NOVEL PEPTI DES AND PROTEI N AND USES THERECF Fiel d of the Invention

[ 0001] The invention relates generally to the field of voltage gated
cal ciurn channels. Specifically, the present invention relates to
nodul at ors of voltage gated cal cium channel s including a gene and the
amno-acid it encodes. Mre specifically, the invention relates the
use of the sequences, including nmutations and alleles thereof, in the

di agnosi s of pr eNOVELSPEPTIDES AND RROTEIN ANDMSES THEREQF gat ed

cal cium channel s. The 1 nvention also relates to the therapy of

di sorders. re teF to vol tage gated cal ci um channel s includi ng gene
t her apy; & VRO nent therapy and protein ninetics. The
invention further relates to the screening of drugs for disorders
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rates of voltage activation and deactivation. Anong the 13-subunit

encodi BagjareundpArh t ype Cav2.1 and N-type Cav2.2 are the main
channel subtypes on the presynaptic site and thus support
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rates for activation and inactivation. T-type channels need only small depolarizations

fo be activated (low-voltage activated, LVA), while the other types require larger
depolarizations (high-voltage activated, HVA).

[0003] Voltage-gated calcium channels are made up of subunits a4, £ a2, 8. Of
these the o4 subunit is the ion pore forming subunit to which the other subunits are
auxiliary. g-subunits play an important role in-the Ca?* channel trafficking to the cell
surface and modulate its biophysical properties. £-subunits have been found to affect
all aspects of pore function including rates of voltage activation and deactivation.
Among th_e B-subunit encoding genes, P/Q-type Ca,2.1 and N-type Ca,2.2 are the
main channel subtypes on the presynaptic site and thus support neurotransmitter
release. Four isoforms of the cytoplasmic #-subunit with a number of splice variants-
have been identified (81, £2, 83 and f4). These isoforms show different tissue



such as cal ci um dependant neurotransmitter rel ease, hornone
secretion, nuscle contraction and gene expr ession. Mre specifically,
it is docunented that abnornal |evels Q intracel lular calciumcreate
an i nbal ance in cal cium honeostasis in“a variety of cells, tissues
and .organs | eading to many di sorders. Cardjac and neural tissues are
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and in the treatment of certain vascular disorders. However, there are reports that
therapeutic use of many calcium channel blockers is associated with potentially life-
threatening éide~effects. These include hypotension, constipation, decrease in insulin

secretion leading to diabetes and heart block.

[0007] Other calcium cannel blockers under development for use in disorders of
the central nervous system and as analgesics include toxins that have been isolated
from marine snails, scorpions, funnel web and tarantula spiders. The side effects and -

efficacy of such compounds are as yet unknown.




[ 0010] Dos or downstream of Stkll kinase is a protein named by the
position of its encoding gene in the chronmosone 10. Only the
C-termnal part of the protein was desgribed and no function was
establ i shed. Sequences anal ysis of nousSe, rat and human EST cl ones
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calcium channels.

[0016] Dos or downstream of Stk11 kinase is a protein named by the position of its

‘ encoding gene in the chromosome 10. Only the C-terminal part of the protein was
described and no function was established. Sequences analysis of mouse, rat and
human EST clones together with classical library screening revealed a transcript of
3kb encoding for a protein of 698 amino acids. No functional or structural region was
identified. | |

[0011]  The present invention seeks to provide novel modulators of vo[fage géted
calcium c_hanneis for use in treating disorders related to voltage gated calcium

channels.
General

[0012] Those skilled in the art will appfeciate that the invention described herein is
susceptible to variations and modifications other than those specifically described.
The invention includes all such variation and modifications. The invention also
includes all of the steps, ’features, formulations and cpmpounds referred to or
indicated in the specification, individually or collectively and any and all combinations

or any two or more of the steps or features.

[0013] Each document, reference, patent application or patent cited in this text is
expressly incorporated herein in their entirety by reference, which means that it
should be read and considered by the reader as part of this text. That the document,




4 reference, patent application or patent cited in this text is not
repeated in this text is nmerely for -reasons of conci seness. [0014] Any
manuf acturer's instructions, descriptigns, product specifications,
and product sheets for any products nentioned herein or in any
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definitions for selected ternms used herein may be found within the

detail ed description of the invention and apply throughout. Unless:
ot her wil@@1Het i ﬁgmughout this specification, unless the context requires otherwise, the .

word "comprise” or variqations.such as "comprises" or "comprising”, will be understood
to imply the inclusion of a stated integer or group of integers bl:lt not the exclusion of
any other integer or group of integers. It is also noted that in this disclosure and
particularly in the claims and/or paragraphs, terms such as “comprises”, “comprised”,
“comprising” and the like can have the meaning attributed to it in U.S. Pa’gent law;
e.g., they can mean ‘includes”, “included”, “including’, and the like; and that terms
such as “consisting essentially of' and “consists essentially of' have the meaning
ascribed to them in U.S. Patent law, e.g., they allow for elements nof explicitly recited,
but exclude elefnents that are found in the prior art or that affect .a basic or novel

characteristic of the invention.

[0018]  Other definitions for selected terms used herein may be found within the
detailed description of the invention and apply throughout. Unless otherwise defined,
ail other scientific and technical terms used herein have the same meaning as

commonly understood to one of ordinary skill in the art to which the invention be[o'ngs.



all other scientific and technical terns used herein have the sane
meani ng as commonly understood to one of ordinary skill in the art to
whi ch the invention belongs. Summary gf the Invention [0019] W have
identified a novel glycoprotein, referfed to herein as Voltage gated

cal ci unéchannel t a- subunit anchoring regul ator protein (VDCC BARP).
Ve have#ﬁﬁﬂ%%@giéﬁg—i'&ﬂet n and human nucl ei ¢ aci d sequences
encodi ng VDCC BARP. W have also identified a w de spectrum of
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interact with VDCC BARP. have shown that the introduction o
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cal ci unpehtadveedis@sdantiiied-a Wi e di Betatstihhiter sfstintypes v bltaje gated
provi des a pol ynucl eoti de encodi ng a VDCC BARP nodul at or of voltage

gated celevinm @eanela Shat iaterasto MiueVPhér SARPE 0Be hawe shovenithat the
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pol ynucl €0 es conpri Sing e nucl eo € Sequence set out 1

No. 1, KER@ fdardothat blockR VDOW .BARPoexmessiagneantictlady dof certain domains
results in effective calcium channel activity or partial calcium channel aCtivity.

[0020]  Accordingly the present invention provides a polynucleotide encoding a
VDCC BARP modulator of voltage gated calcium channels or a homologue thereof.

[0021] The present invention also provides a polynucleotide selected from:

(a) polynucleotides comprising the nuc!éotide sequence set out in SEQ ID No. 1,
SEQ ID No. 3 or SEQ ID No. 5, or a fragment thereof;

(b) ~polynucieotides comprising a nucleotide sequence capable of hybridising
selectively to the nucleotide sequence set out in SEQ D No. 1, SEQ ID No. 3
or SEQ ID No. 5, or a fragment thereof.

(c) polynucleotides comprising a polynucleotide sequence which is degenerate

as a result of the genetic code o the polynucleotides defined in (a), or (b).

(d)  polynucleotides complementary to the polynucleotides of (a) or (b);

[0022] The present invention also provides a polypeptide which comprises the
sequence set out in SEQ ID Nos. 2, 4 or 6 or a polypeptide substantially homologous
thereto, or a fragment of the polypeptide of SEQ ID Nos. 2 or 4. Also provided is a
polynucleotide encoding a . VDCC BARP polypeptide or a homologue or fragment

thereof.

| [0023] The present invention also provides a vector comprising a polynucleotide of

the invention, for example an expression vector comprising a polynucleotide of the




(b) polynucl eoti des conprising a nucl eoti de sequence capabl e of
hybri di sing selectively to the nucl eoti de sequence set out in SEQ ID
No. 1, SEQID No. 3 or SEQID No. 5, ot a fragnent thereof. (c)
pol'ynucl eoti des conprising a pol ynucl edti de sequence which is

degenerate as a resylt of the netic code to th ol ynucl eot i des |,
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pol ynu ' i [ | [ 0022] The present invention al so

provi dgésé?gtpgg/ﬁ%%%%@%len ahhlogﬁb%%npri ses the sequence set out in SEQID

Nos. 2, 4 or 6 or a polypeptide substantially honol ogous thereto, or :
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host cell. [0024] The Present i nvention further provides nethods of |

pr epar ig&ea preferably at least 15 or 20; and _methods of preparing a polypeptide comprising
polymerizing amino acids to yield a sequence comprising at least 5 amino acids,

- .preferably at least 8 or 10, encoded within the VDCC BARP gene.

[0025] The present invention also provides a means to prepare isolated
antibodies, which specifically bind to a polypeptide comprised of at least 5 amino acid
residues encoded by the VDCC BARP gene. Thus, in another aspect, the present
invention provides an antibody capable of binding specifically a polypeptide of the

invention.

[0026] The present invention further provides a method for detecting the presence
or absence of a polynucleotide of the invention in a biological sa'mple containing

nucleic acid which method comprises:

(a)  bringing the biological sample into contact with a polynucleotide probe or
primer comprising a polynucleotide of the invention under suitable hybridising

conditions; and

(b)  detecting any duplex formed between the probe or primer and nucleic acid in

the sample;

-[0027]  The present invention also provides a method of detecting a polypeptide of

the invention present in biological samples which comprises:
(a) providing an antibody of the invention;

(b) incubating a biological sample with said antibody under conditions which

allow for the formation of an antibody-antigen complex; and

(c)  determining whether an antibody-antigen complex comprising said antibody is

formed.




pol ynucl eoti de of the invention conprising polynerising VDCC BARP

nucl eotides to yield a sequence conprised of at |east 8 consecutive
nucl eoti des of the VDCC BARP gene, preferably at |least 15 or 20; and
nmet hods of preparing a pol ypeptide coﬁérising pol ymeri zi ng am no

acids to yield a sequence conprising at |east 5 am no acids,
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[ 0027] The present invention also provides a nethod of detecting a

pol ypepnethedsimanbe iusedin acnethodsd moduylaling ralgileacharngl iaetvitihi ch
conprises: (a) providing an antibody of the invention;

[0030] In a particular embodiment, there is provided a method for screening the
VDCC BARP gene to identify mutations such as those that cause haploinsufficiency.
To detect haploinsufficient VDCC BARP gene mutations, a biological sample is
preferably prepared and analysed for a difference between the sequence of the
VBCC BARP‘gehe being analysed and the sequehce of the wild-type VDCC BARP
gene. Mutant VDCC BARP genes can be identified by any of the techniques
described herein. The mutant alleles can then be sequenced fo identify the specific

mutation of the particular mutant allele.

[0031] Aiternatively, mutant VDCC BARP genes can be identified by detectirig
mutant (altered) VDCC BARP proteins, usihg conventional techniques. The mutant
genes are then sequenced to identify the specific mutation for each gene. The
mutations, especially those that lead to an aftered function of the VDCC BARP

protein, may then be used for the diagnostic and prognostic methods of the present )

invention.

[0032] The present invention also provides kits for screening patients that might be
susceptible to disorders related to voltage gated éalcium channelé, which ailments are
linked to mutations in one or both VDCC BARP alleles, for example a mutation
resulting in haploinsufficiency of the VDCC BARP gene, which kits comprise at least a
poiyhucleotide complementary to the portion of the VDCC BARP gene packaged in a
suitabie container, and instructions for its use to identify the VDCC BARP, which
instructions also include a sequence listing of the complete or a substantially
complete VDCC BARP gene sequence that is capably of encoding a functional VDCC




(b) incubating a biological sanple with said anti body under

condi tions which allow for the formation of an antibody-antigen

conpl ex; and (c) determ ning whet her an ant i body-anti gen conpl ex
conprising said antibody is forned. 78[ 0028] The present invention
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[0034] In addition, the preseht invention provides methods of screening drugs for
VDCC BARP gene therapy to identify suitable drugs for restoring or blocking VDCC
BARP gene product function.

[0035] The present invention also provides the means nécessary for prodUction of
gene-based therapies directed at VDCC BARP genes in cells. These therapeutic
agents may take the form of polynucleotides comprising all or a portion of the VDCC
BARP gene placed in appropriate vectors or delivered to target cells in more direct-
ways such that the function of the VDCC BARP gene protein is reconstituted or
blocked. Therapeutic agents may afso take the form of polypeptides based on either a
portion of, or the entire protein sequence of  VDCC BARP gene. These may
functionally replace the activity of VDCC BARP gene in vivo.

[06036] In a further aspect, the present invention provides a method of modulating a
voltage gated calcium channel comprising the step of varying the concentration of
VDCC BARP polypeptidé of varying the concentration of peptide fragments of VDCC
BARP polypeptide. '

[0037] In a further aspect, the present invention provides a composition for
modulating a voltage gated calcium channel coniprising a VDCC BARP polypeptides,
VDCC BARP mutants or VDCC BARP peptide fragments.




[ 0031] Alternatively, nutant VDCC BARP genes can be identified by
detecting nutant (altered) VDCC BARP proteins, using conventional
techni ques. The nutant genes are then sequenced to identify the
specific mutation for each gene. The Mt at i ons, especially thcise

that |lead to an altered function of the VDCC BARP protein, may then
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resul ti n8 in hagl oi nsufficiency of the VDCC BARP gene, which Kkits -
conpr i 480391 | edbe invesdioprhiag 2 wide spe@msn ateiselH Rrpicatipnspiia VBG G PARP
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i ncl ineheraspeqtlermm |dratyi Bg'eehirighmeﬁbmhsk eiest:oibgfl lsei]tcm'o dot iamlwigde range of
te VDCC BARP that i i
Cont | GRarRSDCEIRpe B RRoRs APHdIMER SetiihAadnerYRCGH B e sqauenges
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t hat t ey proteing il oiteedpedied di sorders related to voltage gated
cal ci um channel s which ailnents are |inked to hapl oi nsufflciency of

t he VD%. %ﬁgsgenﬁi ggi!ﬁh d(: W ﬁgrrpri se at |east ,a polynucleotide
conpl e t he VDCC BARP gene packaged in a
suitabl e container, and instructions for its use to identify the VDCC

BARP, \b040] i nBiguretd Gharatiteristicoof BddRR sequence |isting of the
conplete or a substantially conpl ete VDCC BARP gene sequence that is

bl i fupctional V | tide se i
pat | ontA( RATCHEaBHd SunPRonalgiamaits: Sl LTS AL PP RO Snd cataa TR N
addi t 'Dggcgggguaheﬁ@tvj, NYSrhOMbRIrRY kélasn r(ﬁbﬁ@%ed)o‘:?eéﬁérﬂeéh@w-ﬁﬂméﬂng

for VI gene therapéto identify suitable drugs for restoring
fF

or bl oslomajnVBng IbarPdgRistedifightigreyraastionsh Arpiogcasai&éew@mof domain |
Fnvention fliR BEAULIFRINKY MEARSH ESREMESidr (in REMRPShAES) A shown.

B, Northern blot of BARP from a range of mouse and human tissues. '

C, Westem blot of endogenous'BARP using rabbit (72) or mouse monoclonal (12B1
and 8B2) antibodies raised against different regions of the protein. ’

D<, Comparison between an in vifro synthesized (oddvlanes) and an overexpressed

BARP (even lanes) in the various cell lines.

E, BARP is N~glycosyfated at position 25. COS-1 cells expressing wild type or BARP
mutated at the glycosylation site (amino acid 25) were  treated by tunicamycin
(10pg/ml) for 24h. This treatment produced a reduction in the wild type, but not of the

mutant.

F, Cell surface detection of N-myc BARP. COS-1 -cells either intact {cell surface
labeling) or permeablized (cell expression} were stained with a Myc antibody. Only

the N-terminal of BARP was detected at the cell surface.




gene-based therapies directed at VDCC E3ARP genes in cells. These

t herapeutic agents may take the form of polynucl eotides conpri sing

all or a portion of the VDCC BARP gene placed in appropriate vectors
or delivered to target cells in nore df ect ways such that the
function of the VDCC BARP gene protein is reconstituted or bl ocked.
Ther ape@t BARR)émexpiesped|in corteke hippecampus dnd il Fpddnjedzalisiagiie aimows).

ei t her ortion of , or the entijre Pr LN uence of RP

Gene. HEbY Seegbas MeBomtaTer i Sae BAEPad 2Rl TPRGrRyabe TRV Gl the
I N Vi VQRoddHaBBLitleapnfdikéher aspect, the present invention provides a
met hod of nodul ating a voltage gated cal ci um channel conpri.sing the

step of varﬁg{]g t he concentrati on _of VDCC BARP pol ypepti de or var¥i_ng
the corfdeBARR iSopxmiessrshin peumngg Emary sellyiam BgocanRHseyere o-stained

[0037] 1 f t r(%ﬁ_qq{o i t r N TRGAE
conposivgltrg% c?&gﬁrrét!cgu at’i n%r %B\ﬁ%lpt age dartn%}g&ga ng%&%%)xhgﬁne ﬁcgpr%??cg??\éa
? VDCC %B).BA[[t%rgﬁﬁt{é@paeu@@m&@&%tfainednmys toe rebaC (BARANdeptoude (12B1)
ragment s. 38] Anot her aspect of the |nvention provide SyS ]
or K1t HARPRiosen £ WOt DRL 1 2yadfbadies. IahHh snepaly oS hrdyedtd The
conpri : SHOReS i S ‘Mp{g@[ : PR {
pepti dzéx?’ga%ﬁnent o?’ %&%W%n?{dgﬁédmg' gel i ver%éggrgﬁﬁé{[ 003%%@%288&3 well
i nventi{dh has a wi de spectrum of useful applications The VDCC BARP
gene sequences and proteins described herein may be used in

di agnost LG/ 0gnost i .he b eni ng

Geaor | DuRAeR: BOMARLY facaliphl TPEH: seP0Rdth b e Bl fifrates to the
pri mer yrowdedond aftbe PAICGBoRINtiatos. Yadifferatimitet and 0SGE-ditsrentiatedPOE2
used to identify honpl ogous VDCC BARP gene sequences and proteips in

ot her $gdeiwere pprdpinedswithpsynaptetadie. Br ARt present in the Ca™ sensor
vesicles, and BARP 72 antibodies.

[0041] Figure 2 Association of g-subunits and BARP.

A, Co-immunoprecipitation betweeﬁ ‘B-subunits and BARP. COS-1 cells were
transfected with BARP and Flag-tagged B-subunits or Elég—tagged—ﬁ-gaiéctosidase
cDNAs. Flag-proteins were immunoprecipitated and associated BARP detected by
Western blot using a BARP antibody (a). Inverse immunoprecipitation. BARP was
immunoprecipitated and Flag-8 subun'its detected by Western blot (b). Cellular
expression level of BARP and Flag-tagged proteins (¢ and d). |

B, BARP anchors p-subunits fo the plasma membrane. PC12 cells were transfected
with either Flag-g-subunits alone or together with BARP cDNAs. Cells were
processed for immunofluorescence microscopy using Flag and BARP antibody o
label g-subunits and BARP, respectively. Areas of colocalisation are in in the merged
image.

C, C (a) BARP g-interacting domain | iné;ludes an AlD-like region. Comparison of the
amino acid residues between BARP domain | and the AID region of a4-subunit is
shown. Note the reverse orientation of domain | of BARP. The a-helix area and
residues crucial for -subunits binding are highlighted. C (b) 3-Dimensional Modelling
of BARP domain | or AID region with the grove of the S-subunits is depicted. Results




[ 0040] Figure 1 Characteristics of BARP A, Structural and functional
domai ns of .BARP are represented indicating the Nglycosylation site
(Y), transnenbrane region (dark grey section) and fl-interacting
domain | and Il are depicted (light gﬁéy sections). Am no acids
sequences of domain | and Il with residues involved in subunits

i nter ao:mmm acu:!s gmbstummaslem the g8-stibwnits g@veNor irh ey AlDdikeodoBaRp! of

froma e se and rrantlss ern.bl ot
endogenéfg@g GHEHW V? ')affOB'?P%l?sse'r‘%‘%%%‘i& dﬂhlth? ﬁﬁelaﬁ:d(QB%a"S
anti bodj&e Feinapdicresd Wth SDNA ¢ht OFUAM SoroGSThBARP tRinfain Pand Flag-
Conpari son between an _in vitro synthesized (odd | anes) and an

over ex pﬁ@ﬁs@dbm@ GV eproteine shaf were sovpiecpiiatask pnd| assesiated Cafrpvas

e SRR B Welleg DR LSRR £ i I T S PSR b S
by t unilgwnsti GSTIREDAAE) GEBTLBRARP. wabi disd detdatedt(bparati ¢y.eC (ai)r[wtuah bof
inthe wild type, but not of the mutant. F, Cell surface detecti

of N me\ImRmter@@@ wige| als Zisofrms. nlr&i@fad( o3-BuBIS, MEeTEa SRISORI G rand
per ”Eaﬁée&\fe%ww%rﬁé@m oGt 8t i Caggu}élgﬁ/e'\é/e@t@e&' body o y

the NFtérmna urf BARP
I S expressed in cortex, hippocanpus and in Purkinje cells (mhlte
arrows)D, Br (aé)nTIaecmmmms aoir eeqmeaiamedf \Rarhainhl iIAEF\RHBanthbﬁl)(ﬁ-@mCﬁﬂQ

ti bod d the Ho h k
our ondloTBI i yreRE RN ol 1 pBBUR G e Fesilion  valAR SGRE heiglounts
neuronaéssg,é(gpg,), é?é tﬁdﬁ:btéﬁ ¢ (i )sH’ﬁfﬂ@rDaﬂﬁ @B%rgﬁﬁl?atmbtudlis identify

antibodies (a and b). Alternafively, neurons were stained
rabbi t residyesrio Romea (llmWeBNRPBﬂlhubﬁﬁllké@dl(l@) or ipi(e) shaws7the isoform

ant i bodj incipally the body and the axon_ of neurons,
whi | e ff%%fg?’%gﬂggt"?ﬂ a punctuated nmanner the dendrites as well (d).
E, Protein complexes are immnoprecipitated from Flag-ca,f3 (a) or BARP (b) and

associated BARP and Ca,8; revealed by Western blot. The overexpression of these

proteins is shown (¢ and d).

F, immunofluorescence microscopy in PC12 cells using Flag and BARP antibody to
label g-subunits and BARP, respectively is depicted. Areas of co-localisation are
shown in the merged image. BARP defective in Domain | and !l did not relocalized
Ca,B;-subunits to the plasma membrane (b-b").

[0042] Figure 3 Association of endogenous or overexpressed BARP with Ca,B-
and Ca,1.2-subunits.

A, COS-1 cells were co-transfected with cDNAs for BARP,.Flangavﬁg—_ and Ca,1.2-
subunits. Cay8s-(a and b), Ca,1.2-subunits (¢ and d) and BARP (e and f) were
immunopreciptitated and associated Caz+ channel subunits and BARP revealed by

- western blot using specific antibodies. Protein expression levels are shown in (g) to (i)
for Ca,1.2- (@), Flag-Ca,03- (h) subunits and BARP (i).

B, Endogenous Ca,33-subunits associate with endogenous or overexpressed BARP.
Endogenous Ca,@;-subunits (a) and endogenous (lane 1) or overexpressed (lanes 3-
6) BARP (b) were immunopreciptitated from PC12 cells or brain lysate and associated -




|, BARP is mainly localized in Ca2+-dependent secretory vesicles and
mgrates to the growh cone after PCl2 differentiation.

Undi fferentiated and NG-differentiated PC12 cells were co-stained

Wi th synaptotagmn, a protein present 12n the Ca2+ sensor vesi cl es,

and BARP 72 antibodi es. [0041] Figure 2 Association of '3-subunits and
BARP. (Qa,Sesubaniis apd SARP renaated by westarry/ [dok fvotein sxpredsibakevel COBARP

EFL'gi:t‘*g%é G StbBRrelshére sheh QAR LR ol inthbioflecipraton

| nmrunopy; g:aﬁme@@ﬂea%mpaér@a ﬁe%%ﬂéﬁte@sedculaﬂow\g%hergam Y. Asterisk

a BARP | bo I nver se i nmunopreci pitation
|mmnopm@cﬁhstthe@andrfdr lBGabed gy chaiini t s detected by Western blot (b).
Cel lul ar expression | evel of BARP and Fl ag-tagged proteins (c and d).

B, BARR hor 9- i e
r anef Gt SO0 WrRCe RRENe S ARk e Rk P XS BRI ARE a2 P Bl R il
CDNAs. #p!1sinneratn ﬂéﬁi@&ﬁe&tbufsczrubtyﬁem@ﬁ ﬁygﬂmmenmerermnmﬁemmmatemgand
Fl ag and BARP anti body to | abel fl-subunits and BARP, respectively.

Areas GESeeRiRshpndeaarionsHARY sletocteRdymeiem blrbge.: C C (a) BARP
)3-interacting domain | includes an AlD-Ilike region. Conparison of

t he an 064 ﬂc' dg{%ﬁb%%{ee ﬁ%ﬁbrﬁéfﬁmmbwn re§iidtdd€artimh rcﬁghﬁél Rhivity

sub nit reverse orientation of domain
BARP. W]thcmt hffectingacleanreisi celbsiarssexprassiah. f or / 3-subunits b| nd| ng
are highlighted. C (b) 3-Dinensional Mdelling of BARP domain I or

Al D - subynj

of am Ab Gel cureBee R EbraRof AArdRlichs iR, PR B SPMYEBHER in te

Al D-1'i kgeskigel Br Iabeten&é\%? @é\%\lﬁlﬁﬁurﬂt@el[ﬁtab?%@ﬂgtdx\beem@@@ﬂ j20BARP and
indicated on the nodel. C (c) Cells were co-transfected wt

h cDNAs
for GSCaPBURUNESMEBRRPMUTRsained ail HARThYyeanibedias: Sav 1% AID (X)is a

dot oot Shee o knt R PORIGHE (ke RARGIISR Sillahticitishiin domain

pr gt ein QKDHESBAREP (le.melc])crOBAa?T{léfFiD_hndu%Ts Emaﬁeﬁ?flneral m]?ddmaectl eemc( i,
and c Donain | o LN cts, wth a 1 -1soforns

I ndeezj fe%e%k‘fslyrm@ Rﬁé’?‘@aa'&gzgcf%({\g@i ?r% ISy SOSRPRBHFING WheOls JPRIAR nEA-
af ter %%“1 QR 8f l’ﬁl%}?t ﬂ%ﬁﬁél’iano Rbd €88 p-suBunks (v@éreThﬁnél%é'iQméﬁ'\ﬂlth

sequence o "Domal n er / 3- | nteracting domain is
r epr esemtibddietite M(gmmﬂlams! Wgs (d@sCant @ Al (X ahd BARKR idip) are mutants
associ atlon are ndic @ g in.lighter shading. D (b) Co-precipitation

st udi eSEfRRNEiIN-FvE] Bindi®bman 11 involved in fl-subunits binding
or D (c) shows the isoformspecific association. E, Protein

conpl 9@3 ARP&?EEI%E&@%B' C%t(?ﬂsfxﬁﬁ‘m Ft - %VW@ (Iﬂ) w% &Ppﬁ@sééﬁ CaB3-

associ ate Cavi 93 reveal ed by Western
over exmubslsnts)rwerfe phiteskedpwot esimg & e&m fyelomnnraﬂem an:q the ‘complex then

;mz;'@c“@o@ R BRI iMErsaiog Artoula AR of AR DdmeyF o2hligf T Caues

Areas o, bﬁﬂﬂd%gﬂéééoeﬁbrw}ge@sﬂmwwa@n{d?ﬁofw 6% W éd1BBELI0BARP

defective In mai n did not relocali zed Cawd3-subunits to

t he plasma nmenbrane (b-b"). '
C, BARP down regulates Ca®*-channel activity in BHK cells expressing Ca,2.1 (a)

and (b) or Ca,2.2 (¢) and (d) together with Ca,B1A and Ca,x28. Effects of wt or
mutated BARP on the I-V relationship of Ca**-channels are shown. Coﬁtrol versus
BARP wt or Domain |l mutated (p<0.01); control versus BARP Domain | mutated

(p<0.05)




[0042] Figure 3 Association of endogenous or overexpressed BARP with
Ca, - and Cavl. 2-subunits. A, COS-1 cells were co-transfected with
cDNAs for BARP, Flag-Cavig3- and Cavl. 2- subunits. Cav)93-(a and b),
Cavl. 2-subunits (c and d) and BARP (e1§nd 0O were i mmunopreciptitated
and associ ated Ca2+ channel subunits and BARP revegled by western

bl ot udi00¢4kpefigure JBARR dows-reputtes sndagenaus Ga”'teharine! actvihiovinC12
in(g) to &mgSfol Cavl. 2- (g), Flag-Cav03- (h) subunits and BARP (i).
B, Enddﬂg% E&VF'n- subunits associate with endogenous or

over expressed BARP. Endogenous Cav|[33-subunits (a) and endogenous

(lane 1)-V0r!étalttbﬁéﬁi¥)§rcﬁ%&ﬂ@géh@@@&ag‘t-cﬁénm PN 2warand b) and MING (d) cells
i munopreciptitated from PCl2 cells or brain |lysate and associ at ed

_ it. d + i ,
12 Ul TR gt R IEP df e FEBRAIH regreton

and (d).. centrol., 4 NMUNopreci pi .0 G did. n

aare ol 12 ERD R GoleoReRr BoFancteb@hanth BonAs ror Al3h drB¥RhBlinene
the band for 1gG heavy chain. C,  Shows that endogenous BARP weak]ly
associ AhEHDuand aither 3-alastasidase: &P 10aNarRYrERIAgim | Henh o AIRP, hGH
Various subtypes of flu-subunits were inmunoprecipitated and

associ atcethoapdsepesinrs irBARPotsedot igh S stistlation fitom cell® @o3pirgssivg HGH
Over expressi on of BARP down regul ates Cal ci um channel activity

Wi T hoularif BRI W28 @ESENAS laScarttdl ($00%3C¢aIasE RRSNCA SEM, n<BlY ifdepatient
expressi on of HA-epitope tagged Cavl.2 and N-Myc BARP in the presence

B L Y e
(b s (@b BT Bt R 1o SRR Wetoans eMeiBoi b PR % ion

(LFFL), mutants a deficient in domain | and I, ) )
F especidliaass (4B crpsiions2td=4 o Repesentatiyedianasal a dyrigal gxperiment
nutated HACa, 1 .2, wt or nutat edWIE&C-BARP and the Cap-subunits were
i munograishewnMINGnells bieaistascted with q gPNATPr &l sgived @ed codeply 1. 2
AlD (X) and BARP (db) are nutants defective in Cap-subunit binding.
B, BARP di spl aces the Cavp3-subunit fromthe AID. In vivo expressed
Cav| 33-[0684%uni Figurer @ Gaipadsdowi owiusg, #alGaNdAhDMEDS bequgassewhetndhe
the conpl ex then incybated with increasing, amounts Al D or -
bormai n GvyatE sten et R SRR, PaRlNT b oyDerdf arg B
nonitored by Western bl ot.

Detailed Disclosure

[0046] Here we-report thencharacterizatioh of a novel glycoprotein (VDCC BARP)
that. is enriched in synapses with a specific expression in neurons and
neuroendocrine cells. This single transmembrane protein interacts by two domains (I
and 1) directly with the g-subunit, leading to the Ca®" channel down regulation. The
reduced channel activities are due to the domain I, which compete for the o/f-subunit
binding,bwhile the domain |l participates to membrane localization of the BARP/o/g
complexes. The Ca?* channel inactivation may not be due to the reduction of channel
expression at the cell surface, but rather involved a membrane-delimited inhibition.
The presence of BARP anchores the g-subunit to a specific subceilular localisation

and modulates the function of voltage gated calcium channels.

[0047] The present invention relates fo the identification of a nucleic acid
sequence, termed herein VDCC BARP, as well as the protein and amino acid




C, BARP down regul ates Ca -channel activity in BHK cells expressing
Cav2.1 (a) and (b) or Cav2.2 (c) and (d) together wwth Ca, pl A and
Cava28. Effects of wt or nutated BARP . on the |-V rel ationship of

Ca2+- channel s are shown. Control versd4 BARP wt or Domain || nutated
(p<0.01); control versus BARP Domain | nutated (p<0.05) 13 [0044

Fi gur e SeqBARPes|dnnludinguiaiationerttiergal svhicitaxhibihaedulatioot ofvealgiumc l
and M N6, cells. |-V relationships of endogenous Ca2tchannels in PCl2
(a and EB:)“V ¥id M N6 (d) cells overexpressing w or nutated BARP.

Ef fect of BARP on Ca2+-triggered GH secretion in PCl2 cells (c).

Cel | s weneCcRARPPbBAIRIe#idlds CONAs for human growth hornmone (hGH)
and either p-gal actosidase (p-gal), Synaptotagmin | (Synl) or BARP.

hGH hornone secretion in response to high IC stinulatjop. f o | Eﬁ\
co- expiB848hg ACRPEiNg (0 He (IENTRRNEE 4 dFRVdeH aROBORed A et BARP
. n= ' ' . f .
bR oTeRgie BER AbISARERRRAF ol cRE dlPaPondities AYDCEIBARP Filipébtide,
expr essillielic wari@XRBr weatd, iroksdieg fregnients) thevedf2. Spetifjcally pidgted laoe EEA
15 diti t . t=0 mn. tati, t t [ I
e er SRR 8F5s hrsesseane TGRS o VAEES AP, b owa
ser ved rasleRuelNtdlseclififg SbxFTeasibR 6f PNYBUG OBARP BilRseptidat capble of

{0
human sequences where the glycosylation site, the transmenbrane
donmi n,m@dutating |calgidmDehanmell activily il iagmammeht and eseleried| temr &1 group

0046] Her e. r [ h char act er,i e} | gl i
(Voo sarEstfiant e ok melRLRS SHLAR IPRED B BRIE 170 Enbiuthents
i N neurpE®oRNb) BNPOBTIISSIES ehateh)isidiZd ke the MONA inoisnesTdetmsd in (a) or
protein interacts by two domains (| and Il) directly with the .

FI - subdubridiseBlaiTagMests iereah Anshi A dalechlashat icgRe ornexpreasieador
channel BYIRN W | t he

al | 3- SJIB%%H[M%%EEfSr%d’L%\»%P%gC ? Hégggmal n fFPé [,g%r Pg{lbp%ﬁg?ﬁg)%dﬁgﬁbr ane

| ocal i zati on of the BARP/cdfl conpl exes. The Ca2+ channel _

i nact i \[004%h nRefasedbONMe majeciies r adoodingh o bRarinentionpriegdyden DINA

the cell surface, but. rather involved a,me nes LMt ed ' :
i b enRUeRcSapEtiing 3hg eaguies (B s RIREST D Migan ¥ & gr fragments
speci f itgeipcel l ul ar | ocal i sati on and nodul ates the function of
vol tage gated cal ci um channels. 14
[0050] A poiynuciébtide is said to "encode" a polypeptide if, in its native state or
when ‘manipulated by methods well known to those skilled in the art, it can be
transcribed and/or translated to produce the mRNA for and/or the polypeptide or a
fragment thereof. The anti-sense strand is the complement of such a nucleic acid,

and the encoding sequence can be deduced therefrom.

[0051] An "isolated" or "substantially pure" nucleic acid (e.g., an RNA, DNA or a
mixed polymer) is one which is -substantially separated from other cellular
components which naturally accompany a native hUman sequence or profein, e.q., _
ribosomes, polymerases, many other human genome sequences and proteins. The
term embraces a nuclei¢ acid sequence or protein that has been removed from its
naturally occurri‘ng environment, and includes recombinant or cloned DNA isolates
and chemically synthesized analogs or analogs biologically synthesfzed by

heterologous systems.




sequences, including variations thereof which exhibit nodul ati on of
cal ci um channel activity. VDCC BARP Pol ynucl eoti des [0048] According
to the invention there is provided an i_sol ated VDCC BARP. nucl eic acid
nol ecul e which nolecule typically encd®es a VDCC BARP pol ypepti de,

allelic variant, or anal og, includi ng fragments, thereof. .
Speci f i [086R) pi'ECEeBARR Adle nfecuiesiordeal afelesnofstheedGlg BARP gene

tati ' W ARP 0O 1d . i '
e L 8BS 53R PR Ak PSS B5rhlosiB MR peion
channeldigsiderd telated t& CEMTIRI chaxith! dfanttrsh. f 506 ?ﬁ@digbwﬁg ciBRisSdrengso
of : (a) DNA nol ecules set out in SEQID NCS: 1, 3, 5 or fragnents

t her eofcalied)' VBIUC BARIT suseentikhility AJ@Jes'di ze to the DNA nol ecul es
defined in (a) or hybridisable fragments thereof; and .(c) DNA

by any BPSPhe § SAICCPBARIRAERE! Soapdtiod 0 HIREY BREY P RA noPESLPas
accor dimgldio atiis” onV &DCOBARE| palynUivbtite!’ eaoh esfec torpolysucigotities that are
e modieht s &% P pabii<un s SBRR: o VISHSohealioze. o
state- jqfividiantdBBVeEbaisskders rEkRRIR Waklunk RAXANSICHIEAPRRos K IMLEHonE at
the art, it can be transcribed and/or translated to produce the nmRNA

f or andher VOGC pBARR pgénie sequerfosagnant be hiswebed Thedisniptiose of e calcium
strand ,is the co enent of such a nucleic.acid, and.t.he encoding.
cequendBRETIRES HEaR e REP g PEGaTdilt Brliypd illalips 1R biEdispose
" subst ghdivilubls BW/eldp@keiderd eeldiddto%alciam dRidhnePiNafudictionm xed
polymer) is one which is substantially separated from ot her cellular

conponent s which naturally acconpany a native hupapn seguence or
prot ei r{9°§413.,TP?B&%@%%B&%$%&‘P@H§WGBQ i0 shide cRelgagequences,

sequengsis it Slidies TURG! PEANIERRY 28RN UELRISIAF ! FarkRABRSN Cafidor

protein en renoved s naturall'y occurring
envi r ortregsiatioandT hencVIDEEs BARBngenansequercieoiedneNded st andgdanall allelic

chem cal | y,.synt hesi anal ogs or anal ogs bi ol ogically synthesized by
het er ol¥ éﬁg %98&1&@&9\ %qen%e.

[0055] These terms, when applied to a nucleic acid, refer to a nucleic acid that
encodes a VDCC BARP polypeptide, fragment, homologue or variant, including, e.g.,
protein fusions or deletions. The nucleic acids of the present invention will possess a
sequenée that is either derived from, or substantially similar to a natural VDCC BARP
encoding gene or one having substantial homology with a natural VDCC BARP
‘en'coding gene or a portion thereof. The coding sequence for murine VDCC
polypeptide is shown in SEQ ID NO: 1, with the amino acid sequence shown in SEQ
IDNO: 2. The coding sequence for rodent VDCC BARP polypeptide is shown in SEQ
ID NO: 3, with the amino acid sequence shown in SEQ ID NO: 4.  The coding
sequence for human VDCC BARP pd[ypeptide is shown in SEQ iD NO: 5, with the
amino acid sequence shown in SEQ ID NO: 6.

[0056] A nucleic acid or fragment thereof is "substantially homologous" ("or
substantially similar") to another if, when optimally aligned (with appropriate
nucleotide insertions or deletions) with the other nucleic acid (or its complementary

strand), there is nucleotide sequence identity in at least about 60% of the nucleotide




[ 0052] "VDCC BARP Al lele" refers to normal alleles of the VDCC BARP
gene sequence as well as alleles carrying variations that predi spose
I ndi vidual s to devel op disorders related to cal ci um channel

di sfunction. Such pred|sp05|ng all el edBare also called VDCC BARP
susceptibility alleles”. [0053] " VDCC BARP gene sequence," " VDCC

BARP gemed, UsVENCaBRRRE raboluei70%cindsd usLAlWBCCAARbqui| 80%  beefeiabty at

each refer to pol nucleotldes th are |like es n
o el Teaatano R BRYe FH TaplepBiea Pt cast Aoyl bRt of 1 P seidd basss.
devel op disorders related to cal cium channel disfunction. Mitations

at the rﬁmeARﬁeﬂ%ﬂ@e egUEQERATOMSIoLY U (tRtity) Hists uphérpa r‘iﬁclelc acid

calciu ostasi s e gene sequence’is indicdted in part
nut at i erdragnaentthectiof pdil dybridiseita @miotharowisie [asjsl mrsa)ﬁdmpiem%mtaneetrarm

I h | ,disf t Th BARP
Cnt enadhSieath feadr S ERe, BV St conFHomorf oyt Girif O Bffpleinent
regul atsulyctRE9MBNt ISy RFRIYatBh! eRBtd AT riydiridatioRdieit 9 anbsadntialy mbee
VDCC BARP geneé seggence is intended to include all allelic variations

of the selw iyedhandetal [lads of ﬁ@@@@cﬁbmur%@p@pﬂw é%lesﬁbvea hybdgigation will
act d. oREEE wiBrCudne |00e 1840 JHak 896 atlemie VG RR1NERL Sout 14
g,” €.g9., pro e| n

fragnent ogue of “vafiant, 1 ncl u usions or

del eti mleﬁTHesﬁp@f@ﬁblﬁgi l@asogbm?mtessmemel‘oﬂrefewmtyﬁt least e_itlrmﬂs'«'é% and
sequence that is either derived fr r substantially simlar to a
nat ur aimegicereiarble ricMasy e gpg}%nggﬁafﬁ’\@g" ‘Eﬁ)g‘Pﬂ?ﬁi‘?@f FORRATERGR. as
W th apakibal eM?g%é?’éBgr ﬁ:f?@%ggﬁ% L Mélﬂ%ﬁ@ﬁhﬁ?ﬁs vﬁﬁh%ﬂen e

codi ng sequenc mur i ne pol ypéptide I's shown in SE
with t meamshmtmoﬂatsleqsteammtﬁmnuwleoiﬁm uBLAKY atzleamcumﬂonwcleottdes

f B. E
W th t R AR clegSh BERUb L e HRET ese A I RiCR TpasABOG, 6P i cleotides,
sequenGgorediyplRERat MastaBARP3 P aLivieefdés] aridspreferan é" 4t 1958 4BUNB6 & more
with the am no acid sequence shown in SEQ ID NO 6. [0056] A nucleic

aci d omnuelesyaest thereof. is "substantially hompl ogous” ("or

subst ant4 al Iy simlar”) to another if, when optimally aligned (wth
appr opéb nuﬁ@@ﬁdi?dé?&?&f&és%ﬁh@ﬁn?@ﬁt%ﬁ Bfé?éra‘%} Ha\‘}é‘%t ‘ﬂia{}@ r75%, more
nucl ei ¢ acir'd (or it onpl enmentary stran here 4 s nucl eotid
sequeneeefiedatly iatyeast 5%, easte preferabboat fast @@Wmd@numgxdéo the sequences

shown in the sequence listings herein. More preferably there is at least 95%, more

preferably at least 98%, homology. Nucleotide homology comparisons may be

conducted as described below for polypeptides. A preferred sequence comparison
program is the GCG Wisconsin Bestfit program described below. The default scoring
_matrix has a match value of 10 for each identical nucleotide and -9 for each
mismatch. The defauit ga'p creation penalty is -50 and the default gap extension

penalty is -3 for each nucleotide.

[0059] In the context of the present invention, a homologous sequence is taken to
include a nucleotide sequence which is at least 60, 70, 80 or 90% identical, preferably
at least 95 or 98% identical at the amino acid level over at least 20, 50, 100, 200, 300,

500 or 1000 nucleotides with the nucleotides sequences set out in SEQ ID. Nos 1, 3

or 5. In particular, homology should typically be considered with respect to those
regions of the sequence that encode contiguous amino acid sequences known to be

essential for the function of the protein rather than non-essential neighbouring




bases, usually at |east about 70% nore usually at |east about 80%
preferably at |east about 90% and nore preferably at |east . about
95-98% of the nucl eotide bases. [0057]7AI ternatively, substanti al

honol ogy or (identity) exists when a Adcleic acid or fragnent thereof
will hybridise to another nucleic acid (or a conplenentary strand

t her eofgequedees.s elfarst, ifore ekgiple]i rwandliogy comiparisons, arecprefarakzindnade aver
its corrgl.ement. Seletivt%¥ of, h%bl’l i sati nexijéps vuhe o

hybr i di'SEN8CAHEPONSING, A SEPBENY TN t%?@la'rlé Rnepr

Speci fld%héﬁ/d&ﬁﬁhl{ssof tﬁwmlmﬁp%ﬁﬁb'a&ﬁ By btdlicadtinn ineEQ M NOS: 2, 4
when there 1s at |east about 55% i1 dentity over a stretch of at |east

about Dt th(selectbei skatipn mreV@C&b BARR pblypeptides belogsofraterred podfmepsges of

t | bout,. 75% t f bI t | o
engt n 0 MR g TR con s, Rierb A REA 47 505D or 70%
stret chwmolagy mB@@fé@mﬁl;ﬁ@ﬂ@ﬁ@bﬁﬁah%M%' Qﬁfdr@T%moﬂ’t’cﬂégﬁ t@tdn@t ehmefe
at | east abolUt ni ne nucl eoti des, usual gat | east about 20

nucl.eotdfde nusisolidas senrgneas PESEQ HDNR: Dvhick Bé@@@@@mln@ﬁ@i%ﬂ jo 86,
|
nﬁgféo%es,%ngpg?gﬁér@s EI(!,‘ja}S(tRj Eadl” tﬁe?@%\%ﬁn@r e nuc 2%6%18[’]088 in

[ 0058] BRQ, Im?ﬂ@nbﬁizlc&o& ld%eferfed rp@lymmutﬁea ma@rlfaitaﬂnﬂaljavéigveram addifion
75% nore preferably at |east 85%  nore prefer a e 0%

honol oPMRSISEr CoBUEHAMSSIUERERMAVING ARl 15? 3@ boste ?}%%wiogy to
vor e Phfd deAbicd BESE M NO: ARl &ﬁ;@dewrﬁ.narf&@g 2810 AQNIBAND:D8P4ne
honol ogy. Ndcl eoti de honol ogy conpari sons nay be conducted as

descr i lvedebpbnding owclesitiypaegudeses of PEES IEY NEY serduence conpari son
programis the GCG Wsconsin Bestfit program descri bed bel ow. The

def aul ring,matri 0_f I

nucl eoE[P(Z@iandgtrgfrf %rre)f%ré%i p@}ygﬁ;gfe@ﬁlﬁg# "géi?éle tgéﬁﬁﬁ@péaﬁ“tehggna V"P
i's - 50 gregtet freard20,050, temap 78% ebaIcIIgY) enedet referably greateealcdm 80, 90, 95 or
nucl eotide. [0059]1n the context of the present inventio

horol o§dde heatplegitte the sequence OF SRR IBNG: adh%%rﬂw&ssaéﬁ@erﬁ%d%1 {5 66,
Is at l@9si, Gy Af /O$O5ﬁ t§0363 d;quE ab, NeF of &F %%ﬁesh%ﬁéﬁ%gﬁuaéotide

98%|dent|cal at t e am no aci eve over at |east 20, 50 00, 200
300, 5Gequend€DOf BHA [EONOd8oné.t h t he nucl eoti des sequences set out
in SEQID. Nos 1, 3 or 5. In particular, honology should typically be

cons! SinGg (0 BARE behebRSRe ARy A SRR et
funct i gefefatiipet Riaat 20N30,240)S0, 1 DB 20-rRRsevtideslin Reigifibour i ng 17
sequences. Thus, for exarrpl e, honol ogy conparisons are preferrably

I Bomi06 Al aaneilyt (BF SHoHET HbSolnBit SYBE. BAKPIGRY IR segSroater the
sequengﬁ% pep?fd];e t.EreéE I brMe?ﬁ s%ie v@r bﬁafzﬁnéﬁ'e S&HdRRNAP, Uhdre a

BARP p es bel ow erre ol ypepti des of the Invention
conpri mlww&mﬁﬂguoﬁﬁheeqmﬂm kr.ansls@ gf daserthahaab®d, 3@01141318(7@%8 it is

o or HefeBRingl ettt i ot lint, R, 8%, ey hrsalar RN Hr 5%
am no aghfarédd Wenh Ghe ¥YBZA BARR ﬁﬁcléaﬁdé Qse’i{ﬁa@n@és %5@6@ INOiHe @eqlibAce

equi val ent nucl eoti de sequences in SEQ | D NO or 5. Preferred
pol ynudibtirgs beteinaZoaremsehatwhapya cnolynucé@midﬁ @fntl*@o entien gonsists of, for

Che. soquamale S Ry R R ieo s, Bhe o Renlly %ffmé% PR YD
NO 2 oBARR rieidctiteardiueaces sbeoltt iddhe sgtesnes listingSHerein rNQ/ b2 loweb.for
example greater than 50%, preferably greater than 60 or 75%_.

[0063] Nucleic acid hybridisation will be affected by such conditions as salt
concentration, temperature, or organic solvents, in addition to the base composition,
length of the complementary strands, and the number of nucleotide base mismatches




[ 0060] O her preferred pol ynucl eoti des conpri se a conti guous sequence
havi ng greater than 40, 50, 60, or 70% honol ogy, nore preferably
greater than 80, 90, 95 or 97% honol ogé to the sequence of SEQ I D NO
1 that encodes am no acids-41 to 66, 2 to 442 and/or 525 to 563of
SEQ I D No: 2 or the correspondi ng nucl eoti de sequences of SEQ I D NO

3 or 5. be[t@@éri]ﬂh{elmbfbndlizm@ seceierids, arsewillr e eeadilyyamiretiatest b $hose skilled
nucl eotides in | nore preferab ast 2 30, 40, 50, 0 .
or 200 IRapeti dimant lrbealatysoea e wilf GEnefll JRgkde: termerpEts i
of the | ?‘?@é B Qnat 89y red )

sel ectlé\?g é;??l%p?gg?%enéhe ﬁf IIantnl y, Wwhere a %éb y%ﬁc eotldg%ff@*a{%{a "
i nvent iswes®niddt degreebdSs $ﬂmageabsait c8oditians el icddisarityt bé degs titaer 1000

or 955 EMmgA N o Pl GRLE AR RIETaraty decs SRt ARlaToE Kieyat the

the seqpiliRatidrobf PafarhSteps fs n%ﬂvmb&ehm oMEeY Pad el M@§§ur%0éﬂ éﬁy efngle
the invention consists of, for exa greater t han 50 or

nucl eotfiat@metarheAm exaempletgf stonpante ngyiwctlzattqmewmwlmmvfiﬁ&wm PdxSSC

a4 Brated ENGGE SR ARy SR T n 0 or 70

[ 0063] Nucl ei ¢c- acid hybri d| sation wll be affected by such conditions
as sal t[DU@ﬂCenT[n@t"'polynub@ﬂsﬂ&e’abun’@osmbnsrcg“aﬂn'm imantient mclude aum tCONA,

to the base copesilion..length of the gomplenentary strands, and Lhe,
strands, and may be chemically or biochemically modified or may contain non-natural
or derivatized nucleotide bases, as will be readily appreciated by those skilled in the
art. Such modifications include, for example, labels, methylation, substitution of one
or more of the naturally occurring nuclectides with an analog, internuclectide
modifications such as uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoamidates, carbamates, etc.), charged linkages (é.g.,
phosphorothioates, phosphorodithioates, etc.), pendent moieties (e.g., polypeptides),
intercalators (e.g., acridine, psoralen, etc.), chelators, alkylators, and modified
ili'nkages (e.g., alpha anomeric nucleic acids, etc.). Also included are synthetic
.molecules that mimic polynucleotides in their ability to bind to a designated sequence
via hydrogen bonding and other chemical interactions. ‘Such molecules are known in
the art and include, for example, those in which peptide linkages substitute for

phosphate linkages in the backbone of the molecule.

[0065] The present invention provides recombinant nucleic acids comprising all or
part of the VDCC BARP region. The recombinant construct may be capable of
replicating autonomously in a host cell. Alternatzvely, the recombinant construct may
become integrated into the chfomosomai DNA of the host cell. Such a recombinant
polynucleotide comprises a polynucleotide of genomic, cDNA, semi-synthetic, or
synthetic origin which, by virtue of its origin or manipulation, 1) is not associated with
all or a portion of a polynucleotide with which it is associated in nature; 2) is linked to
a polynucleotide other than that to which‘ it is linked in nature; or 3) does not occur in

naiure.



bet ween the hybridizing nucleic acids, as will be readily appreciated
by those skilled in the art Stringent tenperature conditions wl|
generally include tenperatures in excess of 30 degrees C., typically
in excess of 37 degrees C., and pref e?%bly in excess of 45 degrees C
Stringent salt conditions will ordinarily be less than 1000 nM

t ypi ca[0868]essTharafors0teaombinant muadie wc@msgsmgasecamcwotmﬁenot

h nbj f h h h
o any el iape SRaERB AP PIANCES LS drVeRtBrngRieo il e ey, SEARHCE
condi t iypRshé n@'ﬁﬁe’l‘ﬁﬂ Wil breRGd diterss; g0 by dibhii{sub8tildiibn Mr ition.

citrate pH 7.0). 064] The "pol ynucl eot| ‘de” conpositions of this
i nvention i ncl ude RNA cDNA, genom ¢ DNA synthetic forns, and m x

pol ynei@Q6@ot hﬂxs'&@@r@biaaahtm@@@ea@@ dna, n%awnﬁyldoéh%éﬁn ROd| n9tbt5?"y

nuet coprilg. B8 UrigsPfy fadktey R ﬁ*&%ﬁ%@&”‘“ﬁ#‘@ of g Slerdlse fepprated
the argegiients opdefiuendd. orfhis metiflotke, ccfmtmnati@mmé exfteham!icsnpllshed by either

met hyl atl on, substitution of one or mpre of the, natur.all currin
nucl eofhe@icalisyntheses maeags. smbihriartiisal deanipylatiop R %ﬂé %Oﬁéﬁgfggng of

unchar e ned e
*nonan Gl B88°D, hengi; o KimgMaSpANS, °BuchISTRIalY UBRE % Sepic o
phos phoodemivithtzessdundaspbodadendodiag te; sane.or,a mmtummmpwld while

chetat SRS Ryedihg Ofsamauior Resed ey e et sufy PATefBEYE ¥ 1s

nucl ei Beﬁéhﬁ'éd t@@&n)togéih%@ Huefdidider %@néﬁt@dﬁe@éﬁré@ﬁ@@ﬂb% td Gdherate a
m m ¢ pol ynucl eofides™in their ability to bind to a designate

sequengesiecoybinggien of waitiegsand ot her chenical interactions. Such
nol ecul es are known in the art and include, for exanple, those in

whi ch de I e far p.

backbohe © théeb%@gg?iw%h%}"%e&&%@gﬁt y?%\@/erh? ?lgj},g %é%é\?lﬂ 4% natural
r econbsoames efchei muaeic dssidsoopities pregeat imentipay or sticlh mcidm:acEARﬁay be

nb t t t b bl f ti
e onoRERHe B AmRIGEtoR P SATveRdRR e Prasrapis oA LB reths
may begghRel néﬁgrlﬁ P@R nTF?e thsice o empeo nﬁr'an@%o@rfnaﬂ?@oh%éor&@ to-a fhesife

a reconbi nant pol ynucl eot i de conxrl ses a pal ynucl eo enoni c,
cDNA, sewicesthathist alpundant sipn oA cfosrthgi ﬁemcbrmroiﬁwm rﬁ'h@eofibiar@s are

origin o t |1 [

o ooty AR bBAEGhy B el RSl RERSIE b \ieh oBhed oPY fiR, B
to a pepisadchretgistesotrassfetradno bhaibstrateMursrédning, dérstarediandnarbbed for
or 3) does not occur in nature. 19 [0066] Therefore, reconbi nant

nucl ei @%@r%§n§%ﬁﬁﬂﬁ§'r%s§mes ot herwi se not naturally occurring
are provided by this invention. Al though the wild-type sequence nay

be e”.ppﬁ)@i’ I thevhbbleR! 568 u%hbéé ®ded G Ghis iRVestRIreMIPDsually comprise at
substitution or 1nsertion. 67] A

Reconbi nant nucleic acid" is a
nucl ei teastiadouhdiveicodoos (14t znmdeqatwe@&,cmqre npually afteast abputelddd spdoRs,

cequendld mRRCPITCiaRRE o el B TR Er rof A BRA Ty trpvesion e
chem categanit TGS eRINMMANT nuRlediet e uslidiiy s R thewiihipvaldéngth re§uired for a
i sol ated segnents of nucleic acids, by genetlc engi neerin

t echni gueeess8iichrabs Mawy'dj(b\%”ﬁ@erém%ﬁ‘éalé{ withoa VP@C%QBB(@M“Q

codon §§ﬁﬁ%” the sanme or a conservative amno acid, while typically
introd " Fenmovi ng a sequence recognition site. Alternatively,

it is performed to join together nucleic acid segnents of desired
functi (Fe70J0 gReETAdEes fdesiuckic cacithi manipudatan faracdesoribed generally, for

example, in Sambrook et al., 1989 : “Molecular Cloning: a laboratory manual.
Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Coldspring Harbour Laboratory
Press, Coldspring Harbour, NY or Ausubel et al., 1992 Current Protocols in Molecular
Biology. Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith,




[ 0068] cDNA or genom c |ibraries of various types may be screened as
natural sources of the nucleic acids of the present invention, or
such nucl eic acids may be provided by _anplification of sequences
resident in genom c DNA or other natu?g sources, e.g., by PCR The
choice of cDNA libraries normmally corresponds to a tissue source that

i s abunt@n@andnStmrNAKS c‘)‘iga'ﬁe JabsiWidy pndt3onss . N'ﬁ’hdﬁﬁgﬁm arseld inrapplying

| f d b f Lib
of o 1 1eBrecafes, o2 BeStistdP Bienes e Ther e Bt LE o PR an
scr eenidil calffidiabdadaifhbns abadstien veh@oRrRSRBREEA]Iafe Bidksbs, Boehringer
sequences. [0069] The nucl ei ¢ acid sequences used in this invention

wi |1 udvianmieimefpnersbaay, RremagaaBiaiec.f e RBiggbemicais M%wr@aﬁlabtéé‘iucfear

nore us Y.

Tonst g e ey aanbr ettt o The RBomehy FRiei I S8 o peed to
number mbdises fgsivn destdins W Uakl prezatitindention magebe | deryeld frenruna&ntat or
for a successful probe that would hybridize specifically

VDCC
BARP- erfydHalg seqyeeires. Mooyopaiteandenr SSAUPNGRR: BE @b&%'ﬂame ot Various
| S
T PGB R 1 BREE B ARl SRR latona

Fritschnst&uiésc}frﬂzlaaWni atis, T. (1989). Col dspring Harbour Laboratory
Press, Col dspring Harbour, NY or Ausubel et al., 1992 Current

Pr ot oc%ﬁ?@n gRI ecueggf‘aBr ol ay. Ausugﬁq;c %%{!{ ane%#&qg?Pﬁ‘?‘n agrslgt Npce

( 1987) BNRP%II\é\Y’é"%fe@'f@t@ﬂémblb%trdﬂ@@ﬁmﬁ. mr@dmg thea@ahevsequw allele,

t echni ques, such as restriction enzynes and the |1 ke, are w del é
known o tagiomr asawell casaither a9 jhensinglgtstanded DNAS) cpsIising 4 em@we

51 oc home P ACoIEFER e sk PRARS he SRR A nBHeBBRE HAEE. . The

recombi nant nucl ei ¢ acid sequences used to produce fusion proteins of
t he proen2] i nksnsedinensin, Bépddiont ef tHe YRGGBARE gene ey‘,quame or region or

DA oraTBleofh QLR 85 PaVaR: BanUrAD SHsoPhA taed BPoeeionBaclatis, or

GenBan lpre#é!aébrp Bdbut mehu&rébaaeaforrﬂﬂaré @eféraal 14t |égstusRit PEIRichotiies, and

ternms "VDCC BARP gene sequence, ARP al l el e" refer to the
doubl e-reay have 8 oNMalsyizs p%awgashebcg\éﬁ& @é&ﬁrérﬁi@ allele, or region,
as well as either of the single-stranded conprising the gene

ctranddy07Fho 750t s mdy ofd E‘%ﬁr@%ﬁt%&ﬂ%"?%cégﬁA%BD&%ﬂy"@ef
sequenaertain reagidiionsr toalforh etnp&ae;de:fri oﬁrrerabighamorgea DNAI mempéExes. of The
or mor STBPEPLPaBY Sush Pl e Siikatls BE SabT égf%“ﬁ“t A, LSk e

m ni malygi ze of at | east about 40 nucl eoti des.

[0074] Detectably labeled nucleic acid molecules hybridisable fo a DNA molecule
of the invention are also provided and include nucleic acid molecules hybridisable toa
non-coding region of a VDCC BARP nucleic acid, which non-coding region is selected
from the group consisting of an intron, a 5° non-coding region, and a 3" non-coding
region. The present invention also provides oligonucleotide primers for amplifying
human genomic DNA encoding a VDCC BARP polypeptide such as oligonucleotides

set out in the Examples.

[06075] "Probes". Polynucleotide polymorphisms associated with VDCC BARP

alleles which predispose to an imbalance of calcium homeostasis are detected by




[ 0073] Probe sequences nmay al so hybridize specifically to dupl ex DNA
under certain conditions to formtriplex or other higher order DNA
conpl exes. The preparation of such prQ{Jes and suitable hybridisation
conditions are well known in the art 0074] Det ect abl y | abel ed

nucl eic acid nol ecul es hybridi sable to a DNA nol ecul e of the
i nvent hybridisatien withm oolyaedieatide ipneha whichuoIreisca stable hisbed witesthat of the

whi e 1ASLaatHgrSoaRe! e haeER: amBhsfehE Sumadht HALRLENY She yiesh

i nt r oncoadifionglonf ﬂoiglé)@elbﬁﬂi tHiht tA8hrabds wWildheC pEfEgHy Whpmmé'd’tery to the
present invention also provides ollgonucleotlde prlners T Qr

anpl i f {aragt ﬁmﬂ@eﬁ@fﬂﬁgﬁmnéﬁl@aﬁﬂﬁ b be yexs BivRpdisatiop stANgRNCY URAY 28

pol ynuleeaiba d il I Sieucied R SRR TP exholt ¥ itcifl, 28 ofbted with
target tt@qeaﬁltiehaﬂm@rpr@lbé iwittendt be comieletdelgonsplemegéary. Conditions are
hybr i di satl on and wash conditi or ect eﬁ.@éhat t.he probes

wi || heN@RaT ¢dlich ifnAEnBeRAep tsééﬁ%ét“d%ga' Bgtre AL, 1S WhIRY SRINIMIZE
condit hgReS VeinkeDELS GHdicENMY %éﬁf#oﬁkfﬁeﬂ' pw;%uyfms riMfsth€ S5 nR8ll ids

somre msmatching i s expected, for exa rrants are expected

Wi th thestateng, tthehatandtmatlpn@bwam runh&vt artn@ysnemm clesionstratep |detestivar 9f a

Condi t chose rul e out nonspecific/adventitious
bi ndi nwEQ%GRFa?”SW )ﬁaﬂ?lﬁl ze noise. Since such indications
identify neutral DNA pol ynorphisms as well as nutations, these

i ndi cajoo¥s] nNeRGbEHTENYDCGD HARP %Ilél@sdﬂﬁ%lb%td@i\%ddf@@mqm%qﬂénees}/ﬁmﬁe
BARP susce t|b|||t allele. [0076] Pro

be der M ﬁWt@@'%’e@fu‘é’ﬁ@@&lp@F Th prakes BARPS ehABY SeitableJengiing|
Th

or 1 he SRR AT A EoBEndna et kP Hetin sl FRIHASBAtbedc RIS
VDCC BfiREhe &CO.BARPt mglctrarlgme frqek sequermet comains seqeqaanm identical to
i dent that of th be,  th b b in th
range BIEtabai P EBRHEEY beiAel: e IAVDE aas Pl 2Bt EEPOPRLE Y
st abl esM'&@eﬂheeHﬂfhéwm rﬂﬁefélatﬁ@lwlsfdtﬂ’é‘%ndlei’ SRFEsHIRGERE cOMIbBTRLIE Boivfe
expected with the probe, i.e., 1f it is suspected that the probe will

hybr i ddggreteoOEammawwSree@ected with dhg @rohs.dise, alispusprpiesy@at e erpbe

[077] WRER Bl b eR B REME 3B Y} Hioba e B, ShbBySaaHict flirkiises to
a | abethetargespduencamlitcteaequigitespetificiised to isol ate ot her
pol ynucl eotl de sequences, haV| ng sequence simlarity by standard

Sarmbr obIOTa 5 T3S BargEs wibfetlles BB Pol Elsgt e o7 (ahir g 2 18oet or
Sanbr ofdno rger mEChEchhd E'ra'fr b@ﬂ?ed\/ﬁﬂbéFa'té oth-Br Weoti@@'é&ﬁ%he& having

Har bour 'Laboratory Press, dspring Harbour r Ausubel et al.,
1992 caeqmmcavsmularstby lesmaﬂdﬁré(mﬁﬁlﬂd& FHasggchmigues ér, preparing endriabeling

St uhl POESY 88779 SORMSRPReSH o T Mfyolier (8Pl o 1gbordRYy manual
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Al ternative pol ynucl eoti des encoding these or siml
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|engt ?GB%IQ& | UGS FXRT BRdR, ROARRGSUASKIE UMJYIS, BRY., RRidrRAk, CAEC S8mith,
J.G. and Struhl, K. {1987). John Wiley and Sons, NY. Other similar poiynucleotgdes
may be selected by using homologous polynucleotides. Alternatively, polynuclectides
encoding these or similar polypeptides may be synthesized or selected by use of the

- redundancy in the genetic code. Various codon substitutions may be introduced, e.g.,

by silent changes (thereby producing various restriction sites) or to optimize

expression for a particular system. Mutations may be introduced to modify the

es for VDCC BARP all el es ~
hn%



22 properties of the pol ypeptide, perhaps to change |igand-binding
affinities, interchain affinities, or the polypeptide degradation or
turnover.rate. [0078] Probes conprisin% synt hetic ol i gonucl eotides or
ot her pol ynucl eoti des of the present “Aventi on may be derived from
natural ly occurring or reconbi nant single-or doubl e-stranded

pol ynugirepeitidgeaf tbe psdypaptidiec aerhapsyta plegnge igami-bisginavaffindtiese imerchain
| abel ed Jby..ni ck translatj.on,, Kl enaow fill-i tion, or other

met hodsafﬁar/m% qrﬁﬁ? Hgﬁ@?{){.'&f HEQ@‘%@PPP&&”’SQG{ %gg'pol ynucl eoti de
sequence having at | east about eight nucleotides, usually at |east
about 50%' ePEdbé%Scodesithnth@tﬁﬂ oligenticiéotides us wthdrypbdlgneciedides of

about 1.0 from a pol ynucl eoti de sequence encodi ng VDCC BARP ar.e

pr ef er tB@ paessnt dmentionHaay bepdeyivesy ramstatyelly QEGUITRGIRE EGTHINHNIRG/E-
nRNA e ' L t.J lavhnl Nt

The gonboubl-saac Folyh g Bb I8 gs S5 R ol svhlr et (ARl M) aiso
ot her wirzeladelmigied nidkCe&telatiory dtlerdw fittfin DbActiers oraltber retmeds kinown lire the
used to identify nutant alleles in a range of individuals. A nunber

of thed¥talleles may conprise mnor alterations to the genomc
sequence, such as point nutations including insertions deletions

and/ or 164t | tgéh%&%- of "tAENMBBhRuefectdE! SéGuettded Hakirgh ot OREaLE SEbdutesight

mut ati ons nay be used in diagnostic screening as described bel ow.
Accor dinugleptideseusyrally aiteast i dh mprclpatides. and feweribag apotGpkruisually

espoctora Il ot G AT Boin bRl R S P E R LA BICC BARE, e
I D No. plefekiedaas Wrbbes. TRbQstobeetmay Rilspbes aséd itovastermimepwhethde smRNA

plurality of VI BARP %ol_ynucl eqtj des or fragrrents t hereof for use .
in scr @EPARS NOGRBORPaIS infaseitdime cell AhESHHe: S8 whetheggnihe, 9epgic

mut at i QpsARol Yﬁé@@g%CC@ﬁﬁﬁl Jl:!éﬁ'%ist&e@tfedstﬁ%ﬁ@l‘gﬁ% Hégﬁ:@@&?ni ently

provi ded |mmtb to a so strate as 1s descri bel ow.
Nucl eic acid arrays - "DNA Chip" technol ogy [0081{1 Pol ynucl eoti des of
t he i n\[@d80Jon, AivadetydofiidgNArtebkrologies may this hesesed to identilyimutenhalleles in

0 o e P S SR D 7 B G500 b e o o
suppor tthe Heflomic sequence, such as point mutations including insertions deletions and/or
substitutions. Fragments of nucleic acid which comprise these mutations may be
used in diagnostic screening as described below. Accordingly, the present invention
provides one or more VDCC BARP polynucleotides or fragments thereof comprising
mutations with respéct to the wild type sequence, such as the sequence shown in
SEQ ID No. 3. In a further embodiment, the present invention provides a plurality of
VDCC BARP polynucleotides or fragments thereof for use in screening the DNA of an
individual for the presence of one or more mutations/polymorphisms. The plurality of
sequences is conveniently provided immobilized to a solid substrate as is described

below.
Nucleic acid arrays — “DNA Chip” technology

[0081] Polynucleotides of the invention, including probes that may be used to
detect both normal (wild type) and abnormal VDCC BARP sequences in nucleic acid

samples taken from patients, may be‘immo'bilized fo a solid ‘phase support. The




23 probes for VDCC BARP will typically formpart of a library of DNA

nol ecul es that may be used to detect sinultaneously a nunber of

different genes in a given genone. [0082] Techni ques for producing

i mobi lised |ibraries of DNA nol ecul e 3have been described in the

art. Generally, nost prior art methodS“describe the synthesis of

singl e-stranded nucleeic acid nolecule libraries, using for exanple
6 4% DA

as ki n@prebeasnior yIRGCRARRIwill typicalroBn Paperira fibfa ahfmay
No. 5. 5515 YA SRR A ERRL PRI SR IR 9 S gES !

reference, describes an inproved nethod for producing DNA arrays
i mrobi [0682] t oTedHniques subptodatcey) mmrebilsedvibrariearafe Dialreolecules  have

i nt ti hnol o i I , US P No. , 837, 83 .
descri BesnAesErand s eart dabrerl most T ELhols dfsitia Besiptesis of
probes sﬁ%l@eﬁ%h@éd ﬁn&’l.@fd é’tgclﬁl lrrﬁ&égﬁl%ﬁ\llg\ﬁalr{@b%, Bsipyl¥ef éﬁérﬁpl@‘rhﬁ@kiﬁ?!eé?ﬁiques

used to produced the i mobilise raries of the present
i nvent tohuildiug.vafate merNotatons 3T segaerdascaithewatiovs disaseierpasiticngron the

i hnpi t . d,, Th |l ej ¢.aci
oo ool FRIBLAAES At G ey 428 vl BSTGBELE LR e Bt
[ 0083] Abfeaf NBY i refdrincs, Aakeritsdd aimd @l provieelC mdtRodaior beroslyibinge SINYe caredys
the solid substrate and each pre-fornmed sequence applied to a

di scr eirampbdise da sdisontrubstplas kagest envery laege sealggniegrafiny echnalegysin

may be pri dy i r n e. usi e i .
caui ppBAFIERI UrY iEgtehy NB"Erbar8ag UpSiiiisTa YRLRa Y BIfTHE Fhihesine
seﬂugnegebciﬁm ety pf ﬁﬁbbgsb iatrapait ilalt;sdd‘rgrwd tocations ah ialcsemmategdlr?inls rody de
solid substrate, The substrate grous to allow.i i 1jsatiqn
i t hi nUew 1@ grrduosteng menardtsad PR [brRBRs 5B i BroseRt ieBHoRaUS (Nt
| i br ar yoS gHIeNses aﬁigepﬁowme%%'reyreheé@#arléﬂ& 18BhhiBes Whdtahsy elsd B used.
substrate. e soli1d substrate nmay be nade of any material to which
pol ypephis esicieimatidmiobes mayrbaisyribesigedin sifidon dae byrfagxahipeauibsirate.
suitable solid substrates include flat glass, silicon wafers, mca,

ceram d o | VA S | LAc | I r
ona pofSRETh, B efudly, sl iddios Bay bBoihdsad ook S
menbr aggsstpate harab eath peedbined sequencry bpplistetbaadiesreterpositioarcs thiedsdlid
avai l abl e. The sem - perneabl e penbranes be unted on, a ]

, { re
r obust SYBFTAIes uFPREXABIRIP. RYCIICa8SIdS TREY it PREERT GifpC @i 4 ysupgtrate
coat ed, i hﬁg?gcrauéﬁceé etalﬁ@glbd vﬁH‘PQitlﬂff ;ﬂ@% 8r bRl RYicas her

transitio A par ar exanpl e a suitable solid substrate

is the comrercially avail able Bi aCoreTm ' chip (Pham acia Bi osensors).
24 [0084] The library sequences are typically immobilised onto or in discrete regions

of a solid substrate. The substrate may be porous to allow immobilisation within the
substrate or substantially non-porous, in which case the library sequences are
typically immobilised on the surface of the substrate. The solid substrate may be
made of any material to which polypeptides can bind, either directly or indirectly.
Examples of suitable solid substrates include flat glass, silicon wafers, mica, ceramics
and organic polymers such as plastics, including polystyrene and polymefhacrylate. it
hay also be possible fo use semi-permeable membranes such as nitrocellulose or
nylon membranes, which are widely available. The semi-permeable membranes may
be mounted on a more robust solid surface such as glass. The surfaces may
optionally be coated with a layer of metal, such as gold, platinum or other transition
metal. A particular example of a suitable solid substrate is the commercially available

B.iaCoreTM chip (Pharmacia Biosensors).



[ 0085] Preferably, the solid substrate is generally a material having
arigid or sem- rigid surface. In preferred enbodi nents, at |east
one surface of the substrate will be substantially flat, although in
sonme enbodi ments it may be desirable %g physi cal ly separate synthesis
regions for different polymers wth, r exanple, raised regions or

etched trenches. It is also preferred that the solid substrate is .
sui t abl[@08%r ¢ Reeferabhy. @Iasﬁpluci/)sawrateaﬁ genersly pNnatesigy, Baviag 4 wgid or semi-

di screte. it R} t VA ' :
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dihvi deduﬁstahtihtbj ﬂgt}tal’ﬁmghmi somayerhbodioterdy édmay be desimbls ts phiysiaally

phot oetching, or by the a pgic i on. of hydrophobic ink%, for exanple

P er | onSBRSEHE ISIRESEISOIaTRLIor GbleySnt BRlyTETs SPeter eRRortsed FEaEAT

conven A RendRE Tt Blaliq Brofeitedthal the BRRS SehfTato 18 5811301 for the high
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e substrate may be- e nasn- coval ent neans. e nucleic

aci d séﬂbéﬂwggaHé?“ﬂ@‘éﬁ@ﬁéﬁ@qu88§ﬁg’substrate via a | ayer of

nol ecul es to which the library sequences bind. For exanple, the

nucl ei ¢o@@8]d SPRIBAE SubBYateeis! avwbhratdiVidsd elp int@sdctidies. sThi! malee
coated with avidin and/or streptavidin. A convenient feature of using -

! r . I'ea g
bi ot i nprhie¥ad e fasheicesdasudyas mbeiostshingapr biether apriicatiery obshydrophobic
coupling .t ' U ) m ned easily. Since the
nucl ei @%gcfbdi‘%%aﬂg%g%]s&yng%%fﬁgsgﬁ?'ymgedor '§j’t o sone solid substrates,
it is often necessary to provide a chem cal interface-between the
sol i d §e087r at Bistmie poaitions, irhwhichseadt difflesss)mamdber loé thes ibesirg islbicated
sequences. K Exanpl es of sujtable chenm.cal interfaces jnclude
hosaet FEHEVG AP GONVRpIBHh ek, £ SEd orHB TS SURFYs Mesdoetpegd
gl ass, gtde pol yl ysine then being chemically nodified using standard
procedures to introduce an affinity ligand. O her nethods for

attaching. nol ecules to the surfaces of solid substrate by the use, of
coupl i entAttagrengmorh the RuReiqracid sequsnces dapihe Prbdratgsmay be by

[ 0089] B ndi \ et
006 B 08eAoPhoF BTRUBAFALARY, 1Y el SEUAERE 1y biStachos o e
neans subsirate \ihanggsr ofhmblesutgs focwhichiibe dibtayissguesces binde Fanawample,
nucl el %héi lqlhc egc:I éc(;ald s%)éuzangesursn%y fe & %‘uga ldvrﬂhbéiggpn %?‘?d e sbl}ﬁstrate coated with

avidin and/or streptavidin. A convenient feature of using biotinylatéd nucleic acid

sequences is that the efficiency of coupling to the solid substrate can be determined
easily. Since the nucleic acid sequences may bind only poorly to some solid
substrates, it is often necessary to provide a chemical interface between the solid
subsirate (such.as in the case of glass) and the nucleic acid sequences. Examp[eé of
suitable chemical interfaces include hexaethylene glycol. Another example is the use
of polylysine coated glass, the polylysine then being chemically modified using
standard procedures to introduce an affinity ligand. Other methods for attaching
molecules to the surfaces of solid substrate by the use of coupling agents are known
in the art see for example WO98/49557.

[0089] Binding of complementary nucleic acid sequence to the immobilised nucleic
- acid library may be determined by a variety of means such as changes in the optical
characteristics of the bound nucleic acid (i.e. by the use of ethidium b'romide) or by
the use of labelled nucleic acids, such as polypeptides labelled with fluorophores.



the use of |abelled nucleic acids, such as pol ypeptides |abelled with
fluor.ophores. 25 OQther detection techniques that do not require the
use of | abels include optical techniques such as optoacoustics,
reflectonmetiy, ellipsonetry and surfa pl asmon resonance (SPR) - see
W)97/ 49989, incorporated herein by re?grence. [ 0090] Thus the present

I nvention provides a solid substrate havin innnbilizzg t here
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di f f er estomdricel (SPR)l-hsee WWOOR49089cimbortonetet! Hereinswy feferenbst r at e
further conprises pol ynucl eoti des derived from genes other than the
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non- pur i utilised as the starting nucleic acid

aci ds. dift@es] peigRucleotides olithe pressed snveandionnigr e@nipledwoooamsire fdjfferent

VDCC BA _Thi hni Lify, f
DA or RGE BREH dia retitse e fRrpoiEp JBh oBRRe SRS g oL BT
st r andeghsidifieHbtie Sdlidaifitratd furties cOrpitiset PalyrddRotidet dekited freth génés

tenpl ate, enzymes, and/or_conditions optinmal for reverse transcribing
t he t eghenthansheoMRGloBARBEENEI | i zed. In addition, ‘a DNA-RNA hybrid
that contains one strand of each may be utilized. A m xture of

nucl ei ids [gp.# , %Eﬂﬂ : nu%l ) Ssidsd UEE Gl
a previ(tgggs’“anpll |a?%®ho&r}llerreeac Hl?%ﬁqferg?re F‘ﬂg%‘ h rrg?%@%dslq’?ﬁ he sa(r#r%jbldérlcf
di f f er emidspvedters tramgfdrnationuhosticedld. [ 0094] The specific nucleic acid
sequence to be anplified, i.e., the polynorphic

[0092] Any VDCC BARP nucleic acid specimen, in purified or non-purified form,

can be utilised as the starting nucleic acid or acids.

[0093] PCR is one such process that may be used to amplify VDCC BARP gene
sequences. This technigue may amplify, for example, DNA or RNA, including
messenger RNA, wherein DNA or RNA may be single stranded or double stranded.
in the event that RNA is to be used as a template, enzymes, and/or conditions optimal
for reverse transcribing the template to DNA would be utilized. In addition, a DNA-
RNA hybrid that contains one strand of each may be utilized. A mixture of nucleic
acids may also be employed, or the nucleic acids produced in a previous amplification

reaction described herein, using the same or different primers may be so utilised.

[0094] The specific nucleic acid sequence to be amplified, i.e., the polymorphic
gene sequence, may be a fraction of a larger molecule or can be present initially as a
discrete molecule, so that the specific séquence constitutes the entire nucleic acid. i
is not necessary that the sequence to be amplified is present initially in a pure form; it
may be a minor fraction of a complex mixture, such as contained in whole human
DNA.

[0095] DNA utilized herein may be exiracted from a body sample, such as blood,
tissue material and the like by a variety of techniqués such as that described by
Maniatis, et. al. in Molecular Cloning:A Laboratory Manual, Cold Spring Harbor, N.Y.,



gene sequence, may be a fraction of a |arger nol ecule or can be
present initially as a discrete nolecule, so that the specific
sequence constitutes the entire nucleic acid. It is not necessary
that the sequence to be anplified is éesent initially in a pure

form it may be a minor fraction of a®conplex mxture, such as

contai ned in whole human DNA. cgﬂg%]DNA utilized herein may

ext r actPedB@-28m 3983y Ifsthepddra raEwie) has diot thegsupunifigde if B]aYatPﬁj tiegted

et . al DofréRimiiefon WY SHRUPERER £Paps RAeRRE o 8Pn o BIK. By ma
N. Y., céf rie@Bfartlof &R83ampld, driteterkposy add&ar’adperatestheoetramﬁs) of the
pUI’IfI ed, it nmay be treated before agglllfl cation with an anoun

r eagenfugleieaein(a. (hishaing aed aucleic agH danating siep tﬁ’e‘?ﬁﬂoéﬁe@“{)?eﬁq{éte.
sanpl e h@%ﬂaﬁ&% APARS SRiftat %ﬁﬁafo%grg{; RehThé@ kg of the nucleic

aci d(s ysing and nuc el c acl nat uring step to expose and
separate the strands will allow anplification to occur nmuch nore

r eadi | y009@]096Thel deorgibonuictemtide! téphosithates PAJSHUEES, dETP, aalCTP TP are
dGTP an TP e added to.the synthesis t her, rate
or  onBire G B sRENES e BpLS, RRR SR el i Feodhal i FRE bR, in
sol uti @aetﬁat@eaﬁm%dn@aﬁ@(mé r89u|ﬂﬁ rs%‘ﬂﬁlon {50Re stedreesbdut! 3@ Meaksay — 100
to 10 mnutes, preferably from1 m nutes. After this heatin

peri od degresss6 tiomoabout hnoowemsmte@o@refemlw firong pice flefumites f o‘hf%trhf@ts

pri mer i e.c X e
appr oppgéﬁ@égie?@td ‘ﬁﬁe e?Q?Létc{}l g %@g%mongr‘gle @%@?%ﬁg?%g% iFofr? r (tE‘%| Rnr&er
her ei nhybgdinatidror Teolheneydledniriuig is added e amﬁpnale agerdt! fopefidcting the

occur under conditions known in the grt. The a ol i zati.on
may al BEMSE exdrrsION seRaiosy (Calledh hefino SeseRt Péé’& 82'0115 abdibg action

sLabl oic Tt 9o Y9 HRESH Snder odHEMA] RASMAT e Bk ‘Pﬁe AP R ol heRi 2R

tenperature u tenperature a ove Whl ch t agent
pol yneniaealso rbemﬁdezmtg)@ethameth thesoth@hesgehts if exaﬂﬂpaestabfe DNais synthesis

ol yner ase i ed.as the agent, the te e

P et el FanTrREn Facilg B8 Boont At ropBlbEhea TS ib &R 3aBri I abpve
at r oomHicHRRE agEnEfor F;E&W\bnféticﬂi Aogpeger functibhgomitisedidi deampleef ISNA
derived fromV BARP gene sequence may be useful in determnin

whet hePOB(mﬁJ'BP@@ upgd 28 thesaee@lt WerteapeRfure Sngenrrally Pﬁ‘éif?§“%§é§%‘% 2bayt
her ei n Fg[é%@é T, ‘ilhés%fon%'ﬂfﬁlehﬁ;éﬁ?e{;e%uﬁ’ﬁ oéc& f&%orﬁ’u% Lepdi de (eg
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synt he%eqwﬁcé/taq&roﬁm%qnmaneﬁsif poiypmedsation. i Entnhmrpee’ae norditdng benducive

i nduci ng agent far polynerization. The exact Ien%

0 synthesis include’the presence of nucleoside triph sphates and an agent for

polymerisation, such as DNA polymerase, and a suitable temperature and pH.

[0098] Primers are preferably single stranded for maximum efficiency in
amplification, but may be double stranded. If double stra‘nded, primers may be first
treated to separate the strands before being used to prepare extension products.
Primers should be sufficiently long o prime the synthesis of VDCC BARP extension

products in the presence of the inducing agent for polymerization. The exact length of



27 a prinmer will depend on nmany factors, including tenperature,
buffer, and nucl eotide conposition. Aigonucleotide primers wll
typically contain 12-20 or nore nucl eoti des, although they nmay
contain fewer nucleotides. [0099]Pringzs that may be used in

di agnosti c assays derived fromthe préSent invention should be
designed to be .substantially conplenentary to each strand of th
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extension with an enzyme, such as the |arge fragnment of DNA

pol ynehaye auff"(wﬁmmplamntﬁm wéth thed' ar@s%lﬂegUﬁﬂC%ﬂ#%ias e auytation to
and - t a MICG ‘Wt?

Becauseglpﬂ(ggé ﬁ—%\?\%‘% ??lgdras q'lﬁgar]]tces grB@le SO errpggf@s%?mmlc gene
r epeat gdgogates of denaturl ng, prinmer annealing, and extension
results in exponential production of the regi on (i.e., the VDCC BARP

def.i ned b f h h
Sonct s RIS i QuogBioRtied oRndTs ' Bt e RFERIERL, Salovedr 1Bk e PR
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prinmers may ared using any suitable nmethod, such as

convenmanhﬂleqohg BABPegenm GepHerph fRiptve & therwoteredt waciamsiers

oo T oFafeli, ble 96461 BLEGHBRAAEREE oot ) gy of e

synt hesVEZ(e@ BARfe gene estueycBeand dge, otber & comemehmdy da thet pesitive (+)

o 1 S63681 PaTealie e PATERSG ety midsicast flTed byt ensicn i ah
enzyme, such as the large fragment of DNA polymerase | (Klenow) and nucleotides,
results in newly synthesised + and - strands containing the target a VDCC BARP
gene sequence. BecaUse these newly synthesized sequences are also templates,
repeated cycles of denaturing, primer anneéling, and extension results in exponential
production of the region (i.e., the VDCC BARP gene sequence) defined by the
primers. The product of the chain reaction is a discreet nucleic acid duplex with
termini corresponding to the ends of the specific primers employed.

[00101] ~ Oligonucleotide primers may be prepared using any suitable method,
such as conventional phosphotriester and phosphodiester methods or automated
embodiments thereof. In one such automated embodiment, diethylphosphoramidites
are used as starting materials and may be synthesized as described by Beaucage, et
al.,, Tetrahedron Letters, 22:1859-1862, 1981. One method' for synthesising
oligonucleotides on a modified solid support is described in U.S. Pat. No. 4,458,066.



[ 00102] The agent for polynerisation may be any conpound or system
which will function to acconplish the synthesis of prinmer extension
products, including enzynes. Suitable enzynes for this purpose

i nclude, for exanple, E. coli DNA pol éénsrase I, Kl enow fragnment of E.
coli DNA pol ynerase, pol ynerase nutei reverse transcriptase, other

enzynes, i ncludi >r_(}_?.@heat stabl e enzynes (ie, those enzynes which
per f or (@10 er e n@SD@ﬁ- for tolyreeiisaiiosUbRE e any CarepaiEIh ot S¥stem which
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products that are conpl enent ar%/ t o_each VDCC BARP gene seguence

nucl ei GOHEMEY a§f’r|ar|ﬂen@é’n@aﬁmﬁ§1 of e §9/hiIA| ROINErasfe ROVTIPERSE myfteins,
the 3 d t t

tonpl al P8 RS Red bR e PAREE INcdRE Hoatpeabiel WABASE e Hose
di f f er eakymesgwhich peFdAa] ft@eneottensiymt dfteri bemth@G]ﬁ}eBﬁ@laPtcs tteaperatodes

t I t | d st d I f bl t ded .
ot ecUPBITGIRTRY RIPNRISH 39 g onEPTRGTALHS SHPB cB® 76, POMTESTRFS  gHiblp
t
'S Usegg.%?rﬁg;t?ig Z%@%&Cégﬁ%@ag%n dteh@hBERSAdes th EHE?I%%F n¥drfifer té I?@(m the

new y ubl e-stranded nol ecule i s subjected
denat uprimgrcertgnsioonprediiaty thay avé cdreplemearddor ¢s erdr VDG BHRR geﬂe

d I d 00104] The st
Bneal SROUOHINRE rEr O B ce eIV HEE, SrUareiD ] ookl (R end
as neeg@ebdch @ﬁmérf ¥nd Nerobaedah #eR! 5marzﬁbta@n HI6Rg SREURMESate &tahg, until
aci d sequence to the extent necessary for detection. The anount of

the spe¥nthesisigoniateseraduing awiecyirpatdigarantiengibeunul ate .in an
exponential fashion. [00105] Anplification is described in PCR A

c R IRIAAPT538e hemhnsfiesRi v Eiee BARP I atd e bokBlorigttary
be get eabbd: ayid Shranklewil fbhntasdamiﬁb-;aﬁ;naﬂdem rnthle]uu[eumdag hyhddizingt coraitions
pr obes. sma

cont ai H?ﬁ gfucﬁngé)@%aetg\?eh;%{d ﬁ(}@s @I B %?Bt §§§§eﬁc’[§e(ﬂmﬁ? vixthe

BARP g@Bgt &@auw.eemy s@ﬁmégz‘w)\/w@mw aémﬂex@t@naeaw@@@m@ i9ls0bjecte
technique or simlar usi ng dot bl ot analysis. The use of

non- r ath a@mtwmgoc@b@lﬁom usawma@y. of thee procesivees @)essﬁtéedna@m¢et@eprqyfde
t he a”@.lngflé ggeﬁ&@&]ﬁloleéﬂiég nativel y, pr obes used

[60104] ‘The steps of denaturing, annealing, and extension product synthesis
can be repeated as often as needed to amplify the target polymorphic gene sequence
nucleic acid sequence to the extent necessary for detection. The amount of the

specific nucleic acid sequence produded will accumulate in an exponential fashion.

[00105] Amplification is-described in PCR. A Practicél Approach, ILR Press,
Eds. M. J. McPherson, P. Quirke, and G. R. Taylor, 1892.

[001086] The VDCC BARP amplification products may be detected by Southern
blots analysis, without using radioactive probes. In such a process, for example, a
small sample of DNA containing a very low level of the nucleic acid sequence of the
VDCC BARP gene sequence is amplified, and analyzed via a Southern blotting
technique or similarly, using dot blot énalysis. The use of non-radioactive probes or
labels is facilitated by the high level of the amplified signal. Alternatively, probes used



29 to detect the anplified products can be directly or indirectly
detectably | abel ed, as described herein. [00107] Sequences anplified
by the nethods of the invention can be further eval uated, detected,
cl oned, sequenced, and the |ike, eithgé in solution or after binding
to a solid support, by any method usuéfly applied to the detection of
a specific DNA sequence such as PCR oligomer restrijction (Saiki,

et.
al ., Bﬂo/d&tetrtntbueogmphmdmmmz:anl@@syrecw las| indisently; detectably labeled, as

ollgonu | e O probe analysis (Conner, et. al., Proc. Natl.
Acad. P%‘gﬁﬁww 278, 1983), oligonucleotide ligation assays

(OLASs) (Landgren et. al., Science, 241:1007, 1988), and the Ilike.

Mol ecul[@g10Fchni Gemiehoss RNMplifiedl bgitse hagthddseof they irseation Leamd e eiurther
et. al., Science, 242:229-237, 1988 [ 00 OS%Prefer&‘bly t he .net hod
of arrp|qv\ayiat@d V@Ecmmlpge%ys%p@n Ogg% he diken Sithes iR, golgtion cor after

Commnlan(#ﬁi‘Po P%fo:'{la% h@{/ghg%é‘thég 'u'sh?f-tl}ggban c?aig);tﬂeﬂett@ét 6f"e?spec:f ic

nmet hods cat een descr e enpl oyed
as | on@NA $ém1e‘v16étcsuaﬁﬂasg@ﬁ:& saligoemere restpdtidri ¢Salkiy SICRIySBind gehnntagy,

f the | i i i | | Lif th
Such o WD TE 1hs) FeidepbafEhubanitiedilos s rrons shdfsirng o
sel f-sust g ped NAOUSESE S§p|U@A' 090 2981 clysbeIbligorididbtRies lig@ation assays

sequence of RNA of interest an r onot-ef verse transcriptase

copi es (OhAsRNAandgrers DRfA ahd Fdnqnqg%éfﬂﬁe?Rmssamar@v\énib%q ev| @Jecular
e d- aipada o uanandyEs BaREChEbh BRidedafanddfl od, "4 Scence.

anpl i ficgatazgn §NASBE). Whi ch uses reverse transcription and 17 RNA
pol ynmer ase and |ncorporat es two priners to target its cycling scheme.

NASBA b th DNA RNA f t.h
anpl i fﬁ&& 9339388%6%%@%[YW%%W93%H (5’f9"£‘)'% fﬁﬁige?wgﬁb t|'§g{’¥/ 38& as
nucl ei %e%ﬁr'ltﬁjec?%r R aAPldd ! §‘i‘:o%6hl9a&ééﬁ‘ b@CEHo‘éét Sfjo?dlﬁﬂﬁr%klﬂtlhofhe art.

(LAT). works froma single-stranded template wth a single prinmer
that i Alteamativel ingtisidsgifearaplifivatiod have hren desdripedoartst ean elssnbe ¢mployed

Al I|f|ct|on| in

ol | goniB BB8 e IDHG AR 0Pg Rl Apphert PLRIBHE Bfipsrs gthe
fol d. TRenBn ep! sigfkeys wisifedamybahst iditeredivey médm hi nGucin &AAnative
sequence called MDV-1 to RNA conplenentary to a DNA sequence of

i nt er e@Mplifigalioti systemai incleds ahph arer et h&uaﬂﬁta fanasali- %Géalﬂﬁé sequence
conpl e [ﬂ:ﬁg@@l

repli cg%;e‘ ‘%agg@g‘ghkb q gh’gﬁong sequence o&@ﬁ%e%@gtt&é%tﬁgte%eﬁ r%mg;cecr
acid FRevergs trinsaiptase tepibaitiop &NA idas®Nrand dwadesntﬁle(FENR) folkmanelddsby
by using two differently | abel ed hal ves of, a e pntere

Chat areves diansery EssnbelMazintyd e cond: HEhs L dath. ofnplhgr utieic acid
conti JUAMSIfiESES mrﬁqheﬁussmméue ad"@rsarqﬂgn@ BaYed amrcatmﬁ(mmam which
chain reaction (RCR) nucleic acid anplification technique uses two

conpl emsas deyergadranacgption padi TT RNA inghmerasetante inspamdales twe, primers to

georet 1Eat s BT R VPR R Al Wb e BNACERAR and fmispyygte
%I Im ggwﬁg@ggﬁmw foai 0%copiesiwithih KR DOIrhisutawd Amematlwye, maﬂeuc acid

pai-r. Nuclejic acid arrpllflcatlon

(i Spil acandiR ammifiod Bydigaogotvalad FaaserpsRB LATY: AT VoG TaImg Single-
h

bi nda. =5 o08ed Spie MR, Sintle, AR thatlsTEaRaly Bl Sirang &l ank Bartially

OppoglOI tdgutg!mst@m&idtﬁngAm;ﬂlﬁcandrf gsfmm-t@d rhyndigatimgi an ec2iNAI &Pghe I—pnmhdrter

ed but onl cutsteun ifie tran
Itﬁaf1 | fEgenuel egt @@F‘e‘é[gg'”aét W“éﬁnt%‘?‘g’&ia@ﬂe'ssﬁ%ﬁ%t@ﬁéﬁl c
begi ns %ﬂld&%%(én?%an@es@h UMY AhRNIAY Sh RNDELABENCH EAmd r@lgwnww

and buil'ding a’new one which serves as nore priner. SDA produces
complementary to a DNA sequence of interest. Upon mixing with a sample, the hybrid
RNA finds its complement among the specimen's mRNAs and binds, activating the

replicase to copy the tag-along sequence of interest. Another nucleic acid



[ 00110] A doubl e-stranded fragnent may be obtained fromthe

si ngl e-stranded product of chem cal synthesis either by synthesizing
the conpl enentary strand and annealing the strands together under
appropriate conditions or by adding t conpl ementary strand using
DNA pol ynmerase with an appropriate prYmer sequence. 31 Nucleic acid
constructs and vectors [00111] Pol ynucl eoti des of the invention may be
i ncor pempdifeation echniamss tgrsarthaine seadion 6-GRk twrrks &ty PﬁH’QdM{%@iﬁ@Fﬁnﬂy

corpr | AT ke sY5 It fuclBSl e H5d LA JOREcR) igodn the
i nt endPﬁbmbémiQh@@bhﬂgudm@mmnc%nﬁ@Bamplehéodﬁmgraedemthygmmﬂmerepalr

and w preferably also include transcription and translation
i ni ti athaip '@@U@%t(éQR)s@éﬁl@ﬁc%@dcﬁ%PE@P?O iRREHAYD USRE O WBB@F‘?}%"@W

encodi Qﬂgﬁg%‘?%&gﬁéw 9551"9?0”@%‘355% e Idltﬂﬁ rtlgﬁab hol ?ﬁ%?é’éeea ?”igase

origin o onII rautono I cat1 ng sequence (AR
expr esandmuﬂnnmdéommﬁgesmmnq:ﬂllgmahfy tangetot sserpienaasl ndcbase gap

f t t i b
B T ceSeharaies dof \IBBRYFR0Tas RPPRSSaIrS -ALb et RERAIMIE e doibsrihe oar.
Seque“ﬁﬁﬁac@%e TR febairNI NERHIE RERS enimﬁaéia@ratvyogtrémgrmé adeRent

al so be 1 nc ere approprl ate, whether froma native V
pr ot ei acmratsbnoqﬁmhetmze@cemm pumerrmta;amea gecponilipe sitedies hbmclt Méth

odge. PROTERP TS LNERS” S By piffodt VR, b PR EBSnaAare ffs inhe

| ocal | patti Ot PRiderBYpdsted thy dveH@HgR Witbn saifigredntaifiing bdesinkzatalogs.
nalg % be ?Eed P%N?arget t he BARIgaprotel n or peptide to distinct

cel | ul Binclbisapgded Bubnlyl gdls thecunmadiiod DAGH epbcaPNA RRbmerage dhat
t han O%%k&@%x%yéllegié;%gfsi\g y n%ﬁtg‘?% %’E Wgﬁe o'i‘ tﬁe ?1' é ‘E@gin‘s tB'e;ﬁHlPrﬂ@hze

cells are”known
si ngl edpldcing-thd inéial fpus*ierrstmrﬂt@mmsstmntaind m:lm@alraw nge whlch serves

di meri zat i h as FKBP may b | uded to. facili
ocal | SacnanBinSa SO PRCLRES Sredeh A A0! ST Beibibrtdekisod by 37

other HEmEIasUPRIAHE@ P@F@éHaa_Gmasmaagéétlnby r@@d.reams%mmé@mnpérature
FKBP and”mIrOR. Such vectors may be prepared by neans of standard

r econbiyeling. tAwtheyaewliliegtionsisiemi usefildn dhe r@ﬁtbod iof dfues Hwentienyjs the QB

oL o RGeS SRR AirBlioh B0 3R B Mo g o bR CR I e

will bpnesties! @ssother hethedd vaatdlsmbk used teahpdify, thanVDOY BARP gine
when appropriate, those natural]y a?%l%gl ated with VDCC BARP genes.
Exanpl 8equRnaRAKEpsEibegipithameshed 6f thednventions and expressi on’

vectors are described in Sanbrook et al., 1989 or Ausubel et al.

1992. Wgzsef Ul aMRCARAbENERY & thB%de[édi%e%rdf ta@%r@@éhtm%malmg\p also

froms ndors as Stratagene, New Engl and Bi ol abs, Pronega
Bi ot eche producachby seplieationtie assuitable hesttardl. tNaturalay synthesisadynucleotide

prompt ?ragfnen?NAéo%lng t £'a o%snregl Yraglrr}'en% will %e incorporated into recombinant
polynuclectide constructs, usually DNA constructs, capable of introduction into and
replication in a prokaryotic or eucaryotic cell. Usually the polynucleotide constructs
will be suitable for replication in a uniceliular host, such as yeast o.r bacteria, but may
also be intended for infroduction to (with and without integration within the genome)

cultured mammalian or plant or other eucaryotic cell lines.

[00110] A double-stranded fragment may be obtained from the single-stranded
product of chemical synthesis either by synthesizing the complementary strand and
annealing the strands together under appropriate conditions or by adding the

complementary strand using DNA polymerase with an appropriate primer sequence.



enzynme pronoters may be used in prokaryotic hosts. Useful yeast
pronoters include pronoter regions for netall othionein,

3- phosphogl ycerat e ki nase or other glycolytic enzynes such as enol ase
or glyceral dehyde- 3- phosphat e dehydrog$nase enzynes responsi ble for
mal t ose and gal actose utilization ot hers. Vectors and pronoters
suitable for use in yeast expression are further described in

Hi t zemhdluddeicaicid demstgjadg and vegtoopri at e non-nati ve manmal i an
pronoters m ght include the early and | ate pronoters from Sv40 or

A ki LR R G S e

or pol ygsRablewéstd forantrodiigtictomes atmbkamtlbe;rmjcawbthmm Such vectors
anplifiable gene (e.g.; DHFR) so that nultiple copies of thegglugmgn%

be mad&ayPicallyr epppEse aermlﬁéaqan &yglesm Hepogigee L Hie baat (i
e aue i i8nadd Opahiliebue U BB ER S5Rciing PH! dedRA TEAASALE, and wil

aut ononous cat bel ng I nser

genone ﬁéfetdhﬂy h«m mcRIdle trdmsmrbt:bnwd/\khhslktmvm |n|na’ucbre regulatory sequences
[00114] Ex% essj on and cl oning vectors li kely

sel ect 8BFENA linked %@m'ﬂﬁgeac BQe?‘?Qrﬂ Rfe§%P"sYﬁq9R?af"ay
or gr oy, 8r aqsin WtJ% fo?@nﬁpf)ﬁ- Ravbh 'brtélﬁoﬁéﬁlb%ly @bﬁcﬂirﬁf@@&@eﬁe

this gene ensures gro ose host cells that express the
i nser t $ARSY @ncdaéxpreksioni cmmtl@d;rseguenmﬂjea pr@netems an mha@)cer:@ﬂﬂemecessary

resi stance to antdbiotics.or oth t oxl i

ooy cPICess g0 MiTagton sids. WPRCah-TideatreRlRNE Ses, R Sblcd. isigs.
or c) ?H%Hﬁnﬂé’uéhCsﬁlﬂesnlﬁafris@ﬁéﬁomtteﬂﬁmalt@bb@quér&i@scw exRNRdb®bilizing
e.g., thé gene encoding D-al anine racemase for Bacilli. The choice of

the pr §pwew%cﬂmlféawm gignalg maydalsenke dnc Hﬂ@d rRare caprroplaig, whether
appr Opfrlixﬁnt % rW%’t (&' v %NCF{Fer@'ﬁfelnoért Sfrd?'ﬁe GJTE@P s! Or Rfn a8 creted
e vecC S O

[ 00115 ors contalning nucl ei c ac nterest can
tr anscpolypéptlcmey of th; same drhelated uiplec:eg, RINicH allcn\mllme@doﬁen“t o t;mssmmi/or

] -k t hod th b
CntrodlRdSi In calimmoE ot duis Sat 1S hoglondl ebRgln T farendaten
whi ch vy f’f‘agﬁl&g'anr& yA&to i&ﬁoﬁ)é%é?fTﬁé’|Idd§l§§étld‘rp§fgnalsnmbycﬂé1gsed to target

el ect ropora transf ect I on oyi ng cal ciumchloride, rubidium
chi ori the BARRI prateincxphentide tovzﬁstm@ktqeﬂnlar storeaing tosmpsulate és subset of

m cropygjectile b Is
o PR e ATHRET R R EHBS} 8 piRbRERICRANIEES i HSiHAE e
met hOdNeu'tFé‘t%[idé!Ié @edl khbah t@fexbi’@spmby'@ tredreohe Q}ﬁie Oﬁ'lﬁ-(subhﬂlt i atsingid cell.
cel | met hod known in the g I ncl udi n inter alia, i{élgse
descrl yahabcw%onvwrpte'm capabler efl feguialing dimglizalion suFB dm MG Man e
cells i deesk i
e me RS i 16385t Ricafiat B dtioRah e M@ A
pr esenbr iFRHEGE d)loan'jom!verdlesnhmupm%swe daugs ﬂ‘rammatiy act as dimerizers of
FKBP and mTOR. Such vectors may be prepared by means of standard recombinant
techniques well known in the art and discussed, for example, in Sambrock et al., 1989

supra or Ausubel et al. 1292 supra.

[00112] An appropriate promoter and other necessary vector sequences will be
selected so as to be functional in the host, and may include, when appropriate, those
naturally associated with VDCC BARP genes. Examples of workable combinations of
cell lines and expression vectors are described in Sambrook et al., 1989 or Ausubel et
al., 1992. Many useful vectors are known in the art and may be obtained from such
vendors as Stratagene, New England Biolabs, Promega Biotech, and others.

Promoters such as the trp, lac and phage promoters, tRNA promoters and glycolytic



transfected with a nucleic acid nolecule of the invention. Preferred
host cells include bacteria, yeast, manmalian cells, plant cells,

I nsect cells, and human cells in tissue culture. Illustratively, such
host cells are selected fromthe group consisting of E. coil,
Pseudononas, Bacillus, Streptomyces, 53ast, CHO R1.1, B-W L-M COCs
1. COs 7, BSCl, BSC40, BMrio, and Sf9 cells. [00117] Large quantities
of the ennyhes promwitdss miag heoliggubint prokaryotic thoetgr dsefit yeastamoinetersiyc ude

P her eofTPRICHTs 51 ot OERRR @0 ConanPObEsrats Kioafiapt EST olveolyti
Prokar Y el siiF 88 3é915|a‘%eh&'5§;iy?@t’éféehhyﬁ_ﬁes-ﬁﬁéépm&ﬂéﬁyﬁmg%ﬁ?@se enzymes

prokaryotrc hosts are strains 0 scherichia coil, alfhough ot her

pr okar yespensisledhr ssltBaeidndugalacibse |UtiizatiorpeaaddBhersasY aeipransd Prmoters
used. [001 Al so provided are ma L I ki \gpg;{ A
pol ypepﬁq'tﬁé@eﬁ%ﬂ‘?‘%dﬂ d@ﬂf@éﬁ@‘?@@%&e ﬁgﬁﬁ% ggsﬁﬂ;&ﬂawgﬂ %gﬁ.'paer M tal?',' EP
hi gher Exgr558SApProprialORrbnBAPe NohNPeRiandgropyotarAntgittf ineluderthe agnlysand
reconbi nati onal event consisting of inserting an expressi-on ..

r equl atlateyprogpterscleomSY4h er Psomptess derived Jrom muivedetlongxreukemia virus,
pol ypepti | S e . essl ; I :

e an JBRESe BB MisS B SEro el IS, SREABVERGH, BHAN (RERIGATS Girieer
mut ant pdNEEBARRduitiom e cdestregurhay beyoised demneamplifidide gene (e.g., DHFR)

[00119] Thus, the present .invention aJ so provides nethods for

pr epar i ¥%ythahmuitste sapiesssitye egpe (ﬂ%akgﬁﬁg‘iﬁ# T PRy OQﬂﬂ?? t?PLﬁBC%[ qng pther
as descty ; Itions that provide for expression of

t he V&%%ﬁ%gy@ﬁﬂggﬁggﬁ%d (b) - recovering the expressed VDCC
BARP pol ypeptide. This procedure can al so be acconpani ed by the steps
of : (c)[08hi3hnat dyhipisunl axpeesaioy yeptarsenal irerjicaty astanoamdusiyeligy may

ool 11 14rde Pt 58 bt nPkd P oo RhE D AR oel by S RRIoR e

such asrigh@sia tAk ayeast, filamentous fungi, plant, insect, or
anphi bi an or avi an species, may also be useful for production of the

Cul tar 400814, s EXRETSIn BIR CeamIPEBTO ML KAk APp PR B A e
host C%Hnel éﬁ@o&ii@g & M%%ﬂﬁ%e%%ﬁ?'shﬁivﬁﬁm@r%ﬁdﬁw R6StONEN transformed
ells, an . cell |

(CHO ¢ 38, BHK, and _ I nes; although it will be
appr eciwitfethebyectos. Jitiel prasepeacfithiscgrne ensurestarewtit oF oniy theserhgst wells

o Yooyl Bupfiss: e Rs3rS; " 3FpishP RElRefpBLgaRs 8o drdenS that @) corifer
resistance to antibiotics or other toxic substances, e.g. ampicillin, neomycin,
metﬁotrexate, etc.; b) complement auxotrophic deficiencies, or c¢) supply critical
nutrients not évailab!e from. complex media, e.g., the gene encoding D-alanine
racemase for Bacilli. The choice of the proper selectable marker will depend on the

host cell, and appropriate markers for different hosts are well known in the art.

[00115]  The vectors containing the nucleic acids of interest can be transcribed in
vitro, and the resuiting RNA introduced into t_he host cell by well-known methods, e.g.,
by injection, or the vectors can be introduced directly into host cells by methods well
known in the art, which vary depending on the type of cellular host, including
electroporation; transfection employing calcium chloride, rubidium chloride, calcium
phosphate, DEAE-dextran, or other substances; microprojectile bombardment;
lipofection; infection {(where the vector is an infectious agent, such as a retroviral
genome); and other methods. The introduction of the polynucleotides into the host



[ 00121] O ones are sel ected by using markers dependi ng on the node of

the vector construction. The marker may be on the sane or a different
DNA nol ecul e, preferably the same DNA nol ecule. In procaryotic hosts,
the transformant nay be selected, e.g by resistance to anpicillin,

tetracycline or other antibiotics. éauctron of a particul ar product
based on tenperature sensitivity nay al so serve as an. appropriate

mar ker .ceflGy12p] methed kpowndn dhe@mk;arcwﬂm@ ioten &z, thors desariveni abpvenavill

Phe” pr aar s i hetdlf A RERSlorr iGN 4e del 43P, WEED avB o< ntrgfifled
i nvent irp@ilei®aéida!detcribsd aByvdBlEmeant &t aldy imgudd theVibiegeRBABPsuch cells.

Pol ypeptides [00123] Full I ength VDCC BARP pol ypeptides of the present

i nvention have about 700 am no acids, encode a npdul ator of c¢ Icr u
channell0&E1Elyi ty lihwsarthanipresentpdivandanamrovidesm gl | celisy rans or

al | el i gy g ﬁr’éﬁ&rtﬂr HBEBICO 8%015%19 df?ﬁ‘&me‘r{%ﬁ enl%‘ Hm%ggﬁlude
al so typica ansne rane domal n,

Il and bactﬂrwcqeatatmamnmlrae dalls, gint wets bra‘aew)celrs’D@ﬁdBmﬁﬁ)an cells in tissue

2P Y Rk, b chnAE R Sl el I B2 o

deri vatps\éggon@y,bggsgemg a8kt cbBeyEREChIRI Rl SBLWa ity DO 1Th>es 7,

pol ypepti des can be prepared by reconbi nant or chenical synthetic
met hodBSE, BG40 yBhiTé0eand $I¥Delfs.BARP pol ypepti des i ncl ude those
conprising the am no acid sequence of SEQ ID NGS: 2, 4 and 6, or

Il eli jant '
ool A o BUBRER A LSBT Hhyp R s
of t hejrausntion asay beesreparel Shevwpressing=Re YDNC BZ\RP nabletd acidsariportions
honol ogues or fragnents, thereof. g%u‘g 00124 term tb%gegtr de"
r ef er s egegf &5‘0‘{%@?5 Frothaf AYPIESsigy vehirles P% %rﬁ’t’o'%go SeieAryotic
refer QsfcaRect dé fdsE B8t &Hily LB&d ?Fﬂg#?ed t\%&,rc &5%’@ ar@%ﬁé frfé%? Eschenchra cofi,

olrgopeptr es and proteins are.inc in the nition of

pol ypepithdegh Titier prokanaites simbsas daalisfsesulttiis wr Pesxuglamienas may also be
nodi fi cati,ons of the pol ypeptide, for exanple, glycosylations,

acetyl #F%ns, phosphoryl ations, and the like. Included within the
definition are, for exanple, polypeptides 'containing one or nore

anal Ogiowﬁﬁn ammso apradidédncaredi mgmnialiane xaiisl &onteibingala aVDﬁm: BARP
acids, etc ypeptides with substrt cined Irnka es- as \fi\f as ot her
modi fi @a{rpeﬁédfkﬁaﬁﬂdma N8 sgapengRaRd me %ﬂ’rfwérﬁ O REFMH A¥qfesiaxpression

occur I isRgypERO B b nPélg}?aéﬁeHr? E}%} rFsh%f P4 §fiblobBYS b@ﬁ\brr?atron%.event

honol ogous sequence |nc ude an am no~acl d sequence ich
i s at keasistigd of M0serfdg@an egpteisdient fegalatonyr e¢queaiisieyinafunictiasal @eximity to
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[ 00126] Ot her preferred pol ypepti des conprise a conti guous sequence
havi ng greater than 40, 50, 60, or 70% honol ogy, nore preferably
greater than 80 or 90% honol ogy to am no acids 25, 41 to 66, 422 to
442, and/or 525 to 563 of SEQ I D No: ﬁ 36 or the corresponding
regions of SEQ 1D NO 4 or 6. Althoug 4homol ogy can also be
considered in terms O simlarity (i.e. amno acid residues havin
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performed. Consequently, nbst sequence conparison nethods are
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sequence alignnment to try to maxi m se | ocal honol og% .
polypeptides of the present invention, but also, for example, studying the

VDCC BARP Polypeptides

[00123] Full length VDCC BARP polypeptides of the present invention have
about 700 amino acids, encode a modulator of calcium channel activity in an animal,
particularly a mammal, and include allelic variants or homologues. Full length VDCC
BARP polypeptides also typically comprise a Transmembrane domain, a domain |, a
domain |l and a glycosylation site (as defined below). VDCC BARP polypeptides of
the inventioﬁ also include fragments and derivatives of full length VDCC BARP
polypeptides, partic:ulariy\ fragments or derivatives having substantially the same
biological activity. The polypeptides can be prepared by recombinant or chemical
synthetic methods. Presently preferred VDCC BARP polypeptides include those
comprising the amino acid sequence of SEQ ID NOS: 2, 4 and 6, or allelic variants or
homologues, including fragments, thereof. A particularly preferred polypeptide
consists of amino acids 24 to 563 of the amino acid sequence shown as SEQ ID NO:

2 or allelic variants, homologues or fragments, thereof.



[ 00130] However, these nore conpl ex nethods assign "gap penalties” to
each gap that occurs in the alignment so that, for the same nunber of
I dentical am no acids, a sequence alignnent wth as few gaps as
possible - reflecting higher rel at edng s between the two conpared
sequences - wll achieve a higher score than one with many gaps.
"Affine gap costs" are typically used that charge a relatively high
37 cos{0G124]t hEhetars ‘potypeptida” wpiersdad Rolymer iob AMiem arids angritsee@uivalent

b t id in, th s i ) . .
Seor i ngnB Adenhot ekt A ssindic Pt pF e pro GRS BEbYaeS SfhodBBpges
al i gnmaRy prtdihs BRYWRICILERRISWitASthe Al dfigftivensf @Trp@grp@nsadal IThie tdren glap does
penalties to be nodified. However, it is preferred to use the default

val uesnahegfeuin. myj exsbidesaodifeations of §ig nelyeertidepar examele, ycasyiabigns.

wh ' ' .n. B f +hel def aul

gap penardiFiRe Bionb qaRTb s oaR e AREIERAESCHIR B (bMifiibs &) for

extens bg@mﬁ[@(ﬁ&ﬁd @[alhegrcﬁfcntmnimf?mnr mmxmel ' %adrajcr?d; @?ya&n arpiref Iacid (incledihg,
t he production of an opti al i nt ; ing i

O e\ RaCaEom L, 20 0P el LSt LakLRGeh T Ragas ag el

out sugh .o?ﬁ'eﬁgbb@@%né %&W@%@_%Wﬁhfhr%éﬁdhoﬁ@@ﬁ%ﬁﬁy occurring,

(Uni versity sconsi n, vereux et” at, 1984, Nucl eic AcCids
Research 12:387). Exanples of other software that can perform
sequenf@01@Fipar i dotie cordextdd the preserd im@ntionmra themalegoyshse@iense is taken

package (see,Ausubel. at a 1999 ibhid.,-. )7n F S; :

Bl o 1ude 5 RIS acfl sedudrbe Wofers s 3 e g H b gfcHtca
conpar pEfardiipks lefR9td5 BE68% RIBhCASIH smvaiatiablesel overcht lase2an80,
online searching (see Ausubel at at, 1999 ibid, pages 7-858&% o_tu?in7-s%(8 D

Howev el 00t 20@, 30Qpe AP @rpigo RRids with dnesasaispadid sraeRnEes

00132 t g % . '
[ onti 19 $PA9R 8. 18 dediiar WBATEORP ¥nGiA6, QBicHRT BY heldbrbd it fispect to
al | - or thehieforpabf theo spquersenknows te dd essesdial éor fhenfunation pf g peotein
matrix i ner al | se hat ,assi.gns scores_ to,gach, pai rw
conpar r@gﬁggﬁé%&%%e%?@ﬁﬁtgﬁ'@w'ﬂﬂ@ i §AYUSNCEY 0l Eﬁ‘% nfé’Ef}: i%‘w'@gnPSWOA?SV
exanpl %oﬁlfpaﬁﬁéﬁ?’gF@Ff]éfé%aBI B bvéﬁlfé!}i(brfﬁs &&@eﬁldﬁﬂdi\%' & et tiansmernbeane

default matrix e BLAST suite of progra

ms. GCG W sconsin .
pr ogr agemgmePamajn LisRomiairhHrandier puslyresdeticn pite wi the &/ frCBARE: @mino
synbol _¢o i le.i. I i e e S I r ;
det ai | g?id%é&yéﬁ% é%groﬁjédr.‘t%gﬁébtﬂ{ejssu%’l iuc&([jef aul % t(/d;rﬂ%lfpeé;n%?lfgﬁﬁt %%main
GCG pagkagspods tnapprexiasielyodmindacidsoftt tse6@ of ISEQ dBfNOt2. TherDomain |
such as BLOSUMG2., [00133] Once the software h, ced an.optiml .
al i gnmeRTrespendssiqaRAPKINAtely EINAAGdS ﬁe@%&rﬁgﬁr@@ Al %’Bomam
sequenge b deglddds tonég)g&sa&ﬁn%éu dnfRbCatitY §82%0 L8P ohsrar ID Hoide The
sequence conparison and generates a nunerical result.

glycosylation site corresponds to approximately amino acid 25 of SEQ ID NO:2.
Preferred polypeptides of the invention comprise a contiguous sequence having
greater than 50, 60 or 70% homology, more preferably greater than- 80 or 90%
homology, to one or more of amino acids 25, 41.to 66, 422 fo 442 or 525 to 563 of
SEQ ID NO: 2 or the corresponding regions of SEQ ID NO: 4 or 6. Preferred
polypeptides may alternatively or in addition comprise a contiguous sequence having
greater than 80 or 90% homology, to amino acids 422 to 442 of SEQ ID NO: 2 or the

corresponding region of SEQ 1D NO: 4or 6.

[00126]  Other preferred polypeptides comprise a contiguous sequence having
greater than 40, 50, 60, or 70% homology, more preferably greater than 80 or 90%
homology to amino acids 25, 41 to 66, 422 to 442, and/or 525 to 563 of SEQ ID No: 2



38 [00134] VDCC BARP pol ypepti de honol ogues include those having the
am no aci d sequences, wherein one or nore of the amno acids is
substituted with another am no acid which substitutions do not
substantially alter the biological activity of the nolecule. An VDCC
BARP pol ypeptide honol ogue according #® the invention preferably has
80 percent or greater anino acid sequence identity to the human VDCC
BARP pai yipe goiréspamding reglods oE GRMID Net 4o 6. |/h|ﬂSE(gh Domalogy. can also be
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agents, “enzynes, and antiligands which can serve as specific binding
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1989 sgpnsideratibustiat) fet exdmple] 90 2ars Wiherwise |dentical 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, mosf 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 sequenée alignment to try to maximise local

homology.

[00130]) 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 sequénce alignment with as few gaps és 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



39 [00137] A pol ypeptide "fragment," "portion” or "segnment"” is a
stretch of am no acid residues of at |east about five to seven
contlguous am no acids, often at | east about seven to nine contlguous
anmino acids, typically at |east about 3dine to 13 contiguous am no
acids and, nost preferably, at |east about 20 to 30 or nore

cont i guwmss fartheexistenss of QLPCARE af emaltet poiajiydpt edets subse:ch.ent residue in
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of at |Heamdvead.itds pﬁefetrledrtottsetthemeoBemfltmegralner actlon of VDCC BARP
with the AID binding domain of p-subunit of a voltage gated cal cium

channelobfaict o HiBubhtnSkhando 2imbBlodaf 6 AR RHfins WRId:ARl, Yo
alignment process itself is typically not based on an ail-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 defau!t values or a custom symbol comparison table if suppiled (see
user manual for further details). It is preferred to use the public defauit values for the
GCG package, or in the case of other software, the default matrix, such as

BLOSUM®G2.

[00133] Once the software has produced an optimal alignment, it is possible to
calculate % homology, preferably % sequence identity. The software typically does

this as part of the sequence comparison and generates a numerical result.



bi ndi ng domai n of p-subunit of a voltage gated cal ci um channel in an
in vitro binding assay. Preferred honol ogues, variants and fragnents
are capable of binding to the AID binding domain of p-subunit of a
vol tage gated cal ci um channel by a fa88or of at least 0.5 relative to
full length VDCC BARP, preferably by a factor of at |east 0.9.
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packi ngoratgosiabor(hamylalsitpb aesideedzaslistituted withi toyphestdm. gl ass
wool , plastic, netal, polyner gels, cells, or other substrates. Such
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Honol ogous “pol ypepti des nmay be fusions between two or nore VDCC BARP
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der i vapblypeptidésdmsrotding retiev@d by antigemattolths /IQCBARPIRoteti(sRi ns may

be "swapped" between different new fusion polypeptides or fragnents.

g;;gmh TB‘%' grzdpﬁgp&]%hgh%d%?c%%gm;uglr O#agn%xgepta#(é eg;o%éddbgpkhaey ’pxjegént
invention for VDCC BARP polyp_eptides or fragments thereof which are substantially

“homologous to primary structural sequence but which include, e.g., in vivo or in vitro
chemical and biochemical modifications or which incorporate unusual amino acids.
Such modifications include, for example, acetylation, carboxylation, phosphorylation,
glycosylation, ubiquitination, labeling, e.g., with radionuclides, and various enzymatic
modifications, as will be readily appreciafed by those well skilled in the art. A variety
of methods for labeling polypeptides and of substituents or labels useful for such
purposes are well known in the art, and include radioactive isotopes such as %P,
ligands which bind to labeled antiligands (e.g., aniibodies), fluorophores,
chemiluminescent agents, enzymes, and antiligands which can serve as specific
binding pair members for a labeled ligand. The choice of label depends on the
sensitivity required, ease of conjugation with the primer, stébility requirements, and
available instrumentation. Methods of labeling polypeptides are well known in the art.

See, e.g., Sambrook et al., 1989 supra or Ausubel et al., 1992 supra.



specificity of binding. Fusion partners include i munogl obulins,
bacterial .beta.- gal actosidase, trpE, protein A .beta.-I|actanase,
al pha anyl ase, al cohol dehydrogenase and yeast al pha mating factor.
[00145] Fusion proteins will typicall y38e nmde by either reconbinant
nucl ei ¢ acid nethods, as described below, or may be chemcally
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Vari ous nﬁéhods of éeln purlflcatlon are well known in the art.
[00147FFH ‘ﬂ%fsn%m'q fed", "substantially pure", and "substantially
honbgeneous" are- used |nterchangeably to describe a protein or
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gel . For certain purposes, higher resolution may be provided by using
HPLC opotypeptidereans wel | known in the art which are utilized for
application. [00148] A VDCC BARP protein is substantially free of

nat ur a soci ; i
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purification techniques well known in the art
have other useful propert[es such as a longer half- Ilfe The similarity of function
(activity) of the modified polypeptide may be substantially the same as the activity of
-the wild-type VDCC BARP polypeptide. Alternatively, the similarity of function
(activity) of the modified polypeptide may be higher than the activity of the wild-type
VDCC BARP polypeptide. The function/biological activity of homologues, variant,
derivatives or fragments relative to wild type may be determined, for example, by
means of biological assays. For example, when administered to PC12 cells, VDCC
BARP reduces calcium channel activity, resulting in a reduction in extracellular
calcium concentration. Thus one test for VDCC BARP aclivity is to administer a
variant to PC12 cells and determine whether calcium channel activity is inhibited.
Preferred homologues, variants and fragments are capable of inhibiting calcium
channel activity by a factor of at least 0.5 relative to full length VDCC BARP,‘
preferably by a factor of at least 0.9. Another test, based on the interaction of VDCC
BARP with the AID binding domain of B-subunit of a voltage gated calcium channel to

determine the extent of binding of a homologue, variant or fragment to the AID



[ 00149] A pol ypepti de produced as an expression product of an isolated
and mani pul ated genetic sequence is an "isolated polypeptide," as
used herein, even if expressed in a honol ogous cell type.
Synthetlcally made forns or nDIecuIes4@xpressed by heterol ogous cells
are inherently isolated nol ecul es. Diagnosis [00150] The expression of

VDCC BAYRfiing dogfain bf Gesubainit 4fi & sokkadey pated ddicianmelyartree! dueantin vitro binding
nmutations in VDCC BARP may be inplicated in conditions related to

cal ci urBSeR¥n rF'B’BfQETQdf h@mpmue@o Haais ANd ragreeals agneapalie of bindingirihe

o, BB ks 5 USSR S8 B R

CondUCtI@é%tLGB%Ia%vB't@ R4 lepLthSYIRIG BARRI Peéarefawnb@r zﬁ)fiéd:teﬂbf a/é\ least 0.9,
"sanple’ refers to a sanple of tissue or Tluid suspected of

cont ai fuiigbien "hr\’dl’@tbé"qjmyﬂﬁ?@bfé(ﬂfﬁd‘é‘e%rkf\@wryﬁé@ki”@é PeEANANnsSuUch as GST
individ
i o PG PR s P! obinBLSH KlefipSher By Fbiof Biotdly Bkt

i nt est ighdththiGmg Saearisfenaserm iynrhobifized oh ghutathicrd-sepharbbebdadsl | s,
organs, tissue and sanples of in vitro cell culture constituents.

00152] Accor.din o the nosti c.and prognosti ods. of t
Lr esenl[ Qfﬂcl)gnt i gﬂ%ealmﬂ'g?élgﬂo lypep gﬂ 89pémﬁﬁeﬁsga@iggngonvenﬂonai
sequenq&rrm;% dpt RCIBolBENGyARY AN6dREdt PEciEi Nasld dpachidfibed using

her ei n I'tion,” the diagnostic and prognostic nethods can be
perfor rmdvelntsaml dechnitiges | Ghe yipediiedowBAGR g@delswtm@ﬁ@@ tyn gopertionsl

cal oi o o LR aGBct M A B SR St R el BB ERRE pee

of a Wsmpm@egmuorem@m@@@&@m@mreﬁqﬁmwﬂemﬁm arsvd. ncl udi ng
del etions, insertions and point nutations in the coding and noncodi ng

regi ons. Deletlons may be of the entire ene or o onlya lon o
the geh@d148)i nt Resilasossbaigptia J{}ﬁ qugt t BplYe aﬁé%ﬁn%t‘nve”t'on

Tutat | ORSviage R0 BRIGHLASHON tidbirehts ParBlidly ﬁaﬂtﬁbsoemrﬁf‘c%rﬁ hsiBgical

that o only In certain tissu g., In pancreatlc I sl ets,
pi t ui t activitiee rieduden ligaeddiintlingmsach hesabindirg Ite thadARY dimding |dmaannt@de-

sSueSOBHAL G yolads Gasd FHOHR gl o ahopaentied Heristaa; goibctles,
somat i ?ﬁﬂlbft* oﬁlﬁfaéé?éurr@cﬁéﬁﬁ’éld%tl\f@'éﬁ(ﬁ@tﬁé? U@Idgm RAViBds CGHafadtBristic of

channel's may be 1 ndi cated di ng of
VDCC BARP, polypepttdes

[00143] Thé polypeptides of the present invention, if soluble, may be coupled to
a solid-phase support, e.g., nitrocellulose, nylon, column packing materials (e.g.,
Sepharose beads), magnetic beads, glass wool, plastic, metal, polymer gels, cells, or
other substrates. Such supports may take the form, for example, of beads, wells,

dipsticks, or membranes.

[00144] The present invention also provides for fusion polypeptides, comprising
VDCC BARP polypeptides and fragments. Homologous polypeptides may be fusions
between two or more VDCC BARP polypeptide sequences or between the sequences
of VDCC BARP and a related protein. Likewise, heterologous fusions may be
constructed which would exhibit a combination of properties or. activities of the
derivative proteins. For example, ligand-binding or other domains may be "swapped"”
between different new fusion polypeptides or fragments. Such ‘homo!ogous or

heterologous fusion polypeptides may display, for example, altered strength or



43 nutations thus provides both diagnostic and prognostic

I nformati on. A VDCC BARP gene sequence that is not del eted can be
screened for other mutations, such as insertions, small deletions,
and point nutations. [00154] The predi 4position of a patient to

di sorders related to voltage gated cal cium channels, such as ataxia,

m gr ai peciipity egfspindirgur dtlege qraatrieos , intlyder imenanagiobalinsdi acterial .beta.-
di sorders and di abetes, and other disorders identified herein, can be
ascer t A3R0Ja8R s %FHE’ aotEi s vis ofbe%ﬁga %maeﬁ?e f%Pﬁﬂut%{PV%’ﬁg' o@qulg‘é’l
VDCC B RIfenaERTanBNAER} Sipha rR&mPracMIe has inherited a gerniine
VDCC B%%Plﬁyrerut atnlaon ar?i ght Leppronelto o(I:evel op the above disorders.

Most sinply, blood can be drawn and DNA extracted fromthe cells of
t he bl §8@145In addusiamprogeins adlhtypitiadyhesnede y aibesceembingnbauggic acid
testing fetal cells, .placental || L oL 8 for mutations
of theW%Aﬁd%%q . d%eﬁ%\&’a‘?ﬁ @%y@%‘ %{%@E%ﬁf%h% ‘BARP al | el e,
whet her, for exanple, by point nutation or deletion, can be detected
by any [06146]e nedPgotdinspusfirationtireiers td Aa16HS Toetthotis dor thee isdidtomabf the

of the wild-type VDCC BARP gene in a tissue, it is helpfyl to jsolat
the ti SdYeCt r%gRE’rBﬁ{YQGP?%d’FQ{@ BtarmPIAwEHe 1atRERsSHt 3 TR ﬁaﬁs

Ul ssue peRanald Qnareokiiih MudiBe atks SRodHATEE BARR] SRUATRNel

be isolate m paraffin or cryostat sections. S may al so be
separ atkadwiyinfthearc yFometargple] 8045 epKpeptides mayl ierpusiisd bydmhygine-aftinity

Lor' cBR SRR Bt SN SRS ? SRR Tt beksB i
enzymes/aripi8feEmBLY ofbidtem paifatioy BRe et knb@Mtifitisd BAN enzynes. Each

bl ot contains a series of normal individuals and a series of

individuals with disorders related to voltage gated cal ci umchannel s,
or bot 00Kt her 8! oteymf s pisalated’. hylsubaiastialy 1 iifent 8nddi Tsuesianpgally

in | I it h :

ol udr B R BRC A prd AR b Ml ChiR A BRSSO ipitide, that has
I'f resteeotdseparaiad froes componpnisdhetaceamygparey gen 'rtsesvaturat state. f A agrremaric
ol oy EtelD 3RSy (FATeR st RS APBIEO N AT bt Baanpis exhbits a
acconplsirfie hoWpepatBCsifeneb OA BGbsthnfidlsy MAFeBARSter Wal 8fidall@nébmprise

sequenci ng the al'lele(s) using techni qués
about 60 to 90% W/W of a protein sample, more usually about 95%, and preferably

will be over about 99% pure. Protein purity or homogeneity may be indicated by a
number of means well known in the art, such as polyacrylamide gel electrophoresis of
a protein sample, followed by visualizing a single polypeptide band upon staining the
gel. For certain purposes, higher resolution may be provided by using HPLC or other
means well known in the art which are utilized for application.

[00148] A VDCC BARP protein is substantially free of naturally associated
components when it is separated from the native contaminants that accompany it in
its natural state. Thus, a polypeptide that is chemically synthesised or éynthesised in
a cellular system different from the cell from which it naturally originateé will be
substantially free from its naturally associated components. A protein may also be
rendered substantially free of naturally associated components by isolation, using

protein purification techniques well known in the art.



well known in the art. Alternatively, the gene secjuences can be
anplified directly 44 froma genom c DNA preparation from ot her
m nor tissue, using known techni ques. The nost popul ar net hod used
today is target anplification. Here, #Be target nucleic acid sequence
is anplified with pol ynerases. One particularly preferred nethod

usi ng qooymr aseﬁdlpbmpamlprbdméd as a'm expeesscdrypmchm of e solated and
reaction } The mer ase, chain r

qQth B

pol yrrerr%@'é'PHra srbgeq FS (URRG 1P Q@séﬁ%ﬁ iptitie. % usgd herein, even i

m i ong g;ﬂ%ds%ebnﬁ'f & thScﬂ#tHBt[ééT? HiRiePforms or molecules
|c tlon cycles a [

pol ymeraSedriven anp fred, the resulting
nucl ei expresseddry hetesdogmrscealisare ushezrently moajedm@lewlear DNA probes.
[ 00158] Sone ot her useful diagnostic techniques for detecting the

pr esencﬁ of VDCC BARP and or mutations to the gene include, but .are
not IB8H°P: 1) allele-specific PCR 2) single stranded
conformati on analysis (SSCA); 3) denaturing gradient gel

el ect r qods0si s mpreﬁloﬁmwmtﬁmmmeaﬁ@EﬁatrﬁﬁsﬁlbetypSQ THis may
proteins which recogni ze nucleotide m smatches, such as t C

mut S post 8Ha; toa;ﬂt&@h@%%b@?@. BARR g dee Bpplirated Agozon tm lﬁlgted to
fluor e%%ﬁmm'c'ﬁaﬁhéf‘%@n%@g%@'s %s\%guéﬂisﬁ'@staﬁsﬂ @W@@@@ﬁ%ﬁiﬁﬁﬁﬁ%

t he det'ectio two co enen ary stran
i ncl udéndilidopladay ées usefnpdigghosticand/opprgesstc {d@DGE) , het er odupl ex
anal ysis (HA) and chemical msmatch cleavage (CMC). [00159] For

al | el e fic PCR rimers are used ich bridi at

s ¢ SOER o BB ettt Thalfodd il Behelits 18! odMiclecslne -
mut at i YblbgicAICsarRpRSEHthinedTreid bétlé‘rﬁt hoRa I%Uﬁai‘fer*sS’torwtsafcihtmeﬁbf/ft@lsue or
Amplification Refractory Mitation System can al so be used, as

di scl odleld iswspectegeah aoatainingagpl pBalie P Cietqi@reoﬁr NeplvRepiisies fom an
|
e ovend MRCBRSRIRIG 10 PGP Lo AR BRI ST RS b nac

| engt h tiws byteson g FiestivgREE e Qﬂmhesplframm h:etegbmm and gennwmmgam kears,
genes ca b uscfd #g score.alteration Q’ )Eel e oritan InSFI’tIP [
a pol yﬁ*ﬁ Yhilloqd Gglfse RTINS, HRSUE AR ﬁBH‘H%SB pvitEQ PE PYItYIESORPTGLS.
screening relatives of an affected individual for the presence of the

VDCC BAgtyrspyt at | %ct)ﬂﬂr]gg tbNtHeh allagnotiy | AR Iprogiktie OBt of ehé Sprsent

band whi ch mgrates differentially because the sequence chan%%1 causes
a di ffdzl’l\@rmél@ﬂl altenatigh eofsihe amitd-tvipe: YBGRSH &d&ﬁ%@%@s%ewmeway gdetected

met hod gﬂﬁs aﬂ%ng%feﬁ“e Fhitnd89UsL&5ibe2RERSN. ﬂ?pﬁfdtl‘?’dr{ Yiref d Jbﬁo% and

fragmen
prognostic methods can be performed to detect the wild-type VDCC BARP gene

sequence and confirm a lack of a predisposition to a disorder related to voltage gated

calcium channels at the VDCC BARP gene sequence.

[00153] "Alteration of a wild-type gene" encompasses all forms of mutations
including deletions, insertions and point mutations in the coding and noncoding
regiohs. Deletions may be of the entire gene or of only a portion.of the gene. Point
mutations may result in stop codons, frameshift mutations or amino acid substitutions.
Somatic mutations are those that occur only in certain tissues, e.g., in pancreatic
islets, pituitary, cerebrum, cerebellum or heart cells and are nof inherited in the
germiine. Germline mutations can be found in any of a body's tissues and are
inherited. If only a single VDCC BARP allele is somatically mutated, a disorder rélated
to voltage gated calcium channels may be indicated. The finding of VDCC BARP



size is greater than 200bp, but can be optim zed to detect nopst DNA
sequence 45 variation. The reduced detection sensitivity is a

di sadvant age, but the increased throughput possible with SSCA makes

it an attractive, viable alternative #8 direct sequencing for

mut ati on detection on a research basis. The fragments that have

shi f t ednotahichs thuprds@ies bethsdiagrodtiveand prpgroséd intforrdeticer. mMANEDOG: BARP
exact nature of the DNA sequence variation. [0 1] det ects

G T or GIReEs SeAlecg: HALdn Po GUCRA " o4 B SUissUgR ot Qlbrrp iEaans, such as
Wi | d-t YRErBERY RS SPdeldibig dgfg,@ttm idiengr adi-ent gel . [00162] In the
RNase pr ot ecﬁgj'on rret%os a l-abeled rl[l oprobe that is conplenentary to

the human wild-type VDCC BARP gene coding sequence is used. The
ri bopr d0@13#ld ei tiher prariiBpasitidbNaf iss phtieridtd disarders edlatedt ted voltaga gated

are hybridi sed .t oget her and .subs ently di.gested with the enz .
Rase’ RLGUT® i BE o8t <omam SlalfES RISk haiERAEBration
struct llfy?ertéﬁgi@nﬂhéfﬁé@ Ridofdélet &%t arhbeYedNARE otheridissrdeny Rienditied Merein,
site of the m smatch. Thus, when the anneal ed RNA preparation is

separ atcédl o5 aspedaisedr bip kestiagi anyydssumof ithe patiegt farsmbtativnaLf theeybCC
det ect - WM | j i

et e R SHIE e HarhbRn 3 fsrdh AR FaP ikl 4 oBimfe VSCLTBARP
MRNA omiiiflon Right bé @pond ¢ deeelopdhe bolvbalidaribrd. elgshsiodply, Neod®@an be

Conpr | Seavar B estoa o BHE kb i b sl wenailgnosi
desirabhg he é't%rﬁplf&ﬁ%@ebr%s i%%ta‘?f&g S 6@%@@5?%@%@ m&imﬁ% for

sequence for m snmat ches. [001 In simlar I on, es can
used t mutatiens ofitseralBGEsBARK gepgé ohitsmtion of @ wilddype MDCCeBARGE allele,

Al t er nati vel m snat ches can, be .det ect e shifts in, the

2 et Spielen fel REBRPI PO Bt At Shitiark Sandie, FRIRS D bk al the
dupl exeseany dibc@ddaeiereinbopr obes or DNA probes, the cellular mRNA or
DNA that m ght contain a nutation can be anplified using PCR (see

bel o1 BELene 1YL gt o OO ST FoREBRe J6nl% Tele,

is helpful to isolate the tissue free from surrounding normal tissues. Means for
enriching tissue preparation are known in the art. For example, the tissue may be
isclated from paraffin or cryostat sections. Cells may also be separafed by flow

cytometry.

[00156] A rapid prefiminary analysis to detect polymorphisms in DNA sequences
can be performed by looking at a series of Southern blots of DNA cut with one or
more restriction enzymes, preferably with a large number of restriction enzymes.
Each blot contains a series of normal individuals and a series of individuals with
disorders related to voltage gated caiciux:n channels, or both. Southemn blots
displaying hybridising fragments (differing in length from control DNA when probed
with sequences near or including the VDCC BARP gene sequence) indicate a
possible mutation. If restriction enzymes that produce very large restriction fragments

are used, then pulsed field gel electrophoresis (PFGE) may also be employed.

[00157] Detection of point mutations may also be accompiished by molecular
cloning of the VDCC BARP allele(s) and sequencing the allele(s) using techniques
well known in the art. Alternatively, the gene sequences can be amplified directly



nucl eotide m smatch in a heterodupl ex between nutant and wl d-type
sequences. 46 |arge nunbers of sanples for that same nutation. In an
al |l el e-specific oligonucleotide assay, an oligonucl eotide is designed
whi ch detects a specific sequence whffth contains a region of the
VDCC BARP gene sequence harboring a known nutation, and the assay is
per f or fesn by geetmit DA phepagreticr firoen othabsmoc disstie ausingrirdiveataabmiques.

signal ._For exanple, one oli may, _be abo 30 nuc)eotjdes in .
engt b TREOIOSE BORHIA R §1ateod UBER traay Brteftit MUBURCRIRP Fiere BEJaIR qucleic
possi blagid RebpBRE is RhplRRERWRA! polyR¥rad. ofofe Qﬁrﬁcﬁﬂan%fpréﬂé%d method
al | el e-specific probes, PCR anpliftication products can be screened to

i dent i fusinghpolymesese-drivgén amplificaien iy thedpolymicrase ghaiat iegstion (PHR)VIIE

i aati on of al | ole. e b . AV
VDo ARV e QN et A BifRraBopneras Vet AhblicABh A4sEp opan
Hybr i diggatdvenodet & nifbhifeil iﬁ&rd@s@hﬁfdatpgafu:ﬁﬁéﬂ hesugh e ubgios dolyenerase-

conditions indicates the presence o he same nutation in the tissue
wi t h didsivept ampicationmcyelgsinel Oaes iamelfieds the femlling susleipeasidi ean be

ut ant SoEHEN g Or 8554 26 B kel R oRIRAREY ol pr obe ¢ echnol ogy.

When probes are used to detect the presence of the target sequences
(for efoaopssy, inSuneethergudeful diagnestid tEchniquesdodidetediegsthegtrasentce of

I | ci h ), the biol.ogicgal I 1al
toch S EECRAGE S Brmaapons te S 08as indudEsbrRear ot nea 371l
nucl ei Gpaeifies pCRIe 25 8RG8 @H@(I)lgb(ts he&ﬁfarrﬁﬁﬁforbearw@@r@escm);ves | @tfaturing

ways to facilitate detecCtion e tarbg‘e; sequence; e.g.
denat urgsadient geksledtwophoresis JBEGE), 4 RiNaseopraeeldon assagst Shithe tusegof

The t t ed ' f .th I |_ei i I -
oast  iven MiRbtgPanier PuRRRUE sERAto s bl 45t DM EEp Rl ©
sequenesickisgdiffigsifopucicbtitibs (A8 Qe Tsflumabscat!iy st mybrdisttion (RIGH).
denaturation will not be required. However, if the sequence is

doubl e QiheandRRIOaENES shagrthcen wiha dateion ofndeigmaiches dstwegRedie two

Denat ur.at.d epRa I i t; ard e I 1d R8resi
art. [ﬁmﬁgﬁ%i nucl e:sggré%)éljdl an prd(; eaggeg?ﬁgﬁg@e%%eéﬁob rests
condi t i{CREGE ) tterodupler asabisise HA)ArddcHeamigal mamatth heaviagedEMC).
sequence in the probe with the putative targeted sequence in the

sanpl e. regi of, t he pr. hat. | d to, bi . S .
can be [?rg{]ig]conp%g){ 5’@%%@%@@@?9% 3‘1[']5&%? ﬁ%gt_ [é#%de'?uerggq te“&Ph‘ﬁ&Sf g{rwee% 3
human ehdermesopaticlize MDOC BARPVROELBARK. thé heiridnaey DOQ BARP inngatiey is
conditions are desirable in order to prevent fal se positijves

Howevemot cRiggeei oad amphfieatiosny predugicls net ekseryed.u dmplificatjon ¢ Refractory
b : | L f i
PhOt he MUBHERSYAGR(ARMSP aROpRES 8] ybof, B3 BRERAGR I FurdbPart Patef
nurber Agiplitatidro PablizationgNby 8824 33t insertiores and idedetions ofggeriesgean also be
D obe. efisted ByndloRig. SRARERPYA #1 AOIIBRR IR oA Tae, (Rt ton fragment
Ci I cUMgd iR PolyrhBhisth TRIFLE) (itbbbs ehretheOgeas ohléﬁfﬂodﬁdinguﬁlﬁrlé& genes can

triplexes, quadraplexes, etc., nay be desired to provide the neans of
det ect ibegused detscoesyaiatadion of an allele or an insertion In a polymorphic fragment.

Such a method is particularly'uéeful for sbreening relatives of an affected individual
for the presence of the VDCC BARP mutation found in that individual.

[00160] =~ SSCA detects a band which migrates differentially because the
sequence change causes a difference in single-strand, intramolecular base pairing.
This method does not detect all sequence changes, especially if the DNA fragment
size is greater than 200bp, but can be optimized fo detect most DNA sequence



[ 00168] Detection, if any, of the resulting hybrid is usually
acconplished by the use of |abel ed probes. Alternatively, the probe
may be unl abel ed, but nmay be detectable by specific bindingwith a
ligand that is | abel ed, either direct#§ or indirectly. Suitable

| abel s, and net hods for | abel i ng probes and |igands are known in the
art, andriatierh.udehe froducedhnietectionagémsiiiviiyvis hadiehdvartiagd, Dty thige increased

Pncorper el by Known e hads (5 o WSk ARSOFLE 0, Lendam o T,
(e.g., 3@@8&‘?&@86@6 i Eﬁbr‘?ye@ééﬁbnt Bh%?éé‘%rgh%@”eﬁ?]e fAPFLNES that have

anti bodreés an rrations o S basic schene™are known I n
t he ar tshiftendmiobilityda $B0Aegalardratthemsegheancédits deteaming Hpeaesadtomature of
the hybri &i\l to be detected from extraneous materials and/or that

anpl i F {1¢ PRA BEAENIS VHAURB: | abel ed roiety. [00169] Two det ecti on

met hodol ogi es that are particularly effective, work on the principle

that a|gedéd] | i 9TGGESUefecks &ﬁ@@ﬁb%nhnml?t&bhnre&t@é dihendtake)selgiences
attached to"a nucleic acid probe capabl speci fi cal Iy bi ndi ng VDCC

BARP. tnmmﬁ@m fo wilddyie sequdnvesdusiegiedenatiriog eradienia®, the smal |
| igand attached to the nucleic acid pr obe m ght be speC| fically

my be 100621 "5 "M °RNARR" BRISRN Hikthod o, BAIRG CribBpRAE DRk " is
det ect Qdﬂweflﬁénw l.'d)trdat/ haingnal wiltbtypleo¥ PG BARR gepagatding $f;uelmelrils used.
over a_chenjl unm nescent _subs e. on

l'i gand T ﬁ‘ﬁy%@PF@@o@ﬁsz@@’?@ ”?Ji@é‘c%dﬁw%:‘ﬁ?gat@a 5’ nE'IE'ﬁ‘u %@?‘%ﬁr}aﬁf’e' gre
capabl ‘FlyBﬁdléﬁ&(’E%c]f;étﬁézL b¥d § agé@@mg ds@eét@@ Wit e émz%féi RN%S\@EA khatnewble

exanple’r's ot n- aV| type of "I nteractions. 70]1t is also
cont en detatt wotrm m:smatcgeepre acfuplex KRNABERCUES. tlhatm ISW@tCFhJ@I detecte by

b f. t
o1 obes (s P AEscH e SbCreeneren (S, Sisrd I 8hpEaa BNA
the presgnaation iy 2ebaBARP di aa @[@biroﬁﬁkﬁf@tze geronhetrikh#na Gﬁienmtctbeuas been
conplenmentary to VDCC BARP. 48 is enployed and in particular %
nunber d@fefcﬂ‘i?gﬁéﬁ &iRaveddeBNase 4. asy %&ﬁ pepychwillpe g‘?‘e'?) Fylg rsé'?ﬁ ler than

nucl ei ?hé’?‘ﬂflpie?xpﬂ? %ﬁ%ﬂﬁ%rMﬁB@ﬁb@ aﬁ&@ﬁ@'nﬁ?NAoordQN%Ct Tﬁ@enboprobe

presence o s in the ene sequence in a patient
mor e t meedavwd l}ermhefubdnrmtbmﬁmln@f\@@@ B/-’ERB rBRRA D5 geng bot ean bzt eegnment

kt I b bl f d to, t
it at | GhEGENTh PECIPTIO B par R RERo DY hardRrs e VB EFRF maRfa or
VDCC BARRe, itmv;n Bb%&iﬁﬁ@@t@ﬂiﬁea@ﬂ)’nwrﬁ?%eﬁ RIDeRES seiserPhelshsie ARMNA
wi |l preferabl %/qu ncl ude probes corresponding to the maj or gene - -

mut at | 6aguUeRRRidrimismadehas: edi sposi ng an i ndi vi dual to the cancerous.
states descri bed herein.

[00163] _In similtar fashion, DNA probes can be used to detect mismaiches,
through enzymatic or chemical cleavage. Alternatively, mismatches can be detected
by shifts in the electrophoretic mobility of mismatched duplexes relative to matched
duplexes. With either riboprobes or DNA probes,.the cellular mRNA or DNA that
might contain a mutation ‘can be amplified using PCR (see below) before

hybridisation.

[00164] In the mutS assay, the protein binds only to sequences that contain a

nucleotide mismatch in a heteroduplex between mutant and wild-type sequences.

{00165] Once a mutation is known, a gene specific detection approach such as

allele specific oligonucleotide (ASO) hybridisation can be utilised to rapidly screen



[00171]In a highly preferred enbodi nent, screening techni ques based
on hybridization to probes, particularly a plurality of probes that
correspond to allele-specific nutations use probes imobilized to
solid substrates as described above, #8r exanple in the form of DNA
arrays on silicon substrates (DNA chips). [00172] Alteration of

wi | d- t yarge \HEthBARP sgadss foathatl seondmudaticec t ladarbglledespenifinglijonucleotide
alteration of wi|d-type VDCC BARP protejin. Such alterations can be,.
det er nid§gaY:bfNafigRs @fo(ﬁ'd%liu ﬁé'@”gﬁawsboﬂsdfa%‘;&%@orsﬂ’gﬁ g §Fqypnce: which
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Tonoc T S an o0 BREEPIa ARG BLRTSE WAV ovrRRwate CHRLSke o depath

SCr een carbksstifing ke akhdfios BEMRPDETS BARP déhe sadlicesdss TR BORRIN | or

mut ati on, expresSion or prostranslation deficiency. Antibodies

speci f Domain Br Byuuse off anbattary off buch allelbusrPciic ProkessBgR empdifisation
tant V BARP i i X
o PETS can o SeaBhed IS Iderthy” the PRSBRESRE SBhredRRRKPIERNAF nilféfon

bl ot s, i fRANVDOGBARREGERE! Hybsdisatian of BlléSApasHiaygobée withesnpliffedrVDCC
detecti rig%Pan al tered VDCC BARP protein can be usegqttg det cbt o

al t er aBASHP 6ROURNERS e DEDEdOBARD: 5 RXIMPER R AN '&%fa;}i!{ ridiratiogdo a
or ot ei o . . O .

b uscd i HoBE MFIEHARGRAE ySilsafork Riiftiodt BERCeteiho gRteNes fthe
VDCC BARmegmsatiproutite tissliecetthdistuptadataloivnofchanngl astivityeasvDOheBalRe-
gene. 49 _BARP protein on Western or immunoblots of polyacrylam de

gel s. PREGASPAAE preferred embodi ment, antibodies will detect VDCC
BARP proteins in paraffin or frozen tissue sections, using

i mmno%dﬁmdr]em CHh dRiivH @aRe AROAET Aldthede VIBOCEBR@P rgenies acd ahitagts
to nmet hods for detecting VDCC BARP or its nutations include enzg/rre
%ﬁx_, robes are

| i nked thereahowy bendetgstesl ysipg ¢ayentionl RiokRuIREABRIAGY. (Khen P
AR ETIL, FRSGSCHLE USRS Rb! A EY iy (i for
ant i bodugseptiiiity hodiissrdetd telatethéo woltagatgaited eatdium charmghy dhe déslogical
| abel eosla%% e %Ionljg%(ﬂaﬁ%e . 28&'\ gg%liood or serum, may be treated, if desired, to extract
the nucleic acids. The sample nucieic acid may be prepared in various ways to
facilitate detection of the target sequence; e.g. denaturation, restriction digestion,
electrophoresis or dot blotting. The targeted region of the sample nucleic acid usually
must be at least partially single-stranded to form hybrids with the targeting sequence
of the probe. If the sequence is naturally single-stranded, denaturation will not be
required. However, if the sequence is double-stranded, the sequence will probably
need to be denatured. Denaturation can be carried out by various techniques known

in the art.

[00167] Sample nucleic acid and probe are incubated under conditions that
promote stable hybrid formation of the target sequence in the probe with-the putative
targeted sequence in the sample. The region of the probes that is used to bind to the
sample can be made completely complementary to the targeted region of the human
chromosomal location for VDCC BARP. Therefore, high stringency conditions are

desirable in order to prevent false positives. However, conditions of high stringency



and pol ycl onal anti bodi es specific for VDCC BARP pol ypepti des of the
invention and immortal cell lines that produce a nonocl onal anti body
of the invention. Antibody preparatio 7accordi ng to the invention

i nvol ves: (a) conj ugating an VDCC BARP pol ypeptide to a carrier

pr ot ei n; i muni zing a host animal with the VDCC BARP pol pegti d
fr agrrerﬁ‘ﬁalba? Lsed ophoif isprabes e cemesentary & regionseting Qhﬁor\éﬁs me that
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capabl e of speC|f|caIIy bi ndi ng- to the VDCC BARP polypeptides and

f ragmepamteg)er eoDedsction, o) W tae rbsiating tybAe ¢ ubually benvEXsBeBARPthe
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fragment exp re sion |1 oductl
ant i bo&iuitabledebelt) and methﬂﬁﬁﬁdmmlmgl prpbes adddigands$ aaeghmms irt timermbfand
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mol ecub®siRbdd Ne.d. MAiae t?éf%ﬁﬁl@n StépRoAs pﬁiﬂnlh?“gf‘%éﬁ?hﬂ])' nbibfimt Fedskent

or T cell antigen receptor. An antigenic polypeptide Contains at
| east ghaups, Bhemﬂdmm&ﬁcenhgmppat(eI@a@lpxau@aaﬁ, n@ticulaTin&riggasrad digygtanes),

" rusoabaiER: 2 fhotied aH8 158 ShE Biaters B BroagE SshPe A known in e
be a part} and inchede thosgenriatibAs ﬂﬂat&aéllltla@@SepaTatlbﬁ olfrl:lieéhytbr&:lm be detected
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i muni #801 exdraneaws reaiaréls apg/or hatamriBhine sieed frip ﬂb%'aheif‘eq poiety.
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ant i bomﬁﬁdeﬂeﬁfddldlm@nEaékanﬁﬁlélﬁﬁ gmalldighhid)atfdchetudithe raiokgt actthpigbe
anti bodi es). Accordingly, the phrase "antibody nolecule” in_ts
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nyper vaHPSIEHE. 1 Bt RSO daspe HEae [Gede ik et eobnized by a second
ligand-enzyme conjugate that is capable of specifically complexing fo the first ligand.

A well-known example is the biotin-avidin type of interactions.

[00170] It is also contemplated within the scope of this invention that the nucleic
acid probe assays of this invention will employ a cocktail of nucleic acid probes
capable of detecting VDCC BARP. Thus, in.one example to detect the presence of
VDCC BARP in a cell sample, more than one probe complementary to VDCC BARP




[ 00180] Exenpl ary anti body nol ecul es are intact inmunogl obulin

nol ecul es, substantially intact inmunogl obulin nolecul es and those
portions of an inmunogl obulin noleculg that contains the paratope,

i ncludi ng those portions known in the-art as Fab, Fab', F(ab')2 and
F(v), which portions are preferred for e in the therapeuti hod
descr i Beinpeyed ﬁnd[lbmﬂ%hsﬁwwgl@‘ﬁiﬁem Pr @fa"%ﬁ@@tﬁf@&f 558
mol ecul; - eqh Whbth ' f Lo

pepsi roiersat SupRRAGABrobe T dicst th Shbherealichs, (8 oRaR e pitienge of
met hodsutdi@ns anetheeVDAO GBARP Spend seqesramlire.a patientPavenet them. one probe

4,342, 566., Fab' [ | l, ' |- [l -.k d
b5l T MUCTRIG SEOLTOTs ot e e i oot
di sul fééifab‘l@ﬂfjﬁin'cﬂﬂ&fonﬂletél%lé- eaﬁ@%tﬁﬁﬁié‘idéﬁfiﬁéd)ﬂﬁp@ﬁllilﬂftiéﬂib of patients

mer capt oet hano and foll owed by al kylation of the resulting protein

ner capwvidin alteratioasie ARGE BABR. aln thislemhedimeak ankmumbenetiprobes can be

ot as oo 50 Bl SiEPBog e PiPpeS variesnE Pa N Sy gele HEklbEs
t o an igakiifeoys predisibsHiy An aRBviEREIab eBe ehndstoLd ethtes daberibatbhsrelrr
capabl e of inmmunoreacting with a particular antigen. A nonocl onal

anti body thus typically displays a single binding affinity for an
antigem%\lﬂ]ﬁ whilBhai hlg¥\h¢nms§eér£@t embodipeah| BFreening: if%“wal based on

t her ef d?é?-{ﬁ i t iR, c ' I i i
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bi specsfdcifiqmbtatiens ejserprobes imalobiized o dplid substrates as described above, for
example in the form of DNA arrays on silicon substrates (DNA chips).

[00172] Alteration of wild-type VDCC BARP genes can also be detected by
screening for alteration of wild-type VDCC BARP protein. Such alterations can be
determined by amino acid sequence analysis in accordance with conventional
techniques. More preferably, antibodies (polyclonal or monoclonal) may be used to
detect differences in, or thé absence of VDCC BARP proteins or peptides. The
antibodies may be prépared as discussed below under the heading "Antibodies". For
example, monocional antibodies immunoreactive with VDCC BARP can be used to
screen a tissue. Lack of cognate antigen may indicate a VDCC BARP mutation,
expfession or prostranslation deficiency. Antibodies specific for products of mutant
alleles could also be used to detect mutant VDCC BARP gene product. Such
immunological assays can be done in any con;/enient format known in the art. These
include Western blots, immunohistochemical assays and ELISA assays. Any means
for detecting an altered VDCC BARP protein ¢an be used to detect alteration of wild-
type'VDCC BARP genes. Functional assays, such as protein binding determinations, '
can be used. In addition, assays ean be used which detect VDCC BARP biological
function. Finding a mutant VDCC BARP gene product indicates alteration of a wild-
type VDCC BARP gene.

[00173] In a preferred embodiment of the invention, antibodies will
immunoprecipitate VDCC BARP proteins from solution as well as react with VDCC




[00183] The term "adjuvant” refers to a conmpound or m xture that
enhances the inmune response to an antigen. An adjuvant can serve as
a tissue depot that slowy rel eases t antigen and also as a

| ynphoi d syst e| n actl vator that non- s%‘gm fically enhances t he i mune
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anti body, various host animals can be inmunized by injection with the
VDCC BARP polégeptlde or a derivative (e.g., fragnent or fusion
prote| including but not limted to rabbits, mce, rats,
sheep, goats, etc. In one enbodiment, the VDCC BARP pol ypeptide or
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53 can be used; such antibodies are within the scope of this

I nvention. Such-human or humani zed chineric antibodies are preferred
for use in therapy of human di seases @ di sorders (described infra),
since the human or hunmani zed anti bodi €s are much | ess I|ker t han

xenogenlc tlbodl C I mune  respo P
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aggl ut |'ﬁ%‘f“i"ﬂ‘ﬁn%!s§a‘}§h'Wﬁﬁa@@ﬂ“&ﬁq'ﬁ%ttﬁﬁrlaﬁs‘?ﬁ%‘?“e%gﬁiﬂr%ﬁé’ﬁﬂ farther; defgil in
assays,) ignpuiah %%eﬁ@fbcﬁg'ﬁ%?ﬂyﬁ 81@53578'&% ﬁeﬁsé;'@lé%tlgé‘rﬁ‘cbmdmg cPortlons of

|nnnunoelectrop oresi $ assays, f'n dne enbodi nen ant

bi ndi ngantlbodasecmehidb‘gg d'elbecF(ertg)gaahdbE[v)oﬂnclhélr@ |Smg+§f arnambau;rbodms)
anot her, enbadi Rr dy. i.s detected by de ct in

o1 il nSPraal: Hiebigahan iy SPeEin R BRSSP mibatral st used

In a fLﬁéréiﬁrccﬁimﬂwaf@@betﬂm:mgénnﬂﬁnuo@abulhpﬁwiemé éhé'a‘?dlmlwaﬁdtoglcally

means are known in the art for detecti nlg bi ndi ng i n an_i nmunoassay
and ar édfive wostiamef ge gpeuwpgighallingpolecule contamlng the antibody combining site.

An “"antibody combining site" is that structural portion of an antibody molecule
comprised of heavy and light chain variable and hypervariable regions that specifically

binds antigen.

[00180] Exemplary antibody molecules are intact immunoglobulin molecules,
substantially intact immunoglobulin molecules and those portions of an
immunoglobulin molecule that contains the paratope, including those portions known
in the art as Fab, Fab', F(ab’),; and F(v), which portions are preferred for use in the

therapeutic methods described herein.

[00181] Fab and F(ab'); portions of antibody molecules are prepared by the
proteolytic reaction of papain and pepsin, respectively, on substantially intact antibody
molecules by methods that are well-known. See for exa_mp'le, U.S. Patent No.
4,342,566. Fab' antibody molecule portions are aiso well-known and are proddced




present invention. For exanple, to select antibodies that recognize a
specific epitope of a VDCC BARP pol ypeptide, one may assay generated
hybri domas for a product that binds tgsan VDCC BARP pol ypepti de
fragnent contai ni ng such epitope. For "selection of an anti body
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hy dr opspecific {onimers) nwrpelenahastibody. f usi on protein. The expressed
protein-will be prepared in quantity and used to i mmuni ze rabbits in
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and therapeutic nmethods of "'this invention is an affirhity-purifie ]
pol yc| dexijaraim/ Cooayingsbilenior Rark; &slliforniah(d984)]i Kditsn,iaspamannokaltenge with
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or F(VmBRlrid espdfseWhalguadiits HpelidePbet Wrésnot fbited to, complete Freund's
adjuvant, incomplete Freund's adjuvant, saponin, mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin, piuronic polyols,
‘polyanions, peptides, oil or hydrocarbon emulsions, keyhole limpet hemocyanins,
dinitrophenol, and potentially useful human adjuvants such as BCG (bacille Calmette-
Guerin) and Corynebacterium parvum. Preferably, the adjuvant is pharmaceutically

acceptable.

[00184] Various procedures known in the art may be used for the production of
polycional antibodies to VDCC BARP polypeptide, or fragment, derivative or analog
thereof. For the production of antibody, various host animals can be immunized by
injection with the VDCC BARP polypeptide, or a derivative (e.g., fragmeht or fusion
protein) thereof, including but not limited to rabbits, mice, rats, sheep, goats, etc. In
one embodiment, the VDCC BARP polypeptide' or fragment thereof can be
conjugated to an immunogenic carrier, e.g., bovine serum albumin (BSA) or keyhole




Assays [00194] The present invention provides assays that are suitable
for identifying substances that bind to VDCC BARP pol ypepti des
(reference to which includes honol ogugs, variants, derivatives and
fragnents as descri bed above) In addition, assays are provi ded that'

are swtable for identi b tance t nte fere
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and rraskl ng or altering the site of interaction with the other
corrpon@m185}and| &Fat eprephstiancefs mainadchors! tamhlbodm,s dioestedi tewalry the VDCC

| db t bi ndi f
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whi ch recogni se V BARP. [00196] A substance ™whi ch can bind directl ﬁ/
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BARP for_bindin p-subunit of a voltage gated cal ci um channel

Such ndnld 883 n@lndﬁﬁkﬁ)l%\éﬁ%’ Hﬁ?m?n@%ﬂﬂ@%t%rléfpﬂyc%cm?ﬂ ngoppeienal
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In partic , fragnents o BARP corrprl se on
the t r&slueabhmqe(‘tﬁﬁfﬁ] n, imibooniain alnnb@dmrwduair;g gielldiregl aan d’.le Greaée@r_by
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Channebn@@@é}ﬁlbWAl BhirBhéfeBtibn with Epstein-Barr virus. See, e.g., M. Schreier ef al.,
"Hybridoma Techniques" (1980); Hammerling et al., "Monoclonal Antibodies And T-
cell Hybridomas" (1981); Kennett ef al., "Monoclonal Antibodies" (1980), see also
U.S. Patent Nos. 4,341,761; 4,390,121; 4,427,783; 4,444,887; 4,451,570; 4,466,917;
4,472,500; 4,491,632; and 4,493,890.

[00186] In an additional embodiment of the invention, monoclonal antibodies can
be produced in germ-free animals utilizing recent technology (PCT/USS0/02545).
A_ccording_ to the invention, human antibodies may be used and can be obtained by
“using human hybridomas [Cote et al., Proc. Natl. Acad. Sci, USA, 80:2026-2030
(1983)] or by transforming human B cells with EBV virus in vitro (Cole et. al., 1985,
supra). In fact, according to the invention, techniques developed for the production of
"chimeric antibodies" [Morrison et al., J. Bacteriol., 159-870 (1984); Neuberger ef al.,
Nature, 312:604-608 (1984); Takeda et al., Nafure, 314:452-454 (1985)] by splicing
the genes from a mouse antibody molecule specific for an VDCC BARP polypeptide

together with genes from a human antibody molecule of appropriate biological activity




or reducing the calciumcurrent of the voltage gated cal ci um channel

t he nodul ator may conprise VDCC BARP or peptide fragnents such. as an
AlD like domain, Domain |, Domain Il a fusion polypeptide of
Donmain | and Domain I [00198] Preferably Domain | is
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f r agneaflegpaepease, ahefeenespondi ng SEQ I D NOCS: 4 or 6. Preferably a
Domain Il fragment can interact with a fit subunit of a voltage gat ed

cal ci um channel thereby reducing cal cium channel activit
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MRNA bi osynthesis. In particular, inhibition of VDCC BARP bi ndin

a p- sulsientificationaok oionaglenghfab fragroenis Wit tine Idestigd dpecifisity foman DCC
anount Lqf i | ab a cel [ 00201] Sui t abl e candi dat e
Ubst aREEE PetpBlide, TS ARVatieh, Brfbloost °f rom about 5 to 30 or 10
to 25 amno acids in size, based on the sequence of the various

domai nfoAB8YDCC RAffbbdiefragmeats whinecorainviheiidiotypeodf hecimtidedyirelecule

whi ch one or m)re r |dues have been _substituted., Peptides fro
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antibody molecule the Fab' fragments which can be generated by reducing the
disulfide bridges of the F(ab'), fragment, and the Fab fragmenis which can be

generated by treating the antibody molecule with papain and a reducing agent.

[00189] in the production of antibodies, screening for the desired antibody can
be accomplished by techniques known in the art, e.g., radicimmunoassay, ELISA
(enzyme-linked immunosorbent assay), "sandwich" immunoassays,
" immunoradiometric assays, gel diffusion precipitin reactions, immunodiffusion assays,
in sifu immunoassays (using colloidal gold, enzyme or radioisotope labels, for
example), Western blots, precipitation reactions, agglutination assays (e.g., gel
agglutination assays, hemagglutination assays), complement fixation assays,
immunofluorescence assays, protein A assays, and immunoelectrophoresis assays,
etc. In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In another embodiment, the primary antibody is detected by
detecting binding of a secondary antibody or reagent to the primary antibody. In a
further embodiment, the secondary antibody is labeled. Many means are known in
the art for detecting binding in an immunoassay and are within the scope bf the




may conprise nutated BARP wherein an AID |ike domain, or Domain I,

Domain Il or both Domain | and Domain Il are deleted fromthe BARP
protein. Means of knocking out or knogking down BARP may be used

i ncluding si RNA an RNA interference sequence capable of interfering

wi th BARP gene expression; alternatiye spli ci ng techni quesa .
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GST- f ugdawimiinaite prottinpniher paE X eebtoextdradies used to express the polypeptide.
Alternatively, one can use only hydrophilic domains to generate the fusion protein.
The expressed protein will be prepared in quantity and used to immunize rabbits in

Freunds adjuvant.

[00192] in yet another embodiment, recombinant VDCC BARP polypeptide is
- used to immunize rabbits, and the polycional antibodies are immunopurified prior to
further use. The purified antibodies are particularly useful for semi-guantitative

aséays, particularly for detecting the presence of VDCC BARP polypeptide.

[00193] Preferably, the anti-modulator antibody used in the diagnostic and
therapeutic methods of this invention is an affinity-purified poiycionai antibody. More
preferably, the antibody is a monoclonal antibody (mAb). In addition, it is preferable
for the anti-modulator antibody molecules used herein be in the form of Fab, Fab',

F{ab"); or F(v) portions of whole antibody molecules.




58 usi ng gl ut at hi one-agar ose beads. As a control, bi ndi ng of the

candi dat e substance, which is not a GST-fusion protein, to the

i rmobi | i sed VDCC BARP pol ypeptide is getermned in the absence of the,
VDCC BARP pol ypeptide. The binding of the candi date substance to the

I rmobi l%ssﬁ%& VDCC BARP pol ypeptide is then determ ned. This type of
assay | Gwn in the art as a GST pul | dowmn assay. Again, the
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anti bo tects € non-1 mo sed conmponent. ELI'SA technhi ques
may al seséys ors adact] @200 ot bell assgys. of in vitro assay invol ves
determ ni ng whet her a candi dat e substance nodul ates bi ndi ng of a
protein_kn to nteract with VDCC BARP, such as a f3-subunit of a
vol tag@aﬁﬁﬁé%tec%lf%ﬁqﬁﬁcg annel . Such an assay typically conprises
contacting VDCC BARP protein with the known interacting proteinin
the pr ¢sEIgs] or aAbseivstencd thdtemodokitentealicimpshannel actiVitdedseamesub @fidn
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disrupt the binding of VDCC BARP to a B-subunit of a voltage gated caicium channel
by, for example, bindingto VDCC BARP and masking or a!tering the site of interaction
with the other component. Candidate substances of this type may conveniently be
preliminarily screened by in vitro binding assays as, for example, described below and
then tested, for example in a whole cell assay as described below. Examples of

candidate substances include antibodies which recognise VDCC BARP.

[00196] A substance which can bind directly to VDCC BARP may also inhibit
calcium channel activity. This can be tested using, for example the whole cells assays
described below. Non-functional homologues of VDCC BARP may also be tested for
inhibition of VDCC BARP activity since they may compete with VDCC BARP for
binding to a B-subunit of a voltage gated calcium channel.  Such non-functional
homologues may include naturally occurring VDCC BARP mutants and modified
VDCC BARP sequences or fragments thereof. In particular, fragments of VDCC
BARP which comprise one or more of the transmembrane domain, Domain 1, Domain
I, glycosylation site or other functional domains that may be used to compete with full
length VDCC BARP.



[ 00210] Candi dat e substances may al so be tested on whole cells for
their effect on cell growth. Preferably the candi date substances have
been identified by the above-describedzin vitro nethods.

Al ternatively, rapid throughput screens for 59 substances capabl e of

i nhi bi t al ci channel activity of th L1, b d as.a. ..
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candi dat e substance, 1.e. the test conpound, nay be adm nistered to

t he celrhay rcosmwisea VDY sBAREY oexpentide, fragmenys Iseichdde danliAlBelikg damain,
the cell culture medium or injected int he _cel | . ternatively, in
the cadtorBindoPERER I sttt e o RellBall . oEiR] be
transfected with a nucleic acid construct which directs expression of

the poliggrag]i de iPtetdigblgel bomBiref @r abl YSYRIRVESPRASHIIMAATASD roughly
pol ypeptide is under the control of a requl atable pronoter.

[ 00212 PyerRANGINg taAraine-acids datter el Bl dPihe 208nd hogtlegriiseamino
subst aneg, 'sggp%ﬁéésegf t%rrtelgsoﬂgﬁhﬁfggg 1HROLIVEY BN ??ef%?%!ﬁ{( L!5{“Dorpain
ate sups

channel” "act’ y conprirses’a stering the candrd ance to ai
cel | amchgeredrercanmingrashedithea 2 sBabanibsf anveliafd gatedl calciuinuchahaeinttlereby

activity. Calciyuymchannel activity can be neasured by any
el ectr 9‘§P8I°6&§/4‘T‘é3@ﬁﬁpﬁll.%3tg’ﬂﬁ-h as standard patch clanp net hods
known in the art. [00213] The concentration of candi date substances - -

used wibd1991Pi Calpr¥fehsbl§ Ydmain Il roughly corresponds to amino acids 525 to 563 of
SEQ ID NO: 2 eg: PRAWPRRPRRDYSIDEKTDALFHEFLRHDPHFDDAPRHR and

~ homologous amino acid fragment sequences of corresponding SEQ ID NOS: 4 dr 6.
Preferably a Domain Il fragment can interact with a 8 subunit of a voltage gated

calcium channel thereby reducing calcium channel activity.

[00200] Alternatively, instead of preventing the association of the components
direcily, the substance may alter the biologically available amount of VDCC BARP.
This may be by inhibiting expression of the component, for example at the level of
transcription, transcript stability, translation or post-translational stability. An example
. of subh a substance would be antisense RNA or double-stranded interfering RNA
sequences which suppresses the amount of VDCC BARP mRNA biosynthesis. In
particular, inhibition of VDCC BARP binding to a B-Subunit of a voltage gated calcium

channel may decrease the amount of available VDCC BARP in a cell.

[00201] Suitable candidate substances include peptides, especially of from
about 5 to 30 or 10 to 25 amino acids in size, based on the sequence of the various
domains of VDCC BARP described above, or variants of such peptides in which one
or more residues have been substituted. Peptides from panels of peptides
comprising random sequences or sequences which have been varied consistently to

provide a maximally diverse panel of peptides may be used.

[00202] Where modulating a voltage gated caicium channel comprises opening

or enhancing the calcium current of the voltage gated calcium channel the modulator




that the final concentration in the cells is simlar to that

descri bed above for the in vitro assays. [00214]1n a preferred

enbodi nent, the candi date substance i 7adm’nistered to the cel
together with functional VDCC BARP. Since VDCC BARP has the effect of

S e S RBH hin e S S B ol APl P RS hor
absencgoﬂ{ EM% BARE. DONER ﬂaatré\fﬁlé’ted forkt She ﬂ@@okﬁ.fl\ﬁééﬁkeéf knocking
reduced, then the substance may be an activator of VDCC BARP

functi oot droORCkng dandi BARP sudns then osed dnelygdingasiRNA cars iRNA daterfererce

an inhibitor of V ARP f uncti | £cal cium channel,. acti vi i S i .

ot onSeuEES aRalIE o VeGP BARP R EDgRd At RNA Siicing
to t heetrfni ' kY BIARFEGRRibitntd12y41s 65 gRess@ation of
VDOC B e B Aol ray 16 B gees ation o

candi dRARR sy decaivied pitbainipacuyeln eerGese s e tevel ohexpregsion of
; . Suese!
byt PARY EbERR: bput TnRHATeRORGARn, 2t Bk’ SxoifsoioR i G 8 pEfLier

t he exi®palisatiort af BARPCBarMg matdtion b BAGE that efiectsrBARPGE erpre¥BIGn or
BARP and absence of .the candi date substance. [00216] Thus, this

i nvent ighaneytaiheomparae@l arly useful for screening conpounds by
usi ng the VDCC BARP pol ypeptide or binding fragnent thereof in any of

e SRR RRRSE gl R il VR Brocucs (o
y
example, monoclonal and polyclonal antibodies, single chain antibodies, chimeric
antibodies and CDR-grafted antibodies) which are specific for VDCC BARP.
Furthermore, combinatorial libraries, peptide and peptide mimetics, defined chemical
entities, oligonucleotides, and natural product libraries may be screened for activity as
regulators of VDCC BARP activity. The candidate substances may be used in an
initial screen in batches of, for example 10 substances per reaction, and the
substances of those batches which show inhibition tested individually. Candidate
substances which show activity in in vitro screens such as those described below can
then be tested in whole cell systems, such as mammalian cells which will be exposed

to the inhibitor and tested for effects on cell growth.
VDCC BARP binding assays

{00204] One type of assay for identifying substances that bind to VDCC BARP
involves contacting a VDCC BARP polypeptide; which is immobilised on a solid
support, with a non-immobilised candidate substance determining whether and/or to
what extent the VDCC .BARP polypeptide and candidate substance bind to each
other. Alternatively, the candidate substance may be immobilised and the VDCC
BARP polypeptide non-immobilised.

[00205] In a preferred assay method, the VDCC BARP polypeptide is
immobilised on beads such as agarose beads. Typically this is achieved by
expressing the component as a GST-fusion protein in bacteria, yeast or higher

eukaryotic cell lines and purifying the GST-fusion protein from crude cell extracts




either be free in solution, affixed to a solid support, or borne on a
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BARP pol ypeptides and is described in detail in Geysen, PCT publj.s
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mixture can be Western blotted and the blot probed with an antibody that detects the

non-immobilised component. ELISA techniques may also be used.

[00209] Another type of in vifro assay involves determining whether a candidate
substance modulates binding of a protein known to interact with VDCC BARP, such
as a B-subunit of a voltage gated calcium channel. Such an assay typically comprises
contacting VDCC BARP protein with the known interacting protein in the presence or
absence of the candidate substance and determining if the candidate substance has
an affect on VDCC BARP binding to the known interacting protein.

Whole cell assays

[00210] Candidate substances may also be tested on whole célls for their effect
on cell growth. Preferably the candidate substances have been identified by the

above-described in vitro methods. Alternatively, rapid throughput screens for




assays in which antibodi es capable of specifically binding the VDCC
BARP pol ypepti de conpete with a test conpound for binding to the VDCC
BARP pol ypeptide or fragnents thereofggln this manner, the anti bodies
can be used to detect the presence of “any peptide that shares one or
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nonf uncti ona BARP gene. I n one enbodi nent Donain Donai n
and Doifee affédt ipohWIDCCBARPe' s are del eted fromthe VDCC BARP gene.
These host cell |ines or ceI | s are defective at the VDCC BARP
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i nhi bi egp@ssion of dée o j@ﬁmuemrdrthgs ceIhl ctPreferabIIyprthexanpteesmmroé the
active or stable forns of the tide, or which, e.g., enhance or
i nt er f BPYPEPHTE {signgeribe iCSFIt"BIf éﬁ“ﬁaﬂ iRIEMA®Ni vo. In one

approach, one first detern nes the three di mensi onal structure of a
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the Ii gand Conpl ex, x-ray crystall ography, by conputer nodeling or
nmost t ideintified yhy ttlye ametmﬁ @étthenmuenf@qmma@atﬁumwwrtﬁltecﬁlwtmmwnses
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In addition, pepti 62 VDCC BARP pol ypepti de a;}(nysed

by an BY @e@whvsrmogm?@mﬁhﬁ%heas giangderchfatedy ¢la own in

repl acggd, Ala, and its effect on the peptide's aCtIVIty i-S.

det er m ne 'Each of the amno acid residues of the peptide is
analysed in this manner to determ ne the inportant regions of the
pept i df10Z13)224] Theicorgestrapion of isaadidate subsiaaceas tusegavilldypicelly be such
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upon m@ggéyssubsequent drug design can be based. It is possible to-
bypass protein crystall ography altogether by gener at| ng

anti-idiotypic antibodies i-jds) to a functio -
phar namgéical RiA ﬁo‘trﬁfﬁ’ér%{t? Qgﬂf“e'ﬁstr@ Rap ' tq alg,qe i aqminiztered to
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drugs pRefndliees, ifeed gronsOMﬂﬁeVFé(@F&cB&%en the substance may be an actlvator
of VDCC BARP function.

[00215] A candidate substance is typically considered to be an inhibitor of VDCC
BARP function if calcium ehannel activity is increased by at ieast 10%, preferably at
least 20, 30 or 40% relative to the extent of calcium channel activity seen in the
presence of VDCC BARP and absence of the candidate substance. By contrast, a
candidate substance is typically considered to be an activator of VDCC BARP
function if calcium channel activity is further decreased by at least 10%, preferably at




pol ypeptide activity or stability or which act as inhibitors,

agoni sts, antagonists, etc. of VDCC BARP pol ypeptide activity. By
virtue of the availability of cloned %@oc BARP sequences, sufficient
anounts of the VDCC BARP pol ypepti de be made available to perform
such anal ytlcal studies as, x-ra crystal |_ogr aphy ddition, the

knowl edRRStA0,t# oA BRI VEr Bt %emé}fd@w@wa@wﬂ@%ﬁvwvﬁ%ﬂ in the
i d | f
a1 B G e e D et ehB D6 T ne. aspect

of the invention provides a nethod of nodul ating a voltage gated
cal ci uf@@2tfinel dJdoopyihds inyentien ss afsoopantiaularingisefid fapacreaningt ¢ampadinds

VDCC BARP pol t de f t d b .
{00227 PK Usite KBURCEERARR BElinebfide rE B RS fagTists CarEot e of @ variety
cal ci Uﬁfahfﬁ%@bémh@%é’r%@@eér L, NN P, Q and R These nay include
any isoforns of the cyt opI asmc fl -subunl t including splice variants

)91, $2,163 and 134. Rreferably the term nodul ates refers to ‘
ant agof902A7r agaheém(aﬂ BARS pelyeckfidecer tagmepohe@pinyed ingtch\a tegst may

h I
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the cal ciumcurrent with patch cI echni ques. [0Q022 roach
s to ansKIEeer Witthctacs iN@itotRY W%@Oﬂﬁ{%& &XPreRsingG 1 tpt? ipeRiide or

cal ci “ﬁ‘a@ﬁ%‘?ebre?éﬁabw ferQ @hﬁ\?é’tblﬁdm%%%%g% %uérﬁﬁeﬁé”\ﬁﬁie‘?rlﬁlwabie or
protein to target ce roce ure terned gene therapy

fixed form, can be used for standard binding assays. One may measure, for example,

for the formation of complexes between a VDCC BARP polypeptide or fragment and

. the agent being tested, or examine the degree to which the formation of a complex

between a VDCC BARP polypeptide or fragment and a known ligand is interfered with

by the agent being tested.

[00218] Thus, the present invention provides methods of screén_ing for drugs
comprising contacting such an agent with a VDCC BARP polypeptide or fragment
thereof and assaying (i) for the presence of a complex between the agent and the
VDCC BARP polypeptide or fragment, or (ii) for the presence of a complex between
the VDCC BARP poiyﬁeptide or fragment and a ligand, by methods well known in the
art. [n such competitive binding assays the VDCC BARP polypeptide or fragment is
typically labeled. Free VDCC BARP polypeptide or fragment is separated from that
present in a protein:protein complex, and the amount of free (i.e., uncomplexed) label
is a measure of the binding of the aéent being tested to VDCC BARP or its
interference with VDCC BARP:ligand binding, respectively. '

[00219] Another technique for drug screening provides high throughput
screening for compounds having suitable binding affinity to the VDCC BARP
polypeptides and is described in detail in Geysen, PCT published application WO
84/03564, bub!ished on Sep. 13, 1984. Briefly stated, large numbers of different
small peptide test compounds are synthesised on a solid substrate, such as plastic
pins or some other surface. The peptide test compounds are reacted with VDCC




[ 00230] Thus the present invention provides a nethod of reducing or

i nhibiting cal ciumchannel activity in a cell which nethod conprises
admnistering to said cell a functi onglI VDCC BARP pol ypepti de or

pol ynucl eti de encodi ng said pol ypeptide. Preferably said cell has an

interc ar cal ¢ci,um i nbal an Th r i nvent i furt her

br ovi AR RGPS sy apent. Bt VEGE BARR 36hRerEfe e teinsiedpy
whi ch pRAKBEL WllkrwnPRltB\4pl eotide is, or encode, biologically
active VDCC BARP 1 n gene therapy. Also provided is a method of

treating a disease characterized by a disorder related to vol tage
gated {0022Q]m chitwified \JOCK BARR aan e enajedidiectiy pinte pigtes for use in the

neur odegener at.i on ertensio | acdi . J t ;
wht o aeerateneREr B SRR NerRteE HANERL ArLoB ks o, vonsye
BARP pehyispusste totamaty aHEbsdied o ghrediling tsavbOC! BARP! pslgpdmide on the
suppress cal cium channel activity in said cells. Gene therapy

[ 00231pdehas®g to the present invention, a nethod is also provided
of supplying wld-type VDCC BARP function to a cell that-carries

mut ant BARP : Wela j ”f‘hﬂ ;
cal ci ur@@%&]l ancc-am E)AT ﬁ{vﬁ@uﬁ%{% %dnrﬁgrg?ﬁ{gs %V%%%égg% unl‘(tz‘{l ?gﬁ@é?@%@mg
provi dedsayd hier whicho ugtitiduéesu seapabley eofe spheifiaplly dvindingethat VEIy BARP
m ght be proyided in the form of ,protein thgrapy which ther S
Capabl GWPERLF EPMRgID YD et 143t 60BPOUE LG APl o o of B GreBARP
[ 00232 eptitid-dryRagiveRts BAIRBoDENS tAls MmaPRkl, fle BREbERES daMYbdused to
introduced into the Cell in a vector or as naked DNA such that the

gene r geteaishe pressneeafssymeptidethaieharas onewitmers antigeniedetefnjnantseof
expressged L1, fr 64 the extrachronosonal |ocation. If a
gene fi'ieg%éi%?ﬁf)%{?&@%eand expressed in a cell deficient in VDCC
BARP activity, the gene fragnment should encode a part of the VDCC
BARP pi[e0222] t hatA ifartherueckniglier farnbdny tsoveemihg c alvoives dimanuse of host

o1 1t e b e S8 LS S, 300, BB §Pfonciona
def i ci &/HCCEBARP quHe) 1R ERdbdirierOMRaEAL ESrf Dbridie 1eAAQIDHREM i

%
VDCC BARP gene present in the cell. Vectors for introduction of genes

bot hhf polynactsabidestaredeletad fiom éha VRO BAbYd aanentherechesicell dnes Rnows
ropl 1 oAt SRANaTRArEYOFE: PAT kBhgRRYr BAtLy et BYG AL oo, oot are

ef f ect igv@wh n tBE PrésdrideadSdaugdesrapbund. tTihe eqlpiuey edahnereactgityef the host
therapy trials to date rely on_retroviral vector Thus it is

pr ef er o6l ivmeasured o dptesming e SompatRdAs qansbls, Pt Bgufatingothe calcium
conpri S| n {,ng' 1 i on and capabl e of
expres?bﬁgn%| %@W%ggtl ecg?\ﬁlg%fé%\t;gﬁt\élég%i. Q her viral vector systens
i ncl ude adenoviral vectors and herpes virus vectors.

[00223] The goal of rational drug design is to produce structural analogs of

biologically active polypeptides of interest or of small molecules with which they
interact (e.g., agonists, antagonists, inhibitors) in order to fashion drugs which are, for
example, more active or stable forms of the polypeptide, or which, e.g., enhance or
interfere with the function of a polypeptide in vivo. In one approach, one first
determines the three-dimensional structure of a protein of interest (e.g., VDCC BARP
polypeptide) or, for example, of the ligand complex, by x-ray crystallography, by
computer modeling or most typically, by a combination of approaches. Less often,
useful information regarding the structure of a polypeptide may be gained by
modeling baéed on the structure of homologous proteins. An example of rational drug
design is the development of HIV protease inhibitors. In addition, peptides (e.g.,




[ 00233] Met hods for introducing DNA into cells such as

el ectroporation, cal ci um phosphate co-precipitation and viral
transduction are known in the art, angsthe choice of method is within
t he conpetence of the person skilled I'n the art. A further gene
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i ncrease the ampunt of the expressi on products of such genes in

target [o@234]. Sudthisgare pdusisipytol isofte ta ¢arget-byecifipantibody, esélectedsby a
in cells, in which the | evel of VDCC BARP pol tldelsab
di ni ni &mloeahﬁa%a sl Kt seleeits CWtstmm&i/ 8 b REARIE ?'HS approach

| nCt easidde bdmhaonBr BRR! ficA’ sdbdbialight YR dBAER BaNDCHaLed. It is
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el ements and capable of replicating inside the tunour cells, is
pr epar edaloguot thel ariginaltreeeptar.e Thacw-idserid Shenibe sedda identify gndpselate
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di sor defole€hies &S'elb@te\dqidMQES gaiuddl tre @cbtum thbq:rmerlnacd)rbhcbrbe transfected
gene is not permanently incorporated into the genone of each of the

t ted I t t t hav b t d
| 00937 TR0 andfie. G7GLEBAY damAm o HEPReVehes SpamiBered YHCEHEARP
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i nclude viral and nonviral transfer nethods. nmber of viruses have

been' uEHCGBABRealyrantideradiizdy.oBy, viitue m@wmgvgwm@f clpned VRCE BARP

SVv40, adenovi Jus n [u e
ner pes SF ARG nayREAL Moo oSrafe URC SBRKS Bhublehlife ,may, be made
nur i ne avaisblé uoperformduch diadytidal sniigens xtragrapstaliographpl $n ladd&:obethe
based on di sabl ed nurine retroviruses.
knowledge of the VDCC BARP protein sequence provided herein will guide those
employing computer modeling techniques in place of, or in addition to x-ray

crystaliography.
Therapeutic uses

[00226] One aspect of the invention provides a method of modulating a voltage
gated calcium channel comprising the step of varying the concentration of VDCC
BARP polypeptides or peptide fragments. as described above.

[00227] A Voltage gated calcium channel may include all types of calcium
channels including T, L, N, P, Q, and R. These may include any isoforms of the
cytoplasmic £-subunit including splice variants 81, 82, 83 and §4.

[00228] Preferably the term modulates refers to the activation, inhibition, delay,

repression or interference of the activity of voltage gated calcium channels; More




[ 00238] Nonvi ral gene transfer methods known in the art include
chem cal techniques such as cal ci um phosphate co-precipitation;
mechani cal techni ques, for exanple m géoi nj ecti on; menbrane
fusion-nediated transfer via |iposoneS; and direct DNA uptake and

receptor - i at ed DNA t . . Viral - medi at ed t f b
e e g R Sy LS ol i pht R S il Bitec
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t he surroundi ng ce |ternatively, the retroviral vector ™ producer
cel | | ichenoainattévityninayt el dssessed fusing: dhe irnsiheds | d8z3ibpt ninathea ppampids

whi ch- , conbi nes bi ol ogi cal and physjcal . gene _transfer t hods.

bl asm BEBMACDEY A9 Se EDEenT s antiirh S50 abyRE&s Find Bk alimycurrent
ant i boqjihsiReh tistnp fechifpuadenovi rus hexon protein, and the resulting
conplex 1s bound to an adenovirus vector. The trinolecular conplex is

then used to infect cells. The adenovirus vector permts effjicient '
bi ndi nd0032%]er naCneagPRiRach s e agiministardunelional reledss on AUCIET afids that:
coupl e L S: +DLOC, i ecd & i | '
apt akce MR eo S ERARA 2 AR RER RS oRaRRBEAES (e pbBiRl b ER b trt
exanpl eelld, @ provedgredicrract! gemethérapgdm ni stration. [00241] Gene

transfer techniques that target DNA directly to affected tissues are

prefer eceptpor - nedi at ed .gene transfer, for ex le, i.s .
Do U0 by THus dB ST RV aTtopn oy sesad roe(FAd R aSHufiRe g inhibiting
coval eﬂéicmn"'?'cﬁﬁﬁﬁelséﬂ?ﬁ{tﬁm hRBIRVAENBth&@ cBniprRES dlimih@aiHhgodsaid cell a
pol yl ysi ne. Llﬁ?nds are” chosen on the basis of the presence of the

cor r esfunetichal MRfa@dBARR: malypepdidet be padynudletiden emcodingh saida pgbpeptide.

i ot PR B FR00d PPCRERP A S T RS opoon
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conpl ex occurs. To overcone the problemof intracellular destruction

of DNAPOYBPRYER PT BRINALCIFOHEEBPT 8RO tiRlopiralldetve YR RARP in gene
can 2 DErpC RN ore A TRIStRRELY HERng ARG bRy 4 Yisbler
pol ypeptlaidd do vdltageolgabept ¢alguirs dhaaoel, veuch as ataxia, migraine, epilepsy,
neurodegeneration, hypertension, cardiac disorders and diabetes, which method
comprises administering to said cells a functional VDCC BARP polypeptide or
polynucletide encoding said polypeptide to suppress calcium channel activity in said

cells.
Gene therapy-
[00231] According to the present invention, a method is also provided of

supplying wild-type VDCC BARP function to a cell that carries mutant VDCC BARP
alleles. Supplying such a function should suppress calcium imbalance of the recipient
cells. VDCC BARP funcﬁon may be provided either through the use of gene therapy
or alternatively it might be provided in the form of protein therapy which therapy is

capable of delivering polypeptide over a sustained period of time.

[00232] The wild-type VDCC BARP gene or a part of the gene may be
introduced into the cell in a vector or as naked DNA such that the gene remains

extrachromosomal. In such a situation, the gene will be expressed by the cell from




[ 00243] Acti ve VDCC BARP nol ecul es can be introduced into cells by
m croinjection or by use of |liposones, for exanple. Alternatively,
sone active nol ecul es may be taken u y cells, actively or by

di ffusion. Extracellular application of the VDCC BARP gene product
may be suff|C|ent to
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t her apeutic etreatrre the disorders re ated
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nodel s. proyi de nex ortant testin ehicle for~potential
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cal ci um channel conprising a f3 subunit anchoring regulator protein

or protein nmutants or peptide fragnents thereof. D sorders relate
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neur od I.SQN
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gat ed of methed is within the competence of the person skilled in the art. A further gene

transfer technique that has been approved by the FDA is the transfer of plasmid DNA

in liposomes. Suitable liposome compositions include Lipofectin™

[00234] Cells transfofmed with the wild-type VDCC BARP gene can be used as
mode! systems to study calcium homeostasis and drug treatments that promote such

calcium homeostasis.

[00235] As generally discussed above, the VDCC BARP gene or fragment,

-where applicable, may be employed in gene therapy methods in order to increase the
amount of the expression products of such genes in target cells. Such gene therapy
is particularly appropriate for use in cells, in which the level of VDCC BARP
polypeptide is absent or diminished compared to normal cells. It may also be useful
to increase the level of expression of a given VDCC BARP gene even in those cells in
which fhe VDCC BARP gene is expressed at a "normal” level, but the gene product is
not fully functional.

[00236] Gene therapy would be carried out according to generally accepted

methods. Cells from a patient's would be first analysed by the diagnostic methods




cal ci um channel may. conprise VDCC BARP, peptide fragnents: AID |ike
domai n of BARP or variants thereof; Domain | of BARP such as and
variants thereof; Domain Il of BARP 2@? variants thereof; fusion
Sequences conprising Domain | and Do n Il. The conpounds for
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t he i nventi on rray pre erab y be conb| ned w t h vari ous conponents to
pr oduc¥irgamripesviBises dncluging HB¥nand EB\rrascereitsvruse® of gNigds murstes and

are COHth%g.h% ih" ﬁogt‘%pﬂ?éa@ng%hgathbyap? \A@%@%&% ‘F\a%@%éeﬂ RQ&e@'&n“&i%bfeQ

pr oduc ceutrca t1on
ani mal musime. reffoviradgse carriers and diluents i ncI ude isotonic saline
sol utions, for exarrpl e phosphate buffered saline. The conposition of

the in dmnls b irect injection. [The )
corrposi-[qedbtt?ﬁ? ”Y*fﬁ‘ ngf8%e a@ pr dﬁ?gﬁpﬁr gl 'I' nPr Qﬁu?&l‘%‘f]“de chemical
i nt raV%?:.‘PMﬁque%UQde 89 eAMSumf ﬁhé@gﬂﬁﬂé %fo,-pr@b@[taﬁén ! ﬁ\%@ﬁﬁﬁibﬁﬁ{echnlq[ues for
adm ni stration. Typically, each substance nmay be adm nistered

dose ofxampta miaginiestign; mgnKerapedysioeingdiategrtcansfenyig lippspmes;1and direct

my/ Kg, P&){ ﬁﬁg{@;ﬁoag%%élpft&pmegla%%& ‘br\#. TS BarDORY, i"}ﬁb&g ed gene tranffer can

[00250 vect or ncodi ng po ypep e conp nent

ant i Sebé&:ombméwwth(dlmbt frovivosenentrarsisagsing liposehbddsivergy all@ving one to
adm ni st ered di rectl%'[@a

s a naked nucl ei c acid construc
f ur t hedlireghippivial Yack tﬁd“@&&ﬂ%ﬁ@@é‘oﬁﬁﬁw%ﬁ'ﬂﬁowf 0RESI KP%%F&FNQ—{'% the
genone, WW% t: it as a naked
nucl ei c ac H’%ﬁgpg%@ﬁt@o ’Hﬂ%?éeﬁ{?% @bgte@dﬁ]t ni stdgétzdgén"?;/ typl cally
be in the range of from1 pg to 10 ny, preferably from 100 jig to 1
ng. |t[Q0239%rticln anlapmoacierwmd\ toomjsreesp@iq}@@lcaleamd pdysicakgeoe dranséar

t ar get ecifi r _exa by, virtu itable re t or

conat r [ERESEs HRFTEHAONAET A, e & e blfied Wiy B nglysife-cBni Bated 4 dbay
specific to the adenovirus hexon. protein, and the resulting complex is bound fo an
adenovirus vector. The trimolecular complex is then used to infect cells. The
adenovirus vector permits efficient binding, internalization, and degradation of the

endosome before the coupled DNA is damaged.

[00240] Liposome/DNA complexes have been shown to be capable of mediating
direct in vivo gene fransfer. While in standard liposome preparations the gene transfer



[ 00251] Upt ake of naked nucl eic acid constructs by mammalian cells is
enhanced by several known transfection techniques for exanple those
including the use of transfection ageggs. Exanple of these agents

i nclude cationic agents (for exanple cal ci um phosphate and

DEAE- d - and [ i pof ( f Le | ipof d .
L anst BEves Morspr el gttt ia o, RERE sfi oRR ST Be Befn shoriadin
transt eghbondesssis, fd? SXaRHIE FoRowiRgReCt intdity adifliniftRARAl Pr ef erabl y

t he pol ynucl eotide or vector according to the invention is conbi ned
wi th a pharnmaceutically acceptable carrier or diluent to _produce a

phar maf@Q@41dal c&anesransder teshnigups éhatdarges INA Gireally inoaffected dpsirs are
i sot oni ' ' : h - huf i 0e .4 T,
| SO 0”pfc?fg%hf‘elaggép‘@'rrﬁﬁul%é@feegrg%ﬁ‘eagmnﬁf ?&p,QQ%rﬁP%“ i eéc%ﬁg@&h@& by e

conpos n-may ar enteral ramuscu

i nt r aveonjugaticn be DN agusilly imtheafoem! afrcovalenitly @lodedesgibreoileaieplasmid) to a
adm ni stration. [00253] Anot her aspect C,%fg the invention provides th
use of PERI§INGfgandevia ARPAKTIRNG okigapHStase choaen on the kas! & PreppReR Phine
di sord ; o] ' SO :

el at e TSR SRl R tE el WHRLE ElrRs 13loBEiBsue type.
m gr ai Maese figheghONA cenjugdmgearser e injectett dpecteméed &g bloaddi desired and are
di sorders and djabetes. .[00254] The am no .acid co siti.ons of .the
nvent FERCER,onbRdBr oS e AT i RBIOT B aEe) 4 Bemaliendar of Hie PA-
they apmteRiiHhsidx cREaRA RS olércamd BeqibbRm sEmtraebitilal destrREb)BEDNA,
delivery systemor as nucleic acids in reconbi nant vectors capabl e of

expr esspinipdtive with aderaiigiscemdesinclusied tpaiisrgs] erdrsoane fundtianhumans,

oral or topical admnistration of the conpositions
[00242] Polypeptides that have VDCC BARP activity can also be supplied to

cells that are deficient in VDCC BARP polypeptide or the polypeptide is inactive.

[00243] Active VDCC BARP molecules can be introduced into cells by
microinjection or by use of liposomes, for example. Alternatively, some active
molecules may be taken up by cells, actively or by diffusion. Extracellular application
of the VDCC BARP gene product may be sufficient to affect calcium channel activity.
Supply of molecules with VDCC BARP activity should lead to partial reversal of the
effects of an intercellular calcium imbalance. Other molecules with VDCC BARP
activity (for example, peptides, drugs or organic compounds) may also be used to
effect such a reversal. Modified polypeptides having substantially similar function are

also used for protein therapy.

[00244] Animals for testing therapeutic agents can be selected after
mutagenesis of whole animals or after treaiment of germliine cells or zygotes. Such
treatments include insertion of mutant VDCC BARP alleles, usually from a second
animal species, as well as insertion of disrupted homologous genes. Alternatively,
the endogenous VDCC BARP gene(s) of the animals may be disrupted by insertion or
deleﬁon mutation or other genetic alterations uéing conventional techniques. After test
substances have been administered to the animals. If the test substance prevents or
suppresses the calcium channel activity, then the test substance is a candidate

therapeutic agent for the treatment of the disorders related to voltage gated caicium




is the preferred route, being the nost convenient. In circunstances
where the recipient suffers froma swallow ng disorder or from

i npai rment of drug absorption after oral adm nistration, the drug may
be admini stered parenterally, e.g. suBfingually or buccally. This is
a particularly useful nethod of delivery for |arge peptide drugs.
Pept i dehaaoael mentified fe=rein.y Hieser bainainthadels pevdde tan tehdrelhadatimportant

action when the re delj.vered sublingually or buccally. The
effici éﬁ%ty‘gc‘éﬁtb'%@??rn%cﬂéaé%ﬁr‘%?&ﬁ?ﬁ 'ides are placed in a
scaffold that can help maintain the peptide structure and hence
acti Vi tpherdpEui@EBAFHOUMS Of the invention will normally be

adm ni stered I ntravenously, or by any parenteral route, in the form
of a pharmaceutical composition conprising the active ingredient

opt i ondPP245]n t hé fusther espachonthedRVentnyeemBrises ajcesmpRUNCTor eedilaling

De g R ol P o R TSGR AR R End 35695 L e o
and patjrg@in heutBatst b?gﬁﬂigeaﬁagmbhtsaﬂnérb@f.r;sbf:ues?é RIETEAI Bt Valtddge gated

the conpositions nmay be mniStered at varying doses. 70 [00256]1n
human CalSiEpy, chamnels npasludingnsataxia, beMigiaing staileasyl oReumEegeneration,

gener algwe@%ﬂgﬁjt&gé}a%rcﬁgogdgrsam é{al&% eéM th a suitable pharmaceutical .

exci pi carrier selected wth regard to the intended
route of adm nistration and standard pharmaceutical practice.
[ 00257 0t@46]onpoEixaingiss aff ¢drepouven foroantagonitisoatievitydol @i soléaged gated

t 1y, f l e, int , Intrazarterjal . .
ot r apgatiutskenpel Tt earhaish MPCE HARY-RepdS BTGNS, AL e, dompi of
i nt r ac iAo WaribAls' RzBETCObATEiY | F BRI 4Lan a8 D vartintd fRdredBYDIMain |

YD
adni ni stered by infusion techniques. They are best used in the form
of a séBARP andesuiantothereahfusinne Beaugneasmeamprizging dlorsaipdtanscieemainH.

bl ood. TPRecatiReiE 5 BhiplORE olE e 4 VGRS BaIL caRRl el ey
to a ptohmkef 8OVDBC BARF protaieaas sariants Thergofe pwredsing BARPuatiMiyeor

parenteral caonpositions under sterile conditions is readi] o
acconplPEpHd iBlpragtiandwith ZsapuaitaftYeel !%@HMi‘ﬁiﬁﬁéé”%g‘ng‘}!{%\ﬁﬁ mgntioned
those sbld ebuid sl to tRATELIRID SIS vBMbbERIdted UaldihCiridtiis
adm ni stration 1 nclude agqueous and nonaqueous stefril®e I njection

sol ut i imdudihg citariay roignaiaen epitepsyoxneliamdegenrrafien.s hypertersiorn angt sadiatb
sol utes,. which render the conposition isotonic with the bl ood of the

i nt end&PYLeSpi ent: and aqueous and non-aqueous sterile suspensions
whi ch may include suspending agents and thickening agents. The
conposijedzqry Nay Hxanmples eht@fpbindidr-adesistieractivity bf dasttage ghtededlsium
for exanpl e seal ed anpoul es and vi al s, may be, stored i

d d
fr eezeCHRNGY [AYOFHNPIISR PFOlGHhMutABls %gﬁl‘ﬁﬁ’ ehesiny @%éi%@f%aidam%m- or

the st ﬁdn}xﬁnl i ﬁﬁ'}in%iﬁqr bt ffogl(%iﬂrl SR RhiNGY Sl B&Etéd‘frﬁﬁlt {HSARP protein,
i mredi atel'y ptior 10 use. enporaneous injection solutions and
suspengintibsdieayf MDPCEPARPY desarittes abbavep dheccanpaouradsioe sganistic activity
tablets, [00259] The coppositions may al so. he transderrml I|y he level
adni ni & &reiagPgated AW %ﬂvﬁbmaﬁ&omprﬁeswﬂ"wgfeﬂ. fhregges the leve
embodi E?néx@"e%i%ha%'fyv CBARES | hERBINGb0RE HRNA! 8kfeddion and protein
transdermally. Transdermal admnistration may be via nenbranes, .
pat cheexpressioreios the aubdetular lcaiastiamof BARE 9. thehoembranersteriesngysth

desi gned for .slo se,appli.cati f th Q .t i.ch .
el qade bifdie B SARRa0 5 REPUHERY VIR it SEE TGN TARE R n
advant ge@ vy mcilisd Biideahblitid@éEBbbVE toglammPaséd eiredhBiderédrarralataiio
of suitabl e menbrane conpositions under sterile. L .
voltage gated calcium channels including diabetes by stimulating insulin secretion.
[00248] Compouhds identified by the assay methods of the present invention as

regulating VDCC BARP function may also be used in therapeutic methods of the




71 conditions is readily acconplished by standard transder nal

techni ques wel |l -known to those skilled in the art. [00260]1n one
enbodi nent the conposition conprises a fornmula suitable for aerosol
delivery to a patient. The conpositi & of the invention can al so be
adm nistered intranasally or by inhalation and are conveniently

del i vepesgbent itveatibor rfarfexamply, peodgoundhdesitifian asbirating soBnd mminancing
present at | a pressuri,sed,contain nmp, ray.qr nebuliser

o th MDA BARP R SahoR Ay SRoRumIsErech e BT B BRGH irsROnar iiium
trichl FM'}" onethane, dichlorotetrafluoro-ethane, a

hydr of | uor oal kane such as 1,1,1, 2-tetrafl uoroet hane (HFA 134A3 or
1,1,1,2,3,3,3- heptafl uoropropane (HFA 227EA3), carbon di oxi de or

ot her Adminigteatiey. " in the case of a pressurised aerosol, the dosage
unit may be determ ned by providing a valve to deliver a netered
anount pres | ont ad: e . ay,,o | S St TBus

cont ai L""?a?!n uti %ﬁgéﬁﬁgﬁgp@%@#'ﬁéﬁ 0 H@ttﬁ%@%véycgh%%gg%* oﬁ,e t e.g. of the
usi ngdigwﬁhmelrlmaqf peéienaislly i@eg cohthime® peithantriass t bempoherist to wpraduce
may additionally contain a lubrjcant, e.g. sorbitan trioleate. ,
Capsul emaREItiess (¢fi igednventiae, e @i e COMPBRLigas ;@rﬁnyow@fﬂ% Wity a
an 1 "eh&im e kiba | aBQiallBY ARidOTdR! AhRHL L R CORIGRIE % PAMAIfacElical

of a conposition e’ nvention and a suitabl e powder base such as
| act oseoropositian ¢whichOf2g Hetfor dwindaroor dnimadaweer Suitaplescarriersaad dliluents

preferab ar.ranged saq that, each tered dose,or “puff'. contains a

| east ¢ eof'?‘g(oa Ei 33“‘@?”?%3& nEHEPEN Wﬁpﬁg fw%;e?os?ﬁ?' The
pat i engompbsitibh bf B ARBAESH Aifthbd Bamiﬁia@rewapairbcﬂm'{)écwoﬁlpme wbiriposiion
aerosol wll vary frompatient to patient, and nay be adm nistered in
a si ngmayddee fermulated fryuapargnteral, dinfiagutscylase sintrAVeIRHo uBUPRapagus,

[ 00262 v d i1 .t her| i c

wi ni SUaPeleEr G o (R GG iR ralioha TYPAR} | R Ethdtnce, may be
caps- uh@ﬂnigmtéohvat aeldsel afsSfroman0 tttd GOsmarkgs bsge neighispreiiably fram 0.1 to
contain vouring or. colouring agents, for, imedjate-, del ayed- or
cont r ol P 8¥/kQ @ﬁ%p%ﬁ@g&#ﬁ”@r{gj tgﬁé“ﬂ/#‘gﬁﬂ)rdé(t‘@%'ﬂﬁ{)f sui tabl e oral
conpositions under sterile conditions is readily acconplished by

st and%amzsbfr rracparyhgaxboﬁ@@éwé&y@emidinq<ﬂ@:«,vgebﬁué bospohkhts! (8fantisdrize

art. e conpositions of invention may al so be adm nistered via

i nt r aceanstivesall for nisednitbarapattiemethpdeimay breadipinjsieied drrstiyras adaked
pessar DIREAbL PoRaict TRk ey frish cbRiisd nefifiPRRElebBEY pBologous o
For opthchiadsticell gédiome. When the polynucleotides/vectors are administered as a naked
nucleic acid, the amount of nucleic acid administered may typically be in the range of
from 1 ug to 10 mg, preferably from 100 pg to 1 mg. It is particularly preferred to use
polynucleotides/ vectors that target specific cells, for example by virtue of suitable

regulatory constructs or by the use of targeted viral vectors.

[00251] Uptake of naked nucleic acid constructs by mammalian cells is
enhanced by several known transfection techniques for example those including the
use of transfection agents. Example of these agents include cationic agents (for
example calcium phosphate and DEAE-dextran) and lipofectants (for example
lipofectam™ and transfectam™). Typically, nucleic acid constructs are mixed with

the transfection agent to produce a composition.




use, the conpositions of the invention can be fornul ated as

m croni sed suspensions in isotonic, pH adjusted, sterile saline, or,
preferably, as solutions in isotonic, pH adjusted, sterile saline,
optionally in conbination with a preseyvative such as a

benzyl al koni um chl oride. Alternatively, they may be fornulated in an
oi nt refie0252jh as Freferablat then po9oAASDHiide or vemidi anconding do ttherinvention is

conprise a nethod for jdenti'fying a co ition expect.ed to be useful
for 1 r Sambiet Wiaof deha masesliealy POOPIENG FarEn SaldUGR dRaRTce @

the Webpgﬂnseémraaﬁ icB%C%d%ﬁio?lt. ersgmgﬁfe LA/ R dfGats AMALRE Ad8ehRY saline

BARP wi a test conposition; and assessing the effect of the test
conposisblulionsn foheexarnple tphosphate-buftaredhaalims. cuFhentemppsiios4MEye be
met hod _of the .inventiqn further copprise the steps of providin
aynt hedmniged B PR At Bl sPdarIn TRy s . SonEuERePEs Blpdkitahbral
usi ng epHRHEEsmRERINihReatigs. known by those in the art; and of

assessi ng whet her the conposition nodul ates the activity of BARP. The

conposition may be fornul ated for pharmaceutical use, for exanple for
use i n[90RS3lvo t Angtheri @saacimef sther imvardins. Proddes|thge upBupbsarts of the
adm ni i ' R} ALe '

cince SPbRbeonS R L RRAGRPATINCES Rifaib et oS (. Plade gated
opt i muealcuh eclidnrats)i Disorderti aiatad diod oshgee foatedngalgiant ichahaels patiuveirig
and condi tion., BEST MODE(S) FOR CARRYI NG OEJT THE | NVENTI ON

[ 00266 FFAXNBYIrBES: FRIEPRY. PeOHPE’RFRUIPRy BRRSERNSINR FRIAIRC dispiders and
descri beg, '@%the followng non-limting Exanples. It is to be
under st ood, however, that this detail ed description is included
solely for the purpeses of exenplifying the present invention. It
shoul d[MiR54)e undéesamit iasihopmppgsitionsact éke rinvantion 518y he delbmged as

mor ecuPaPUGeD gty i o iSayE TR, Bk ARE Sty yPRHER I Pological
" scaffold; in a polymer delivery system or as nucleic acids in recombinant vectors

capable of expressing the amino acid composition.

[00255] Generally, in humans, oral or topical administration of the compositions
is the preferred route, being the most convenient. In circumstances where the
recipient suffers from a swallowing disorder or from impairment of drug absorbtion
after oral. administration, the drug may be administered parenterally, e.g. sublingually
or buccally. This is a particularly useful method of delivéry for large peptide drugs.
Peptides can be more easily absorbed and delivered to the location of action when
they are delivered sublingually or buccally. The efficiency can be increased where the
peptides are placed in a scaffold that can help maintain the peptide structure and
hence activity. The'compositions of the invention.witl normally be administered
intravenously, or by any parenteral route, in the formof a pharmaceutical compaosition .
comprising the active ingredient, optionally in the form of a non-toxic organic, or
inorganic, acid, or base, addition salt, in a pharmaceutically acceptable dosage form.
Depending upon the voitage gated calcium channel dependant disorder and patient to
be treated, as well as the route of administration, the compositions may be

administered at varying doses.



are not explicitly described in the follow ng exanples are reported
in the literature and are known by those skilled in the art. General
texts that described conventional nolecul ar biol ogy, m crobiology,
and reconbi nant DNA techni ques withi 7@ he skill of the art, included,
for exanple: Sanbrook et al., Ml ecular Coning: A Laboratory 73

Manual [o@356pnd Emh himan tBetabySwie agnid@siuonslo@hous@tadnymame@ aloe but will
Spring Harbor, New York (1989); dover ed., DNA Conin Practi cal
Appr oageneradly e admigistened, nvadnexisee with 8 suiiable @haugﬁceth%xc'%

Ausubely, jur%t orBégrrFEr s@}gct@j%ﬁ{ 95%&8 ot elvﬂﬂéﬁdecP rBL e %Eﬁﬁﬁﬂstréhcﬁl and

Smith, rrent rotoc smrmecu
Geenesﬂambhrdsbhmgwamuca[qlrasﬂwI ey I ntersciences, New York. I\/bl ecul ar
bi ol ogy [00268]A yeast two-hybrid screen of a corrpl enent ary DNA

Ls identified

lib | ti
(downst0Zar of * TR RITREEITSS ah tMe: dPUERYGTy Faht MO opS administered
133- Suagmn&emb{f fbaéfemsréarmﬂaaéaeuawowanaﬁénm tRYBRtdnéaly; ifatineehlly,

anchoring regul'ator 2rot ei n% Ti ssue anal ysi s indicated that BARP
messeniptraveniicliarlyr ideasteranliyi igtracaniallyi intia-musculaslycpresihavtansausht (i

(o iy e by ABRFFE Y, B BRBpliless TRy BR B Feilininpifg of
1B) . Aétehleeaaﬂ@élﬁ BolugigR ! whithemay esate otiieBARtistancdy, #on eﬁ@ﬂpl%@h?xdn@ﬂ
confirmed using three antibodies rai sed agai nst di fferent i 0

uPadH Gutions

the BAREtS patgéquseﬁcg make the sohuionTisetanic sith kirasy pihe) a8
50~ ag47 O B Suarhl Htreltol Mrerdfaphy B .%E@“Bﬁfffﬁﬁ@e%"?ﬂ‘* PekESiayEThe

was i dprﬁplaratm by anﬂab@wpamﬁér&wmmsﬁgans unden slkerl\KB comdlitorsi is cERdly
l'i brar anal ysis,of EST clones fromnmouse, rat and h .
(278333850 G oR s Sl RB oy Gl Cah g Wolliahuep o Poge SRR in
Rat Cajhpla®, Cav$2l (e.g. RA), Cavfl3 and Gayl.2 were originally
cloned in'S. Seino |aboratory. Cav 2.1 and Cav 2.2 were a gift from

Soon T. W and Snutch T.P.) . Muse Ca" /34A was purchased from | MAGE
Consor [00258 450 1@9@08@@%@&@@&9@& parstehadaiisEgianopelidgggegous and

constr , q h
COmt Sl B "B LS by, BORIP R A3 uors
descri bacterbstatshand sohNtes dich tEroler Wees cpmpbsitivadsotodir with dnelalodd of the

Purman BIRESSDIERIF DAY SBYBBHS ol P REREP S PR cushensiors Rich may

include suspending agents and thickening agents. The compositions may be
_presented in unit-dose or multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried (lyophilised) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediately prior
to use. Extemporaneous injection solutions and suspensions may be prepared from

sterile powders, granules and tablets.

[00259] The compositions may also be transdermally administered, for example,
by the use of a skin patch. In ocne embodiment preferably the composition may be
administered transdermally. Transdermal administration may be via membranes,
patches or sheets placed on the patient’'s skin. The membranes may be designed for
slow release application of the composition, which may include admixtures. The
membranes may elsd be designed to have the advantage of a substantially water free

composition. The preparation of suitable membrane compositions under sterile



74 conpare themwith the wild type BARP expressed in vivo. Mitation
of Met 1 generated a shorter protein conpared to the wild type,
confirmng that Met 1 is indeed the initiation site. Overexpressed
BARP in COS-1 or in HEK derived cell Fine (TsA201) nigrated as a
doubl et, suggestive of post-translational nodifications (Fig. 1D). By
conpar iceaditiohs lis esadily accomplisyed be starethrdAfIPsdehmanteckriguas walldenown to
t he doubl et was higher and, in PCl2 cells, only the upper band was
det ect &psersldded indBe@t e that this nodification was not a protein

cl eavage and, in PCl2 cells, the processing was fully achieved.

[ 0027156@@_30“ tgh rbrfeh%bgﬁﬁﬁ’erﬁtsth%”c%gb%’iﬁeﬁYd&‘ﬁdﬁ%e}%r 8tf8kfula’Buitable for

treate 1 cells overexpressing w ype and nmutated BARP with
t uni campoosel delivienni toi wopatienigThe osythpositons |of the invealinn aame also be

A RGP 45 e o BT 4o o
treat mgph d@g@t@u&%@ ithal&BIGn Qtosbl $tay pReaiorPbcalbAtssaiigsd ebnfalier,

wild type not of the nmutant. However, BARP still migrated as a
doubl ePUsUgesraYig arhamebidiget i avitl  Bst usansdfat @ orfditabisdi PraRgliashs e.9.

are al a&hilcg'ﬁabﬁ?eg{égﬁg?la tricﬂgrg’%lfécﬁ%metth%\ﬁe; %%Séﬁ!&ﬁ&rﬁ%otrg— tisife Of a

PNGase * cl eaves ween aragi he and the sugar

WNDi ety hyﬂ@ﬁ@f&?d;}l\lé%w@shemel ,ﬁ,ﬂ,mteﬁtafmsoétaam_r(l-ﬁ'-‘lﬁt elaartAal be 1 rr:) ,1,2,3,3,3-
termnus o suggests that this protein Is at nenpr ane

or ot e REPIAHURFAARIAPaNR (NE Act3AEAR. FamascaPsded e sURable pspImats case
si de. ' "t i | : i

cxper | LAPraSeHEd ferotl MEbEA0F ntiny BE deténinga ty FRRIIR vatve to
my ct agdetiveBARRietéedeameant dheoptegstitised\containernpumph ep@ngicnebwiser may

d d Il surf. ig. 1F). Subcellular |ocalisati
o VDOESHAP 3 BRI 76 ueRAEN pleine, aetlELcarmosThaP it e g or

of BARBthdri@l"éﬁ@'tﬂE%irbﬁala@%@%rthéfﬁﬁﬂxﬁedﬂ,s\ivﬁ@:hhﬁéj( AdgRNaN copfdinmariMbricant,
cells fromthe hi ppocanmpus regi on and PCl2 cells were perfornmed. - BARP
was fo@rH sombitan tideaiBe Capaviereand gaitidges (hage feepxamplty feare glating for

dendritig L.r . .S LpUo St ai<A| | - .
Cou 1 sl i hfaBr drr et sy 5 Birideldd o cbificn Howded i 6 o
i ndi cateshpolitionBARR: waention gud|a/swiighie powder base sucmas (detgse dHtardm
PC12 cells, BARP remarkably co-localized with synaptotagmn I, a

Caz+- df&oeigjﬁm S%\%rrgst,o "o dlz_{Spowder compositiohs are preferably arranged so that
each metered dose or "puff' contains at least 1 mg of a composition of the invention
for delivery to the patient. It will be appreciated that the overall daily dose with an
aerosol will vary from patient to patient, and may be administered in a single dose or,

more usually, in divided doses throughout the day.

[00262] For example, the compositions of the invention can be administered
orally, buccally or sublingually in the form of tablets, capsules, ovules, elixirs,
“solutions or suspensions, which may contain flavouring or colouring agents, for
immediate-, delayed- or controlled-release applications. The preparation of suitable
oral compositions under sterile conditions is readily accomplished by standard
pharmaceutical techniques well-known to those skilled in the art. The compositions of
invention may also be administered via intracavernosal injection. Alternatively, the -
compositions of the invention can be administered in the form of a suppository or
pessary. Compositions may also be administered by the ocular route, For ophthalmic



vesicles marker and simlarly mgrated to the gromh cone after PCl12
differentation (Fig. 11). [00274] This specific subcellular |ocation
of BARP was confirnmed by using another vesicul ar marker
chromatogranin. In contrast to the endbgenous vesicul ar staining of

t hese proteins, overexpressed BARP and synaptotagmn | were found at
the pl asgrahaephipsfiond dGhe iaverttioretart bk fermfsiatedSe pliemeikear suspensions
I nformation le). This apparent discrepancy was explained for the .
synapt it igiamc.f B agiusieda sterilassalingn g, preferabiyessh sehdiongcig; isgipnic, pH
bef ore_ji.nternall zat | to t:hej L@l vesicyl i '

(rer. POPFEURR G, hdihel CobBRRNy I bomblron GRCH FresCRRIT AT as
N- gl ychsiydyidlleshipmoddbitdee iteesstbdly, thee orayrise fomthufetad de ad @imthrent sath as
| ocal i zi ngl in the Ca2+-sensor vesicles. [00275] Anti body 72 was

conmer BEEPEEMr oduced by Bi ogenes. Rabbits were injected with a BARP
pepti de (NEAALFEQSRK) conjugated to henocyanin and anti bodi es were
af fini i fi : : ' FdrSh ' § deyr Qj&ﬁ-ﬁﬁﬁ)a
was in egteglj toeﬁ?%éngﬁ f[%ﬁgyungﬂgg?lgnal arﬁ}‘g{ei( ﬁ%nd?feégﬁﬁ ogjuced (12

and 8BX)mpEtion pxpeeiegi togbesisefultfontreatiog 4 disardersBaimedioi wilege gaiad

8B2 recqgnized th -term,nal of BARP,.whi.le th ' ' .

ocal | SAUG EOR e PSR oG PR e DURE R sl e mDgpoing
3- subupARP WRNAABLTEoHBsSifion AR aEARBINY thesefieet bhthd fest ubmpbsition on the
manmal i an cells, co- inmunoprecipitation experinments were carried out

i n cosaativiigiof salciumnghaphelgusients.i on from either fl-subunits or BARP
reveal ed the presence of the interacting partner in the

CO- i ci pt d [ ANdheat § h '

o th B T i g e B e ST,
we det providiveg] $yrehesibiogl | pluafyingoeatior otronlatifig taneohBrasitiumselecied using

presence of BARP,in transfected PCl2 and, COS;1 cells. Overexpress

P e subsmpUtehdnede Buias Xrowe py Sese (5 (59 Siaat (oh asBElheoRnET ey, the
and 132xhp@sitisy preitaesané (Vi) BF BRRM Bl compBBRilsAhiy baeoRhaISeiT for
of BARP-relocalized the 13-subunits to the plasma nenbrane (Fig. 2B).

These phaymacsuticaifusertal exaanla fo e inrp hadrialsin FEiMasPTHBIMARNT- ot ei ns
and suggest that BARP is an anchoring protein that targets '

fl- subwa?' to t 76, 7
p- subuni Eggnd BA}%’E%G\@E@}%%T\@%&%@P%C@%%% Sé%é& te/fdtended only |
as a guide since a skilled practitioner will be able to determine readily the optimum

route of administration and dosage for any particular patient and condition.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[00266} ~ Further features of the present invention are more fully described in the
following non-limiting Examples. it is to be understood, however, that this detailed
description Is included solely for the purposes of exemplifying the present invention.
It should not be understood in any way as a restriction on the broad description of the

invention as set out above.

[00267] Methods of molecular cloning, immunology and protéin chemistry which
are not explicitly described in the following examples are reported in the literature and
are known by those skilled in the art. General texis that described conventional
molecular biology, microbiclogy, and recombinant DNA techniques within the skill of
the art, included, for example: Sambrook et al., Molecular Cloning: A Laboratory



were stained with nouse anti-FLAG (M2; Sigma) and rabbit anti-BARP 72
foll owed by Cy3-1abelled donkey anti-rabbit 1gG (Jackson

| mmunor esearch Laboratories) and Al exafl uor 488 goat anti-nouse |1gG
(ol ecul ar Probes) secondary antibodi®s as described. In PCl2 and

hi ppocanpus primary cells, rabbit anti-MAP2 (Chenicon International),
r abbi t Mamiuet, , S&Fedind( Bdition) Corb8peingtarbbo habortdiy- ByasapColda§pring Harbor,
(Stressgen%,5 and anti-chromatogranin were u

endogeNgWs Y BrOt1E8H:. Glover edu A Clony ( ';%P@Pticﬁ?%gﬁ%fﬁ;g}ﬁ]@n%ﬂ@ﬂd I,

carrie u ri 42 teret eatio I S e
wth PHES P s QR B [k s bR, £ HeRL 85 KRPErE R E.
1pg/ mMobre,abt.t Seitimahy d.G . USih.ed Bi. oSewhhd oQyyrehbprdthcals B7@otemilar
t hen shed twi ce in ice-cqld PB fore fixation.,Preparation and

1 oo ueDBion, Breese Pbisias Ao Rril gk bute s Bt NRASYEC  of )

Speci nens were visualized with a confocal mcroscope (Carl Zeiss) at
60X magrddnar bitlogyPCC BARP nutations and fragnments [00278] Extensive
nmut at i onal anal ysi S"of BARP by three al ani ne substitutions using the
yeast two-hybrid and computer nodelling revealed a first ft-subunit

i nt er akf026§] donef\rygaséivothybrigusgieeriaigh wommemgniasy iDNAtlibraysolppuss
nt er A _ oo g ! . .

ahicn CRHRERPeRRY NG cdldmddMinbd BbbNdolihsfest 4 St AGATE) e an

that dieteraoting ip&;inedaﬂdgﬁs@?@ﬂt :j We Eag@e aenamed thestprajtetrpgledVDﬁI;D IBORA
mn n e p-S ni opnopli.C .oove responsi

1t or aAPGR, S3HBURE BrEHOTRG ROuElod Bro ok HSSi pRRRIR RS (TRl CARB

or BAR%eQQ@ﬁé} RN%yIS Preddrit Gt ng{f/ﬁ‘%\g@ﬁn%ﬁﬁi @reldluff BRAEBrERNaMY Pguﬁﬂ?),

Al D donai n at only required 6 as a crucial interacting sit
al nost paitdreatic indetacant! substicendoenne icall fines HING ENsbPE18).doiitdt isr weakly

fur e nepupRred e atidr Sslleb JFE TR AahR Rrpldlh J ¥ plesfes ArBARPGn
domai npraknand HE1 ahiae donfimad Risig thass antibddies raingd byainst diffdueninegions

anal ogue nutations in BARP domain | (Fig. 2Cc). |sol ated BARP donmin
was al @ighgBARPPrateidtfiiat tohi th al | known p-subunit isoforms (Fig.

2Cd) . [00279] Model i ng, nol ecul ar dynam cs and energy refinenment was

f it h ' e B
pertor : tequt t?ﬁ? %\Q{%t\%—ﬁytﬁﬂ SMRER df?ﬁb@i& MNs)cDﬂ)ﬂgﬁbEéhrgi}Bég%tﬁe B3

crysta cture was” used as a tenplate to doc
domai nsuburiithjasnido meichresithuesoak¥Béaabaitwasygedopred aedescibeds huengtd

ientati . i d RP A r st it d sim :
W0 rasMEe P ARFDad eRtle Chrar i, slaribbotite 3 FUNe ahyofan
Wi th i¢SNAL aBRarpl SEYEhchet AReYsis sl B8TS ddndH fombunblise,anst dadahoman
w thin 6A gerformed. Utimtel energy mnimzation by the

met hod(A48384Bhrretrmesl dMtdPARPhiS PoRbsEd dFiP gy teaseiptngh i, gg%avmb,
L?gggg{:gﬁgf (5. B8RS LA hE B892 WRP&lorRidl Workdd 65 s! BiSIatrStory.
Cav 2.1 and Cav 2.2 were a gift from Soon T. W. and Snutch T.P.) . Mouse Ca, f4A

was purchased from IMAGE Consortium (4501980). Ca, 8 specific isoforms and
epitope—tagged constructs (FLAG, Myc, GST) were generated by the polymerase

- chain reaction (PCR)}-based method. The HA internal tagged Ca, 1.2 was described
elsewhere. Northern blot was performed under standard stringent hybridization and

washing conditions using a mouse and human BARP c¢DNA probes.
Sequence charachterisation

[00270] Since the initiation methionine (Met) did not comprise a typical Kozak

sequences, we mutated several Met located at the N-terminal of the protein and



) 6-subunit association. Wth the use of truncated form of the
protein, in which the domain | was abolished, and co-precipitation
experinents, we identified a second donmain (Dom 1) downstreamto
the first one (Fig. 2Da). Amino acids/4ubstitutions in this domain
reveal ed that hydrophobic residues (Ileucine and phenyl al ani ne) were
cri ti cabnfpare ethbhcivetit the ndllsatype BAREJMprmedFirg.\/AdebMutation of Met 1

Interestingly, the jsolated domai i nteracted th /32 eq,and

$4, buQeHStatéﬂ@rﬁt@ﬂergaqtswmﬁa@ t@[ﬂ& w'@éwpev&ﬂ mingy fbteA is indeed
f 1

transf ggl rﬁttatioﬂ%?ﬂ% }ﬁ’e rétgeéd ?RBE" .prqééaf EP@;\@%@?N%& &HIRe é%ﬁzét’)

the /3-su unlt int cotext engt omai n
wer e matigtaded tas abddubdét, tsmglgestl\&spécpmstf&ansiahmmit m'\odlt"catlons (Flg 1D). By

Co- i mmunopr eci pi tation St g stud es, of over res

w1 ot gpaRanso R At (7P syBREE R RRE I Mol PR b e
COS- 1 gRHe? andCh PEAR! RMBNEAhE bgéﬂﬁéh@Wa%Cdetbal@UC%éQthﬁéate that this
abolition of both domai ns preévent | -subunit associ ation

Reduct hmmt&rrattpnewaﬁ ndt agrotein Gleavageaiand, imS G ecllsy; dhe precssst was fully
ellnlnat f Domain | (Fig. 2E). However, the presence of one

i ntact 94 ﬁﬂ? "in BARP was sufficient to bind and relocated the
fl-subunit to the plasma nenbrane, indicating that both donmains act

i ndepefataniy (Firg.aseeriaftihat BARP bt iN-glycesyflateuspropsn) Wedreated COS-1
associ atj on between, ful] -1l ength BARP a nd the domain |1 was

conf i r FRES OYETESRIESREY, Wt ARk 1 ated HARB Wit Bimyelazen tﬁhﬁ%’éor of N-

o) | REEqeHation 4R INd Sikdi 1 DERRETAEDEbRBgr, SAs. RIS vaR

gr own ahdllshealnﬂmsitqnttwﬂl}mslﬁ@@rmmetdf an Nalgylywlaﬁormnt BARP, dNesmysin

d ed. H.p d.fr

cul t ur BRORUYRPAGCS 2 Rt 5 Bor e PR OB ORE izey BT 1 Wil pé But
vere caofxRrdes alithit. ASwbvee! BARPOGEN halgriteh a9 hddéylmet @ug@ldétﬂigedhat
BARP in the presence of N-Flag Ca,fl 3-subunits and subjecte

co- i maddipeal prstuangatienaldnedifi icatipnsparesalse dnvaived I(E:gtggé Brirpesylywas

not th

ot at ogoninsl 6y B 856 of PRCASE P, S8 REDle At EREDED dith o Aebdtagine
wild tapett&@ﬁgaﬂaﬁoe@r essed,: i mmunopreci pitated protein conpl exes
fromeither acsubunits (panel c) or Ca,fl-subunits (panel a)

cont ai RP b not. annel. su en donmi

was el w d, llgé@iPe)élﬁ e& p%\r cf?%‘fﬁy e S&Esﬂﬁl{a?l Blnteﬁ'at%eﬁ? éhkb

Ca, f1 - gubuits $hétnt¢nsl';gﬁitbl|'ﬂlst§ t{gb@menémbwbrdemn% @hich Mgl atdrmthus is

t hat donai n of BAl uire domain Il for its full conpetitive

ef f ect Iocatmb@m e eytract atsni@ sidagTBis@Essmptipnwas ¥dlisiated by 4 eellBpyace

a protgi I P S _

(panel %“'ﬁ@%@ﬁ (Ehl:‘.rgsi r| P E%%’ts‘rp %)%gsé%réégm@e&l (c))wwaérm%ecu? fqnyc

wei ght tagjgetirBARRRASdexidated vaisly de & &Ut opatre Comykareted) wasnditeatednat

t hat BARP post ransl atiqn nodifications prevents donmain Il to

associ Hieecslf stage/(Eig.4 (Qorrpl exes. As a control, an (xi-subunit nutant

that is unable to bind Caft-subunits did not interact with BARP or
Subsubt-.au(.taarrséaﬁsa?aon SFWpDEe BARP! ts were found after

co expressing other Cawg-isoforns with BARP and the a,- subunits (Ca

1.2) or after co-expression with other. arsubunit subtypes (Ca, 2.
and Ca[00273]. [ 0D2s4@xamaingr atheontissuasel BNdorsthoelules 1l9eationi ned 5ARP

0. 59 THIEURG Dty ERRORT el AAlD sbston ANBRSAE rork the Hibgbeampus

co- i Mt and PCHE cels At YeRbaned.BARPaRES Yourl instheddréiseluen ahahntdin
anti bodi es together w th nonocl onal anti-FLAG M2; Sigma), rabbit

ant i GSPulldRipcglleans alprg thadendiistree mmbdiscortinuous ¥REWRG 6rig. 16 and 1H,
I nter nsghanzal)_) Coc%'b%hp!&'a‘lnﬁtﬂngﬁeé ﬂ@sl)teurgﬂalz (ﬁflA(FSalsz\'doﬁﬂﬁ@ (Gﬁﬂﬁ?’marker

indicated that BARP was uniquely expressed in neurons (Fig. 1H). In PC12 cells,
BARP remarkably co-localized with synaptotagmin |, a Ca**-dependent secretory



79 concentration of peptide (30, 60, 300, 600nM were added. After an
I ncubation of four hours, 10% of the supernatant containing the

di ssoci ated ) 33-subunit were | oaded on SDS- PAGE and subjected to
Western bl ot analysis. In the absence’®f conpetitive peptides, the
GST- Al DJ 133-subunits conpl ex was stable during the four hours

I ncubayésibles\WRakeBANG siffiaelysmignatedl i the gloanh donacaften PE 1R 0liZ&ENETDN
physi ol ogi cal rel evance of the interaction between BARP and /9-

subuni tRIGwAs: confi r med by co-i nmunopr eci pitati ng endogenous BARP and
Ca, )93- subunits frombrain and PC12 cells (Fig. 3B). Interestingly,

over ex d BARR:WM i | | hddn L8
endogeﬁ{)us- d93?sﬁﬁ\£%hlg%lﬁ¥gﬁ]gﬂggg@i§ﬁgot€ ﬁﬁgﬁﬁgﬁﬁﬁﬁfggﬁ%ﬁmé ofm}?hi ?g

subuni anothef nesicularBABRFKarnchrbmsategrianint yipecqnteasé 4o 2hanendpgenmigs tvesiqular
examned.i.f e enous BARP i s associ referentially. wth a

epec! | SEIURGTANESRBIpES. OY5 e Aoy ORI O Ty
was I epRALRANE nfetiBEhedin PC1bher 8flepeiloseé Suppradearpp isfolmaid® 1e).
protein conpl ex, BARP was associ ated predom nantly with the Ca, 1.2

i n PClZhiseldppaserd discrepandyn wasaiexplainedi forethe \awaptotagmiibvigamily) asi @

Ca2+-d { QSi S t i.n. fo. .

the catanototal, G588 dip ot Jutln, FoEts e Reaftes, PSRk sR il
al | onede HARBr Hestinttona@sf, wef hakdgsther, theddCelilis sidmmidtate thgtl RARE is an
through its domain [ 00286] To exam ne the functional role o

) ! ARP | n
vol t agbl-glueesylatad qrataie eXRrRssed Iﬂ@%ﬂ@%&nésg@&o?g@mﬁ@[% QFaliging in
a4- subynj sug%é : 1.2 in the presence of wild type or nutated
BARP i{nHaTes:gZO %%Fl%gg?ﬁsgA A and B). The co-expression of al-subunit
subtype Cav 1.2 with 133-subunits elicited Ca2+ channel currents. In
cont r aj10275) Ca2Antibacind2 wasr eommeneielly meeduchst byr Bipgesps.s Rabbits were

CO- expressi he chanpel i BARP. Wi .

oARD. opeed ot 2 %ﬁ?preRﬁ‘% a@%@%‘%@gﬁﬁ()l é@ﬁa%#é&d% Hf%‘t‘%va?’m and
si gni f kAaBdivs Mestacaffialip pigiiedc i G T-BARMIfusiIGhngrotdle (anwo faotds: yG025-
BARP effect. The single abolition of domain Il retajned the

BARP- | AG88:wassipiectarhimaiceiaRd meyae aﬂ@mﬁlor\m{iar&%fﬁﬁ@semfpﬁ‘#ﬁ%@ (&#Bhand
domai n I Vel i b i
ot n 1352 S AebRERL ko Burkigd RrrESPanRrMads ot en [eibhizod
acti vi the Giterminaiof 8ARR dehienthe 12B1 epitopers ttoalired t@the central part of the
[002871)!%%&?{& ngs using the whol e-cell patch clanp nethod were made
in .

VDCC BARP binding of p-subunits

[00276] To verify that BARP binds to the g-subunits in mammalian cells, co-
immunoprecipitation  experiments were carried out in COS-1 cells.
Immunoprecipitation from either g-subunits or BARP revea_led the presence of the
interacting partner in the co-immunopreciptated protein complex, indicating that BARP
associates with all g-isoforms (Fig. 2A). To confirm this association in vivo, we
determined the subcellular localization of the #-subunits in the presence of BARP in
transfected PC12. and COS-1 celis. Overexpressed g-subunits were found in a
diffused (B3 and Bsa), cytosolic (814 and f20) or submerﬁbrane (B21) location and,’
remarkably the presence of BARP relocalized the B-subunits to the plasma
membrane (Fig. 2B). These results confirmed the in vivo interaction between both
proteins and suggest that BARP is an anchoring protein that targets B-subunits to the

membrane.



TsA201 and PCl12 cells as previously described. In TsA201 studies, a
new vector derived fromthe pCMsS-EGFP (C ontech) was generated. This
vector allowed the concomtant expression of a and fl-subunits of
Ca2+ channel s together with the nCher7§ fluorescent protein (gift
fromSoon T. W). The wild type or- nutated BARP cDNAs were introduced

i nto t Heo2INS- EGRReféX g@é@@N -FIREGI - sebsmigsand BARF ire PCAIZcad @O.%hceils

fl uorescent prot ein GFP) and the nCherry protein were selected f

neasur Wﬁt@'nﬂé\"'@WQW §nK"IFtB-£\)G M2 eSignrarand @b arir-BAR (2 fﬂ”oﬂﬁg by

and ' nOYRapet) BRe SpyBRbi B s I el o8 B1orReand
di'stiner pghevol %’Z‘eﬂ" Mated (EVA °t§a‘?§?¥é§f§e§@s&;§em§%ﬂ'm'% =
r ecor didg§srikRd-elMp & gr AR hiBRREAMBYS FBIey it 2 (Chemicon
fl-subyip Fr?‘at%ﬁbg‘ rla? é’rﬁzta fd%léﬁﬁ’ Cg@ﬁg%v nlro@sé"rth\écléHQIU'é'n'trssyﬁagtotagmm

ar subuni t Yy (Fi . As descri'bed
previ o(Strgssgbep cant agt:mhxrd:matmlmnr(ns )amerecmdwtﬂ staibepgegenous proteins.

CO- ex sed, the current and b|o SIC e t.he
channolCalza tae Sursrsion iy PRebl bl Reve, SatRRLSEae AR aes fangiectioR.
Caz+ cluglgsledrwasidd 8fce thbBSCeﬁrﬁ)emcus@teamﬂeQagnﬁl Off raBARE- I‘M'(Roche)
type with Ca2+ channel subunits, but not the nutant defective in both

f1-i nt endéori heg/cdrai imbbitapti-Mysetisiate Bigteehnalogyinfos 1@t G @nchien

BARP |

compos iRy e FERBRE RS BEBRRFRtorE Ftopaiafhh e REle Ot bction
requi r ethihing wed ldesuﬁliabels@mmeeéqmm @;ﬁedihen@axﬁsrechaoalaiesi Withreekowfocal
and d). [00289] The fl- blbunlts of Ca2+ channels have been inplicated
in the"%‘?@ﬁ??lé%m@” éeissy atiBliagnifieaionp) asma nenbrane by i ncreasi ng
the current channel density. To investigate if a reduction of the

nunber yvgjc EFARPIAGRRIGhPhnd Ragthant® Menbrane accounts for the
BARP- i nduced abolition of Ca2+ current, we nonitored in transfected

TsA201 by conf ocal mcroscoa%/ﬁthe cell surface expression of an

epi t opf0@2®Jed ChExtensive miutaiipnal ansdysigof ;ﬁf\lwasby tReEer @@nlr}q gubstitutions
ext er n%mlgo(ﬂ?e Pl bt é@—héﬁb an i ?Lﬁtgr d@ﬁﬁﬁéeﬁé‘}e% Ii}f%gubunlt

al one, "Co* EXpI’ S on uni resu

subuni {rieiing SEdreainafDdrhe iplsaﬁ;ﬂr@sm@gxbtma-wamef ttasacurdnhuh srTahes Giidhg
channel cell surface expression was abolished by nutating th

f | - subgtiueturalt eimileribh wiltlo e u-gupw)it iMDaomaiunivhish( gmrts;}he B-subunit

of " cal IERHE (R Bt TaBealihe fnd ol 18 ncel ZA0a-1Re redBhRR P4

wi th Cputdted takao®wWrpansho driderinttheg ¢3-Setiurii hvdrbbhols@fgmnse desbdmtble for
af fect Ca2+ channel cell surface expression é&anel

[ 002907 R dBteragtiay). tand Fﬁﬁt%tﬂéest%awt por jagsasighen wﬁmﬂthe& AP or BARP
/3 SUbHPh‘{zdﬁ'f IWEo’b%(abﬁétﬁH SfuRiied YR WP%h W‘lﬁ”ﬁ%' Jlﬁrcﬁ;rﬁétﬁkthﬁgonly

but is I'nvol've |narre rane- mtated i 1tion of
Ca2+ clm:[mmldstﬁ ashatcreciaeintdBaBin g aite | almost Bl!larklelodnmmsubamn@mﬂ n the

di i bunj t_ f t hy
o o o phoFicrtven Ob - cuisititer Misdtered B AP AGmBlt T TRertion; 0a.
the hebehetWeRirther Eoﬁrr%é-a fhis féit by Eﬂbét@uﬁrfg/amfnd BeidhiRthé h@é%s HORTRIR,

of BARP dissociates fl-subunits fromthe Al D of al-subunits,
cel | s kpeando effectsubynit agseciation agd Wisntreduing edalaous negationgin BARP

oi <sooPBEruh! rb1358L il o fRE daMRPFad it dre THAREbkte b gl known

i ncrea Lgﬂb@ﬁ‘fqgtﬁfbnﬁé (Eighpedhtive AID or AlD-like BARP peptide (Fig.
4D) . BARP effects on hornone secretion

[00279] Modeling, molecular dynamics and energy refinement was performed
with the Sybyl 7.2 software (Tripo Inc.). The g-subunit crystal structure (1VYT) was
used as a template to dock the BARP domain I. This domain was modelled as an



[ 00291] To el ucidate the physiol ogical role of BARP, we exam ned the
functional effects of BARP in PCl2 and M N6 cells in which VGCC
triggers Ca2+-dependent hornone secretion. In these cells, endogenous
BARP is expressed but likely only a f¥éction of /3-subunits are
associ ated (see above). Overexpression of wild type BARP in PCl2

cells ra‘kﬂw Hellxiif 4 rees®eebBentalibhl Wa27 absidhe 6hB8adR™ auss (ﬁaﬁ+p03|tloned
channel currents whereas the overex I’eSSI on of the nutant BARP

def ect isimilany tsoWd4Qresidieph NP mpditien anelpeuiapdysagins: sigutatiqn (1000fs
reduce 6 aqﬂsel Fiyi Q{&%éﬂr %%ﬁ#'ﬁgbe [ﬁBﬁlﬁ? 4t aRg sdd%%F' [ BBthin BA

single ell mnalon of o |nI and partia

ret ai neerfoanedc hﬂﬁhetelﬁcme{nglyym:maﬁmm el the Pownki rmehh:gdt Wasrmﬂieﬂsto
obtained i.n the heterol ogue TsA201 cells system (Fig. 5A).
[ 00292 PREABANG VRS CREFHDIRNRIERAUGN- on in PCL2 cel |'s and [Ca2+1

rreasurerrents in MN6 cells were assayed as described. [00293] To

i nvest t he SR [59:3+
overex ress d mﬂgéfg‘k%g{elts BAeR%Wa%;&ﬂ%l?%gﬁgglggwsﬁéﬁg?mnep(aéé\—ll% resent for

mar ker fesul@anit? assqmiatitentWith ¢het usmn chritineated deren of Hbe rm‘otﬁls.elrbwh(gla the

f t | I ft d

Consi SEBRTAR ¢ Wap rahdt RSt ae P e ARG D L B0 o aelfied 2aafiond
Wl d t Bk r(gasi yl)rmmaﬁa% therfBtent (Eige Pekd) oAmindacids SubbituBéRPin
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Il interacted with 82, £3 and 4, but not with 84 Isoforms (Fig. 2Dc).

Cell culture and DNA transfection

[00281] To further confirm that both domains associate to the g-subunit in the
context of full-length BARP, domain | and Il were mutated to abolish their respective
interaction. Co-immunoprecipitation and immunostaining studies of overexpressed
wild type and mutated full length BARP with g-subunits in PC12 and COS-1 cells (see
Supplementary Information 2c) indicated that abolition of both domains prevent BARP
S-subunit association. Reduction of the binding to g-subunits was more pronounced
after elimination of Domain | (Fig. 2E). However, the presence of one intact domain in
BARP was sufficient to bind and relocated the g-subunit to the plasma membrane,
indicating that both domains act independently (Fig. 2E and F). B-subunit isoforms
specific association between full-length BARP and the domain |l was also confirmed.
Altogether, these results demonstrate that BARP binds specifically S-subunits with

two independent interacting domains, an AlD-like domain | and a domain Il.

[00282] COS1, PC12 and TsA201 were grown and transiently transfected with
wild type or mutants cDNAs as described. Hippocampus primary cells were

purchased from Cambrex and cultured according to the manufacture instructions.

[00283] The presence of an AlD-like domain in BARP suggests that protein may

compete for the o/f subunits interaction. To examine this assumption, a;-subunits



[00294] To verify the inplication of BARP in Ca2-dependent exocytosis,
we investigated the effects of BARP on electrical activity and

I nternal cal ciumconcentration ([Ca2]) in MN6 cells (fig. 5 C and -
D). In control cells, high glucose (28%\M) stinulation progressively
depol ari zed the plasma nenbrane with a concomtant increase in
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) 9-subunits fromthe Ca2+ channel. 83 [00298]In this case,
over exppeeniate Vit cBNRRS CREVIP®FH6R eoniflehR oj-pakynit/mutar that is unable to

bind Ca.f-subunits did not interact with BARP or S-subunits (lanes 5-8). Similar
results were found after co-expressing other Ca,#-isoforms with BARP and the o
subunits (Cay 1.2) or after co-expression with other o,-subunit subtypes (Ca\, 2.1 and
Ca, 2.2).

[00284] Preparation ‘of cell homogenates lysed into a buffer containing (50mM
Tris-HCI (pH 7.5), 100mM NaCl, 1tmM MgCls, 0.5% Triton) supplemented with
proteases inhibitors, co-immunoprecipitation and Western blot analysis using the
generated antibodies together with monoclonal anti-FLAG(M2; Sigma), rabbit anti-
GST (Santa Cruz Biotechnology), rabbit Ca,1.2 (Chemicon International),
Ca,2.1(Alomone labs), 'Cav2.2 (Calbiochem), Ca,fs (Alomone labs) antibodies were
carried out essentially as described in. Brain, skeletal muscle and heart lysates were
purchased from Zyagen Laboratories. .In vilro synthesized BARP was produced by
using the TNT quick coupled transcription/translation systems (Promega). For the
dissociation experiments, an ~AID peptide
(AKARGDFQKLREKQQLEEDLKGALDAATQAED) and a BARP domain | peptide
(SYRDLWSLRASLELHAATASD) were synthesized (Mimotopes). Briefly, lysate-
. containing £3-subunits was pulled down by a GST-AID (amino acid 422-458) fusion
protein. After extensive wash to remove unassociated Fz-subunits, increasing



may be used as a genetic cal cium channel blocker. In |ethargic nouse

nmodel in which $4-subunits are suppressed, a conpensatory effect on

Ca2+ channel activities by other fl-isoforns was found in Purkinje

neurons. BARP that is highly expresse@@in these neurons may have

recruited other fl-isoforns to prevent conplete seizure of the Ca2+
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sel ectively. a VDCC BARP pol ypepti de which conprises the sequence set

out in F®No. 6 or fragnent thereof. 2.A method for detecting a
VDCC BARP pol ypepti de which conprises the sequence set out in SEQ ID

No. 6 ¢DdC BARPleftdies 9 calERARChanheRablivitggi cal sanpl e whi ch
conprises: (a) providing an anti body according to claim?7,;

[00285] The physiological relevance of the interaction between BARP and 8-
subunits was confirmed by co-imfﬁunoprecipifating endogenous BARP and Ca,fs-
subunits from brain and PC12 cells (Fig. 3B). Interestingly, overexpressed BARP wild
type in PC12 cells was associated with more endogenous Ca,Ss.subunit, suggesting
that a part of the pool of this subunit is free of BARP in this cell type (lanes 2 and 3).
Next, we examined if endogenous BARP is associated preferentially. with a specific
channel subtypes via Ca,8-subunits. Although a weak signal was revealed as
expected for the detection of an endogenous triple protein complex, BARP was
associated predominantly with the Ca, 1.2 in PC12 cells and Ca, 2.1 in brain,
consistent with the known role in Ca®*-dependent exocytosis. Note that domain | of
BARP bompeted for the Ca,1,2-/Ca83-subunits assbciation and 'elimination of this
domain allowed BARP to interact with the Ca,1,2/Ca,83-subunits complexes through

its domain Ii.

[00286] To examine the functional role of BARP in voltage-gated calcium
channels, we co-expressed Fs-subunits with o-subunit subtypes Cav 1.2 in the
presence of wild type or mutated BARP in TsA201 cells (Fig.4 A and B). The co-
expression of o-subunit subtype Cav 1.2 with As-subunits elicited Ca?* channel
currents. In contrast, no Ca®* channel cuitents were recorded from cells co-
expressing the Ca®* channel subunits and BARP wild type. Mutant BARP defective in
the p-interacting domain | and |l d-id not significantly reduce channel activity,
confirming the specificity of BARP effect. The single abolition of domain Il retained the
BARP-induced Ca®" channel down regulation, while the elimination of domain |
allowed a recovery of partial Ca** channel activity. Thus, both g-interacting domains
of BARP interfere with the channel activity with a more predominant effect for domain
l.



(b) incubating a biological sanple with said anti body under

conditions which allow for the formati on of an anti body-antigen

conpl ex; and (c) determ ni ng whet her an anti body-antigen conpl ex
conprising said antibody is formed. 3%@An anti body according to claim
7 for use in therapy. 4.The antibody of claim3 used to identify a
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cDNAs were introduced into the pCMS-EGFP (Clontech). Cells expressing the
enhanced green fluorescent protein (EGFP) and the mCherry protein were selected
for measurements. The currents (lsa) were normalized by dividing by the membrane
capacitance for each cell. The holding potential was —-60mV and the test pulses of

‘400ms.

[00288] To verify that BARP had an inhibitory effect on either the presence of
other § isoforms or distinct high-voltage-activated (HVA) Ca® channel, similar
recordings were performed. BARP was co-expressed with either 8-subunits (81a, £21
or B4g) and Cav 1.2 or Bs-subunits and a;-subunit subtypes (Ca, 2.1 or Cay 2.2) (Fig.
2B). As described previously, depending on #-isoforms and channel subtypes co-
expressed, the current amplitude and biophysical properties of the channel varied,
confirming B-subunits are the main modulator for Ca** channel properties. In all
cases, co-expression of BARP wild type with Ca®* channel subunits, but not the
mutant defective in both g-interacting domains, abolished Ca®* currents. This
indicated that BARP inhibits VGCC channels irrespective of their channel subunits
composition. Note that Ca,#-subunits, but not BARP expression was required for cell

surface expression of the Ca®* channels (panel ¢ and d).

[00289] The B-subunits of Ca?* channels have been implicated in the trafficking
of d{-subunit to the plasma membrane by increasing the current channel density. To
investigate if a reduction of the number of Ca®* channels at the plasma membrane
accounts for the BARP-induced abolition of Ca** current, we monitored in transfected
TsA201 by confocal microscopy the cell surface expression of an epitope-tagged Cay
1.2, in which the HA-tag was inserted into an external loop (Fig. 4C). In contrast to the
expression of Ca, 1.2 alone, co-expression of Ca, 1.2 and Ba-subunits resulted in os-
subunits expression at the plasma membrane (panel a and b). The Ca®* channel cell
surface expression was abolished by mutating the g-subunit interacting domain (AID)

in a4-subunits (panel c), confirming the role of S-subunits in the cell surface



condition characterised by cal ciuminbal ance. 8. A use of the
conposition of claim5 or 6 in the manufacture of a nedi canent for
treating a condition linked to VGCC function or activity. 9.A use of
the conposition of claim5 or 6 in t 81 manuf acture of a medi cament

for treating a disorder selected fromthe group consisting of ataxia,
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cell surface expression (panels e-|).

[00290] These results indicate that BARP, interacting with the 8-subunits, does
not interfere with the Ca®* channels trafficking but is likely involved in a membrane-
delimitated inhibition of the Ca?* channels. In that case, BARP and its AID-like domain
may able to dissociate the g-subunit from the a-subunit at the plasma membrane to
produce a reduction of channel activity as it was suggested for the heterotrimeric G- '
proteins (ref). To verify if the AID-like domain of BARP dissociates S-subunits from the
AlID of o,-subunits, COS-1 cells lysate expressing Bs subunits was_incubated with
GST-AID fusion protein to form a 8:/AID complex and subsequently, the dissociation
of B3 subunits was monitored after addition of an increasing amount of competitive
AID or AlD-like BARP peptide (Fig. 4D).

VDCC BARP effects on hormone secretion

[00291] To elucidate the physiological role of BARP, we examined the functional
effects of BARP in PC12 and MING cells in which VGCC triggers Ca®"-dependent
‘hormone secretion. In these cells, endogenous BARP is expressed but likely only a
fraction of f-subunits are associated (see above). Overexpression of wild type BARP
in PC12 cells resulted in a complete inhibition of the endogenous Ca®* channel
currents whereas the overexpression of the mutant BARP defective in both B-
interacting domains did not significantly reduce channel activity. Overéxpression of
BARP mutants with the single elimination of domain | and I abolished and partially
retained Ca®* channel activity, respectively, conﬁnﬁing the results obtained in the

heterologue TsA201 cells system (Fig. SA).

[00292] Human growth hormone secretion in PC12 cells and [Ca®'];

measurements in MING cells were assayed as described.

[00293] To investigate the effect of BARP in Ca®*-triggered exocytosis, we
overexpressed in PC12 cells BARP and human growth hormone (GH), a marker of
Ca*2-dependent secretion and monitored the release of GH from the cells after high
potassium induced membrane depolarization. Consistent with the Ca®* channel
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recordings, 6verexpressed BARP wild type strongly reduced Ca®*-dependent
secretion, whereas the BARP mutant lacking both g-interacting sites produced only a
minor decrease of GH secretion. The single: elimination of domain | or li of BARP
revealed an Enfermediate effect on Ca®'triggers secretion, which was less

pronounced after abolishing only the domain I.

[00294] To verify the implication of BARP in Ca**-dependent exocytosis, we
investigated the effects of BARP on electrical activity and internal calcium
concentration ([Ca®'];) in MING cells (fig. 5 C and D). in control cells, high glucose
(25mM) stimulation progressively depolarized the plasma membrane with a
concomitant increase in ([Ca?'}), typical of glucose induced VGCC channel activity.
Both effects were abolished after overexpression of BARP wild type, but not after the
overexpression of BARP mutant defective in both £ binding sites.: These' results
indicate that BARP may have a physiological role in Ca®*-dependent exocytosis by
modulating the VGCC activity. '

[00295] Overexpression of BARP down regulates VGCC activity and Ca?*-
dependent hormone-secretion, but does not affect cell surface expression of Ca**

channels.

[00296] On the basis of these results, we propose that BARP localizes the g-
subunit in the active zone for fast synaptic neurotransmitters or hormones release,
and modulates its function. The specific subcellular localization of BARP and the
detection of a-, f-subunits and BARP as a protein complex indicates that B-subﬁnits

is anchored with the domain 1i of BARP and consequently to the secretory vesicles.

[00297] It is thought that syntaxin1 may play a negative feedback loop on a-
subunit to inactivate the Ca®** channel after neurotransmitters release. By analogy,
BARP may play a similar role for g-subunits. In that case, the feedback inactivation
méy be produced by the a-/#-subunits dissociation. Indeed, this inhibitory mechanism
was found for the modulation of the Ca,2 by the G protein-coupled receptor. Though,
Gy directly associates with the a4-subunits and dissociates 8-subunits from the Ca®

channel.
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[00298] In this case, overexpression of BARP that favours channels inactivation
may be used as a genetic calcium channel blocker. In lethargic mouse model in which
Bs-subunits are suppressed, a compensatory effect on Ca* bhannel activities by
other B-isoforms was found in Purkinje neurons. BARP that is highly expressed in
-these neurons may have recruited other B-iéoforms to prevent complete seizure of the
Ca?* channel function. By all means, the specific localization and role of BARP in

Ca**-dependent secretion makes this protein a good candidate for drug design.

[00299] While the invention has been described with reference to specific
methods and embodiments, it will be appreciated that various modifications and

changes may be made without departing from the invention.
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Claims

1. An antibody capable of binding selectively a VDCC BARP polypeptide which

comprises the sequence set out in SEQ ID No. 6 or fragment thereof.

2. A method for detecting a VDCC BARP polypeptide which comprises the
sequence set out in SEQ ID No. 6 or fragment thereof present in a biological sample

which comprises:
(a) providing an antibody according to claim 7;

(b)  incubating a biological sample with said antibody under conditions which
allow for the formation of an antibody-antigen complex; and

(c) determining whether an antibody-antigen complex comprising said
antibody is formed.

3. An antibody according to claim 7 for use in therapy.

4, The antibody of claim 3 used to identify a substance capable of affecting

calcium channel function or calcium channel activity.

5. A composition comprising a therapeutically effective amount of a VDCC BARP
polypeptide capable of forming an antibody as defined in c¢laim 1, capable of varying

the concentration or subcellular location of the VDCC BARP polypeptide.

6. The composition of claim 5 further comprising an adjuvant capable of inducing

an immune response.

7. The composition of claim 5 or 6 for use as a medicament for treating a

condition characterised by calcium imbalance.

8. . A use of the composition of claim 5 or 6 in the manufacture of a medicament

for treating a condition linked to VGCC function or activity.

9. A use of the composition of claim 5 or 6 in the manufacture of a medicament
for treating a disorder selected from the group consisting of ataxia, migraine, epilepsy,

neurodegeneration, hypertension and cardiac disorders.
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10. A use of the composition of claim 5 or 6 in the manufacture of a medicament

for treating diabetes.




