NOVEL PEPTI DES AND PROTEI N AND USES THERECF Field of the Invention

[ 0001] The invention relates generally to the field of voltage gated
calciuffi channels. SPecifically, the present invention relates to
modul ators of voltage gated cal ci um channel s including a gene and the
am no acid it encodes. I\/bre specifically, the invention relates the
use of the sequ el af A ek gof , in the
di agnosi s of prma. ot Lé\;wu. oS - . e gat ed

cal cium channels. The invention also relates to the t herapy of

di sor dgrigld &f tHeclthviitivgl t age gat ed cal ci um channel s i ncl udi ng gehe

t herapy, protein replacenent therapy and protein mnetics. The

i nvention further relates .to the screening of drugs for disorders . .
rel at ed00@1l ol TBYeinyaRtRN Jelates wenesale e t %J@ ofefnaoliege gated calcium

[ 0002] \éﬂ!a[-.ﬁgl‘?; %?fe%ﬁcﬁﬁ\ﬁc’ﬂh% ggﬂﬂ"‘ne N6 r@l Y & B Cg PF%{%%lé“gated

transl ocation a rane o exclta
channelcalchrma caﬁasmelmmﬂudasg acgar@gmdwnmadﬂm acal it iemsodéamnvieles specifically,

VDCCs. _Si t f | ci h s h b identified: T, L,
b0 e v, e e e B Hher seserade gt Eliontarad Hlstes
act i vaihQaofnth 'tﬁ‘é‘%éﬁl%él@rbf prediftp i RE ! SisorReks QBIaYeé rfB' {loltav%ai lgéated

depol arizations to be activated (l-owvoltage activated

t he ot mfclmmp@wmaﬁuﬂ@ Izrmegaancaimlrahait%tamtmwagh qfodlscar rs related to .
0003] Vi
il Plea EARE Yo g 08, o HBRRAP Bl Bt el

f or m nagnguprsiéh framehish THee irieheion Sukthier &@Iawsetcﬁltﬁé Isceganing of drugs for
fit-subunits play an |m[)ortant role in the Ca2+ channel trafficking
o

to thedmrde@dﬁaé@@t% aasieRted CalAUMBRAIReE cal properti es.
fl-subunits have been found to affect all aspects of pore function

i ncl udg&wﬁbggdq{ﬂvol tage activation and deactivation. Anopng .t he

3-sub genes, P/Qtype Ca"2.1 and N-type Cav2.2 are the
mai n channel subtypes on the presynaptic site and thus support
neur ot [@9R3 t t ¥eltaga-gated. catgum chainglsngrea malorgpuisprhedrient Haﬁﬁiﬁgaﬁqn

and sapCiRele Ple§el ErtRbNS B Bpamifle TS, 0885 chilels ot sl Ko es
subcel hyltageldepahiisatt caciuanchdrasts be&DCOs! Sbaty@dstotﬁ cafhomi gitzenelst fave
the d fbfegll:}e; éntlf?:a K Of VO' tsggng ?2 eéia&a!:gé#nrg] (P f?erent voltage ranges and

rates for activation and inactivation. T-type channels need only small depo!anzations

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

[0003] \Voltage-gated calcium channels are made up of subunits a4, B ap, 6. Of
these the o4 subunit is the ion pore forming subunit fo which the other subunits are
auxiliary. #-subunits play an important role in-the Ca®* channel trafficking to the cell
* surface and modulate its biophysical properties. f-subunits have been found to affect
all aspects of pore function including rates of voltage activation and deactivation.
Among the 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 S-subunit with a number of splice variants-
have been identified (81, B2, £3 and p4). These isoforms show different tissue



[ 0004] I ntracel lular cal cium plays an inportant role in many

bi ol ogi cal processes such as cal ci um dependant neurotransmtter
rel.ease, hornone secretion, nuscle conjraction and gene expression.
More specificall y, it is docunented that abnornmal |evels of

intracellular c n _i.nmbal ance i caIC| nme LS. LD.a
var| ot yeostipf 3nd B LIS, ReABa IR Bl e e irlpted o Rer Bl wif e
Car di aCd[ﬁéﬂbnlﬁng' loftViokagegRed® chlRfing Bhabtelbe especial ly. se, nsitive to
cal cium [0005] Vol t age-gated cal ci um channel s are thought to help

control the intracellular flow of calcium The conversi on of the

i ntracdOPOfhr btutaseliwar caliwy Rlays agemparéat calednunaBY diplegisal eroceéses
thought%ch LaPRfikiud ﬁb@&n&&&cﬁé%‘t fns@hﬁir" 684, " ROIRRIIRE SoBiioR" ‘?nuscle

inmplica I'n Severa rseases, 1 Nnc aX|a m grai ne, epile

neur odegmveiction @nd donee ekpresisom. M@edemnﬁbaﬂw s ﬁo@umeditetbﬁﬁaisabnormal
Currently thgre are several Cal ci um channel blockers used to treat
sone ofleYele e inteeel! %"?BHQ'C'L\VG@@@@ %’Eﬁ@%ﬁ(‘@d"‘vﬁ %U'QJP%F?%S apigdn ge@riety

called g (E:%lllf %ﬁ%gg%ﬂg @stn ; Orgeto"\&ﬁbﬁg e EHIaﬁH neural tissues are

neur ol ogi ca car the I seases wer
at t r i buhedghtdo e especilly sessitive floicalciun. of Ca20hanne| acti vi ty For
instance, the famli al hemplegic mgraine type 1 is associated with

an incr v2. 1 rent densit ounds such_ as

Vor apatPOs} o st it pt Raa i 8RR FULAMLRAN e PO B pracglular
anal oggiof ofefa@siipl e BbRVSSIoNbE fthd hetrdcdiiRe EAtiomUlb®@hByneltage-gated
bl ock cal cium transl ocation and are w dely used as ant i hypertensi ves,

mi gr ai rélaivaaghrnelsifdtionohhé impagtwidespeetrm of biaingifal responses and
di sordefs. W%{t‘;eldocfggersg vaaf RS tvhﬁ%&lﬁg{ Zéni?k'i L C H8RIRL, "BBYepsy,

cal ci um cha rs’I's assoclatetd w ally
life-t hreemmgen'@rai}aiembéetehsonTMcaa disbrddes Bydmﬁ@eﬁemrﬁ)urrently there are

consti pation,  decr |nsuI|n secretion | eadi t o di ghetes .
onr t | USRI G607 ohamie AP Rrai tsaikier e o et GadEPbEmuERL i
for US%s‘sBCEQte"‘oDWW geRbtid RsdeRRL! éél!éﬂief‘é@élﬁnﬁ)éﬁéﬁrﬁ@léﬁﬁ'th%b% apHide fchide
i ncl ude toxins that "have been isolated frommarine snails, scorpions,

funnel Mescuard newraleaical epddeasliacTrynsieress f"é@?ets Oénﬁﬂeeﬁf diseegesf were

h
en © SREURPGRA BRg et HVRRHEY, of Bo CRAR ity i ARERRNES e
di hydr Wmlp@gm@aheatypea iBaysKo BG4 waitial aﬁhrsmeaee 0xCav? dadurtead density
sea worns. Despite the anticipated therapeutic effects of these

e ORI ISR S T e

dy St OninRRpYHRBeARMHES LR Inesed] n@”’ﬁterﬁ&‘tpﬁftﬁ 48! OfpRNLIBLA KhEE! to block

during 1n vivo studies using 4 resulting in halt
devel opaigigmolransietatioonpod de w:deiy used as antihypertensives, mlgra[ne treatment

and in the treatment of certain vascular disorders. However, there are reporis 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 o 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.



[ 0009] There is a need for new agoni sts and antagoni sts cababl e of
modul ating vol tage gated cal cium channels to treat disorders

associ ated with voltage gated cal ciumZ®hannel s. [0010] Dos or )
dovvnstream of Stkll ki nase is a protein naned by the position of its

oo was desc d and no i a i'sh , : ‘
e ;[@ Ohly E@o BE%hall:bdeM ﬁéuhﬂetoc% %?rl R vo%gé Reated

pr ot ei unction was est equence

anal ysn}almﬂrmdummels oz d&rydrcbp;m‘mimdzﬁritatbfﬂesay%@@ﬂ#eafnd/ﬂy}'cen:dataxm isalated
I|brary screenin r eveal e .anscri pt of ﬁen odfi g for a Brgte_ir}_I
of 698 T SE3S bitnd abligPaEH Bbrleut AreRiR Adon Sompobds SUE

i dent i fdedimbfiak ]tﬁgﬁhrp”s%?'ﬁbn' RAVERbERD aﬁ@edfr%-@@b@ﬁ‘ OYiiflg BEINGS there has

nodul at ors of voltage gated cal cium channels for use in"treatlng
di sor dmwwwe@ldmeﬁeﬂtsaa@ehm@yﬁtmbmwmbﬁfmwm&ral syBeimemal hypertension

[ 0012] Tho led in.the art wl]l preci at entlon
Hoscr aG ramStin &gy e ssRR P WP Sk reshiigh i hted
t han t kpseicppesitidieath Yoffthgbed. The invention includes all such
vari ation and nodifications. The invention also includes all of the

steps, features, formulations and conpounds referred to or indicated
in t he [Q0QR f i EReTeois, ainaadyfaguiaw @g@ﬂlsé%anécam@awsw@aw &hdnedylating

conb! N3iags HieB Valbith UhaPRER, ] RP ALERSL/dkEaLIE il O d
gf%{ Y‘@ﬂen g‘

docunent’, appl I'cation or I'n t
S exproakmhryl ohame[sor ated her e| nin the| r ent| rety by ref er ence
whi ch neans that it

[0010] 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 vol‘kage géted
calcium channels for use in treating disorders related to voltage gated calcium

channels.
General

[0012] Those skilled in the art will appréciate 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 compounds referred to or
indicated in the specification, individually or collectively and any and afl 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,



shoul d be read and considered by the reader as part of this text.
That the docunent, 4 reference, patent application or patent cited
inthis text is not repeated in this t&xt is nerely for reasons of
conci seness. [0014] Any nmanufacturer's instructions, descriptions,

productresnepbd] SALhOBSHlcANEN R Gisht GReehSthLtexRiY n Fé?dé%%éd [FefMid N8

herein or in any docunment incorporated by reference herein, are
her eby mansdy forreasehshefraingiseyesef er ence, and may be enployed in the
practice of the invention. [0015] The present invention is not to be

limt | b f_th dfi nhodi t cribed herein.
P L e gt o S e
only. proglciosRictyforarly \prb@Rits Pidrtivpkd hdrGihoH iR ahg b cafEniBidoastafidby
clearly within the scope of the invention as described herein.

[ 0016] THEErPAGR ALTehh aTedwrehetnchearapiediagreimey trferante, and mvaiebe gndoysdd
val ues 55%%'?}50%8%?3%em%%&}on etc). A range of values wll. be
o] 0 al :

understo I'ncl"ude al'ues within the range, including the
val ues defining the range, and val ues adjacent to the range which
| ead t §OONE] safiihe @resarishaarition Isyndthis bartienited troseoms by lenywal thesspecific

' ' ' whi ch fi h (oF: to th
Bt ST
requi r @kefipifEficifoniyhEunctionally equivalent products, formulations and methods are

clearly within the scope of the invention-as described herein.

[0016] The invention described herein may include one or more range of values
- (eg size, concentration etc). A range of values will be undefstood to include all values
within the range, including the values defining the range, and values adjacent to the
range which lead to the same or substantially the same outcome as the values

immediately-_adjacent to that value which defines the boundary fo the range.

[0617] - Throughout this specification, unless the context requires otherwise; the .
word "comprise” or variﬂations' such as "comprises" or "comprising”, will be understood
to imply the inclusion of a stated integer or group of integers bﬁt 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 atiributed to it in U.S. Patent law;
e.g., they ¢an mean ‘includes”, “included”, “including”, and the like; and thét 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 eIerhents 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,
all other scientific and technical terms used herein have the same meaning as

commonly understood fo one of ordinary skill in the art to which the invention beio'ngs. |



word "conprise" or variations such as "conprises” or "conprising",

wi |l be understood to inply the inclusion of a stated integer or
gr.oup of integers but not the exclusi ol of any other integer or group
of integers. is also noted that in this disclosure and

partl cuggﬁ{nyaﬂﬁﬂp@ mlvghﬁgnand/ or paragr aphs, terns such as
‘conpri’ses conprrse conprising” and the |like.can have the

meanl ng attrlbuted to |t in US Patent law, e.g., they tan nean .
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channel Beta-s it anchoring regula proteln DCC BARP) have
sequenced nouse rate and human nucl eic acid sequences encodi ng VDCC
BARP. \[8028le Arswordingntthei wesanwrdfen§pecnrouudﬁefa Butlynunlgnfidier enesding |a

e’ havd AR BB el PARRECAGHBE g s BER i g B ReREEE

reduction in cal ciumchannel activity. W have found that bl ocking
VDCC BAGG2 X pr Ehe ippesqrdiitveritibardiso providastapolydaorotide seleotedsfrom:
ef fective cal ciumchannel activity or partial calcium channel’

activitya) [ 0p2Qinteratides Poyngrizmgiresamiedtiticesdduamcarsey iote s 8EQ ID No. 1,
pol ynucl eoti de encodl ng a_VDCC BARP nodul ator of voltage gat ed

cal ci um chans81@ lBMNg, hersESikNEhar @io? fragment thereof;

(b) polynucieotides comprising a nucleotide sequence capable of hybridising
selectively fo the nucleotide sequence set out in SEQ ID No. 1, SEQ 1D 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 to the polynucleotides defined in (a), or (b).

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

[0022] The present invention also- provides a polypeptide which comprises the
sequence set out in SEQ [D 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



[ 0021] The present invention al so provides a pol ynucl eotide sel ected
from (a) polynucl eotides conprising the nucl eotide sequence set out
in.SEQID No. 1, SEQID No. 3 or SEQ I®® No. 5, or a fragnent thereof;
(b) polynucl eotides conprising a nucleotide sequence capabl e of

hybr i di lﬁk/@lﬁtlo'f‘rﬁ'o%%?éb{?hiﬁké@td Hé?\ﬁl'étﬁéﬁ@ Rl UERRER §HIrdMing ékp?&%id)fpof

1, SEQ I , or a fragnment thereof.
poI ynucﬁ&@@b@@ycb@hﬁe |lrsﬂﬂi@stac¢ibl ynucl eoti de sequence which i s
degenerate as a result of the genetic code to the pol ynucl eoti des

ol ynudob8et STng; trapent “hyBBtaifo SRt BRGERT FRIRA Yof cplegfng &
provi desolgnupotiepsi the mbﬁﬁbrc@@mpnsmg ;bdlgan@ﬁgmgmncgesmﬂ nualeSE@bé )

Nos. 2, 4 or 6 or a polypeptide substantially honol ogous t her et o

a -f r agritielg %$equ@cso¢qrwpﬁado@f FrlezH@ cwewéwe PUgleol eﬂpéﬂwquB@CHB&RP'
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or fra
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 fo 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 biociogical 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 d_etecting a polypeptide of

the invention present in biological samples which comprises:
(&)  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.



6 invention, operably |linked to regulatory sequences capabl e of
directing expression of said polynucleotide in a host cell. [0024] The
present invention further provides nethods of preparing a

pol ynucl eoti de of the invention conprising polymerising VDCC BARP

el oot 05281 o T Caln RREE FRBPPIGdeh sbiyrl RN 8, EOgpegHld dfdfor
met hodsaruﬂaonyaﬁathe ngventjonl fppesgki idaheamyr A%smgrqmﬂadmra metpodrofriceating a

acids to yjeld a sequence conprjsi A east m no aci.ds,
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[ 0025] g&lb?n(;srﬁ’r’ ﬁ%ﬁc mirﬁé’t%ﬂ@%; caﬁabég el RVhEEP of (RSNt Bn RIRRATE Mﬁt&%

anti bo speci Ind to a polypeptide conprise
| east &dﬁud&cﬁtiedpo@pbdh%oeanhmmy dfthe ireveviloS. BARP gene. Thus, in
anot her ‘aspect t he pr esent invention provi des an anti body capabl e of

bi ndi n the inventio
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blologlca nF e contai ning nucleic acid which nmethod conprises:
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bet ween the probe or primer and nucleic acid in
[0030] In a particular embodiment, there is provided a method for screemng 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
VDCC BAI—QP'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 to identify the specific

mutation of the particular mutant allele.

[0031] Ailternatively, mutant VDBCC BARP genes can be identified by detectihg
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 tho'se.that lead to an altered function of the VDCC BARP
pi‘otein, 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 balcium 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
po[yhucleotide 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



the sanple. [0027] The present invention also provides a method of
detecting a pol ypeptide of the i nvention present in biological
sanpl es which conprises: (a) providinggan anti body of the invention;
(b) incubating a bi ol ogi cal sanple with said antibody under
condi ti

conpl exgﬂgnd F @;E’E’@l‘{j%\r%rﬁ nEQ ?h@k}ggqg%{ '%mgi%ﬁiéﬁgén conplex
conpr i saiirgerstal d ant i body |s forned. 7 [0028] The present invention
further provides a pol ynucl eotide, polypeptide and/or

specnr ed

[0033] The present invention also provides kits for screening patients fo confirm
and or identify that they are. afflicted with disorders related to voltage gated calcium
channels which ailments are linked to haploinsufficiency of the VDCC BARP gene,
which kits comprise at least a poiynucleotlde complementary to the portlon of the
VDCC BARP gene packaged in a suitable container, and mstructaons for its use fo
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
encbding a functional VDCC BARP polypeptide sequence in a patient that is not

suffering from the specified ailments.

[0034] In addition, the present 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 proddction 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 o target cells in more direct
ways such that the function of the VDCC BARP gene protein is reconstituted or
blocked. Therapeutic agents may aléo 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.

[0036] [n 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 polypeptlde or varying the concentration of peptide fragments of VDCC
BARP po[ypeptsde

[00371 In a further aspect, the present invention provides a composition for
modulating a voltage gated calcium channel cornprising a VDCC BARP polypeptides,
VDCC BARP mutants or VDCC BARP peptide fragments.



anti body of the invention for use in therapy. Al so provided is a

met hod of treating a condition characterised by an inbal ance in

cal ci um honeost asi s whi ch nmethod conprdg ses adm nistering to a patient
in need of treatnent an effective anmobunt of a pol ynucl eoti de,
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as substances capabl e of modul ati ng cal ci um channel acti vi
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nodul ating cal ci um channel activity. [0030].In a particular
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herein dlé’d’n@sethaan ahd)ebemsedrtot;dimmfjaéaosmjmmuzeﬂm BaRR igbyie tdpquences
speci fic mut t| on of th articular nutant allele. [0031]

A ternaﬁr\dv%rpf'”%m%l}!ﬂer BARP genes can be identified by detecting
mut ant (altered) VDCC BARP proteins, using conventional techniques.

The rrutgwéfgggs»%ﬁéﬁdfhﬁg Dragiegsed to identify the specific nutation '
for each géne.” The nutations, especially thdse that lead to an

attered function of the VDCC BARP protein, may then be used for the
di agnod9940landFisusgribshataciisies of BARMe present invention. [0632] The
present invention also provides kits for screening patients that

m ght i L SOr € o]

Channel g, 1B P R s S o ocerad harfauD W
BARP algl)@loeyiatibnrsr@(é\ﬁblteemsnmembtarmwreml(daﬂggrey septiar) nend fﬁ-xuteead;ng

compl oAU 48 DB parPleE bt dird TBEA A pE Ao Eibher hF o

sui t ab|a©ddDMtﬁlr6§iﬂue§ﬂﬂlowwahlBléutﬂﬂﬁtsflmferadtﬁanb(&eh?rﬂef sieadd) fare EhewNDCC
BARP, whi ch |nstruct| ons al so include a sequence listing of the

conpl e r..a s | et e_VDCC BAl ene sequence that is
capabl 6\? _ a‘%‘#‘%‘%é&&”@)ﬁ ?“%@&m%‘sgﬁgﬂb&?ﬁé@?‘#% sequence in
a patient that |s not suffering fromthe specified ailnents.

[ 0033] Bhavesrss Mot sMEHdgRRoak BARP Q4islE Rttt &2) O HEEKREMoNEcPARI ﬁ@tm

to confirm
and 8B2) antibodies raised against different regions of the protein.

D Comparison between an in vitro synthes:zed (odd lanes) and an overexpressed

BARP (even lanes) in the various cell lines.

E, BARP is N-glycosylated 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

mutani.

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.



and or identify that they are. afflicted with disorders related to
vol tage gated cal cium channels which ailnments are linked to

hapl oi nsuffici ency of the VDCC BARP gepe, which kits conprise at -

| east , a pol ynucl eoti de conplenentary to the portion of .the VDCC BARP

ene k ' t @il r K
gene PRSKBARE LR SULLED| RofaR! LRCamAd shASHY PEMAORCIEluhls diif).
| i sti nd3rafn Bbetmm‘rwmreestemmi suithis treentBARP y 1 28 hphehechaCaBiltiiiiygamd the

sequen thaL capably of encoding a functional VDCC BARP
pol ypeg'f‘? Bﬁ%’@ﬁ"c a%fa ' patient that is not suffering fromthe
speC|f|ed ailments. [0034]1n addition, the present invention provides

met hodyy oBARPr i%eé}&dﬂgséb’dlﬁxsnét%né/mﬁrwee%%n{ R B@Béimrpgs'\ﬁé’étécf -Ytained

suitable drugs for restoring or blocking VDCC BA ene product
funct i avith # 0@3BIEN MARDanta ghﬂler(GF@rP)ahetkepraodutheﬁAH&B 1r218élnantib0dles (a

necessar r oduct,i on 0 ene- based | es t a

s gantisbf ARERRLy BellorfohEre aitted 5/ M Faost K22 fig theltw cr280)
pol ynugd e i febotifed(d)s Nite ahat 92 @tmateso@b@fedt bﬁn&m BRBoggned the
pl aced in appropriate vectors or delivered to target cells in nore

di r ect axapfstpionpavhiled2Binsteingd br a imectyated prmejdhe dansiritgsag gvell
reconstiy ut ed or bl ocked. Therapeutic agents nmay al so také the form

of pol g/p)teptides based on either a portion of, or the entire Protein
sequence of VDCC BARP gene. These nmay functlonal ly replace the

act i vi 1 yBARPVIBCGaiBARIS cgliresi mCa?*v@epe{r@iéaﬁ]wu'ea)rymesm:s aspetgrateho the

Cal of neremi e SR PE P neatetn GrolBiam Al s Nt aREFaad o2

VDCC ‘BRI R@énépeelgt@ﬁﬁeerwﬁﬁryyrre@;tétagrrm@nﬁe iotaihi prosaht REPhdEa?* sensor
fragnents of VDCC BARP pol ypeptlde [003 ]In a further aspect, the :

pr esentvebigigsnend BARRBViZrsyibedsposi ti on for nodul ating a vol t age
gated cal ci um channel conprising a VDCC BARP pol ypepti des, VDCC BARP

mut ant §o941]VPGEGERER RERd AR SREEN fits andl BARP.

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

B, BARP anchors £-subunits ;to the'plasma membrane. PC12 cells were transfected
with either Flag-g-subunits alone or fogether with BARP CDNAQ. Cells were
processed for immunofiuorescence microscopy using Flag and BARP antibody to
labe) g-subunits and BARP, respectively. Areas of colocalisation are in in the merged

image.

C, C (a) BARP g-interacting domain | in(‘: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 o-helix area and
residues crucial for f-subunits binding are highlighted. C {b) 3-Dimensional Modelling
of BARP domain 1 or AID region with the grove of the g-subunits is depicted. Results



[ 0038] Anot her aspect of the invention provides a systemor kit for

nmodul ating the activity of cal ciumchannel, the systemconprising: a
conposition conprising a VDCC BARP pol%pept I de or a peptide fragnent
of VDCC BARP, and a delivery agent. [0039] The invention has a w de

ectr of ef.yl appljcat The Vi BARP
ot of ef 8 TBiSE; AEda SHESKI-FoRa Hee USHPY ISP RyRoR: olBr AUO&e: domain | of
t her apegiiRp ﬁf@ﬂeﬁf KBS fd SRR d@bﬁi@ﬂén GRS Fididfed el &ie midiel. aCV\{cgeCeils
range of species. Further, probes and prinmers. based on the VDCC

gene sewenc@iradusﬁe@ta;te'dtrhewks fiery -AH2 bt BSTIBARR yomain| logod I-lag-

Doscr | Sta G spuRRe GRIaARE"s OhaoFere o BbeRah oy Sisoblt) Gagpwas
A, St udtsdtal b@r\.deéwﬁﬁblcﬂ mJ@Inng Fvaméntqfodmar CdreedpRMHeREpiotsn expreSSIOn

i ndicating the cosylation site (Y), nsrrenbrane rg(gl on

grey sdeve cﬂ‘f)GSFFd‘\ andt@BJ@ARQ’ waﬁaalssp Ideéﬁﬁﬂed (bans @b o(ﬂé@c(fﬂ@lgh‘tc’f

Dee) auaARE Bt MR SDu R cheRpao T ploynif gt Hissfiiated, and
shown. refhveNed ihéfesiievhataht BAGPadditon ef thengenpdtitiveysptidesl human

tissues. C, Western blot of endogenous BARP using rabbit (72) or
nouse m)nock nal (12B1 an% 8B2) anti d| es r |seg %%al nst dlffe ent

regi onP_sop e BR ABING, aCH Seqgis 8 %?‘\W/e ANaRARY \2Rqtger A-in teracting
synt heg (%ddr g%@é%t andn?@ RHﬁﬁ&XQEs%S?&I@A’&P o¥Red! @ﬂ?ﬁ)&bﬂblﬁﬁ]ﬁé
vari ous ce 'l ne IS N-glycosylated at position :

cells @spogahmmglrw md[cagqsblmr{igBtaRFShaﬂfnrm dd () Coeregipitation atudm giem;fy
2 te 10 4 T.
o o absitfieg 3 dGan [SRG e in ARBAMS Focin@ ot B e, 8o e TRbfom

mut ant spekific @akbcistiéh.ace detection of N-nyc BARP. COS-1 cells either
intact (cell surface |abeling) or perneablized (ceII expr essi on) mere

stained with a Myc antibody. Only the Nt B tecte
at t he Bedreteinrgciprlexes are lmmno rec:pﬁated from F—Lﬁag Cavﬁs '%Rfo\ABBSAIQS ? and
associated BARP and Ca,f8; 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 Il did not relocalized

Ca,Bs-subunits to the plasma membrane (b-b").

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

A, COS-1 cells were co-transfected with cDNAs for BARP,._Flanga\,ﬁgf and Ca,1.2-
subunits. Ca,83-(a and b), Ca,1.2-subunits (c and d) and BARP (e and f) were
immunopreciptitated and associated Ca2+ channel subunits and BARP revealed by

_ western blot using specific antibodies. Protein expression levels are shown in (g} to (i}
for Ca,1.2- (g), Flag-Ca,[13- (h) subunits and BARP (i).

B, Endogenous Ca,23-subunits associate with endogenous or overexpressed BARP.
Endogenous Ca,#s-subunits (a) and endogenous (lane 1) or overexpressed (lanes 3-
6) BARP (b} were immunopreciptitated from PC12 celis or brain lysate and associated -



10 G BARP is expressed in cortex, hippocanpus and in Purkinje cells
(white arrows). Brain sections were stained with the BARP 1281
nmonocl onal anti body and the Hoechst nyeolear marker. H, BARP is
expressed in neurons. Primary cells from hi ppocanpus were co-stai ned

_Wth E%LB[]R%S %?@%Fﬁgﬁe@%ﬁéd %@e@%ﬁ@lo@r&@n @Qﬂﬁé@gg%ﬁgﬁ 8113575@

ant i bodi 2§ (4 "an nati ve neurons were s
rabbi t (cYand @xsBsubenitd 4Bbre BABRnANt ¢ hand &b). Ae)a cdvdted, iimtinof#ecipitation
anti bodi es | abeled principally the body and the axon_ of neurg

whi | e 1EEGEE Midevaalgd NP Ritleds ite RsSaeiaten lage dsa VRS%%sar.isk
I, BARRLkisaf@RitAL Y 'ne‘?ﬁl @@Heé\ﬁ’ %@-dependent secretory vesicles and
one after

mgrates to the graowt Cl2 differentiation.
Undi fferenti ated and NG--differentiated PCl2 cells were co-stained
wi t h sy®aphovadmainendogenousi BARPeseakly iassotiate@a®ith {emd & invEBEiel @dls and

and BA 2 antibodies. .[0041] Figure 2 Assqciation of fl-subunits and
BARP. G2l BRI G A4S Bl e e S TS PSR R P B E
cel | s wRsBcihteh@sdbu BARBARR: Q84 b?'vé’éktéﬁﬂﬂéﬂ fl-subunits or
Fl ag-t agged-, 8- gal act osi dase cDNAs. Fl ag-proteins were :

i mmunopr eci pitated and associ ated BARP det ect ed b%/ Wéstern bl ot usi_n_?
a BARP[8843bodbiguap 4 DeeaxpecssinruabBARE dowaregwatasAReEiciygs channel activity

[ LC] D = ' d by Ve bl b) .
oot |t SR PR B Gor e e Bk 00 b ot el ns (¢ and o).

B, BARP anchors fl-subunits to the plasma nenbrane. PCl2 cells were
t r ansf et @dll iurfacei expressibagff HAsefiopet tagglednBagt.2 tavgk Naklyc vVBARPBIARP e

O, ol e o B scesed (or TG U seetee o) o ooy o
Areas Qfavﬁ’@u‘?)‘ﬁﬁléé %\?érb‘?r?m?tffﬁ)ls'téc]néé‘ mﬁtﬂ%ﬁ(;{ i RyE B @Bodies. €al /2 Yis a

,g-interacting domain | includes an Al e’region. ?forrparl son
t he anminmdaatdeficientiid ks fbsterecingBiRPaito BARP (dizisda rhdamt deficegit ondohain

B ey 16 FARPL Y BARE B Hldeg B YrRlard o idninnLiang 1
are hi gbépapfitvely.Néh-peimaabiirensTenzd1 Ml IchnskppésBARRvE asrainuthiedr HA-

Al D re% on with the grove of the fl-subunits:is depicted. Results 11
ay1.2, wt or mutated Myc-BARP and the Ca,p-subunits were immunostained with

antibodies to HA (green) and Myc (red). Cay 1.2 AID (X) and BARP {db) are mutants

defective in Ca,p-subunit binding.

B, BARP displaces the Ca,p3-subunit from the AID. /n vivo expressed Ca,B3-
subunits were pulled-down using a GST-AID fusion protein and the complex then
incubated with increasing amounts of AID or BARP Domain | peptide. The CéVBS-
subunit displaced from the GST-AID was monitored by Weétern blot.

C, BARP down regulates Ca**-channel activity in BHK celis expressing Ca.2.1 (a)'
and (b) or Ca,2.2 (é) and (d) together. with Ca,p1A and Ca,x28. Effects of wt or
mutated BARP on the I-V relationship of Ca?'-channels are shown. Cohtrci versus
BARP wt or Domain II. mutated (p<0.01); control versus BARP Domain | mutated

(p<0.05)



of ami no acids substitutions in the p-subunits grove or in the

AlD-li ke domain | of BARP prevent their respective association as

i ndi cated on the nodel. C (c) Cells wenpe co-transfected with cDNAs
for GST-AID or GST BARP domain | and Fl agCaw63- subunits. GST-proteins

t/‘ggt ern blg u5| g a Iég%;ﬁgb gjﬁﬂln gﬂ&?@% Eﬂqé‘gé/ EE% ng%bﬁgtg&r}}&y inPC12
expr essamhMiNgeklif GST- Al D and GST- BARP was al so det ected (b and c).
C (d) Domain | of BARP interacts vvith all /3-isofornms. |ndeed,

) 63-sub e di ssocji at ed a -f ecover ed e superna

addi ti oWofﬁfactWBS'&%ﬁﬁiﬁ“?P%”?i@p ?de%ha“r\?IS ) ?Qﬂ%ﬂé‘”&n‘?%@"i@l'ﬁﬁd cells
sequence of Domain Il in BARP, another /3- |nteract|£1g domain is

r epr eservesekprasRing\wt o radfated BAGRI et 0f BARK oni C# )taggenedrﬁBH§ecretlon
association are indicated in lighter shading. D (b) Co-precipitation

st udi esniRIetR ickls (esiChlieswere Cona@msieédted with ¢BHlAsnior rsndmi gréwsthbihavehorg
or D (c) shows the isoformspecific association. E, Protein

conpl eXA&HYI Snd TERABP g@b&bicﬁ,‘i@ééef g@-ﬁ‘aﬁ' satbkea%rﬁ r(sgﬁﬁpor( BARFdhGH

associ at ed 'BARP and Cavi 63 reveal ed by’ stern

O PRt ahEt 8 e B ﬁa%%'{f G5 BRESIng hCH

anti body to | abel /3-subunits and BARP, ectively Is depicted.
Arcas GNCCGoPDBaSIUsse) s s toh blN%h ValeehUngen 4 ks nBARpIndependent
defective in Domain. | and Il did not relocalized Cav, 63 subunits to
the pl xpariments; aried.06-(b))) Effegof BARD wnethe ghecass-atdked membnaie potental
or overexpressed BARP with Cavil- and Cavl. 2-subunits. A, CC0S-1

cel | s \(e).eMiNG toeHa sheetssingv wih BBfAsvdror tréidfere & fagm Gain3B.8améll) to high
Cavl. 2- subunits. Cav)63-(a and b), Cavl.2-subunits (c and d) and

BARP ( gjliait@ef (158 coREMBAR R ¢:0 ik aRegraBAtARS Ak RERE aCeyataPBia@é\ﬂhent
subuni t's and BARP reveal ed by western blot using specific antibodies.

Pr ot
S e L e L Ry N L AR

associ ate with endogenous or overexpressed BARP. Endogenous

Cov) SR gl S RUIASSI = 0" P AR PRy e

3- 6) ré i1nmunopreci ptit rom ce s or

| ysat e g&m‘bswssm bi¢ atie tidhsBarhb@&reudnmaihs DandhiBARRY mmheﬂarbyahgned
western bl ot. Prot ein expression |level of BARP (c) and

Cavfl 3- b1||n| are shown in (c) and (d). As a control,
i Mmuno ' | gG did not reveal ed BARP or Cavfl 3-subunits

associ ation (lane 1 and 7). Asterisk indicates the band for 1gG heavy
chai n. [0046] Here we report the ﬁcharacterizatioh 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 (1.
and II) directly with the B-subunit, leading to the Ca** channel down regulation. The
reduced channel activities are due to the domain ‘I, which compete for the o/B-subunit
binding,'while the domain Il participates to membrane lo’célization of the BARP/w/S
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 £-subunit to a speciﬁc subcellular localisation

and modulates the function of voltage gated calcium channels.

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



C, Shows that endogenous BARP weakly associates with Cavl.2 in PCl12
cells and Cay2.1 in brain tissue. Various subtypes of flu-subunits
wer e i munopreci pitated and associ at eglyendogenous BARP det ect ed by
western blot. [0043]Figure 4 Overexpression of BARP down regul at es

oxpr esegenes. BEH VarttbRg Yho Bl FERCT BGRR 5GBS, of e @ Thangel

and NI ZdeitysARP i n the presence or absence of Ca- subunits. Intact

cells expressing Ca,1 .2, BARP and Cavfl -subunits were inmunostai ned
with HA and%c ant | bodi es, ,, 1.2 AID (X) is a mutant deficient in
the f1-VeeBARPG OWM?P“%P (db)is a nutant deficient in domain I

and 11, BARP (LW or BARP (LFFL), nutants are deficient in domain |

and 11, pec r T I r
o mut JSPE ARG R IRET RRERO (ierop RREPSvatl n dlojateat FIROBARD

i Munoswaleedcia miolesondd bxbmh!‘emoiemuﬂwy(pgraﬂgrenmesw&/EXG@@ARR:@onBpﬂde

Al D BARP (db t ant fect i t_Dbi

b mare BRS ket of Ae@n s FreBshre iiSieob, Shrelteol bl 3 ona
Ca, ; 33maLBuBS tfor Wafee Irp@clr@éhﬁ%\mr WeitBfiods @9 Ta AVDCTUBARP Rjedlecbnd aDNA
the conpl ex then incubated wt |ncrea5|\ﬁg amounts of Al D or BARP

Donai n Molpewes d®r sheunng pa<prestiemi ef @ sPPete BAREmpodeptss- pamabig sof

Tt vi Tl S LR one oot AT o9 Al SAE SR T hey araup
(d) togehbzet‘ngmafh(ﬂavjm :ﬁo!aoule%a&ixt inf BEC SDONO&: Dr 376t ajrefta@ABRts
on the I-V rel ationsh of Ca2+-channel s are shown

OARP v STPoB o DN MetRaasT s JD008e. o dts ST anelest BAHETRSRR ) o
nut at eﬂgﬁﬁtﬁ@ag@ fragﬁen{so%ééof': 'aﬂg (‘Ica %ﬁeﬁ?ﬁ)@&%srtﬁgybﬁﬁ@%n%%?&‘%

Ca2+-channel activity iIn I'-V relationshi ps of
endoge tivziamia? acidrsaguehse ienc@@P by anyied th faradoing NBNA dyoleelles.
overexpressing wt or nutated BARP. Effect of BARP on Ca2+-triggered

GH seck cat.r f it

for l@s A%r owl? 'hep'%é%?é\b% é_c&ecu% g?#«i‘?%& 3§| gﬁéo%glggw( H}j‘ga ),NA
Synapt atclgonles lcopfyriding ehe BARRenddIdehoutimSB@CIDENGE 1 n3) 6sgofragmbnts
hi gh K+ stipul ation from cells co-expressing hGH and 3-gal was used
as a cH'eBlF (1009 . Values (nmean SEM n=5-14 independent :
experinments; p< 0.05 (*)). Effect of BARP on the gl ucose-evoked

membr apgo SRt enA'pﬂiiyr(lﬁﬂeotMeN@ é%ﬁc'i |t<§ "é?iéﬁcﬁa?sé P! gﬁé\gﬁ? Weit8 native state or

transféerred from|ow i gh gl ucose conditions at

t =0 m mheRe prafseuatad a meam wellakmcww dal tr@speslﬂmtm dhe amoitncan be
Looas] tergeriSs 2efi e tiiegRongheube g THRAR e "Eaf 1 BhbBhpige. or o
t he gl yegmerattherecti tEhe Bhe-sehss siantirisrthe damplameidmiisach sandclBenadid,
are a%ldlt%g%%codlng 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 sequencé or protein, e.g., _
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 occurriﬁg environment, and includes recombinant or cloned DNA isolates
and chemically synthesized analogs or analogs biologically synthesfzed by

heterologous systems.



Detailed Disclosure [0046]Here we report the _characterizatiori of a
novel glycoprotein (VDCC BARP) that is enriched in synapses with a
specific expression in neurons and neygoendocrine cells.- This single
transnmenbrane protein interacts by two domains (I and Il) directly

FobicodBRRAT ol VIGE: SRRSO R, AR AR AR 1l SRS AT (U

the af fderidRbdial VRingkd @Qe!e%ahz ry]ﬁ?amms thad predidpost Padigisuble to develop
merrbrane | Ccal i zati on of the BARP/a/fl conpl exes. The Ca2+ channel

i nact i viisdrdaranegjatadtto walcive ehanneé disdundiononSesh §Fﬁﬁ*ﬁf@5"&9¥l%§% a6t a0

t he cel] fi a menbrane-delimted '
i nhi bi t5% H%al \fﬁg%p?gga?n%@&%ﬁ%&%ﬁﬁggbres the /3-subunit to a
speci fic subcellular |ocalisation and nodul ates the function of

vol t aggo0ssled 'CMDE@WBAR@@eha seq%r&eqwer\mc BARPudieng,"vaMXEC oBARP
t hereof which exhibjt nodul ati on of cal um channe| acti vit

BARP g&%lﬂkﬁ@'@?'ﬁ ges VPSE45ARE po dwﬁtgeopee ! SRch FRIgh %ﬂy@q*réfﬁénqe\@’[t’%t are
Pyot canteTols 35, BEFRaER AR AN fiethe, GehenTRIGRY! & WhAT FRRUEHSE an

anal og mdmdbablimgewﬁelagmnrderst Maiedftos;;ai@um cladnet mlwfunclenh aMutMs at
nol ecul es f screeni ng for mutat | ons in
DNA nol %%uvg)gc?oé‘t\?\%cmﬁ?'}?g S8i GHYofPs; | W%AQDD% gplbt Pﬂ ceatitim

capabl @opfedupsiit athd Geba! %dﬂ@r@@%ﬂﬁ&zcﬁ@d‘ i rt'Iﬂ/ MU BRI thafpeedispose
selected fromthe group consisting of: (a) | ecul es set out in

SEQ | Dinbgduals t@ deselop dls@'g!mt@aheﬁéﬂ@@fmum@ﬁamﬁi gipiupelioes t hat
hybri di ze to the DNA nol ecul es defined in (a) or hybridisable

InggfnTél@Sci c?:j?@equence enc %ﬁ g’%lq%%%s?? wﬁdﬁggggpﬁgwé%&%s’
:Tglcfﬁ glzraerve[rﬂ%%dﬁ&hees edn@Nﬁsi]gm%tﬁgulsﬁergﬁﬁmgjn&@Hm Ittd;}m;cmtm i aovaor
L Gt P Ry S G, BARP [ G0R0) SeNsR.E SBEdRR 10 e @"Noﬁe'fc

" encodggrigtidied ¥eRthHige gefquehae_l ts native state- or

[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
sequen(‘;e 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
‘encoding 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
ID NO: 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 pélypeptide 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 ancther 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 [east about 60% of the nucleotide



when mani pul ated by met hods well known to those skilled in the art,
it can be transcribed and/or translated to produce the nRNA for

and/ or the polypeptide or a fragment #hereof. The anti-sense strand
is the conplement of such a nucleic acid, ‘and the encodlng sequence
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allelic variations of the DNA sequence. [0055] These terns, when

applied to a nucleic acid, refer to a nucleic acid that encodesoa
vDee BIE5Ho| y Pt irpynuclegiifestof therbrasiioa rieferablvaiave ahlepghi hy, more
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subst ashowhl in thensdquente Iat:ng&; tneatin VRIOG: Wrﬁﬂgdhen&aglsg&inleas’r 99%e more
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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 seduences 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



substantially simlar"”) to another if, when optinmally aligned (wth
appropriate nucleotide insertions or deletions) with the other
nucleic acid (or its conplenentary stg?nd), there is nucleotide
sequence identity in at |east about 60% of the nucleotide 16 bases,

o or JastHeREeT 6 A o BB, e dloge GoPiaRans e Pl by grarle over
95- 98%@@0%9%%?@@9&5&@‘[&%?@%\%Sh@%ﬂiﬁ%t(ﬁfrﬁé‘ihi, gﬁirﬂainsllﬂtﬁérﬂﬁmi | and/for

honol ogy™“or (1dentity) “exists en a nucleic acid or .fragnent thereof
wi || hydheddseaine ofribe MEICG BARF aniod dicidbsequaroreat vehtrab (S0 NAS: 2, 4

e ol SRR BRGNS YU e baDoSBRIL Bl rsd b8bReotld

hybri d!tﬁét;h@htroha&omgr@%&@rﬁﬂdu@hbysémreﬁcé%@gﬁdg Weedtbpmdr6e! sbask70%
specificity occurs. Typically, selective hybridisation wlloccur when
t her e ioraglogwaserapisierablogreatartthay 86vep, 85 o 8dt/e hoatolegy. e g€ Qitibore

Feast ot PoRtoRn SpBlbRccR ol SRR (P R 1 even, BB feBB Rl ABIE £ o0
of hone2ogy £42MpAGRS AR 563SofdBEQrIDORM:2 HRithd @gakelent MugRiotide rselgabRsss in
and in certain enmbodinents will often be over a stretch of at | east

about mHe HIdN@otd dssd. dyatarred sphnegipotidss unayoaliripaivly dq¥fsin msiddion
usual | ' ' I
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pol ynucl eoti des of the_invention pr |y have at |east 75% nore
pref erggfrgsg@ntﬁgggpc%@}geﬁggge@@@fﬁlﬁ@gﬁq gé’srt 90% honol ogy to the
sequences shown in the sequence listings herein. More preferably
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has a matc I eac ntical nucleotide an or eac
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extension penalty.Ls -3 .Lor each nucl eotide. [0059]1n the context of

t he pr&S8H n?‘?ﬁ/ﬁ#@HD rﬁbngrﬂf%ggous sequence is taken to
[0061] Nucleotide sequences are preferably at least 15 nucleotides in length, more
preferably at least 20, 30, 40, 50, 100 or 200 nucleotides in fength.

[0062] Generally, the shorter the length of the polynucleotide, the greater the
homology required to obtain selective hybridization. Consequently, where a
polynucleotide of the invention consisis of less than about 30 nucleotides, it is
preferred that the % identity is greater than 75%, preferably greater than 80% or 5%
compared with the VDCC BARP nuclectide sequences set out in the sequence
listings herein. Conversely, where a polynuclectide of the invention consists of, for
example, greater than 50 or 100 nucleotides, the % identity compared with the VDCC
BARP nuclectide sequences set out in the sequence listings herein may be lower, 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



i ncl ude a nucl eoti de sequence which is at |east 60, 70, 80 or 90%
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[ 0063] Nucl ei ¢ aci d hybrl disation will. be affected by such conditions
as sal 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 hoet cell. Alternatively, the recombinant construct may
become integrated info the chromosomal DNA of the host cell. Such a recombinant
polynuclectide comprises a polynuclectide 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

nature.




concentration, tenperature, or organic solvents, in addition to the
base conposition, length of the conplenentary strands, and the nunber
of nucl eotide base m smatches 18 bet Qg,een the hybridi zing nucleic
acids, as will be readily appreciated by those skilled in the art
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The present invention provides reconbi nant nucleic
aci ds sQWpesse. gg oY) FPCBr P chajte pﬁeDMBdmerAwnoégBHmcorm@qné@m| tisgHe

constryct e ble.,of r 0 Ogt
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tl

pol ynuc e Wt |s assomatedm nature; 2) is linked to
a pol ynucl eoti de ot her than that to which it is linked i.n nature; or
3) doef0068] octhe nudeitaacid sequedces used in this invention will usually comprise at

least about five codons (15 nucleotides), more usually at least about 7-15 codons,
“and most preferably, at least about 35 codons. One or more introns may also be
‘present. This number of nuclectides is usually about the minimal length required fora
successful probe that would hybridize specifically with a VDCC BARP-encoding

sequence.

[0070] Techniques for nucleic acid manipulation are described generally, for
example, in Sambrook et al., 1989 : “Molecular Cloning: a Iaboratory 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,



[ 0066] Theref ore, reconbi nant nucleic acids conprising sequences
ot herwi se not naturally occurring are provided by this invention.
Al t hough the w | d-type sequence nay bggenployed, it wll -often be
altered, e.g., by deletion, substitution or insertion. [0067]A
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Sei dmeerté]ineconcﬁ%ﬁ;?’to form triplex or other higher order DNA complexes. The
prepa'ration of such probes and suitable hybridisation conditions are well known in the

art.

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

sef out in the Examples.

[00751 "Probes". Polynuclectide polymorphisms associated with VDCC BARP

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



20 J.G and Struhl, K (1987). John WIley and Sons, NY. Reagents
useful in applying such techniques, such as restriction enzynes and
the like, are widely known in the art2fand commercially available from
such vendors as New Engl and Bi oLabs Boehri nger Mannhei m Anersham
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mut ati o these In catlons ne urther analysis t strate
det ect pwipesf see Vé)@CSBml?J?osiusatem i 188G thﬂed:uiae Cloning: a Iaborato_ry manual.
Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Coldspring Harbour Laboratory
Press, Coidspriﬁg Harbour, NY or Ausubel et al., 1992 Current Protocols in Molecular
Biology. Ausubel, F.M., Brént, R., Kngston, R.E., Moore, D.D., Seidman, J.G., Smith,
J.G. and Struhl, K. (1987). John Wiley and Sons, NY. Other similar polyhucieoti_des
may be selected by using homologous polynuclectides. Alternatively, polynucleotides
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 maodify the



[ 0076] Probes for VDCC BARP alleles may be derived fromthe sequences
of the VDCC BARP region or its cDNAs. The probes may be of any
suitabl e I ength, which span all or a pwrtion of the VDCC BARP region
and which allow specific hybridisation to the VDCC BARP region. If
the tar n I t i
probe. TR EERUEIE LORPERITE, ot ERE A0 CharigR e b dpb i Bog! B g
pai rs, affinities, toh¢hehpbiypeptidd diegladambrabrtwhgrves'tratd.e under even
stringent conditions. If some degree of msmatch is expect ed with the

P00, 08 ofpree BB S Bl sIRP T B o
the t a&r@@br&b@%ymﬁm iy B@ de?ﬁb!d Stdr neRaaly b@bﬂirY ng[d?%c?&ﬂib%aﬁ’uf ohRfe-

wi |l include an 1solated polynucleotide attached to a | abel
report er dmubbeastrmcmdom’rmudieottmd or dei SutraicsllvsyrRthepizgeyn Lﬁfpé©$ iRy also

sequence uen ar| st.andar

*eanni deaeort B aBRRAREREeR. Riniv bt Yedu@RoBE Sl Bk Bl i the

al ., 13&9: l\/bI ecul ar CI oning: a Iaboratory manual . Sanbr ook, J.

Fritsch, E. F. and I\/ani atis T. (1989). Col dspri ng Harbour Laborat ory

Press, Col dsprin ur, NY or Ausubel et,al., 1992 Curre

Pr ot oc 607 Q]n NEPEens a‘Pf Bne| e@ynuoiaeuwsewcesheww & e@@fg@PBHt eight
9

e REEBIE DenalP IR aboff 12 B GreePifa boolf o (698aly

sel ect éeimélythaalatg)undrﬁ)kb,giwm @@bummcleethtiedaequeme enned:'ngél@CG BARP are

pol ynucl ot| es encodi t hese or SI t nmay. .b

Dyt heSTSBted: as Bratate i PSS MhaS 0B Ny K SrHUNG SHEIPEr EERNA
Var i OU%né&ﬂiﬁQ Yoot 'BARPOI?,S prEssR N Qtéélﬂ‘éﬁ%su@ Snd Whethiet @R&" genomic
changes (thefeby produci n%varl ous restriction sites) or to optim ze

expr es@l‘gﬂﬂlﬁiwnaofﬂhe ML BARE docia isMeleted on othaayisecdamageiuced to
modi fy the 22 properties of the polypeptide, perhaps to change

i ga”dg@fﬂﬂ' nqt\%?fzé IJArRgA tééﬁmgcgﬁ;g:? &337 ikl fed Biddh Hﬂltéﬁ&eaqﬁe!é%qn

degr ad or turn ver rate bes conpri sing s
ol i gonadkegeiafdsdividuatsheA rpohiyerual dhese ddislosf mehe:opnmnmmm\aéheratmms to

be, d d f t || i, .. Si -
doubl o1 PEHIGIF HUIJAGE S0t Hegioity myboRe RaLRry Beritngs APlegoRbapgies
may al gsab&RuliGhe! TdabneRts bf Bk alciddWhidd epirite lthesd metbhOMmaPbe
ot her met hods known 1n the art. [0079]Portions of the Rol ynucl eoti de

sequendéedav dirgnestic saraenishas desghlbet belowot Aeeerdingly hepragentdagntion
about f

about %F(b\ﬁg%é Sﬁ % c??hqgoﬁoo Bnducg OF%F% E)e%@gﬁéﬁtggs E’E%Wt%&%%ﬁf\@?ﬁg'”g
pref er mﬁgﬁ@wsn\ﬂggg@gﬁ@ﬂetqotmwd rt?pe aiesquehlee us.(mflht 898 tﬂetmuenee whewhein
MRNA encodi se in.a ce |suean

the ge%ccﬁ@ 371@613" K TURNSF CGROUtRR, e asSaL N PEIGD PE B R PlUTSliy of
ot her w5 A HEP $ol m}{rg%?e%lueeg 2 ilghditts BMAebeBR el A958R thBUSNR®F an

usedt0|dent|fy alleles 'n
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.immobiliz'ed to a solid ‘phase support. The



a range of individuals. A nunber of these alleles may conprise m nor
alterations to the genom c sequence, such as point mnutations
including insertions deletions and/orygubstitutions. Fragnments of

nucl ei c acid which conprise these mutations may be used in diagnostic

or ovi aelsmarod Ve BARE BB RO er e AgaBl & PR Rk s dPaymay
conpr i %%e@tb@ét&ﬂ%zmu&%é&%@e&humd BEdiffetdhtigepes He 8 pRGgefoind. as
the sequence shown in SEQ ID No . In a further enbodinent, the

present inventjon provides a pl ur aI ity of VDCC BARP pol ynucl eot i des
or frad®gRls Tﬁfi’f@b?ruefsofmu@@dilﬁmﬁc%@ﬁbﬂige@ Hibraigs @tf BIN i gleguiRRahave

for t hB %%%Bﬁt?ed) n AB%iP rGéWérSIrﬁV%(ﬁt )Pqpr /apﬂjg)ég% be-{_lgﬁ ts,%nthe&s of .

pI ur al I sequences IS conve oVl I e

sol i d sm@ﬁ-smma’ﬁnuﬁeﬂeﬁﬁﬂ triadstude lirarieblugding Gom%;ﬂérnmlng teohiques
Chi p" technol 0 0081] Pol ynucl eoti des of 'the inventjon, including
pr obesa Baifd 4R aB U%ESH“'E'@ ipBs et EeHsNCea! tag V?W‘I‘%d'ﬁﬁ%? pgRons on the

abnor gl %tﬁé‘}gp 6%‘3@5&%% No? 57 f?i",f B! ik c?fswﬁﬁ[?eé}e iégffppoa‘ated

patients, zed to a-sdolid phase support
pr obes hémmin \Eﬁ@emw tesdripgisc ahl improved pavethoaf far Iprbdmryg d.’r)NBNArrays

I | hat d t t ect | t
vt £ or obbRed & §1ESn v ERrg@admset oy Tedi e I PalUBR deetiiaigy. I
i mrobi bagedidr] @rﬁrpeﬁénpﬂoDB%S'?‘ES%%%@?IDB@@S‘(P&@Q}/ dafed rpd td“sirr’ﬂﬁesze
art. Generally, nost prior art nmethods describe the synthésis ‘of

si ngl esgediimaets nliprebes atispaiiallvedefined losatienson asﬁubgtratﬂ weicinpiay be

tho varronE BheltRae e mcbBe b el BB an SR REE SR Btont
No]c 58R@, 8;%7 83@31@6@1’69‘6&3 Qéfe\mbrncﬁds far eatliee eehiqiexdthae redynalby be used.
refere

escrihes an inpr t hod, for, produci ng DNA arrays
i mobi EF%%HUPES‘CS@CF ERPEUHSY %@ Breifent ea%‘%C@&ilﬂée sggstrate.
integration technology. In particular, U S. Patent .No. 5,837,832

descri Bﬂ?&i‘ St/ﬁ(l@ﬁ'me%ﬁ"élﬁ&e Sttandeg” mb%cébé'ét Ra§! Be?s%ﬁﬂ?\‘é'sfsbﬁ &Fftﬁ’e @blid
probes at Spatially-defined |ocations on a subStrateée. whic

used t@iﬂ;’ﬁ’ﬁiﬂ@@é@ edrh pravispimedsegnuemael anpligditesa giscrefe Qﬂsetm@%/ the solid
' nventé%@w Fg!a{agﬁrtntollgo néclc?g?acgg’g n% d%e.rhﬁ?{’ﬂegeasfé&l&eém dﬂa‘m% %@strate

earlier ni ques e us us nucl &éi

may beusipgtrblosticsdelices s:qmlppexm witheeither basaorgfizd becidhddvicadse.
[ 0083] Al ternatively, single-stranded nol ecul es may be synt hesi sed of f

the Sofoo%tt] 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 flibrary sequences are
typically immobilised on the surface of the substrate. The solid substrate may be
made of any material fo 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 po!ymeihacry!ate. it
ﬁay also be possible to 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 avallable

BlaCore chip (Pharmacia Biosensors)



substrate and each pre-fornmed sequence applied to a discrete position
on the solid substrate. For exanple, nucleic acids may be printed
directly onto the substrate using robgfic devices equipped with
either pins or pizo electric devices. [0084] The library sequences are

subst r NI PeaBRL A Rl sl RIS RS B i efioufriRheta or semi
the subigld atfasy. 18 phefearti @hbydifumdaitdesst oe vhifede ohte sdtesttatdnall e
sequences are typically inmobilised on the surface of the substrate.

The sobtbstaniiay datk alipush inewrne erabgdiments itamay Pevirsialie| tpprinysicrlly
cubst r 3opafete 87t eblofs Tor WREHA Homers PR, £F camill 1AREE ShlhS or
or gani etghedyiretchesuch iasigl psifercsd thatcthediolid audisyratey iseaeitaie for the high
ey aHBGSIB, BRPLEAAN TS BFBENCER MyTIEHTEHo AT ek DPHATT R S0 udPg
Fobust TG a8 100 & BBIRT 8BRS T 2 ey opti onal 'y be

coated with a |layer of nmetal, such as gold, platinumor other
t r ansi {00&6]netHie salipaubsttateds coruapbeathofividasiup dbloesensiond. sUNs tmayt be

LLane v b . i A
23 [ 008STAVEN dvaisrynilfs Sehier olstRidiE & bLifl AP, ceRpgRhRboic
havi nginks! follicgafipls &flon-tds@iddngs (Calame, USAIr ef erred enbodi ments, at

| east one surface of the substrate will be substantially flat,
althou% I_n some enbodinents it may be desirable to g] si cal
h

cal |y,
separ at@08dy nt H¥serete pgFIHAES { HrWiirh feachHITREeINy MeTsbe) ,er'mraré&@dﬁ@%i?d
bar @ ) ! _ _
ol o AR ARy oBhElfcn] RN, birodiar 36e@NBLRE b BhaddiShaped,

sequenees in discrete areas of typically from50 to 100 pm giving a
density of 10000 to 40000 cm 2. [0086] The solid substrate is

converlh Y, tedRbatPer 0 BEIL U0 oty 1EnAHBYEk Wy gy
i nks, Eovalentaamdn-tevdiontmaans Thksuckit atidnequdbées ny0Ey ithawdetoehe
positions, in whi ch_ each dj fferent menber .of ‘the library i.SIJ ocat ed
may ha®ePEMfe véhadayantt reaigsrlesdoyvhich the iprary spedgnasgiiad., For example,
el 1'i pt el uci¥Rdgs $880&5hesShGy be labelled with biotin and the substrate coated with
avidin andfor 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 fo provide a chemical interface between the solid
subsfrate (such.as in the case of glass) and the nucleic acid sequences. Exam pleé of
suitable chemical interfaces include hexaethylene giycol. Ancther 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.



[ 0088] Attachnment of the nucleic acid sequences to the substrate may
be by coval ent or non-coval ent neans. The nucl eic acid sequences may
be attached to the substrate via a | aygr of nolecules to which the
| i brary sequences bind. For exanple, the nucleic acid sequences nay
be | ab i r NaB¥isdintyarlogtica
strept ?Jh%ﬁ#&%ﬂl@ﬁn&tghﬁgﬁ fttglaé?ucf&ehl%# i ﬁ'ﬁég |ot‘T’ér11My aitaeé nuc elc gc?d

sequeng¢@shniqudshatich be @ftbacoaticy, :éflec@mpétmmlhps@ﬂrﬁnsahdcsw[ametplasreon
can be determ nedﬁsaswy Since tge nucl ei.c %Ci d i? g fggces may bi nd

only p&RFANENes (SERE ~sMIHE P8R dncorpofated PEEsn MY (e ASP-to provide
a chemcal interface between the solid substrate (such.as i.n the case’

of gla S I
9 z@ (ﬂt ert WS e h%s%gta%e niSAYRoGiass aEééfﬂ)lsﬁﬁst%te ki imobilized

chem ¢ xaet hyl'ene gl ycol. Another exanple is
t he usmméopcﬂtyéasmm‘ee palghedegtids of thepressiny IllWﬂI‘lﬁent pesfersblynfyvo or more

h ndar d

a1t EyTere G PR oo R R P B T BB g Drneb I 9 57 e afterent
surfacepet BARM p%usbﬁkreﬁ@egyc diiespeRling t@omﬁé'rm ARted.s B @ lpasferred
in the art see for exanple W98/ 49557. [0089] Bi ndi n? of conpl ement ary

nucl ei emieidimenithernodd subsirate; funber cometseriePinecigeiides qi@ﬁ\@dyfr?mﬁeé@s
determ_ped.b V. s such as changes in.the optical

char acpﬂ}q é?%%?’eo?bg%gégjpnggﬁ%}cl eic acid (i.e. by the use of

et hi di um brom de) or by the use of |abelled nucleic acids, such as

pol ypepdoaigs |Riephtastibnvéftrechinbirarloochemically s@h‘lﬁESMMt‘éBCleBARP nucleic

techni ques that do n uire the use of |abels include optical
t echni g@@@ g%ﬁrsaéraﬁﬁé‘)ﬂ@@g%th% celgf| ectonetry, ellipsonetry and

surface plasnon resonance (SPR) - see W97/49989, incorporated herein
by ref gseipme. AWWG@)@ARP%MI@@%ICI's'ﬂﬁé@mﬁér@rlnpgﬁlﬂ'iﬂede(& fors-puified form,

substrate haV| ng i mobilized thereon at | east one pol ynucl eoti de of
t he pr esame utihisedgisdhe siprbrenupleic a4i@ obaciEsre different
pol ynucl eoti des of the present invention, for exanple two or nore

di T er gi8ad{CCPERTE apl ggﬁﬁggﬁwse%ﬁaﬁg{agﬁgega 9 ohhify VDRICHARP gene

al l-el es. a preferred ment t substrate further
conpr i sequemtesucTieist fedbaiqier meyd afwmify, gfaresxamnhie; DNAn of HRNXDOIBARE

gene. 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 eémployed, 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. It
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 extracted 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 Manﬁal, Céld Spring‘Harbor, N.Y.,



[ 0091] Preparation of reconbinant or chem cally synthesi sed VDCC BARP
nucl ei ¢ acids; vectors, transformation, host cells [0092] Any VDCC
BARP nucl eic acid specinen, in purifi2@8 or non-purified form can be
utilised as the starting nucleic acid or acids. [0093] PCR is one

such prdJQSQQStWQQSEEY o eusaEhciéd 3ERIpId ﬁaé@%@%&ﬁl&, FAQ B freated
This technique may anplify, for exanple, DNA or , I ncludihg

mes s endeforRNmpliffeatien vilban emoRNAcfirayeagenti aifsicive 1o apardhe celib wislanimal

stranded, In the eve that RNA is . to be used,as a._t at enzy ,
Snd or Sl THPTERS B e Saimgle. b1 Bitresh BB epaldiE B irark i B the
DNA wouh@ihe abidld)l ZBdls h9inrEad tueic aciaNferMFinY Bieptot diglose tiideddparate
one strand of each may be utilized A 'm xture of nucleic acids may

al so béhespapyew dlow peplilicatiendoascds mpicbdueredeadila previ ous
anplification reaction described herein, using the sanme or different

primer b Ll . | £ b Ciashd, .
Do be. 085w, PoTfie debldiilicicqiiR hiGsoHREGs bpTE M (a8 FPland BF1RNGE
L racti eddeﬁlta tiTﬂ gymth&aiﬁemmtﬁreoreim@pfmamweot togatheaMith te ﬁﬁmers, in
I screte nolecule, so that the specitfic sequenc constitutes the

ent i r e 2HGEEVREaROLAts ppdit eﬁ@?“'ﬁ&%@#&@ ksh%%atﬁﬁéos%mpé degregs — 100
ampl i fiyed-d.s. pr i & ial 4oy i ' L Acdd N ;

Froct | GBErees B AORNAbOR |18 10/ niifu@spRFdleraifTiot 1R 4 Rirkiél. M Nrier this
[ 0095] brating igeriodd therssilutiarajs béowsd riactenl, fvhich s ipoeferatdendbe the yeimer

oo B BIon R o BlpiBRklre L SRRy A BR LR e
Labor apg@imerdietidion F@adtiopRichidd HardiraghtYfor pokfnerization"), and the reaction
is allowed to occur under ‘conditions known in the art. The aQent for polymerization
may also be added together with the other reagents if it is heat stable. This synthesis
(or amplification) reaction may occur at room temperature up to a temperature above
which the agent for polymerization no longer functions. Thus, for example, if DNA
polymerase is used as the agent, the temperature is generally no greater than about

40 degree C. Most conveniently the reaction occurs at room temperature.

[0097] . Allele specific oligonucleotide primers derived from VDCC BARP gene
sequence may be useful in determining whether a subject is at risk of suffering from
the ailments described herein. Primers direct amplification of a target polynuclectide
(eg VDCC BARP) prior to sequencing. Primers used in any diagnostic assays
derived from the present inventiop should be of sufficient length and -appropriate
‘sequence to provide initiation of polyrmerisation. Environmental conditions conducive
to synthesis include the presence of nucleoside friphosphates 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. [f double stra‘nded, primers may be first
treated to separate the strands before being used to prepare extension products.
Primers should be sufficiently long to prime the synthesis of VDCC BARP extension

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




p 280-281, 1982). If the extracted sanple has not been purified, it
may be treated before anplification with an anount of a reagent

effective to open the cells, or animbycell nenbranes of the sanple,
and to expose and/or separate the strand(s) of the nucleic acid(s).

The” st 18 ROt el oty ER S BRI Borh G Bl RS Puis ARt Sice
[ 0096] cOmepaisituny 0lenuclkeotds deniars R Spedligscomdi, 1242 Br nifed Muaisbtides,

dTTP are added to the synthesis m xture, either separately or
t oget hethaugh thelemgyioeatain fewerdadgetidesanount s and the resul ting
solution is heated to about 90 degrees - 100 degrees C from about 1

to 10 S, I r . S I L

per i od. PP col BFEEn 172 iy (ithepd To MrbrtatESassdit Merk i Syt thb Htpgent
pri mer fim;érrtiodi staticobe ﬁ@eig’nhd tc bel dbstantially eohm_laddm@ir)fl’lm g@qﬁ‘f sipandbethe
agent ng the priner extension reaction (called hereln
"gent Mo BARR herTenas1e SequenEsr odB GEAS Hidiolhea PHBESS ISt be
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pol e VRS DetiEmentity FafdRe s 8o siEed tarito fgymutation to
pol ymetgbfdice tHeewitls it RESR! anipifcAtI&F athdr ¥DGC BARPaGkMoM: gene
greater than about 40 degree C. Myst conveniently the reaction occurs
at rooPlEapeEs-at ure. [0097] Al l el e specific oligonucleotide priners
derived from VDCC BARP gene sequence may be useful in determ ning
whet hefrogddibl eclniinsn i ; feri f; e ai S:degeyr i
her ei n.[ Pr@éers Elirgégtaag%?él(f P@E‘?ﬁ"%nsﬁfﬂ% tEQ?%?gtompo yiﬁlggﬁeot"?d%%( elgéﬂ
VDCC BARR)lifipalior ptacessdhahts ag.erRymaticschaie deactioantpat pagrhassi expassaiial

derived fromthe Lnvention shoul e of .sufficient |ength and
appr oprHanBiRe F VRIS HARP YT SBRENGK 1attR &4 PHEBeE B raRoon o8BS
Envi r oniginerl. T@nehily, 8RS prigstugiil\be doim slefidiesy o it hegativee) SFasestte
of nucl eoside triphosphates and an agent for polynerisation, such as

DNA poMitferBARPagaNG saaueaBe cand dve ratber & sapipmentaoo 8the  prsitiveato

refer Si ; j Gl i | f 4 |
But . oy BATg A By HETREeR D AR Flclolf BRI S ar | fty an
t r eat eenkpmeepaciabe thbdargerfeagisetiedfoDBAbpoinoevssxd! (Kepowepane nucleotides,
ext ension products. Prjners,should be sufficjently, |qn 0 '
oyt nes S P BEMYesyth R o G Seeds cPRETRS e dafkiet Bi/aGTs BARP
i nduci B@nadfiuches. PPbHTRE! Fakk Hewl) neiatied 88Qldhd@t aré’alo REMPRItes,
w || depend on many factors, including tenperature, buffer, and
nucl eof¢pRated eyolestaf slenaluringo plTIes@nrgalipg. ansg extensipntrepilisain gxponential

cont ai - 20 0 | gqt i , t aj - |

mucl ol rHBnoRL Sibe R Ot AR PEL B 14 TBuERR UGBy e
deri vegrifriers) t Tiee prededtt of theephaianresiatioh ds ke ddgségneeiéie &8d duplex with
substantial ]y conplenmentary to each strand of the VDCC BARP genomi c
gene sé‘%{ﬂ’éﬂb@rfeﬁﬁpgd?ﬁ’é&%h? ﬁﬁ?stoﬁ@‘%ﬁli’%ﬁ%pﬁﬂi@fs gaployetli ci ent | y
conplenmentary to hybridise with their respective strands under

i y ! : | ctive st .
S?Ee'r mﬂ ?he@jéfgﬁﬂh&laén Sfimd 8" me ut%/@%'féﬁ'&téaggbﬁ%q)gﬁgréﬂame Hvlat?%d,

! rimers should have ficien ntarity
the 5' sand & copyertined FHompkotitgstdreandtidsphodiestey bmietticsls ohautmhaled

and PeM tgoc?r%ln{sf fh%?édqun%f net sht?chvau omEél'et‘(-:‘RcliD e%etg]oodpm%ng %?&h?l%ﬂgsep Coerélmidites
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.



[ 00100] A i gonucl eotide prinmers of the invention enployed in the PCR
anplification_ process that is an enzymatic chain reaction that
produces exponential quantities of VIEE BARP gene sequence relative
to the nunber of reaction steps involved. Typically, one primer wll
be conpgp tary THa hdéntnedolyffersatiof trhafheohiny R middrdBAREydemewhich
sequence and the other is conplenentary to the positive (+) strand.
Anneal iwill funetig itoreaccompligbnthieusgnthasis| e @ria:tﬁrdextemsicweplm@%actsxtimisﬁi@g ‘

i th , the | 5 of | o
(K enodURs Ty StlBPIeG R Res TP SHERFS oo dPo ¥ ot e coll DNA
st r andpoensrassi NKIERGW! REgRbnE oV BOCEABR A Gy meRie) ¢RlyrRegaESAuteins,

these newy se/nt hesi zed sequences are al so tenpl ates, repeated cycles
N

of gena@cﬁfsﬁg apsariptaseanner | enzymeerl Belusing dicatstahle senzyresddirentiiose
by " ne B mEr s BBIER cbrfpr R e cho G Sy dEH E batlporates

nucl ei gufliciettifuple®xtad td dagisgl déngtaratiesposdiinthd Tagheolntkrass. t Baitable
specific priners enployed. . [0_0101%_'0 i gonucl eotide prinmers may be °
pr epar 88ZYBe Y sagilitats Eempbidagien whdhe Blierolides bnihemrpeaamanner to form the

phosPhphﬁe‘?Sé%n%ﬂ g%gh&;%ﬁ% défﬁﬁﬁ!@ﬂ%éxﬁéevﬁﬁ %{?%he%ﬁfﬁ‘?oﬁ RPg2ne

t hereo n one suc nent phosphoram dites ~are
used . aseguendd ngcleit avid stendndsemaralhy thg reyhdwsiedilbbe detaten s dhbéy’ end
Beaucagg, et al.., Tetrahedrop.lLetters,,. 22.1859-18 1981.. One t ho
For sy Bt 66hs Piies! 7 b RGPt idbeon KRG ARG e deSHaiey Fogdd. Ut
descr | bthisisYeminBRs, phiuchd aBIdes oTéRAL RALTRE agent for

pol ymeri sation may ‘be any compound or systemwhich will.function to
acconplish the synthesis of Rriner ext ensi on_products, including

enzymek00193 t abl dhenpgwiys sydnesinpd YFpo SARRCsirRd anglr itexearpplementary
col'i  DRfviBR ¥ rs%ﬂdlwill%ﬁr?%v\‘jgdtﬁél@ﬁﬁbd@& ol ﬁgé'unﬁ%‘ﬁﬁggﬂiaﬁ?ﬁgf% ditions

pol ynerase nuteins, reverse transcriptase, ofher enzy ng
heat - stiastriveshalyones a(d ehist hyasid isnspdes subsequestr $tepaab therproesseraitha

Genat UPSETSRg, Te 1 Vs ar o basARE do e Shalash e 1 siledes

faci | i fagengRimpignadbhdiiond ushy BHE FothkedsmceButdie RG] BB fo tpﬁovide

formthe primer extension products that are conplenentary to eac
VDCC BRIRPegelendaciieiralleficl ei ¢ aci d- strand. General ly, the synthesis
will be initiated at the 3" end of each prinmer and proceed in the 5

di t | at , i hesi.s.: - .

or oaucl R B oo THE SEPR;f; SR adtiaing KR ERR R b RoBate Synthesis

synt hesams bd repegicBARPofien asdeaded itd smpdifypthenarged pplymorpbicogens sequence
t d wi,ll fo doubl g- st | | hvbridi zi

cond! t MUHECIBSE! HBETRoe Tt Pt spBeey [ Seatim, s aut of the

steps ghediftendfleressd skRudh® RoYuced ARl atdlfndia 1 SYBiRRInEeaYReR.

BARP doubl e-stranded nolecule is subjected to denaturing conditions
usi ng any of the procedures described above to provide

si ngl el0t105hded AmRIBGatan i§ gpsodfethdn JieBs APraetingl irnigachinth&aRrags.
and exE|ESiPY. Blrc%\é%orﬁwtdlﬁﬁéé and G. R. Taylor, 1992.

[00106] The VDCC BARP amplification products 4may be detected by Southern
blots analysis, without using radioactive probes. En'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
technigue 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




can be repeated as often as needed to anplify the target pol ynorphic
gene sequence nucleic acid sequence to the extent necessary. for
detection. The anmpunt of the specific2@ucleic acid sequence produced
will accurulate in an exponential fashion. [00105] Anplification

i s- desqgp eDQR |f?>acF§»?&c§ S ﬁQPéQm‘éEﬂ 'olrFﬁF FERS: detdetanly labeled, a
I\/t:PhersgnéRﬁg'.::ﬂ & gi an dcfglea or, 1992 @O%Z]T e \a/DCMC BARP' S
anpl |f|dﬁ$tcrlbadﬂ)em:ll]cts may be det ect ed by Southern blots anal ysis,

Wi t hout usi ng radi oactive probes. In such a process, for exanple, a

| cont ain | evel,. of the nucleic i
sequendBBBiTh ne TAAERARD el dle PO Peatreatiit gahi y8diyther
via a %(‘Msﬂdéﬁé@ BbRictdd)dclbRENNEBYCeredS  4Rd ahé Mikeuséatﬂgr dﬁtschhﬁsn or after
anal ysis. The use of non- radi oacti ve probes or l'abels is facilitated

by t he bindjhg rteaeaoildfsupnertabmany mathed gaually appliediatthe delectipn o @ssnesiie

dot cot 405 Tepiansd V! BECRPR B ot fisbino by i abe b Fbblgy
by t he 3regd8sde12f 198%), alvien eaﬂc@agom@clé@tﬁddwmseyefma@hlyﬁet(eehﬁ@lr et
cl oned, sequenced and t he ther in solution or after binding

(oa o6ty isaosit Apanl e tdfh 18a301 apiionle e s
2 SPGE:(O}%e%aﬁegwcsﬁogS’ ST 4 00T PoREE S SRl i blotocilar

ol i gontedhaiquate fOASDNApanblysianabysi heémmwedet(LamﬂgrenPrmc.al.l,\laSblence,
Acad. 278, 1983), oligonucleotide ligation assays
(O_As)ﬁg‘%?ggf%hg@%? . Science, 241: 1007, 1988), and the |ike.

Mol ecul ar techni ques for DNA anal ysi s have been revi ewed (Landgren,

et. al {ooﬁr:a]encePr@fé?atﬂ?%?éB?meth%%bf dripifOREPVEICT aBARP th ey IR as
of anplifying VDCC BARP is by PCR as

described herein and as is commonfy used by those of ordinary skill in.the art.
Alternative methods of amplification have been described and can also be employed -
as long as the VDCC BARP gene sequence amplified by PCR using primers of the .
invention is similarly amplified by the altemmative means. “Such altemative
amplification systems include but are not limited to self-sustained sequence
replication, which begins with a short sequence of RNA of interest and a T7 promoter.
Reverse transcriptase copies the RNA into ¢cDNA and degrades the RNA, followed by
reverse transcriptase. polymerizing a second strand of DNA. Another nucleic acid
amplification technique is nucleic acid sequence-based amplification (NASBA) which
uses reverse transcription and T7 RNA polymerase and incorporates two primers to

| target its cycling scheme. NASBA can begin with either DNA‘o'r RNA and finish with
either, and amplifies to 108 copies within 60 to 90 minutes. Alternatively, nucleic acid
can be amplified by [igatien activated transcription (LAT). LAT works from a single-
stranded template with a single primer that is partially single-stranded and partially
double-stranded. Amplification is initiated by ligating a cDNA to the promoter
oligonucleotide and within a few hours, amplification is 10% to 10° fold. The QB
replicase system can be utilized by attaching an RNA sequence eailed MDV-1 to RNA
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




described herein and as is commonly used by those of ordinary skil
inthe art. Alternative nethods of anplification have been described
and can al so be enployed as long as t3e VDCC BARP gene sequence
anplified by PCR using primers of the invention is sinmlarly

anpl i f behli¥atidtctethhRiuRaligdSe TRAMS rea2tioh (Eb‘F@r ARirky Byamghd hive liffently
systens include but are not limted to self- sust ai ned sequence

repl i clabelstd haeeof megeqisenmet of lategaatr&atétm@nwebﬂy Rnded byriigesedn the

dogr adbEBRECRTe PBRVEIRR RARCE R SHrRRE RFhLE TOF ABhF TG ePar

secondci4ihagdchin QRBR)ANQIIEIEracky ehflificaitdrd tepidUd 08éd @Ro teaedplemeatdry
nucl ei ¢ acid sequence-based a{%lrl fication (NASBA) which uses reverse

t r ans c@Npiaget-apeciiiv olsenyieatias podechrirs, RYNprtatle Palxpelsse mhdksligase,

st TIOK e RERE g DiNBRICAAP brhBRY Taeldo SeRliEhod) ro2qfie 848
M nut esepaihtedy thay ioligbhiucidotideeiptoles iphisarande taRCRI #ith fayd| jogmt mm gap,

activated, transcri ptl on (LAT). LAT works from.a single-strand
t enpl aFEMFKING oAl PAA repiF. tNa@'ewsaﬁ!ar@mailiugﬁtgﬂinngy eit'@e*ﬂaﬁ'ée@camnt

f:)g\to\ ! f‘%&t%(/ gSHtt's‘?JA?)t &ﬁ&%@da Sﬁgﬁe%‘i' %ﬁ%bﬂ%i%ﬁg'é“réé@@%rﬁ&té IFGRhInGA Rith

ronot’‘er ol I gonuc e an hin
anpl i fsheat thasg Hhethieds' Ho@ that bind$lie tRet BINA. cAslBNQypﬂlﬂnet%B fills in the

til d.b t ach R |
ol s, B B e SR P SN §oEgrine gnelogs

sanpl eHlﬁcheisré/&Uéddbﬂ\@an A4S thé UrHiEIBNA 2R, t)ﬂﬂ)ﬁﬂ%l @ra%e that

NMRNAs and bi nds, activ the replicase to cogt he tag-a
sequen@ekaf’ FrRRYIRASE Aﬁt@ﬂtueentmscateth@ gitg af theoniclsrgnd ngm itqmo ymerize,

e IR P e QLG ekl A LA HS) BB wpich serves

di fferen €l e VES sequence of inter
coval emd h)brbq:ﬂ’dﬁd' [BDAigedecdngtdatenthaset®e-fold 4dplifuatibhdudukours at 37

Ry SrRrPEp & a ik R A S oot B U GHoRTEy e

tar getsaRRg! fﬁlrg;t!ﬁ)ér' %Bhﬁﬂa%@h'é%te% QREIPH frie mtelﬂﬁfd@ﬁr@hh@er&wnymﬁ@m

and |i gase; nucl eot1dés to %@ometrlca l'y anplify targeted
sequenB@BhCGAGZSMa’@m gAhsepnR{tBsist ine erefgoadcmethadief propdicptien st the

Nl or faor it Fien el G BRe G 5Pl BiefRbe SOV ETERRR gene

utili zesyensbaistdgycribed et iethdtbofahe eeagiohl on site for hincll with
short overhang on the 5' end that binds to target DNA. A DNA

poly ills in the part of th r o ite the overhang with
o1 urtoB3ReL ni e Bacio a0 o BONRERERTReS BRRELP B Emb Ry TIal Cayso
unnodi fd Eﬁbdﬁﬂféd% AfcatfyrPe @attm@%%% cél?at!\le{t@:%‘ﬁ%r §yntﬁéf?@ BElyRBSBotide
activity enters at the site of the nick and begins to polynerize,

di spl deagrgentse codingi &r pr dﬁewe@tfrmedbm&tbeeammraiaﬁl mcng*eaoméwant

one which serve i A uces tet .t,ha Q7 .-fold
oot 1 fraeRaReTRe 3ongtids DA R R rale R AT O] gpig’ato
does neplic s realpiokanyoBO e GucamRaadall eUshaly b poRALiestide constructs
anplification systemuseful in the method of the invention is the QB

Repl i calbesyuitatie fon epbicajierriora Hsicehelapheste suekl asaterstiobbacteria, but may
o ampt e R AR 1o MR Mo lEIIRaRER Wil g ReliRP)

the i rmﬁmre@marh@i@m@ﬁbtprmoaaﬂmtamcafydnb@endxhggucl eotu des of the
pr esent |nvent|on may al so be produced by repllcatlon in a suitable

desi r dBO1AG et Aol ET e FaBEEE T t'@fﬁ RSRHET GBI letEeTied
CONSLT ekt BELALLIEPYNGRRY B Sy egm@ge_. el pay Shrar

replication in a otic or eucaryotic c
annealing the strands together under appropriate conditions or by adding the

complementary strand using DNA polymerase with an appropriate primer sequence.



[ 00111] Pol ynucl eotides of the invention may be incorporated into a
reconbi nant replicable vector for introduction into a prokaryotic or
eucaryotic host. Such vectors may ty@ially conprise a replication
system recogni zed by the host, including the intended pol ynucl eoti de
f r agme R, cfdle i@ SohBerudes hhadRebpgrept ide, and will preferably al so

i nclude transcription and translational initiation regulatory
sequences operably linked to the pol ypeptide encodinq sg%nent. )
Expr esE0d3d 1y ect oPslymagleotidesiabthefibveniicaprE bedncerppEtad JTo Adigcpawinai

t | i cati ' 3).. an .
o e B Pl AL B S a8 PG 8 S0 Yecrors
| nfor “ﬁ@ympﬁianl§8qorﬁpv¢éb asrdplibasameyblentiragogriiters by RNA isgdt] ecladibgshe
pol yadenyl ation sites, transcriptional term nator sequences, and mRNA

st abi | ink@nipds erpl¥medestideodsagment cincodlital thendpsiied oPplyPRRidRdapd  Will
S e e iy ' .
ot her PRl &isB;mPigk WnsehiBorR AR Al BRSO Rclidiof) seqidfoes

speci espenablyclinkéd aw thee pelypleptide t encrdisy segdient. | Ekgeedsiorcelektors may
nmenbranes, and thus attain.its ffun tional t?gol Orﬂg' The | ocalization
s1 gnal INGhifiendor exgipla, g1 AHgBHOLTeRISETONRE AUBRAMOURlY SRPIGAGAS Stvgice
be use i i XY A I

domai nQS\FtE%) %ﬁgg%a{)trégﬁogu stertBr g%%é[g]cdgs'e?gg*g a leai;oav\rﬁeef ghﬂg%reéﬁgﬁbgﬁ%ag
t ype oprockssinguiniformaticex sites,s edch nas riiasgme-biading N#es.0RMA ceillice gites,

k t nore th he. t f. f]-subunjt_i '
Fur t nebSyaLSAETa D Ens TeRadhTions tenniar; HeAnies: 280 RA siftbliaing
FKBP ”@é’q%de_@?' wadzathrasibhagidyt Sisbass indlade] Woread isbptopriate, whether

dimeri zation in the presence of rapanycin or FK506 or any ot her
i munokoppredtive ¥Eids BARP maotainl oty fraen eibedirreepipes SrofropksecEsigd
mrOR. 0 r A o) ; i
techni BReEie phulirtae & oBRR S Sp¥g T ARy o B Bk IS aRtor
Sanbr olokdget inatel] MO®@rangs; anar thussatiein és fahcticke® Zopalpgy. TheOttal|zation

appropriate praonoter and ofher. ne sa egtor .'s ences wl/
P eor sty Ko aany Rl aR IO e baLet oy sioRgs AL BB lied afroet
appr opfHeABARP sk imarusaitlde &S%Pﬁih?f ggillﬂlﬂhf RoMidiis BARRo@eBRS a subset of

Exanpl es of workabl e conbi nations o i nes and expression,
vect or YD&G egpeeiellpadiere moaaihaornetyrs of 5-50Bgnibis axpgpead i a gingle cell.

1992. f r i e bt aj

From sUEN /i Fof' 2 RaPh S RSNkl e B B8 Siren.
Bi ot eCFuﬂﬁ@ﬂf@idﬂ@rgﬁotéﬁis)lmbegls leﬂtdégltﬂatir@eiimeﬂzatlomcsaﬂ:fd gshBHBP maybbe
pronoters, tRNA pronmoters and glyco i.c 32 .enz ronoters nmay be

Used | ioBidsrapybPlasThe de d2Ciats (9P lasis i aanzabBrY tie BIBCH A fopdmyon
regi on nosUMResRieg r i f
Ol 9ol T | g P e LS 281 a8 ifibrizers o
dehydr BBRaskd eFRRrSsich eeptans indebé prepaied dyenaads ghsiactderserecombinant

yeast - BRpRBLERoe bRy Ein NEr a0 AP of pouitls: BSgrRokiatar, Ross
73, 67548uprAPRY ARSULR et BPNgpatsupea. MMl i an pronmoters night include the

early and | ate pronoters from SV40 or pronoters derived from nurine
Mbl onei/ql eukem a virus, nopuse tunour Vvirus, avian sarconm Viruses,

adenovi0QKI2lI, béwi #ROTPRAE RIFENGIER 8RA GNGIOISASRBATY| YRCHRIGPRIUSHCES il De
constr Egbc{g?iy s@%sjt8'tﬁeeﬂn[:f?or?é? i hgétaghﬁlgﬁw&c(ﬁeg whéﬂf@r gﬁ’atbhﬁ{osg
mul ti pfé ~copi €s "of the 'gene may be made. For” appropri at e enhancer an
ot her aémraﬁﬁiagfbci@t@tjr\m'th ymmlmsp gbﬁ@.&..lB)leW\pllee (fmrabdprmﬁiin%tions of
vectors nmay replicate autononously, they pay also replic y. bein
i nsert 66ll (gD aNAEXGEFRSIAS mct@ﬁearﬁdiﬁsceg%/q' in %9"&?&%%%'@%8@%&%%%
the ar tag h 892 14k &P LESH] Qé‘ctBFéjaﬁal WY irY B QFtSand %hg'ﬂé‘@ﬂ)%il@&”ﬁ&h%ﬁeh
sel ect abl e marker,” a gene encoding a proteln necessary for survival
vendors as Stratagene, New England Biolabs, Promega Biotech, and others.

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




[ 00115] The vectors containing the nucleic acids of interest can be
transcribed - in vitro, and the resulting.RNA introduced into the host
cell by well-known nethods, e.g., by BBjection, or the vectors can be
i ntroduced directly into host cells by nethods well known in the art,

whi ch Vé}{z)lpnﬂﬁﬁt%'ﬂ%t&% 198y bRadauR &Bk&r‘?’bhé’h@étsh@éeful' fé?éstlgl’d?ﬁoters include

el ectroporation transfectlon enpl oyi ng cal ci um chl ori de, rubidium
chlori d:a‘prrmmrcra@mrmﬁgphataélptmdéﬂhoaphogwcwt%rklrmsﬁs@raﬁﬁ@g glycolytic

T 1 SR AR AP ORER r GLCRRH BB RS GEH Aeh AR <rBShes

et hOd&eSJ@%lblétféﬁﬂléﬁbS@@n@fgdlétﬂoﬁ@hﬁmﬁlbﬂobh@%‘ﬁhér@t o/ddiersat prodibters
cell by ané nmet hod known in the art, including, inter alia, those

descri tttableofas usg in veest exeiessient aren&uréhar describednisr bitaemporet' alghEP

e med o o Pl AR nall g PERBH Bl S AR RS SR, S8RY e

pr esasgfe ;branﬁiﬂérsdrbrﬁrwwas phasbdtetetbivdd frosf murrd Molohensikenti@dirus,
with a nucleic acid nolecule of the i nvent| on. Preferred host cells

i ncl uddNUEa BIMQUN idiss BViaResAraPManvIRkISeS s adenaiiusdb| haying Raeiflemagyilus or
and h“{B%ES{o?ﬁ flﬁ ddd t{géwc&h&tmﬁ Chay bé }bﬁ@é@d %Olal}ﬁ?pl%%lﬁfé 05(}4}% 8! bHFR)

are se Fomt roup consi st’i hg seu
Baci | | s®,thst mlitpdmymmes oiﬁ*asgen@hl(ay tfarrﬂadeBFw appMpn@tESenha@%aﬁd other
BSC1, BSC40, .BMI1 and Sf9 cells. [00117] Large quantities of the

nucl ei RGO %IS%B%W?%S of the present invention may be
prepared by expressing the VDCC BARP nucl eic acids or portions

t her eofjpgM3ject ONBhiRY sOEM KpRIGRICS FESBrY altlyClffichte g@t@ﬁamobb@ they may
prokaryotic or eucaryotic host cells. The nost commonly

use :
pr okar G EemMigates byrheing rrgaitedointedbd caneme of dng host pﬁtbufgh naﬁthaqls well
prokar;kg‘é% i Q as Bacillus subtilis or Pseudononas may al so be -
used. S’T Iso provi ded are mammal i an cells containing a VDCC BARP
pol ypepti de encodi ng DNA sequence and nodified in vitro to permt

hi gher [@fptdssi orExofeSsImCaBAmrmg yg@pts dél lﬂgelyweramtaimﬁ saleotaine oga:sk@r a
r ecomnbi nat i onal ,. event gonsi | nserqtl an..ex SI on

regul a6y FEGRE HREEEP oY B'F SURRE P OIS Sé&ﬁ& transformed

pol ype%ﬂﬁ@\eem@# NTHegsuessss of kids @Qhée@’q?ém@s rge@»ﬂhaéio@nnyaﬁgwncgt €4l
be an VDCC BARP pol ypepti de_expression or not and can repl ace

nut ant {RECEXHARP 1hB] Yipersi dEypisglupalestion deqgenercads prateipg| that a) confer
resistance fo antibiotics or other toxic substances, e.g. ampicillin, neomycin,

methotrexate, etc.; b) complement auxotrophic deficiencies, or c¢) supply critical
nutrients not available 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 resulting RNA introduced into the 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 ar, which vary dépending on the type of cellular host, including
electroporation; transfection employing qalcium chloride, rubidium chloride, calcium
phosphate, DEAE-dextran, or other substances; microprojectile bombardment;
lipofection; infection (wheré the vector is an infectious agent, such as a retroviral

genome); and other methods. The introduction of the polynucleotides into the host




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

prepari ng an VDCC BARP pol ypeptide conprising: (a) culturing a cel
as descri bed above under conditions that provide for expression of
t he VDCC BARP pol ypeptide; and (b) - covering the expressed VDCC

BARP pol ﬁpeptlde This procedure can al so be acconpani ed bé the step
of 1 (c)cel thyornt U@tmﬂwkn@waweﬂmagpmum uaﬁerﬁ@hantho,fpaud@ﬁn e@nedave, WIH

ool 11 EBisd o i 6S Rk, o E BRI RAG WA Lt Rl MiRoducec

such aswthasscias deeastied abdveranhesst tbung inchldenthe prog&®t of QUch cells.
anphi bian or avian species, may al so be useful for production of the
proteins of the present invention. Propagation of manmalian cells in

cul t ur §09K16ler sdhyg Ih%héﬁﬁﬁenlfixﬁ“‘ﬁﬂ@%”o rdR oSty &S ndarafarmed  or

ho% Wiheng GTE A el e RIS bl (Y e

appr ecbattedapyeaste nsdiviatidn peds; pitanbnelfs timssect cmlis,r and hlJrriameesl!smyt[sisee‘
appropri rovi de hi gher expressi on, desirabl

o e onbuBireodistidtvplis SUEH hoEherRiETa BIELST FoGn e GPUR NSt of £ pal
by usi pgeliBsKehSS, dsa&-n@& @‘réﬁ?oﬁv?@eﬁg@%sf’fmll@e RICRIBAY cwta:@su aBoSs 7,
The marker may be on the same of a different DNA'mplecul € preferably

t he saBSUNBSRAGRRME10) angBiiteelisot i ¢ hosts, the transformant may be
selected, e.g., by resistance to anpicillin, tetracycline or other

Tk . A . _
senst ¢ A1y GRS 80 RN, bRl BERS Gy RERBSpTes STRAS Brbkdh
Procar mbnﬂommwbargrepa:@dcw bspﬁeeaangftherm{d{:@ BARFheugleicyatidd eppbdiess
of the resent i nvention will be useful not- onI% for the production

of thet%%‘? éPd’eéE&q@?réWEPrp@Wﬁ%%?" yeRICEs Inempalibis ProkaReaiici B pucaDfotic
al so, hg&t @H8MAe mblt éérHﬁﬁJes O%é]:?ﬁe ar MRSy RO RO L P EPAhE B8 EisBRdrcthd EbA,

| engt.h VDCC BARP pol ypept esent 1 nvention have
although other prokaryotes, such as Bacillus subltilis or Pseudomonas may also be-

used.

[00118] Also provided are mammalian cells containing a VDCC BARP

| polypeptide encoding DNA sequence and modified in vitro to pérmit higher expression
of VDCC BARP polypeptide by means of a homologous recombinational event
consisting of inserting én expression regulatory sequence in functional proximity to
the VDCC BARP polypeptide encoding sequence. The expression regulatory
sequence can be an VDCC BARP polypeptide expression or not and can replacé a
mutant VDCC BARP polypeptide regulatory sequence in the cell.

{00119] Thus, the present invention also provides methods for preparing an

- VDCC BARP polypeptide comprising: (a) culturing a cell as described above under
conditions that prox‘/ide for expression of the VDCC BARP polypeptide; and (b) -
recovering the expressed VDCC BARP polypeptide. This procedure can also be |
accompanied by the steps of: (¢} chromatograbhing the polypeptide using any
suitable means known in the art; and (d) purifying the polypeptide by for example gel
filtration. 7
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I, Donnﬁgc(t;lgmpi/mﬂy%%gﬁ&ggsyl ation site of the VDCC BARP am no acid
sequence set out in D NOS: 2, 4 or 6. The transnmenbrane domain

corresponds to a pI‘OXI mately am no acids 41 to 66 of SEQ ID NO_ 2. The
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conti guous sequence having greater than or 70% honol ogy,
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homologues, including fragments, thereof. A particularly preferred polypeptide
consists of amino acids 24 to 563 of the amino acid sequence shown as SEQ 1D NO:

2 or allelic variants, homologues or fragments, thereof.




or the corresponding regions of SEQID NO 4 or 6. Al though honol ogy
can al so be considered in terms O simlarity (i.e. amno acid

resi dues having simlar chem cal pro ties/functions), in the

context of the present |nvent|on it IS preferred to express honol ogy
|nterms of .seguence identity. The terns "substantial 5’ mol, oqy -
" subst WR1Z41 i Haentarm oolypsaiide et Tsith g Qcayrﬁergi%@wﬁod%@ SR Rl
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met hods are designed to produce opti nal nments that take into

consi déhosei wgigssel Hleeseqeanocs ki itel b@e@%&qrwﬁlsf%thﬁcfuvﬂctﬁéhai thg pgtein
o e S SRR SRR Bind BepebBedET, BB B3 ooy

gaps I gn 0 neExi msé
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aent - Samaii gmgt hebomatel e Bl dlyrmriaian ke 2t SR EE SARP Fmifo
possi blgis- sé%l+rﬁ,@agﬁ?e@-{ﬂ/%9ge%Fg)ﬁh@tﬁ@'S@5§ hebWee  Heh &rah Wi efriraRs &fbmain

sequences - er score than one with many

" Af f i neogappoTst 1 am!@xlﬂwieb!a&immm@@ds alo &haf §EQ 1P NGE: vglﬂ@ Diregin |

< UbseqhREoReraR B pR gl AR dtRE 427 38 Bt ARV, 2,578 Bomain
scoring sysésondd 8N pprMaRRlly i la@ﬁmw heide52D 16 FBPLOBER IBpNORsedhe

alignnents with fewer gaps. Mst alignnent pro ans_allo
penal t B§osatien g f:pvéaquwﬁe%rappmmmeteﬂvéra PooaCidg2nt %E@ HrNe.

VAL ues PHRe® bAGRBHGLS OF R Fivbifior CHIFRTS GOTBRIGRAS sofRindx AT

when using t sconsi n Bestfit package e default

gap pengeddtyr ftioan &5, N80 aci T0%e hoewbegy, i reorel Préferatdy @paiaandham drore2%

extens 8Pnoiogy, to one or more of amino acids 25, 41.to 66, 422 to 442 or 525 to 563 of
SEQ 1D 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 tnan 80 or 80% homology, to amino acids 422 to 442 of SEQ ID NO: 2A0r the

corresponding region of SEQ ID 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




[ 00131] Cal cul ati on of maxi mum % honol ogy therefore firstly requires
the production of an optinmal alignment, taking into consideration gap
penalties. A suitable conputer progra.\igfor carrying out such an
alignnent is the GCG Wsconsin Bestfit" package (University of

W sconsin, U S A ; Devereux et at, 1984, Nuclejic Acids Research
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si-m | aF}éfgra@; sviebyt AsnAn ¢HgERdentiin exanpl e of such a matrix
comonl y useayis the BLOSUMG2 matrix - the default matrix for the

BLAST suite of progranms. GCG Wsconsin prograns generally use either
t he pufQ127}efHeme qgmqsp@spaﬂsoasm@tww«@gfd By &par PEmere gpvally, with the

suppl i : f f : i i 3

set natERdEEhaRie Saptdioq rhpRiscByldls, HhessiodthfbRiAN aabie
ot her sohputar@rodramsaeinacdidulatets homogibetwe8h QBB thorg 664 331c8ace t he
sof tware has produced an optimal alignnent, it is possible to

| | o h , f blLy % identity. Th ft
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i ncl ude those having the am no acid sequences, wherein one or nore of
the anB@g Acpae sequenss witegt e Fomnarediviméie gairrePaRding vimien acid in the

the nop el PEtRRoRr A | 2 K st ST sl 3%, AfigeRBklry elfnfbnt.
i nvent Typicaihef suctblungappedOaljggmeents are gedatreed aminoowei d sdafivehyc short

identit o the human _VDCC BARP pol ti de. am no acid sequence set

out i nnUEBRT B RSIOURS EATE Grosoh TS5 TGPy SptT SRl ogues

within the scope of the invention include the am no acid sequence of

SEQ | D{d’é@@a] 6 whaltRbilgh (3 iPBehf sHBSIE aR8RVNbisterRGhethbasit daiRstol take into

substituted with F[%I utam c acid; (b) one or nore isoleucine residues

i s subsensider@don thatil &icexamplecjn @ik olierwisceidginjieahpaiprofvsgquances, one

residu LB, S [ ed. M e, (d) : LNy

Fesi dulsetBrE BD et bt A {eHtnahd S, S TRERBS A Ebut ot of

or phealdrahant, teuy pstedtially fesultimgshid largeraduction iry p& bphaiogy when a global

. [00135] " VDCC BARP gl)_frotei n"_or "V BARP pol ypeptide" refers tR 51

pr ot ei lignment is performed. Consequently, most sequence comparison methods are

designed to produce optimal alignments that fake into consideration possible
insertions and deletions without penalising _un(_iuly the overall homology score. This is
achieved by inserting “gaps” in the sequence 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,ifor 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



or pol ypepti de encoded by the VDCC BARP gene sequence, variants or
fragnents thereof. Also included are proteins encoded by DNA that
hybri di ze under high or IOM/stringenc¥ condi tions, to VDCC BARP
encodi ng nucl eie acids and closely re gted pol ypepti des or proteins
retrieved by antisera to' the VDCC BARP p rotelngn) 00136] " Pr ot ei, .
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speci fic bindi (r;% pair nmenbers for a | abeled | igand. The choj ce of

| abel @écpﬁbm@n atnr@tg@afﬁhgnmem tekiggi fﬂtébm@&%ramn ganjpefaitiesnAgitable
th t !

o ARt SHETRR S Ul e B TARE B et
e.g. Satfhaigml(Lmﬂvmlty 0I9$Bsrmmira OS Aus Weeleraix @f af., 11982, sNpclaic Aslls

00137 A | d f t t" i tretch
o am REBRIAT T E&PACks EETIRES oat: SHBbLERYSE (HECavAh BofRTy.Shsience
am no asrrq;%ﬂseﬁé %I@ée Ia%ﬁsatre%mtm‘rmﬁe%thﬁ@suvx@r ﬁé’é]édg@t@.éé mmu&eu et al,,

aci ds, typl cal y | east about nine to contl% ous amno acid

and, nﬂ@BQpbldfeC@bpw,l’ W), FAGIA Gachul 20 ad 01880.04. Mok @l@or‘ﬂﬂi’g‘é@)sﬁﬂd the
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Pr ef er beling clrnualigotsedeshing (sbe Ammu mnaie;nmne ind) ppges B8 thav-60y
substantl ally simlar function to wl pe full |ength VDCC BARP.
" Subst atRweyer it '%PFﬁfﬁﬁ?dft‘a%ﬁltB%GQ@f%“ttRfogwf unction of a nucleic

aci d or polypeptide honol ogue, variant, derivative or fragment of
VDCC BAgth 391t h r%ﬁtﬁbﬁ@ﬁ%é ﬁné!h’% wanh@iogy@an%@%e%ﬁednﬁ@é@mszoﬁaeﬂn@rme

whd- ty?gnmen‘: prBoAc\;EZs i?selfp is typlcaliy not based on an all-or-nothing pair comparison.
Instead, a scaled similarity score matrix is generally used that assigns scores {o each
pairwise comparison based on chemical similarity or evolutionary distance. An
example of such a matrix commonly used is the BLOSUM62 matrix - the default
matrix for the BLAST suite of programs. GCG Wisconsin programs generally use
either the public default values or a custom symbol comparison table if supplled (see
user manual for further details). It is preferred to use the public default values for the
GCG package, or in the case of other software, the default matrix, such as

BLOSUMSG2.

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

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



[ 00139] However, non-functional fornms of VDCC BARP pol ypepti des may
also Dbe included within the scope of the invention since they may be
useful, for exanple, as antagonists of VDCC BARP function. [00140]In
addition to the si mlarity of functi &8, the nodified pol ypeptide may
have ot her useful properties, such as a longer half-life. The
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e capHBISact PrHIE o e ABNORNahRaTae: Ok I 3R, PR e
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of at least 0.9. Another test, based on the interaction of VDCC dA\pﬁth
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honol ogues, variants and fragrrents are capable of binding to the AID

Fact o DGTSAT | cadiDGCABPHR BRI B NIREC: BRThe GRke iAoy I ardisfn

by a f@@b@!y?@bu&é eh@@ééd@) %heSUDCEPBARM \éhbr%c{abﬁdé NearifBays fligients
wel | known'to skil persons “such as ny?m down' assays where

one coﬂ?@ﬁ@t@cnﬂlﬁoslnéklﬁﬁés%’@d?fa?iféﬁ eoeedad py BN ihat hybsidizeounder high or low
| i one-
gl ut at&kg@%ﬁ% %ﬁ@@lﬁéﬁé aﬁ)e pepF gﬁ&gd[ﬂa Aididiat IW%ngeeﬂg%lgsl%lated

beads. |T|e e may~be synthesi se
convenpolppaptidescdrpratedss reiriewaj by antiestaliy tihe MG CE BARMpadtein¢s)aci d and
produced using conventional techniques. The nodified nucleic acid is

entjonal techni . | d with a funct
Dbt aftE1 ;o bl L alip it 5, s dnShiad” pendied By | B Prédnt
pr oducggehfith mdsvtbceﬂsmﬁ gbwpégﬁ@és beﬁagh@r@s tht8dfehBasardesubstantially

substantially full-length polypeptides present invention

pr ovi de@mpRgolE 3P dgirail| %;rta:émra §eﬂil|*%l'§j7r$ef?mswb*f3ht"h‘éu%l §-fe R iVHESOT in Vitro
o 00 rafaeh R el bR Ul Spof Pt uiipdios
cal ci usuchanmdificaiionstineludiedentéxanesle] at@tlymbnnganhmkeletndnasphosphob;latlomn
2‘;] a?glcgllé(ggqgf gﬁonrgfdm%g%%}g% !%ﬁ,gr,agégg d\glii 8;0%%&;&3 Cst 'a\rlaldtv'a%ous 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.. antibodies), 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.9., Sambrook et al., 1989 supra or Ausubel et al., 1992 supra.



[ 00143] The pol ypeptides of the present invention, if soluble, my be
coupled to a solid-phase support, e.g., nitrocellul ose, nylon, colum
packing materials (e.g., Sepharose beads), nagnetic beads, gl ass
wool , plastic, netal, polynmer gels, ¢ |s, or other substrates. Such
supports may take the form for exanple, of beads, wells, dipsticks,

or menfggBER- [ OAlAd)Jéstider YarmhentVeoic ¢ Seghant! dea dtastch wsisafino
pol ypepti des, conprising VDCC BARP pol ypepti des and fragnents.
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are we Knhown ™1 n he ar or_ exanpl e, suc ypept I des may
puri f i pelybgpiidaruno-af finity chronat ography enploying, e.g., the
anti bodi es provided by the present I nvention.- Various met hods of

pr-ot ©! ﬂ)ﬂpllérghf ! Calt-{B\(f)vgvgrr, enovr\ﬂunct( ona ol'ms o?e\lif}{.‘,b BARP polypeptides may also
be included within the scope of the invention since they may be useful, for example,
as antagonists of VDCC BARP function. '

[00140] In addition to the similarity of function, the modified polypeptide may
have other useful properties, such as a longer half-life. 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. Tﬁe function/biclogical 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 activity 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



[00147]The terns "isolated", "substantially pure", and,
"substantially honbgeneous"” are used interchangeably to describe a
protein or polypeptide that has been separated from conponents that
acconpany it in its natural state. 'A4®nonmeric protein is
substantially purified when at | east about 60 to 75% of a sanpl e.
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0 subunit of a voltage gated calcium channel or other identifled interacting molecules,
inhibition of calcium channel activity and other biological activities characteristic of

VDCC BARP polypeptides.

[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 an.d 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 domairis may be "swapped”
between different new fusion polypeptides or fragments. Such _homo!ogous or

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



[ 00151] Di agnosti c and prognostic nethods will generally be conducted
using a biological sanple obtained froma patient. A "sanple" refers
to a sanple of tissue or fluid suspe fd of containing an anal yte

pol ynucl eoti de or pol ypeptide from an™t ndi vi dual including, but not
limted to, e.g., plasma, serum spinal fluid, lynph fluid, the
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be drawn and DNA extracte e bl'ood.” I'n addition,
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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 synthesised in
a cellular system different from the cell from which it naturally originates 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.



[ 00155] To detect the alteration of the wild-type VDCC BARP gene in a
tissue, it is helpful to isolate the tissue free from surrounding
normal tissues. Means for enriching tissue preparation are known in
the art. For exanple, the tissue may 4 isolated fromparaffin or
cryostat sections. Cells nmay al so be separated by flow cytonetry.
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probed wi th sequences near or including the VDCC BARP gene sequence)
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saliva, blood cells, organs, tissue and samples of in vitro cell culture constituents.

[00152] According to the diagnostic and prognostic methods of the present
invention, alteration of the wild-type VDCC BARP gene sequence may be detected
using .anyone of the methods described herein. In addition, the diagnostic and
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 noncbding
regiohs. Deletions méy 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 not inherited in the
germline. 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 related
to voltage gated calcium channels may be indicated. The finding of VDCC BARP



VDCC BARP and or nutations to the gene include, but are not limted

to: 1) allele-specific PCR 2) single stranded confornmation anal ysis
(SSCA); 3) denaturing gradi ent gel §$trophoresis (DGGE); 4) RNase

protection assays; 5) the use of protéfns which recognize nucleotide
m smat ches, such as the E. coli nmutS protein; 6) allele-specif
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[00156] A rapid preliminary 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 felated to voltage gated calciur‘n channels, or both. Southern 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 etectrophoresis (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. Altematively, the gene sequences can be amplified directly




conpared to wi | d-type sequences, using a denaturing gradient gel.
[00162] I n the RNase protection nethod a | abel ed ri boprobe that is
conplenentary to the human w | d-type VDCC BARP gene codi ng sequence
is used. The riboprobe and either mRN#or DNA isolated fromthe
effected tissue are hybridised together and subsequently digested
with t Ha)mnzgenorﬁma@BIAAptdpmramm fbireother aeinec tisseusing kabwheaechmgaes.
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gene, it will be desirable to use a nunber of these probes to Screen
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sequengeadient4gel electrophore3|s (DGGE ); 4) RNase protection assays; 5) the use of
proteins which recognize nucleotide mismatches, such as the E. coli mutS protein; 6)
allele-specific oligonucleotides (ASOs); and 7) fluorescent in situ hybridisation (FISH).
Other approaches based on the detection of mismatches befween the two
complementary DNA strands include clamped denaturing gel electrophoresis

(CDGE), heteroduplex analysis (HA) and chemical mismatch cleavage (CMC).

[00159] For alle[e—spécific PCR, primers are used which hybridize at their 3'
ends to a particular VDCC BARP mutation. If the pérticular VDCC BARP mutation is
not present, an amplification product is not observed. Amplification Refractory
Mutation System (ARMS) can also be used, as disclosed in European Patent
Application Publication No. 0332435. Insertions and deletions of genes can also be
detected by cloning}, sequencing and amplification. In addition, restriction vfragment
length polymorphism (RFLP) probes for the gene or surrounding marker genes can
be used to score alteration of an allele or an insertion in a polymorphic fragment.
Such a method is paﬂicularly'uéeful for séreening relatives of an affected individual
for the presence of the VDCC BARP mutation found in that individual.

[00160] -~ SSCA detecis 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 to detect most DNA sequence



| ar ge numbers of sanples for that same mutation. In an

al l el e-specific oligonucleotide assay, an oligonucleotide is designed
whi ch detects a specific sequence which contains a region of the VDCC
BARP gene sequence harboring a known #utation, and the assay is
performed by detecting the presence or absence of a hybridisation
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pr oced ncl 4di ng tenper at ur e, nic strength, base conposition,
probe thmggh enammﬂabo mamenucaimie@fageor&ﬁeﬁn@évelyhmam@teh@epan be detected

circu tanc mat i on.of he b
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det ect tmgies@égewuﬁeaiﬂ%rceﬁeprbseéﬁﬁl Megtdbé@, thd canMar @fﬁRN}f\eor DNA that
resulting hybrid is usually acconplished the use of | abele

pr obes might egoid@invd ynutaiiehpcgbe b@ayafﬁélfﬂﬁﬁiy abinedPChut(saay bBE’W) before
detectﬁgbﬁ % %pem fic binding wwth a-ligand that is | abeled, either
di rect ﬁj tﬁ rTectly. Suitable |abels, and nethods for | abel | ng
probes and ligands are known in the art, and i-nclude, for exanple,

r adi oag0d164]l abellrs th\éllmlhtSrT@s'sdye thxmcpmtpm bindd dnly ko eequemtdsotiat Contnin a
nick translation, random prjm nL(]:] or . ki-nasi ng% bi ot| fI uor escent
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triggered di oxetanes), enzynes, antibodies and the |ike. Variations
[0G165] Once a mutation is known, a gene specific detection approach such as

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



principle that a small |igand (such as di goxigenin, biotin, or the
like) is attached to a nucleic acid probe capable of specifically

bi ndi ng VDCC BARP. The small ligand is then detected. In one exanple,
the small ligand attached to the nucl4dc acid probe night be
specifically recogni zed by an anti body-enzyne conjugate. For exanpl e,
di goxi dengemumeberbef abnpidselr that tshemenmatatioo. dniath Pletbepediibolighrsataotide

is then detected, by a ti body:.al kal i ne_phosphat ase cponj ugat e t hat.
urns. G98RY.aSbndiRuHes0aE ot deaigaed v o O RRES 40 ae S Al Roh diticn
smal | |4 ?d\ﬁ% b?ﬁ? ' rietors :
t hat igbgapl)a ?gﬁgwsgigﬁg?cal %ﬁp@ﬁ%@%@%dﬁ?ﬂéﬂ?fﬁ?ﬁ i anﬁdjgﬁ%\ﬁlon’
wel | - kiaodrihe>asspy és ipsrfoheetibyt deteetinglihe pyesencd or mbsenes pbashybridisation
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I n one_exanple to detect the presence of

in a cell sanple,
nore t Ramanell.pBybese aipk dredieraraf $@W@@9Wiﬁc48fqb§3erﬁﬁ%y@BD&pﬁéﬁpﬁ
partic er ' r r | t | :
G 1 er SRS Rl SoaaraC it Bof LB es e S p b ML TPy ulliof
t he prgsgheceDCT BARE goms. HybiitiealidrCer 8RR sgetific pesheanwith empdified VDCC
patient, nore than.one probe conpl enmentary to VDCC %ARP Hs egpl ogle%j
wher e AR SBRURMNES; GRA E@Jév@ﬁsm%sfoesis%rwpé,@ﬂ HPRANASE o HyREdisation 1o a
al |l el ez ifi j i i ' is t Yii
21 t or 2P ARl OB AL bR EIdiearich, dioRs 16t A prEbimendrife
can besamedn ubatidrvminl theplissfuer with wisropleddealginob ebame rastipibn disrig the allake-
maj or 8ene nut ations identified as predisposing an individual to the

cancer 50€°1E¢ BIQRE- descri bed herein. [00171]1n a highly preferred
enbodi nent, screening techni ques based on hybridi zation to probes,

parti cigdey a plrimaldition @ ths clieset Mathcdy VEXIOMBARP gbhed erspatitdnts
mut ati ons use probes inmobilized to solid substrates as describ

above, teseoleipbe detestrd wsiPen comveniiona! mipke dacknlpgyn Uectimbes are
(DN Clhbédho gf@&&%ﬁb%géﬁ&é B4 tathbsbyiRshdSRForBART RGP sERRNRIGS R
susceptibility to disorders related to voltage gated calcium channel), the biological
sample to be analysed, such as blood or serum, may be treated, if desired, to extract
the nucleic acids. The sample nucleic acid may be prepared in various ways fo
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. 'Therefo_re, high stringency conditions are

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



screening for alteration of wild-type VDCC BARP protein. Such
alterations can be determ ned by am no acid sequence analysis in
accordance with conventional techniques. Mre preferably, antibodies
(pol ycl onal or nonoclonal) may be use#/ to detect differences in, or.
t he absence of VDCC BARP proteins or peptides. The anti bodi es may be

prepar efaale dksd vaRAfltHeeh LW ate tompierheadnng reditnshaidhe shronkesome that
exanpl e, nonocl onal antibodies immunoreactive with VYDCC BARP can b
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altera genes. Functional assays, suc
pr ot ei targenskquepndeser m nati ons, can be used. In addition, assays can
be used whi ch detect VDCC BARP bi ol ogi cal function. Fi ndi ng a nutant
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BARP proteins in paraffin or frozen tissue sections, usin
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| i nked “I"munosor ent assays radi ol oassa
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for VI RP pol ypeptides of the i-nvention and imortal cell |ines
t hat peomes,aamanaa@ taalikeodaristions of ithisdrasio Acheme iase dypown in the

ben bArp AN RS el arkigng e tAciilid Sfbnkfion of e %ﬂagq&%ﬁ%@gw

VDCC B pep carrier pro I'muni“zi ng a

ani mal froht éxttdreoieCeaRARR pad/yptat adelify thensigal dam ther lapeletdenoiety.
conjugate of step (a) adm xed vvith an adjuvant; and (c) obtaining

anti bo fr mthe i ni zed ni_mal 00176].According.to th
vent e 00c EARPHERTe e e P uaa coel FECEAIPAY FYSCivepyiork on the
chem C?H ﬁlélét ﬁ@%'assmém%éﬁé%@dﬁ 8s Q!'gcﬁéidlﬁﬁn disibtii b tHesiike) 19?1@&53@% to a
thereof, including fusio6n proteins, may used as an i mmunog

gener angclgist ﬁ@dd"@@etqa@tab}ee@fowfzf@aﬁhéﬂm\@@6 BORFpepbe @@a”Sllﬂﬁﬂd is
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might be specifically recognized by an antibody-enzyme conjugate. For example,
digoxigenin may be attached to the nucleic acfd probe. Hybridisaﬁon is then detected
by an antibody-alkaline phosphatase conjugate that turns over a chemi[uminesbent
substrate. In a second example, the small figand may be recognized by a second
.iigand-enzyme. conjugate that is capable of specifically complexing to 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 cockfail 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



[00177] Thus, the present invention also provides polyclonal and/or

nmonocl onal . anti bodi es and fragnments thereof, and i nmmunol ogi c binding -

equi val ents, thereof, which are capabl e of speC|f|caIIy bi nding to

t he VDCC BARP pol ypeptl des and fragr‘réﬁts t hereof or to pol ynucl eoti de
sequences fromthe VDCC BARP region, particularly fromthe VDCC BARP
gene sieqreplogediand lpmattannanthermmﬁbamrdiﬁerehbpcﬁm is ltsrmativklyd 3,@r 5
exanpl but are. not ted to poI clon nono¢l onal &imeri C
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10, amino acids. An antigenic portion of nol eclul e can be t hat
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nol ecul e for imuni zation. A nolecule that is antigenic need not be
i t sel floonmipogerinca higaly, pcefeabﬂeen‘fboeiimemtt,lstgealmngnmmhalquespbamj on

wi t hout a carrl er. 0179 An "anti b is_an |-obul i
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epito ecﬁ&%&%’tﬁh@ r&%ﬁéﬁ?@ﬁé@ﬁnﬁgby%@?@%@hd@ﬁlﬁ&l‘éﬁ?@@bs @%Qnt%ﬁ EBdS\k—? for
anti b I es [ ast tioned described 1 n further detail u.

Pat entexXsozple 4n BEcfopaofANdA 4r@ys ob6stlicanssubstiatess( W ichs).bi ndl ng
portions of antibodies, including Fab, F(abl)2 and F(v) (including

si ngl ant n
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rfi‘% (BOUICE oY ANHYY AGLsqaeNAgt 287 %étmaccaa%ncanwa gRnven ionI

ant I bqgahmehsé;ulmo@%mrérﬁs@ %tn@@éﬁéé’ (ﬁ&chthhér ﬁmbmoﬁar)lrﬁ@y ®eAlkd to

hypervari abl e regi ons that specifical r\é bi nds antig
[ 001 8Gietweingiffargncast lnbautytheoabmnc@soé Cat BARA ﬁfﬁiﬁ@gl oboephides. The

o e AR bl 4 g R BL AR R R R el gs o
i ncl udixagngl8oRRNPEIohiaP BAtIKOWES itmurteeaitiveanitirADCEaBARPF aD bp2usudto
F(v), which portions are preferred for use in the therapeutic nethods

descr i%&eher Bsstie. | d@el19TFaRonaia antiast) Paydpeicaits 2oy Dt iBsdely mutation,
ol eCLé!)&)?e&rz&w Bt %&t%s%;&rh@eﬂmency 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 can be used to detect alteration of wild-
type'VDCC BARP genes. Functional assays,rsuch as protein binding determinations,
can be used. In addition, assays can 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



proteol ytic reaction of papain and pepsin, respectively, on
substantially intact anti body nol ecul es by nethods that are ,

wel | -known. See for exanple, U S. Patent No. 4, 342,566. Fab' anti body
mol ecul e portions are al so wel |l -know#8%nd are produced 51 from
F(abi)2 portions followed by reduction of the disulfide bonds |inking

the twgARRVprotdia oh PAkbicPRSoAIMMUNBbITES Cﬁpbo%bwmhxdea@éisf ol inowadtHey
al kylation' of the resulting protein nmercaptan with a reagent such as
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single b|nd|n for any anti th which it inmmun
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di fferent antigen a bispecific (chinmefic) nonoclonal anti

[ 00183}33333/& ¢iaWARdjnelusiing  sasfdsvich tassays onpiognchomociangt Larn:ilmmaxolyclonai
enhanc t t he i mmune response to an antigen. An adjuvant can serve as
a tissBe" Bt t hat slowy releases the antigen and also as a

| ynphoi d systeM activator that non-specifically enhances the inmune
responaatibddést et at, in Imunol ogy, p. 384, Second Ed., :

Benj am n/ Cumm ngs Menl o Park, California (1984)]. Oten, a pri mary

hal | t | t he
Can clEETBL T SPndmse st onvaion 415 Havides HhelemAog U rﬁ%}%ﬂ%@ fgnotional
i ncl. ud§nd B l__yci%fn%l Bﬁf:béd!@‘s Bdciie focomRice BRARP %H%e‘?h@é& BV 84 invention and
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product i ®ik)btaining antibody from the immunized host animal.

[00176] VAccording to the invention, VDCC BARP polypeptide produced
recombinantly or by chemical synthesis, and fragments or other derivatives or
" analogs thereof, including fusion proteins, may be used as an immuhogen to generate
antibodies that recognize the VDCC BARP polypeptide. Such antibodies inciude but
are not limited to polyclonal, monoclonal, chimeric, single chain, Fab fragments, and

an Fab expression library.

[00177] Thus, the present invention also provides polyclonal and/or monoclonal.
antibodies and fragments thereof, and immunologic binding equivalents. thereof,
which are capable of specifically binding to the VDCC BARP polypeptides and
fragments thereof or to polynucleotide sequences from the VDCC BARP region,
particularly from the VDCC BARP gene sequence or a portion thereof. Such
antibodies thus include for example, but are not limited to polyclonal, monoclonal,

chimeric, single chain, Fab fragmerits, and an Fab expression library. Production of



pol ycl onal anti bodies to VDCC BARP pol ypeptide, or fragnent,
derivative or analog thereof For the production of antibody, various
host animal s can be i muni zed by injection with the VDCC BARP

pol ypeptide, or a derivative (e.g., f?&gment or fusion protein)
thereof, including but not limted to rabbits, mce, rats, sheep,

goat s, aetibodies spreifienoo MDEGtBARRepyBDEEH BERPophgmepts thereof isr dgsnsived
t hereof can be conjugated to an i nmunogenic carrier, e.g., bovine
serum 2R n (BSA) or keyhole 52 linpet henocyanin (KLH). Various
adj uvants may be used to increase the i mmunol ogi cal response,
dependirggn 7] t he AhRRfietREH eontiddMid"Udhes P cai9AbIb ot dreiflcally iuRitting
(compl ete and inconplete), mneral gels such as al um num hydr oxi de,
sur f acevitiictarveastigest arecegnition h maletuyls oloéctheni immgnair sygtempopyel sas an

ol yani.on ti.des, .oil .enmul.sio hal i.ppet _h i DS, ,
B S oL i BB 2 e kD She SRS e
(baci | kenfaahd Bt leBstARIULB), 2Rl hrERIANG 2R A BBOUP A/ amino ddiEl 8Ah Eatigenic
preparati on of Monocl onal antibodies directed toward, the VDCC BARP

pol ypeppitien oba melegrientan hadhal podiondiat vatmmenedenignt famgntibody or T
po yP { e . . |
ol GUp ghe PrLARRY! 87 By BECS R0 Bla 89RO B Sty Bne
not Iimdlemlémy;détgwjlg%dérriggtgémlrgi?ghm nmldaionrtilagi oa‘:iﬁyndﬂa@jt _ lem?dingyymaaiim.
et at, Nature, . - 497 ,.as.we as e triom ni.que.,.
Che: hufnmoals foatseRideme rem e Rl BomtebOShit | ntrbrig.p HlGtps
4:72 (%%Qﬁﬂunéa{)b@ bH@eF@;{ hybek t echni que to produce human

ant | Ogl es P

nonocl ona e etal., in Mnoclonal Antibodies and
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pol ypept t ogether with nes fr human. i ho
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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 examiple, U.S. Patent No.

4,342 ,566. Fab' antibody molecule portions are also well-known and are prodtjced



[ 00187] According to the invention, techniques described for the
production of single chain antibodies (U S. Patent 4,946,778) can be
adapted to produce VDCC BARP Polypeptgfe-specific single chain

anti bodi es. An additional enbodinent 0f the invention utilizes the

Tl TR e R I T

| dent? Tdra beRioh! B0TRRL Bl BPRIYRSIORE the result
speci fid@%ﬁ’b?(@r&gnﬁ\)/%cm %adgo .9%2{)% de, or ib?stsger@%gti ves, Coroong

anal ogsrofed0 188t aptanbwedly 4 reaganitsichhds lodoaretdmideheAndaniibpdy asntaining
ant i bod |l ecul e can b ener.at ed, by .known t-echni ques. For exanpl e,
such fﬁéﬁﬁﬂ@@qdﬁﬂﬁgguﬁﬁgsg L) hFYGFWI ed to: the F(abl)2 fragnent
whi ch can be produced by pepsin digestion of the antibody nol ecul e;

t he FaljbpfgggmentihewphedseC amobciorak BALIBSHWYin @8 ugdrittist RRarfinstitdll fiems
bridges of the F(abl)2 fragnent, and the Fab frggrrents whi ch can be

gener atréi@rpio epeatibegytvinthenlyaeie apedesiPé aptibedy paibiniag gite capable of
reduci n 0 n o) i.on HOf i i : j :

e deaPrRBRRactsBanit, A nhRBuRL CAHfEn L #imBiooRRA SRubqy SRR Rbicf
art, edgplaysadi singteundaiisqyaffitity &k aeynzantigehi witledvhiohuibdsorengacts. A
assay), "sandw ch" inmmunoassays, ' immnora&%cg{;etr' c gssa%s, (ﬁl .

di ff,usinaﬁﬂ%lfé’lﬁ' gntippdy axt ineriors CRATABAT AR 838 - haying agRjurality of
i mmuno T cYa Y] X WoY 83 St a S,a hi-
for ex%%ngﬁéé?% (C\%;@st{?@lp %‘F%’S?A%‘?gﬁ'ﬁﬁﬁgau on ?%ra(%??%f%?ﬂaﬁgﬁﬁh Eﬁé'f cz)anbl

assays specific (chjmieriaygianoictnal entitstyays, hemaggl uti nati on assays),
conpl ement fixation assays, imunofluorescence assays, protein A
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Snt i bogammu{g@ rg_@p@ﬂi@a; tceab@ﬂitiggn.t Art étﬁpmngrmhysmé aBcfisdue ?]Qicﬁtﬁ_hﬁchlmly
etectin I ndl ng of a secondary anti boc or reagent to the prinmm

ant i boé“y'.gaW? &9 @nfiger FHAEenBhE 'Yﬂfg‘%%ééfﬁf&é? f%_ﬁ%@ﬁ_&‘a%t P%feﬁa%“éﬁ‘éi‘)’

Many MBARSn@ES e U Pe*&%oﬁgé [E86d B AC LihYehhLAGIoBE, hN384, Second Ed.,

t.
i munoassay and are wthin't scope of thie 54 present invention.
For ex&epjaminioumsiiegs, ManiobdarikeSatifoania@8d4)hi Liten, spwonsivechajengpwith

of a VDCC BARP pol ypenptide, —one ass ener at ed,.hybr,i for
bt oduc 8 cron; A P GiseRCERRN ARGt oR s Gheh A LERTE o fejfar
such ephirepe. rdsponse! egldieangd ivdludat bbiodye e cirhited tte, aoMplete BABENd's
pol ypeptide froma particul ar species of aninal, one can sel ect on

t he” bagfiivant. ppspplatep iruinds AFiaNbEaPeARP HHISiBE peisdeudk mseakEtnyy
For eaol T pRYFELLS lyd "alnsaRebessaln 28k THeod SRR bR, oty
t o t he pbbyealdrsatpeplidesd cédcor wiytsocafbdrhemEEn8AREYpale yipepeti Hemoeyanins,

f West bl otti j i \/ BARP I tide | i ,
oasur DTG RARSID, Epelsealy SasbhimanaRto Pt st (hile Caprote-
Guerin) and Corynebacterium parvum. Preferably, the adjuvant is pharmaceutically

acceptable.

[00184] Various procedures known in the art may be used for the production of
polyclonal antibedies 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 po!ypepti'de‘ or fragment thereof can be
conjugated to an immunogenic carrier, e.g., bovine serum albumin (BSA) or keyhole




[00191]In a specific enbodi nent, antibodi es are devel oped by

I mmuni zing rabbits with synthetic peptides predicted by the protein
sequence or with reconbi nant proteins de using bacterial expressio
vectors. .-The choice of synthetic peptﬁgzs is made after careful .
anal ysis of the predicted grotein structure, as described above. In

parti climget peperwniselftidites asionseAdpiyaats veay| bavegpd dpt dicrgage the
oy imHeRHd raSRASC HePERI AR 6ot Shetidinifding Y8 B 1R 1o

i Mmuni Feenaddi (cdmpldte oandrintempleteRraineesiogbisnanth prsotakiminuth enydfdxide,
vector can be used to express the pol yB_eptide.‘ Al ternatively, one ,gan
use onlsyrfﬁ‘}%lﬁéb‘fﬁ pitleslaneRs fi&ch 8s b@ﬁlﬁcg '@-PMO'F‘GQOMI%ME onsypeptides

expressqd el | ; p LR~ angi: u ' [
Fabbi ¢ o MR Klol drRs AP BEpsy PaieC i kool B0 pBrorfEHy! ki
r econbhoaren \AEEaBARRUchl ppeBCiGid basillas Ed/melté-Buening eandaibirysebaaterivm
t he polyclonal antibodies are imunopurified prior to further use.

The puPPfY4% anti bodies are particularly useful for sem -quantitative

assays, particularly for detecting the presence of VDCC BAR?

pol ypepsa185] [ 00£831dresation! of mohecrnkl afBBsdias Aircdfdd hegMrduged VDCC
the di agnostic and therapeutic nmethods of this invention is an,
af fini B%%%rﬁcﬂym’ﬂﬁ@l ot | foagiheaihtansde:. onveesvativer drerpoly amhéechmiquso ifipt

ant | - moROTA AR a6 R bt R G b seh L BHERNGR P RulPe
Fab'', hisgbbe dsed. Fhepe Muitdeobet afe métdingitethtd thedyybridbaaieeBniquéoriginally

Assays [00194] The present invention provides_assays that are suitable
for idQ%Yﬁ"'PW‘ﬁngé o @& 52/t hilBttsen 2B ANPDERT ﬁAﬁﬁbo@@mfiB&e & trioma
(ref er ghg®ii | | JAC Hég% ik ri .dﬁf?@g

fragment s éit%d\gﬁ%ﬁt}g{gg] %t%ga@ﬂ?ﬁ ad ?tﬁ Plg\r?,@ [gggg?:/ﬁseg?é !m[{/l decfjl ?ﬁgﬁy’
are suit7abl(298d)i, addnthef HEEAGhybtidermacteshnigae intpgedesse huintdn VDO BARP

bi ndi h |,.D hi ndi d ' f..0- subuni f

cal ci UM TRRREICOIP s el P B8 Pap Al 8R4 Cafior Tkl ol k58
sCreeng, dgsé,nirel,actagsg). WilinkoECaBNRRI-Broiuchy £8e IAED Gimdenged@Rby
of p-subunit of a voltage gated cal cium channel). Such _assays are
typi catagniques eiher thar dysiony sueh a5 girest tharsfomaatianest B henrtiaatasswih

e ; are e Vi ; . ;
??\Tal:t a@g? 4 ?W}},gﬁeﬁ%ﬁ drefith EgMEhIBEPHYs.] Bekl b, S BRKRiQ et al,

assays. .
"Hybridoma Techniques" (1980); Hammerling et al., "Monoclonal Antibodies And T-
cell Hybridomas™ (1881); Kennett et al., "Monoclonal Antibodies" (1980); see also
U.S. Patent Nos. 4,341,761; 4,399,121; 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/US90/02545).
According 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 vifro (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 ef al., Nature, 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




Candi dat e substances [00195] A substance that nodul ates cal ci um
channel activity as a result of an interaction with VDCC BARP

pol ypeptides nmay do so in several way It may directly disrupt the
bi ndi ng of VDCC BARP to a p-subunit a voltage gated cal ci um
channel by, for exanple, binding to VDCC BARP and masking or altering
the si £8NdE ¥sadsEHEhianbadien atfﬁéN'B“t”hQ?e 8ERRFOAEHYS 'r@&ﬁtj@@at%ich human of

subst aﬂgﬁ%f\g&dﬁ]&iﬁew %ﬂtiﬂ@@fieg Yy S:Péfgﬁfeb ¥oPGsd I %b?pﬁﬁcﬁf IJquélg rdﬁ?]%%gs By

invitr assa descr oW an
t est eddlsbn:l‘ere>(de$rtr¢>eldrvnﬁray>mrh@ thel ihuraasary hasnalezed ahiéicbdies ave much less

of candldate subs ces |n | ude anti bodi es which, rec
VDOC, Bl 0 DRCEn STRRBS AP GHOUEh 85 HBTUPelaoPy e Ues BAlGD 20

may al I nnel activity.. This can be tested using,
for exél@e Ebér\}\%ltgé@ II%gélassays descri bed bel ow. Non-functi onal

honol ogues of VDCC BARP may al so be tested for inhibition of VDCC
BARP afdté7iy si Aczeordhr@ytqrme roeptier wchhiquesdesprped éor thengiodyctien of

b f | | h f :
ol ognEE Hhgn e aL 5 5 AP 1) ok et el g vocc
nodi fi paAR ‘f‘D?@ \@%BAW@F‘HQ@' chainEHtibbaickhexe atiditibRalpémnbbeikmerit of the

fragments o whi ch conprise one or nore of the

t rans mfwanm l@bméﬁ fhe teshniaues deserdiad far, tf@l gensuciionoef 5abeexpression
engt hBOCS BREe EET oo amare Rasura SRR S s2eldng vy,

channeidentiingationest mohobiohahBab rirageckts vgth tim desicidu spemﬁa:u@nforca‘n vbeC
vol tagé %?_.;te cal cﬁm channel .t he m)d%ll ator may conprise VDCC BARP or
peptid PreRIIAS, OR its der¥ativesHOl fRECE®Mai n, Domain |, Domain Il or
a fusion polypeptide of Domain | and Domain I [ 00198] Pr ef erably

Domai njplo188] SYRDA (EARRICh Qaaibdid th@Tdisspendithe ahﬂb@cﬂv fH&lecule
aci ds 422 to 442 of SEQ ID NO 2 and_honol ogous "am no acid guences

of cor@@sb@mnﬁgatsmyl!momostecbn@ﬂe@ For efampipl sueh agments lnf»‘l;u griwhare

can | nﬁ&rlrﬁiﬁ&ebd'\tot n8 Fﬁb ?zu Enpwpﬁhvc%{ V@??r&ﬂ}c%g PSS AN FIRRBBRof the

t hereby i I'ng C anne
antibody molecule; the Fab' fragments which can be generated by reducing the

disulfide bridges of the F(ab'); fragment, and the Fab fragments which can be
generated by freating 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., radioimmunoassay, ELISA
(enzyme-linked. immunosorbent assay), "sandwich" immunoassays,
" immunoradiometric assays, gel diffusion precipitin reactions, immunodiffusion assays,
‘in sftu 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 of the




[ 00199] Preferably Domain Il roughly corresponds to am no acids 525 to
563 of SEQ ID NO 2 eg: PRAWPRRPRRDYSI DEKTDALFHEFLRHDPHFDDAPRHR and
honol ogous am no acid fragnent sequenoﬁtfs of correspondi ng SEQ | D NCS:
4 or 6. Preferably a Donain Il fragme canlnteract with a /3. _
subunit of a voltage gat ed cal ci um chanpel ﬁlﬁ reduci n g?l Ci L{
channePresént {ﬂVﬁyt'OT 0620 61AMpk: faseigst gt Qﬂé?% LoBCoaNsRRALS ﬁ(j ieiRpllope

associ

b ol ogC b1 15 E%, BARE PEVRREMAS &id Gy HosSe AR AR ATRaS IS or ?‘?Jn%ﬁ
expr estiabroiods t@@m&’lﬁﬂiDMRmelymm ragmenbheohwmihg afuch epitope. For
transcri pt| on, transcg@gt sta il | t

post - t PAIRSTRR (B} adf! Y.SWCI &0 aw{a@ﬁfééﬁé‘plﬁéwa frree anBattigulse
ant i segs&,iBNor ahinfQUBhE 2h D%Q&de Heehhs 'd?qaoehﬁe%ﬁﬁ&iﬁ Gfith WK BARP

suppresses the anouht of V BARP nRNA |osynt esl s n particul ar,
i nhi bi polgpeptide/®qTeB2PbY ondiotajed drom talissofthat sp&nﬁeaoﬁ/anm@ge gat ed
cal ci um channel nay decrease the -anount of avail able VDCC BARP in a

cepeci WSO 5| SAR ity ARbEaaHRceaT B° yhly H IEeRRRE. Rfcun, ig the art
based @ﬂaﬂr@ téetﬁtdelﬁﬁﬁilz@hohhﬁnd@fdtmwﬁ dloiel YOCOE BARE B@{Bﬁeﬂmre e dfor
above, or variants of such [SQESI des in which one or nore residues

have bé@steonaleiting: épagipgp( BARGhPpiaRePdR N plptmaRIEBhEN S| thgreof
h I
randon? S%§§m|ﬁys§?@e8£%%ﬁam@%%? ave been varied consistently to

provi de rse pan pepti des may be used. 57 may
conpri se nutated BARP wherein an AID |ike domain, or Domain |, Donmain
Il or [&81Donai im la apécifionembodimente adtibecﬂiee aneodﬁv@epBARW ;immmizing

Means of ,knockin ut or ocki d be used ingcludin

Si Ra ORI Rt e BECR B LT B 457 Brasp st es cnghin B

gene eﬁil@iéﬁﬁ@ﬂ%ﬁe abihgHaatdrat eRHVRsSRIN vdiers! EEKBIeS of synthetlc peptides is
posttransl ational processi g to BARP; inhibition or lysis

gl ycosyedei aiersrrenRenahigisid thapresicted miplain siiHelvemas ‘i’\eiﬂ”bpﬁll@@é(eF In
the | eygli Of: eﬁ@ﬁtﬁ%%%)eg&% %Wuﬁfrpﬁh fLoLdRL e@%a@é&h@&%’: ngﬁfﬁ‘étic

protei n expression, ocal|sat
mut at i peptifesBARP ttchmugaéﬂetn | B;éalﬂﬁérs saxpr es skiold bempo;aainnayot (B?oheusmg

o oducs PRl AN sed b st PO Lo PN GNEe TaRtibot e 8 Ristere
chai n ghbhhedass prcﬁ@hnﬁﬁ%&@@@ b@é‘tb?sca%ﬂ%ec%@rtéf bﬂﬁe@@tmboﬁbﬁﬁéptide

whi ch are specific BARP. Furthernore, conbinatori al
| i br ar Abernapeplyi @ecagan peptanie hNﬂmhlf@sdoméfn%wg@wm%me &ion jpsetein.

o ooniolsobllesn SRS RLoPLAES n LAY 53 184 B SR i

substaﬂmma@aadjmrwsed |n an initial screen in batches of, for
exanpl e 10 substances per reaction, and the substances of those

bat che h |bt|onteted|nd|V|duaII te

cabet amad¥2Rn; St Anainey b sdimant, fteR A O CE, BARE psptide is
descri pegy *@@'uﬁm&% Farmsbsna%ﬁé%wdvormwlbgaiés SESHRABRO Bdagﬁ'lor to
manmal 1 an cells which wll be exposed to the inhibitor and tested for
effectﬁirﬂmercese gi bet purlﬁed antibodies are particularly useful for semi-quantitative

assays, 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 poiyclonai antibody. More
preferably, the antibody is a monoclonal antibody (mAb). [n 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.




VDCC BARP bi ndi ng assays [ 00204] One type of assay for identifying
substances that bind to VDCC BARP invol ves contacting a VDCC BARP

pol ypeptide, which is immbilised on solid support, with a

non-i mmobi | i sed candi date substance d%t erm ni ng whet her and/or to
what -extent the VDCC BARP pol ypepti de and candi date substance bind to
each ofAssaysAlternatively, the candi date substance may be i mobilised
and t he VDCC BARP pol ypeptide non-inmmobilised. [00205]1n a preferred

el S ae P etV Rlof PR, a5uaPr ek 2 Stuftls Bf ettty
conpongiifistasces G- bndi N IDOCEBARM gohgicptidas (yefasdnoer tdivefliet includes

eukaryotic cell lines and purifying the GST-fusion protein fromcrude
cel | ehemalogyesssaiimitagdgrivativeni ik iragmente apapsribad apoysht fpjaddition,

bi ndi n t i syhs ' ¥ < i :

or ot ei Fstvs' . SRYASEE R Caf P By S talEs i Bibrtpre with
the abgpE® BERPhsin¥ipgGBARP AIDI ety demalhefbi-sdbingt of 4 heltage gated
candi dat e substance to the i mmbilised VDCC BARP pol ypeptide is then

det er nfaleiym phagnel der gixamplayproteirs odaniifed e vaast fvovBod peeeaswas

mars Bl By U, SR BARPS LRUE PE SoB e CE il dlY denilf o SubUiy B E
typi calditagadgieddicaidui EfdnredN Stithr &isa9s 20é typically in vifro. Assays are also

provided that test the effects of candidate substances identified in preliminary in vitro

assays on intact cells in whole cell assays.
Candidate substances

[00195] A substance that modulates calcium channel activity as a result of an
interaction with VDCC BARP polypeptides may do so in several ways. |t may directly
disrupt the binding of VDCC BARP fo a -subunit of a voltage gated calcium channel
by, for example, binding to VDCC BARP and masking or aitering 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 _channei. Such non-functional

homologues may include naturally occurring VDCC BARP mutants and modified

VDCC BARP sequences or fragments thereof. In particular, fragmenis of VDCC

BARP which comprise one or more of the transmembrane domain, Domain I, Domain

I!, glycosylation site or other functional domains that may be used to compete with full

fength VDCC BARP.



from1l to 1000 nnmol/m, nore preferably from1l to 100 nnmol/m . In the
case of antibodies, the final concentration used is typically from
100 to 500 pg/m, nore preferably from 200 to 300 pg/m. [00207]It S
al so possible to performthis type of S56assay using different affinity
purification systens for i mobilising one of the conponents, for
exanpl pPOMOTNTA agdreps enchulatirexalvoliageligated eggiach clarpmhentprises inhibiting
[ 00208] Bi ndi ng of the VDCC BARP ?ol tide to the candi dat :
subst aﬁeaewgame:@iéwm cirent, of e VolEAaP gateserHBHT RRAMISLBRAModHIRigs

art. é&%ghse @BewmmWPbban onent R ast8n! Alte!ikeddémir

for exa radi oactive ope tag or an

enzereDan‘talrlDQdDomairm lugas éx)smﬁ\bt)mpaatlde/ef Ponsimdang Deayaibeél det er mi ned
by i munol ogi cal detection techni ques. For exanple, the reaction

m xturg. ¢ be stern blotted and the Lt i

t hat d&aé'ggl Fﬁfﬁrqb%oﬁqm@gd go%oﬁﬁ"@%&‘hﬁﬁ%ﬁé may 8‘2%
be usegdy {E QAR LRPBRARO BERR £52 kd MDIEFOSBSRY N@@'aﬁ@ﬂwdiﬁbl@gﬁh@ iaAgno
whet her a candl ate substance nodul ates binding of a.protein known to

i nter aam;dmsequavms: eARmTespastiing SEQ- EUNKSt 4of>ra6 vdrretgablyadddomain |

calciu chan say. c Y. c

BARP pf%?@l At & Pl‘f%ﬁac’fa\ﬁéﬁﬁ ? n?l‘Set%/"g{étt &né Vﬁﬁgggiélé:tl n (trah?&eﬁﬁr %i%ﬁ‘g)a/%eby
absencghifitind ealerint cH&tre:| S8bai Dézcg:nce and determning if the candi dat e
subst ance has an affect on VI BARP bi ndi ng to t he known interacti.ng

protein. \Wole cell Q0 di dat e s t ances
t est edl@9%hol e BESf P?ﬁbﬁ)oﬂ{‘ﬁé ﬁllwlﬁ‘gg& CCB'FP%H ?&KE'HO qg,l%sf S#igq 58{5 o
candi dBE%;jfgbﬁtﬁ‘r@%; WWRPMSTDE@TWLFP{«E@.WPWWAWHH Bnd

vitro net s. Alternatively, rapid throufthut screens
_ homologous amino acid fragment sequences of corresponding SEQ ID NOS: 4 or 6.
Preferably a Domain Il fragment can interact with a A subunit of a voltage gated

calcium channel thereby reducing calcium channel activity.

[00200] Alternatively, instead of preventing the association of the components
directly, 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 such a substance would be antisense RNA or double-stranded interfering RNA
sequences which suppresses the amount of VDCC BARP mRNA biosynthesis. [n
particuiar, inhibition of VDCC BARP binding fo a B-éubunit 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 calcium channel comprises opening

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



59 substances capabl e of inhibiting cal ciumchannel activity of the
cell, may be used as a prelimnary screen and then used in the in
V|tro assay descri bed above to confirmthat the affect is on VDCC
BARP. [00211] The candi date substance,571.e. the test conpound, may be
adm nistered to the cell in several ways. For exanple, it may be
added eigyesirhpriseomiuteted SARR WHareier amdiiiniiker domaiec bedommdin |t Demed Il or

Al ly, h f | d b

cel [ ﬂ%t'%ﬁomaa%@ﬁte@fﬁaﬁt!ﬂa@paa@ﬁ boRuine BARE Pt M Means g kapsking

expr esabppr qgnotct? p&&%ﬂe%ﬁ\ a@/ EQeu&fd 'ir}cEL%lﬁ %;RRAYgPt RRACTHIESSehes
ypepti n 0

of the po contr ul at abl e pronoter.
[ 0021258 yyeree ¢apabmloﬁm9aferm@ \dm Bvﬁrﬁ?\genbexpfefssc:tn aftematiza Nasplicing

b d fied b h f
ChannolochpiaUpst posGASIIGE A eI B RPH T fer s Daicotdyaiiviation of
cel | aBQR#eh?éCWB% Cﬁlb‘{‘l’gﬁt\nﬁﬁ t&rﬁ@aﬁ?@ﬁt&r‘?ﬁ@ééeeﬁ %h@%\%lw &ﬁ@%n of

activity. Cal annel activity can be measuréd by any
el ect r BARR iintlogingt botnimRIAS expreasiost antdia}rdteplatwre#ssam ihe 1sobigellular

known 13 The cone entr capdi b

veed wobrlicisrcet A GtERY dRORTEReT PARP Bist Rt B e o
IS si rﬁdu@rﬁgifé mgqﬁeﬁ,gwé_bed above for the in vitro assays. [00214]1n
a prefeerred enbodi nent, the candi date substance is admnistered to

t he cell toget her with functional VDCC BARP. Since VDCC BARP has ttefe
ef f ect [A9R03Rduci Ayitallpc randigatenfebsiarncesi ago Mclydss 3beady nafeducts (for

0L AOROR, 380 GRS | PRSIy imen
gr owt hanibddies hamd r EDR:griyfteith eamtibbdies) behizhc @remgpdifi canfoacVD\Eﬁ oBABF.
VECC B ﬁhé#ﬁl&tel comblnatonal libraries, peptide and peptide mimetics, defined chemicai
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 i vifro 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 agarcse 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



[ 00215] A candi date substance is typically considered to be an

i nhi bitor of VDCC BARP function if cal ciumchannel activity is
increased by at |east 10% preferably at |east 20, 30 or 40%rel ative
to the extent of calciumchannel acti®ty seen in the presence of
VDCC BARP and absence of the candi date substance. By contrast, a

candi damosglaadtAnee-ddardsPbeadd.y AsoaTortbE bitdngef & aahdidateosuisstance,
VDCC BARP function if calciumchannel activity 1s further decreased
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usi ng the VDCC BARP pol ypeptide or binding fragment thereof in an
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determined by lmmunologlca detection techniques. For example, the reaction
mixture can be Westem 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 $-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 fo the known interacting protein.

Whole cell assays

[00210] Candidate substances may also be tested on whole cglis 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



[ 00219] Anot her techni que for drug screening provides high throughput

screening for conpounds having suitable binding affinity to the VDCC
BARP pol ypeptides and is described in detail in Geysen, PCT published
appl i cati on WO 84/ 03564, published o%9ep. 13, 1984. Briefly stated,

| arge nunbers of different small peptide test conmpounds are
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by any electrophysiology technique such as standard patch clamp methods known in
the art.

[00213] The concentration of candidate substances used will typically be such
that the final concentration in the cells is similar to that described above for the in vifro

assays.

[00214] In a preferred embodiment, the candidate substance is administered to
the cell together with functional VDCC BARP. Since VDCC BARF has the effect of
reducing calcium channel activity, a substance that inhibits VDCC BARP may serve to
restore cell growth back to the levels seen in the absence of VDCC BARP.
Alternatively, if cell growth is further reduced, then the substance may be an activétor
of VDCC BARP function. - |

[00215] A candidate substance is typically considered to be an inhibitor of VDCC
BARP function if calcium 6hannel activity is increased by at least 10%, preferably at
teast 20, 30 or 40% relative to the extent of calcium channel activily 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



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

anal ogs of biologically active polypeptides of interest or of small
nol ecul es with which they interact (e.g., agonists, antagonists,
inhibitors) in order to fashion drug@ovvni ch are, for exanple, nore
active or stable fornms of the pol ypeptide, or which, e.g., enhance or
i nt er flemet @Dt B0t bie 40%n celative o6 the poitemtept caleiuirm ohanoel ackiviiyeseen in the

approach, one {jrst m nes the three-dinensional structure of a
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the ligand conpl ex, by x-ray crystall ography, by conmputer nodeling or
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information regarding the structure of a polypeptide may be gai ned by
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ration drug_desi is.the devel opnent of HIV protease inhibitors.
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by an alanine scan. In this technique, an amno acid residue is -
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drugs PhEe 888N beingytesiqtyyr oved VDCC BARP pol ypeptide activity or
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art. In 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, bublished 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



gated cal ci um channel conprising the step of varying the
concentration of VDCC BARP pol ypepti des or peptide fragnments as
descri bed above. [00227] A Vol tage gated cal ci um channel may i ncl ude
all types of calciumchannels includi®y T, L, N, P, Q and R These
may include any isoforns of the cytoplasmc fit-subunit including

spl i ce BERP dalypeplde anddvastibdBbuhad/DCE3BARFEpelypbbidd isetherdetected by
nodul ates refers to antagoni smor agonismof a voltage gated cal ci um

channelmeibeds el kapwRdp theatti tro or in vivo. Mdul ation of vol tage
gated cal cium channel activity may be assessed using the nethods
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such as neasuring t crumcurrent w pat anp techni ques.
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t her apyqjid ng )] Thus the present. invention provides a nethod of

reduci ng or inhibiting calciumchannel activity in a cell which

met hod conprises adnministering to said cell a functional VDCC BARP

pol ypep@0283Jor pdhiminzeetiorialsersndenplaies thepdss pbpompetitiver drugr sasegning

said c as_af,.knte | 1yl ar i ' iy pres
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of the pblyrg@pﬁ@@ngombé@ vt ypefekst deompoyral Yorchiedirigddoi the orDEGC BRRP
bi ol ogi cal ly active VDCC BARP in grgne, therapy. Al so provided is a

met hod PEPEPUEYE i gragrapRisatieredfar i s rféang'i theqRalilaskes Fan AeatSed to
vol t age.gat ' ; j Wa( gy e ;
nour odag et i PRisEhiS o AAD MEptas Hidh arés B¢ Br pTor@'dHen o3RRS of
whi ch thet D@ @ BABR pelypepiidani stering to said cells a functional VDCC
BARP pol ypepti de or .pol ynucl eti de encodi ng said pol ypeptide to

suppr efﬂ%zcﬁl](:i UMaC r?l"i‘rrt]rrr]eerl tg&%r{lc\ﬂlé yfoir ndl%%i %c?eeér!ﬁg {7e0fel hﬁ“\rea%e of host
eucaryotic cell lines or cells (such as described above) that have a nonfunctional
VDCC BARP gene. In one embodiment Domain | or Domain | and Domain I
polynucleotide's are deleted from the VDCC BARP gene. These host cell lines or cells
are defective at the VDCC BARP polypeptide level. The host cell lines or cells are
grown in the presence of drug compound. The calcium channel activity of the host
cells is measured to determine if the compound is capable of regulating the calcium
channel activity of VDCC BARP defective cells.

[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 medeling 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.,



[ 00231] According to the present invention, a nethod is also provided
of supplying wild-type VDCC BARP function to a cell that carries

mut ant VDCC BARP al | el es. Supplying such a function should suppress
cal ci um i mbal ance of the recipient céids. VDCC BARP function nmay be
provi ded either through the use of gene therapy or alternatively it
m ght MOQE ®ARPdpdippeptielel aren afalysedt by mnt alenaqeysmtn chn tthisrteplinigee, an
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conpri pepiides douiry nbahkotafdehermiaatiy Dnvielnldgmuannrafhlpadl pepfides or other

expressin tide,.of the jnvention vector systens
el wab et elPbE ceprides i B Ec) AR 1ae BB TaI e om 5351 het hods
for introducing DNA into cells such as el ectroporation, calcium
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art, and the choice of method is within t npet ence of the, P r on

€O
ski | | eBOlvReptie aﬁfﬂ\fltmff%ﬁ??ih‘arowé"r‘ishﬁCéﬁ§ﬁ 1bl§%’éhﬁ$%{ﬂ% {S; ARRIRASS

appr.ov sker,
SOl T ab DT LS Db D BB g iie Bl R b o1 GBS G T AR

t r ansf eequehosist rsufficeni lamauype DU BARSGydeRBapolypeptidel msey be made
available to perform such analytical studies as x-ray crystallography. In addition, the
knowledgé of the VDCC BARP protein sequence provided herein will guide those
employing computer modeling techniques in place of, or in addition to x-ray

crystallography.
Therapeutic uses

[60226] 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 g-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



nodel systens to study cal ci um honeostasis and drug treatnents that
pronote such cal ci um honeostasis. [00235] As general |l y di scussed
above, the VDCC BARP gene or fragnmentgs- where applicable, may be
enpl oyed in gene therapy nethods in order to increase the anDunt of
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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




met hods, plasm d DNA of any size is conbined with a

pol yl ysi ne-conj ugat ed anti body specific to the adenovirus hexon
protein, and the resulting conplex is bound to an adenovirus vector.
The trinol ecular conplex is then use@#4to infect cells.. The adenovirus
vector permts efficient binding, internalization, and degradation of

t he engiesoarcbedrabsorhhEioeatit.edf Piné sragaiarg eslintrdfRicpd ehessxpressed in a
nonspeci fic, localized in_vivo uptake and expression have been
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di srupt endosone function. [00242] Pol ypeptides that have VDCC BARP
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oARP FOARE e YRR SO (i ey of fiestorsr RO ind, 2 piElpEs  ihe
use ofinléRAsPaRs capable®f BXPrassIA & pohpbliet vf tisomweatdn.v Otinel el vestor
may be taken up by cells, actively or by diffusion. Extracellular

appl i cRISTIAS Hiclvdr adengyITBARECIgEN_ND PBERAS VIS Va8 uf f i ci ent to aff ect
cal ci um channel activity. Supply of nolecules with VDCC BARP activity
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cal ci ance. eculés wth V BARP activity (for
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in liposomes. Suitable liposome compositions include Lipofectin™.

[00234] Cells transfo.rmed with the wild-type VDCC BARP gene.can be used as
model 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 fo 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 the VDCC BARP gene is expressed at a "normal" level, but the gene product is

not fully functional.

{00236] Gene therapy would be carried ouf accordihg to generally accepted
methods. Cells from a patient's would be first analysed by the diagnostic methods



mut agenesi s of whole aninmals or after treatnent of germine cells or
zygotes. Such treatnents include insertion of nutant VDCC BARP
alleles, usually froma second ani nal species, as well as insertion
of di srupted honol ogous genes. Alterrstively, the endogenous VDCC
BARP. gene(s) of the animals may be disrupted by insertion or deletion

nut at i gBseibeRt AfFved BNAEEertath ties ptddtsion oF MDCOBARIP ippdeptigs mtigiesls.
After test substances have been adninistered to the animals. |If the

test sdbdtusnerepipe@itresionfseaufisihes sietaisrelew). conkainingrmerpyef the WCC

tr oat nEA I BepRd M 0P Grle R ARt L S b g BRY e RS B el insice
channethd demiurfdedld, iBaraparedThaiealsis iveslorsrase ksown osicteasiistidseenrlY.S.
inportant testing vehicle for potential therapeutic g_roducts. ,

Ther apBat.iNo.oaBodraa FBeaI R IFIPd AEP iGN 93107252 nvidier esipr is then
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conpris I't "anchoring regulator protein or

mut ant gated ¢egitmdehdmagmentie frassfecied daneoisdertpareizaeatly treorpdratggkeinto
gated cal ci um channel s incl udin t axi i gr.ai ne, epile ,

eur odtBeSRRGTPGH, cagpal tadeiartect golh. Abe dremest naihlas bhe gopeated
.[ 0024 é@@gg{ly@s of conpounds for antagonistic activity of a voltage

gated cal ci um’channel may. conprise VDCC BARP, peptide fragnments: AID

| i ke domai n of BARP or variants thereof; Domain | of BARP such as and
var i anf0928@br eof Geme iwinsfarisysterBnrpowndn the PEnaY badisedsl;in thaspetice of

Sequenges_coO i Sl.n i i L S, f ;
ant agoeesity B o e 00, B P2 BREREndh o T € RIERAY Ol Al nonvirel
a VDCCGr8AHEr pisthedd) X nudibeandfovitlweseitdve baen eastdngs BARE tearisfer vectors,
peptide jnteraction with fl-subunit of VDCC in any vvaFlg9 _Eigtrd Udistrr])g'
those BN FAPAKBIBISESUILH-be (Kb YW EaL VRFLDRIWFLS rRfeltosgPsayiated

vol t aggrgated @@iﬁ%ﬁ@imﬁ&ﬂglﬁSV%{gJébw_aﬁﬁ bBvinBed 8 Sfan eRuHBESYnd

neur odegeneration, hypertensSion.and cardi ac di sorders.

[ 0024 7ihExanpdrégin.of Mosirhomadsgéne thefapy irbtocats have yeen kasesl paghsabled
gated cal.ci um channel may conprise protein nmutants of BARP wherein an
Al D | i BB A ™ 5" Domain 1, Domain Il or Domain | and Domain Il are
del eted fromthe BARP protein, antibodies of VDCC BARP as descri bed

above. [00288F onpoNpawrdl ogerg drarsféc naethodls tihoein an vibket ageirghided chemical
cal ci um channel nay conprise a c ound that reduces the |evel, of.
expr es@CHAIGHES\RYGR FPRPIGHE) meglg&)pﬁ-wﬂ%@&ﬂ; dusehanical depryaues, for

expr esgi On; i - ~.C jsafid : r
R e i e

r equl abNAguplaiRp andpreeestarrmediater) Dhy tiansfend) \fitpHnestiatedegrrieotiansfab oer

could be used tp treat Disorders rel 0. volt i

channete PR whh §pblEav8 SeBe i HRF Ry EtoRAE dEReEd, GRWig Bhe
direct the viral vectors to the cells and not into the surrounding ceils. Alternatively, the

retroviral vector producer cell line can be injected into affected tissue.

[00239] In an approach which- combines biological and physical gene transfer
) methods, plasmid DNA of any size is combined with a polylysine-conjugated antibody
specific to the adenovirus hexon. protein, and the resulting complex is bound to an
adenovirus vector. The trimolecular comp[ek 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 transfer. While in standard liposome preparations the gene transfer



68 present invention. For exanple, a conpound identified as binding
to and enhanci ng VDCC BARP function nmay be admnistered to cells
exhibiting intracellular calciuminb nce. Adm nistration :
[ 00249] Subst ances identified or identifiable by the assay nethods of

e TS0, GOt 158 4D LALLM 3
produc _
are co%&%gﬂ&sﬂsrafopagéﬁﬁgfé%ﬂo%é Mir?%?ﬁ%ﬁé%gﬁqigéfr?ﬁ&ﬁ_ or diluent to

produce a pharmaceuti c onposi tion or human or

animal use). Suitable carriers and diluents include isotonic saline
sol uti 41for eenpltmnsfardptimigudnittiat targetBNAndirectlydo edigptssi tissuas atre

the invention be adm ni.stered irect injection, The .

conpos b Emay B REHACAIEY G RAPHRt i 2Eiipafetpished by the
Intr aY@ﬁﬂH?ati&P@FDNﬁ“@@UéHy inntheaerH loRtovaleAlly Blosbd 30pERIHIBY plasmid) to a
adm ni stration. Typically, each substance nmay be adm nistered at a
dose oprofteipriigand via pobiysing. kigigsody arerlgpgen ph dhe basisyoffthe presenceef toe

ny/ kg, I, r t / d ' .

[ B02S0r ParsheiomaliBand ecBbiors bul oY Sdraraet e Rasioneliiesupoee.
ant i seThése liganrb DNACES)judates ke beinjdeedtiesdtlydntoetheddsodiylebieed and are
adm nistered directly as a naked nucleic acid construct. They may

f ur t hetire@as tp dbertaedatitisgue éﬁtﬁﬁd@gem@ﬁmr&s@%@@nﬂdntﬂeammd{ﬁthe DNA-
genone cl ' ~ ), 1 I ;

SRR e U s R e
be i n tdiefeciagevithf adermvirlis pgnthe ihCludygd tpdisteptaridpsbmerfundipr.ig to 1
ng. It is particularly preferred to use pol ynucl eoti des/ vectors that

conar rBRE2); ' b, PENBSRASL Rt YGH G Y. fonBe FeuahiEd o
naked @aiR! thhfarCdsticisits VDTG BARPRETRERBde 6FtHeSpdIgp@ftitIis dehdiye.
several known transfection techniques for exanple those including the

use of transfection a . |l e of these agents include catignic
agent SI0RAAT exampPEes AV OF Gin BBEp HEIEURE  BEREbRoIRTaAHEo S colls by
I'i pof eﬁﬁ&ﬂ@ecﬁti@zﬂr ofRMRE b FEBB@%%%QR}@)?%%%@S“ﬂﬁéﬁfﬂé‘!’i%ly, EYRI<L Active

nucl ei ¢ ac constructs are m x e transfection a?ent to

pr oducmoteatigmpmelytticotaken up by cells, actively or by diffusion. Extracel
of the VDCC BARP gene product may be sufficient to affect calcium channel activity.

ular application

Supply of molecules with VDCC BARP activity should lead to pattial revérsai 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 agenis can be selected after
mutagenesis of whole animals or after treatment of germline 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 calcium



69 [00252] Preferably the pol ynucl eotide or vector according to the
I nvention is conbined with a pharnmaceutically acceptable carrier or
di luent to produce a pharnaceutical conposition. Suitable carriers
and diluents include isotonic saline 8blutions, for exanple
phosphat e- buffered saline. The conposition may be fornul ated for

par ent ejhahnel RigHEfG Chidrain. I THdsaYaRPyE, medBRUbAIVGIISIN eRré@eguUiraportant
oral or transdermal adm nistration. [00253] Anot her aspect of the

i nvent itestingrvahiele for prieniéd thgragaytiopradistsconposi ti ons of for

nodul ation of VDCC in treating disorders related to voltage gated

cal ci u'?h%?&ﬁ@ﬁiiécoﬂﬁ&jrﬁjﬂs related to vol tage gated cal ci um channel s

I ncl uding ataxia, m'gral ne, epilepsy, neurodegeneration,

hypert ensi on, cardi ac di sorders and di abetes. [00254] The am no acid
conposif0248] of whiuriheyespecirofriay ibbesrdivhi seneribessa pepipioded fdi medulating
to the tissue where they are required; prepared in a biological .
scaf f olBvoltage gaier Falgiim ghanral CpMBFisingh? Groubdni @ecBping rgqidatppprotein or

r econbi S egsi t ' Lt
{00255 Fiaam: KSR oPRRRRLE MafRsCREIS, EoRE e RoBd (5 RARSp, gk
conposicalcams i shdrimelpr dicdndiad ratakia, beignginehe epispsy; onvarbdegendration,
circunst ances where the recipient suffers froma swallow ng disorder
or fr%P%@??’%rﬁarg‘@cﬁ‘%gﬁwg'?gﬁ{eé"f ter oral adnministration, the
drug may be administered parenterally, e.g. sublingually or buccally. .
This i soee4mrti cukanipled 98T ddmpariderd faf aﬂl@gbﬁi%fw dciit) aifg8 mﬁgbdgated
drugs. Peptides can be nore easily absorbed and delivered to the

| ocat i 68lcBiM &ben6el Wegcameiseay B Cde BARIT ckepids! fragruanisy AdP lkacdamaip of
The ef fiGi L NGr ' : w ;
scar foPArin gl Yafidedfist Ry ROTEM REBASS FlFet sl aReRiTtRRaH bBnin 1
agt i Vi b?BA%FEandmpﬁahtsi th;a&aﬁ:ffut;gm Seqmndesmomm’lisimg)mmdily | hed Dc;main 1.
adm nistered intravenously, or by an renteral route, jn the form
o 5 pREPTRIBRRIISR THoAREUPERYIS BeRib B Aove Rseageitte oy aaRLS! May
opti onghlnpris@ & NAHTE BARP @i toqx\uaﬁa%gaﬁé@of.ornctéﬁrgﬁ@mp agdtidity Ur
base, addition salt, in a pharnmaceutically acceptable dosage form
Dependpaptids drterantionowith g&sybirit! of A/ RCGnincaavivay insbhediogiboss soendioned

the conpadt erBi Braf bt L amih Bl Bl B G, B GREIA Flnners
including ataxia, migraine, epiiepsy, neurc_)degeneration, hypertension and cardiac

disorders.

[00247] -Examples of compounds for agonistic activity of a voltage gated calcium
channel may comprise protein mutants of BARP wherein an AID like domain, or
Domain 1, Bomain [l or Domain | énd Domain Il are deleted from the BARP protein,
antibodies of VDCC BARP as described above. The compounds for agonistic activity
of a voftage gafed calcium channel may comprise a compound that reduces the level
of expression of VDCC BARP including both mRNA expression and protein
expression; or the sub-cellular localisation of BARP to the membrane. Interfering with
the binding of BARP fo g-subunit of VDCC or down regulating BARP expression in
any way including those mentioned above could be used to treat Disorders related to

voltage gated calcium channels including diabetes by stimulating insulin secretion.

[00248] Compourids identified by the assay methods of the present invention as
regulating VDCC BARP function may also be used in therapeutic methods of the



[ 00256] I n hurman therapy, the conpositions can be adm ni stered al one
but will generally be adm nistered in adm xture with a suitable

phar maceuti cal excipient diluent or carrier selected with regard to
the intended route of administration68nd standard pharmaceuti cal
practice. [00257] The conpositions of the invention can also be

admi ni gieeerdinpantn. e Fal bxanily, sce@npbend identified asuisihging to and enhancing
intra-arterially, intraperitoneally, intrathecally, . .

i nt r av¥REG @&Pﬁﬁwctm st e radmipistenge tceells 81<f|”§‘,t'”9n‘ﬂl‘=f§‘3%'{}§%fu?%l?'luw -

or suqHMé].ﬁ%ﬁsly,' or they may be adm nistered by infusion
techni ques. They are best used in the formof a sterile aqueous

sol ution which may contain other substances, for exanple, enough
sal t s Admghistradiort 0 nake the solution isotonic with blood. The
aqueous sol utions should be suitably buffered (preferably to a pH of

compodOPRARL R BEERERY YoeriRar pEREEtaRlk dhy hac ARty REHERLE,A the
st andahgemitl MREQUpITatabiEChai ao@bineRl Iwikhovdridug tdeassorentd | d grodiidee

art. [00258] Conpositions suitable for parenteral admnistration
i ncl udeorapesiiens ahdhaoinygodeusPriferably thejcarepesiticst @re GeiRee Hvilhya

t ai ti - 0Xj t f ' | i
- enderS BT o P Bae R KGR, Jg” Qfofild') 7 afidhfocutica
reci pi gmipogiish e usaybd foohumanenumisiobusbl Suiqpise siaomesrs\andedilusays

i ncl ude suspendi ng agents and thi ckenin ents. The c 0si ti.ons
be pr d8@HERd ISHORIRI Bl oSHIRA.t foig tah%nf@,fewgfgg%@;rﬁ@“a& The

seal e, 6P oPR iHi&hton ABY TPKIRMISERIAS tied ifEEGHE THel @finposition

(l'yophiTi'sed) condition requifing only the ition of the sterile
| i qui dnegr beerformficlatask aiopl @avertteral,f dntramusctlanndntravenegisat subcutanasus,

to use., Ext orapeoys_ injection_salutions.-and spensi

pr epar'@'ifa‘f’?‘ﬁ%gsqrépprg”ﬁbﬂﬂ?&??! ag?’é‘ﬁﬁﬁr téorhnﬁtpécrﬁﬂg’t ggcﬁo%%gar@éeggy be
conposddrhipierd@yatod 8i0s8 &ftiFor DABT ERBD YnEMG bHdst weigHt, dreferaafitng 0. b3o
the use of a skin patch. In one enbodi ment preferably the conposition

may be! g, seeredetarahlydermd 1 i 1 me(ke ednaeigiin ni strati on may be
vi a nenbranes, patches or sheets placed on the patient's skin. The

menbr aI]DG’ESﬁFV mﬁﬁ%ﬂ?ﬁ&&@@ﬁhés@&e&é%"éﬁc%ﬁ'@sﬁoi tideaddrPPorfintd [ antisense

conposi tion, may I nclude adm xturés. The nernbranes may al so be
desi gnehstroctsdfer ube imtiverapagic ofethods bsyalpe iadmipistesed direcde as a naked

cteri 1§ s ERE" Fhey e et BB TEELARG SRR HGROIYBEE o
t r ansdgemist telt gehames Wisdd tHepumntislebtinadvaiorsl fd ddmihizeerattas 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 ugto 1 mg. Itis pérticularly 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 fransfection 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.



[00260] I n one enbodi ment the conposition conprises a formula suitable
for aerosol delivery to a patient. The conpositions of the invention
can al so be admi nistered intranasallyggr by inhalation and are
conveniently delivered in the formof a dry powder inhaler or an

oS0\ Y. P A AP B RS o W
di chl Orc@ﬁitﬁﬂiét!)rwmt@aﬁﬁam’éédeghﬁﬁlg?fddcb@p@m hedrler or diluent to produce a

di chl orotetraf| uor o- et hane, of | uor oal kane such as ) , )
1, 1, 1, PharpaceutisabsommesitionFaSugable errrigrs) andodiblegtsyinclude isotonic saline
hept af | opape 2 C dLoxide ot Py

gas. iﬁB%@R%'aggpo?g;E@Pei%ﬁ@ pé%tgctg“(’a#régg%l% eg dgihaegeébﬁﬁrﬁﬁn%@brbgy be
det er mfgrecliSedfoopabmerad iMabhmastwardhirsesncusistbestdneoms) ittradddar, oral
pressurised contalner, punp, spray or nebuliser may contain a

sol ut i 8htrapsderal REMinisEatiehe active conposition, e.g. using a

m xture of ethanol and the propellant as the solvent, which may
additi pods) CONMA SC 8Pt the® jrikenBih Dpiiids! 96 Cade: ofCaRGULE Sthe
and ca trldd%es (%g’g{ééf (%rggéexarrpl e? %I‘OI% gel gti n) for use ion an§

i nhal ecompositions fof feronodukatior of MOHT an deatiog disvrdens ralghedviervoliage adted

conpositjon of the invention an sui tabl e nvder  base such  as .
" act osEolin Shatiels, dBBiaRE Blipd o i fRbst S Eain oS Tacluding
pref er akdxya, amiganed epilebdHat nAatBegdrictatsh, degsernsion fdargiadt distralead and
| east 1 ng of a conposition of the invention for delivery to the
pat i enfliabefessi | | be appreciated that the overall daily dose with an
aerosol will vary frompatient to patient, and may be adm nistered in
a sing e Oor; : AR OoMGO
[ 00262¥@oér§azxanprg,goéﬁéﬁbz%%!o?f)ﬂpgﬁgw? dﬁg{?ﬁ%ﬁ ;PénM%QnH%ecié]ﬁeF@Nas
adni ni peptiges airaettly tobihectissue ovhesabhengarsl rsquired; hrepareth of at sviegics!
capsul es é_ules,~ eII i xirs,. sol ut itons Qr_ suspensi ans. . whi ch HiR
Sont ai Rl lll AHoSImes f<liyP i §YSIBER o5, 2 BROBHnatia: i teogaiblng. vastors
cont r obhgsbielferprsapRy thealnhigbscidlbempbsipanat i on of suitable oral
conpositions under sterile conditions is readily acconplished by
standard pharmaceutical techni ques well-known to. those %ktbl led in_the
r

art. THOZGposi Besrsalyr i RuediisoRraley iepicd aiminigiiPs iriag cpmpositions
I ntracay ghdOSrertdy %Heorbeiﬁ%tﬁ%”%LdSYe&dhvehr&t.CWr%hHs@é}%é%f whefe the
invention can be admni Stered in the formof a supposi tory or ,

pessar yecigenpessifeisoiismnaysvediowing dissmilei ot &oat ibpairmenb olildaug abgorption

For mof B8RO St RGen B3 RNERSI b Rl SRRl e BubAuaty
steril ar paktag:,. Tis iPechatisbiayly @efigohothcanst dslivespiemniatge PEptide drugs.

adj usted, sterile saline, optionally in conbination with a X

pr eser P&piides €g8Haamade rasty ahsrEaduane etyered. toAhedpaation, ef gctiamuien
may be I i o) .

i nvent F{)eﬁ; %y@%iﬁrg{ d;?lﬂg@%rgﬁggpguﬁ%ﬁlgbgﬁ? %ﬁ({l%eﬁ%y?%g%gg%dgypﬁgﬂei t(f)\%
expect pdptided arsipddatld oa doadfald tptacall belpderaintaiel ticepephider etrtieiges and

a7 cel | FBUGR ROMUE GecARIPRRRNA. Piedi® GOHIEN b o kst A1 HG S Hed
gL 1; ect %rgi_fa\feﬂeué@?ér 69 BRY PlateRBrA RoltBeirARk f¥ h Yof & ptinlcB (i &1 2BRfJosition
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 voltage 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.




[ 00264] The net hod of the invention may further conprise the steps of
provi di ng, synthesising , purifying and/or formulating a conposition
sel ected using conputer nodelling, as known by those in the art; and
of assessi ng whet her the conpositionfgodulates the activity of BARP.
The conposition may be fornul ated for “pharmaceuti cal use, for exanple
for use in in vivo trials in animls or _humans. [00265] The routes of,
adni ni 102861 on alichwivsadeerapys e pepasiions cendedadminstasdaalgne dut will

si nce Il i tione Ll 1 et re ' ;
opt i migppoale s MBRhELERoh SirltiRuS0lE BufShiR) Phamaciittal skofient
and coggtidritagr. carEeT sMdRPWiFORGARRY! the itdndBdErd UtENTadMinistration and
[ 00266] Furt her features of the present invention are nore fully

descri Bleadard phamtaseubedl Rjeeliss- | i niting Exanples. It is.to be

under st ood, however, that this detailed description is included

sol el y[dc%?i)he %&O%Sﬁ\g%itr%%”%fi FMENGnidiRioR” esst aisteﬁl%]i ABmitiktered
shoul d*'not be understood T h'any way as a restriction on the broad
descr i parenterafly, tfbreexampie! indravasoasy, iotra-atesiatly, ih0eperphealhodyrahecally,
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that descCri conventional’ nol ecul ar bi ol ogy,” m crobi ol ogy, an
r econbstasiet a@xOUsestintio edhiol g conlairs REndr sibstansesr for exammpldegnoegh

exarnpl seéltssgp%rll?c%léeetto ?r%éik’e ]cYPel %Shjjltlgrrw |%t%ﬂ|cn %thAbfo%g.C)r'[%teoéé’ueJL% solutions
should be suitably buffered (preferably to a pH of from 3 to 8), if necessary. The
preparation of suitable parenteral compositions under sterile conditions is readily
accomplished by standard pharmaceutical techniques well-known to those skilled in
the art.

[00258] Compositions suitable for parenteral administration include aqueous and
nonaqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the composition isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which 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 one 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 alsG be designed to have the advantage of a substantially water free

composition. The preparation of suitable membrane compositions under sterile
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bi t 01 ¢ 8PGsol ielBBaPos spled alie (PTMOTRORIRISE: e LTI, fBR. plhPnEe
and PCld)iniBidred intt bY b9XRREBEEN dndl SehEnviehferid ddifbied hBhe BFm
t he prétaglwgﬁ?/&eﬁqt t ég%p@r;esegce of BARP in brain and?PC12 was .
conf i r okd ding powdenindelarridnoalresolrapray gresgataiion fom facpressurisagl ergaiger,
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50- 484}icAforbaifLionRsedané O ndhroliR6MickRthe, FuldicHi@ogithafiabravetiemePARR
was identified by conventional screening usi

ng a M N6 and brain cDNAg
| i br ar hydredyomaiianensarcy sas 1of. 1 2Set@Eiyataetignsm(bbds d 34Aat Oarddl Adnds-

(27838 ' j ced. '

Rat CalPPETBOrTESe {9 LTEAD. BelBRtE A dindy SAREHS Bhs h (i base
cl onedof 8 PesSaisea dabeslatier dosdigy ulit manbe GaterthiRedvbly eravidingt a fvalym to
Soon T. W and Snutch T. P.)r. Mouse . Ca 34A was purchased from | MAGE
Consor EP{iAT (2 GtrTome) amednt. \HeskiessHised cotigings: RWAPe PRy fE- 1eRfa may
CONSt I UGHSi{ Lé@m&é{% %@n%ﬁ%f%@%cﬁ%%&?ﬁ éé]ﬁorﬁ)oé.é%%ih?ea%&wie of
reacti on (PCR)-based nethod. The HA internal ?agged Ca" 1.2 was
descr i btwinel sedtibe eropellanh asrihesotveniswhishfraayraddiintally eenrtaiaa dubricant,

stringent hybridizati.on-~an shin It/ ' o
nuran BRSO B rines: CARGER N R, 3 BB R BBy for
with tb@(aVi/H @%tiﬁﬁﬂeBﬁRﬁngﬁﬂﬂEWQﬂdyi hjle\fbnm.xhlatdat la‘jdicontahfl dVbb;iv]:!er mix of a
generated a shorter protein conpared to the w type, confirmn

that MeeMposiionpidee investionapda suia Pewd@%@@wfﬁﬁ%%lf%ﬁ%ﬁﬁ ks 1
or in HEK derived cell line (TsA201) mgrated as a doublet,
SUQQGSFOO’Z%‘!‘?T Eoﬁte‘réécﬂrlﬁl 8k BBAteR@ddstlidn@nsrd bréferabl) .arfdnged so that

conparfson With an in vitro synthesized BARP, the nol ecul ar. mass of
t he doabtlimetesecthidgheordpdf domtaipert least| smooell § corwosiisarofhadnygrrdion

oo i TS 0 R St 100 oo RGP0 BRLELE e an
[ 00271 kL& sas 08l VatyfrémaiatBARD patiam, Ahdmymosy bahenistered @i a singte dose or,
treal e?no?gSLJ_s.llJally, 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 tecﬁniques 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



cells overexpressing wild type and nutated BARP with tunicanycin, an
i nhi bitor of Nglycosylation. In the nutant, the putative

N- gyl cosylation site (NNX-S/T) was abolished. Consistent with the
presence of an N-gylcosylation in BAI?I%) t uni canyci n treat nent
produced a reduction in the apparent | ecul ar size of the wild type,

but not of the mutant. However, BARP still m%rgat ed as a, d8ubl et .
suggesHshdhe wampagdionsaidhe goantionrandbs MEIUIAEHi 35 CUEPBISEd SUEPENYRNS
i nvol ved. (Fj ) adi TS T, t nf Y. 3 e
an ensJnisidifle. HPagiReg, stk <8 ShTplcARE ey BRLEES T COGRR o
[ 0027 23djheted)iskériiacealivie, aomlopatip ihatombinstibe with téheprisemativenssicbf as a
BARP suggests that this protein is a type,l nbrane. protein, jn

whi ch PHERIKT W RIoTde. AlesRatyebh thaTey e Bymblsied i an orsenaich as
assumb%@aw val idated by a cell surface | abeling experinent using
i ntact -1 cells expressing N or Ctermnally nmyctagged BARP. As

expected, only the N, but not the C-nyc protein was detected at the
cel | si®0RE3E ( FiThe 1RyvenBubcmiayulfiathérocamprise en wethmicdoparentifying a

00273] T i t t. bcel | ul I t] f
i[ mmno‘il'odg@q?%(' (gfl' %%B%&eeﬂethts égesl ﬁ‘ﬂ%?ﬁ]’eﬁﬁ%%’t ?%ﬁ ré)%gl Hﬁga???é% R/I%\E Eg? Sited
the hi gpeaaBaSnIgi P8 mBthoddomeadihg the seemest: afoatiflg BAEPovwapréduunty
in the cerebellum minly in Purkinje cells and along the dendritic

tree | BARPAViR 8rfestersurosition;Andyaggssgingtoe afgct el thedrel camposition on the
Co- | abg&etiyngﬁﬁélgwﬁggﬁg&i,& deinenal (MAP) and gliale (G-AP) narker

i ndi ca was uni'quel’y expressed in neurons (Fig. 1H. In
PC12 cells, BARP remarkably co-localized with synaptotagmn |, a

Ca2+- d@peadepnt sHer emethod 4§ thesiioVvardiomamkay farttiesi corhprisey thegsteped of

to the gromh cone after PCl2 differentati,o Fig. 11).. [ 0027 hi s
pect TPEVENE cPIGTea G 0PN nGr 2elep ELUBERd i3 RombBliioh: sedra o
vesi CUldfipiiBF kesd AP B 0@LAM By thBse Mtthadrt;t And e yrdesingomkether the
vesi cul ar staining of these proteins, overexpressed BARP and

synapt @repesiiion masiuates dhe agtivibhel BARSd heesainaaetion niy be dermysiated for
cells t ary. L l.e) LS t..q ancy
vas e REEe R TR Rl BB e g Ve R or e o
menbrane | ocation before internalization to reach their final

vesi cujoag6spst i rEte ooutés eff, adneinjstratibh el tesagashdeseribedudresintended only

o 8 RS SR Pl S OEH S SPREE bR S d Boimm

vesi cl @%ite 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. !t is fo 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.

100267] 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 texts that described conventional
molecular biology, microbiology, and recombinant DNA techniques within the skill of
the art, included, for example: Sambrook et al., Molecular Cloning: A Laboratory



[ 00275] Anti body 72 was comercially produced by Bi ogenes. Rabbits
were injected with a BARP peptide (NEAALFEQSRK) conjugated to
henocyani n and anti bodies were affinity purified. A GST-BARP fusion
protein (am no acids: GL25- A698) vvasré njected to mce and nouse
nmonocl onal anti bodi es produced (12B1 and 8B2). Epitope nmappi ng using

truncated form of BARP i ndi ed that K 8B ecogni zed the C.term pa
o BaRMEnah [ Shqdns GOt ahpESENnG Harbal Loy hessehoipPiag Hagpor,
h ) Vi U ¢ - hbal )

e P ] S GEORACE b 0 TN A PRBAGAER, Vs | 4 1
i munopRiciPpesstlitdn Oxfoed, bdat §1988)eanadrAusedbequt ., iBredOdR.1 Kiegdten, R.E.,

| i pj [ f ' - subuni BARP. led th
or csonbECER. DS ISRAT B Mg o el 2 mSPHE! ¢3. CHARoIeG it dn dAolecular
pr ot ei Pt R¥end Pibiding AsbO@hteBAe P rReRIcRIrREs WER Yadrk. T -1 sof ormms

(Fig. 2A).”"To confirmthis association in vivo, we deterrnined the
subcel lul ar localjzation of the 13-subunits in the presence of BARP
i n traMefeculenbdogyand COS-1 cells. Overexpressed , 6-subunits were
found in a diffused (133 and 134A), cytosolic (el A and /322) or

subnme $21) | i , r I

"ol ooalaB8 { oA, yREE th8hyBA s SER df 3 il BRERF A At mouse
resul tMSuﬁnéécrfeEﬁdgthHﬂ\JB ncefisxdniejritified aiDbi;o(miob.eﬁsWeam b0t$tk]Eb}| okinaizes) andan
suggest that BARP is an_anchor,j rotein that, targets, - i

S h ARG PRSED o T BT, NHED Bt NeREMada e, DG B3 VD RARBARE
PC12 _ : i i j ; : i

b 1 DG EAERUDE ffEnFrig SRt JriteL MRS andbdl ihdiEates BaR B
( Jackswessamardridapcesdndlab highoevelsh taaim (seebsfiLme cerggumoznd pituitary),

i- ' I | b . j i [ ,
' PCIBIRER i BUOSABLY Py aaRaoaury con pae B ARd\ERAZE AT EoREdky
| nt er ngtdressda in beday fissabt i (FigGs). (AbitBaRIrotai® ksl nheosiessAte of BARP in
anti-synaptotagm n (Stressgen),. and anti-chromatogranin ( wer e used

to staPiRireAnddénthivagconéimed uging thegp pRERCAIRHFased aaaingt didaraM re@iPns
were ¢ L t : £ 24, after transfeation. Cells were washed
once w&i{tﬁé%gﬁéﬂeﬁﬁﬁﬁi 1edg)'.wi th 2pg/mL of rat anti-HA (Roche) and/or
1pg/ mL of rabbit anti-Mc (Upstate Bi otechnol o?y) for 1h at 37C and

t hen WAORE8] t wi cEhé yeasichwoohybrieBSereen mfanduseaMiln cOPtAe flrady iusindatihe £3-

tissue_qf hrain_ sectjon.staigj was scribe | r ef
spect refruniAnTof Eid fichlel, 20 LS R s e Ry Bl FeorlbeB, Fut fonger
60X meghivoueat BARP WREGdBARRIBY aldreastiensl doregirg tussind @2UBlEdenbiale
mut at i onal anal ysi s of BARP by three_al ani ne substitutions
cDNA library. Sequences analysis of EST ciones from mouse, rat and human
(2783848) confirmed that BARP is produced from a transcript of 3kb. Rat Ca,S1b,
Cay521 (e.g. B2A), Ca,B83 and Ca,1.2 were originally cloned in S. Seino laboratory.
Cav 2.1 and Cav 2.2 were a gift from Scon 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. Northemn blot was performed under standard stringent hybridization and

washing conditions using a mouse and human BARP cDNA 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



usi ng the yeast two-hybrid and conputer nodelling revealed a first
fl-subunit interacting domain (Dom 1). surprisingly, the a-helix of
this domain shares strong structural simlarity with the arsubunit
Al D domai n, which supports the fl-subynit interaction (Fig. 2C(a)).
To exam ne that domain | is indeed a AID-like region, we first

TespontrbPa g, BNl SUEE o> e oL L AT o 1

associ-gbh&vatad & Rhehéhglotdh QoﬂprEb ﬂWiImtylpebltoﬁmﬂﬂhg@hﬂl M@M Mndeed
studies. In conparison with the AlD domain that only required

a cr ucthd initiatien sée. @ger@wpeessaﬁ ARP dn CQail it nad:l%K §§B‘é@¢ et iirtﬁw(sTﬁAZm)

| nter VB o6 P BB ubge MR bst I RIARIEY o di o, FU™D) By
subst i taihy agscmmnn anghddre QyﬁthesaéédDBmlthe nhc:nemtat maai;foéme aewmemm
associ at i on and g%l(él nt r oduci ng anal o%ﬂe mut ati ons i n_BARP domain

(Fig. bigbpr andontEei2 palie nURREY ngowa%ri@tqcéecas%aedﬁéicaxetWamhls
Gynam EETHRNE e Pl fon st QRFECH BRI A Byt gt

softwaamlé\'red po Inc ). The fI-subunlt crystal structure (1VYT) was
used as a terrpl ate to dock the BARP domai n 1. This donai n was

del | 7 al t at 7 i
o arbSZd1 71 o1 plefifiniBet Sk BTN er Sl oferelh are WppelfaoS
then acgpl &ﬁé#é?dreﬁéiﬁ?%ﬁﬁty&b@ﬂdahume& OGP svith-tURidabrSycwt, eRsinalbitdPOIN-
bet ween resi dues of 73-subunits and domain | within 6A perforrred

U ti megkyrgsylativer gin nthei mitant.otheypetaiveohiesyleravirsipnnesiiea - X-&dT } ovas
obt ai n BQEhEIBn Bhsfs{b t%hcﬁ{éBQ{%g%bé’%f ah%r?fyﬂ%ﬁ?fég Pnsub%iﬁéﬁf{{]nfl?aﬁ’n;}c‘?n

addi ti na I'’ng s are prese
associ ﬁémmntwmdiudémau%wfoﬂ imﬂmapplarbnt maléculbe sigeadfethe, wilch typei, Gt

the domain_| was aboli recipitati on experimnents

| dont | RAr 418 SERT SR DOFE T S WL Ed oy 15 deRBIHt Pugdeshigo that
(Fig. é’é@ﬁonaﬂfﬁd&ﬁmﬂ@l%rﬁaﬂlﬁ%d;ﬁéatbﬁg%ré %zé&irﬁoﬂ@mm r e it réémtwas
hydrophobi ¢ residues (leuci ne and phenyl al ani ne) were crltlca

ef fi ci eanfirpieddivinet usepobbiGaasesr (a1 gnzyre fhatl cleavassbetwgen, the Wesparagme

i sol at inll interacted with )32, /93 and )34, but not wthal

i sof or%@d ﬂlf}r%"gai& yt cul'ture and DNA transfection [00281] To

further confi rmthat bot h donmai ns associate to the fl-subunit in the
[00272] The existence of a glycosylation site at the N-terminus of BARP

suggests that this protein is a type | membrane protein, in which the N-terminus is
located on the extracytoplasmic side. This assumption was validated by a cell surface
labeling experiment using intact COS-1 cells expressing N- or C terminally myc-
tagged BARP. As expected, only the N-, but not the C-myc protein was detected at
the cell surface (Fig. 1F).

Subcellular localisation of VDCC BARP

[00273] To examine the tissues and subcellular location of BARP,
immunolabeling experiments using brain section, primary cells from the hippocampus
region and PC12 cells were performed. BARP was found in the cerebellum, mainly in
Purkinje cells and along the dendritic tree in a discontinuous staining (Fig. 1G and 1H,
panel d). Co-labeling with specific neuronal (MAP) and gliale (GFAP) marker
indicated that BARP was uniquely expressed in neurons (Fig. 1H). in PC12 cells,
BARP remarkably co-localized with synaptotagrﬁin I, a Ca®*-dependent secretory



context of full-length BARP, domain | and Il were nutated to abolish

their respective interaction. Co-inmunoprecipitation and

i nmunost ai ni ng studi es of overexpressed wild type and nutated ful

| ength BARP with fit-subunits in PClZsand COS-1 cells (see

Suppl ementary Information 2c) indicated that abolition of both

doma' ”5e%&|§¥‘?ﬂérk%“§ﬁdféxmﬁaﬁ h gaq§ tﬁé wttﬁ%g étéffé?fﬁl%oé Bﬁfe‘?{eﬁ't%héﬂﬂ
0 )9-Su Fts was nore te |n1na fon o

(Flg @iy 1ljowever, the presence of one |ntact dormai n i n BARP was

sufficient to bind and relocated the )3-subunit to the plasma

Ot T Gi2gth 1 LhiPoshR T BubBe LIBE LoRatan oh HARBadaS eIy bR Hre
and then &ﬂ@'v@sﬂch@ﬁﬁa@de?ﬁ??@@%tdqﬁﬁn 'ﬁj\t(%?uﬁfgggb tﬁ@%@o%@ﬁéﬁé Yesicular

denonstrate that ecitically units wt
i ndepes;tdemng |orﬁttieaem:prdh@ndomraspreﬁaed\IBNRlP kencd syree plotagenind | aveterfalind at

|1 00282 PC12
{1 anst U6 B8STR FemiTane IR GT2 Ahaes Sl fete, 3lhalekfiag T mation ek
pri marynigely Pﬁa)@fted%BFéiﬁ?ﬂ%Wwfa‘sO@k?@fﬁEc@%ﬁ”ﬁ\eC%&hdﬁt@fbgﬁhﬁﬁﬁoﬁﬁhw 49 a

t he manufacture 1 nstructi-ons wer e co- EXPI’ essed in
COs- 1 fransiionalgpleea wierhbigined lacabienobeione ant&indma,bonnq Feag dbeincnal

ot ud; xS ARl Tt i R R B O PERREROGR Pl B g on
in whighylgsysidied motettoaRprestedndl neluraves anduicireshddaeries erdiedlogalifing in
subunits asgociation (Fig. 3A lane 1). If wild type BARP was

expr esedoal HANSOPYRYEIBPt at ed protein conpl exes from eit her
al -subunits (panel c¢) or Ca4-subunits (panel a) cont ai ned BARP but

not thﬁao%Br Cagtisdisn 7! was dthinercfiign et fTRick Cgma@er%d nRﬂ@tB:@éﬂwere

BARP conpet d partial 'y the associ ati on wg- Subunits and
ar subuinjected mtha a4 Badafﬁepe;atlchmdNE)ﬂ\AhﬁEﬁsaﬁ) neprjtgated owa hamocggnipARRd

o LI!Sl B, SR AR A e AR G
II nC![ EdAO?BmlaE mj%cteltrltd) el éflﬁ U‘?ﬁmef mmllcﬂ‘@y@ﬁlt!deIQQm@dUGbcﬁmBBX?qgnd
doubl cHB AR RIBPECTEEP NG BUnGaiRe 18T Ghiaf BB NHGEI A aBARR Tecoon zod
post r aﬁ%' @ttéﬂ'ﬁmgpgf Blagd W& tFPI"ee’Vﬁ“f 2 gﬁl;%is'ﬂlo'cbilztéd RSPl %Hrbf the

conpl exes. "As & contr ol unit nmutant that 1s unable
to bi npro@ainf | - subunits did not |nteract with BAR? or 13-subunits
(lanes 5-8). Simlar results were found after co-expressing other

Ca, 11- t h,BARP. and t h - subunits (Cp, 1.2) or after
co- expyggacgwpllf‘%lf’ﬁe‘?f @FEBHUﬁ?t subtypes (Ca, 2.1 and Ca, 2.2).
[ 00284] Preparation of cell honpbgenates |ysed into a buffer containing

(50nM [DoizysiiCl ('Pb* veriy that0RAMANaGFlds MAMBEEburits 5P airingdllan cells, co-

suppl enented with gr oteases inhibitors, co-imunoprecipitation and
Viest er iNBLBEPESHIEPE uSXAETIMBalgendieR ed CaFﬁqdood@‘és tiBgetdar-i t Rells-

rorc) AR o L0 LABANE oPHARBT(SHRINS besence of o

Ca, 2. 1@%@013@@ pheths) in tha'cd- lmmmmeoaptmﬁa prc@ihlddtﬁpi(eﬁ,l ladmaang; &EH)BARP
anti bodi es were carr t es i as d bed in.

SRl ot apsanter iR h EHisD T pSalia. e Ton PeHARE AN GICKjallth 1 vivo, we
Labor a&@{én%fd theVbdBISHRY :hé@ﬁ BARR VoS ine 4 o5k Byeééﬁbeg)ftélmﬁwﬁ

qui ck coupl ed transcription/translation systenms (Pronega). For th
di ssoctrahsfectesik 3 12emids C&%—1Alc§i!$1e@wed@<pressed B-subunits were found m a

( AKA R GALDAA a d a, BARP .don®i n .
{ SYROL WECRRGLIS R Aoy HEFBTSy o 0t 8) (1 SHTSHRb enesbfa} fdfation and
| ysat eFé?ﬁéﬁda'B!WQhél%réééth‘é@' b B@\Rﬂour‘éic%éhge@d‘“ti@ @s&ﬁ]'mt%' B (88 NSlasma
acid 422-458) fusion protein. After extensive wash to renove
membrane (Fig. 2B). These results confirmed the in vivo interaction between both
proteins and suggest that BARP is an anchoring protein that targets S-subunits to the

membrane.



VDCC BARP effects on cal cium channel activity [00285] The

physi ol ogi cal relevance of the interaction between BARP and /1-
subunits was confirmed by co-i mrunoprecipitati ng endogenous BARP and
Ca/ 13subunits frombrain and PCl2 celts (Fig. 3B). Interestingly,
overexpressed BARP wild type in PCl2 cells was associated with nore

endogeigyrizas! S apbiiblecd 0998800, APBRRE bESoRARlcOBTIdIS

subuni ree of n t is cell type (lanes
exam nebre fstanet géthonsuARR-HFEASS M2, Sigeth) [mndfrabbmenanBA(RPvﬁthoilmed by

e i BRI RBBEY b G BB I R AR P i and

pr ot el M6RbPYssARR W ASIRS IGEMnobedarPRBELY sBbdftidiCafibodks?as

in PCl2 cell ral n, consi stent nown rol e
i n Ca2dedeqjeidnt P@ﬁacyn@slmspomms waimadty naeille, Irabiit BARFMABRpEEmiton

borar A efiTR ARRBED it BAR0 O iafn ofiis mfrdiend " alskdotagmin
conpl e T gg’eﬂvgﬁhd bﬁtl@ﬁ@hﬁtobfamﬁ(@mf}@\}é'?@ @é@ﬁ&ﬁatd"énnﬂé&j&bu@&ﬁbtams

roleo nvolta e-gat ed cal cium channel s, we co-expresse
fl3- su&ﬁﬂr&uﬁa@m&xn&emm TsAZbt pplisswers carrigd; wttaﬁ@r@%éﬁ@@tr@msfmw

type o t | T
co- exppe@%slﬁ‘geﬁggygiﬁ%s% Thi't CH%#%E& ’E‘aug%eé \Kﬁtffgg%@lsojbrgﬁ? & H ‘%he&
Ca2+ chadfoel 1 &imi exftiabbit nartbRlytadipstate Biatschhbdugyel foe Uity a’nB?O/vane then

recorded from cells co- exgresm ng the Ca2+ channel subunits and BARP
wild t YEeheqivigRtinppepollPBS: befarg ixatios. Freparalipd @ndipsys alimain sgeton

Il didg

speci {0 SRR clsSUiERe BeArTDechbhd ke \FLIEEH A B onfocal
r et ai nedcrobeoBAREN Edlss)aatmmagmﬁuaeibndom regul ati on, while the
elimnation of domain | allowed a recovery of partial Ca2+ channel
acti Vi {. th fl-i i dormains of BARP interfere with

t he chg??r?e‘rj%‘?\?'?%‘{%*m%%ﬁ%%ﬁ%ﬁédom nant effect for domain 80

[ 00287] Recor di ngs using the whol e-cell patch clanp nmethod were made

i n TSAH@R78hd POERtemsiMesmasatipmay iavagisis de8ARPdr, throeTaARI0R sthstitudions

Thi's. VUSRS e SR TR e R SR SSRTI G (reeaR B TEtnarHpu

of Caz pﬁ@ e(tmﬁll[, r t

from Sgéﬁaé cﬁmﬁiﬁe W dW![ 3%?)3“0%?1 g{ee Héh&P&e %mngig Sﬂ?ﬁ%%ﬁé@

:c|nt 0 t SieuqtOhdb- éﬁ@ﬂ&r;(ydnﬁhtﬁﬁﬁhastﬁhﬁjmﬁéhmpdmalmgmhmb ﬁmmmsletﬂmegﬁgm:cbunét
uor es ein and  t err r ot ei e selegte

rreasur@g%'ﬁf:g N HE- 892 %e@%‘éﬂe SOREY F Qéeaﬁm%h/i”éﬁ Fe W‘hg“‘t

menbr apg SRRk UM n%rncﬁéel'asqﬁ'the gTél?odﬂﬂ' e H%En@@frbé\}e V%%on@@l@/for

and the test pulses of 400ms. [00288] To verify hat ARP had an

i nhi bi AU yniefdadion, @ndeleshas thdse mubardader assotialion MWith emerrm or BARP

distin votaeatlvat A) Ca2+. chan S

eoor B b AP A RN R s RRAR e A ERiin that oniy

fl- SUbtﬁuLﬁr’éd(MhQG\ aﬁ@brt%aﬁﬁieréﬁ%gcﬁﬁ Jah%o@f aﬁ%{ﬁmﬁ@bjﬁu bebdigtions in the

arsubunit subty (Ca, 1 or Ca, Fi g. As descri bed
previ onmrypha@@eamowg @fnﬁfQUhU@Sﬁ dm@gfea% watha sfinmglﬁels interaction (Fig.
channer Co% e fuRfef Eonifled R Kb UM ARYSHER 2 BUERF I AT Gombite

Ca2+ chaowe to pffepies-subsenit hss@i;étuccraam by tttrcei(piressnaiogod AR e ihBARP
type wiith Ca2+ channel subunits., but not the nutant defective in both

f1-int 80N hfidodarhdsolaiss) 3%35@%@“9 WaR aisArable 1p agsecigiecaiteall kpewn
BARP |Brgut5|uh N%é%ﬁlggacgm |rrespect| ve of their channel subunits

conposi t1on. ‘'subuni ts, but not BARP expression was
required for cell surface expression of the Ca2+ channels (panel c
and d) [00279] Modeling, molecular dynamics and energy refinement was performed

with the Sybyl 7.2 software (Tripo Inc.). The S-subunit crystal structure (1VYT) was

used as a template to dock the BARP domain [. This domain was modelled as an



[ 00289] The fl-subunits of Ca2+ channels have been inplicated in the
trafficking of arsubunit to the plasma nenbrane by increasing the
current channel density. To investigate if a reduction of the nunber
of Ca2+ channels at the plasm nmenbrapg accounts for the BARP-induced
abolition of Ca2+ current, we nonitored in transfected TsA201 by

conf oc ] GLASCAP el l: fac I i it -

N s e R o e e R Sl e e
40) . | mimitarty @sW449 tdvidiexpf At iamd thEnCGamdedulat dpegmivs-sixplationi (4A006fs

o s ra B S HE A c00K) dohwesn rmictisstr Eraivants card Sl dewifin 6A
expressy i d donostRend iU Lt i .
domai n%%ﬁle ?'n%éu | u'n?'?%rg?;@ﬂmnq%t@hc%%ftp?mpﬁgbg krlheétbg(? :&%éf Hpplied to

f | - subwbiais the lowest eeklgyseorffacmatioBl expressi on of Ca2 channel s.
Co-expression of wld type or nutated NNnyc BARP with Ca, 1.2 alone

cor 1 saHaal o DR i delbrinind B Rt Sutfthe s HLEERF. AR for
t hat B?Eiﬁtbdrﬁtt SEhAtG, With thBeudd of Wbt folaesf nieé drotedt,fiarehisht the
the Ca2+ channels trafficking but is likely involved in a

menbr ademes iInvasitabelished batd ee-pECifation BxpeRramns. swe | ideptifigd aagecond
BARP oy i . . . _ L >

from ¢ AT (BB 10 EPWRERLM, e isCond (b5 208 A i Sl Ssatiitidns in
channethigaddruainy reaealdd et Isydygeisolsid residuebe(idwatims aindi peemydalanine) were

G proteins (ref). To verify if the Al D] donmai n . of RP ,
0 SsocrHie Tor Wi bIEing \Elfhﬁtsrﬂ’i’Uﬂltﬁ)(gﬂ-iaﬁ’é-u’mﬁﬁa?%‘?g‘ e jsqigiedgdomain
| ysat e igxirsgel Winla3 55 WA, ButRst il HPRbRAMA (Fiy. @8c)Al D fusi on
protein tor%:;trm ahi%%/ﬂil D crbc'i"rrp?ex anid gﬁbsequen Iy, trze di ssoci ati on
of 133 subunits was nonitored after addition of an increasing anount
of conpetl culiureram BNAtENsieeti@NRP peptide (Fig. 4D). VDCC BARP
effects on hornone secretion [00291] To el uci date the physi ol ogi cal

role o WTV\B } f L@n f.e i-%’r@t'
M N6 ch S In m@ﬁ%%? bﬁ@&eﬂ’#éstc%:%@+ e%@r?d%%ﬁ%c 5? ﬁﬁe éég?:? etl oﬁ%e
| n t hesenieat bf fullkledgtieBARS, BiRiind andot esrednbiated ik abglisinihgiraespective

fraction of .13-subunits are. aé oci alicgd see ahove) 4 B/er ef<pr ession of
wild tYPEaSHRD G- BeTyieRieCiotALGR) 4uh miTnosiIBhg: sl B CVoretRd
ehdogema&ﬁ%%ﬁd Fhares flﬁl%lﬁ%ﬂtw%&mﬁﬁﬁ-@lﬁ@n%ﬁf PRADEHR O0SOf cbie(see
mut ant BARP defective in both /3-interacti ng_ donmi ns did not

i

si gni f Se@ptaryentagubéormaiionedc)dedicgiegythatakeBieprad Heil owrinsAreveani BARS
ith the sinal e elimnay | i

b BB A5 2R Rty AT Bl L BRRlisSR e pronouneec

t he resgftbt slirabizgioned Dombihd (Fef. @R) bouevads ARE presdnice of peeaniacFdgmain in

- | %?AZRglglvwsngﬂfﬁ%ire%WtQ b?r?é rgl?l ere?gc%rtgé iti'?en [)’i-snubFi).t%%toCﬁ\lel Eiagrrr]% %?n -;Lne
indicating that both domains act independently (Fig. 2E and F). #-subunit isoforms
specific association between full-length BARP and the domain Il was also confirmed.
Altogether, these results demonstrate that BARP binds specifically f-subunits with

two independent interacting domains, an AlD-like domain | and a domain II.

[00282] COS1, PC12 and TsA201 were grown and transiently transfected with
wild type or mutants c¢DNAs as described. Hippocampus primary cells were

purchased from Cambrex and culiured 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, o-subunits



measurenents in MN6 cells were assayed as described.. [00293] To

I nvestigate the effect of BARP in Ca2-triggered exocytosis, we
overexpressed in PCl2 cells BARP and human growt h hor none (GH) a
mar ker of Ca+2-dependent secretion anxg nmoni tored the rel ease of GH
fromthe cell s after hi gh pot assi um i nduced nenbrane depol ari zati on.

NP R e e At b S R A
mut ant in #uk pnesenoe hoff N-Flag eﬁiaﬁw_sugusnts esdpsuijected tondgrimmunnprecipitation
BARP r S d NErP Rt R /e PRSP Gt tabia B B Lt Pothgh domah
[ 00204] 55 90ERM DRHdr RERy niafel, Brariuth b Sl SRR (Fi. 3, lane

exocyt 0%i i$ wikietyipevBARR) atzadexpresedd cictraundprBsiRated ptod:emr caraplexes from
activi ty and internal cal cium_concentrat | 0 l‘l?i CaZI%IiP‘é\ﬁ M N6 _cells

(fig. SititerapcBubpnits Apapel ¢lopr Carf-subuRitHh (RANSE & SON BARR hUsnog the

progre + r t |

oS8 RIS 86 AR A5 ISR L DA bty
activithe aBesdiatedr Qfétﬁeéﬁr(ea@bﬂlblﬁhgda@d tgsubuRite X pines 8| ganel 2BARR c),
wld type, but not after the overexpressi on of BARP nutant defective

i n bot Mdicglipg ehglogmaiagl. ofrrEePs%Prrégulresdqmalﬂcutfértlﬁafu!lBAPszﬁﬁt;N%gﬁ‘ecta

et vi PRl e the SroiE RERRER R iEh o B EI0EE) 8 it tRmie

and Cagrwttuding BARP, «, and CayS-subunits was revealed (panel d and f). In this triple
complexes, only the low molecular weight of the BARP doublet was detected (panei
b, lane 3), indicating that BARP postranslation modifications prevents domain Il to
associate with a1/Ca,8 complexes. As a control, an o,-subunit mutant that is unable to
bind Cay8-subunits did not interact with BARP or g-subunits (lanes 5-8). Similar
results were found after co-expressing other Ca,S-isoforms with BARP and the a-
subunits (Cay 1.2) or after co-expression with other o,-subunit subtypes (Ca\, 2.1 and
Cay 2.2).

[00284] Preparation 'of cell homogenates lysed into a buffer containing (50mM
Tris-HCl (pH 7.5), 100mM NaCl, 1mM MgCl,, 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), Cay2.2 (Calbiochem)}, Ca,f3; (Alomone labs) antibodies were
carried out essentially as described in. Brain, skeletal muscle and heart lysates were
purchased from Zyagen Laboratories. /n vifro 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 Bs-subunits was pulled down by a GST-AID (amino acid 422-458) fusion
protein. After extensive wash to remove unassociated Bs-subunits, increasing



dependent hornone-secretion, but does not affect cell surface
expression of Ca2+ channels. [00296] On the basis of these results, we
propose that BARP | ocalizes the fl- subunit in the active zone for
fast synaptic neurotransmtters or hdfgrones rel ease, and nodul at es
its function. The specific subcellular |ocalization of BARP and the

det ect @Rc&Htration dflpepuBy 136 SR 0BAGENRY were ra%étl nAﬁémt %ubﬁﬂ{bﬁ 8t sur

that fl-subunits |s anch gred with the domain
conseqbeuts, y 00 of tee sepereatany cwemsra:hgsthe[mw]tmj Bn§ut>hont|g\rﬂret!®n@ded on

Thact .X‘e‘ﬂseg?‘#eé’e%% SRR OaneE TRl b RaRSRT 1 dbe FPBPlke o hgmetitve

anal ogy e% i @SWAI@/E}@HL@EtSr@bl%pf@( Was Sétﬁbll@ tdeiring Nt Sbuf aAssurs
t he feedback inactivation may be produced by the a-43-subunits

di ssocingubaticn.l ndeed, this inhibitory mechani smwas found for the
nodul ati on of the Cav2 by the G protein-coupled receptor. Though,

1 - Cun e BARS SfRst D 24igieh BFiaRha et sy F° i S Cace, °

over expressi on of BARP that favours channel s inactivation may be used
as a gp0a85E cal Themhybkaingtalbietmieeice dfintHeeiaragtion medweem®IBRPi and £-

ShannePURHTVHEP cOTyIEENSY CoTTTEUIBAEPIALTS SORHOSRPBLBANE &N Cass
neur ong,h RMERrdMHrainSadd BEHY RIBTERS8B)] Mterestingly, overexpressed BARP wild
type in PC12 cells was associated with more endogenous Ca,fs.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,g8-subunits. Alihough 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 competed for the Ca,1,2-/Ca,S3-subunits association and ehmmatlon of this
domain allowed BARP to interact with the Ca,1,2/Ca,83-subunits complexes through

its domain H.

[00286] To examine the functional role of BARP in voltage-gated calcium
channels, we co-expressed Bs-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 Bs-subunits elicited Ca®* channel
currents. In contrast, no Ca®* channel cuirents were recorded from cells co-
expressing the Ca?* channe! subunits and BARP wild type. Mutant BARP defective in
the B-Enteracting domain | and Il 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
{.



t hese neurons may have recruited other fl-isoforns to prevent

conpl ete seizure of the Ca2+ channel function. By all neans, the
specific localization and role of BARP in Ca2+-dependent secretion
makes this protein a good candi date f8F drug design. [00299] Wile
the invention has been described with reference to specific nethods

and enfyydigrgnt s, RekoMiinds @@m@pmewr@tl@den hrtitcty dlarap smendid’ wesd irgase in
and changes may be nade w t hout departi ng fromthe invention. 84
e

d ai ms TsA2( \ADICPEARPCES! 9&[&%@%!&@@@ deth TpHRPT (HAYydies, a new vector

Ro. & opedid S 0 HCsRRoF RO CHRER S RERURIE, T (Htendlohad e
cal ci ue&ﬁmt@{t 8R3rb¥sibd; ofl ) aﬁ@'ﬂ%ﬁ@hﬁ@ iglesatoBRAhSE|S Sogethee | Wit itHe
sequence capabl e of hybridising sel ectlvelv%zlto at | east about 55% -

i dent i mCherer flaoreseantaprotsin dglﬁl fearst Sewodt hbe Ivelst typesoronutaigd BARP

of the uence t hat enc de, a 0

U0 nrpRAHER ! DRbaRESE Rt T o ERERE R TEARO ol cABHSHRY o
nucl eoéhl%c%@ﬂg@éﬁeﬂlﬁﬁés@ﬁt proteRE@E GPPNandSther mEHergopeRsin thsre eiflected
t hat encodes a nodul ator of volta gated cal ci um channel activity

(c) poloyriuelsemests. cﬁ?ﬂﬁéﬁ@ﬁﬁsa\(ﬂb;?tﬂ@f@ merpalizad By cbyidiggbyothg @)embfﬁne
(b); (9%0%)‘193%?85&9%%"9ﬁ*ﬁgq‘hﬂ@;néé%?% eﬁow%p—%b %hbqﬂe%ﬁfépglg?s of

conpr S uence set agmant t
capabl-40@hsnodul ating activity of a voltage gated cal ci um channel..

[00288] To verify that BARP had an inhibitory effect on either the presence of
other B isoforms or distinct high-voltage-activated (HVA) Ca** channel, similar
recordings were performed. BARP was co-expressed with either S-subunits (81, Ba1
or B4g) and Cav 1.2 or fz-subunits and o-subunit subtypes (Cay, 2.1 or Ca, 2.2) (Fig.
2B). As described previously, depending on B-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 B-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 &.-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 £;3-subunits resulted in o4-
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 (AlD)

in o4-subunits {(panel c¢), confirming the role of B-subunits in the cell surface



2. A VDCC BARP pol ypepti de encoded by the pol ynucl eotide of claim1.

3. An expression vector conprising a polynucl eotide according to claim
1. operably linked to a regul atory sequence capable of directing
expression of said polynucleotide in @l host cell. 4.The expression
vector of claim3 further conprising a |localization signal. 5.The

expr esixpressRAt Bf CAF* ehahmeld, Uo- éx;fruééubﬁroqu@w;fe B8 njutdtae N- E:IBWRP
sequence for regul ated di nerization of an expression product.

host c&lith cenprd slong @apel ¢hat tegrthalewtb dbisgfargs @Idcm%tu afiect &ra’a channel

dot oot £ %E%ﬁﬁécep%éé%ﬁégﬂﬁgﬁ%,%@n@'ea'oFSaBpE?’yﬁuc| coti de as defi ned
[00290] These results indicate that BARP, interacting with the g-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 AlD-like domain
may able to dissociate the #-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
AID of a;—sﬁbunits, COS-1 cells lysate expressing )5’3 subunits was incubated with
GST-AID fusion protein to form a £3/AlD complex and subsequently, the dissociation

of 23 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 MIN6 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 f-
interacting domains did not significantly reduce channel activity. Overéxpression of
BARP mutants with the single elimination of domain | and Il abolished and partially
retained Ca®* channel activity, respectively, confirfning the results obtained in the

heterologue TsA201 cells system (Fig. 5A).

[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*%-dependent secretion and monitored the release of GH from the cells after high

potassium induced membrane depolarization. Consistent with the Ca®* channel



in claiml in a biological sanple containing nucleic acid which

met hod conprises: (a) bringing the biological sanple into contact
with a pol ynucl eoti de probe or prinmer conprising a polynucleotide as
defined in claim11 under suitable hyb$2dising conditions; and (b)
detecting any dupl ex fornmed between the probe or priner and nucl ei ¢

acid i 'Peé&?@tr%?”%\?ereﬁp@sgé’&! Y BARFEOUAIGE tyse dettoritpyl Feuped '03'91 -d@pendent

pol ypept i de defined in claim2; or an expression vector of any one
of cl asesretionpwhbefans thseBARPtrhempjackmmh@thp%iryﬁmtte@tsﬁa% preduged only a

pol ypept.i de orthe ressi vect or. laim10 . |det|f

P obat aliBSt i Sisnse o QP Seelith.c B Aindte infaftom s Ebhin, dal o HaRP
channeterGlidyi bY- ikBrkE@atd é‘ffélﬁ' bﬂelﬁmé’ﬂ&ngéel@efsieﬁﬂﬁldrﬂ Whﬂiﬁn\ﬁagrle%s
pol ynucl eotide as defined in claiml1l in anin vitro nmethod of

modul apronpureediafier ehalisheng aolyithedpmain I The use of claim 10 wherei n
the pol ypeptide is suitable for parenteral admnistration to a

pati eni00294] 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'resuits
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 B-
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~,” 8-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 o4-
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
may be produced by the a-/-subunits dissaciation. Indeed, this inhibitory mechanism
was found for the modulation of the Ca,2 by the G protein-coupled receptor. Though,
GBy directly associates with the c-subunits and dissociates f-subunits from the ca*

channel.



12. A conposition conprising a therapeutically effective anbunt of a
VDCC BARP pol ypeptide as defined in claim2, capable of varying the
concentration or subcellular location of the polypeptide. 13.The
conposition of claim 12 wherein the M3CC BARP pol ypeptide is an
expressi on product of an expression vector as defined in any one of

cl ai ns[gd208] 5 Lith (hiRecARTRASHXPPEssIbn 6f BARH thattigyrirs chbandBGhadit@fon
pol ypepti de’ conpri ses the sequence set out in SEQID No. 6 or

f r agnemaytiecussst as agepetic @ﬁiqma@haﬂnﬂdvl@@ﬁrvintlytf@rgia melseagedghinehich

cal ci um channel S f ~GEa f
coe’ ae LSRN, e uPR R Ky P ShaR SREE RS, By opMEndit beutts! B,
i mhal agiger p-i86forke. whs Usen®fin tthekipgmpesidrisoBARRIthetis highly egpresetd in
clains 12 to 14 in the manufacture of a _nedi canent for treatin

condi t hege Inexkens Mayare resmder etherS-iseferms ip prevent complete seizlite 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.



17. A use of the conposition clained in any one of clains 12 to 14 in
the manufacture of a nedicanment for treating a disorder selected from
the group consisting of; ataxia, mgraine, epilepsy,

neur odegener ati on, hypertension and cag4i ac di sorders. 18. A use of
the conposition clainmed in any one of clains 12 to 14 in the

manuf acture of a nedi cament for treatjfgsdi abetes. 19. A kit
conprising at |east a polynucl eotide conplenentary to the portion of

t he VDCC BARP gene conprising the se?uence set out in SEQID No. 5 or
a fragnént tAefeGfr BARR polyivaeatideselededifiosniuse to identify the VDCC
BARP. 20. The kit of claim 19 wherein the instructions also include

a sequence ljstin . te.o td e VDCC
BARP gene se@ﬂenc&lﬁi%%l&ﬁgj%gg%h&r%mc# th%n@%ég‘?éﬁfgjéaé%'lﬁéf %%%{)8{}&0 BARP
pol ypepti de sequeSERQ IDINY.5 Drofrbimche dursckthactnestes @ nBRIAEr dbvoltage
or fragment thereof that_ encodes a nodul ator of voltage gated cal cium
channel acti vity.gated calcium channel activity;

(b) polynuclectides comprising a nucleotide sequence capable of
hybridising selectively to at least about 55% identity over a stretch of at
least about 14 nucleotides of regions of the sequence that encode
amino acid sequences known to correspond to a transmembrane
domain, domain | and/or domain Il of the nucleotide sequence set out in

SEQ ID No. 5 or a fragment thereof that encodes a modulator of voltage

gated calcium channel activity;
{c) polynucleotides complementary {o the polynuclectides of (a), or (b);

(d)  polynucleotides encoding a VDCC BARP polypeptide which comprises
the sequence set out in SEQ ID No. 6 or fragment thereof capable of

modulating activity of a voltage gated calcium channel.
2. A VDCC BARP polypeptide encoded by the polynuclectide of claim 1.
3. An expression vector comprising a polynucleotide according to claim 1.

operably linked to a regulatory sequence capable of directing expression of said

polynucleotide in a host cell.
4, The expression vector of claim 3 further comprising a localization signal.

5. The expression vector of claim 3 or 4 further comprising a dimerization

sequence for regulated dimerization of an expression product.

6. A host cell comprising a polynucleotide according to claim 1 or a vector

according to any one of claims 3 to 5.
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7. A method for detecting the presence or absence of a polynucleotide as defined

in claim 1 in a biological sample containing nucleic acid which method comprises:

(a)  bringing the biological sample into contact with a polynucleotide probe
or primer comprising a polynucleotide as defined in claim 1 under

suitable hybridising conditions; and

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

acid in the sample.

8. A polynucleotide as defined in claim 1 ; a polypeptide as defined in claim 2; or

an expression vector of any one of claims 3 to 5 for use in therapy.

9. The polynucleotide, the polypeptide, or the expression vector of claim 10 used
to identify a substance capable of affecting calcium channel function or calcium

channel activity.

10. Use of a polypeptide as defined in claim 2 or a polynucleotide as defined in

claim 1 in an in vitro method of modulating calcium channel activity.

11.  The use of claim 10 wherein the polypeptide is suitable for parenteral

administration to a patient.

12. A composition comprising a therapeutically effective amount of a VDCC BARP
polypeptide as defined in claim 2, capable of varying the concentration or subcellular

location of the polypeptide.

13.  The composition of claim 12 wherein the VDCC BARP polypeptide is an

expression product of an expression vector as defined in any one of claims 3 to 5.

14.  The composition of claim 12 wherein the VDCC BARP polypeptide comprises
the sequence set out in SEQ ID No. 8 or fragment thereof capable of modulating

activity of a voltage gated calcium channel.

15.  The composition of any one of claims 12 to 14 for use as a medicament for

treating a condition characterised by calcium imbalance.
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16. A use of the composition claimed in any one of claims 12 to 14 in the
manufacture of a medicament for treating a condition linked to VGCC function or

activity

17. A use of the composition claimed in any one of claims 12 to 14 in the
manufacture of a medicament for treating a disorder selected from the group
consisting of; ataxia, migraine, epilepsy, neurodegeneration, hypertension and

cardiac disorders.

18. A use of the composition claimed in any one of claims 12 to 14 in the

manufacture of a medicament for treating diabetes.

19. A kit comprising at least a polynucleotide complementary to the portion of the
VDCC BARP gene comprising the sequence set out in SEQ ID No. 5 or a fragment
thereof, and instructions for its use to identify the VDCC BARP.

20.  The kit of claim 19 wherein the instructions also include a sequence listing of
the complete or a substantially complete VDCC BARP gene sequence that is capable
of encoding a functional VDCC BARP polypeptide sequence comprising t.he
sequence set out in SEQ ID No. 6 or fragment thereof that encodes a modulator of

voltage gated calcium channel activity.



