) DNA from some portion of the 
endogenous L-type Ca' channel 3 gene (one or more exon 
Sequences, intron Sequences, and/or promoter Sequences) to 
be Suppressed and (2) a selectable marker Sequence used to 
detect the presence of the knockout construct in the cell. The 
knockout construct is inserted into a cell containing the 
endogenous L-type Ca" channel B. gene to be knocked out. 
The knockout construct can then integrate within one or both 
alleles of the endogenous L-type Ca" channel B. gene, and 
Such integration of the L-type Ca" channel fis gene knock 
out construct can prevent or interrupt transcription of the 
full-length endogenous L-type Ca' channel 3 gene. Inte 
gration of the L-type Ca" channel fis gene knockout con 
struct into the cellular chromosomal DNA is typically 
accomplished via homologous recombination (i.e., regions 
of the L-type Ca" channel 3s gene knockout construct that 
are homologous or complimentary to endogenous L-type 
Ca" channel fis gene DNA sequences can hybridize to each 
other when the knockout construct is inserted into the cell; 
these regions can then recombine So that the knockout 
construct is incorporated into the corresponding position of 
the endogenous DNA). 
0028. Typically, the knockout construct is inserted into an 
undifferentiated cell termed an embryonic stem cell (ES 
cell). ES cells are usually derived from an embryo or 
blastocyst of the same Species as the developing embryo into 
which it can be introduced, as discussed below. In a more 
preferred embodiment, the knockout constructs are placed 
into a rodent ES cell line, most preferably a mouse ES cell 
line, Such as mouse RIES cells. 

0029. By way of example, a nucleotide sequence knock 
out construct can be prepared by inserting a nucleotide 
Sequence comprising an antibiotic resistance gene into a 
portion of an isolated nucleotide Sequence comprising an 
L-type Ca" channel f, gene that is to be disrupted. When 
this knockout construct is then inserted into ES cells, the 
construct can integrate into the genomic DNA of at least one 
L-type Ca" channel (3s allele. Thus, many progeny of the 
cell will no longer express L-type Ca" channel 3 protein in 
at least Some cells, or will express it at a decreased level 
and/or in a truncated form, as at least part of the endogenous 
coding region of L-type Ca" channel 3 gene is now 
disrupted by the antibiotic resistance gene. 

0030 The term “selectable marker sequence” is used to 
identify those cells that have incorporated the L-type Ca" 
channel B gene knockout construct into their chromosomal 
DNA. The Selectable marker Sequence may be any Sequence 
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that Serves this purpose, although typically it will be a 
Sequence encoding a protein that confers a detectable trait on 
the cell, Such as an antibiotic resistance gene, an assayable 
enzyme not naturally found in the cell, or a fluorescent 
Signal (Such as green fluorescent protein). The marker 
Sequence will also typically contain either a homologous or 
heterologous promoter that regulates its expression. 
0031. In another aspect, the present invention provides 
methods for making transgenic animals that have a disrup 
tion in the L-type Ca" channel fis gene, comprising trans 
forming an embryonic Stem cell with a knockout construct 
of the invention as described above, thereby producing a 
transformed embryonic Stem cell; injecting the transformed 
embryonic Stem cell into a blastocyst; implanting the blas 
tocyst comprising the transformed embryonic Stem cell into 
a pseudopregnant female animal; allowing the blastocyst to 
develop to term; and identifying a transgenic animal whose 
genome comprises a heterozygous or homozygous disrup 
tion of the endogenous L-type Ca" channel 3 gene. In a 
preferred embodiment, the animal is a mouse. In a most 
preferred embodiment, the blastocysts are mouse C57BL/6 
blastocysts. 
0032. In another aspect, the present invention provides 
recombinant host cells that have been transfected with a 
recombinant expression vector comprising nucleic acid con 
trol sequences operatively linked to an L-type Ca" channel 
B coding Sequence, wherein the host cell does not possess 
functional fa Subunit-containing L-type Ca" channels, and 
methods for using the recombinant host cells. In a preferred 
embodiment, such host cells are not derived from muscle 
cells, neurons, or neuro-endocrine cells. In a most preferred 
embodiment, the host cells of the invention undergo InsP 
induced Ca" release. The recombinant host cells of this 
aspect of the invention can contain functional L-type Ca" 
channels that do not include the B subunit. Verification that 
Such cells do not possess functional f Subunit-containing 
L-type Ca" channels can be done by techniques known to 
one of skill in the art, Such as measuring patch-clamp 
electrophysiological registrations. 
0033 Such host cells are useful, for example, in drug 
Screening assays for identifying compounds that inhibit the 
expression or activity of the L-type Ca" channel 3 protein. 
0034). As used herein the “L-type Ca" channel B coding 
Sequence” refers to nucleic acid Sequences that encode an 
L-type Ca" channel fa protein from any animal, preferably 
from rat, mouse, or human, most preferably human. In a 
further preferred embodiment, the L-type Ca" channel 3. 
coding Sequence is Selected from the group consisting of 
nucleic acid sequences that encode mouse L-type Ca" 
channel B protein (SEQ ID NO:2), GenBank accession 
number NP 031607), nucleic acid sequences that encode 
rat L-type Ca" channel B protein (SEQ ID NO:4), Gen 
Bank accession number NP 036960), and nucleic acid 
sequences that encode human L-type Ca" channel (3 pro 
tein (ISEQ ID NO:6), GenBank accession number 
NP 000716). 
0035) Such nucleic acid sequences can be DNA or RNA, 
but are preferably double stranded DNA sequences. Such 
double Stranded nucleic acid Sequences can comprise 
genomic L-type Ca" channel 3 nucleic acid sequences 
(and thus may include introns), or may comprise CDNA 
Sequences devoid of any intron Sequences. 
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0036) The terms “host cell” and “recombinant host cell” 
are used interchangeably herein. It should be understood that 
Such terms refer not only to the particular Subject cell, but 
also to the progeny of Such a cell. Since modifications may 
occur in Succeeding generations due to either mutation or 
environmental influences, Such progeny may not, in fact, be 
identical to the parent cell, but are still included within the 
Scope of the term as used herein. 
0037. The host cells can be transiently or stably trans 
fected with the recombinant expression vector. Such trans 
fection of expression vectors into eukaryotic cells can be 
accomplished via any technique known in the art, including, 
but not limited to, calcium phosphate co-precipitation, elec 
troporation, or liposome mediated-, DEAE dextran medi 
ated-, polycationic mediated-, or viral mediated-transfec 
tion. Alternatively, the host cells can be infected with a 
recombinant Viral expression vector. (See, for example, 
Molecular Cloning: A Laboratory Manual (Sambrook, et al., 
1989, Cold Spring Harbor Laboratory Press); Culture of 
Animal Cells: A Manual of Basic Technique, 2" Ed. (R. I. 
Freshney. 1987. Liss, Inc. New York, N.Y.)). The host cells 
can be established cell lines, or primary cell cultures. 
0.038. In a preferred embodiment, the promoter is heter 
ologous (i.e., is not the naturally occurring L-type Ca" 
channel f, gene promoter). A promoter and an L-type Ca" 
channel B-encoding nucleic acid Sequence are “operatively 
linked' when the promoter is capable of driving expression 
of the L-type Ca" channel 3 nucleic acid sequence. AS used 
herein, the term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to which it has 
been linked. One type of vector is a “plasmid,” which refers 
to circular double stranded DNA into which additional DNA 
Segments may be cloned. Another type of Vector is a viral 
vector, wherein additional DNA segments may be cloned 
into the viral genome. Certain vectors are capable of autono 
mous replication in a host cell into which they are introduced 
(e.g., bacterial vectors having a bacterial origin of replica 
tion and episomal mammalian vectors). Other vectors (e.g., 
non-episomal mammalian vectors) are integrated into the 
genome of a host cell upon introduction into the host cell, 
and thereby are replicated along with the host genome. 
Moreover, certain vectors are capable of directing the 
expression of genes to which they are operatively linked. 
Such vectors are referred to herein as “recombinant expres 
Sion vectors' or simply "expression vectors'. 

0.039 The vector may also contain additional sequences, 
Such as a polylinker for Subcloning of additional nucleic acid 
Sequences and a polyadenylation signal to effect proper 
polyadenylation of the transcript. The nature of the poly 
adenylation Signal is not believed to be crucial to the 
Successful practice of the invention, and any Such Sequence 
may be employed, including, but not limited to, the SV40 
and bovine growth hormone poly-A Sites. The vector may 
also comprise a termination Sequence, which can Serve to 
enhance message levels and to minimize read through from 
the construct into other Sequences. Finally, expression vec 
tors may include Selectable markers, often in the form of 
antibiotic resistance genes, which permit Selection of cells 
that carry these vectors. 

0040 AS discussed above, ATP stimulates calcium 
release from intracellular Stores. The inventors of the present 
invention have discovered that the L-type Ca" channel B. 
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protein serves to inhibit the ATP-stimulated release of cal 
cium from intracellular stores. This inhibitory activity is not 
dependent on the existence of functional Voltage-gated chan 
nels in the cells. Thus, in the recombinant cells of the 
invention disclosed above, expression of the L-type Ca" 
channel B protein serves to inhibit ATP-stimulated release 
of calcium from intracellular stores. Inhibitors of the L-type 
Ca" channel fa protein administered to the recombinant 
cells of the invention serve to restore the ATP-stimulated 
release of calcium from intracellular Stores. 

0041. Thus, in another aspect, the present invention pro 
vides methods for identifying inhibitors of the L-type Ca" 
channel B protein, comprising providing the recombinant 
host cells of the invention; contacting the host cells with a 
detectable calcium indicator, wherein the calcium indicator 
emits detectable signals in the presence of calcium; treating 
the host cells with one or more test compounds to be 
Screened, wherein the treating occurs before, Simultaneous 
with, or after the contacting of the host cells with the calcium 
indicator; stimulating the host cells with an amount of ATP 
that is effective to increase intracellular calcium concentra 
tion in control cells, and detecting Signals from the calcium 
indicator in the host cells, and comparing the Signals to those 
detected from control cells, wherein the Signals are used to 
detect restoration of the ATP-stimulated signal in the host 
cells due to the contacting of the host cells with the one or 
more test compounds, and wherein Such a restoration in 
response to a test compound indicates that the test com 
pound is an inhibitor of the L-type Ca" channel f. protein. 
Such restoration can include partial or complete restoration 
of the ATP-stimulated signal to the level seen in control 
cells. 

0042. As used herein, an “inhibitor” of the L-type Cat" 
channel B. Subunit includes compounds that inhibit the 
transcription of the L-type Ca" channel f. DNA into RNA, 
compounds that inhibit the translation of L-type Ca" chan 
nel B RNA into protein, and compounds that inhibit the 
function of L-type Ca" channel B protein. Such inhibiting 
can be complete inhibition or partial inhibition, Such that the 
expression and/or activity of the L-type Ca" channel fa 
Subunit is reduced, resulting in a reduced ability to inhibit 
release of calcium from intracellular calcium Stores. 

0043. In a preferred embodiment, the cells are mamma 
lian cells. In a most preferred embodiment, the cells are 
Selected from the group consisting of rodent and human 
cells. 

0044) The “one or more test compounds' can be of any 
nature, including, but not limited to, chemical and biological 
compounds and environmental Samples. The one or more 
test compounds may also comprise a plurality of com 
pounds, including, but not limited to, combinatorial chemi 
cal libraries and natural compound libraries. Contacting the 
host cells with the one or more test compounds can occur 
before, after, and/or Simultaneously with the contacting of 
the host cells with the detectable calcium indicator, depend 
ing on the details of the assay design. For example, in order 
to carry out kinetic Screening, it is necessary to detect the 
Signals from the host cells at multiple time points, and the 
user may acquire detectable signals before, at the time of, 
and after contacting of the cells with the test compound. 
0045. As used herein, the term “detectable calcium indi 
cator” means any molecule or molecules emitting a detect 
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able, measurable signal upon intracellular interaction with 
calcium. Such indicators and their use are known in the art 
and include, but are not limited to, calcium-Sensitive biolu 
minescent proteins, fluorescent proteins, and Synthetic 
probes Such as fluorescent calcium dyes, Such as are avail 
able, for example, from Molecular Probes (Eugene, OR). In 
a preferred embodiment, the detectable calcium indicator is 
a fluorescent calcium indicator. 

0046. As used herein, a stimulatory amount of ATP for 
increasing intracellular calcium Signaling for a given cell 
type can be determined routinely by one of skill in the art. 
For most such applications, the use of between 0.2 uM and 
500 uM ATP will be effective and most preferably the 
amount of ATP is between 1 M and 100 uM. 
0047. In order to derive optimal information on the 
ability of the one or more test compounds to inhibit L-type 
Ca" channel B expression and/or activity, it is preferred to 
compare the Signals from the detectable calcium indicator in 
recombinant host cells with Signals from control cells. Such 
control cells can include one or more of the following: 

0048 1. The same recombinant host cells, treated in 
the same way except not contacted with the one or 
more test compounds, 

0049 2. The same recombinant host cells, treated in 
the same way except contacted with the one or more 
test compounds at different time points (for analyz 
ing time-dependent effects); 

0050) 3. The same recombinant host cells, treated in 
the same way except contacted with different con 
centrations of the one or more test compounds (for 
analyzing concentration-dependent effects); 

0051 4. Non-recombinant cells of the same cell type 
as the recombinant host cells, contacted with the one 
or more test compounds, and 

0052 5. Non-recombinant cells of the same cell type 
as the recombinant host cells, not contacted with the 
one or more test compounds. 

0053. In a preferred embodiment of the invention, the 
control cells undergo InsP-induced Ca" release that is 
diminished or inhibited by expression of the L-type Ca" 
channel 3 protein, wherein Such InsP3-induced Ca" release 
can be restored by an inhibitor of the L-type Ca" channel 
f protein. 

0054. In a preferred embodiment, the cells are plated in 
microplates of 96 wells or more, and the method is con 
ducted in a high throughput manner. After potential lead 
compounds are identified, various confirmatory assays can 
be carried out, Such as examining the effect of the potential 
lead compound on the transgenic animals or the isolated 
pancreatic beta islet cells of the invention disclosed above. 
If the compound is acting as an inhibitor of the L-type Ca" 
channel f Subunit, it will have a lesser or no effect on the 
transgenic animal and/or the pancreatic beta islet cells, thus 
Verifying that the cellular target for the lead compound is the 
L-type Ca" channel B. subunit. 
0055. In various preferred embodiment of this aspect of 
the invention, the Screening methods described herein are 
used to identify compounds for use in treating one or more 
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disorderS Selected from the group consisting of diabetes, 
insulin resistance, impaired insulin Secretion, and impaired 
glucose homeostasis. 
0056. In yet another aspect, the invention provides L-type 
Ca" channel? subunit inhibitors identified by the methods 
described above. 

0057. In a further aspect, the present invention provides 
methods for treating a Subject with one or more disorder 
Selected from the group consisting of diabetes, insulin 
resistance, impaired insulin Secretion, and impaired glucose 
homeostasis, comprising administering to the Subject one or 
more inhibitors of an L-type Ca" channel B. subunit to 
provide a benefit to the subject. 
0.058 As used herein, the term “subject” or “patient” is 
meant any Subject for which therapy is desired, including 
humans, cattle, dogs, cats, guinea pigs, rabbits, rats, mice, 
insects, horses, chickens, and So on. Most preferably, the 
Subject is human. 
0059 AS used herein, “diabetes” is characterized by 
insufficient or no production of insulin by the pancreas, 
leading to high blood Sugar levels. In a preferred embodi 
ment, the diabetes is Type II diabetes. For Such a patient, a 
“benefit’ includes one or more of increased insulin produc 
tion and lowering of blood Sugar levels. 
0060 AS used herein, “impaired insulin secretion” refers 
to an inability to Secrete adequate insulin to maintain a 
normal blood glucose level. For such a patient, a “benefit” 
includes one or more of increased insulin production, and 
lowering or normalizing of blood Sugar levels. 

0061 AS used herein, “insulin resistance” means a 
decreased insulin effectiveness in Stimulating glucose 
uptake and/or restraining hepatic glucose production. For 
Such a patient, a “benefit’ includes a lowering or normaliz 
ing of blood Sugar levels. 
0062. As used herein, “impaired glucose homestasis” 
means an inability to maintain a normal blood glucose 
concentration. For Such a patient, a “benefit’ includes one or 
more of increased insulin production, lowering of blood 
Sugar levels, and normalization of blood Sugar levels over 
time. 

0063. In one embodiment, the inhibitors of the L-type 
Ca" channel B. subunit are identified by the methods of the 
invention, as described above. 

0064. In a further embodiment of this aspect of the 
invention, the one or more L-type Ca" channel B. Subunit 
inhibitorS is Selected from the group consisting of antibodies 
Selective for the L-type Ca" channel B. Subunit; antisense 
oligonucleotides directed against the L-type Ca" channel 3. 
Subunit, and Small interfering RNAS directed against the 
L-type Ca" channel B. subunit. 
0065) Antibodies selective for the L-type Cat" channel 3. 
Subunit can be polyclonal or monoclonal antibodies, and 
include chimeric, Single chain and humanized antibodies, as 
well as Fab fragments, or the product of an Fab expression 
library. In a preferred embodiment, the antibodies are Selec 
tive for an L-type Ca" channel B. Subunit as disclosed in 
SEQ ID NO:2, SEQ ID NO:4, and/or SEQ ID NO:6. An 
antibody is considered to selectively bind to the L-type Cat" 
channel B. Subunit, even if it also binds to other proteins that 
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are not substantially homologous with the L-type Ca" 
channel?. Subunit. Such antibodies can be made by Standard 
methods in the art, Such as described in Harlow and Lane, 
Antibodies; A Laboratory Manual, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y., (1988). Full-length 
protein or antigenic peptide fragments of the L-type Ca" 
channel B. Subunit can be used as an immunogen to generate 
antibodies using Standard techniques for polyclonal and 
monoclonal antibody preparation. 

0.066. In one example, pre-immune serum is collected 
prior to the first immunization. A peptide portion of the 
amino acid sequence of an L-type Ca" channel fa Subunit, 
together with an appropriate adjuvant, is injected into an 
animal in an amount and at intervals Sufficient to elicit an 
immune response. Animals are bled at regular intervals, 
preferably weekly, to determine antibody titer. The animals 
may or may not receive booster injections following the 
initial immunization. At about 7 days after each booster 
immunization, or about weekly after a single immunization, 
the animals are bled, the Serum collected, and aliquots are 
stored at about -20° C. Polyclonal antibodies against L-type 
Ca" channel B. subunit can then be purified directly by 
passing Serum collected from the animal through a column 
to which non-antigen-related proteins prepared from the 
same expression system without L-type Ca" channel 3. 
Subunit bound. 

0067 Monoclonal antibodies can be produced by obtain 
ing spleen cells from the animal. (See Kohler and Milstein, 
Nature 256, 495-497 (1975)). In one example, monoclonal 
antibodies (mAb) of interest are prepared by immunizing 
inbred mice with a L-type Ca" channel B. subunit, or 
portion thereof. The mice are immunized by the IP or SC 
route in an amount and at intervals Sufficient to elicit an 
immune response. The mice receive an initial immunization 
on day 0 and are rested for about 3 to about 30 weeks. 
Immunized mice are given one or more booster immuniza 
tions by the intravenous (IV) route. Lymphocytes from 
antibody positive mice are obtained by removing Spleens 
from immunized mice by Standard procedures known in the 
art. Hybridoma cells are produced by mixing the Splenic 
lymphocytes with an appropriate fusion partner under con 
ditions that allow formation of stable hybridomas. The 
antibody producing cells and fusion partner cells are fused 
in polyethylene glycol at concentrations from about 30% to 
about 50%. Fused hybridoma cells are selected by growth in 
hypoxanthine, thymidine and aminopterin Supplemented 
Dulbecco's Modified Eagles Medium (DMEM) by proce 
dures known in the art. Supernatant fluids are collected from 
growth positive wells and Screened for antibody production 
by an immunoassay Such as Solid phase immunoradioassay. 
Hybridoma cells from antibody positive wells are cloned by 
a technique Such as the Soft agar technique of MacPherson, 
Soft Agar Techniques, in Tissue Culture Methods and Appli 
cations, Kruse and Paterson, Eds., Academic Press, 1973. 

0068 To generate such an antibody response, an L-type 
Ca" channel f. Subunit or antigenic portion thereof is 
typically formulated with a pharmaceutically acceptable 
carrier for parenteral administration. Such acceptable adju 
Vants include, but are not limited to, Freund's complete, 
Freund's incomplete, alum-precipitate, water in oil emulsion 
containing Corynebacterium parvum and tRNA. The formu 
lation of Such compositions, including the concentration of 
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the polypeptide and the Selection of the vehicle and other 
components, is within the skill of the art. 
0069. Antibodies can be fragmented using conventional 
techniques, and the fragments Screened for utility in the 
same manner as described above for whole antibodies. For 
example, F(ab') fragments can be generated by treating 
antibody with pepsin. The resulting F(ab')2 fragment can be 
treated to reduce disulfide bridges to produce Fab' frag 
mentS. 

0070. In another preferred embodiment, the L-type Ca" 
channel B. subunit inhibitors for use with the methods of the 
present invention are oligomeric compounds, particularly 
antisense oligonucleotides. Such antisense oligonucleotides 
are used for inhibiting the expression and/or function of 
nucleic acid molecules encoding the L-type Ca" channel 3. 
Subunit, and thus ultimately inhibiting the amount of L-type 
Cat" channel B. subunit produced. This is accomplished by 
providing antisense oligonucleotides that specifically 
hybridize with one or more nucleic acids encoding the 
L-type Ca" channel?. Subunit. Such nucleic acids encom 
pass DNA encoding the L-type Ca" channel 3. Subunit, 
RNA (including pre-mRNA and mRNA) transcribed from 
Such DNA, and also cDNA derived from Such RNA. The 
Specific hybridization of an oligomeric compound with its 
target nucleic acid interferes with the normal function of the 
nucleic acid. This modulation of function of a target nucleic 
acid by compounds that specifically hybridize to it is gen 
erally referred to as “antisense”. The functions of DNA to be 
interfered with include replication and transcription. The 
functions of RNA to be interfered with include all vital 
functions Such as, for example, translocation of the RNA to 
the Site of protein translation, translation of protein from the 
RNA, splicing of the RNA to yield one or more mRNA 
Species, and catalytic activity that may be engaged in or 
facilitated by the RNA. The overall effect of such interfer 
ence with target nucleic acid function is inhibition of the 
expression of the L-type Ca" channel 3. Subunit. 
0071. The target is a nucleic acid molecule encoding the 
L-type Ca" channel?. Subunit, Such as those encoding the 
proteins of SEQ ID NOS: 2, 4, and/or 6. In a preferred 
embodiment, the antisense oligonucleotides target a nucleic 
acid selected from the group consisting of SEQ ID NOS: 1, 
3, and 5, or portions thereof. In a most preferred embodi 
ment, the antisense oligonucleotides target the human 
L-type Cat" channel B. subunit gene SEQ ID NO:5 (Gen 
Bank accession number L27584), or portions thereof. 
0072 Preferred intragenic sites in the target gene include 
Sites comprising the translational initiation codon, the ter 
mination codon, the coding region, intron-exon junctions, 
and the untranslated regions (both 5' and f). 
0073. As used herein, “hybridization” means hydrogen 
bonding, which may be Watson-Crick, Hoogsteen or 
reversed Hoogsteen hydrogen bonding, between comple 
mentary nucleoside or nucleotide bases. The oligonucleotide 
and the DNA or RNA are complementary to each other when 
a Sufficient number of corresponding positions in each 
molecule are occupied by nucleotides which can hydrogen 
bond with each other. It is understood in the art that the 
Sequence of an antisense compound need not be 100% 
complementary to that of its target nucleic acid to be 
Specifically hybridizable. An antisense compound is specifi 
cally hybridizable when binding of the compound to the 
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target DNA or RNA molecule interferes with the normal 
function of the target DNA or RNA to cause a loss of utility, 
and there is a Sufficient degree of complementarity to avoid 
non-specific binding of the antisense compound to non 
target Sequences under conditions in which specific binding 
is desired, i.e., under physiological conditions in the case of 
in Vivo assays or therapeutic treatment, and in the case of in 
Vitro assays, under conditions in which the assays are 
performed. 

0.074. In the context of this invention, the term “oligo 
nucleotide' refers to an oligomer or polymer of ribonucleic 
acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes oligonucleotides composed of 
naturally-occurring nucleobases, Sugars and covalent inte 
mucleoside (backbone) linkages as well as oligonucleotides 
having non-naturally-occurring portions which function 
Similarly. Such modified or Substituted oligonucleotides are 
often preferred over native forms because of desirable 
properties Such as, for example, enhanced cellular uptake, 
enhanced affinity for nucleic acid target and increased Sta 
bility in the presence of nucleases. 

0075. The antisense compounds in accordance with this 
invention preferably comprise from about 8 to about 50 
nucleotides or nucleosides. Particularly preferred antisense 
compounds are antisense oligonucleotides, even more pref 
erably those comprising from about 12 to about 30 nucle 
otides or nucleosides. AntiSense compounds include 
ribozymes, external guide Sequence (EGS) oligonucleotides 
(oligozymes), and other short catalytic RNAS or catalytic 
oligonucleotides which hybridize to the target nucleic acid 
and modulate its expression. 
0.076 While antisense oligonucleotides are a preferred 
form of antisense compound, the present invention compre 
hends other oligomeric antisense compounds, including but 
not limited to oligonucleotide mimetics Such as are 
described below. Specific examples of preferred antisense 
compounds useful in this invention include oligonucleotides 
containing modified backbones or non-natural internucleo 
Side linkages. AS defined in this specification, oligonucle 
otides having modified backbones, include, but are not 
limited to, phosphorothioates, chiral phosphorothioates, 
phosphorodithioates, phosphotriesters, aminoalkylphospho 
triesters, methyl and other alkyl phosphonates, phosphi 
nates, phosphoramidates, thionophosphoramidates, thion 
oalkylphosphonates, thionoalkylphosphotriesters, 
Selenophosphates and boranophosphates. Representative 
United States patents that teach the preparation of the above 
phosphorus-containing linkages include, but are not limited 
to, U.S. Pat. Nos. 3,687,808; 4,469,863; 4,476,301; 5,023, 
243; 5,177, 196; 5,188,897; 5,264,423: 5,276,019; 5,278, 
302; 5.286,717; 5,321,131; 5,399,676; 5,405,939; 5.453, 
496; 5,455,233; 5,466,677; 5,476,925; 5,519,126; 5,536, 
821; 5,541,306; 5,550,111; 5,563,253; 5,571,799; 5,587, 
361; 5,194.599; 5,565,555; 5,527,899; 5,721,218; 5,672,697 
and 5,625,050. 

0.077 Other modified oligonucleotide backbones include 
Short chain alkyl or cycloalkyl intemucleoside linkages, 
mixed heteroatom and alkyl or cycloalkyl internucleoside 
linkages, or one or more short chain heteroatomic or het 
erocyclic internucleoside linkages. Representative United 
States patents that teach the preparation of the above oligo 
nucleosides include, but are not limited to, U.S. Pat. Nos. 
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5,034,506; 5,166,315; 5,185,444; 5,214,134, 5,216,141; 
5,235,033; 5,264,562; 5,264,564; 5,405,938; 5.434,257; 
5,466,677; 5,470,967; 5,489,677; 5,541,307; 5,561.225; 
5,596,086; 5,602,240; 5,610,289; 5,602,240; 5,608,046; 
5,610,289; 5,618,704, 5,623,070; 5,663,312; 5,633,360; 
5,677,437; 5,792,608; 5,646,269 and 5,677,439. 
0078. One example of an oligonucleotide mimetic that 
can be used is referred to as a peptide nucleic acid (PNA). 
In PNA compounds, the Sugar-backbone of an oligonucle 
otide is replaced with an amide containing backbone, in 
particular an aminoethylglycine backbone. Representative 
United States patents that teach the preparation of PNA 
compounds include, but are not limited to, U.S. Pat. Nos. 
5,539,082; 5,714,331; and 5,719,262. Further teaching of 
PNA compounds can be found in Nielsen et al., Science, 
1991, 254, 1497-1500. 
0079 Oligonucleotides may also include base modifica 
tions or Substitutions, including, but not limited, to 5-Sub 
stituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6 
Substituted purines. Representative United States patents 
that teach the preparation of Such modified bases include, 
but are not limited to, U.S. Pat. Nos. 3,687,808; 4.845,205; 
5,130,302; 5,134,066; 5,175.273; 5,367,066; 5,432,272; 
5,457,187; 5,459,255; 5,484,908; 5,502,177; 5,525,711; 
5,552,540; 5,587.469; 5,594,121, 5,596,091; 5,614,617; 
5,645,985; 5,830,653; 5,763,588; 6,005,096; and 5,681,941. 
0080. Other modifications of oligonucleotides for use in 
the methods of the invention involve chemically linking to 
the oligonucleotide one or more moieties or conjugates that 
enhance the activity, cellular distribution or cellular uptake 
of the oligonucleotide, including but not limited to interca 
lators, reporter molecules, polyamines, polyamides, poly 
ethylene glycols, polyethers, and groups that enhance the 
pharmacodynamic properties of oligomers, and groups that 
enhance the pharmacokinetic properties of oligomers. Rep 
resentative United States patents that teach the preparation 
of Such oligonucleotide conjugates include, but are not 
limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,105; 
5,525,465; 5,541,313; 5,545,730; 5,552.538; 5,578,717, 
5,580,731; 5,580,731, 5,591584; 5,109,124; 5,118,802; 
5,138.045; 5,414,077; 5,486,603; 5,512.439; 5,578,718; 
5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 
4,789,737; 4,824.941; 4,835,263; 4876,335; 4,904,582; 
4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830; 
5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506; 
5,262.536; 5,272,250; 5,292,873; 5,317,098; 5,371,241, 
5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 
5,514,785; 5,565,552; 5,567,810; 5,574,142; 5,585,481; 
5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599.928 and 
5,688,941. 

0081. Where the oligonucleotides contain such modifi 
cations, it is not necessary for all positions in a given 
oligonucleotide to be uniformly modified, and in fact more 
than one of the aforementioned modifications may be incor 
porated in a single oligonucleotide or even at a single 
nucleoside or nucleotide within an oligonucleotide. 
0082 The antisense compounds used in accordance with 
this invention may be routinely produced by the well-known 
technique of Solid phase Synthesis. Equipment for Such 
Synthesis is Sold by Several vendors including, for example, 
Applied Biosystems (Foster City, Calif.). Any other means 
for Such synthesis known in the art may additionally or 
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alternatively be employed. It is well known to use similar 
techniques to prepare oligonucleotides Such as the phospho 
rothioates and alkylated derivatives. The compounds of the 
invention may also be admixed, encapsulated, conjugated or 
otherwise associated with other molecules, molecule Struc 
tures or mixtures of compounds, as for example, lipoSomes, 
receptor targeted molecules, oral, rectal, topical or other 
formulations, for assisting in uptake, distribution and/or 
absorption. Representative United States patents that teach 
the preparation of Such uptake, distribution and/or absorp 
tion assisting formulations include, but are not limited to, 
U.S. Pat. Nos. 5,108,921; 5,354,844; 5,416,016; 5.459,127; 
5,521,291; 5,543,158; 5,547,932; 5,583,020; 5,591,721; 
4,426,330; 4,534,899; 5,013,556; 5,108,921; 5,213,804: 
5,227,170; 5,264,221; 5,356,633; 5,395,619; 5,416,016; 
5,417,978; 5,462,854; 5,469,854; 5,512,295; 5,527,528; 
5,534,259; 5,543,152; 5,556,948; 5,580,575; and 5,595,756. 
0083) In a further embodiment, the inhibitors of the 
L-type Ca" channel f. protein are small interfering RNA 
(“siRNA) sequences directed against the L-type Cat" chan 
nel B. nucleic acid. Double-stranded (dsRNA) directs the 
Sequence-specific degradation of mRNA through a proceSS 
known as RNA interference (RNAi). (U.S. application Ser. 
No. 20020086356.) It is preferred that 21-23 nucleotide 
dsRNA fragments derived from the L-type Ca" channel 3. 
are used to inhibit L-type Ca" channel Bs expression, 
although longer or shorter dsRNA sequences can be used. In 
a preferred embodiment, the dsRNA fragments are directed 
at a Sequence Selected from the group consisting of SEQ ID 
NO: 1, SEQ ID NO:3, and SEQ ID NO:5, or fragments 
thereof. The molecules can be blunt ended or comprise 
overhanging ends (e.g., 5', 3) of from 1 to 6 nucleotides. 
Such siRNA sequences can be prepared using Standard 
techniques, Such as chemical Synthesis or recombinant pro 
duction. 

0084. Dosing for the therapeutic methods of the invention 
are dependent on Severity and responsiveness of the disease 
State to be treated, with the course of treatment lasting from 
Several days to Several months, or until a cure is effected or 
a diminution of the disease State or Symptoms thereof are 
achieved. Optimal dosing Schedules can be calculated from 
measurements of drug accumulation in the body of the 
patient. Persons of ordinary skill can easily determine opti 
mum dosages, dosing methodologies and repetition rates. 
Optimum dosages may vary depending on the relative 
potency of individual inhibitors, and can generally be esti 
mated based on EC50 found to be effective in in vitro and 
in Vivo animal models. In general, dosage is from 0.01 ug to 
100 mg per kg of body weight, and may be given once or 
more daily, weekly, or otherwise. Persons of ordinary skill in 
the art can easily estimate repetition rates for dosing based 
on measured residence times and concentrations of the drug 
in bodily fluids or tissues. Following Successful treatment, it 
may be desirable to have the patient undergo maintenance 
therapy to prevent the recurrence of the disease State, 
wherein the inhibitor is administered in maintenance doses, 
similar to those described above. 

0085. In another aspect, the present invention also 
includes pharmaceutical compositions comprising one or 
more inhibitor of the L-type Ca" channel B. subunit and a 
pharmaceutically acceptable carrier. In a preferred embodi 
ment, the one or more inhibitor of the L-type Ca" channel 
B. Subunit is Selected from the group consisting of an 
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antibody selective for the L-type Ca" channel B. subunit; an 
antisense oligonucleotide directed against the L-type Ca" 
channel B. Subunit; and a Small interfering RNA directed 
against the L-type Ca" channel f. Subunit, as discussed 
above. In other embodiments, the inhibitor is one identified 
according to the drug discovery methods of the invention. 
0086 The inhibitors may be subjected to conventional 
pharmaceutical operations Such as Sterilization and/or may 
contain conventional adjuvants, Such as preservatives, Sta 
bilizers, wetting agents, emulsifiers, buffers etc. In another 
preferred embodiment, the inhibitors are identified by the 
methods of the invention. 

0087. For administration, the inhibitors are ordinarily 
combined with one or more adjuvants appropriate for the 
indicated route of administration. The inhibitors may be 
admixed with lactose, Sucrose, Starch powder, cellulose 
esters of alkanoic acids, Stearic acid, talc, magnesium Stear 
ate, magnesium oxide, Sodium and calcium Salts of phos 
phoric and Sulphuric acids, acacia, gelatin, Sodium alginate, 
polyvinylpyrrolidine, and/or polyvinyl alcohol, and tableted 
or encapsulated for conventional administration. Alterna 
tively, the inhibitors may be dissolved in Saline, water, 
polyethylene glycol, propylene glycol, carboxymethyl cel 
lulose colloidal Solutions, ethanol, corn oil, peanut oil, 
cottonseed oil, Sesame oil, tragacanth gum, and/or various 
buffers. Other adjuvants and modes of administration are 
well known in the pharmaceutical art. The carrier or diluent 
may include time delay material, Such as glyceryl 
monoStearate or glyceryl distearate alone or with a wax, or 
other materials well known in the art. The inhibitors may be 
made up in a Solid form (including granules, powders or 
Suppositories) or in a liquid form (e.g., Solutions, Suspen 
Sions, or emulsions). Suitable Solutions for use in accor 
dance with the invention are Sterile, dissolve Sufficient 
amounts of the polypeptides, and are not harmful for the 
proposed application. 

0088. The present invention may be better understood in 
light of the following examples. The examples are intended 
to further illustrate certain preferred embodiments of the 
invention, and are not intended to limit the Scope of the 
invention. 

EXAMPLES 

Example 1 

0089 Preparation of L-type Cat Channel B. Knockout 
Mice 

0090 The B gene (Murakami, M. et al. 1996 Eur: J 
Biochem. 236:138-143 1996) was knocked-out (B) by 
replacing part of its exon B and the complete eXOn 4 with 
a neomycin-resistance gene (neo). Targeting vector IIMB 
was prepared, starting with the pMC1 neoPolyA vector 
(Stratagene) by replacing a 1 kb HincII (H) fragment, 
containing part of exon B, exon 4, and part of the following 
intron of the mouse f3 gene, with the neomycin resistance 
cassette (neo"). (See FIG. 1.) 
0091) For generation of B mice, linearized targeting 
constructs were electroporated into RI embryonic stem (ES) 
cells (Nagy, A. et al. 1993, Proc. Natl. Acad. Sci. USA 
90:8424-8428) and recombinant clones were selected with 
G418 and ganciclovir. Three out of 470 ES cell clones with 
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predicted genomic Structures for the targeting vector IIMB 
were identified and selected. Selected ES cell clones were 
microinjected into C57BL/6 blastocysts and transferred into 
the uteri of pseudopregnant recipient females. Two of three 
homologous recombinant clones were injected into 
C57BL/6 mouse blastocysts. Chimeric mice were mated 
with C57BL/6 females. 

0092) Offsprings were typed for the B. mutation by 
Southern blot analysis. Genomic DNA from ES cells or 
mouse tails were digested with EcoRI, Separated on agarose 
gel and transferred to nylon membrane. Hybridizations were 
carried out with a P-labeled probe (-500 bp Smal/Apal 
fragment). After hybridization, the blots were washed and 
exposed to X-ray films. A polymerase chain reaction based 
assay was developed for rapid offspring-genotyping using 
the primer pair 5'-AGC ACA AAC CTG TGG CATTTG-3' 
(covering nucleotides 167-187 of exons 2 and B of the 
murine B gene) SEQ ID NO:7) and 5'-TCG GTT GCC 
AAT GTC ACC CAG-3' (covering nucleotides 430-450 of 
exon 5 of the murine B gene)SEQID NO:8 and mouse tail 
genomic DNA as template. 
0.093 Wild-type and mutant alleles were indicated by the 
presence of a 12 kb and a 8 kb EcoRI fragment, respectively. 
The deletion of the B gene was confirmed by Northern blot 
analysis and immunoblotting of brain extracts. Breeding of 
heterozygous mice generated fis' mice at a rate as expected 
from the mendelian frequency (118+/+, 212+/-, 99-/-). 
Surviving homozygotes grew normally, lived longer than 
one year, were fertile and had no obvious Symptoms. 

Example 2 

0094) Glucose Tolerance of L-type Ca' Channel B 
Knockout Mice 

0.095 Intraperitoneal and oral glucose tolerance tests 
were carried out on the L-type Ca" channel (3 knockout 
mice. For the intraperitoneal glucose tolerance tests, 2 g 
D-glucose per kg bodyweight were injected intraperito 
neally. For the oral glucose tolerance tests, mice were given 
1.2 g glucose per kg bodyweight. In both glucose tolerance 
tests, blood samples were collected by tail bleeds. 
0096. There was no significant difference in fasting blood 
glucose levels, however 3 mice demonstrated a more 
efficient glucose homeostasis, exemplified by the more 
effective glucose removal from the blood, compared to wild 
type mice. (See FIG. 2). 

Example 3 

0097. Insulin Release in Isolated B. Subunit Deficient 
Isolated Pancreatic Islets 

0.098 Islets of Langerhans were isolated by collagenase 
digestion and maintained overnight in RPMI 1640 culture 
medium (Flow Laboratories, UK). Single cells, obtained by 
shaking the islets in Ca"-free medium, were seeded into 
plastic dishes. For measurements of insulin release, islets 
were pre-incubated in Krebs-Ringer bicarbonate buffer 
(KRBB) for 30 min at 37° C. Groups of B islets were 
transferred to tubes containing 0.3 ml KRBB with test 
substances and incubated for another ?o min at 37 C. The 
incubation was terminated by cooling the Samples on ice. 
Samples were stored at -20° C. until insulin was analyzed. 
There was no difference in insulin Secretion at basal glucose 
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concentration (3.3 mM glucose), whereas at Stimulatory 
concentrations of the Sugar (16.7 mM glucose) islets from 
fis' mice showed significantly higher insulin release, 
approximately 200%, compared to islets from wild type 

CC. 

0099] To clarify whether the B. subunit directly affects 
the exocytotic machinery, insulin release from electroper 
meabilized islets at basal and elevated Ca"-concentrations 
was investigated. To measure insulin release from perme 
abilized islets, islets were washed in a cold permeabilization 
buffer. Islets were subsequently electropermeabilized in this 
buffer by 6 pulses of a 3 kV/cm electric field. Groups of 3 
permeabilized islets were Selected and transferred to tubes 
with 0.3 ml of a modified permeabilization buffer containing 
2 mM MgATP, 2 mM creatine phosphate, 10 U/ml creatine 
phosphokinase and a free Ca" concentration of either 30 
nM or 10 uM. Islets were incubated for 20 min at 37° C. 
Insulin was measured by radioimmunoassay, using rat insu 
lin as a standard (Novo Nordisk, Denmark). No difference in 
insulin secretion between islets from B.’ and wild type 
mice was observed under any of these conditions. 

0100 Pancreatic islets from wild type and fis' mice 
were transfected with adenovirus vectors encoding either 
GFP without the B subunit or B-CFP. Insulin secretion was 
measured in response to 16.7 mM glucose at 24 h after 
transduction. Transduction by the B-encoding adenoviral 
expression construct back to B. Subunit deficient islets 
changed the pattern of glucose-induced insulin release to 
that observed in wild-type islets. 

0101 Hence, the more efficient glucose homeostasis 
observed in B mice is explained by an increased insulin 
release. There was no difference in glucose metabolism 
between wild type islets and islets from f. mice, as 
indicated from measurements of AND(P)H fluorescence. 

Example 4 

0102 Patch-clamp Measurements 

0.103 Cell-attached single-channel recordings were made 
in B-cells from wild type and B. Subunit knockout mice with 
pipettes containing (in mM): 110 BaCl, 10 TEA-Cl and 5 
HEPES-Ba(OH) (pH 7.4). Currents resulting from voltage 
pulses (from -70 to 0 mV, 200 ms, 0.5 Hz) were filtered at 
1 kHz, digitized at 5 kHz and registered. Whole-cell Cat" 
currents were recorded in B-cells from wild type and B 
Subunit knockout mice by using the perforated-patch variant 
of whole-cell patch-clamp recording technique. Electrodes 
were filled with: 76 mM CSSO, 1 mM MgCl, 10 mM KCl, 
10 mM NaCl, and 5 mM Hepes (pH 7.35), as well as 
amphotericin B (0.24 mg/ml). The cells were bathed in a 
solution containing: 138 mM choline chloride, 10 mM 
tetraethylammonium chloride, 10 mM CaCl2, 5.6 mM KCl, 
1.2 mM MgCl, 5 mM HEPES and 3 mM glucose (pH 7.4). 
Whole-cell currents induced by voltage pulses (from a 
holding potential of -70 mV to Several clamping potentials 
from -60 to 50 mV in 10 mV increments, 100 ms, 0.5 Hz) 
were filtered at 1 kHz and recorded. All recordings were 
made with an AXopatch 200 amplifier (Axon Instruments, 
Foster City, Calif.) at room temperature (about 22 C.). 
Acquisition and analysis of data were done using the Soft 
ware program pCLAMP6 (Axon Instruments, Foster City, 
Calif.). 
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0104. The whole-cell configuration of the patch-clamp 
technique was performed as follows: pipettes were pulled 
from borosilicate glass, coated with Sylgard near the tipS and 
fire-polished. The pipettes (2-5 mS2) were filled with a 
solution containing 150 mM N-methyl-D-glucamine, 125 
mM HCl, 1.2 mM MgCl, 10 mM EGTA, 5 mM HEPES and 
|B mM MgATP. pH was adjusted to 7.15 with KOH. Bath 
buffer contained (in mM) NaCl 138, KCl 5.6, MgCl, 1.2, 
CaCl, 10, HEPES5 and pH 7.4. Islets or isolated cells were 
loaded with 2 uM fura 2/AM for Bo min in KRBB. For 
measurements of CCh (carbamylcholine) effects in Ca"- 
free medium, KRBB containing no Ca" and 100 uM EGTA 
was used. After loading, a single islet or cells attached to a 
coverslip were transferred to an open perfusion chamber and 
maintained at 37 C. Measurements of 340/380 nm fluores 
cence ratio, reflecting Cali, were done as described in the 
art (Zaitsev, S. V. et al. 1995, Proc. Natl. Acad. Sci. USA 
92:9712-9716). Time constant of decay in Cal was cal 
culated with a double exponential decay equation using 
quasi Newton algorithm (Statistica for Windows, V. 5.0, 
StatSoft, Inc., USA). For measurements of Ca", the low 
affinity Ca"-sensitive fluorescent dye X-Rhod-5N (Molecu 
lar Probes) was employed. The K of the dye (350 uM) 
guaranteed that the recorded changes in fluorescence mainly 
reflected changes in Caler. Single f-cells were incubated 
with 5uM X-Rhod-5N/AM for 1 hour at 4°C. to ensure dye 
loading into intracellular compartments. After loading, the 
cells were washed in dye free buffer and further incubated 
for 2 hours at 37 C. to remove the dye from the cytosol. 
X-Rhod-5N was excited at 570 nm and signal was collected 
through a 600 nM long pass emission filter. 

0105 Exocytosis was monitored in single B-cells as 
changes in cell membrane capacitance, using the perforated 
patch whole-cell configuration. Changes in cell capacitance 
were measured at a holding potential of -70 mV and 
detected using Software written in AXobasic (Axon Instru 
ments, Foster City, Calif., USA). During the experiments the 
cells, placed in an experimental chamber with a volume of 
0.4 ml, were continuously Superfused at a rate of 1.5 ml/min 
to maintain the temperature at 33 C. Experiments com 
menced when two Successive depolarizations applied at 2 
min interval elicited exocytotic responses of the same ampli 
tude (W10%) to ascertain that the observed changes were not 
Simply attributed to Spontaneous long-term changes of the 
Secretory capacity. The pipette Solution contained 76 mM 
CSSO, 10 mM NaCl, 10 mM KCl, 1 mM MgCl, and 5 mM 
HEPES (pH 7.35 with CSOH). Electrical contact with the 
cell interior was established by adding 0.24 mg/ml ampho 
tericin B to the pipette Solution. Perforation required a few 
minutes and the Voltage-clamp was considered Satisfactory 
when the Series conductance (G) was constant and 
>35-40 nS. The extracellular medium consisted of 118 mM 
NaCl, 20 mM tetraethylammonium-Cl (TEA-Cl), 5.6 mM 
KCl, 1.2 mM MgCl, 2.6 mM CaCl, 5 mM HEPES (pH 
7.40 using NaOH) and 5 mM D-glucose. Parallel measure 
ments of Ca" were made using fura-2/AM and fluores 
cence imaging lonoptix (Milton, Mass., USA). Calibration 
of the fluorescence ratioS was performed by using the 
standard whole-cell configuration to infuse fura-2 with dif 
ferent mixtures of Ca" and EGTA having a known Cal. 

Sep. 25, 2003 

Example 5 

0106 Molecular Mechanisms Underlying Increased 
Insulin Release in Response to Glucose in L-type Ca" 
channel f Knockouts 
0107 The possible molecular mechanisms underlying the 
more pronounced insulin release in response to glucose in 
fis' mice were investigated. Cell-attached single-channel 
recordings were made to compare biophysical properties of 
the B-cell voltage-gated L-type Ca" channel in f3, mice 
with those in wild type mice. Ba" currents flowing through 
single Ca" channels recorded from a patch attached to a 
B-cell lacking the B subunit did not differ markedly from 
those obtained in a wild type B-cell. Single channel param 
eter analysis shows no Striking difference in mean open time, 
open probability and availability between wild type and 
fis' mice. The data on single channel recordings indicate 
that removal of the B. Subunit does not influence biophysical 
properties of the voltage-gated L-type Ca" channel in the 
B-cell. 
0108. The above results do not exclude the possibility 
that removal of the f subunit alters the number of L-type 
Cat" channels in the plasma membrane. Therefore, perfo 
rated whole-cell recordings of the activity of Voltage-gated 
L-type Cat" channels were performed (Hamill, O. P. et al. 
1981, Pfligers Arch. 391:85-100). There was no significant 
difference in Ca" current density between f3, and wild 
type B-cells. These results show that the B-cell lacking the B 
Subunit expresses a similar number of L-type Ca" channels 
in the plasma membrane as the wild type f-cell. Thus other 
B Subunits can Substitute for the B. Subunit in maintaining 
number and function of L-type Ca" channels in the B-cell 
plasma membrane. Moreover, the more pronounced insulin 
release in response to glucose in B mice cannot be 
explained by an increased L-type Ca" channel activity. 
0109) Changes in Cat") were next evaluated. Subse 
quent to Stimulation with high glucose, there was no differ 
ence in either amplitude or time course of the initial increase 
in Cat"); between B-cells from B and wild type mice. 
The changes in Cai'l Subsequent to the initial increase 
were categorized into three groups: slow oscillations (period 
of approximately 160 seconds), fast oscillations (period of 
approximately 10 Seconds) and no oscillations. In wild type 
mice, 43 recordings (43 islets) were made. Fast oscillations 
were observed in 19% and slow oscillations were observed 
in B% of these islets. The remaining 46% of the islets 
showed no oscillations. In B, mice, 71% of 42 recordings 
showed fast oscillations, 14% showed slow oscillations and 
the remaining 15% exhibited no oscillatory pattern. The total 
increase in Ca"), measured as area under the curve, was 
not different in islets from B.’ and wild type mice. Thus, 
with regard to glucose-induced changes in Ca", the only 
parameter differing between islets obtained from f. and 
control mice was the number of islets exhibiting high 
frequency Ca"); Oscillations. 
0110] In the pancreatic B-cell, Cal oscillations are 
dependent upon a complex interplay between Ca"- and 
K"-conductances of plasma membrane and ER channels 
(Berggren & Larsson 1994, Biochem. Soc. Transact. 22:12 
18; Roe et al. 1993, J Biol. Chem. 268:9953-9956). The 
levels of inositol 1,4,5-trisphosphate (InsP) increase Sub 
Sequent to Stimulation of the phospholipase C (PLC) System, 
resulting in mobilization of Ca" from the ER. Treatment of 
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B-cells with thapSigargin, an inhibitor of the endoplasmic 
reticulum (ER) Cat"-ATPase, is known to transform Ca"; 
oscillations into a monophasic elevation in Cal (Roe et 
al. 1998, J Biol. Chem. 273:10402-10410). Accordingly, 30 
min preincubation of islets from both wild type and B, 
mice with 1 uM thapSigargin prevented glucose-induced 
oscillations in Cal. Blocking the InsP3-receptor with 
2-aminoethoxydiphenylborane (2-APB) transformed Ca2+ 
oscillations from fast into slow in B-cells from B mice. 
Hence, oscillations in Cal in the BB-cell are also 
dependent on Ca" flux through the InsP-sensitive ER Cat" 
StOre. 

0111 That insulin release in response to glucose in islets 
treated with thapSigargin was no different in control and 
f3 mice Suggests a direct link between increased glucose 
induced insulin secretion and the higher frequency in Ca"); 
oscillatory pattern seen in islets from B. mice. To further 
verify this notion, changes in Cal; and insulin exocytosis 
were measured Simultaneously, applying a depolarizing 
pulse protocol mimicking an oscillatory versus a monopha 
sic increase in Cal. 
0112 Simultaneous measurements of Ca", and 
changes in cell capacitance (C), the latter as a measure of 
insulin exocytosis, were made in a Single Voltage-clamped 
B-cell before, during and after a 1 min membrane depolari 
sation from -70 mV to -40 mV. In a series of five experi 
ments, the membrane depolarization to -40 mV increased 
Call from a basal of 116V21 nM to 575W43 nM (P<0.01), 
which decayed to 133W37 nM (P<0.01) upon returning to 
the holding potential of -70 mV. This elevation in Cal, 
while not being sufficient to evoke secretion by itself, 
transiently increased the exocytotic capacity of the B-cells 
and the amplitude of the capacitance increases elicited by 
voltage-clamp depolarizations to 0 mV rose by 71 W 12% 
(P<0.05; n=5) over that seen prior to the 1 min depolariza 
tion to -40 mV. These increases in cell capacitance were 
relatively Small compared to those observed after a Series of 
Voltage-clamp depolarizations, over a period of 1 min, to 0 
mV (100 ms duration; 10 Hz). Under these conditions, 
Call increased from 138W27 nM to 438W47 nM (P<0.01), 
which decayed to 156W39 nM (P<0.01) upon returning to 
the holding potential of -70 mV. Again, this elevation in 
Ca2+ was not associated with a change in cell capacitance, 
but increased the exocytotic capacity of the B-cells by 
309W27% (P<0.005; n=5) over that seen prior to the train of 
depolarizations. The, changes in exocytotic capacity were 
not associated with a change in the integrated Ca" current 
in response to the 500 ms depolarizations to 0 mV. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 8 
<210> SEQ ID NO 1 
&2 11s LENGTH 24.69 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 1 

Sep. 25, 2003 

0113. The role of the InsP-releasable intracellular Ca"- 
pool was investigated in order to elucidate the molecular 
mechanisms underlying the enhanced Ca2+ oscillation 
frequency in BB-cells. The Cat"-pool was depleted either 
by omission of Ca" from outside of the cell or treatment of 
the cell with thapSigargin in the absence of extracellular 
Ca", and the increase in Cal subsequent to the addition 
of 2.5 mM extracellular Ca" was investigated. 
0114 Under these experimental conditions, the increase 
in Cat" is in part reflecting ER Cat" release due to a 
cooperative activation of InSP receptors by Sequential bind 
ing of InsP and Cat". The more pronounced Cal, increase 
observed in islets from 3.5 mice compared to wild type 
mice, irrespective of depletion protocol, reflect the existence 
of more releasable Ca" in the InsP, sensitive pool in B-cells 
lacking the B. Subunit. Application of 2 uM gadolinium did 
not affect this increase in Ca2+. Suggesting that it is not 
accounted for by traditional capacitative Ca" entry (Hoth, 
M. et al. 1993, J Physiol. 465:359-86). 
0115 Carbamylcholine (CCh)-induced activation of PLC 
produced a transient increase in Ca"); in islets from both 
f3, and wild type mice. The peak in Ca"), increase was 
higher and the decline in Cal, following the initial peak 
was faster in islets from Bs' compared to wild type mice. 
To clarify the dependency of this Cal peak on extracel 
lular Ca, the effect of CCh was studied in islets incubated 
in Cat"-free medium. Under these conditions there was no 
significant difference in CCh-induced elevations in Cal. 
0.116) To evaluate a possible difference between B-cells 
obtained from wild type and B mice in handling of ER 
Ca" (Ca"), X-Rhod-5N, a low-affinity fluorescent 
Ca' dye, was used for measurements of Calls. Follow 
ing stimulation with CCh there was a slower depletion of 
Caller in B cells obtained from fa-compared to wild 
type mice. Hence, there is ample experimental Support for 
the notion that the InsP3-releasable intracellular Ca"-pool is 
larger in f3, compared to wild type f-cells. 
0.117) It is known in the art that the B-cell exhibits 
InsP-mediated periodic increases in Cal (Amm?l?, C. et 
al 1991, Nature 353:849-852) and this mechanism is likely 
to be involved in the regulation of the glucose-induced 
oscillatory Cal, responses. The fa subunit is now dem 
onstrated to be associated with the InsP receptor, negatively 
modulating InsP-induced Ca" release. Removal of the B. 
subunit is compatible with the observed larger InsP-releas 
able Ca"-pool and enhanced Cal oscillation frequency. 
This may then constitute the molecular explanation to the 
increased glucose-induced insulin release in the fis' mice. 

ggg.cgcggcg cc.gtocticgc cc.gc.gctic go tocc cccacc caccc.cggac tocc cc atgt 60 

atgacgactic citacgtgccc gg gtttgagg acto ggaggc gg gttcagoc gacticcitaca 120 
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-continued 

tacagag cat gctccattaa gaaccogccc cacct cattg tdatctocaa taaaacacca 2460 

cgcacagtic 2469 

<210> SEQ ID NO 2 
<211& LENGTH 484 
&212> TYPE PRT 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 2 

Met Tyr Asp Asp Ser Tyr Val Pro Gly Phe Glu Asp Ser Glu Ala Gly 
1 5 10 15 

Ser Ala Asp Ser Tyr Thr Ser Arg Pro Ser Lieu. Asp Ser Asp Wal Ser 
2O 25 30 

Leu Glu Glu Asp Arg Glu Ser Ala Arg Arg Glu Val Glu Ser Glin Ala 
35 40 45 

Glin Glin Gln Leu Glu Arg Ala Lys His Lys Pro Val Ala Phe Ala Wal 
50 55 60 

Arg Thr Asn Val Ser Tyr Cys Gly Val Leu Asp Glu Glu Cys Pro Val 
65 70 75 8O 

Glin Ala Ser Gly Val Asn. Phe Glu Ala Lys Asp Phe Lieu. His Ile Lys 
85 90 95 

Glu Lys Tyr Ser Asn Asp Trp Trp Ile Gly Arg Lieu Val Lys Glu Gly 
100 105 110 

Gly Ala Ile Ala Phe Ile Pro Ser Pro Glin Arg Leu Glu Ser Ile Arg 
115 120 125 

Leu Lys Glin Glu Gln Lys Ala Arg Arg Ser Gly Asn Pro Ser Ser Lieu 
130 135 1 4 0 

Gly Asp Ile Gly Phe Arg Arg Ser Pro Pro Pro Ser Lieu Ala Lys Glin 
145 15 O 155 160 

Lys Glin Lys Glin Ala Glu His Val Pro Pro Tyr Asp Val Val Pro Ser 
1.65 170 175 

Met Arg Pro Val Val Leu Val Gly Pro Ser Leu Lys Gly Tyr Glu Val 
18O 185 190 

Thr Asp Met Met Glin Lys Ala Lieu Phe Asp Phe Leu Lys His Arg Phe 
195 200 2O5 

Asp Gly Arg Ile Ser Ile Thr Arg Val Thr Ala Asp Leu Ser Lieu Ala 
210 215 220 

Lys Arg Ser Val Lieu. Asn. Asn Pro Gly Lys Arg Thr Ile Ile Glu Arg 
225 230 235 240 

Ser Ser Ala Arg Ser Ser Ile Ala Glu Val Glin Ser Glu Ile Glu Arg 
245 250 255 

Ile Phe Glu Lieu Ala Lys Ser Lieu Glin Leu Val Val Lieu. Asp Ala Asp 
260 265 27 O 

Thir Ile Asn His Pro Ala Glin Leu Ala Lys Thr Ser Lieu Ala Pro Ile 
275 280 285 

Ile Val Phe Val Lys Val Ser Ser Pro Llys Val Leu Glin Arg Leu Ile 
29 O 295 3OO 

Arg Ser Arg Gly Lys Ser Gln Met Lys His Leu Thr Val Glin Met Met 
305 310 315 320 

Ala Tyr Asp Llys Lieu Val Glin Cys Pro Pro Glu Ser Phe Asp Ala Ile 
325 330 335 
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-continued 

citgggtoc.gc ccagtgcc at coctogactt cagaaccago agctdct gg g g gagc gaggit 260 

gaggag catt caccc.ctgga gcgggacagt ttgatgccct c ggatgaggc cagtgaga.gc 320 

toccgc.cagg cct ggaccgg atcitt cacag cqcagotccc gcc atctgga ggaggacitat 38O 

gcagatgcct accagg acct gtaccago: ct caccgtoaac acaccitcggg gct acco agt 4 40 

gctaacgggc atgacccc.ca agaccggcto ctagoccagg acticggagca toaccacaat 5 OO 

gaccggaact ggcagogtaa ccggccttgg cctaaggaca gctactgacc accitcct gcc 560 

citaccctggc agg cacagac acagoggctg g g g togtocac citcaggcagg ttggagittag 62O 

attggc gtta ggctgcct ct aggttcagct cacacaa.ccc totgcc.ca.gc cctaggtoca 680 

gggctgacitg togtoccaag gttctgggag aag caagggg ccc.ccitcacc toctogg cac 740 

agtgaccc.cg taggttct catcCagg tact agctgttgttctgcatccitt g g caccitt.ccc 800 

citgcataaga agctg.ccc.cg gtgagcaatg atcto aggcc gggat cactt agcaggggto 860 

titccago cag aatggatacc cct citaaa.ca gcaggagggit gtgagtgcag goaatgtagc 920 

atgaggaaga gacatggttc citgag caggc gtaalacc cta agcaaaggaa citc.cgttcac 98O 

gtoactg.ccg cacattagaa atgaa.gcaat cagagcticaa catgg.cggca cittctatocc 20 40 

atcagotggg gtgggc actt acaccitaaga caggagcagt gcaggtgagg caggacagac 2100 

agct catggc tigtagctctg. ittagagaacg gcc citcc to a ccaaaccagg aag cittagca 216 O 

totggcaaga citagggaact ggggcacagt caag.cccaaa gocggcc togg actg.cgggga 2220 

agggggagca gctitccagoc cocco accoc cottgctttc citcattctitt gcc.cttgcgt 228O 

citgtcatttctgttcc titcc citc catgcct cotgcaagat aggggct coc togctcgtag 234. O 

citgccacttg ttaagttagg gttagatgag aggaacagac acaatgaac a gcc.ccagagg 24 OO 

citgtcaccitg gctacccttg cct tatggct citagc gtttg acctacagag catgcto cat 2460 

taagaaccog ccccacctica ttgtcatcto caataaaa.ca taacgcacag toccittgggit 252O 

gtotc 2525 

<210> SEQ ID NO 4 
<211& LENGTH 484 
&212> TYPE PRT 
<213> ORGANISM: Rattus norvegicus 

<400 SEQUENCE: 4 

Met Tyr Asp Asp Ser Tyr Val Pro Gly Phe Glu Asp Ser Glu Ala Gly 
1 5 10 15 

Ser Ala Asp Ser Tyr Thr Ser Arg Pro Ser Lieu. Asp Ser Asp Wal Ser 
2O 25 30 

Leu Glu Glu Asp Arg Glu Ser Ala Arg Arg Glu Val Glu Ser Glin Ala 
35 40 45 

Glin Glin Gln Leu Glu Arg Ala Lys His Lys Pro Val Ala Phe Ala Wal 
50 55 60 

Arg Thr Asn Val Ser Tyr Cys Gly Val Leu Asp Glu Glu Cys Pro Val 
65 70 75 8O 

Glin Gly Ser Gly Val Asn. Phe Glu Ala Lys Asp Phe Lieu. His Ile Lys 
85 90 95 

Glu Lys Tyr Ser Asn Asp Trp Trp Ile Gly Arg Lieu Val Lys Glu Gly 
100 105 110 
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-continued 

Gly Asp Ile Ala Phe Ile Pro Ser Pro Glin Arg Lieu Glu Ser Ile Arg 
115 120 125 

Leu Lys Glin Glu Gln Lys Ala Arg Arg Ser Gly Asn Pro Ser Ser Lieu 
130 135 1 4 0 

Ser Asp Ile Gly Asn Arg Arg Ser Pro Pro Pro Ser Lieu Ala Lys Glin 
145 15 O 155 160 

Lys Glin Lys Glin Ala Glu His Val Pro Pro Tyr Asp Val Val Pro Ser 
1.65 170 175 

Met Arg Pro Val Val Leu Val Gly Pro Ser Leu Lys Gly Tyr Glu Val 
18O 185 190 

Thr Asp Met Met Glin Lys Ala Lieu Phe Asp Phe Leu Lys His Arg Phe 
195 200 2O5 

Asp Gly Arg Ile Ser Ile Thr Arg Val Thr Ala Asp Leu Ser Lieu Ala 
210 215 220 

Lys Arg Ser Val Lieu. Asn. Asn Pro Gly Lys Arg Thr Ile Ile Glu Arg 
225 230 235 240 

Ser Ser Ala Arg Ser Ser Ile Ala Glu Val Glin Ser Glu Ile Glu Arg 
245 250 255 

Ile Phe Glu Lieu Ala Lys Ser Lieu Glin Leu Val Val Lieu. Asp Ala Asp 
260 265 27 O 

Thir Ile Asn His Pro Ala Glin Leu Ala Lys Thr Ser Lieu Ala Pro Ile 
275 280 285 

Ile Val Phe Val Lys Val Ser Ser Pro Llys Val Leu Glin Arg Leu Ile 
29 O 295 3OO 

Arg Ser Arg Gly Lys Ser Gln Met Lys His Leu Thr Val Glin Met Met 
305 310 315 320 

Ala Tyr Asp Llys Lieu Val Glin Cys Pro Pro Glu Ser Phe Asp Wal Ile 
325 330 335 

Leu Asp Glu Asn. Glin Lieu. Asp Asp Ala Cys Glu His Lieu Ala Glu Tyr 
340 345 350 

Leu Glu Val Tyr Trp Arg Ala Thr His His Pro Ala Pro Gly Pro Gly 
355 360 365 

Met Leu Gly Pro Pro Ser Ala Ile Pro Gly Lieu Glin Asn Glin Glin Lieu 
370 375 38O 

Leu Gly Glu Arg Gly Glu Glu. His Ser Pro Leu Glu Arg Asp Ser Lieu 
385 390 395 400 

Met Pro Ser Asp Glu Ala Ser Glu Ser Ser Arg Glin Ala Trp Thr Gly 
405 410 415 

Ser Ser Glin Arg Ser Ser Arg His Leu Glu Glu Asp Tyr Ala Asp Ala 
420 425 430 

Tyr Glin Asp Leu Tyr Glin Pro His Arg Glin His Thr Ser Gly Leu Pro 
435 4 40 4 45 

Ser Ala Asn Gly His Asp Pro Glin Asp Arg Lieu Lleu Ala Glin Asp Ser 
450 455 460 

Glu His Asp His Asn Asp Arg Asn Trp Glin Arg Asn Arg Pro Trp Pro 
465 470 475 480 

Lys Asp Ser Tyr 

<210 SEQ ID NO 5 
&2 11s LENGTH 1717 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 





US 2003/0180712 A1 Sep. 25, 2003 
18 

-continued 

35 40 45 

Glin Gln Leu Glu Arg Ala Lys His Llys Pro Glu Ala Phe Ala Val Arg 
50 55 60 

Thr Asn Val Ser Tyr Cys Gly Val Leu Asp Glu Glu Cys Pro Val Glin 
65 70 75 8O 

Gly Ser Gly Val Asn. Phe Glu Ala Lys Asp Phe Lieu. His Ile Lys Glu 
85 90 95 

Lys Tyr Ser Asn Asp Trp Trp Ile Gly Arg Lieu Val Lys Glu Gly Gly 
100 105 110 

Asp Ile Ala Phe Ile Pro Ser Pro Glin Arg Lieu Glu Ser Tle Arg Lieu 
115 120 125 

Lys Glin Glu Gln Lys Ala Arg Arg Ser Gly Asn. Pro Ser Ser Lieu Ser 
130 135 1 4 0 

Asp Ile Gly Asn Arg Arg Ser Pro Pro Pro Ser Lieu Ala Lys Gln Lys 
145 15 O 155 160 

Gln Lys Glin Ala Glu His Val Pro Pro Tyr Asp Val Val Pro Ser Met 
1.65 170 175 

Arg Pro Val Val Leu Val Gly Pro Ser Leu Lys Gly Tyr Glu Val Thr 
18O 185 190 

Asp Met Met Glin Lys Ala Leu Phe Asp Phe Lieu Lys His Arg Phe Asp 
195 200 2O5 

Gly Arg Ile Ser Ile Thr Arg Val Thr Ala Asp Leu Ser Lieu Ala Lys 
210 215 220 

Arg Ser Val Lieu. Asn. Asn Pro Gly Lys Arg Thr Ile Ile Glu Arg Ser 
225 230 235 240 

Ser Ala Arg Ser Ser Ile Ala Glu Val Glin Ser Glu Ile Glu Arg Ile 
245 250 255 

Phe Glu Lieu Ala Lys Ser Leu Glin Leu Val Val Lieu. Asp Ala Asp Thr 
260 265 27 O 

Ile Asn His Pro Ala Glin Leu Ala Lys Thr Ser Leu Ala Pro Ile Ile 
275 280 285 

Val Phe Val Lys Val Ser Ser Pro Llys Val Leu Glin Arg Leu Ile Arg 
29 O 295 3OO 

Ser Arg Gly Lys Ser Gln Met Lys His Leu Thr Val Gln Met Ala Tyr 
305 310 315 320 

Asp Llys Lieu Val Glin Cys Pro Pro Glu Ser Phe Asp Wal Ile Lieu. Asp 
325 330 335 

Glu Asn Gln Leu Glu Asp Ala Cys Glu Lieu Lieu Ala Glu Tyr Lieu Glu 
340 345 350 

Val Tyr Trp Arg Ala Thr His His Pro Ala Pro Gly Pro Gly Leu Leu 
355 360 365 

Gly Pro Pro Ser Ala Ile Pro Gly Lieu Glin Asn. Glin Glin Leu Lieu Gly 
370 375 38O 

Glu Arg Gly Glu Glu His Ser Pro Leu Glu Arg Asp Ser Lieu Met Pro 
385 390 395 400 

Ser Asp Glu Ala Ser Glu Ser Ser Arg Glin Ala Trp Thr Gly Ser Ser 
405 410 415 

Glin Arg Thr Ser Arg His Leu Glu Glu Asp Tyr Ala Asp Ala Tyr Glin 
420 425 430 

Asp Leu Tyr Glin Pro His Arg Gln His Thr Ser Gly Leu Pro Ser Ala 
435 4 40 4 45 
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-continued 

Asn Gly His Asp Pro Glin Asp Arg Lieu Lieu Ala Glin Asp Ser Glu His 
450 455 460 

Asn His Ser Asp Arg Asn Trp Glin Arg Asn Arg Pro Trp Pro Lys Asp 
465 470 475 

Ser Tyr 

<210 SEQ ID NO 7 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 7 

agcacaaacc totggcattt g 

<210 SEQ ID NO 8 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial sequence 
&220s FEATURE 

<223> OTHER INFORMATION: PCR primer 

<400 SEQUENCE: 8 

toggttgcca atgtcaccca g 

We claim: 
1. A recombinant host cell, wherein the host cell has been 

transfected with a recombinant expression vector compris 
ing nucleic acid control Sequences operatively linked to an 
L-type Ca" channel f, gene, wherein the host cell does not 
possess functional fis subunit-containing L-type Ca" chan 
nels. 

2. The recombinant host cell of claim 1 wherein the host 
cell is a mammalian cell. 

3. A method for identifying inhibitors of the L-type Cat" 
channel fa protein, comprising: 

a) providing the recombinant host cells of claim 1, 
b) contacting the recombinant host cells with a calcium 

indicator that emits detectable Signals in the presence of 
calcium; 

c) treating the host cells with one or more test compounds, 
wherein the treating occurs before, Simultaneous with, 
or after the contacting of the host cells with the calcium 
indicator; 

d) Stimulating the recombinant host cells with an amount 
of ATP that is effective to increase intracellular calcium 
concentration in control cells, and 

e) detecting Signals from the calcium indicator in the 
recombinant host cells, wherein a test compound-in 
duced increase in the Signals from the calcium indicator 
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in the recombinant host cells indicates that the test 
compound is an inhibitor of the L-type Ca" channel B. 
protein. 

4. The method of claim 3, wherein the method is used to 
identify compounds for use in treating one or more disorders 
Selected from the group consisting of diabetes, insulin 
resistance, impaired insulin Secretion, and impaired glucose 
homeostasis 

5. The method of claim 3 wherein the recombinant host 
cells are mammalian cells 

6. A method for treating a Subject with one or more 
disorderS Selected from the group consisting of diabetes, 
insulin resistance, impaired insulin Secretion, and impaired 
glucose homeostasis, comprising administering to the Sub 
ject one or more inhibitors of an L-type Ca" channel fa 
subunit to provide a benefit to the subject. 

7. The method of claim 6 wherein the one or more 
inhibitors of the L-type Ca" channel B. subunit is identified 
according to the method of claim 3. 

8. The method of claim 7 wherein the one or more 
inhibitors of the L-type Cat" channel B. subunit comprises 
a compound Selected from the group consisting of an 
antibody specific for the L-type Ca" channel 3s Subunit; an 
antisense oligonucleotide directed against the L-type Ca" 
channel B. Subunit gene; and a Small interfering RNA 
directed against the L-type Ca" channel 3. Subunit gene. 
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