~ REPLACED >hEE1> PR
1 & DNA,ENCODI NG A HUVAN CAL OItiNbeSHANNEL: PAEFHA:- 1|‘:°‘§l§§ N[g,T"f_ Aor@i-2| Fosof
the I nventi ONwe9s/04144 The pr emlm(nvenmaewfﬁ‘éé‘f BECT 5" ) AN fC19addalodsls
channel conpositions. In parti{ I@fa,wmgl(@ paged A% dAPTES "i"n'(':'l udes

conposi tions containing a huma al- dPBﬁSe haridl al pha subunit

desi gnat ed S ONAENCABING AL BH#GEESGUBUNIT

I ncl ude codi ng sequences for thsg 3 0 as cells cont ai ni ng
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35
Background of the Invention
Voltage-gated calcium channels are present in
a wide variety of tissues, particularly excitable
tissues, where they act to regulate membrane
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tisgues, ,wherquhhex,a¢t to regul ate nmenbrane
2

excrtablllty Such functions as nuscle contract i on EfdUS4/08ss9
synaptic transni ssion are regul ated, at least in part, by specific
vol t age- gat ed cal ci um channel s. Conpoungs such as 5
di hydropyridi ne conpounds, that block certain®of t hese channel s are

used therapeutically dp. digshgi)ar aghnogggﬁngm,‘cegoxgrégu,ﬁugéfgrders such as

hypert ensi on, angi na an enorr g Vol t age- gat ed
cal ci um channel s havefPptFachion 19nd SYBAPELESEFANSRLSSIOR AR to their

el ectrophysi ol ogi cal refuldtiaacae agast! in arﬁEOB?répeelfﬁlw@Iﬁa{Qb- at
| east four classes of

| t,age-gated,ca C nel s e recogni zed:
L- type, T-type, gﬁ% eaq‘cd' =L 815 mES@W@‘E r’r%‘l“glu?solr cl oni ng
techni ques have r%veaildwmyrldlnexpgmpnuedsi uhatebmkswtwesm)f

channel wi thin %@fcﬂalﬁﬁ%@schﬁasﬁ§ed( ES&rIﬁé@@z@ilﬂ in Tergends
I n Phar macol ogi cal Sci ences 1 20 I n

49-
general, vol tage gat Jipnagement, o aﬁ'ﬁé'll?“s Sisﬁﬁgﬁrﬁe@ﬁgghﬁm to consist of
at | east 4 non- hypetterslionybangtisa ahd subaradhsobd rhemorxthage 2

subuni t, beta subunit and.ggt S| t h

channel s, which are probably rg%e gglﬁgh caEE&ﬁgrglé?%rr‘?lz%cﬁ%P? %m c*lﬂ%el S,
it has been 1%hov?f-‘%%é’tlatsﬁé-fapﬁhacf"’é'éél}ﬁl tocEhRei¥ ns the bi ndi ng
site for di hydropyri o&mﬁm@w&iological andeharﬁAccm&ﬁDnes encodi ng

portions of sev;;l%l @Dle%renbu rre?ﬁs g{: %aééeﬂ;@bral ot30

cal ci um channel al ph ant t ass A B,
C and D, were first ﬂgQ;l%gated radminnt Cbaanﬁlemwwm:e%eq'smn ch, et

al ., 1990). Hongfpsous- ghanlt aneanduptypps. A-However have been

AR o T g ook e R
existence of different sub-types of channel within
some of these classes. (see Tsien et al., Trends
in Pharmacological Sciences 12: 349-354, for
review).

20 In general, voltage gated calcium channels
have been shown to consist of at least 4 non-
identical subunits: the alpha-1 subunit, alpha-2
subunit, beta subunit and gamma subunit. For the
L-type calcium channels, which are probably the

25 best characterized calcium channels, it has been
shown that the alpha-1 subunit contains the
binding site for dihydropyridine ligands.

Partial cDNA clones encoding portions of
several different subtypes of of the rat neurcnal

30 calcium channel alpha-1 subunit, referred to as
rat brain class A, B, C and D, were first isolated
from rat brain cDNA libraries (Snutch, et al.,
1990). Homologous alpha-l1 clones subtypes A-D
have been described in humans by Harpold et al.

35 (PCT/US92/06903; W093/04083).

The present invention is concerned with a
fifth human neuronal calcium channel alpha-1

‘ i



fifth human nﬁkfgggv cal ci um channel al pha-1

3 subun "1E" or h[err]-1E herein. This S URGTI/US94/08589
di verges consi derably fron1the ot her human al pha-1 subunit clones,
exhi biting only about 62% deduced am no aC| d sequence honol ogy to
other 5 human neuronal al pha-1 subunits. shown herein, this

subunit can forma het rol.ogoys_calcj h ha-2 and beta
subunits. The novel %u“c‘: anne&f™f 'g n?ﬁulé ﬁgr}ﬁ% o*rbgyaéﬁjcﬁl s therefore
useful in screening sobundty, dmeegeeleensvéenﬂblyttmpmg iathege fiuman
directed at cal cium ghapgeh subunf@dﬁi@ﬁégn exmbxtu%”m?w’ HodtGs2s

| nventi on | N one aspect e |1 nvention includes ‘an 15 | sol at ed

DNA fragment that ené&ﬂégeﬁnaEFBﬂaiﬁEg sequenfe RIMUIOH et tHIr ona

cal ci um channel . sThehuman heagéral anphahn subhebts de e @ienae paesimt ed as
SEQ I D NO 1. u | ' ' a- 1E 20

pol ypepti de subunit OpléI%SbhHE%egggnggr% ? ﬁ@¥§¥%iéﬂﬁnk§nne<§h§€|ng t he
sequence presented a§hSpRelpwith ajpha-2 and|betmotHmiksgpeciThe movel

i nvention i ncl Uéa&naemaﬁaal aaﬂneef@éeﬁﬁaﬁﬂad@m@r @t iidrefore t he
nucl eotide sequence Sng E eukarvotic %gll‘}n acor dance
with the i nvent PSF1 cf"ﬂdﬁgrﬁeﬂé?%r%‘l’%g%ﬁ‘g' Eﬂ\%%aﬁﬁ]hgc‘ijh

sequence presenti®d ash8E@peDtNO dgefthe ditécted akxgalsivus chammebnal

cal ci um channel |nclﬁ hﬂi fion. Polypeptide subunit having the sequence
SEQ ID NGO 30 2. e ce Is may be further designed to express

neur onal .cal cium channel subunits [err] and [err]. The cell line
can be used to screeguamdpguetiSthe Ingéh€efénve to inhibit cal ci um uptake by
neur onal cells. 35 1n one'HESEENURE NEAvaARE fSH SLRiXLd&RtAH oS of the

15 isolated DNA fragment that encodes an alpha-1E
subunit of a human neuronal calcium channel. The
fragment has the nucleotide sequence presented as

' SEQ ID NO:1.

Also included in the invention is an alpha-1E

20 polypeptide subunit of a human neuronal calcium
channel having the sequence presented as SEQ ID
NO:2. In another aspect, the invention
includes a mammalian expression vector containing
the nucleotide sequence SEQ ID NO:1.

25 A eukaryotic cell in acordance with the
invention includes a heterologous DNA having the
sequence presented as SEQ ID NO:1. The cell
expresses a neuronal calcium channel including a
polypeptide subunit having the sequence SEQ ID NO:

30 2. The cells may be further designed to expreés
neuronal calcium channel subunits a, and f.

The cell line can be used to screen compounds
effective to inhibit calcium uptake by neuronal
cells.

35 These and other objects and features of the
invention will be more fully appreciated when the
following detailed description of the invention is
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invention w | lwheysiliag fully appreciated when the foll ow n aile

description of the invention is /08589
read in conjunction with the acconpanyi ng dr awi ngs. Bri ef
Description of the Drawings 5 Fi gure shows the DNA sequence (SEQ
| D NO 1) of the human neuronal cal cium channel al pha subuni t
h[err]-1E and the dedyegd i BOnRGCE SGAUARGE the adcdEPahPillg 2) for the
channel subunit; and I gure 2 shows a tracing of a barium current
10 neasured in a euk3F9¥iNgScel | expressing a het er ol ogous cal ci um
channel |nclud|ng t he hunan neur onal cal ci um channel al pha subunit
hlerr] - Detg : eSCLi.Old ! ) 1,son 15 |I.

EEfInItlonS ‘ ' terns used

herei n have the s&nme rreanlﬁég‘é\%ethe%)lqmlfd‘Q @%éeq“en%kl(ﬁpgdlpn!‘i’ﬁe art
of the present inventipnof the ik idduraial afaadiw ichahaellyadphacted to

and terms of tha art. Sublint® S £Gand RSkl Suine pinagients’ O
"het er ol ogous RNA" ref8EQt EDniR} ) i fiws thmichannel SUbNOﬂténaogenous to the

cell or part of the genomepgureis M@é%ﬁﬁ:@ er%e&hriaﬁneﬁﬁkhﬁtsuch
nucl eoti des have bheen added fo,the cell qﬁ%? t r ansf ect,i on,

m croi nj ection, &PectPEABREER N 3 eukary 1593 eXPXRSSIBIeBt i des
general ly include at heterbioegdusnea il eeamedndmcliodinghthechdmagy 30

sequence need not be ﬁéﬂ %fdca lumtfﬁa 'Ehf 5%%@ ShRheEShan pector”

refers to vectors t ave i'ncorporate and express
het er ol ogous DNA fragnents in a foreign

Detajled Des tion of the ventio
15 I. Definitions

Unless otherwise indicated, all terms used
herein have the same meaning as they would to one
skilled in the art of the present invention.
Practitioners are particularly directed to

20 Current Protocols in Molecular Biology (Ausubel)
for definitions and terms of the art.

The terms "heterologous DNA"™ and
"heterologous RNA" refer to nucleotides that are
not endogenous to the cell or part of the genome

25 in which they are present; generally such
nucleotides have been added to the cell, by
transfection, microinjection, electroporation, or
the like. Such nucleotides generally include at
least one coding sequence, but this coding

30 sequenée need not be expressed.

. The term "expression vector" refers to
vectors that have the ability to incorporate and
express heterologous DNA fragments in a foreign
cell. Many prokaryotic and eukaryotic expression

35 vectors are commercially available. Selection of
appropriate expression vectors is within the
knowledge of those having skill in the art.

-
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cel |, Many prokaryotic and eukaryotic expression 35 vectors are

commercial ly aWa 994 Sel ecti on of appropriate expreSS| O RTKD/08ss9
is within the know edge of those having skill in the art

5 1. Isolation of DNA Codi ng Sequences for Human Neur onal
Al pha-1 E Subuni t The diversity of vostage-gated calcium 5
channel s between and within tissues as well as across species is
becom ng nore apparent, as new channel s having distinct

el ectrophysiologi cal g3 1soc1RBi orted
The present inventionndagehh ted
fromhuman brain. As reporrbed ber e g %?ﬁc anne# cat egori zed as
an al pha subunit of a V8l Pé&%rﬁ ?%dogaY% FTIFTR cal?‘rféwd‘bvel hunan

channel r eported Per echanpelsf bet\eelemoams wtnahln tisswes =d pedl Rssubunit,

or hlerr]- in accondapeg ééec e% ea‘%g%é}ﬁ_d VA fﬁ&} ch for

r at bral n-derived cal ciumc ann S bun| t
nunber of overl appi ngSParPeLFE EW%I%@-”C"— elgsErorhyskleFicah @!ﬁman
hi ppocanpal |ibrary i pharmacolégicaD clifrfcterigeiddears mipsrtdd.cr el E

codi ng 20 sequence. o] t . ceis
dep: c'?ed in Fi gﬂre 1 QSZ%E&E g}?kg'&lm &&%Sg (C}?V\%"g {Esglﬁulumd Sﬁg‘é‘& am Ino
aci d sequence 10 (sifglatedt fremduaman derain ed Al xspantesk hexeda), as
SEQ ID NO' 2. A list ehikhenahnéPuis p@éﬁé@érﬁéed &N GIPHS shiMRchikO of

characterize the alE seg g@ £ nucl eotide E‘&fltlon of each
clone rel ative R ?E?Tg?%?fgt%#f’e‘f‘?]c FMSue FS¥SY BUmEnL) i s
shown in Table 1 bel omannel reported herein is reféed tb 33 the

| dentification of Parhhﬁhnhﬂlﬂﬁ%£1$"§ﬁbun .. or hd¥f®, i$FQccordancel0Catlion
Rel ative to | D Sequence
15 w1th the nomenclature defined by Snutch for rat
brain-derived calcium channel alpha subunits A-D.
A number of overlapping partial cDNA clones
were isolated from a human hippocampal library in
order to characterize the complete ha-1E coding
20 sequence. The complete ha-1E nucleotide (nt)
sequence is depicted in Figure 1 as SEQ ID NO: 1.
Also shown is the deduced amino acid sequence
(single letter code indicated below nt sequence)
as SEQ ID NO: 2. A list of the of four partial
25 cDNA clones used to characterize the «lE sequence
and the nucleotide position of each clone relative
to the full-length ha-1E sequence (SEQ ID No.l) is
shown in Table 1 below.

Table 1
30 Identification of Partial he-1E Clones

Location Relative: £ ﬂ;ﬂ
-~ Full#Lehgth- ‘Sequence’: - -

3 nt 1 to 2374 of SEQ ID No 1

H6 4 nt 1185 to 5377 of SEQ ID No 1

I2 5 nt 3192 to 6435 of SEQ ID No 1

35 3-69A 6 nt 5176 to 6922 of SEQ ID No 1
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H24 | odiodi@s 2374 of SEQID No 1 H6 nt 1185 .t0
5377 of SEQ | Bﬂ?\lo | 2 5 nt 3192 to 6435 of SEQPICBWF%%
3-69A 6 nt 5176 to 6922 of SEQ ID No 1

6 The isolation and characterization of each of t he parti al
cl ones are described bel ow and detailed 1n Exanple 1. The codon for
the start met hi oni neTheghaswﬂbnnanéoéna%&r@é@zoé dﬂ&aﬁﬂerars the

end of the open readi

nucl eoti des (nt) tg&bﬁ?€§éﬁ} §E°3ﬁﬁ %re %??%ﬁé?
respectively. 10 detailéd inSExampleglli bThei endduwfdtuﬁhe(&ﬁaﬁtun
Channel s y,;%kg Bh‘ingl bQQ.‘ﬂHQ'QQH{drStp{@Pea%J Yt 912 Nybridization

screeni ng were prepare onucleot| & synt hesi zer
(Applied 15 BlékysFEWEeSF6§Fth€JF9d QﬁotheI?P%FCE934¥¥Qﬂﬁ§§WF' The:| ones
to formthe conpl et e infieda)- 1b7sefdepiral 10 neclgoiad=ofrithe probes based

on ot her cal ci um ?'%%Qg SgWeLL4C nsé&ggggglfgﬁgetseé ‘{;%d I n Exanpl e

1. Probes were const U ased ont equence € rat cal ci um
channel s such as tho%@spectiyed¥ri bed by Snutch and Dubel. These subunits

flnal

are al pha-1 subunits of rat neuronal calcium channels. They
exhibit only abqut a 62@6%ﬁ1n0 aci d seguer I

h[err]-1E cl one i ch was “evengaaFryrae i~y am-iep Sttt obes were
restriction fragnents of fFat

hi ppocanpal library was oswatheultrohiqonuckﬁ@tﬁ#ﬁﬂanheSmﬁqn i er

(Stratagene, La Joll %gb%hizatxon%&fé@ﬁiﬁé‘edré/re tﬁﬁéﬂkz‘é@r&f oS from the 30
hi ppocanpal or ot her |scg§ 8 inre Onfd { m t.he oIe brain,
can be produced accoﬁ& & gd o 1gonuc eotide synthes zer (Applied

" 15 Biosystems, Foster City, CA). In order to obtain
clones to form the complete ha-l1lE sequence,
oligonucleotide probes baséd on other calcium
channels were constructed as described in Example
1. Probes were constructed based on the sequence

20 of the rat calcium channels such as those
described by Snutch and Dubel. These subunits are
alpha-1 subunits of rat neuronal calcium channels.
They exhibit only about a 62% amino acid sequence
identity with the ha-1E clone which was eventually

25 constructed. Further probes were restriction ’
fragments of partial clone H6.

A human hippocampal library was obtained from
a commercial supplier (Stratagene, La Jolla, Ca).
Alternatively, brain libraries from the

30 hippocampal or other discrete brain regions, or
from the whole brain, can be produced according‘to
standard methods now known in the art (Ausubel),
in order to identify variants, such as splice
variants of the ha-1E channel. Such-methods

35 include lysing of cells comprising the region of
interest to extract RNA. PolyA+ RNA is then
isolated and used to synthesize single-stranded
cDNA, from which is produced double-stranded cDNA,
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standard fet hods now known in the art (Ausubel), in order to identify

vari ants, suchwaesssfilssce variants of the ha-1E channel. Suc )
35 i nclude lysing of cells conprising the region of [ nterggf%%&%%”’
extract RNA. Pol yA+ RNA is then i sol ated and used to synthesize

si ngl e-stranded cDNA, fromwhich is prodyiced doubl e-stranded cDNA,

7 usi ng specific or random hexaner priners, such as

hexadeoxynucl eoti de msimer specligiteéh, rRaiomAheRamer pri¥drs, such as

i nol st anaea conalRedechFR87R0R18e" BFinazs | (CARER | SF Ao such

cDNA is then puﬁﬁﬂled and si ze-sel ected by agarose gel

chr onat ogr aphy. The CDNA msftbget%ﬂt Eﬂz?ﬂé ada *-J:i—géé@fbﬂé) &reé otipg ed
vector sequence, Eﬁgs a Ianbda ZAP vector,

as used, in the PeﬁBFtﬁHnﬁg?eFﬁra B v%%*%w jqeording e,
packaged i nto appr oprstamdaprkiagethoess(aanlbrook) usesudch ¢mm=,cis beméxeri al

cells, as E. coli “ﬁqquﬁ'ggﬁlg%ggigggQCKQ&wﬂﬂ ﬂ?é¥@gﬁé%e cDNA libraries

Commer ci al or custom gener at e
descri bed above, arechromategrarby-usThe GBNprbHethen| a4 de

hyb(r]I i di zation (F:)IrOng ngatéasebl hedechéaAnvéet&r sequen&‘éi,ers&liliirwrdjl g
conditions, an | n C usu Ol I gonuc oti de
hybrldlzatlon rHapro g§ﬁ§d¥8?§8€|éﬁ 3y9?%g%%ngié iﬁéE) od
(Sanbrook), then hybﬁmdt@edExemphﬁsbrepeeuecmherelnfrcﬁhQrK§Q£Dv\isbrary
Those phage pl aques tnensba&aeeayhﬁtéla %t@ﬁri\ﬂ:@ PRy HRASs &

sel ect ed, subcl oned, an [ e-

cl ones arge |dent|f|ed by
aut or adi ogr aphy. CIoH? to 1P§€ﬁg P? 5&%%rﬁ?%&ﬁtc?§t§%$éi¥ods descri bed
above are expected t accerddngi &b methedscknbunein the arhie to the size

selection of thqgDNA uUse@ohllercial or custom generated libraries,
such as phage~cDNA libraries described above, are
screened using as probes oligonucleotide
hybridization probes, as described in Example 1,
under standard conditions, and medium stringency

20 (Ausubel). Briefly, oligonucleotide hybridization
probes are radiolabeled by random priming methods
(Sambrook), then hybridized to immobilized DNA
from the cDNA library. Those phage plaques
showing hybridization with the probes are <

25 selected, subcloned, and re-tested. Positive
clones are identified by autoradiography. Clones
identified according to the methods described
above are expected to be partial sequence clones,
due to the size selection of the cDNA used in .

30 generating the library and the predicted size of
the calcium channel alpha subunit, based on data
from calcium channels from other species.

Clones identified and isolated as described
above are placque purified prior to extraction of

35 DNA and production of double stranded plasmiad
CDNA. The sequence of the plasmid cDNA is then
determined, by standard methods, such as on a
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30 .genernati ngvthe i brary and the predicted size of the cal ci um
channel al pha ﬁﬁiﬂﬂ based on data from cal ci um channel s PEBMHSS4/08SA9

speci es. Clones identified and isol ated as descri bed above are
pl acque purified prior to extraction of 35 DNA and production of double
stranded plasm d cDNA. The sequence of tHe plasmd cDNA is then

determ ned, by standard_nethods

8 comer ci al Dﬁgmg‘gaﬁéﬁgePuéﬁ?)ﬂ%ﬁgﬁ o(sli‘}’sq]éled Bmsyﬁ'r'osn{sér Cty,

CA). As noted above, Fosterp@itival CA) . ks ometed Hov@4 faux, paxrtidlsoA, were
used to det or M Baoha, | bl - hERY by SEENESSN, N use Regi ons Of

overlap between diff ed were dete
conmpari son of the % Eﬁ‘ Eﬁcﬁge fun‘%enqﬂhlstm‘ﬁ/é’f{/rﬂaﬂ}gz *sequences
provided by the 5 Regdehsr of naveskap cretoeeari Mﬁemntloimsjseful as 10

speci fic sequence pr ' LIgt g\lq? ctions
(Maniatis et al.; Schméig,tea Lé{”éa?%éum n or‘mm anpl e, partq:?% |y

purified total SeAMENELSRNA as substrate. Synthesis of the

second-strand of the cDmhhgefaaﬁgaj,yyprmchd@end&)ﬁﬁfdvﬁ@@d Wlﬂl}ﬁi m
I ndi anapolis IN).

nol ecul es correspondl §‘F8rH&8F %&?’g&?% %%M t%lc‘){n re ag%é'cgﬁt to

any of the partil ckpeeific Ssmwlﬂmémeﬂ@ﬂm%uences can

in 20 turn be used bgntﬁaaagf YebotibRs (Maidtis St al.; sEmRFeet and so
on, to identify overl

p cl o 1eS from ch t Ir
h[err]-1E sequence c# ﬁ Beuglng'dﬁ?ﬁr?ﬂ‘ e, PRx} xh(?ud"g{%é’teglt ti‘?%ﬂ’fods
descri bed abovecedduldet RNAedmsuEs@rqﬁe. 1,syrnthesdgu@fcdéhef 25 the

full-rength hierr]-18.cadalgeREAHCoECehe cona U Gffidiitly pHigely! -1 ength
h[err]-1E clone is constructed trom t% artial_overl] appi r&% clones is
detailed in Exahf e dBoehringer Mannheim, In ianapolis IN).

above procedures identify or produce cDNA
molecules corresponding to nucleic acid regions
that are adjacent to any of the partial clone
sequences. These newly isolated sequences can in

20 turn be used to identify further flanking se-
quences, and so on, to identify overlapping cDNA
clones from which the entire ha-1E seguence can be
determined. Using the general methods described
above, and detailed in Example 1, the sequence of

25 the full-length he-1E coding sequence is
determined. The full-length ha-1E clone is
constructed from the partial overlapping clones is
detailed in Example 2.

30 B. Construction of Full-lenath ha-1E Clones
With reference to Table 1 and Figure 1, it

can be seen that alE cDNA clones H24, H6, I2, and
3-69A, isolated as described above, overlap and
include the nucleotide sequence which codes for
35 the entire alE open reading frame, nt 107 to 6912
(SEQ ID No: 1). Restriction fragments of these
partial cDNA clones were ligated together to
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30 . :B. Construction of Full-length h[err]-1E C ones Wth
reference to (/g and Figure 1, it can be seen that [err ¢ DNA

cl ones Hz24, I—% g%@?%nd 3-69A, isolated as described above,L%-gyF?%??S%?nd
i ncl ude the nucl eoti de sequence which codes for 35 the entire [err]1lE open
reading franme, nt 107 to 6912 (SEQ ID_No: 1). Restriction fragnments
of these partial cDNA clones were |igat &d together to

generate a full -l engsbelpged 1IF AENAY fcr{e%ae’ YN in a cQKAEGORIEN Vect or

(pcDNA I'11- Tnvitrogéen resu construct. was naned NX- HEL.
The construction of ?Lisﬂ%‘i RERFSeE I-E’f T FEFPEE s 3PS 1D NO 1,
herein, was perfornegesulting dofistirilct &ia@mmdim-m:lled in det al | in

Exarrple 2. Briefly, the Hg4 éjfér}%tq,_r(u%@q&g j -1E, S.af hato

Bl uescri pt SK+ ("BS") agene, to o ta| n proper 10
orientation wth¥n th@emi)kﬁc}'la%m ﬁPsH‘Q hétr em: wBsS ResEozmed was 5'

][el ative tfc):ot h? CO?' b1} ﬁ@ﬂ%%me stepd gismd&c@quﬁd E@xt abtadn Xho! fragnment

rom nstruc was en ed i ukary, pressmn

vector pcDNA |11 (I ntATRRYRE- Sacﬁfge%tg' t&fo )ce"t %#90595#90?

Xhol / Apal f r agmeas te@lnméd)rmtldﬁ KMdﬂnﬂOSM) (KBS")hen I i gat ed

I nto Construct 2 for end was
E%Q%I?gat 3 yé i, foﬁr} t(g{/’:’.\lsegoA dﬁ%”@&%”ta‘iﬁ prepar

constructed separ g I/ BgnHl fragpent 20 from
cl one 3-69A waslPi gaPEiERAiN gHEhin theyBSHpolyl WrSF B £8rM EBRst r uct
4. Finally, an Apal Bs XhéI agintwadf sConsdlatdivel twathlel gatiddgi gegibanst r uct

3tofromthe full | gg&%&g&&éﬁ%& q NoAJr) XhoI £ %ﬁﬁké Q@Bﬁ\d pr oduct

containing the full sequence
COnstruct 1 was then llgated into the eukaryotic

expression vector pcDNA III (Invitrogen, San

15 Diego, CA) to form Construct 2. An XhoI/Apal
fragment from clone H6 (SEQ ID NO: 4} was then
ligated into Construct 2 form Construct 3. The
remainder of the 3’ end was constructed
separately, as follows. An SfiI/BamHI fragment

20 from clone 3-69A was ligated into clone I2 (SEQ ID
NO: 5) to form Construct 4. Finally, an Apal
fragment of Construct 4 was ligated into Construct
3 to from the full length clone SEQ ID No.l}.
This ligated product containing the full length

25 sequence was named NX-HE1l.

ITI. Heterologous Expression ha- in Ce
It can be appreciated that, given the
diversity and importance of voltage-gated calcium
30 channels in mammalian physiology, possession of
cells which transiently or constitutively express
selected channel subtypes, such as the ha-1E
subtype calcium channel, would find use in the
medical arts, particularly in the areas of
35 diagnosis and/or drug screening. Exemplary assays
in these areas are described in Section V.

——
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I'11.. Het er ol 00@i¢sesiespds€SsSi on of hlerr]-1E in Cells It

appreci ated that, given the diversity and inportance of volt -5%Y@¥F9
cal cium 30 channels in mammal i an physi ol ogy, possession of cells which.
transiently or constitutively expr ess sel gct ed channel subtypes, such

as the h[err]- subt ype cal ci um channel , "woul d find use in the

nedi cal arts, partlcul ar'YItncixh%élréﬁ&éEia'iﬁadW(ﬁin%ﬁ%/aQr drug

\s/lcreenl ng. Exerrpl ary %;S)gg¥51on of ca]t.é]ieu%g caurrei:'aesntasr e:.sdﬁptsa%r é.?:egg zﬁr?regtc: g?ed
t hat functional vspfelsinrpricttixtingi pantis @ft thes imwenitdohar | y

useful in practicing gagtsi Bédtlt@réﬂremﬂ%ﬁ Seéj%wgsq%g B rgi n. However,

expression of a 5 particular heter ous ence can
nonitored to some adeﬁFEb@“ i BRE QQRRﬁ|Qﬂﬁﬂseq“e“°§s§éysbesuch as
Nort hern bl ot assays mefAipopédito some advaftgd] asings nohsEnaétional

o ot O ods, NSRS dlF 44 SRGMRdY GG dRg LOOLEHOr 10

use i n such nethods, g ol igonuc pro ei ns and
peptides for pr oduct | KPBession agaaymdisuch @s mmdﬁ##ﬁﬁéeét ection

?;Z islaySCO . A. Eetﬂgeaar ﬁﬁbr%@rpféséﬁﬁssqmé}mxﬁ ahbctéélslgor
s Containin ncodi n er ous -
Subuni t's J1 DNA éﬁcbﬁ|$kfﬁrﬂfﬁﬂ?ﬁﬁq %ﬂ?%ﬁg*HQMﬂ#ﬁigﬂﬁgﬁk subunit

may be introduced intprebéssand gitoteins and gaptdsisisoforf produbkibonMethods
for introduction 20 Qﬁtﬁﬂ&&l%df‘tﬁ&?ﬂ Si ot dﬁ&%ttiggsgégx]%l ed in
Suc

the art (Ausubel, Sanbrook) I ncl ude, for exa

transfection of eukaryotlc cells mnth an approprlate expre55|on pl asm d

vector, such as the vectorks. degg . £ iR hhthBaRE

conbi nati on of pl&sm d vectors gells ¢m;@1ul\lyg End

channel ologous he-1E Subunits

DNA encoding the ha-1E calcium channel
subunit may be introduced into a host cell for
expression of the DNA. Methods for introduction
20 of such DNA into cells are known those skilled in

the art (Ausubel, Sambrook). Such methods
include, for example, transfection of eukaryotic
cells with an appropriate expression plasmid
vector, such as the vectors described in Section

25 II herein, or a combination of plasmid vectors
each containing a different calcium channel
subunit, selected from alpha-1, alpha-2, beta, and
gamma subunits known in the art to form functional
calcium channels (Williams). each encoding one

30 or more distinct genes or with linear DNA, and
selection of transfected cells are also well-known
in the art (Sambrook, et al., 1989).

Cloned full-length DNA encoding the alpha-1E
subunit of a human calcium channel, such as the

35 ha-1E DNA sequence SEQ ID NO: 1, described herein,
introduced into a plasmid vector for expression in
a eukaryotic cell. Host cells may also be
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subunit, .sel ected from al pha-1, al pha-2, beta, and gama subuni ts known
in the art to womnsminacti onal cal cium channels (WIllians). gafhises
encodi ng one 30 or nore distinct genes or with |linear DNA and 108589
selection of transfected cells are also well-known in the art

(Sanbr ook, et al., 1989). Cl oned fuljy-1 ength DNA encoding the

al pha- 1E subunit of a human cal ci um channel, such as the 35 ha-1E DNA

sequence SEQ I D NO kraesedteadwiehelinear DNAt 46dbc@ingnte st@hasrdd
vector for expressi on de 1 a eukaryotic cell. Host cells may al so be
transfected with |inear ‘according to standard met hods.

Practice of the present | Pragticor ofinthe presentf ituvéneignceanike out using

any of a nunmber of %m&e&y E&Pi’:-@éé' QﬁtSMﬂﬁGBanjr”&f@'ﬁ'ﬂmﬂé’ﬁsé?
cells. However, mml i an ex réssi on stems % mcluguﬁ)ref erred or

practicing certai ﬁ@res“ Pnf?XﬁFFﬁ 9 ¥eAEFyotic
cells suitable for i rq.terldduct Howevér10mainnh&13hogmpse$r§mm]sﬁﬂ:m ahaym

channel subunit incl %?gé Y, “ﬁhe DNA
or RNA or into v\l!%le reg:‘gc QMS 9 %gelgcn:gé t {Ecé%)e e%rce% ost
cell's are those that iagenkies- expr ess the het er ol ogous DNA and RNA.

For 15 practicing certai mu&aayetsc%elmg *sﬁ!ﬁ&bl@nfoﬁuﬁitroducﬁﬁon of
el ect r ophysi ol ogmcal on JV i

appr eci at ed t hat %@%%érl%%ggzggl igbf:@ffﬁ'é? ?‘r\%mﬁ%&s Ripit aﬂc‘{ude
endogenous functalrtYn@IeIl)ISexpaeseea tuanafectablel kiwlsucnR oxhannel se

having current char amrlos:tllﬁeoswﬂl&ﬂrsucn Dﬁﬂ Mpsse m}é&é@& by the human
al pha-1 cal ci um nnel subunits_descri ed her n such cases

it may be necessary, Prﬁaf&r&?fl pgshpeelys apg thosefhat can gl$9 ona
expression of the exeypressl yhaShetaddkdgaushbBNAFasdIRNAL, Far i ntroduce

into the cell 35 practicing certain aspects of the invention, such
as electrophysiological measurements described in
Section IV it is appreciated that it may be
desirable that the host cell lack endogenous
functionally expressed voltage gated calcium
20 channelse having current characteristics similar
to those exhibited by the human alpha-1 calcium
channel subunits described herein. In such cases
it may be necessary, in order to observe and
measure functional expression of the exogenously
25 added alpha-1E subunit, to introduce into the cell
heterologous coding sequences encoding the alpha-2
and possibly also the beta calcium channel
subunit. As described above, coding sequences for
such auxilliary subunits have been published, and
30 expression in vectors suitable for introductioﬁ
into cells is well within the skill of the
practitioner.
In addition, preferred cells for introducing
DNA include those that can be transiently or
35- stably transfected and include, but are not
limited to, cells of mammalian origin, such as COS
cells, mouse 1 cells, Chinese Hamster Ovary (CHO)

I
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het er ol ogous %ﬁﬂP guences encodi ng the al pha-2 and possibly al so
t he beta calci Qﬂgiﬁ subunit. As described above, codind‘gﬂﬁﬁéﬁﬁﬁs

for such auxilliary subunits have been published, and 30 expressi on
in vectors suitable for introduction into cells is well within the
skill of the practitioner nl4dditi on, preferred cells for
I nt roduci ng lyude e n tl g 3 |y
transfected and i ncl lfl:%& 1s PEQQﬁ eﬁ?%oﬁf@ ’pfdﬁé’g {ﬁfﬂ ‘%/elﬂ df irrfarr%r?lﬂq’b

origin, such as COS greencepnseYneebbsa and | ghe Ghiikps Puefianmad crlds (CHO)
12 cell's, humainenhasonssskedoey éxHEKﬁmeiéﬁ cdf¥d CParticul@rayn

nonkey cel |s, and th Prefe d cl.ud gXM- ells and HEK
293 cells, parti cul aﬁ# 583 ¢ §<s ég EC‘FTgettﬁ%?n h%c?&ptbee{ °§d é‘ﬁ:k'f

growth in 5 susgensiswspengdoni ondddyt enably xanpqs<ingnx§sodcytee nd use
in the practice of {haranuga! kANtndSpract1£eseriBRd dnfvdiiion ad Section

IV, bel ow. Addi t j onal cells such as Sacchar des
cerevi si ae or Prchrad§§§F6L pd XﬁyPBEtu?|$?§e§F??FQR)I%n%ﬂéi *ng the
i nventi on. Adatieiohagdys %emebﬂsrg;m}hwmmaﬁqﬁa-o&&ces

subunit, such as thet‘%grggélsi;g §9|§igﬂ% sgelgs i m f ﬁ]llj_f}%\é B&

|ntroduced by any ne nown art, such as
transfection 1518, t Prackdeing thet invemgieme DNA sequence that

encodes the subunit, suchaaeefbﬂo@@:ssmwwﬁi@ a hunad IHQphL-m

Particularly preferred vecLors ectd an of lan cells are
t he pSv2dhfr expr ﬁ A 53580?% tﬂﬁr?ﬁff%) CI%%1 43&&& early 20
pronoter, nouse dhfrSg@ﬁeltsvmeypbéyéﬂ%!gdﬂﬁ¢dnb¥ any aethoq kaown tes and
sequences necessary kfbse skilBeal fHNtRE éf@*\@ﬁﬁﬁﬂeéltﬂihafﬂaﬁion

RS R B (o Pk G S VI T AN e T S
human encodes the subunit, such as the DNA sequence SEQ
ID NO: 1. Particularly preferred vectors for
transfection of mammalian cells are the psSvadhfr
expression vectors, which contain the SV40 early
20 promoter, mouse dhfr gene, SV40 polyadenylation
and splice sites and sequences necessary for
maintaining the vector in bacteria,
cytomegalovirus (CMV) promoter-based vectors such
as pCMV or pCDNAl or PcDNA3 (Invitrogen), and MMTV
25 promoter-based vectors. DNA encoding the human
calcium channel subunit ha-1E is been inserted in
the vector pcDNA3 such that its expression is
regulated by the CMV promoter. Such constructs
are suitable for transfecting a number of
30 mammalian cells, including COS cells and HEK 293
cells. Other suitable vectors and cell targets
include, but are not limited to pCMV and pREP
vectors (obtained from Invitrogen, San Diego, CA).
Stably or transiently transfected mammalian
35 cells may be prepared by methods that are well
known in the art. Cells are transfected with an
expression vector having a selectable marker gene
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cal ci um channel sub

pcDNA3 such t h¥%O 35t0814xpr essi on i s regul ated by the CwW prorp@rﬁj
mal |

constructs ar e

unit hlferr]-1E is been inserted in t he vector

suitable for transfecting a nunber of 30 ma

cells, including COS cells and HEK 293 cells. Oher suitable vec

and cell targets
vectors (obtained f

I nclude, but are not |liggted to pCW and pREP
romlnvitrogen, San D ego, CA). Stably o

an
tors

r

transi ently transfect sdchnasathang&ie f@elfl:lsymbqlim are=er,ed by net hods

that are well knol&"ﬂhyﬂr%‘@lé{é @7( &L & &F Ad eahkd Widda
expr essi on vector having: a.sel ectabl gene
13 such as the §& Esfﬁ?t%‘l’\?rﬁfdl?%lﬁ n’a%ecom’enl‘?ﬂdeeéte@ by

reductase, or the |ikgro@inylthe transtestedt¢erlourkid %drﬁn(tg.wl ently

achi eved by gr
pronote growth of ¢
het er ol ogous DNA en
may be integrated

mai ntained in the ¢

¢t | t t hat

g ggenggééﬁséfw §€ éesli'g'de%é:tcé%@q} gl %@xe mar-]xﬁé' a
co8fRg-t he human al pha- 1E cal ci um channel subunit
lnt@neqhétér&iumm e"feé&n the Hihade 10 ]

suc

| | { | t
het er ol ogous DNA ma§ B?‘;‘gﬁagﬁpg% St %Qﬁq ﬁ}mlttu > CO 5 n:’i'g‘

nmet hods approp
B. Functional Eygp
A plasm d, such as
full-I ength NX- HE1
RNA, using an 20

ri ankotoelhts cﬂixfoﬂqqmnaahdna@mam roxt Imayalhte 15
reﬁéiﬂ@afﬁe&'%x@ﬁ:ﬂé‘ cell 1 as an eplsoﬁt‘aariogﬁim%ﬁcﬁyt €s

a pBluescript SK+ pla ontaining t
codehdys s%efalmng suqfs heLaF1PINSIONE @d¥pbenent
appaspaged eardiyor) Gubi RS fred, uda:mdl’?xgo toShethods

t nown I'n

pol ymerase. Such RNA ?ﬁpi%@f&@éﬂ Q&Lt%eo%éﬁf m&s %@O&ngﬁu%glr ?evt

(about 5-10 pg/oocyte

15

20

25

30

35
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B. ctiona ssion o -

zenogus oacy tes

ary

or

A plasmid, such as a pBluescript SK+ plasmid,

containing the full-length NX-HE1l coding sequence
is used to produce complementary RNA, using an
appropriate RNA polymerase, such as T7 or SP6
polymerase. Such RNA is injected into oocytes
from Xenopus laevis (about 5-10 pg/oocyte),
according to methods known in the art. For
expression of a funtional calcium channel in

oocytes, coexpression of a calcium channel alpha-i
subunit, such as the rabbit skeletal muscle alpha-

2 subunit (Mori et al., incorporated herein by
reference) may be required. Additionally,
inclusion of a calcium channel Beta subunit, such
as the Beta-3 subunit from rabbit heart (Hulin.et
al, incorporated herein by reference), helps
optimize functional expression of the channel.
Coding sequences for the aforementioned alpha-2
and beta-3 subunits have been published as cited
above, and construction of expression vectors
suitable for injection into oocytes is within the
skill of the practitioner. For expression in.

I
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expressi on of qug)‘f‘ naI cal cium channel in 25 oocytes, coexpression of
a cal ci um channe subunit, such as the rabbit skel ePSE/USA0aSES
al pha- 2 subunit (l\/brl et al., incorporated herein by ref erence)
may be required. Additionally, - i nclusion_of a cal cium channel Beta
subunit, such 30 as the Beta-3 subunit front abblt heart (Hulin et

al , |ncorporated her e ef @ggg} fuRGt
expression of the chah%(e:?¥e£ & |nn§aés.%iiier%:e or ta?? i].‘Tr'org(r%an oned

al pha- 2 and bet a®Besiipierted Hewo RastYtehed as cited 35 above,
and construction of expression vectors suitable for injection into
oocytes is within the skill] of he ractitianer. pression in.

14 00Cyt €s, gappr oxi nfit el é‘ﬁtu. ror .Wre i nj ect ed
i nto each oocyte. Pt Expressmn of h[err]-1Ein 5

Manmal i an Cel | s one el ‘n&q% thatt iss paartdicadezdyy anepabbee
to transient or stabl eottﬁﬂﬁéﬁ@ﬁtcak@tatm mﬂmfectxoﬁnﬁéyeﬁiech{ﬁngﬁey cell

| i ne HEK 293 (ATCC Accessi on, 1573

transiently 10 cot rgﬁémﬁ?’e‘é )ﬁq’}f“f H‘gﬁh[ ér’fie i@fégﬁﬁ i( E'(S%I\Ig‘wess"°"‘
expression plasm d, aNd.o@RLLF7hor e ifcharcdldis jcan be &a‘lausciﬁmtmxnnel
subunit cDNA exph@ssi eati?&ﬁéfg&eq witl?rtr{frlftﬂ—l)%l%%hhl‘é%u Xpr ession

pl asm d as detail ed E I ans abl e
transfection can al soe&r%ﬂ%d&qqﬂn-‘dt andeiengy I BOKe SGCBF‘dP‘ﬂg to
st andard net hods céluiubethanriall sAaldunite GIDNAS ekpreskdbheplasmida,

et Por' Doy UM AR eLUE, exprossion FLARELESIE haglineg
accordi ng to methods KﬂoﬁﬁamﬂﬂQtﬁaQﬂﬁllﬁamﬁi-celIs are subcl oned and
tested, for exambe by Norgf@¥Xe transfection can also be achieved in
HEK 293 cells according to standard methods
(Ausubel)., Suitable vectors for stable
transfection include pcDNAl1l and pcDNA3.
Transfected cells are selected, for example

20 by differential growth in limiting medium,
according to methods known in the art. Such cells
are subcloned and tested, for example by Northern
blot analysis, for the evidence for the expression
of the human alpha-1E calcium channel.

25 Alternatively or in addition, individual
transfected cells can be analyzed
electrophysiologically for the presence of
voltage-activated calcium currents (using barium
as carrier, as described in Section IV. Such

30 cells are useful in functional and/or binding -
assays, as described in Section V.

IV, Electrophysiological Measurements

A. Recording of Calcium currents in Xenopus
3s oocytes

Functional expression of a heterologous ha-1E
calcium channel subunit can be measured in Xenopus
oocytes injected with heterologous RNA, as
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bl ot anal ysis, for the evidence for the expression of the human
al pha- 1E cal cimoneselsasdanel . 25  Alternatively or in addition, i ncbcqi,@gga)osss,

transfected cells can be anal yzed electrophy5|olog|cally for th
presence of vol t age-activated cal ciumcurrents (using barium as
carrier, as described in Section IV. Such 3015 cells are useful in
functional and/or binding assays, as described in Section V.

| V. EIectrophysiologésgribbasﬂneaeqtkon III. Cuﬁrents%gmading of Cal ci um
currents in Xenopus éénven ently r fﬁ?ﬁ$§ sin dH¥3i6U§§ expr essi on
of a heterol ogous h[err]- E crumc %I unlt can be nmeasured in

Xenopus oocytesmFﬁfeeiéﬁtﬁP@ﬁ YE%%#Q#U@%E&PF&&?“Qﬁ$ed to an
described in SectionamphifQust 86k SspéCen. c@prwwerwlacerdecmf ¢ed using a

standard two- gt ode ta
anplification syst em ﬁé)eﬁ a# %’ﬁ“gi ﬁ‘g@lg ‘%ﬁaﬁg’#’rqee%o "fth Wg
sol ution containi ng BoBa(28),, SUCWNWB@GI?%#&NQ@ ac§§chstﬁarr§atlun1acts as

current carrierchfrifg $XStrd sydeane! Scrdmhals iad ebtivated wieriodic
delivery of voltage ulse QErrents are neasur ed and_normalized
according to procedu Eglﬁém DIV ETY t HosEPFERTT I RHLSAS n (TS H&TGai ni ng
to el ectrophysi meagyred and ndfmalized yaccording tollproueskards

i nvention includgs S [ such
as ool cium | 18nanenped chiindse HERPLILY SO NHERE pe- RN o
activity of caIC|un1Eﬁ8ﬁﬁ§PBhY§}R%P@%says are useful as screens for

new t herapeutic conpounds havi ng cal ci um channel agoni st and/or
antagonlst v. Utility
The present invention includes methods for
15 identifying therapeutic compounds, such as calciunm
channel agonist and antagonists, that modulate the
activity of calcium channels. Such assays are
useful as screens for new therapeutic compounds
having calcium channel agonist and/or antagonist
20 activity. Presently, calcium channel antagonists
directed at L~type calcium channels find use in
the treatment of hypertension, subarachnoid
hemorrhage and variant forms of angina. Certain N-
type calcium channel antagonists have been found
25 to be useful in reducing cerebral ischemia, as
described in co-owned U.S. Patents 4,051,403 ana
5,189,020, incorporated herein by reference.
According to the present invention,
eukaryotic cells expressing heterologous ha-1E
30 calcium channel subunits encoded by heterologous
DNA as described herein are useful for screening
for ha-1E subtype-specific compounds, and for
predicting the relative potencies of such
compounds.
35 In particular, cells expressing such
heterologous calcium channels of the ha—-1E subtype
can be used in binding assays, wherein whole cells
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20 . activity tly, cal cium channel antagonists direct at
L-type cal ci’u%%ﬁ%ﬁgs find use in the treatment of hypert'%ﬁgﬂ%ﬂf’sss’

subar achnoi d henorrhage and variant forns of angina. Certain N
type cal ci um channel antagoni sts have been fggnd 25 to be useful in
reduci ng cerebral ischem a, as described™n co-owned U.S. Patents

4, 051, 403 and >, Wn@%@rah?&%ﬂ&fé&?dauﬁrééé‘té)d £é&1 iy to

According to the present. I nvention, eukaryotl c cells expressing
het er ol ogous ha- 1E 3®1ndapcteftcrampennd ypaenecabhe Rk epsuteng fibsgous

DNA as described her abildty ggethe testseompound to displddesrd Jknbwn

subt ype-specific co , .ang. for redicti yel ative . .no cies
of such conpoungg%%gg% of qneI ﬁhﬁﬁ???buld%% %%#Js&&ae%eeséﬁnﬁﬁsougﬁ
het er ol ogous cal & umldgandewbich binda[terthe chamngbheand blagkshhard& in

bi ndi ng assays, wher @alcii@l BuePbhEs is the spider toxin Aga-IIIA 16
or nenbranes thereof Are t%ssed fgr aby)léy t§4‘ bi .nd test conpound,
general |y by neasuri HgdSPRated as described by, Mink3, & nd to displace a
known | i gand of inicerpbzated. héneinphy opeferende)ctional 5 |igand

whi ch binds to the channely @ﬂgdgl SchiEving ldut suckt HérddRiGy rents is
the spider toxin Aga-I11A e igg*"a?e g %escri%ed by M ntlg:*,g et al.,

a.
i ncor por at ed her’d n BPSR¥FerERCKFLL known in §he Ay 314 SEYEAN% YUt such
screening 10  assaysuchecasshiskDovwithih htherdkirhhbSaiid pradtioner.such

assays is within the_ski f t,o - allowed U. S
pat ent application c® °%F§5§?g§§,gé?§b%'r ;@ér%?%td ?Pep%%\,%%q’r ef erence,
descri bes aSsays whi &7/865 288, intorperated hereirys by gafienang¢annel s for

screening of certaingdeseesnel assaydtwivPéh Gatriide GuviutledHetdomall s. Such
net hods ar grsada tqbl.e to, the g,%e ent _inveniion.
ad

Al ternatively, CaHm Fhanag or sehe FPLSERFAIn, FYPes Q8

assays in which'is N-type calcium channel antagonists. Such methods
are adaptable to the present invention.
Alternatively, or additionally, such

screening assays may include assays in which is

20 determined the functional activity of an expressed
calcium channel. In such an assay, drugs which
alter such activity, such as calcium current
activity, are candidates for calcium channel-based
therapeutics, of the types suggested above or or

25 additional types. '

The following examples illustrate, but in no
way are intended to limit the present invention.

30 Materials and Methods
A lambda-ZAP cDNA human hippocampal cDNA

library was obteined from Stratagene (La Jolla,
CA). A eukaryotic expression vector pcDNA III was
obtained from Invitrogen (San Diego CA). T4 DNA

35 ligase and T4 DNA polymerase were obtained from
New England Biolabs (Beverly, MA); Nitrocellulose
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20 .determ ned the functional activity of an expressed cal ci um

channel . I n sugfo sef8pay, drugs which alter such activity, gﬁmﬂ
cal cium current activity, are candidates for cal ci um channel - ?
t herapeutics, of the types suggested above or or 25 addi ti onal types.

The followi ng exanples illustrate, but in no ;, way are intended to limt

the present invention. 30 Materials and Met hods

A lanbda- ZAP cDNA humgiiftleRBOGapBabpeiMed frohi SERIYWREr WHEi s@thd 1 0M
Stratagene (La Jolla, A eukaryotic expression vector pcDNA I

was obt ai ned froéﬁFﬁ?ICAﬁsén (San Diego CA). T4 DNA 35 |igase and T4
DNA pol ynerase were obt ai nBduesormipt SKe(BEhgvasdoairmdd fiRever |y, M) ;

Ni trocel | ul ose Stratagene (San Diego A 17 filters were
obt ai ned from Schl_ei cher ang hi { or T 9 { Ke %e Bl uescri pt

SK+(BS) was obtai Red from DePh°SPh‘a¥1§b®ﬁ%d(%hf E}’é*g%ﬁt%]- phpsphatase

Dephosphoryl at ed Calf(cnpeshagabbﬁggﬁgaafaﬁﬁ New Endiahd Wiox¥si ned form
New Engl and Bi ol abs (Bevmgiéer#% Synt hetic ol igonucl eoti de
| i nkers and priners ared using commercially available 10

aut omat ed ol i gonucl eoti de §ynthe§ geebigenudlestide ligthershand noringys i ed

Bi osystens (Foster C tére prepgﬁgd &giﬁﬁr@@m&@%g&aglyugyagxgglguxisynthetlc
ollgonucleotldes y be se ron1Synth i C
Genetics (San Di 8do, GRF m@%ﬁg gig°§§$£#@£g%ek§¥n %m
| abeling kits mep@tahnadnédomrkppfmeﬁrmrgﬁgsﬂﬁnsﬂﬂﬁqaﬁﬁnxﬂuhyxmﬂ
(BMB, Indianapolis, |y, Alternatively, custom designed synthetic
oligonucleotides may be purchased, for example,
from Synthetic Genetics (San Diego, CA). <CcDNA
15 synthesis kit and random priming labeling kits
were obtained from Boehringer-Mannheim Biochemical
(BMB, Indianapolis, IN).
Standard molecular biology and cloning
techniques were performed essentially as
20 previously described in Ausubel, et al., Sambrook,
et al., and Maniatis, et al.

Example 1
Isolation of partial cDNA clones
25 A. Clone H6
One million recombinants of a AZAP II
(Stratagene, La Jolla, CA) human hippocampal cDNA
library were screened in duplicate at a density of
50,000 plaques per 150 mm plate using two
30 radiolabeled 1.6 kb (Hind III and Xho I digesﬁéd)
fragments of the rat Class B al subunit cDNA (for
the seguence of the rat Class B al subunit see
Dubel et al. (1992) Proc. Natl. Acad. Sci.
89:5058-5062, incorporated herein by reference):
35
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St andar d. nol eaubaselisgl ogy and cl oni ng t echni ques were perf&r 94 8
essentially as 20 previously described in Ausubel, et al., Sanbro 108589

et al., and Maniatis, et al. Exanmple 1

| sol ati on of partial cDNA clones 25 A Cl one H6 One
mllion reconbinants of a XZAP I (Stratagene ~La Jolla, CA) human
hi ppocanpal cDNA l'ibrary =y n density of
50, 000 pl aques per 150 nn1p|at IL.6 kb (H nd
11 and Xho | digested) fl ‘r]l subuni t

CcDNA (for t he sequence of
Dubel et al. (1992) Proc. hbtlf | ncor por at ed
herein by reference): 35 == 18

Fr agnent Nuclgoti des HndllI-Hndlll 712 to 2288

see

Xthol [thgl iy t3793 !(3394 The hy bridlzlhtohybasdi@fé%dv%&daff0; med ulnder
st andard conditi ons nhar Ny sal non
sperm DNA; reci pes fo%ﬁd%aﬁ% °°nd2§f’r8?801( 5%t SSPE (1%99‘”3&%”% ®3hing, A

10 Laborat ory Manu&DbDs,Cal chg@pli sglienbspetmbDRA} argcipes fionask)in Filters
were washed under MedidiBrooic ef! akngfaeygﬁaﬁé&? SforthgiSHE. 0. 1% SOS,

S0[err] Q). H6 was one ones | sol ated. H6

bact eri ophage wa® pl &cﬁ?@rmﬁ’l M¥anyal, GgiﬁgSEFMaﬁ%ﬂ?&‘f HeRenaroryanbr ook
et al. (1989) Merems)ar FElearsgwere Lehsned ouydddmed iunCol d Spring

Harbor Laboratory Pr q3flinlauh) 8oRkieRERE (o.2x TSRk a4 GAN W dysol ated

usi ng standard
H6 was one of two Class E specific clones

isolated. H6 bacteriophage was plaque purified

15 using standard methods (J. Sambrook et al. (1989)
Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratory Press), double stranded
BS plasmid cDNA was isolated using standard
phagemid rescue procedures (Stratagene), and DNA

20 sequence was obtained using PCR based fluorescence
dye termintaor procedures (Applied Biosystems).

B. Clone H24
One million recombinants of a AZAP II
25 (Stratagene) human hippocampal cDNA library were
screened in duplicate at a density of 50,000
plagues per 150 mm plate using a radiolabeled
NotI/EcoRI fragment (nucleotides 118 to 705) of
the rat Class B al subunit cDNA (for the sequence
30 of the rat Class B al subunit see Dubel et al.’.
(1992) Proc. Natl. Acad. Sci. 89:5058-5062). The
hybridization was performed under standard
conditions. Filters were washed under medium
. stringency conditions H24 was one of 5 positives
35 isolated in the screen (4 of which were Class E
clones). H24 bacteriophage was plagque purified,
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phagem d .rescue procedures (Stratagene), and DNA 20 sequence was obtai ned
usi ng PCR basgg édsigescence dye term ntaor procedures (Appld

Bi osyst ens). B. Cl one H24 One mllion r?ggﬁﬂ?ﬁ/g{!ﬁsg
of aferr]ZAP Il 25 (Stratagene) human hi ppocanpal cDNA |ibrary were
screened in duplicate at a density of 50,000,4 pl aques per 150 nm pl ate
usi ng a radi ol abel ed Not | / ECORI fragnen% (nucl eotides 118 to 705) of

B Terr]1 subunit - see ouper oednddhl glfiniSRAINANY pribar iy e O 858
89: 5058- 5062) . The °Pg"ﬁy%?? a?%}érﬁtﬁﬁlt%é’sziér'?‘b% SPAENSNdard

conditions. Filters were washed under nedi um stringency conditions H24
was one of 5 positives 355 | &£drd n the screen (4 of which were Cass E
cl ones). H24 bacteri ophage was, pr purifjed,

19 doubl e Standard Predh b igmrepembinante®f MmAZAF I clone was

chialrtact eri Z(rarg by DNisteati®gyend)d. human hippocarpal Guﬁm 1lidrayry were I One
mllion reconbinants I . St r.at agene). hu ' canpal cDNA
PEERBdl Iy dimiagat A€ ERBR, B 58, B0

library were screen at”a density ) pl aques
per 150 nm pl at e usi R¥aauesdrer Akl gun platepiging\ga radisdabelednucl eot i des

4194 to 4740) 10  fpeer ) hepLP¥rddrtH® indélecki@dyy hniod 2 14972 042S ,
per formed under  standard conditions. Filters were ,\ggsh d under nedi um
hybrifdantio

stringency condtPi onSTORtRRCONA Iragment HS.,Ihe R3St he
screen. |2 bact perSpimere wakep| strareiand idosd ticmsh| Fidterdaweres
g'egag“'ngi ﬁgNA was prepaiRda Gtk Hed i S t¥hgency PoRE124060E.289 QusDVA
one of 13 positives isolated in the screen. I2
bacteriophage was plaque purified, double standard
15 plasmid cDNA was prepared, and the clone was

chartacterized by DNA sequencing.

D. Clone 3-6
One million recombinants of a AZAP II
20 {(Stratagene) human hippocampal cDNA library were
screened in duplicate at a density of 50,000
plaques per 150 mm plate using a radiolabeled DNA
oligonucleotide probe derived from a rat neuronal
alpha subunit cDNA. The hybridization was
25 performed under standard conditions. Filters were
washed under medium stringency conditions. 3-69A
was one of 37 positives isolated in the screen.
3-69A bacteriophage was plague purified, double
standard plasmid cDNA was prepared, and the clone
30 was chartacterized by DNA sequencing. ‘

Example 2
Construction of full length Human alFE cDNA
ha~1E c¢DNA clones H24, H6, I2, and 3-69A
35 overlap and include the nucleotide sequence which
codes for the entire ha-1E open reading frame, nt
107 to 6912 (SEQ ID No: 1). Restriction
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D. d one. 3- 6% One mllion reconbi nants of a XZAP |1

(Stratagene) r‘?ﬁ’ﬂ“r#ppocarrpal CDNA library were screened W’H@ﬂﬁméﬂéte
at a density of 50,000 pl aques per 150 mm pl ate using a radi ol abel ed
DNA ol i gonucl eoti de probe derived froma rat neuronal al pha
subunit cDNA. The hybridi zati on was 25 perf?oor med under standard

conditions. Filters yg%&%osﬁ\%efs%‘%s ngea §@Q| Eﬁkit Eiggggcxeggndl tions.

3- 69A was one of IVes 180 3-69A
bact eri ophage was plhifgated tiadedherdfobigeneratet anéaﬂ-él E)P—agmldh@m was

Fé)r( epalr ed2 and the cléma?%ta/vaﬁx&&@&%t %&b%@@s@ﬁn%cﬁeﬁufgébﬁﬂ III-
a e NSI.ruct]
TAcTE CONA ol ones HORO I oaen) ", e, Tean 180" cEUARRULE (bt nfRad | e

nucl eoti de sequefice NkitHElL. Theodenstouctionepfi N¥-HE3r was 1pevfermedadi ng

frame, nt 107 105 9%k €i30Q QEJI}Q ak) deB%ﬁ'tﬂabat hﬁndetall below: 1)
20 fragnments of these partia gat ed toget her

to generate a full - I ESRAIPHE O Hed into @MsFﬁlﬁte§§§r‘9§! Ocebtat’; on
vector (pcDNA I11- propdi\brdilcagationl{€onetthctng)copst Ligativs afned 5

X HEL The const ruckl Gl NSlehu'33e0s L8 T80 evchcEbLIRLE B1 oPe o

described in detail Del'ow oni Ng uescri SK+( BS)
to obtain PP opekntn inghi 13T ((@9n§9mct3°1l‘f'tr25=tl Pbat?bnlwatlon an

Xhol fragnment (nt 1 é@ a1x37>é§oif mesa:onf&%rgin@ﬁt h—&ﬁ Hei the psPliebdli1dip form
Construct 2), 3) ligat,i e an Xh0§/é§ # ra @tzjro H6 (nt 1374 to
4181) into Const?t ﬁﬁﬁ?q= % ( P gﬁ? F}gatlon of an
Sfil/BanH fragnent Ixmmﬁm (am S£iI/Bag8Z fcasmetmt froow| 3t€23 (mto |2
(to form 5884 to 3/ untranslated) into I2 (to form
15 Construct 4), and 5) ligation of an Apal fragment
(nt 4181 to 3’ untranslated into Construct 3 to
from the full length clone SEQ ID No.l).
1) To obtain Construct 1, H24 was digested
with EcoRI and religated into EcoRI digested BS.
20 The purpose of this ligation was to reorient the
original H24 clone within the BS polylinker such
that the BS XhoI site was 5’ relative to the
coding region.
2) Construct 2 was digested with XhoI and the
25 resultant 1.4 kb fragment was purified from an
agarose gel and ligated into XhoI digested
PCDNAIITI dephosphorylated with calf intestinal
phosphatase (CIP). This construct thus contained
the 5’ end of the clone (nt 1 to 1374).
30 3) H6 was then digested with XhoI and Apa I
and the resultant 2.8 kb fragment (nt 1374 to
4181) was ligated into Xhol /Apal digested and CIP
treated Construct 2. The ligated product was
referred to as Construct 3.
35 4) The remainder of the 3’ end was
constructed separately. First, 3-69A was digested
with SfiI and BamHI to yield a 2.7 kb fragment (nt
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15 , Construct 4), and 5) ligation of an Apal fragnent (nt 4181 to 3
unt r ansl at ed 0ﬁqgstruct 3to fromthe full length clon D
No. 1) . wat99’1) o0 obtain Construct 1, H24 was digested &'?&%4403539
EcoRl and religated into EcoRl digested BS. 20 The purpose of this
ligation was to reorient the ori gi nal 4 clone within the BS
pol yl i nker such that the BS Xhol site s 5 relative to the

codi ng 1 egi on. ss84 &) SOURLIRG 2cua) dufisshodal yby Bty padqthe 25

resultant 1.4 kb fragrrent was 0ose | i gat ed

into Xhol digested and WI P"&@pﬁﬁﬁlﬂ@??‘ﬁét éélgﬁFPﬂdc%ﬂ“F &ﬁ?estl nal
phosphatase (CIP). ’Htre&tfesmqtzrucu-hbhusigaeaaapaeduct washeeBeread ©6 the

clone (nt 1 to 1374)_ ) Lh d| t ol and Apa
and the resultant 288$ %goqsrté'é‘ﬁé’n? Sl\fﬁiﬁ on %izfg%’% ‘b %<| gated into
Xhol /Apal di gest ed segquediced prlorr sat puoceﬁéﬂ-ngcwlth the nﬂgﬁt gtiep) oduct

vas referred to as @ﬁnﬁﬁbu@ﬁnﬁl éénstruct éisTbﬁeﬁﬁf@dngfr of the 3
end was construct ed separ at el ¥ First, A_was dlgg with
Sfil and BanHl to yidigpsFing; Cepstrygheht "’Q-FIP APaI' yie mg

21 5884 to 3' wpmiframiedte¢ht whsehtwvas’gel ) pwhithedas geland | i gat ed

into Sfil/BanH dlg%ﬁ%ggiru gIP1 XFFe rgg&gdAng Z@@ éigaéggag%gduct was

referred to at1on“junctions wer
sequenced priort@o G%%Fééﬂﬁ% 3w € 1Fhé1ﬁéiéﬁds?§ﬁ?“°t containing the fnal
construct was prepariilbength deg@ehtag Gasshamed MxvHED. Apal, yielding a

4.1 kb fragment (nt 4182 to 3'ut ) which was gel purified and
ligated into Apal cut CIP treated 10 Construct 3. This |igated product
containing the full length sequenceExam?.bQ.néd NX- HE1.
unctiona as o) o s in Xenopus oocytes
15 The ha-~1E full-length DNA sequence SEQ ID

NO:1 was subcloned into pBluescript SK + to obtain
plasmid pha~1E(SK+). Complementary RNA was
synthesized from the plasmid in vitro using T7 or
SP6 polymerase. Additionally, complementary RNA

20 is synthesized from plasmids containing calcium
channel alpha-2 subunits and Beta subunits known
in the art (Mori, Williams, Tanabe). RNA from
each subunit was injected in equimolar ratios
using 0.1 g ml1! e, 0.1 ug ml! a,, and 0.03 pg ml-

25 ! 8:; ~ 50 nl is injected per cell. The ha-1E
currents were recorded by a standard two-
microelectrode voltage-clamp using a Warner
amplifier (0C-725A) in a chloride free bath
solution, containing (in mM): Ba(OH),, 5;

30 tetraethylammonium-OH, 40; KOH, 2; HEPES, 5; pH
7.4 adjusted with methanesulphonic acid. Data
were sampled at 10 kHz and filtered at 2 kHz.
Leak and capacitance currents are subtracted off-
line by a P/4 protocol. Voltage pulses are

35 delivered every 15 s. For steady-state
inactivation experiments, voltage pulses were
delivered every 20 s. Peak normalized currents
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Exanpl e 3 I onal Expression of h[err]-1E in Xenopus oocytes 15

The h[err]-1 ngt h DNA sequence SEQ I D NO 1 was sub®CoRH/P8IED
pBl uescript SK + to obtain plasm d pha- | E(SK+) . Conpl enment ary RNA
was synt hesi zed fromthe plasmd in vi tro using T7 or SP6

pol ymer ase. Additionally, conplement ary RNA 2 I's synthesized from
plasm ds containing galgi '%h | eta subunits
known in the art NbF?%tﬁe ?é: rg *%ﬁ%i Ig‘ctﬁvg%{ogach subuni t

was injected in equi FBFYE-r aFigare 2 5’1@(3193 d-raqeef] @ wRpdpm chrrept 0.1
[err]g m[err] [err]meaadredOﬁx[aerxdraapﬂd Qfddyt@preb%ulsl&eﬁhhecteao nl is

injected per cell. h ] - urrents wer.e reco de y a standard
t wo- m croel ect rggh %@% c%q% t&ﬁ ﬁﬁmﬁiw cfxa RI fier
(OC-725A) in a chl or subunibehderE (SEQ Ismlm.mn,plmsnmnango@ungmw

Ba(OH)[err], 5; 30 aighhdgtiing W'éﬁﬁﬂhé%é@és&abéﬁpﬁﬁov@ pH
7.4 adjusted with |_é‘ﬁanesul honi ¢ acid at 10 kHz

and filtered at 2 kHzPe currentwag,inugked (frale ac&"ﬂl@l’rf‘g HPEQEGBFFact ed

of f - line by a &f4-poahwctd .a tHdtagoyuttiad afcon¥. delivered every

15 s. For steady-state S | ses were
o SPARL AN RATTATRALS erkBLENE BY

delivered every 20 s. Pea
22 were f Pt edbleck g ieurnant @t madateh concentratipncof Fgure 2

shows a trace of a bamiuUNDEREF lcium dlﬁaﬁiéleqblb&kangeaeﬁgéuﬁasyte
previously injected wi.th nRNA en odlbgg)&g(d man_cal ¢ci um,channel 5

subunit h[err]-1E (SEE}?E)V&f?D ﬂﬁqﬁ? &' urs &PFha"S and beta
subuni ts, as descri beaxilewcconcentriitdang testedasrenaskédliowssa hol di ng

pot enti al of '8Qm atéox?oéd%&nsf)w»l 3('52( )OTMVIIC (s ‘“ME) T&‘@Iﬁp' der
toxin AgalllA m&g fg lve to 10 ock this current
concentration of®50 (3 #Mjn Agg YA c‘a“1°(9 M’cﬁéﬂn@l"‘hﬁf’&i’?ﬁbdéﬁﬁﬁounds
whi ch were unable to block this current and
Example 4
ssio a- n an Cells

Human embryonic kidney cells (HEK 293
20 cells) were transiently and stably transfected
with human neuronal DNA encoding calcium channel
subunits.

A. Transfection of HEK 293 Cells

25 Separate expression vectors containing DNA
encoding human neuronal calcium channel ha-1E, rat
a,, and 8, subunits, were used. constructed as
described in Example 2. The ho-1E coding sequence
described herein as SEQ ID NO: 1 was incorporated

30 into a pcDNA1l+3 vector, as described above, with
addition of a c-myc epitope tag on the 5/ end of
the ha-1E coding sequence, for monitoring,
according to established methods. The vector was
used for stable transfection of HEK 293 cells

35 using the calcium phosphate transfection procedure
(Ausubel). cCulture plates containing about two
million HEK 293 cells, were transfected with 1 ml
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maxi.-mum goncentrations tested are as follows: onmega conotoxins MIIA

(5 [err1M, M#obGsbhaberr1M, TVIA 15 (5 [err]M, Aga | VA (100p@siiitbsss

dehydr opyri di nes. Exanpl e 4

Expression of h[err]-1E in Mammalian Cells Human enbryoni c
ki dney cells (HEK 293 20 cells) were transigntly and stably transfected
w th human neuronal DNA encodi ng cal ci um channel subuni ts.

A. Transfection of dfEONSEAIYilugk %’ﬁosphate &a&ﬁpﬁeawpceﬁshmniugcsms

cont ai ni ng DNA enco gur onal cal ci hapn rr]l-1E, rat
[err] and [err] suburt c¥\é§%§ E%g&ﬂ e ISt PE@tedhgghg 29° g %%?ﬁeéfin
Exanpl e 2. The ha- 1E gxairtly igemediac contaiddagr 508dutictéld, acotedied NO 1
was i ncor por at ed 30 nwt&ﬁe@lal}lélt%r\ée&%&ataa Q@é@f&bﬁé e90¥ean&ai-&

addition of a c- é”tQQe tag on the 5 end o h[err]-1E codi ng
sequence, for nmo tor dures.,ccording to establlshed nethods The vect or
was used for stabl e tEBxrefssdibnoefohaHEE 28Bunét| by38ellgswag t he

cal ci um phosphate 1 R AN o 4sBcance (AHEHETLbe1 EHbL U Bepial oo

cont ai ni ng about two s, were trans wth 1 m
23 of DNA cal cifNHaupRated, Wikhp FAROE SCERTAYnFAgIsd antibgdieq of
each of the vectors. (ffdi ckimeldcdads seurces) divethedntoetha eemyai ni ng

500 [err]g (418, col oni had fQrned and were is d._acco gto
standard 5 prodﬂ%ure itope, the eAINgs SeEN 8Feh?8Fr?£§ stBtn FQB cells
was moni t or ed bytd |tthey &'c emcle oifnfrineo hatrd /B egdiagl sg,quencewer e

i ncubated with fluor sgaitdas g ¢ thd! haQ9iEeSubunit( ha@ThgOBHB! Epdtope

sources) directed to the c- qy
was evidenced by immunofluorescence.

15
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
20 invention.
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10 epitope, t{R 49 sequence for which was added to the 5 end

the h[err]-1E co g sequence. Expression of the hlerr]- 1EP95W§%’?8539
havi ng t he epltope was evidenced by |nnunofluorescence
Wil e the invention has been described w r ef er edbi

nmet hods and enbodi nents, it wll be appr'em ated t hat H'H

modi fications and  rp aneﬂgfmg@y be made mﬁthout depart

i nvent i on.

1. An isolated DNA fragnent, conprising a sequence of nucleotldes
that encodes an al pha-1E 15 sulminisolitett IDNMITRmMenty comptiidinghannel ,

T

al pha- 1E pol ypeptide s Utran heuronal
having the sequefice igbubiegeﬁt%dlwrsmsll@m ’Ealcmm channel3 and

mammal i an expr essi Onhxeﬁﬁ@rtﬁérﬁé&d&r{& presdriteda@ &0 40 meqyence
presented as SEQ | D NO 1. 15 A eukaryotic cell, which includes

a het er ol ogous DNA havi ng t he sequence presented as SEQ I D NO 1.
5. The cell of claim4, whercAm alphadE paly@eptddécsubunitooft a

human neuronal calcium channel having the sequence
10 presented as SEQ ID NO:2.

3. A mammalian expression vector containing
the nucleotide sequence presented as SEQ ID NO:1.

15 4. A eukaryotic cell, which includes a
heterologous DNA having the sequence presented as
SEQ ID NO:1.

5. The cell of claim 4, wherein the cell is
20 a Xenopus oocyte.

6. The cell of claim 4, wherein the cell is
a human embryonic kidney cell.

25 7. The cell of claim 4, wherein said DNA
expresses a neuronal calcium channel including a
polypeptide subunit having the sequence presented
as SEQ ID NO: 2.

30 8. The cell line of claim 7, which furthér
expresses neuronal calcium channel subunits ¢, and

g.

9. A method of screening a compound capable
35 of blocking calcium uptake in human neuronal
cells, comprising

T



6. The ceII 4, wherein the cell is a human enbryonj c ki dney
cel |. thﬁk@kﬂ%he cell of claim4, wherein said DNA X HS40858g
neur onal caIC|un1channeI i ncluding a pol ypepti de subunit having the
sequence presented as SEQ ID NO 2. 3Q 8. The cell line of
claim7, which further expresses neur on&® cal ci um channel subunits
[err] and é&égg efien o} 35 of
bl ocki ng caIC|un1uptake in %d§§%r§%%? 8k gcefﬁ ypggﬁ%r§§§fﬁ%§%

25 exposiTRPRMDrel | of claim7 with the test conpound,

exam ning the effect of satahi®iPgStRe ePfect ofabaidnelkpdsisRy idh o the

cells, and 5 e ctln he.conmppund if.said exposing inhibits
caIC|un1uptake |rn()%i?é |peake ineo"ene il?he W%thod of claim9,

wherei n sai d 5 exposi ng‘aqlre@h;@gstbencampongdthé said sexpagindie 10 cell
of claim8. inhibits calcium uptake into the cells.

10. The method of claim 9, wherein said
exposing includes contacting the cells with the
10 cell of claim 8.
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