; e3eEXt/ EU'"#L(d).6 /Tt/x. VWO 01/92s26 PCT/USO111731~ HUMAN KCNQS

POTASSI UM CHANNEL, METHODS AND COMPCSI TI ONS THEREOF 5 [0001] This

appl i cati Qo el/adshe benefit of provisional patent applicatipppMssi/i75gf1 al

No. 60l 207,389, filed May 26, 2000. FIELD OF THE I NVENTION 10 15 ][0002] The
present invention relates generally to the KCNQ fam |y of potassium

channel s. Mre specifi memm/\gsent i dventi on prﬁmumﬂﬂﬁmﬂmﬂmm assi um
channel pol ypeptide, K ! s cloned and i sol n
ti ssue. Human KCNQS is founehi®o be expressed primarily insdowakn and
skel etal mnuscle. The present invention further provides nethods for

nodul ati ng the KCNQS potassi um channel %ﬁi assays for detecti gﬂmchannel
" modul ators, which haf8JMAN KCNQa ROTEAS M GH M%hMEJHQDﬁ B ogi cal ,

neur ophysi ol ogi cal and neur opsycREMBOSHTIQNEFHERBEOF di sor ders and
di seases. BBCKGROUND OF THE | NVENTI ON 20 25 30 [0003] Potassi um channel s

are nenbrane-sp ILng.proteins that ,general act.to h rpol ar.i ze n ons.
Phys! of ogi cal - J00ILS TR BRROR Alas BEseflgl Savisiarel baact GoRication st
cells and are ?éf?é?il\%.%‘@)/ﬁw 838 m@@lma{fg@@gy‘oﬁuncti ons, including the
regul ation of the electrical propertié€s of excitable cells. Depending on
the type of potassiumchannel, its functional activity can be controlled by
transmenbrane vol tage, different dy : O phoryl ati on, or other
second nmessengers. [0004] In the ﬁ%g@[@ggﬁm TQT?QUNii ng of potassium

channel s has 7B i SRSotd AGGHRIYeRliel BENERIIEHAL KO RAD o

characterizati great'er tha otas m channel” genes an y of

t hei r assodiat gsbtasgumadhenetsibivord spedificatly| theasrebgnt investior piovidesad new
pot assi um channel genes, the KCNQ gene famly, has been described (N A
YD&

Singh et al., IR8sSsingxchannel pplypentide KGNRSTMDIRIMVaY slongd@nskisolatad: 25- 29;

C. Charlier et ) : Wy 853~ 55 jeryart. et . ,
1998, Sci ence, @BW{WB@%M@W%%’%@ f@‘?""gg% %‘%selxﬁ*% gﬁgﬁk’gﬁmgﬁ%
vol t age dependesrairpadiskéletal efupeie! She prenent invieation firthergirbaides sesthots and
pore signature sequences characteristic of a 6 5 transnenbrane potassium

channel “gene arl@ MeAbIANgIRGFCROHNGSHdMSTIANSe! ARG ageaes far delgrting
vol t age- deH%“deéan@%I Q@Hﬁbﬁbm Rave BQQHtfqét SR RBE & \éﬁggpéf about the

KCNQL- 4 gene fam [ mutations 1n each channel aré associated with a
particul ar di sesagologivdl,uturgplegsiclogicabanidyeinopsgchdiéHicd) coraitidrapsy { KCNQ2
and KCNQ@B) , and hearing 10 |l oss (KCNQ4). The present invention provides a
new y i sol at ed, digpisigEs2BA diseageact eri zed menber of the KCNQ family, called
KCNQS. Human KCNQG provides the art with an additional nenber of the KCNQ

famly of potassium channel proteins, isolated froma human source, for use
in the nethods and conpositi oBAGKGROUND Qf THE INVENTION

[0003] Potassium channels are membrane-spanning proteins that

20 generally act to hyperpolarize neurons. Physiological studies indicate that
potassium currents are found in most cells and are associated with a wide
range of functions, including the regulation of the electrical properties of
excitable cells. Depending on the type of potassium channel, its functional
activity can be controlled by transmembrane voltage, different ligands,

25 protein phosphorylation, or other second messengers.
[0004] In the last decade, the cloning of potassium channels has resulted
in the discovery of the molecular isolation and characterization of greater
than 50 potassium channel genes and many of their associated regulatory
subunits. More recently, a new family of potassium channel genes, the

30 KCNQ gene family, has been described (N.A. Singh et al., 1998, Nature



15 SUMVARY OF THE | NVENTI ON [0006] It is an object of the present invention
to provide a novel isolated polynucleotide nolecule encoding a novel

pot assi UmgHaniehe POl ypeptide referred to herein as KCNQS, ppiRfifNGPy (1 -
human KCNQS). The present invention enconpasses the amino acid sequence of
the hKCNQS 20 protein and the nucleic acid sequence encodi ng the hKCNQS
protein. Al so enbraced by the present i nverftion are variations in the

hKCNQ nucl ei ¢ aci d sequence due to degeneracy in the genetic code. [0007]
The present i ngenétorl §2529¢Es Charligr@t yahud 088t Nawirenbenet), 48: 5&5&,hCare at

KNGS SequencEBNER Gy HEBeHcRRE LT HparoRT oI hak D R St atesside

" the present i nhheR di’r"e%lt‘é@é delBhdanPyBthE&arh @Rshricho! —hey cBR@kire aci d

nol ecul e encodin protein according to the present”invention; (b)
. nucleic acid se@?ﬁage@@nsomm@mm sigpatuge (saﬂuet(l@es duaraeieﬂsacoﬂaﬁequences
havi ng at | east, 70% seqguence_.identit referably ast 80% to at | east

30 90% nor8 prEANSMgINPrane poigssiugLeRd Jjgﬁﬂé@"ﬁrhﬁ"&r% NgeLLaboX¥s 980 WO

01192526 3 PCT/ b’ﬁﬁﬂffuﬂﬁén btrﬁ%@ﬂﬁﬁ/dl%@tdépéﬁd@nf Bbias@funﬁ ghafndisagnment  of
(a) or (b) whlch w1l hybridize to (a) or‘dg |‘(un er low, noderately
€

stringent and/ dﬂOﬁthlA/r&maﬂkﬂbbrﬂspmhabou QNEYIr4 gede familpis thaer ei n),

d f b d
Socl et | doe ep'éﬁfa%r@ﬁﬁb%?ﬁgh"gf‘an%egifesﬂsaﬁﬁéf&dl iR AP ARLIEE diskied nelupings
about 7-15 COd%b?ﬁlacad?ﬂwWMh% the ,I%I\IEE%QKGS@ AMPRONMS) , &d hearin

bi ol ogically active fragnment | ypeptide, such as the pofre
regi on (whiléh slpam(i@zl’i&ﬁ) érrherweaentjnwltiqmpmvidﬁs aoewlyzieolatsd, ichenadoaigd

pol ypepti de se e .0r .t he Qr r span t
am no acid 265 Hﬁe%m%“%SOfgbem\'é%%@ypB‘f’ %92’89% 1% gg”dh%ﬁ@@%
(Fig.5A). [0008ﬂro{/fdes&héaﬂt\}omﬁ aR Ridtfonaf rﬁéh%é?*&&ﬁé‘l(GN‘@%Hul?%fb@té%rs%de
an am no acid sequence which is at |east about 70%to 80%idéentical to the

hKCNGE pol ypeptéhwanebpinieins, gpatedfoth abupian seufceeior Lisetim thesmetimdsoamd: 2.
Preferably, the se ven i ncludes: (a) the am no acid sequence of
15 the KCNQS pr%‘ﬁgg%s'@énﬁﬁ%scﬁ{bggg}ﬁrewnventi on; and (b) am no acid sequences
having at | east 70% sequence identity, preferably at | east 80% nore
preferably ??t | east 90% nore p Ryy I 9 nd nost preferably
at |east 98 o sequence identi ty a further object of

the present invention to pro novel nucleotl?e nnlgcule

aslsom a]t ed vectl9096] hd’s'§ %‘Ph’@d %Haer%?mémﬁﬁnt@@éo dele @ampue! isokat
pol ynucl eoti de %I eot| esm%lsgﬂfé Qﬁ&ﬁﬁh‘éﬁ ndv'él B%EWFﬁa% A)'bg?)}beelpﬂﬁssent

i nvention) pol e sequences OXI mat e ater
identity to thaelf&(m Bemu*easé(QNQSpoelflléCh@B (i ,elﬁtmmabl&CN@d)arTheder ate or

hi gh . Al 25 d I h
Sbout “80% or | R ESPALRYSRTN PBSIEIES AR AL ST Ce '%ﬁeﬁwﬁ 01D
NO: 1. (00

( @‘o cf}ﬁ ?é\ﬁghe g%&%\fmé ?ﬁﬁ ds‘eég@eﬁéé%ﬁ% rhg‘{ﬁéhﬁgjr\tl Qteﬂ{. OXsge

nucl ei ¢ aci nerate o onuc primers. The

ordinarily Skl Iémbraneaicby theagpresentninvérdicar areceariafiens dre treulKCPiQ5muclelzased on
the 30 hKCNQ nucleic acid se%ence and/ or the consensus sequences)

descri bed her ei #Fid SPAYERER AUE &2 ECIRPIRRY dhihe genat] &n the art. For
[0007] The present invention provides for polynucleotide molecules which

are at least about 70% identical to the polynucleotide sequence of the native
25 hKCNQ5 sequence disclosed herein and set forth as SEQ ID NO:1.
Preferably, the present invention provides: (a) a purified and isolated nucleic
acid molecule encoding a KCNQS5 protein according to the present invention;
(b) nucleic acid sequences complementary to (a); (c) nucleic acid sequences
having at least 70% sequence identity, preferably at least 80% to at least
30 90%, more preferably at least 95%, and most preferably at least 98%



WO O1/92S2G PCT/ USQOL/ 1731~ 4 exanple, PCR techniques are described in Wite
et al., 1989, Trends Cenet. 5: 185-9. [0011] Another object of the present

invention (g ¢4@:9E0Vi de expression vectors conprising a nu j i
sequence cogi ng q?or a KCNQS 5 pol ypeptide, or fragnent the?gg{‘lféogr?? 4er ably

a functional or biologically active fragnent thereof; host cells containing
such vectors; and pol ypepti des conpri sing the anino acid sequence of the

KCNQS protein. Such poiypeptides, or fragments thereof, may be isol ated and
purified enpl oysengenoevdsrititp ta(a)net (1) dofragment off (al) oo nghiekhwik bybodize to t he

h 1. 10 f bl h d full-l h I. i
el D o . e bR i bSO R BBt
(Yenous) oxDr SEERAMUFR OIS neRi) 4 B4R BrlebiyBSHS S 161! Lor
(

et al., 1984) Aci ds Res., expression

, vectors, such awugedidss toRnlckditids (erg.| encddingen)easbb dodohsymale cel |
expression 15 vec%60rs, such as pF -30 (avail abl e fromtj\lovagen or. Pronega).

-
[001Z] Yet AnotMererabiyeaiteast abeut gricseedonsivanig mere ipseferbly soredingd@st cel | s
t f d wit ; = j f

st of e W i P RGGEER) BN BELTER o LEICET R HIOR e
I(Dg'r ?I éuFér F;l IZbaser rrreler(l;}ggi?é(MI& 29 %s cel ltlaigheoa;qafg(ﬁngzag\!}m&aggfosg (i)fon
o R 1573 (AnRCReTbentideseciegepEet forSE Yokode AReanrepich by ar d.
Manassas VA 20 'n%z.{x)(%ut amﬁo%[c]:ﬁxe%ﬁ td ﬁWB h&8 28556 tRE RENES @olﬁ’f?‘}éﬁﬂg for

poly € p

produci ng a K pepti aving the amno acid sequence ‘as Icted in
SEQ | D NO 20by saduemcehdFiy.t5@9t cel |l under conditions suitable 25 for the

[ f th | ypepti de, d [ th | ti, f 1t he host
cell cul ture. [4908] MFisiancien okipctstjiae present inveptioadRprovideaniamineo
pr ovi de- et NodS, G@tefiGbASS ARG st 3BbE76413 SXPHTE el DIRE MRENEIENS .

as well as processes 'Tor detecting nolecules that
modul at e (e. g.)pd@peptidersequencp-disgdodett kereimand aetforitvas 8BEWID NGuRock, or

down-regul ate he activity of the KCNOQS protein, As used herein,
Cmodul ate" enedRisieaY. thedrerens FaenperTdkses FIE ANBRACa RIS of
opener s/ acl{isvatpKCRES bidfeihidfthe B%}s\eéﬁ:t !q(v%ﬁtif@é{lﬁf(b&a ino acid sequences

cl osers/inactivators/blockers, and't urther object of the
present i nventileving at tegst 30 deequenceddentity npreéferabiyrat 16&@3M@0 %y mwbes ns,

ificall t hod f i tivati
e oy e TbrRporapbl adREN s BB e Cieast 5%, anglreeslareteraiy
present inventi wegwa ectas%'agl Veéa?%ggrgé.g@;itd;{%t reating a disease or disorder,

preferably, a neuro h as a neurol ogi cal,
neur ophysi ol ogi [0009] orlt iseyetapytbbobbjgict ef thei (resat inventicsotodeoyideya novel

dul at i th Vit f the K tein, Thus, th t i ti
s 10 ai r okt RGNS pllsieieOtus miorl Srentates NHoEn At Galh abat mont
for a conditionghiydd &f J&Rd! P%abyéﬁa???gﬁﬁblémw@ﬁ{HPé‘édleW@é%ﬁﬂ'nﬁc@lb&ule? he

KCNQG pot assi um channel, or for a n that 1s nediated by t

bi ol ogi cal act i \negcofdancewitrkibE@Besentipyentiong patymualestide iseguenceskaving

i ndi vidual a potassiumc | nodu] ating..c 0 | n_anount effective

to 15 nodul ate ?MO&EF?R?’W Ortq{ﬁa{%ﬂ%'gﬁ%fﬂnﬁﬁgﬂﬂgh&iSW@éﬁ her ei n.
0015] Anoth j i i i iohgi h f

[ ] _Anot her %ﬁéd,%re?&ﬁbgwm?défﬁﬁgmgh%trﬁ@é?fc?‘ﬁo%xtﬁﬁ%. Mo for

identifying co nds (e.qg., ecu epti des, "anal ogs, m netics)
t hat nodul &% t pref@rired age oatleatide seqyendesdhpbabaeuti 80% e snorel idepticl ¢ tid v

modul ator of a ReMNeS PURERHER SBrupegr eLFEREE bRES Wi th the kanas
B0 D N 1 ] o e R B Bl or "o
t he bi ol ogi cal acitswbtained byRCRovitiedegenaratenvligonpoleptide prigeers Adder di ng t o
- the present | Von lri\aorﬂy skmgd%?ggtﬁfsoinlémncéﬁ%nanr? Ear[]) 8'(3\¥i%8pstuicﬂeprprﬁé/rs based on the
30 hKCNQ5 nucleic acid sequence and/or the consensus sequence(s)

described herein using techniques known and practiced in the art. For



25 be expressed by a reconbinant host cell. [0016J It is a further object
of the present invention to provide an antisense pol ynucl eoti de nol ecul e
conpri si ngyyekantial ly the conpl enent of the KCNQS nucl epEr/agifirsgauence
set forth in SEQI1D NO:1, or a biologically effective porﬁor{at%éﬁrilgf.
Al so, in accordance with the present invention is 30 provided a nethod for
nodul ating, e.g., inhibiting or domnregulaﬂing, t he expression and/ or
activity of the KCNQ@S potassi um channel pol ypeptide V4' O O1/ 92~2G 6
PCT/ USOL/ 1731 exawpieg ROR tectinigessarepadsonibeddo White ebhlecidds, Teangy i si ng
adm ni stering Eo aneeir_n@édual in need of such nodul ating an anmount of the
anti sense nol e L't to nodul ate the expression and/or activity of the
- KONG5 pot assi ugfgnnhofiiel BBRRE bfifhe preb8RtiAlenifdn @ thirbiige g forpf the
present invent Feon I's to 1!g](réowB e gn an‘t§ri bo@ty hav‘ﬁlng spgj;f)?lacie? I-ef?.'}%vvan(r)d an
. isolated and pwectbrsdomghgBgrEhygleistaaid sequericer eduing forea KBNS pol ypept i de,
havi ng the am no aci g sequence as, sho in S I ): 2, 0Or .an . .
munor eacts ve PUBEPHLS AR L HBFaR Dot apOCA Binchatt S hiaPoiba/kaetivend

d t ff . i i i ] . th
et ai | o descr | aorortihorB oSt el MBI Sy yeatpl: BREHAPLEES) ' The
appended dr awi sgmpoisingtbefargnoexicisequereecofithd KEGNQSrprotein.d&schi be t he
L Ay e
CNA f h i i i X . [0021
CCNA) of human cg@mdﬁa‘?ﬁﬁé@h‘&écﬁ@éub@?@lIéwk@eﬁggéss&ﬁ'ﬁﬂ?ﬂ{éﬁ%&g chll) - | ]

Fi gures 2A and show t he am no~ ac seq (SEQ 1D NO: 2) of the human
KCNQG pol ypept iPiefedablycibe viacton arioedes di futi-lergth d«CQBpreteimandthéi gur es

1A-1D. [0022] Fi . h I i | L h whi ch i

Ih&c at ed[ bg_t w:!ae Hbglﬁr@g@g? ?%%ﬁb%%&ﬁ?%b‘@ﬁﬁp 1%%32’?%%%@ é)fﬁolﬂ@’)%f?‘fﬁ)lt Ihtg dl >
CNQb codin I Gk i slate

region (3 U%R%QBE%E@Z%&F%%%OU% ggpg;p k?gﬁrhKCI\lél% élgqﬁ‘é}‘}l%regf 0%’24 étlziéi]'gjures

5A- 5C show nul 11984 eNsekydeidscReas., d2nédh s 70); marmntalimarcel@ipressiomeectdesyi | y
menbers. The bl ackened _ar re sent identical m no, aci ds anong all 5
fam ly member s SHRD SSrRECVAS (ayalRbleremdngizoaent or backiisl eLRKOEsRNar ami no
aci ds anongst hge J@Wéé’pﬁ?lﬁbe(a%ailéﬁe%ﬁm%géﬁoF'FQHﬁ%??EA‘5C3 human
KCNQL (SEQ I D NO: 28); human KCNQ2 WO 01/ 925267 PCT/ US 731-4

[0012] Yet another object of the present invention is to provide host cells

transformed with the above-described vectors. Preferred are Xenopus
oocytes, mammalian cells (e.g., HEK-293, CHO, L929), and bacterial cells
(e.g., E. coli, especially BL21(DE3), available from Novagen). Particulatly

20 preferred are HEK-293 cells deposited as ATCC Accession No. CRL-1573
(American Type Culture Collection, 10801 University Boulevard, Manassas
VA 20110-2209). The present invention also provides a method for
producing a KCNQS5 polypeptide having the amino acid sequence as
depicted in SEQ ID NO:2 by culturing a host cell under conditions suitable

25 for the expression of the polypeptide, and recovering the polypeptide from
the host cell culture.
[0013] It is another object of the present invention to provide methods for
detecting nucleic acids that code for KCNQ5 proteins, as well as processes
for detecting molecules that bind to and/or otherwise modulate (e.g.,

30 activate, up-regulate, increase, or inhibit, block, or down-regulate) the
activity of the KCNQ5 protein. As used herein, “modulate” encompasses



(SEQ I D NO: 29); human KCN@B (SEQ I D NO: 30); human KCNQ4 (SEQ I D NO: 31 );
human KCNQS {Fi gures 2A/ 2B and SEQ I D NO:2). [0025] Figures 6A and 6B show

MRNA | ocalygdftd95 of hKCNQS by dot bl ot analysis. Human KGNQSu§s9hger ved
i n whole brain and brain subregions, 5 including caudate nucl eus,

cerebel l um hi ppocanpus, cerebral cortex, frontal |obe, occipi taI pol e,

put anen and tenporal |obe, as well in skel 8tal nuscle. Fi gure 6A presents
Table 1, a Human RNA Master Blot, showi ng type and position of poly A+ RNAs
and control s t bbath ahanreg) opeadrsdactivataredamththehiikepasiwelhas cRannele 6B shows

t he actual dot ot vvhe e 10 hybridi zati on of hKCNQS
probe has occhp)éﬁ"%/B@@ IY@@Q?G}PGCEWSS%S@Q)&@ he menbrane occupi ed by nRNA

~ sanples from hg@@w ! ﬁ%ﬁﬁe@ébﬁg@! IQHE pr pr %f‘éqt"l‘ﬁ\%rﬁlohr@‘té‘gr&fde ﬁ%ﬂﬁ'@&seof

nucl eus; 5A: c cortex fro obe; 7A: hi ppocanpus;
_occipital |obe mdmllanmg KENQS pRoteinenppediicdllytrecthdds oébpbemb’acﬂnuahm@pr and 1

n whi ch hkencsaelnakt ahabioethe RGP shitey R danels TREr AR bt ai n
A single tr am?’r*é&nt%véﬁn@h@ﬂc@?ﬂﬁd#eg aﬁngﬁlddsof%ré%iﬂﬂch; aldi8ehsd 6p d%%?&é}* n

MRNA from the | owi ng tissues, t toright: brail heart, skel etal
muscl e, col on (pmfemhdp,smheuwMﬁfastlvesdisemar fuchaya neurelpglcxalral | intestine,

Pheers (k) "SrEUR ATt R of Bl REREI et phsotla Y & 75"
2.4) 1.35 and an?cfulailﬁrQé)ﬁw@acﬁlvﬁgro?tr?e RENGS EF&élne*ﬁ{tﬁs%é’BrégenP oh'ls

Xenopus oocytes results In e non-activating outward currents that are
resi stant 10 bldﬁekmgjetom/treaimemeammdwldua( remgedhof m@htreahnmmfmraal ons.

Ex le 3 28], Fi . 9E show th | t it
gyb?rgl gatl)on §P[]89 E]tné %ﬂ%ﬂi@%?? er‘?&?géﬁﬁgi’ PH#?Q’QS%@JMNQSS) on
brai n_sect i ons poRRairh!cghh¥, o iy ek Q{aaq% R ) (hERIcEERERL | ve
coronal sections of rat brain show ng positive In situ hybridization signal

wi t h anti sense achvifysof Bwna@ﬂ((aﬂ%eoempflsmgtadbhh}stﬂﬁlggto thengiFidui Bopr obes

cortox; Cru: . c RSB Rt moguRfngicoREsl b afamou giveto’ 71 9

sept ohi PPOgEPahoduiales:aciiviiDof it Aa g PEFRAPbY Lig8drised igrebbr evi at i ons

in Figure 9B are as GA3 are regions of the hippocanpus.
The abbrevi at i c[ae15]h Hngthes@b@eai ofi¢he prasent inventiom intoi previdedhethodrifany:

(rj:ﬁ 'kC]ch : gf ggrengaﬁg'\tﬁy Clgerﬁg)lngc}cqﬁph i(E?gggs'mLﬁ)(r)nzoﬂcuﬁég pep%ld%g,A ana glgs:L Onlﬁ:”irr(mjI etﬂ:s?t
that modulate the biological activity of a potassium channel, preferably the
hKCNQJ5 potassium channel, comprising: combining a candidate compound

20 modulator of a potassium channel! biological activity with the KCNQ5
potassium channel polypeptide having the amino acid sequence set forth in
SEQ ID NO:2; and measuring an effect of the candidate compound
modulator on the biological activity of the potassium channel polypeptide.
According to the present invention, the potassium channel polypeptide may

25 be expressed by a recombinant host cell.
[0016] Itis a further object of the present invention to provide an antisense
polynucleotide molecule comprising substantially the complement of the
KCNQ5 nucleic acid sequence set forth in SEQ ID NO:1, or a biologically
effective portion thereof. Also, in accordance with the present invention is

30 provided a method for modulating, e.g., inhibiting or downregulating, the

expression and/or activity of the KCNQS potassium channel polypeptide



S slides showing the expression of KCNQS mRNA in the hippocanpus. Fig. 10A:
Hybridi zation with the anti sense riboprobe shows positive signal in the CA3
regi on, Wy@§hisS@bsent in the dentate gyrus (DG . Fig. 10Ber/ R shgnal is
absent with the sense riboprobe. [00301 Figure 11 depicts dark field inmge
of emul sion dipped slides 10 showing that the expression of KCNQS nRNA is
present in the CA2 region, but absent in t®e CAl region of the hi ppocanpus.
[0031] Figures 12A and 12B depict dark field inmages of emulsion dipped

sl i des showi ng ushgy trepareisense pofynkclidlidetdictulel bempeisingradrhinistéshg & aen
with the antisense riboprobe shows a weak, diffuse positive signal with 15

clusters over indvidnalininags efcehmpgulatingan airpunt ofdha igstirensa Melegide sense

o o oy on a0k B uf; BKSERSN hrS dAR IR KENCR oo

. piriform cortexhahtérpslypeptiden with the antisense riboprobe shows a
weak- m)derate SI nal 20 (Fi 13A), which is absent with the sense
ri boprobe (Figl 1373) YP@@éQﬁh@' %P@%Oflthﬁpéiﬂ%?rluwm'@ﬂdﬁ tQ|RFovide and i mages

gfeptegm ;;)gga?r;)a Hite Igégﬁlg %‘%f@;ﬁﬂ&ﬁaﬁ%ﬁﬁ?ﬁtﬁ&a&ﬁt sense@@oppohgeshom

a weak si gnal (Jolypeplidd) preféiably ihe KKCRQS polybetive, henig thetminotsid Fi g.
'14B). 25 [0034] Figures 15A and 15B depict dark field inmages of emul sion

di pped sl i des %Wﬂ@e?ﬁéhéwlésiﬁ@d DV Ororqagvirapunereartive Bepids ot egrent al
nucl eus of thef nt Irér?qh zation with the antisense riboprobe shows a
weak- noder at e m@ ? th clusters of grains over individual neurons (Fig.

15A), whi chOi s [60%8Int Additionahebjeetssand abvantabes affogledlnBihe B@seRO35]

Fi gures 16A and 16B depjct dark fij eI d |rra s, of enul sion dipped slides
showi ng the expREIEI0BVYD@NRESCHIRKAM tf%‘éa IsshigscEipHaR hereinbelgwy. 01/ 92526 9
PCT/ USOL/ 1731-t Hybridization with the antl sense riboprobe shows a weak

signal (Fig. 16A), which is absent with the sense ri bogs\obe (Fig. 16B).
[0036] Figures 17A and 17B depPESGRIPFHON OF THEHIGURES) and dark field

(Fig. 17B) images of enulsion di pped slides show ng the expression of 5

ant rsence ri bopPohy e B R Wr e TR foltet R EbaRRelh Huhet oo

(large white ardeswbe tiid-irventidBandtto alssist irais antedstaralifg throegh ergification | er
bl ack arrows) Fig. 17B). [0037] Figures 18A and 18B depict bright field

(Fig. 18A) 18nd Qiétﬁwafpé'ﬁ@sl?éd@ﬁ g. 18B) immges of enul si on di pped sl i des
showi ng the ex o] NGB TR déad
Hybri di zati on \%bﬁﬁél rp:'gjjrﬁgsense ri boﬁoh;éo%&mnggé\/\@ l? Sl gna | n agout
20- 30% of the n@m@rssfréﬂnailgxboﬂnieéd o 2604%) (SEGIID. NCDBﬁ) which is absent in
ot her neurons (s er, white-outlined arrows).
[0 21] Flgures 2A and 2B show the amino acid sequence (SEQ ID NO:2)
of the human KCNQ5 polypeptide deduced from the coding sequence
20 shown in Figures 1A-1D.
[0022] Figure 3 shows an alternative splice exon of hHKCNQS5, which is
located between nucleotide positions 1143 and 1144 (SEQ ID NO:3) in the
hKCNQ5 coding sequence.
[0023] Figures 4A and 4B show the 3' untranslated region (3' UTR), (SEQ
25 ID NO:4) of the hRKCNQ5 sequence.

[0024] Figures 5A-5C show multiple sequence alignments of the human

KCNQ channel family members. The blackened areas represent identical

amino acids among all 5 family members and the gray highlighted amino

acids represent similar amino acids among the KCNQ family members. As
30 shown in Figures 5A-5C: human KCNQ1 (SEQ ID NO:28); human KCNQ2



15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0038] The present invention
provi des an isolated and purified polynucl eotide encodi ng a new human

pot assi UmgHanhghe Pol ypeptide, called human KCNQS (hKCNQS) pefhRei fHégNt i on
relates to the isolation, cloning and sequenci ng the hKCNQS potassi um
channel gene from human 20 tissue. A new y _discovered nenber of the KCNQ
fam |y of potassium channels, hKCNQS has allimted tissue distribution and
can be used in the identification and characterization of nodul ators of
thi s potassi um(8&&nHENO:20§ humaiu KENQS (8EAQ [&F NEx80); hamasl KCNQ4 (SEQ ID

neurol oy ESF“'A\%S@&S% p i Flatnos 22 apd RIBHOH. i seases. o
condi i ons and i6ssf dPigureP 6 S BERAEIDFRNA IRBlikafyPer ARENCEDS) Bt BioR. "

andl or skel et al initions ess ot herw se t he
_technical and sanab,tstsfHumaeﬂﬁ@N% ssalsenezckinrwhaledraincarchbmimeaiegipnsas ar e

comon ¥ e 53t at AR g S bbb ol bl o
defini tions apglontaiQobdoddsits p H@%uﬁé’tﬁ@h‘?hgzgﬁnﬁaﬂraﬁ I@(BhecdstEI@H Q{blet’éf" €ss

ot herwi se defined I n speci &?ﬂ!c i nst ances Bi ol ogical activity or
functional actimusger &Egure GPop[etsentSJTah)le)ﬂ,tad-llamaanNAd\nastenBicﬁnmmmng35| um

fl d/ t { t t tr b t i i
P ow Bt ot -y, BRaRstton gt cly AL HNAS Sod cohERRIRA: Aeehstizy T cloliR e
subuni t, 1igangpe ‘Pﬁerﬁﬁf% OFlguF’é‘éB%o% tﬁb%ﬁdﬁl% M“{ mtehﬁl h Ie el of

phar macol ogi cal activit pot assi um chann oni n ers to
t he isol atilfn dfyba:daaamon(uﬁIh&CI@@ﬁ@rcbbe)hag@neunred speeﬂcally,lnfamotsa&amlm e a

genonme, genom c_|li rar rary int smd or her vector.
(0042] Pur 11 ednpoPEas peSiripE iy rrRASSdmiRs Sty Alefastisaues % Pl 185! s
(pol ypeptides agfoR B, BA: éél?datérrﬁjcfé%ﬁ%ﬂd derétihal B6tdx; BH: UrghtafRpr Onment
and isol ated or separatéd fromat |east one other component with whi ch they

are naturally as%oblp@oeampﬂei yBuacetputabllebel 28. upldamen; 4Bc teoiposal lobgel y, 15

DNA, cDNA, genq ynt h d xed pol yners, both sense
and anti sense aﬁ%lAtaé &%egﬁ"@g{)ﬁ}n&q BB]ochem cally nodified, or
may cont ai r INGY¢h adily
appreci ate Rgglej f&?lﬁiéeggﬁ%\”?%e ar téﬂ’| 6‘3‘%1%#1?3':‘&@?2%%“93 @gg{cﬁ?. de

refers to a pO|l§’ freuncbfo beriavalized tsskeletal myis2@ anplibredn.e At singledransesphoft

refer to a specific Ie t.he prod Peptid and
proteins may be? Hpé?m %Iéfl yg 'Pc'l; WnTugh% B“ﬁs f@%@%ﬁgﬁ%{ﬁdh%fﬁpﬂ'ﬂgare
of ten used i nt afsghagaenbYigher de"h ﬁ@lﬁt %Rél&é]%uﬁ@tdd]'@n memudess),not refer
to, or exclude, nDdlflcatlons of ﬁle ptide, e. glycosylatlon

acetyl ati on, pﬁbsmusrsplaenokldaau |lVBé smad nteatlnrenplaale’w lung ard peripheral on of

KCNQS pol ypept i nphgo des, co ni n Qne. o m)re
Anaogs ot 20n s Muliogviés (EETIT MpteRda BRBHE i GRTEL At Shfinys
and the like), |@ﬁhb§?%'ectﬁ&hwdi YBSt, 5tw4e94 S 8RS 0.26 Wel | as ot her
nodi fications known in the art, both natural y and non-natural ly occurring.
30 (0044] The t[BﬂﬂVhyﬁgmneZaasmms that@xprassiemef RKGNESsinbYendpusoacyies and of
nucl eic acid binds,w th I¢te ntara/ st rand tp R“Ph baseglrlrrg WO
01/ 92526 results in Iarge RONTchivE ing odtward currents that'are resistant to b ckage
by triethylammonium (TEA) at high concentrations. (Example 3).
25 [0028] Figures 9A-9E show the results of in situ hybridization studies using
KCNQ5 antisense and sense probes (Example 3) on brain sections.
Specifically shown are autoradiograms of representative coronal sections of
rat brain showing positive in situ hybridization signal with antisense (Figs.
9A-9C) or sense (control), (Figs. 9D-9F) riboprobes for human KCNQ5
30 mRNA. The abbreviations in Fig. 9A are as follows: Ctx: cortex; CPu:

caudate putamen ; Pir: piriform cortex; SHipp: septohippocampal nucleus.



11 PCT/USQOL/ 1731-4 hybridization conplex refers to a conplex forned between
two nucleic acid sequences by virtue of the formation of hydrogen bonds

bet ween c ary G and C bases and between conpl enent T
bases; th§@@hﬁ$§?%gen bonds may be further stabilized by bgggaﬁ?gggfhg 5
interactions. The two conpl enentary nucleic acid sequences hydrogen bond in
an antiparallel configuration. A hybridiza@ion conplex may be fornmed in
solution (e.g., Cot or Rot analysis) or between one nucleic acid sequence
present in sol dtheoabknedizdions ireFigune O8i arezas followgu E&i2andniAs arezrsgians of

lid t . Q. nb fitt . chi ' I 0slid t
which cel s haJBeBumRCETE | The pbbreNAToNS T Btk oy 274 Soidioven e pagine
compl ement ary HudkgIRIRICRRLIOMBARI el anBgsal binding of

pol ynucl eoti des u m ssive salt and tenperature conditions by

_ base-pairing. H0028kamigwest10é amwd t8Bcepichdarkifieldiimages of ehwisionigpesht ar y
sequence "T.C A"., Coppl enentarity het Lngl.e. 15 stranded .ecul es
may be "par i alSldes ﬁﬁﬁWﬂ%Pr@ané%%}%n\é?Wﬁ@gd"&&? H@p&cﬁmpugr 19 may
be conpl ete V\helDA:OHZbriGiQQ%r?WﬁHttﬁé 'ahﬁs@n@esﬁ@opnsb%ﬂaw@Mitﬁ/e%i{;ﬁéldﬁ%e

nmol ecul es. The degree of conplenmentarity between nucleic acid strands has
signi ficant ef f@&83segiont wbiokfis iabsenicin thedeptate gytus (IGhybig. dDBatThen bet ween

nucleic acid strands. Jhis i f particular, inmportance 20 in anplification
reactions, whi ci9 b%ﬁBS%‘oVMﬁBﬂ}?d%{&eJ@I%%e-num ei ¢ acids strands. [0046]

Horol ogy ref er Job30p 4§l PleSeER kn_!!iercﬁrﬂe;g\e<|>fTéh€m|§.ion%ﬁpta@deﬁkﬂée&A al

honol ogy, or conpl €te honol ogy,‘ﬁvvni ch is equivalent to i1dentity.
partially dénplshowingthatdbe@xprassion aif€CNRY mMRNA aprespat ini theIGA2 ndgiont s an

25 identical s ence fro idi.zing,to,.a target nucleic acid; it can be
referred to usielﬂ’g qbﬁgn{ W@F%&Lre@@? t%@??%ﬁ"ﬂawy horol ogous". The
i nhi bition of t'[I)bB'IP''szfi'ét!uﬂﬁ_1(2fA é‘n&?ﬁﬂ'o?pﬁ!tﬂaﬁ@ﬁ@lquﬁbgro‘f eﬁﬂ.ﬂéi@ﬁ“o@pﬁéﬂ a

target sequence can be ‘exam ned usi ng ybridi zation assay (e.g., Southern
or Northern bl alidesshowingtheyexprassian ioh KCNRG mRBAIinkieg cortérr Hybridizationi ons
of |ow stringency. ..A substantially homl ogous ,segiience or pr.obe w,l |
conpete for andVihHieARTSaNEe s HRRrhe BHows 4 Werk diftiiRepostivebagtait  vo
01/92s2( PqH UKdétérsddver iﬂlaivfdw&l)hg?l%lnﬁ (PRYMRAYONRiCR S HBESH With HePSkhde0 the

target sequence under conditions ow stringency. [0047) The terns

"identical" or rignproee(Figdd2B).ty" in the context of two or more nucleic

acid or am no i equences,.fefer.to,t r re_sequences 5 or,

Subsequences t APSaT o FigieBoial Suf taRdienis s edrRERe 7 eEudnR siered

am no acid resiglidgs s‘hbWWﬂ@é*ﬁ%sibﬁ@f KONQS MRRATR thée pitifdrk @Hriak. 65%

identity, prefer ablcg, 70% 95% i dentity, nore preferably, >95%identity),
y4:)

Vr hen conpar ed Ayl tgmwitlﬂ dhe aatisense rionreks shows eaveatemaderatedignalf
oo, . . . 10
compar i son 20 odPIE S RBIATR e e SRR H R I 1 BBTert “and vi sual

i nspection. Seq@eBSES Figiread4A and 44BradpRot daPRAitld iRz e of @nR@sioh disENCe
identity are considered to be substantially identical. Such a definition

al so appl i es t cslides shoming thenexpession ©f KGNQH enBA ipthe septahjppanampalcr i bed

aci ds of nucl edtTees- HYPHIZRIO Himshn AbrsiiRl yitHithe SHobS £ WeBkslthal
about 50t o 100Fy HARGHN iabReal aRhHSsonss Hagohe (FR4EB)Those havi ng

skill in the art will know how to deternine percent identity betweenl anong

sequences @5 ng00841 Fiauisse! 5AnandAbBHapichdak field imagesniawaulsiontdieped

CLUSTALW t J. D, Th | 0 Nucl eic Acid
ooonr oy 5 (oo B RRY bl ProrkBRBR YR GTto8 LR 8 foudieBiufel, 00
. Biosci., 6:237-gddieus abtHesOMs. | Hybitzation with thwaglisdrize fboprole shéwsist hm

typically does not consider internal non-nmatching deletions or additions in
sequences, i.e.wegkprodarata signalamwdth| chusters oftagrpimscver individuakrauransfinigal | y

.to avoid an ove {i i Qn, 0 1 Lt T, however, does

t ake sequence gil%g)’ :‘Aﬂ:ﬁ%ﬁ %c%%%eﬁ’%%‘T‘%ggﬂéémsPPé’%ggFﬁIMns. Al so

avai | abl e t3p t hjgOd5paFiggreskiBA ahd 168 depicttdaak fieldindglodDf emulsiBinAfigpéd O

al gorithnms (Al ttsn_?ﬁu et"ﬁfal ., 1977) Nuc. F,’Z\d(j:i ds Res., 25:33893402 ar_ldp

Al tschul et al.slidesgtowing the expession of KE-M@3-mRB)A imthe nenkiReNusledgr am f or

nucl eic acid sequences uses as defaults a wordlength (W of



30 11, an expectation (E) of 10, M=5, N=4, and a conparison of both
strands. For am no acid sequences, the BLASTP program uses as defaults a
VWO 01/ 92 <HCT/ US01/ 1731-4 wordl ength (W of 3, and a ion (E)
of 10. Th?@ﬂ@@%’g— scoring matri x (Heni koff & Heni koff, 18%8@9@?13??4 Nat | .
Acad. Sci., USA, 89:10915) uses alignnents_(B) of 50, expectation (E) of
10, M=5, N=4, and a conparison of both str@nds. 5 [ 0049] As known in the
art, numerous equival ent conditions nay be enployed to conprise either |ow
or hi gh stri ngéhybyidizatian wihvihie ardisenss rivopiobeshomes & wegkisigmal (Rige d6A),( DNA,

RNA, b i, L - G+, tent)..of th , t f th
thrget (Dna R BRbseS i BR aRRS HoSurat TS bl T on or i mmobi | 1 st on,
etc.), and the [GMB]enFTg%?éé)p'?Rfaanhﬁ?B;égbiét aﬁghtlf%m)gfigr 1ZRTBAG 8BHEfdIA- J-

the presence or_absence of formam de, dextran sulfaté and/or polyethylene
~glycol) are cofEigdéyByinages dkemylsianidipaed stidepshowing theyexipeession etl t o
generate condi tjqns-of ~ei th |l ow qor high stri cy,,different fr but
equi val ent Yo, Kcﬁ%aéﬁ‘aﬁgﬁ ﬁngt_[“é&%&ﬂ?(ﬁ??ti @{@'OP(@% Tlﬁgar&h;%@ ‘Q"ﬁt?ﬁ{%ency of
hybri di zati on pgfissssd Abeodeishens AWesak sithaMi ShoRTNBO% 61 the Heluforfybrid
mol ecul es are stable. As known to those skilled in the art, the stability
of a hybrid is (laege white@riows)herigel 28)nyhick ipabseniie ofennasronssraglteri ds.

Al so as is appteciated he (|l ed practitioner, Tm can be approxi mat ed
by the fornmul ag?%%( YD (lr:gt mzéiart dependi ng on a nunber of paraneters,

such as the | epggdyiof F@u?eé‘}f@Aiéi'\dOT8§@e§ibPBﬁgﬂltrﬁe’W(Fqg.r18?A) aHg bap fislgs. or
hybri di zation buffer ingredients and conditions (See, for exanple, T.

Mani ati s elOal (FigvdBB}imageshbemilgiondipped stides showingdhe ezpressyr ohg Har bor

Laborat ory, Col in rhor ... NY,.. 1982 and J., .Sapbr.ook | . ...Mol ecul ar
Gon nge A Labdaap R e i08migs BAndRIY oy RGRRE with BB irRise ng
Harbor, NY) 198Bopfabid stidwsaareukodignalin iabolp2@GORABf Bicohavns Em% white
Ausubel et al., Vol. 1, "Preparation and Analysis of DNA", John Wley and
Sons, Inc.) 19%urovne)5(Figubil)s whith isabsesbingibieuneuneps (smalier; whiteroutliised G M
Wahl and S. L. Berger (1987; Methods Enzynol :, 152: 399-407); and A R

Ki mel, 1987; I@é‘i@f‘%ﬁs of Enzynol. 152:507-511 ). As a general guide, Tm
decreases approximately 1C -1.5C 30 with every 1 % decrease in sequence

honol ogy. so, in gener t of, . & i O s nction of

sodi um i on'®oncentrat | onaéﬁﬂi‘—nﬁi‘é) 9232k a VY S t enper at ure.
Typically, the idization reaction is initiall erforne nder

condi ti ons of I[&dfét rilrﬁﬁé’rﬁ@i‘/e,ntf"&\(qrﬁl\%d’rﬁ‘{/'dﬁ%?ﬁ&o% W@PHﬁgecgut hi gher
stringency. Ref RO UR i } i erate, or
| ow stri ngency,p%'[g?g{r@&ac%t ilg)? rel g{H g?l Pgﬂ?u@éwgﬁ%%ynggngm?lgincgyfbegfi? §051]

Thus, for examsaded hugtarsiKENQfe(CNESEr 3hednvantiontretates tchtite ipelation,

AR ERRR R TR T M e

It 20 tissue. A newly discovered member of the KCNQ family of potassium

channels, hKCNQS5 has a limited tissue distribution and can be used in the
identification and characterization of modulators of this potassium channel.
Such modulators can affect channel activity/function, particularly with
respect to neuroaffective diseases, or neurological, neurophysiological, or
25 neuropsychological diseases, conditions and disorders, preferably those
affecting or influencing brain and/or skeletal muscle.
Definitions
[0039] Uniess otherwise defined, the technical and scientific terms as
used herein have the same meanings as are commonly understood by
30 persons skilled in the art to which the present invention pertains. The



wi |l not be stable under high stringency conditions). H gh stringency
condi tions can be provided, for instance, by hybridization in 50%

f or mam deyy gl P%2¢Penhart’ s sol uti on, SXSSPE (1x SSPE buf f epcgpsarisQs 0. 15
M NaCl, 10 mM Na2HPO4, 1 mM EDTA), (or 1x SSC buffer containing 150 nmM
NaCl, 15 nM Na3 citrate . 2 H20, pH 7.0), 0. 2% SDS at 42C, foll owed by
washing in 1 x SSPE (or SSC) and 0.1 % spdtt a tenperature of at |east
about 42C, preferably about 55C nore preferably about 65C. 15 [0052]
Mbder at e st ri nipliawing detinitions applysta tie ,rmwmm%lrwmtttmtspp@mﬁahon,

hybri di zati on | % i rt' ution, SxSSPE (or SSC),
0 2% SDS at 42E{,‘]'egg@'&Wgﬁ%\%ﬁﬁnﬁeﬁ%ﬁ%hﬁ%@%é (or SSO Fnd 0. 2% Sb5 at
- a tenperature Eio(ﬁ] | Bivtdgiedl Aetiviby?6r fuPCBOIRAIItIVitY RsTEs ®PRe 4PNt tPBROW! abl y

about 65C. 20 [O Low stringency refers, for exanple, to conditions that
_ permit hybri di fansmemhianegofassikmiereflowandéeanspors or te regulatex SSPE (or

SoS at a t éhperareemprafip bR Wl A0k PRl ) daraBREe S rstaila =

addi tional str solg@fitto sinddo tanotisr seeenit, ligdnd, of tefaetorahnd/offo biHep@iger
Cl oning: A Laboratory Manual, Cold Spring Harbor Laboratory) Cold Spring

Har bor, NY (198Wdulate the pharraceiagisakacsyilyaha patassivaughansi®@br at e and hi gh

of i nar ed ent s OB L B M8 B8 BRaAQERE= PR R ol By o) Tht
ki 1 ed pract i g, 1oh@xERRAGE dériome, eMorilb ABIErY, 6SDKIA sy intcaa d

havi ng greater than one copy present in a cell (typically 10 to 30 copies).
V1' O O1/ 92Y®% 1plaseoid gsotharagetar. [ 0056] Northern blotting refers to a nethod

of identifying ic . r p pcularl , . .

hybri di zati on W]a %h%?‘ghéﬁﬁisa %@%ﬁl&scggﬁé@blﬁ}@%% %P%’BNR %cfjdsan

ol i gonucl eot i dgpol{pegiRipecrmbpiotsias Pthabhicgmoved RO thel riativat bAVieorfRbnt
sequence, preferably conmprising 5 contiguous nucl eotides, of | east about

at
6 nucl eoti des @BdisRlaieds saparaiediferm at jaast enaivthergomparentwituwhighitbey o

Tength e .. aBt et lal B ERHEHC ERR Moo Mo R oo, A0 SRIMEF s or
about 20 t¢535DNK]| @NAdg@mom DNAG RNA esyintiticefolms whednixedRidymers, both

anplification assays, hybridization 10 assays, or in mcroarrays. It wll
be under st ood SRA%E aRd andisanee FHaNR 1886 May bechemisalbher biochemipallyal ent to

the terns pri . e OF I ._def | 4.0 .t a ot
w1l aso be apsulE g HBUL Tk reRar BT a8 r HERHE fesERcS wi
| onger ol i gonuekesadileapprekiite®by thodaisidiedin theahts, e.g., degenerate
probes, can be used to detect |onger, or nore conplex, 15 nucleic acid

sequences, for [@4Hpl i genpaiahiacralpeptide refrrg te afalymen ef arimrasidy aneits i se

at | east 29,20 t) L 0 j nor e
pr ef er abl y,g0 50%585{%!133@1 ée'g‘f.aagg 'hSE %@%Oyaqs)@%c'bgg%}gﬁg& gﬁaén%'%wglk F%Oéﬂﬁse S efers
to a DNA sequentigopepticeisrartip@teins ntsy bé teradepdli/peptiddsp| Biesterodi ng f or

am no acids and typically 20 | acking any term nation codons., [0058] Plasmd

refers to cyt opelPePtde andqnietainare oftepusedintachengeablyhaten. e imar e
Coons) B ooeroRthbeBHEE A ot nElHIARERP IO SOl LR 27T
bi nds and i ni t ipalypeptidene.gr,igiyd¢amylation, acetylation, phosphorylation and the like.

25 Included in the definition of KCNQS polypeptides are, for example,
polypeptides containing one or more analogs of an amino acid (including, for
example, unnatural amino acids, and the like), polypeptides with substituted
linkages, as well as other modifications known in the art, both naturally and
non-naturally occurring.

30 [0044] The term hybridization refers to any process by which a strand of

nucleic acid binds with a complementary strand through base pairing. A



[ 0060] Southern blotting refers to a nethod of identifying particul ar DNA
fragments by hybridization with a conplenmentary nucleic acid, typically a
cDNA or ary@®bie@Rsgicl eotide. [0061] Modul ation refers to thﬁcf BAGIAY to
ei t her enhance, augnent, 30 activate, or decrease, dinmnis or inhibit a
functional, biophysical, or biological activity of the KCNQS potassi umion
channel . Mvdul ation or WO 01/92s26 PCT/ U401/ 1731~ 16 regul ati on of

bi ol ogi cal activity refers to binding, blocking, inhibiting, antagoni zing,
r epr essing, nehybradhizammgcompleaer@msttetai cumplek forened betwvesretwo nuclegrddidl |y,

a KCN@® pot assi um channel protein, i ncludi but not limted to, the human
KCNQS channel gequengrsdyMirsiernl the foygiation r}g'b’ dregan hen gé@’%‘om zi ng,

" increasing, or @%& d that
can be identifi gm Iﬁ{Eh&(\;;)ﬁrlgfhﬁods Seg%rﬁoggéﬁm rein. i‘Iﬁl‘c‘“ﬁ'#%ﬂ?‘a/csggragmcorrpounds

. that inhibit, dese:eathese h?/drdgenmcmdsnhay delfasthercstabitized by basectasidng,
desensitize, or down- regul ate the ion channel, or speed up or enhance

deacti vat i 0$1. UBFREHORS s TRRAWORATRRIAENS NNt UCIRls aa@eseqs@@ﬁes bydeagenvat e,
facilitate, enpangGe, %ﬁtdn‘ﬁ?tahﬂféd F@@@r&f'&s ACHyP'l‘iBIZIra%EI i Erﬁarl&l? fﬁa activity,

or delay or slow inactiva S an Cctivators

i ncl ude, for ef@muctin snIuhIcms@ ggth oueRgrmlaIysm )or hetwder edekUidghe poldassi um
channel in cells or cell nenp es and the{}wneasrrl ng the flux of potassium

i ons through tREIYSNEHRIGFENt "b$ H@Qn and appther fucleigAcidSaaYenge 1 er nat i vel v,
cell's expressi Wﬂnﬁbﬂ%@lﬁwgl tﬁlﬁ%"hgépg&@ng?gs%éﬁ'ar%s“%ﬁgrs' ?h?écgm%ﬁ(@(&s To

exam ne the extent 0 or assays$ conp

pot assi um thanstdesitewhiokatelld havelbeendidednhisils hybridization).or i nhi bi t or
conpound and are npared with coptrol sanpl es Wlth ut, the test coppound.
For exanpl e, G045} %heéarm EQMPIRIPERIANES GRPRICMANR aewrfﬁfﬁmeé e patlra

d I I
Fon B Cion of ZJW&QI’BB@EEI%I?%%EHC ormiSyiLe sal 2k e pRrath i donditons
channel acti vi ty b@eemurmgau'-‘lovexamplé)eheeeqwertcé ‘%—@awbbmﬂ@% thog ef er abl y

about 50% nore ferabl about 25 to lvat f an ion channel is
o eved whan ERBTeme Y RRAENCS - Fofty CoRARMBRIEAL DEWaRn 10 SBer o | o

greater thag 1%5%@& ?gcmgsfﬁé£Pg ypa,:ﬁéﬁ‘ym WRES o f&&ﬁétblﬂhe ﬁﬁcltegfg%%ﬁis A

200- 500% or hi gher/, er y, at |east hi gher
bi ol ogi cal |y acmnd;@rfnrmgm completeswhen jatat complemientartyketisis hetwessi um

channel pol ypepti h as peptid hat n ve been tryncated 30

Coapoct Lo e Sindie strandee faiRecs, Thededres Of GOMRETRI AN RIERD Nclds o
d, bot h, I Th V~' O

01 02996 peT SR 5aTE h5 BRfican: Bfects i AE Ftio R ARISBRAART TT° | 1o

sane bi ol ogi calhybridization beMeemnuclenqcm:mI sttaedMTbIs Iﬁ@rfpartmuwsmpbmmg t he
sanme funct?§n i.n su tant i al I(%et he sa

t K | tid
Bi ol ogi cal £§ ad? RUW Sﬁt'ooﬂ &R P%er't"SHth?Be\égt%i%\?f‘t e"@fc‘glgeﬁ‘@g%'ﬁgtlg@%c g%{?"?' ant ,

or anal og entityatypat has structural, 5 regulatory, or biochem cal
functions that are essentially the sane as the
[0046] Homology refers to a degree of complementarity. There may be

partial homology, or complete homology, which is equivalent to identity. A
partially complementary sequence is one that at least partially inhibits an

25 identical sequence from hybridizing to a target nucleic acid; it can be
referred to using the functional term “substantially homologous”. The
inhibition of hybridization of a completely complementary sequence to a
target sequence can be examined using a hybridization assay (e.g.,
Southern or Northern biot, solution hybridization, and the like) under

30  conditions of low stringency. A substantially homologous sequence or probe
will compete for and inhibit the binding (i.e., the hybridization) of a



natural ly occurring, or reconbinantly-expressed, entire KCN@ pol ypepti de
entity. [0064] For definitions of other ternms in this specification, F.
Sher man efy@hyersh@boratory Course Manual for Methods in Yepst, SHnesics.
Cold Spring 10 Harbor Laboratory, Cold Spring Harbor, NY (1987) and Lew n,
B., Genes |1V, Oxford University Press, Oxford (1990), serve as gui des.

[ 0065] In one aspect of the present invent1i?0n, t he novel hKCNQS protein,
which is highly likely to be involved in neurotransm ssion and

neur ophysi ol ogicoulplételychoroplogoss sequense or prabgdo the targetsequignoegundedul at or s
of 15 the potassi ym chaEFel. KCN% nodul at ors woul d be useful as diagnostic
~agents, therapgﬂflﬁy@ogﬁg Og/vgmglpg Y'n the treatnent of central nervous
system associ agmhﬁl STRE eermd1SHERH Rl ctabefbiePE RIEASity” GO KE EbXRRt 8Mido or

physi ol ogi cal disorders associated with or linked to the opening or

_ bl ocki ng of theHeNTB!gioEsisonaminoaniesequendasdrefgr tklwo apmore segeencas,

acute and 20 chraonjc pain ] gr al headaches). .acut e st r.pk cogpitiv
i sorders, - demthenbsed s ThetARdfe BaR P2 T TR ¢ PR pptibage ¢
af fective di SOLAARE acRIMEBIUISSUHHUEIAANIBE Mhatsieehe Shfd (&), 607 bi 65%C
sclerosis (M5), Parkinson's Disease, Parkinson' s-like notor disorders, and

neur ophysi ol ogiidentity,qrefesablypd§hret %bddentity.onete peaferabhs P87 ideatiti)et y 25
di sorders, phobi.as, depression,,.Pick s di sease sychosi s, bipol ar

i sorders. o1 edihed edPRaRE A E Ao ol minfEOTCsorPeRRaRaEN G Veha lhdow o
di sorders, ataxompdisakyst dverAl d88ihREted TedioReRPRieadGiRIPISIAG adlcRleABED! Y

| oss and other cognitive disorders, |earning deficiencies, notor neuron

di seases) i nabmparisonaigerEhm akmows i therast, ordnhviansabalignment ande | ke.
f 30 th K . pot i 1el f bLUl aL,, i nt t f

hor easi ng the VRUBWIBPORUG SRUSRCss oo, 1B Brdnela RhYalg 8 didtBaBror

nore of the ab@eguendidehtifilae d¥nbiddred td B8 bubstantinfy RiéntieadiSuding or

di seases, for exanple, mgraine, Bal n, or anxiety disorders. [0066] The

novel KCONQS potdedisitiomalsaapeliesliodneicompleenbelia krst sequease.pPrsfeeakty the al

e’ br o ne Moasteacragd R pRReE 2 BlioRiaEls oEed Mooy e B okt "
invention ngy R & m&léétfdy%tiniléfg%th,cmb'r@pﬁefmmmr b\f@g@n&glétgi%raﬁyoi@- g.,

| earni ng and nenory), behavi oral sorders (e.g., anxiety an r
depression)) p$pdoi G aminoaeids pbnycleetides indepgthar  di sor derss,

par ki nbon' s 10TOPE CIROSEBEENG ufhIFE 3t Fuby hah §6 Gefiids BerEt®
retardation), agemRy beffedriamionglscRisAcsd 0singalor @Rdimple, Ag6AMESSLDhasy cal

or neuropsychol ogi cal problens or_ disorders, such as asthma, mgraine
headaches, ~sei Zpeasbaseqdon the QLUK TALWGompuier pegrameJ.elihamasorcel @l..deat h,

R e o e e
) S, "B DBECLPE A e ST e e i gy ans g o

i nvol vi ng KCNQEART BB algerithimitypiesiiy doee siot conrsiaercintaroabioortmateljinge

s knoan and prstEeh spdtRisdhseal B TR, el i B Gl RGN faiThE ™ o
the art can useohfeetdtOMEnURIY IPEWIIH dAsOV@REstvatict 6f thei BSdentityhi s i nvent i on
to prepare antibodies, vectors, cells andlor and cell lines. Al of these

are useful 2bn 4BAFTALYY, haveveacdnas takaseaHense ganeintp eeeeunt iRdaidenttys) as
wel | 25 in therapeitidhe 2B LEING @ bl AAGS LB IRRRL A2 B IAS]

Furt her, KCNQS ators’can ered to varrous manmal i an

. species, such amdBDASTS).0gsithest(Altschiut et al. 21877, INueAcideRes., BS:3389wn
met hods, persons skilled in the pharmaceutical can incaorporat e KCNQS

prot el ' odul oS08 ang Altgm@_aal.omo,stfymn&@/.qﬁié;gessm)om HARTHS o
Lt t .
w1 el somel Qa8 Ml o B erioBs el s Ubta i BeUnE @S of O

30 11, an expectation (E) of 10, M=5, N=4, and a comparison of both strands.
For amino acid sequences, the BLASTP program uses as defaults a



WO U1/ 92626 19 PCT/USOL/ 1731~ carrier material, excipient, |ubricant)
buffer, antibacterial, bul king agent (such as nmannitol), anti-oxidants
(ascor bi c yaghfoR@ss Sodi um bi sul fate) or the |ike, as furthepcfessnibad
infra. Cloning and Isolation of KCNQS Nucleic Acid 5 [0070] In one aspect
of the present invention, the cloning, segyencing and functional expression
of a full-length human cDNA cl one of hK , preferably the hKCNQS nucl ei c

acid sequence set forth in SEQ 1D NO:1 and figures 1A-1 D are provided. A
DNA cl one conpwosdlaggthh@V of 3.-arshan expectatiom(Rigs tONAhe iBLQIOMER. scoringf t he

resent |nvent|o ri.ca

' lOCoI | ection (AT@S ”"6“?‘3%6‘?8@35 g‘%ﬁ%ﬁ@f n OCI\r&nﬁs’éﬁ@‘? %pgbﬁtéézjig%s on May
26, 2000, ATCCuééeaﬁgmmeanQﬁ56Téxé&ﬁénoﬁt%‘,&%@Miemwﬁdsd to herein
wi |l be maintained under the’'terns of the Budapest Treaty on the

| nternati onal Remp@nlisenmﬁboth sth@ndSeposit of M croor ganl sms for purposes of
Pat ent Proc e deposi ar.e 15 I’OVI ded nme S conv n| ence to
Those of o511 daadincAS KGRRATH Yie BltcpdmeRe e AGHARRI fopaifint

required under gginldledl fo cdrprisel emnéﬂawcrﬁgwétrtr@eney bbﬁéﬁibﬁ@t F‘é@ti)ré'? eu&ﬁu ned
in the deposited nmaterials, as wel am no acid sequence of the of

t he pol ypept i des te eyl anﬁm*aélwge Di‘i/%a. RNAobpee goawostiosi-nGoy G edrdertioé and

troll d f
equences. ner ot Sadiicdh Batug o 3P 1 Ge A SN A kaSe BB HERREl PldsRdcs
deposi ted nat efd gbiatioddd iritobilZatibh,CstB S Cand tHEeEGRBentiatibh @ thd 8ATsLandKCNQS
nucl ei ¢ acid can be obtai ned by known met hods t hrough the use of the

descri bed h@m@th@mmeﬂt@& gotthel presefce s @bsenee of ksmanaidendextrarent i on.

For exanpl e, od ch t he Nort hern bl ot ern

i rmun)c()blrrgt ti ng,su ?\tgiﬁ' s pr Q@M?ﬁé{% '¥§fﬂfﬁr&?@% rﬁglewﬁet}'feggfbﬁ' ho'? eaction
(PCR) from pri gBfusioflthay Béb)aﬁeart@@bﬁgﬁaté BolNditibns of 8ith&slol &r High and as
descri bed herein, expression cloning;, and subtractive cDNA cloning are all

available to tﬁtﬂr\ganlcyehffqreat:irom» bu"eequlmalenb@, the abovtistediaegditionss

w0 o1 o2s26 poigtag 195 PRiegtHEE8as) ARl TaRA2S ARBBHERRME Tkans

protein of 1§ he whigts pmynuenemm@ lhyﬁﬁdl nlnﬂecmds bredtdble. PAS KADHNUBRhOSe
mut ati ons. For exanple, one may he sequence to provi de additional

restriction enélstﬂad|l@§seaarte&egﬁ%abﬁltymf§ lmétmd is reflectaddn hemelling Such

it at ed codon. tppette (R Aik0 s T abBtiaga HARARkYSY,
exanpl e, by Wb?éd,ti’d@nbher Ndsh @eCap’woﬂrﬂé@éh 5)") the forAtiia¥Bs kBowASHthe AR,
del etion, substitution, |nsert|on i nversion or addition of one or nore

ami no aci ds i ndependingea nuonbes«aspammetess, sushrasithedengin of the rhé’btl@@f

nmut agenesi :

8749-64 anl® Kuﬁ’ﬁﬂém R”'Rbé’ Eg}é‘é&é?fdes of iRty bdfferibfeidiS apa' 3y, o)
I n addition, Kicoadttionss{Sez,dor&cingsle ! Maalktisict ahl Mowaildnbloairg: oM
conmmer ci al vendors (e.g., BioRad Laboratories, Ri chnond, CA, AnerSham

Corp., Arli ngt&@ﬁe@lamkﬂ_gﬁb %Spanghﬁgbpbhab@r@t@m Gﬁfdaaanmg tiaekar DI,

net hods, see S ofste
(0073] The pr e?éﬁ?s‘% r?;]/‘jen% sec} a(la Clhy'cb

including (1) S}irtnngaltbdrtabDfat@W, @mmSpﬂng&larbor N\g 198‘9EQUrféritKPr6tocb&)
allelic variants: and (3). chinmeri cr_pota53| um channel's in Whi ch THe Tusion
construct &3nmpin Mole %@@% HdsatfoMy Asistibel efialh Mabdl £ Peeparaipeppdaci ds
can be 20 obtai n h t '

sequences prowpg’gﬁlﬂypppw io@{ }:Il\:f-”r’? Iéw%%@&%@{br%cf%%é sléegzuefén é of
the present inBSdnd42myY. meomamnar@mevwnnaauej Lt. Berdére( 98AcMetisbdyg

sequence, soO as to advanta eously nodi fy the clonin processi ng andl or
expressi on of 888407 );rand @&%Welnﬁ%?qﬂﬁﬂ'ﬂﬁ&f@ﬂ%ﬂﬂduced
.into the 152:507- 511). As a general guide, T, decreases approximately 1°C —1.5°C

30 with every 1% decrease in sequence homology. Also, in general, the
stability of a hybrid is a function of sodium ion concentration and



25 sequence using techniques that are well-known in the art and as

descri bed supra, e.g., site-directed nutagenesis to insert one or nore new
restricti QRo9ibsse to alter glycosylation patterns, or to ? @1 pﬁﬂ
preference or usage, to nmention a few (0074] Al so contenplate In the
scope of the present invention are 30 all elfs of the human KCN@ protein
descri bed herein. As understood by those if*the art, an allele or allelic
sequence is an alternative formof the WO O1/9226 PCT/USOL/1731-4 21

pot assi um chanhempeeiure.béypigalieithe hypridization magtionfis mﬁaw(peﬁomm@dumder

Cructure ot CRORIBRS oY Sty e W oP il B HIBRES 1o
none, one, or WWQerﬁJy' Referdriie - hybaamRtioMstfidened! e hangrsmotieegbve S

rise to alleles are generally ascribed to natural del etions, additions, or
substitutions dewakiRgENaY; agnereﬁysﬁelate&uaeswhtw@@un@pondanges may occur

I

nucl of o aci B SOUUERE o TogoiaERxpbiE i SRR igat B oot indl Paf hioncs
of the present KWBridpaabhiodthddevmbolsied atciwsé@@rebsqnapformtsﬁlelr@bnabwes as
specifically described in Exanple 1 herein, which were sequenced and

anal yzed by se&@‘rﬁMd\laGbaNfgC (@et, ababybrid isenot stabledn |00 18W Nagews 688C, it
honol ogi es at a (o) 5% [The re | ts, showed greater

t han agout 40%"”@ Fbﬁfft#%‘i‘%ﬁeh #ﬂnm téorﬁ)t g|h ?H@gﬁa%bgses In
addi tion, 15 sexgpditlonefcdnise pmhcaédetﬂo:cnhmeww ﬁywxdxﬂaw\mfedw/oeraﬁhaﬁﬁd@r in

order to determ ne start and stop_sequence codons. Although none of the

i ndi vi dual 181 o@sDéﬂmﬁeﬁ@hﬂ@neéN%SP X $SPEdudien Cgﬁmﬁﬁﬁ&@ 1§ NeMa@i,dlthave

To contai n t no BV HEEE0, { IR 01 8 M aRriec! SN 18

codon. The 20 &hMQNHIfGTtra@éoQJI-lz(D HV&))CD@%S}HH@&Q@ fﬁ%\ﬁé@‘bzdva?srfh@ In
| ength open readlgg rane of 269 nucl eoti des. The f | engt h DNA codi ng

regi on of hKCNGS SEE: (@F §PG)oanth0d % ﬁ%atarﬁemgeeaiumwoiaﬂea@tmtﬂz@ D and
is set forth in LQOY h is indicated the
presence of 6 r%%%%hlé’% iagn 1W§l%§%g ﬂ%c’lgtnr% g%re regi on. The hKCNQ
ani no aci d1seqensg] ( Mrsddraxd\Btiryen@y eAerd for é&@N@eptroomm:dr@fchagpémt

di stinguishing features that are characteristics of potassium channel

genes; nanel y, hybyidizadiosiigfafasmagpige;THx D@l”iﬂaﬂﬁo’?@UM@WE ErS3E),

alternating ch

menbr ane- spannﬂigg %P?%tdlﬁ Ed&@gﬁf %Wag]g‘@ Gcg%)égg%é;ﬁosr%sc) 3%0(?14%2526
22 PCT/ USQL/ 173D$ dt@0éfpdratireof bheasseb@ntewcl pR§feraisi bBbiESE W) more
alternative splice exon at nucleotide 1143 encodi ng a 7 amno acid insert

(SEQ | D No: 3), mrefarablyabau§68d@iti on, a long 3' untransl ated sequence (3

e A", MBSk, YRGBT B SR eL O R G O,

Biol., 25:351- 3:%hd|ia‘menahI19%wmdnﬁuwea%hﬁamwsaumm%s sa@CESSI um
channel proteins _and hK -5 was generated and is shown in Figures 5A-5C

The bl ackened }-8%sSP&H@ °ﬁ?t follpwad Rywaghingandes I8PEreh§S47) |ar51 2%y
mb dth |
ol s, Overal || SO e S & 0r BBbIOART, Sl IT S B:C e bet veon

about 40-50% i @064} y Foradditivnahstringenoy ognditiensy . seedbavtnia@&det an, t he
menbr ane- spanni ng domsu ns and the pore regl ons, Exgresm on vect ors [ 0079]

The presen2di nVM . , Pring Hegher Laboratory,
Cold Spring Harbor, NY (1982). It is to be understood that the low,

moderate and high stringency hybridization / washing conditions may be

varied using a variety of ingredients, buffers and temperatures well known to
and practiced by the skilled practitioner.

30 [0055] Multi-copy plasmid refers to a plasmid having greater than one
copy present in a cell (typically 10 to 30 copies).



15 which conprise all or a portion of a nucleotide sequence encodi ng the
hKCNQ pr ot ei nl pol ypepti de descri bed herein) or peptides thereof.

Pr ef er abl ¥yobh{}82s8&Pr €ssi on vectors conprise all or a porti@prRfsei/1814ucl eic
acid sequence as shown in SEQ ID NO: 1. [0080] Expression vectors are

usual ly plasm ds, but the invention includes 20 other vector forns, such as
viral vectors, as well as vectors that ser$® equival ent functions and
beconme known in the art subsequently hereto. A person skilled in the art

may al so stabl yJ0OBEE I Nurthern bRt rsferniocd nieshodhof IeNEiny paicolar RNA t he
chronosone of an appropriate host _cell using nethods practiced in the art.

25 [0081] Expr deagneentsepardicslarly snREA, Pyduibrigizatios ywithaa spypigeentarnt capabl e

25 [0081]. "epaide ._ _
be. het or ol ogoud SR Ay ket EPIVA T & Blghn el St BlebuBBEF T ° 17"

. origin of replidligbhms refeptoaviveleic acid seduenns cprefdrably damnphigiad i on
sequence. The vector may al so include other regul atory sequences, including

nRNA 30 st aBi | iqoptigegueAEelgotides, of ableast abouh nuclestides Yo gbowtfO expr essi on

product; secret e v@@ﬁ { SR 10N t he
expression V\ISR‘[S%%@%%GB 'ﬁ%@%@%ﬁﬁ . %ﬂgdﬂg?ig%dnw ¥ c!%h tﬁt gfgr?eedback
sequences, Wwhi qirefdrably atigust sboah12hutledtides irclengti e gerabdut 1Baoragul at ed
(e.g., by the presence or absence of _nutrients or other inducers in the

growt h medi un ;Nueigatides. segbeiicksto i nusleatides, g5 abost 89 tpBanugianiides,
o BRRANS _ &P Oy o <l fes. whi ch
vt dal st os (Al Eahibe GARAITLERT i PER anffficdion Sxh s hylizcin. o ©

whi ch al | o0ex pssays ooy inMmicesarrays. tiymitsbe inderstoartthas the terinucligopucieotide
prokaryotic cells, yeast, fungi, EI ant cells, insect cells, manmalian

celI's, incl udi g SHbR@RtRlY Pguigﬂ@n_ EnURURERS RRMAL Prabie, or agiRlimes) 88 of
hi gher eukaryotganmbil §3fel inthdakl IPRiIPARS Be! QciQéé&dﬁsgtrﬁJ‘sb'ékﬁféd in

practitioner, eXpressi’on Vectors conprise a nucl'élc aci equence encodi ng

at | east one KGAN&pepimentiepnt thaea lasgarasdigontbeldotide prob)e, apeniatirys bf piobas) o at
| east one regul atory sequence or el enent. Cfer ablﬁl | i nked is intended to
mean that the rRi6h&egeaerale prokes, ¢a8pde ysed fogeigct lgnger. & MAeSOMRIE uence

in a mnneqsl5 Wugbh Rid Q{@J&%@E%?ie%gﬁ)ﬁe,t ofE A ‘ﬂ‘?sé&?%&%&féjg&

Regul at ory sequences "are known I h the d are selecte
expressi on of tprebdenay edmprist @it feash 26+20{pmucipotidese prefetabty| dt lealst SO tHMgl vy,

the termregul atory sequence incl ydes_pr ters,. enhancers and ot her
expressi on contmtﬂ'g%tld@gem‘%fe@5@’8"&&.5(&85‘)&@4@%9@, Met hods Enz~nol .,
185:3-7). !t s 2 #gm ; i t essi on
vect or may depg?gbg% g)ué:% act cﬂ?fsrgg%’ Pﬁgé(ﬁ;ﬁgg&%ftgaghﬁoés%@% to be
transfected andiantaining & ppaesdf pucleefide tipdéts edding foe amipo eskiscand §PR23Jly

Vect ors carﬁgco ta]ign one or m)E.e reBI ication and inheritance systens for
cl oni ng or %O prl@eEngANYJRENBALIGR CA0ARS kers for sel ection in the 25 host,

e.g. antibioti { St : R Sef Jhe
i nserted codi ngoggg er@ggﬁéda@%gqggzmg%@@dgg? st an rﬁ%ﬁn’gtgm)%?hmf sol at ed
from natural socelemenis, whiph apaeitiersexdgemoiidly. addegldbdi onendogermushydpnegent
sequences to transcriptional regulatory elenents (e.g., pronoters)
enhancers, and!'8r MHOQIIAVIBS- andl or to other amino acid encoding 30
sequences can ri J i PL26 24
PCT/ USOL/ 17317?8%3% Iﬁ%“%({%rr %zésﬁggﬁ%\sle todr aﬁmﬁ? %@ORMIVE)I?%GMI on is
at | east c@5abllgind$ addriritintesgrartseriptiph.i cati on, and preferably the

o ai n of . r opl {08BOT orequbeotiGromdts b ametod difenthing psrisua DA *ana
the M3 origi nSfrg%rgei(%gMﬁ bifdizatiorrith 8dtnpeRTEAY uiclias deR, t}f{géaggwpl e,

t he cyt onegal ovi ronoter, the lacZ prono t he gal onot er
and t he Aut ogr agiDNAca arf oligontmlendidei pl e nucl ear pol yhedrosi s virus (AcMNPV)

.pol yhedral pro r itabl.e term i on sequences include, for exanple,
t he” bovi ne gr O\r/@b%ﬂl)r %ﬂgﬁah‘?}abe?frer%@thérﬁ?P&&@N&ﬁ@aﬁ“ﬁm’ BBW‘&B@M ation
30 activate, or decrease, diminish, or inhibit a functional, biophysical, or
biological activity of the KCNQ5 potassium ion channel. Moduiation or



10 signals. Exanples of selectable markers include neonycin, anmpicillin,
and hygronycin resistance and the Iike. Specifically-designed vectors allow
t he shutt éﬂg 9 DNA bet ween different host cells, such aspd@agégnhfzyeast,

or bacteri MRS cells, or bacteria-fungal cells, or bacteria

i nvertebrate ceIIs [ 0085] KCN@b protein-encoding DNA of the present

i nvention may be 15 inserted into severdP comercially avail abl e vectors.
Nonl i miting exanpl es include plasnmid vectors conpatible with manmalian

cells, such asy trd%fuﬂ@r@ icat aétﬁtmyaemyemebmdmgmulma(jng:mhubmg, (Novagen,
| nc., Madison, , (1 nvr trogen %rpgg DNA@ gl nvitro ?@ﬁl CEP4
(1 nvi trogen), pmagone'fmq sepr@rsa@ene?utr@l (OStﬁth-'ﬁﬁ HBY, e' Pl gene)

ey S e N o

(ATCC No. ) 37560 T @ﬂ?%"?@%"?ﬁrﬁ?“ T e

Bacul ovi r us veEl@lﬁlglflgum!ﬁ%Slgﬂal Qreasdivat %t@a@ﬁ@i‘f pgﬁéél&'l"b@?’lgﬁ l essi on
CLONTE

System ( g'_%%pgﬁ{rﬁ rli@%(c%g\ e deﬁ‘i’iﬁe’é gg tﬁié‘@&ﬁ@é§8éé&i‘be@’ﬁér€m InARSAeks

cells and prot gen are-av 'e comrercially and may al so be

used to produceréu:@mpbueu@lmatﬁnmmldm:reasé >blem<r pvewqmtoﬂl&laylac(l\ﬁli@nal so,
Mller, L.A et al.) 1993, CurrOp. Op et.. 7,.and O erIIIy D.R
27. |

et al .., Bacul oiacivatey gesersitze, \%&omnsrewtﬁﬂn%m ‘éﬁwl NrPEed 4P 9 I'n

addi tion, prokaryotic r ch as
pYes2 are nonli H%%Pﬁ%déggtﬁ%t@g 0 'V%%%nggﬁg %0%?%%%10%4&25 ot her
vectors suijpablagtifste, ftrflitatel Bnhévecepaetbation] sereitizepor uperegulate ohannel

nmodi fication techni ques) see J. Sanbrogk et al., 1989, Ml ecular doning: A
Labor at ory Man@glivitees MEQF%'P‘Ur\na@YIaHO@:prr ng Harbor Laboratory, Cold

Spring Harbor, o Hashy SEl b AR S RSKaRALIFIGRITG! axatgoen expressior

vector that co ei C sequence encodi ng the protei n of
the present inwgprésiingaretembinahtly pcbduvédrK@NQﬁ potassiugucharedirf eellistore

expression and recovery of the expresse rotein from gel | nbr anes
or cell lysat eSBe"l!iEG'ﬁ\QfaﬁﬁSlﬂéﬁhf@mﬁ@Wf"Kﬁ ﬁaﬁf@é%s%g}mﬂ%% U IS oy t

The host cghl fc?pﬁhg[,)%ﬁher 8?5'& '3t ifdiréethy r eQfdrA r\)éeggftdells‘é’& bedssfifyrori ses al |

or a porti sequen havi ng -t he nuc i de sequence
substantial |y ashdeigenous KCHHQE Ichahbels cqmabe used b suche arsayeNd® examing thegi on

Strains HBL01 @Rt ohiubHODe SARISCOEANS CoNpEng & [SCyeS pbfsdium oo
cells, and e“kﬁ%]‘égwimeﬁefee r éted%r\ %)%Eérﬂla'i ?Fﬁvﬁ% hhipst c6@pbEndlzd are

pr ef erred Exa aryoti ost ce de but are not limted
to, yeast, e.g.confpacdneith Somaol(sanh;ﬂes githbut ihreetesbcﬂomptnmtj EQK/BX@nplﬁorcr ne,

nonkey, and rodent origin, insect ce i ncludin
T £t 0 205p e eaTeR URGRaied WaBAPCamIou®) otF BrydbRRATail! veq
| nsect cells. \'\/@Hg rpﬁpmﬁ%‘é‘gﬁér%ﬁdlt\é’%lﬁéﬁ dd%e%rﬁﬁitlbﬁlﬂf% K@NQ&‘C\e/ imd

commercially a € I'nc e not |mte
celI's, CHO cel | potab&i: ish, chainGel iSGchiher vaiash nhecléCNQQ matraptlwasmluecos 7

cele @%ﬁ%ﬁi&@m?%ﬁ%@s‘é&m@o e Pareray ahbtt S Mdls syerpil 3
(ATCC CCL 26) aﬁ@@(ﬁ%@éoﬂ% @Qho%%ah ol eﬁﬁrrleﬂéracmé%@&meﬂrthem ors may

be i ntroduced i cerl’s vari ous net known in the art
Exenpl ary, 28t seangtiactivity varae lneldiave to thedeortrah issgreeterdhany 0@% tq1dr9.%,

phosphate precipitation, electroporati b 1l ion,
transf or mat i on, praferabii HE08m, MBFER" EB/ PL@%@E%@'@OE/S B ﬁﬁactr on,
nucl ear injecti e. | I oi dal gol d) bonbardnent and
viral or phage ﬁ{#f%ab%%w‘%%tqug% Oglhf rﬁ-'fa?lre then cul tured
[0063] A biologically active fragment refers to portions of the KCNQ5
potassium channel polypeptide, such as peptides, that have been truncated
30  with respect to the N- or C- termini, or both; or to the corresponding 5' or 3’

end, or both, of the corresponding polynucleotide coding region. The



WO O1/92~2G 26 PCT/US01/1731.L under conditions permtting expression of

| arge anmounts of KCNQS protein. Preferably, the cells containing expression
vectors a sing the KCNQ@ protein are clonally prop

i ndi vi dual g%gﬁgﬁézed to determine the | evel of novel K %ggﬁﬂggﬁgh
channel production. 5 [0088] Reconbi nant host cells expressing the KCNQS
protein can be identified by any of six geh&ral and nonlimting approaches:
(1 ) DNA-DNA hybridization with probes conplenentary to the sequence

encodi ng KCNQS pariedrey or &gty perbdrai bssuhtially e gainediblogical furetikar ogene
functions, such as thym dine kinase activity, resistance to antibiotics,
and the |ike (&Rneadr&eptidegatichparfern gssertiallyihe semsafiwnciionimsubsiantialy

(3) et et  on-dHE SEfae Py S3HE KBy ointbiRB iBloRell pcfye Bon BRERIEL) |
blotting or a nytheastvity oft £hbMILARS FFridnt, 06 afalyity Ha heeeitatytal,0 t he
RNA sequence); (4) inmunodetection of gene expression (e. by Western

blotting wi Ph dRguigéTy. aEbioshemiaas fulcsioas Myat areessentialy tbg'séamq)aséls%i um

e, tuo ol dEtyBHE oY, BETEREERZRAEReS B RATESH R Hioe=r)
reagents (e.g.,erftpac from Ml ecul ar Probes International}; and (6) PCR

with primers honol ogous to expression vector sequences oOr sequences
encodi ng KCNGG [BP64Ei fror tigénilionpoRopies deides inathingpeaifiatient Fobhermaan et ed

| engt h, i ndicatjng . i SSi j cell.
DNA sequenci ng érlr‘aga grtoReCouts ﬁuél%rﬁé‘ﬂ'{ CWMEE}B@ﬁB@(%mI e,
t he di deoxyochaiarboe Laboritog) Cokl Bpring MaPBageNY €1987) and1BWin, Br, Gend¥iM, .
Acad. Sci. U S A, 74: 5463-7 and the Maxam G | bert nethod in

Maxam G | bert) Qxferd Upjvsesit\Rrass, Oxford{d99e)siseng & guidegs: 560-4. [0089]
The KCNQS poly Efle | to n r%tag :
reconbi nant pr gpgléﬁpmlr?l&m%%pg&én@rﬂ% darggé?'ﬂi'b)na tﬁ%bflﬁ%p i (gle oéngﬁ;ﬁgﬁé%ded

to facilitate iwhichts highiylkey td bé involved inamdurotranddaigkion andig exanpl es of
protein purification faciljtating domains include netal chel ating peptides,

30 such as hi sthedraphysigipgisghtunchiens sesvenas adrrashfyruidentifying waddlators of

i rmobi | i zed zbe - i ~. W et ; .ein A
domai ns thgt5 q&%@%@i@é?@?”é@%ﬁ%@@%ﬁ@sﬂ&g@%eu'???%lu%%%lb'gﬁﬂégﬁ(‘e

i mobi | i zed i Mmageres,chetdpeutioagenteand/AER tertrédimext ensestrdiafeivous v
purification system (I nmunex Corp.). The inclusion of a cleavable |inker

or p [ / ! ¢
sequence, such S¥Stepasspcirigd diseapes Mauralagical diseases gonflitiops@psen t he

purification d J i Iﬁﬁgi iQn:.J

useful to facili gfb é@g?l}@?%@ﬁ%éé%%t%g%@%é%ssegqﬁ&@p%gldﬁ%ﬁl?ggﬁg
[ 0090] Furt her,ofdahb ENQSI potassiamchamnehéncediag! bak rictrimitez] tobatuteyarid
nodul ate the expression of , the inserted and ex&ressed seguences, or to

process t helexprteBiEPain.Jiraineheadaches.arute skoke, cosniiveiapidesst i ons of

t he pol ypepti deyd ; Lin.e i :
car boxyl ati on, Q%Héb@%glsaﬁg g{alr ?%ﬁ‘%ﬁ‘tgsg?%’ §P f\%}sﬁﬁgf&%@% iagf%cg\ﬁ% acyl ati on.
Post - t rans| at i odigbrders,crageloophicdétecdlaaierosie (ARST anultibly selefosts @), ot ei n

may al so be inportant for, correct folding, insertion andlor function.
Di fferent host RaIKINSons Pisezsedraikingans- torgjsordgis@ndrL 1573), W38,

NI H 373, HEK293;¢, 380t d1810idsR or R FosRRloldicdt Bldotiars ifBEAINa Y

characteristic
25 disorders, phobias, depression, Pick’s disease, psychosis, bipolar disorders,

sleep disorders, compulsive behavior, addiction, and eating disorders,
ataxia, myokymia, Alzheimer's disease, age-associated memory loss and
other cognitive disorders, learning deficiencies, motor neuron diseases,
spinal cord damage, tremor seizures, convuisions, and the like. Openers of
30 the hKCNQ5 potassium channel are of particular interest for increasing the
flow of ions across a cell membrane and affecting one or more of the above-



15 nmechani sns for such post-translational activities, and may be enpl oyed
to ensure the correct nodification and processing of the introduced,

het er ol ogoyg gRfodrgi n. [0091] Exanpl es of protocols useful f&q,&%fﬁgﬂ ng and
measuring the expression of the novel KCN@ potassi um channel polypeptide

using either 20 polyclonal or nonoclonal gélbodles i nclude, but are not
limted to, enzyme |inked inmmunosorbent assdy (ELISA)) radioi nmunoassay
(RIA), and fluorescence activated cell sorting (FACS). A two-site,

monocl onal ant iliséet eerditionsmudisesses, for exampleg migieing, qein, errandstdi es
reactive to two nmal nterfering epitopes may be utilized. Conpetitive

bi ndi ng techni q%%%r ﬁﬁ 25 al so be enpl oyed (See, for exanple) R Hanpton,

1990, Serol ogi qabebft mf&noveﬁ\r@@gsws\m&fhmﬁ%nem&éﬁ%&bn@éd hBeeih cafN
and D.E. Maddox et al., 1983 d., 158:1211. [0092] As will be

_appr eci at ed by play ecrugial mj,egkquuiaimgwnaptlc tranemiasinn aed leeadiical hi s

For - oxanpl o0t e <RapIg Eitne bufin: bRt s hehoTor BTk EROR R BRI S o,

ot herw se rmdul Se®t invedtidrafrayt s/ ef digisificait iiplitaonsGhaghitivb&iisbrders\O
01/ 9252G PCT/ USO1/ 1731~ 28 or at | east one subunit thereof, which would be

useful for nodulesd.i Baningrngxasmasybehavoral sisadersdRgs, pRYeli ander i vity:

and (o pr opar o WHERIHY bso R B i Rscteia P RRRran ks, RehoRhRER ™

Menbr ane prepar@ddreasgérérati¢e diseades (@as Aeh&ithatistdised, PavkiRgower i ng the
KCN@ nucl ei ¢ acid sequence, or a functional portion t her eof, wherein the

KCNQG pot ad$i urﬁl@e@ﬂﬂ)edeWij@ptald&ﬁorderSa(em)r meatel referdation)i as wefirasdsed i n

doccr roed i n trnpr BReHaRgial i FRO IR IRIA el i SERBE S, 1o

[0093] Not all ;ﬂ%br@ﬁ§bﬁﬁls\bﬁ§ér@r§ud‘n§s Dbmnﬁaeguigaéuﬁéheaequﬁ@@%‘é|ZMréé i.e.,
function equally well to express the DNA sequences of this invention.

Nei t her will alépileplie selaures,fiipke; aﬁumahwlyda@w cmonw ané askieepaiRpard si on

system However ra\ffpﬁp'r?ér ordinary skill in the art may nmake a sel ection
anong expr essi o% s? DNA regul atory sequences, and host cells using 15

t he gui dancig prieosEd Iheinetierdrhbodimeant df thecinpentiors the KIGNQB mickid b@rdt
departing fromthe scope of the invention) to achieve expression and

purification ofpmM@eﬂcb«gslrppﬁaetlﬁenSﬁ nysleic\agidscegmpiemendarydedbe iKKeNQSKoNGs

20 ol ypept | des ARG SeodHteEs P EBlchs st FREBE R Sd e dRe BREENR R oF
the hKCNQG pr ot giagnédSiicCadéhtdlo Foy thé?bpym\ml\ﬂﬁgwmsfpdmclﬁ@ﬂ@inﬁl@@ﬁ@sn is

used, the portion preferably exhibits potassium (K~ channel activity or
can be nodul at effericisigiasids rnayaednﬁ@]poaaiﬁﬂwtpwecmsa@éi’qnf@ﬁnulaﬁﬁﬂ @8t hin

B, eSS I B RSP BRlesS R8N e, o7 . Porl "
fails [0068] In addition, persons skilled in the art can use the KCNQ5
polypeptides and nucleic acids of this invention to prepare antibodies,
vectors, cells and/or and cell lines. All of these are useful in assays for the
identification of KCNQS protein modulators, as well as in therapeutic,
25  screening and diagnostic applications.
[0069] Further, KCNQS5 protein modulators can be administered to various
mammalian species, such as monkeys, dogs, cats, mice, rats, humans, etc.
By known methods, persons skilled in the pharmaceutical art can
incorporate KCNQ5 protein modulators in a conventional systemic dosage
30 form, such as a tablet, capsule, elixir or injectable formulation. The above

dosage forms will also include any necessary physiologically acceptable



to exhibit K+ channel activity, but can be used to screen for conpounds
that will activate the protein or portion thereof. [0095 These KCNb
pol ypept i 46§ o/asp€ prepared by nmethods known in the art. ,
chem cal synt es%s, such as the solid phase 30 procedure dg@@#?ﬁ@ﬁ%ﬁ
Houghton et al., 1985, Proc. Natl. Acad. Sci. U S A, 82: 5131-5, can be
used. Another nethod is in vifro translatith of MRNA. A WO O1/92s2G
PCT/ USOL/ 1731~ 29 preferred nmethod invol ves the reconbi nant production of
protei n i n hostcamidr matesiat] excipidredlubbicaet, btiffer, antibptteriaDBalidogrpgest (sochl |
or a portion of SEQBI_D : 1 can be synt hesi zed by PCR as descr|bed above,
~inserted into &¢MBY 'F'@gi%&t\"%@@'ﬂ?,(a%?ﬁ&& pr §é¢'l~‘n't bigHlfte)ordhe Wkenas he
expression 5 v f; , the host cell is cultured to produce the
desired pol ypegﬁ@éers?eg\%ﬁ?gﬁ "téfr'aée' i solated and purified. Protein isolation
. and purificati @logiag dml lsolatiened KEN@SWNualeicHcidever al known techni ques;
for exanple_and wthout Timtation, 1on exchange chromatography, gel
filtration ehr dA&fQyr E’pﬁve anpeglqfithe presant mwgeﬁawiownghswl&yngsaw qui d

10 chromat ogra r J i el
el ectr ophor gsi gm‘it%kp“?’r‘?%%@i (ff?agfr%iﬂ n%@ﬂﬁfdrrgaén ?Pgﬁg{ﬂgﬂa\gﬁ hgd;m%’s (see J.
Salnbroor. gf al .prefxw?iplglhehg(}bf()gimdlaicr)aqﬂdcwquencesehlbi'urnantSE@NQB\lO:1 and

ol ypepti des or_ peptide ui tabl e cel L-free expression systens r use in
gccgfdgnce Wi t tf'g‘ﬁ'peﬁh@‘gpﬁérﬁm?”ﬁ@gnﬁ bh&t ?J_enﬁ&g"}paﬁmg th,eé’p}l-i%ng;é&ug\an _
ysate, wheat gasuEdBRAlin SEINRS, R 1& Bl IR/eAigN Mas BrRiABA TwitE: CO!

S30 extract, coupled transcripti‘onl'translation systens (Pronega Corp.,
Madi son) WID. The senancarefigpaaClutiure GellectiongdAJICE) (40860 ¢ diniversity Blvd.,

P rahent s, or _AGASA0e YA T18- 80P May b 0B, RaGE HECasmion Mo ot o
promoter el enersa_ 10949 Alhe/ o SButid) IR ret R I‘f’erefﬁr\gﬂl%é“majntainefj lﬂ?eerrt]hI?CI\lQS

i solation/purification techni'ques ‘may require nodification o
protein using demenof thenAudameadidusatyrmr thexaterhatjorm! Rexogditioa dfdige Oepobit

added to the pr in to allo urificatign on ni gkel colum. O her

modi fi cati ons riﬁﬁ{%m@aWPWB(PPBWH%Pfg’@tt‘?WiFﬁ'Q?eé‘gepe hase deRpsds arevel s
of proteinqgro il i } : { § J i i

T 1 cat | ags. EieVERincti RO ghigits fo 8k 8RRl QM Bt e it o) e
i n bindi ng, whiadmissionttbaia depgsitissiegired untder 8atU.8rGl 112. ufhe seqgencs ofKCNQG
nodul ators. Am_po acid substitutjons,c be magde based on sim larjties in
ol a1 1y, char dBS POBIRUSIECREeS CAYlRs Bei P oA PERRPSCRE YU GSE) or ¢ he
anphi pal hi ¢ naigfimoicid B8giaRaReld (R BBRpeRidlLomRlded thafely, arodl ca
activity or functional activity of the potassium channel 1s rétal ned. WO
01! 92526 PCT/ Usanorpasied derdinbyerfarphee andgae icopirgllingin thedeentrod anyi ds

i nclude aspartic acid.and gl utam.c acid; positivel har ged am no_aci.d

 ncl ude | y@Pne GG M ANYEdESEHPlGN S saaucas RTEI A Jersn MV ealiats
or nonpol ar heag aieRiesrddNngioBpbafed ikl | rfd by slith Hegndd gl ity he
follow ng: |eucine, 1soleucine, 5 valine;, glycine, alanine;, asparagine,

gl ut am ne; serigrantedar eoni ne; phenyl al ani ne and tyrosine. [0098]

or osent i nvent iRT by WGHRR Rucifie SRcEas BeoBraumiet By KyouBmuBRs d¥oL8h: auc
to replace a nqfeqRelofdhe a@gcl:ﬁi!ﬁ?d Hﬁﬁan%@:ﬂ%%lﬂ?mécﬁme]&c{d@ket&%e

derivatized polypeptide displays the desired biological activity. D
i somers, agbwelpresgnidnventiomomer examplar mesgdssuchaas Sobthesn lasdiNaertharnf or

the naturally-qccurri m no_aci ds....(Se for ex l.e, U.S. .Patent No.
5 650369 1 3o u1iattng) resdSmguRinotiatahd S Rat SRR sXEReRBBY 1 ut i ons
are made witho ' if Pedtt i t v ihBBle gD

pol ypepti de. N%OI%E%é%eé@E%vé%g?begﬂﬁ rié‘?‘%r?éecg;t%'@F?Sefﬁ‘?ﬁ esQare

i ncl uded wi t hi fNOLE Figanes 1%-1Dhandgas sleacriiad/kereim rexpfaEis] claoing; andgl y, t he
. present invention,enhrac variants of the man, K pot assi um.channel
ol ccul e Prof cribbmelye SPNA Boniit s sl TeplEbring she< SRS ol UsHiPho
aci d sequenge Shithintid KEN@S dBRVatkle W otHE ird8l ﬁdﬁ:éé,riﬁauafng Mahadahg
having at | east 90%total am no acid sequence simlarity to SEQ I D NO: 2;
and nost pref errathdm@nvagiimdls. havi ng at | east 95%total anino acid
sequence simlarity to SEQID NO:2, or a biologically active fragnent

thereof. A variant of the KCN@ pol ypeptide may have an am no acid sequence
that is different by one or nore am no acid




25 substitutions, or it may include conservative changes, wherein a
substituted antno acid has simlar structural or chem cal properties, for
exanpl e, pent of leucine with isoleucine. It may haﬂ@ﬁﬂsoﬁtPHQUQh

nor e rarely, t at a variant has nonconservative changes, for exanple

repl acenent of a glycine with a tryptophan. Simlar mnor variations my 30
al so include am no acid del etions or inserddons, or both. Those having

skill in the art will appreciate that guidance in determ ning which and how

many WO 01/ 9P6(PRR] PCTh&/Pitlelo 3dids ebtoding the AICNQS prrotessofthg present
substituted, inserted) or deleted w thout abalishing or dimnishing

~ bi ol ogi cal or inventen @@F‘ct?ﬁ magifieg tPWfﬁWeH@QﬂHt’HPmenﬁs Rg SXamplf. &ne
programs Kknown PRy tﬁ@e%@‘felﬁacret to rﬁ?ﬁ&%%ﬁdﬂ%ﬁﬁ ?estﬁ&c}n 14 n@léﬂgﬁoo] Al so

contenpl ated according t I nvention are

vari ations of tém:gadmwesutmmrthbermm a@dptSmbhsmu@ﬁohs maiy bt isikarst ormahyde
salts and esters of the pol ypeptid as well as ecursors of the

af orenent i oned Cpange Ha pauro eed§n00939|badhmm@atﬁ dag\y Merqqyert godified as
oL o e )RR B R AT SRl RO

I nvention is inten ace such varrations

descri bed furt lgedingrfor RKON®S 24 indejationt sdlestitatioh, hegertidesnvésiorobr, of
the present i nvegt I on can be utilized in a wide variety of ways. For

exanpl e, one llioa afr eromgEmarinQagids i therencased RAlReriida Rt i bodi es
by techni ques Wﬂ@d%‘ﬂ?‘sﬁé %ﬁ%gfe%%b%ﬁteﬂﬁsn@réee ?Q@oi“?] A éPé’ldH%%SCRf&cPe used

for 1 munodet ection

i munocyt o¢henifgidsyRes|, mamfanmkumt(a /g, ,1985fﬁ>muct Nad:lhAoamS@r aphy) of
pol ypeptides from various sources, .or inmunotherap e., tor potassium

channel i nhi bi 4-8\-d12: 482r 92t l%ﬁ?d't'%r't'ﬂﬁépf S't%é"ﬂ@ﬂég@b@%ﬁ@ﬁﬁuad% or

pepti de fragne n ays.
Finct i onal - Expryaidie e sofifilerdfel YSfdors le hy BOFER AcRlofty Rl

I nt roduced i nt €AjRhershdns Coepl, Aelindten eteighdg,duy Bor dlsmptmngodeletlontdm vect or
or pol ynucl eoti de nDIecuIe for functio ex se

et hods el & kiioRRANRH BEEthRES,dae SEAE b HIORP o Se AcRE Tdm et futt s as
descri bed hgreizgy g(ﬁ exanple, may be injected into Xenopus oocytes for

functional éexpression analysis (Goldin, A, 1992, Methods Enzynol .,
207:266) . Expr ¢6873] hKhb@repartdswentioncdiso sribsacembdifiedardoteid agitisng

W 1662, 30 MATAISS ARG nv@spl'%é?o"rﬂ{z‘ér%‘%ﬁ%eégl‘e&fé% NGS5  aelence.
273:1709 P
cxampl o, by 9 & FoSBIRS B S Reh wiB ARSI o

or by co-expr esmmpﬂswstahK@NQ& Hmdulator)essltec aﬁs@smdlfletdenucrlelcracrdscmn bé ar
BS} ?isf,éur]nga ! el ' ésé,nggg o q':,rgi%qcrﬁgﬁﬁ i e atgt usmrm%e sequences pr0\>( ded

hereln. Accordingly, the KCNQ5 nucleotide sequence of the present

invention may be molecularly engineered to alter the coding sequence, so
as to advantageously modify the cloning, processing and/or expression of
the gene product. For example, mutations may be introduced into the
25 sequence using technigues that are well-known in the art and as described
supra, e.g., site-directed mutagenesis to insert one or more new restriction
sites, to alter glycosylation patterns, or to change codon preference or
usage, to mention a few.
[0074] Aiso contemplated within the scope of the present invention are
30 alleles of the human KCNQS5 protein described herein. As understood by

those in the art, an ailele or allelic sequence is an alternative form of the



pot assi um concentrations in the bath nmedi um (See, for exanple, Gissner, 5
S. et al., 1993, J. Gen. Physiol., 102:601 ). Standard bi ophysical

par anet er syo34ehs,gs activators, potassi um dependence, si nglp%-Tﬁm[l/Q%I N
conduct ance, inactivation, tail currents, potassiumselectivity, ané

phar macol ogy of various K+ channel bl ockers, including TEA (Exanple 4),
Apamin, and the like, may be tested (See, Zissmer, S. et al., 1993, J.
Gen. 10 Physiol., 102:601 ). [0103] Alternatively, cRNA (i.e., synthetic

RNA from a cDNpotassitimustiannehdesuribedthierdine ealialed redultftomeldcteic avidh as
Xenopus oocytes, as described above (Exanple 4), or manmalian cells, for
exanpl e, RBL cdnuigtipngenddrRNLssRiicepyrar whighsproyee polypeptides wWhese be
“transfornmed usi t ' el

el ol o acid | iieeh e rncrl Tl ey ndtle Bligred ARG EATRNE mél hEGE

_microinj ection el efe( M maaypaiglicifetras. Bbrimenndtationalahanges Aidh gilee
i njected/transfornmed cells can be anal yzed for K+ currents about 4 hours

| at er usi ng®pat'ise-telaligles aergrnAialy asgiibed tamateehfsletionpraddiiiensd orn the art

&) oo or o Stbstiliong of Bt BERIs” ki dapedE ffk ttiafigds dlodur |
Novel KCNQb Chamioved, drrin Gehibihativrsw(tl iHeldthers rariecot maraltimessih abdiyen

transfected cells, preferably eukaryotic cells, such as HEK cells,
cont ai ning the %@Qﬁgaﬁ%$%q'-@”&@i d conprising the 25 coding region, are

envi si oned for Qi I I r | t ; | | . Such
eukaryotic t rarigpgg a(r?t{g %ﬁ%ﬁf?%ﬁbé%gr&%l gl ﬁ%@??g F#'Bnglt&%%

phar macol od0calinventipet inkoivdd tige fsolationsoffmoletbiar icthmesids spddifivallpidesotileedi| es
t hat open or block the novel K channel . [0105] Transi ent expression of

the KCNGQS codi rig B*@gRia Tcherels VRHeh Weer) seaueiceds andanalyzed by sepirhing the
manmmal i an cel | ' d i | ~al J.
Physi ol ., 499: PGB! Eg%a?fage%ﬁé'étdegﬁaﬁkﬁggéeh%ﬂ%r*?."ﬁml%egf}Sﬂé\g%z’:gs PCT/ U
so1 / 1531 ~ Pkbg':Wellen,abbﬁ)n’(68945%9)rhlemég|hltdda_vmhedg] geesteetiancaiput4eipn can be
attained using vir systems conmmo used in the art, e.g., vaccinia
vi rus, bacul ovih%&oay)cﬂﬁbw&h .‘Q@ﬁ%seneﬁ &g‘er‘iﬂap@g% I 3R,
systens arqgt ypd Y (ks ; 92)
Vet hods. Enasnol Setor e Ratated YR Wigte iteryT ooy i orderts
33(33):9992; ardktSpaineestart@nd.step sequenced€idons. AlthmughGiare of thedndiskigl
[0106] Stable transfection of host, cel usi ng nucl eic acj d sequences,
coo ) ZEQ 1 D @SS Shhsaed e reoauuiseul Tenidh Shreriss doradl hive el
descri bed her ei fhdSE - 2), | | ' ' ;
fragnents 10 thereof ,(lei:@hﬁ%ré@g.r ggﬁgﬂ%ﬁ%ﬁ' té?%(“&%p%é@@%&f%%fa%%,
HEK or CHO cel lthe BAATES start soddradhe ofhers contaimechtheBlrTAY staptddon. The
transfect a%s Iaslig%%)%wor}%(ﬁ o(f Iﬂ?él Icforn(c)agseerc]])u'ences generated a full length open reading
frame of 2694 nucleotides. The full length DNA coding region of hKCNQ5
according to this invention is shown in Figures 1A-1D and is set forth in SEQ
ID NO:1.

[0076] Hydropathy analysis indicated the presence of 6 membrane

25 spanning domains and one pore region. The hKCNQ5 amino acid sequence
(SEQ ID NO:2) revealed a KCNQ5 protein having two distinguishing
features that are characteristics of potassium channel genes; namely, 1) the
signature ‘Gly-Tyr-Gly’ pore sequence, and 2) alternating charged residues
(Arg--Arg--Glu--Arg) in the S4 membrane-spanning domain, indicative of a

30 voltage sensor.



[0107] An exenplary procedure for carrying out the transfection assays is
as follows. Cells are grown to about 50% confluency in 60 nmtissue 9 5

cul ture phad Godssy Medi a and under conditions that are accopgjgg@;ishe
requi renents of the particular cell line. Cells are transfected or
transformed with 5 ~ g of pure DNA conprising a coding region for the KCNQS
pot assi um channel , e.g., SEQ 1D NO:1, in @&2%CDNA neo plasnid vector using

t he Li pofection reagent as described by the supplier (Life Technol ogi es

G bco 20 BRL, [B07Rsd@neldthe Mdlateddiares axnitained anhalterasiivve splicel exonatt ed at
37C for three days in nmedium cont ai

ni ng, 10% FCS. |lls are t pélnlzed
 seeded onto 100UE@CEAG1d43 Wdtﬂge@]7?ég'@8t3@éﬂ {nser ( HeIN@P:3 if igyreg3. |
H |

Codi ng.robi on RRtoR: & 16 St Se XBaBbA Iy UTRRIGERLID MR oo0us

conferred by Zisddrtedra&mi;@hnwmalﬁgmsetﬁgam4ﬁ\ the vector. Isolated clones
are processed for_about 2- 885(13 of selectionlpurification and are

subj ected t® pi¥HR aHﬁ'n@n@Pﬁ pilguparogian éherg apd fnlittend 984y Volel.cel |

pol ynucl cot | 46 a5 GaPOR M Sagni e AkEes 1B RrBls AR KNG ¢ agment

thereof, can beotssstummhbhgeiproteinsiand MKCNQ4-3 was geperatédrand is shown in
phar macol ogically active nolecul es that bind t he KCNQS channel , or one

V~' O OL/ 92526 EigusesPhsels 1he blackpnad,areas fgprasest M@@F'@@fammra%npr e, a
di o- | abel ed
2 o1 abel o0 Bt 5 MY e EIRUBY S HiaRGRRETERIG Bt obBotin

| i gands f ot0 ussrmrﬂammhnoaast@s/sme:dlludm AérAplogyearmong yhie KONQ famity) , as wel |
as 2-AP and 3-AP; 3,4- and 35d|am2{2) i dine; trychni ne;

phencycl i di ne; MEPPaS NS H%twefna?ﬁ% ngntIﬁM’FWS'@ qr‘gargomiogy e.g.,
4- d I %0 f

Gui b di ne: arm oau oy ATt BEahEng:paRnidd dBRARSTThe AABHAHEL (or Use

as ligands in Exphedsionlveciopssays i ncl ude, but are not I imted to,

stichodactyl otoxin.. apam n, charybdota kal i ot oxi n and 1Q mar got oxi n.
Met hod for Det QQT% Eﬁl@emdw mdﬁrtﬁ%emna@aﬁmp@%%é?gt@ﬁ%od. ment

of the pregent 0\ é%ﬁfe' ci ds
encodi ng tﬁg K&I‘@?prmlsﬁa(ﬂldr{%e @°ﬁ§f%§g‘&é§6&kﬁe. C ar?le oghﬁﬁﬁtngv\m
sequence are c@m@dﬁécbmtemﬂpalypeptl@e desaribkdhizereing o:t@eptrdeq treameef.

conpl enentary K codi ng . uence ence qf at

about 10 nuc ei%rﬁﬁeéeglr“ﬂme@regs' BeriprpoRGtise ol o cBMaPn! tHoNuGiong

regi on thereof), rﬁ%rﬂ:eté\{sﬁ&hﬁﬁf BEFIEN©®:@Ci d has a detectabl e marker;
and (b) the presence 0 er boun to any of the nucleic acids of unknown

sequence i s del[&ﬁSﬂheEExpﬂéssrqrr mOtsearefusmuy\@lammdsrbutrtUe ératemdion nelbdes
presence oépthe desi r

| | d to detect
ther Y ?%rtfﬁﬁrﬁste '%@crﬁé'%vrmeerprﬁ@ Seiactar IRt sial ot ory

KCNQS nucl
el enents) and RehRliEntdth Bé&ﬁﬁ%%géﬁ/h‘%ﬁ tr@a sub%egbserﬂy hérefc-OA
Nucl ei ¢ aci ds or anal ysi' s |s net can be obtal ned usi'ng commonly

practiced and rpeusamekrlred imtllm ammayealam stabfpmtegratera seflidnca efoding sl

sanpl e can be r frqQzen hen crushed into re |y digestible
o cces, whi oh KENBRRIBIE IS shERDYNS o e eronite ot ERSSHG Sos 1 0

degrade nost Ofméﬂﬂ%dgirééﬂc@jl rtﬁé ns. The genom c DNA is then
deprot ei ni zed by successive p eno chl orof orm'i soanyl al cohol extractions,

recovered B§ et[ﬂaa‘b] Bixpoegsicraveators t;rpioa_ﬂy andtaireeags.ﬂﬁn@edleinerﬁs;fsﬂpab|elﬁﬁr 30
o o o S tsaiin o EHER ot ek v o el 38nc,
be heterologous or native KCNQ5 elements. Typically, a vector contains an
origin of replication, a promoter, and a transcription termination sequence.
The vector may also include other regulatory sequences, including mRNA
30 stability sequences, which provide for stability of the expression product;
secretory leader sequences, which provide for secretion of the expression



WO 01/9252G 35 PCT/ US01/1731-4 step gradient and pelleted by centrifugation
and the supernatant is renoved. The pellet should contain purified RNA
[011'I] TheodpbRst abl e marker may be a radioactive ion |inkegykp,e8g of the
nucl eoti des of the conplenentary nucleic acid. Comon radioactive [abels 5
are 32P and 3~S, although other |abels, such as biotin-avidin, may be used.
Those having skill in the art are aware ofé¥/ari ous methods to attach the
| abel s to the conplenentary nucleic acid (e.g., the random priner nethod
f or attachnent poddg2FervircBh®ntal feedizack\éedquatcesf whicheadiomhexprassien of #we ds
are generally kpo y those 10 having, ordin skill in the art. For
~exanpl e, one nﬁ{}“%@'ﬁ%&%ﬂ%to R Pﬁt%&(%r'mg% REESRNGE KR8 R e using a
r adi ol abel ed K ] j i - i T ion is
t hen detected by a&ﬁ%ggﬁ%%ﬁ%@@e@%%?@??ﬁ@iqrrﬁ?ﬂ“e@g%ql%erﬁﬁg’et ection
met hods (e. g., whigltareogdpabdef providing pbanotygicsaledtion indtarisformeadhosis

hem | um fl 15 . Met hads f Det ect i
KONGS Prot e n el e dpaaRasnyig Ry STHA BicaniBas eestistRient | on ' s
further direct _@ngﬁuagggégsa{%dféeﬁ?ﬁgéé WRHEHRIBY 8k@ressin ih Vil dygtein

descri bed herein. A screen protein nodul ators entails ‘detecting
bi ndi ng of nol doat ealls| inauding prokasyeticiesils, geasiafungi plantxtlis: nseshodallset i ¢

conpounds) in cells expressi.n rotein. [[0114] The cloning and
cequenci ng of (TRMMEEAASSS) DHMEGdTE’ GELS aad BorHrass ARTA STaca o o
reconbi nant hogkys 8f higghdp 8likarybiesexpressing all or a portion of the KON
protein allow ng for Screening of natural products and synthetic conpounds

that bind 10 af@082] mdswilibe appregated y hecsskilescpriactiignerpepression viestors
detecting KCNQG protein nmpdul ators,requires transformpg_a suitab tor
into conpati bl EoHEEESc | Y EICHRAY | B%ﬂl“?’l?&_r ae.ncﬂ‘:&?%fapnlgasﬁe?'?% gﬁé\@ﬁen
treated wth t%lymlaé,a%%séﬁb&i hefiR! HSarablyCIRHRRRLUASt I%"asf‘,@ﬁé”rﬁéulatory

products)) and ch activity is nmeasured and/or assessed in the presence
and absence of sehuenestors @ameanice. Oporghiy IBkeNbise inteadedi ttalmgan dbapdbeds

that nodul ate KONOG act ] vit b RNA tid ot
non- pr ot &1 n or dShIEOtE) et sealBliee s s 00/ 58585 8T Serlipled ] 7 dmer
conpounds gy rmﬁeﬂan&sté\«’mfh?ﬁi@%ﬂthbtnuctéotidevsreeﬁéhaa ﬁ(eg@ﬂa}t@fy@éduy;\cbge

expressi on of DNA or RNA encodes the potassium channel, "or may.
ant agoni ze or a&gerknown e the arlognd aire saelecied yto dirach @xpoassiorkoNtEe clesirad|

itself. The assays.ta detect conpounds . th dul at.e .t he _expression of 5
DNA or RNA enc SRt HRORS SRRIPRIBES, Haspt el AckRBiala dyS: Brit depliaforve
determne if thapBehse ain@hh@l@ge?td?n&é?g,eéﬁhéﬁbé?é AHACHthRP- exirbSsiBRt Lot
the assay may be nade quantitative by conparing the expression or function
of a test sanpletempnts (see Dk cGoeddel %P0 JdethodsrEnzymali,ot83:3r7a. Jt ahouldd
sampl €. 102601 IndidbiTA: iSRRG 8 Fle e FEEL0R HolbF Rhy elnd BSLRHEN ©

factors as the choice of the host cell to be transfected and/or the type of

protein desired to be expressed.
[0083] Vectors can contain one or more replication and inheritance
systems for cloning or expression, one or more markers for selection in the
25 host, e.g. antibiotic resistance, and one or more expression cassettes. The
inserted coding sequences can be synthesized by standard methods,
isolated from natural sources, or prepared as hybrids. Ligation of the coding
sequences 1o transcriptional regulatory elements (e.g.,, promoters,
enhancers, and/or insulators) and/or to other amino acid encoding

30 sequences can be carried out using established methods.



fragnents or oligopeptides thereof, can be used for screening therapeutic
drugs or conpounds in a variety of drug screening techniques. The fragnent
enpl oyed i screening assay nay be free in solution } to a
solid supgﬁ??y&}g%@ne on a cell surface, or |ocated intracer?ﬁiﬁjgwﬁguw The
reduction or abolition of activity of the formation of bindi ng conpl exes
bet ween the potassi um channel protein and Zhe agent being tested can be
measured. Thus, the present invention provides a nmethod for screening or
assessi ng a pl {@@84]t yAofexporgsiemdactboacedrding tedbisiihventtoinnidiat deast Capable wi t h

the K t assi h | pol.ypepti.d bi ndabl e, jon_ther eof
g, 20 Suball HTOETHbEERGCHIB B RGSETEHIS 37 PETESHIoBo ApBBRNISEan ni ng
the KCNGE pol ypepfs eﬂ‘gispﬂﬁeiﬁ &'tﬁQ%WéﬁtiBh?‘%[ﬁt%{éo B.Zg;iﬁg\fﬁf B(?\élfgﬁti@ﬁ%éﬁe,%r

plurality of conpounds for a tinme sufficient ndi ng under

~ suitabl e condi examplartte dl &t theyShdADVira) anid thhdM KENASinsalfypplinatida. t o each
of the plurality.of,test conpounds)_ thereby identifying the unds t hat
speci fical | bit‘?\‘r{r'('fal)l? @@W%@'&@&@epmrfﬁ@md{%éﬂe [CUM?Q%BY'H&W?

identifying co hYd f tassi um
channel pol ypegt |_§gf%§’rg{%hj8\7i de Bf)e;?/, ?ﬁ?ﬁ%?‘é‘?@ﬁfé‘?ﬁﬁ%%@gﬁpn se
conbi ni ng a potaliforrica onultplediutieae pobyinedoosis eirus (AN el yivedrél a

e B o P et R PSR K
measuring an eff@ftn ﬁérmm,w,@&ﬁ@m&wﬁv%lﬁ@m po%%yﬁ%%ﬂé

PCT/ US01/ 1731~"37 nodul ator on t bi ol ogi cal activity of” the
pol ypepti d&0 SsignatsaExamples effsedantablemoankees inchudeayeorpyan, ampiiltimard ndi ng

ef fects on nat MYECIEbTeERRERAS toake; ShechienR-dh88her SREIos BIGHIERT s "on
neur ot ransm tt @huRlikGbEBRR batMéef difisieht ﬁBsﬂEl%l%'igﬁtﬂf 8s Pacterid8feast, or

KCNQS- nedi at ed neur ophysi ol ogi cal neasures. ] Anot her nethod of
i denti fyi ng coipaoteridsanihe cathel driaetarizefungal cgjisc ar bacteriaiinyertgbrateecdlikCNQS

t [ h I Ld ' i pj tential di dat
Comound or dr 400880, KRS Bro&ine i ENA - LlnkreiEeBl GRenfn eyt vi y -
wi th a hosjgcelihsdritdf infXBERTEFSorAmE Mi%@%&@rs.%@ﬁlﬁﬁﬁiﬁ?kg‘&@ﬁlé@ t he

am no acid sequence set forth in SEQ ID NO:2) and neasuring ffect of

t he candi dat e dugipde ptisonid yeatprercduipatible with mamimiabian gelisIsugbtaswWe, of t he

KCNQ pol ypepti de. The t.cell ca I be bl e of, bei 4 nd dto
express (e KOVRSEHTDL (3FpiaaRS o Joff nR ETCARNsBeR e Beuiaft. WS
Physi ol ogi cal eRER{mvRfogendtypr), PEONAR @hvifaaeh)dpCEFRN(IhlIGoESND pot assi um
channel pol ypeptide can al so be neasured. ThuS, ‘cellul ar assays for K

modul at ors may AMCEnen {Btratagene), mddu(Siratagens), pS&H (Stiatagens), BBO-pEV2-

Peaur omen?Oor TEIAT s Nt pYa6ay bEPERIBR AR GG T o} ndBT ogi ca
effect. Such myfTaeom4t-¢2 ptHDCE M. @720l JHRENGS (ATICS NolB7¢9gnel

pol ypepti de descri bed herein, or overexpressed Teconbi nant K pot assi um

channel pol ypepRSMnen (ATCCMN0 . S3HES), RSV 2-sIhflu TGN 3146k pUCSEagn vect or

xprossed, 25 S0SFGpPeaLEn WS RRGSaR s BURAT Eog PRERER G 5
Anot her aspect g ﬂlRESlEGngClioﬁtéUht)j BacaiRiras vecrsBuEwEs pBIgeBas NI ng for
a conmpound that is caﬁabl e of nodul ating the biological activity of the

KCNGS pol ygépt iBasPasdihiacsiovirus topression Syatesm (CeONT&GH hiandjaxBac™
i tor harbord : ' id i ng. . KCNQB
ool ypept § de. ( SRR RSt SsiB Sy Rten dfforss B Tritiel MMiEPabiiak g The

bi ol ogi cal act ig¢afldblafconiperiRyes e fhalf @SS bE UsBaB préduddhigh \HaIEs 6P2s 2G
PCT/USQA / 1731=~ 38 the absence ofi a fmodul at or conpound; contacting the

cell with the rhielogically agtivepinieinaiSedalsa, Milen & Ahet ali, JOOgi EHIr- 8:i vity of

I such & mot heaoet Bov/ FF pG QRGO S8 s Expe g VEamRe

pof ypept i dgoi n Ahelvraey Manwl, i E27oRUAEdifoN, qroRaydtic ¥86torsisutieagbsence of
t he nodul at or compound 1 ndicates a nodul ati ng effect of the conpound.

[0120] In anot NA2; and e vestors saclp a8 $@S2) aredianliBhtinchexipa
screening and small nolecule (e.g., drug) detection assays which invol ve
the detection or identification of small nolecules that can bind to a given




10 protein, i.e., the KCNQ protein. Particularly preferred are assays
suitabl e for high throughput screening methodol ogies. In such blndlng based
screeni Nngwas oflkgcti on assays, a functional assay is not t %314
required. Al that is needed is a target protein, preferab y su stantially
purified, and a |library or panel of conpogﬂps (e.g., ligands) drugs, snal
nol ecul es) to be 15 screened or assayed f bi nding to the protein target.
Preferably, nost small nolecules that bind to the target protein wll

nmodul at e act i vbtherivectsasuiiabiader uskiwithdhe pegsant invemtionhiRgiterectarf i nity

bi ndi f h I f
such an assay Modk@ P EPBes soBaL SbriEoRt o5, Tapps Moikula) CBRME. % °

" (3- Di mensi onal L%ﬁ%éh@aﬂgs%oémEdlt%‘ﬁPCo@(’Sﬁﬂngﬁ-’*@rbéﬁLé‘@&@EdrPegold”' U.S.

Pat ent Nos. 6, 20 to Pantoliano et al.; see

Zi mrer man, 2006prmrHarEng N¥Xews. 20(8)). The assay allows the detection of
smal | nol e drugs, Ilgands) that bind to expressed, and
preferably CNQ® protein based on affinity of 25 binding

determ nati OnS[GIBﬁnaHbél celistddprdiBngUl expsheBsiof Wetest tRAt dBrRpRsdys 8 hugleid
| i gand conpl exes he drugs or_ bi nd:Kr&rml ecul es determned by this

t echni que can Beidfsgquesce gHsadieg the Qrprateimpf the present kwentierscambee

or acti vi'ty.of chtweAEler BhBfichy sisgoB3056K ShritaipE wnd RIS BT ol i
channel pol ypepkpiiaska ms@wr@g afrthb&théﬁﬁerh@@'bﬁ@eH)r shted2 USir metHud
activity, the source may be whol e cel | WO f 11/ 92526 39 PCT/USOL/ 1731 1

lysate that0 cakn@wnraf‘émrﬁétlc%i/bxs thasessithe art; eﬁmhowa@ells)pce@samly cghtailne to

pot asti um chanRBOSEG g KEVBPAFIGH bl By Botir ot heRNESaenge

protein purifi hét/ingrthéf&idamme%eﬁuen@é EUBsthtIQIW@éYQh@QﬁWEEQJﬁDMSPGCI fic
5 antibody described infra, by |igands specific for an epitope tag

engi neered i nt @aﬂwlarhttbﬁdf%m Mt@rqm@qﬁ@fepﬂesmtm iost calsSlaclalde

(0123 Compoun Bt PtRAn el (b £ ol <Ifins RETBY” B4 XL108TeL V3600
herein, angswhiapll JWIOY JapRiNEEellss Atd! %en@earm alieai 6wl calll | Rilkatystic

physi ol ogy 10 of the K pot assi um channel according to the present
invention are &qanabieantiosiraedaiane preferredhibxamples of eukanyotic bosigelisnpl at ed

treating a condiivsh HRAE NEF BB T Bt e Ro vere RGBT, SERUERE R channe
by admi ni steri hanizh, mvmedpwmlmomkése%@hdcrbdémcdsngme@é Welitasansect cells,
t herapeutically 15 effective anount_of the compound identified by the

net hods descr i B¥dUdiBg buk not initeq ta, Sradapierg T UQ’iPl%fdﬁr@%%thcel"ﬁ@Qﬁt i on

Condi ¢ on Ehat TR AR FEN Afing ey iRl 8o RRER aiER selifes™ " @

invention, or lkuyitablegor asé éﬁdbbﬁﬁner%%ll@%ﬂfaﬂﬁhﬁﬁh@hé@'E@t'arecﬂot limited to, L.
neuropsychologlcal di sorder or condition, such as described herein,

conpri si ng admicallst@Yitheellso CHR celigi(GHR1, ATGE GRle b ). COSy! eelcATCE
amount of the WS@?%@?’ ERRYATAE ERCTBEY i 885 dehis hiMad R hod

provi ded herein
fibroblasts, 3T3 cells (ATCC CCL 92), HelLa cells (ATCC CCL 2), C1271
25 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL 171).

[0087] The expression vectors may be introduced into host cells by

various methods known in the art. Exemplary, yet nonlimiting, methods
include transfection by calcium phosphate precipitation, electroporation,
liposomal fusion/lipofection, transformation, transduction, protoplast fusion,
30 direct DNA injection, nuclear injection, microparticle (e.g., colloidal gold)
bombardment and viral or phage infection. The host cells are then cultured



Chinmeric or Fusion Proteins involving hKCNQ 25 [0125] I n anot her
enbodi nent of the present invention, a nucleic acid sequence whi ch encodes

a hKCNQS p@ @geasssm channel nol ecul e substantially as depi cpefusfiiSFQP | D
NO: 2, or a biologically active fragnent thereof, can be ligated to a

het er ol ogous sequence to encode a fusion protein (also called a chineric

protein). For exanple, for screening 30 céﬁbounds for nodul ati ng bi ol ogi cal
activity of hKCNQS, it nmay be useful to encode a chineric potassium channel
mol ecul e as desndébeshditiores perhtitting aMPrexdsionR dbladfe erpirds oDKCNQH pedteirel | s.

PCT/ USU1/ 1731- 01 Chinmeric constructs pay also be used to express a
~ "bait", accord fé{%ﬁﬁéﬁﬁ&@s\%nta'mﬂampt?ﬁsrfg?/\éﬁgt@r&sanq %Prﬁ?ﬁf’gdhgystem to
identify acces ' | i | he novel 5
KONGB pot asei uRCIIQE REpte ARPCibfa oBagdd At ARMATA Satliga g 1!
1995, Trem:z bGdgazi,izinjnéLthe’Zlﬁfielaé!flﬂovsméI Kﬂlm%pgtﬁhsiumJ:BQBneIéTpr_BSuctRﬁtt.S_ll ). A
. yeast two-hy Ldp yséem s been eﬁCI’I e er.ei ofein:protein
interactions c defee Hi‘aunéﬁﬁ { Gl exOressing: QQS{Q pPeigican be
reconst | t Ut T onicifieaRaciy i e é?\é‘%ﬁlfﬁéh%ﬁmit(rﬁe;ﬁﬁﬁ cffs:2 gg@ﬂsmﬁ?-,
1989, 10 Naturgg\j%i%: g’i% he gwo hyErl d syster%l vo?ves 'tﬂ ability of a
pai r O}‘ i nt er abybnidjzaticrt Erithsprbbeét;pd)nnglemer.ltarystm[]thptsjequef\ce iemaodri]ing KICINQISN
into close proximty with a \- sj.te that regul at es the expression
of an adj acent DF%TﬁUjlr@Ut%H@?g@BMgiggtPPQO%QEM%WF eé]ﬁ‘s{“@ﬁﬂo%(%'c % he
G ont och et chiFaETIe fsd SERyiRnFeditiahos ® snftbied ond nBHE (e 15

may be used with conjunctron w e present invenition.

Mendel sghmo f\d Benam;dnﬂirgeanaciﬂcﬂ?in thl?ﬁs%ne @lﬂﬁmid(aa thBiKﬁENC?ﬁ sgecﬁxeﬁ&é;urﬁle’r theky,
EEM and Fields, S., 1 , crobi o], Qgi c Rev. , 1):94; Yan M et

S 5595, NucHaaten eiReame S8 a Ay faresbpramaiels (e tkripsob A A R )
1994, TIG 10( &k ' S : 20
[0127] o 11 oijenséipts g@@{ﬁ@ﬁ%ﬁ%&%gaﬁﬁeﬁﬂﬂnﬁPﬁ??} cod ei t her
with a positiveroteatimuassay usiinglgapmbgamhw&erpeatkmtto thee RNafs séduagncel); (dihe
e o TR o aens o 078y aser bhg Wih aniBeR)
93(19):10324-1 ' y (8t ) TaTeg : | S. A .
17; 93(19) : ﬁ%ngc?%g’ﬁcg?%gﬁl’?m & W‘F"i%%%‘%‘@@?%ﬁ‘?‘. aghAg s as B2 ,
17; 93( 19) : 1000 patcdBlampaantiysianraaidisdtope e, gHARD) efflug, twe efectiddel witagaci ds
Res., 1;24(17):3341 3347). Anti bodi.e 0128] Pol ycl pnal _gntibodi es that are
i munor eact i ve @M QTJAE %HB@B@E?‘?‘%’@'W@5639%?%%\93803@%/6@& i de) or an
| munor eact Ve pidagiRAPrdd filmatidial &l (6) PCRIwith BArAGS! Rffidlogbus o ani M

previously i mmuniz
expression vector sequences or sequences encoding KCNQS5 protein. The
20 PCR produces a DNA fragment of predicted length, indicating incorporation
of the expression system in the host cell. DNA sequencing may be
performed by various known methods. See, for example, the dideoxy chain
termination method in Sanger et al., 1977, Proc. Natl. Acad. Sci. U.S.A,, 74:
5463-7 and the Maxam-Gilbert method in Maxam-Gilbert, 1977, Proc. Natl.
25 Acad. Sci. U.S.A., 74: 560-4.
[0089] The KCNQS5 polypeptide of the present invention can be expressed

as a recombinant protein with one or more additional polypeptide domains
added to facilitate isolation and protein purification. Nonlimiting examples of
protein purification facilitating domains include metal chelating peptides,

30 such as histidine-tryptophan modules that allow purification on immobilized
beads (J. Porath, 1992, Protein Exp. Purif.. 3:263); protein A domains that




WO 01/92s26 PCT/US01J1731~ 41 with the KCNQS pol ypeptide, or inmunoreactive
fragnment thereof, as imunogen. in addition, nonocl onal antibodies can be

prepared wshpPoRRhot ocol s and techni ques routinely practicegei t
Te g . KoRToUHIRa® Pl i ain, 1075 Nature. 256:495) & [0128(:@3{'47‘?%3 i ng

exanpl es of peptide fragnents or portions of the KCNQS pol ypeptide for use
as imrunogens, or in nethods as describedZferein, include the follow ng:
peptide fragment 1 ends at ami no acid 51 of the KCN@ pol ypepti de sequence

and conpri ses hlew perfication 6iFECbRZERRAKENYIdHRIER, ARY e FLAGS:ddmdin
fragnent 2 ends at 10 amino acid 80 of the KCNQ pol ype%i de sequence and
~ conprises the §é@a§m@afﬁnl§vmmnwatm0@wun@s%@m-m edyclugiepaf @
fragnent 3 end i j 'ar%ﬂt :
CRYRGAQGRL RFAREB%%E%] 'P%eﬁ%?%éﬁ%égpg% %g;pryacgn‘ent  § eGORTEse (nvitragen), ¢

of the KCNQG pbeivesg thicpwifigation eoaizin andihé potasshen shanwelapdiry NMgidpANKEFST
(SEQ I D NO: 8); E;gpti de fragnent 5 ends at amno acid 335 of the

pol ypept i ded sedisorisetiia faghitste EBSﬁWQ-@@@FWWWWI@'mp&%@
pol ypeptide fr t BuRpgs a"’l%os‘[“&fggtigﬂ af e Redtls SR BiRY' ¥ AERIISR

sequence and conpri'ses the’sequenc

HT CSPTKKEQGEAS i B sieKSiBN iyt iResaiied SIQreXIEBsdEePsequences, or o process the
TDI TAEGSPTKVQKSWEFNDRTRFRPSLRLKSSQPKPVI  ( SE 0):. peptide fragnment 7

N I D NO: 1(
ends at ami no §¥PEEsSHed pspteinin xdrerediashihtPuch medificatiensfbith€onpri ses t he

LGTDD ; : ' s at - an
oINS o PR hRE0d BB ol imRERld, SEclARIT thrdbian, 2T 10
HVAKRKFKETLIRPYRlycoSitibm piibsphprylatian, iligiiation gmerdcytationd Pest-teamstational d 564

of the KCN@ pol ypepti de sequence and conpri ses the sequence
L GKGQ TSDKKSRERT WCP%W% a\baq%n??%bp e RreiimAY 2180 bkds at anino

id 585 of th i i .
RVEKQVoD) sk (R g REPHIGE! oG, GGG oRfor e ASitetbrt MO EANEEES
the KCNQ5 pol ygeph adeCld6q Hehae MDOK c203 (AFEE CRUADSDB), 98738, MMt 3E3,sequence

PCT/ US01/ 1731- L. _PPFECEQTSDYQSPVDSKDL SGSA SRSTSANI SRG (SEQ | D NO: 15) ;
pept i de fragmemtEN29% aig the like; h@vea%%mfmqgeﬁ&%&macmW%&W@ﬁwﬁsc

sequence a c i ; 1
pegti de frggneﬁﬁ%{{?% m%@t&%%%?'ggﬁé%%ﬁﬁ@éﬂ@%o¢§8e tlé@ed to
sequence and cempurssthe ddrrect epdificatiolHridbiotesiing Atthd iIvEQdLEedy0: 17) ;

peptide fragnent 14 ends at. amno acid 777 of the KCNQS pol ypepti de
sequence and cHRIRTPIAIOUE RECIeEluence SKENVQVAQSNL TKDRSMRKSFDMGG ( SEQ | D

NO: 18); peptid j o fhas f
pol yp)ept Pdg Sem@%@g”ggén%gen%ﬁ @ﬁoﬁuﬁ%ﬂ@a?été&g@%g@&é PKWRESK
(SEQ | D NO: 19) expeassiaieof thegrovet KON @D getamsisivamichanieelipbygaptide using ei@nes

) B i Ao B
i | R I SEQ I D
o P eSS ndegoin 385} 1 S Rk ERSESTTNG, 402 1

nmol ecul es as wélubrestehcagotvatedtdediiseaing ERATS asA Babssite( aipndclomatafiibodyhi ch

i i rmunogen. As

are capabl e of binding an epitopj.¢ determ nant of fhe K
P baseg immunoassay umizclng monoraona[ ant?bo&es reactive to two non-

interfering epitopes may be utilized. Competitive binding techniques may

25 also be employed (See, for example, R. Hampton, 1990, Serological
Methods — A Laboratory Manual, APS Press, St. Paul, MN and D.E. Maddox
et al., 1983, J. Exp. Med., 158:1211.

[0092] As will be appreciated by those having skill in the art, the host cells
of this invention can be employed in a variety of ways that are now

30 apparent. For example, the cells can be used to screen for compounds that
bind to or otherwise modulate or regulate the function of the KCNQS5 protein,



20 wi Il be appreciated by those having skill in the art, the i munogen can
be conjugated to a carrier protein, if desired, to increase inmunogenicity,

particul an¥o1hfs2@ smell peptide or fragment of the KCNGb pe*mgﬁpﬁgfp i's
'y u ed’to

used. Commonly used carriers that are routinely chemi cally coup

pepti des include serum al bumns, i.e., bovine, sheep) goat, or fish serum
25 al bumin; thyroglobulin; and keyhole |im8t henocyanin. The coupl ed

i mmunogen-carrier is then used to i munize a recipient animal (e.g., nouse,

rat, guinea pi gr abkesbong@eabuniotheredhinhich Wolidile Bbefut for moduaticre o
determnant" refers to that fragnent of a nolecule (i.e., an epitope) that

makes contact ®K&mple activatienl af KeNQHBWeInZTtivite o SHdsgpRakimngeuctien

" purified KCNQS i i e R i a iRl

Pogi one_of 1 ne e eRER f0 eRotRehan B Rs ang o pRREE KT ErGls
. PCT/ US01/ 1731. fordhe aists edugthenbésdribeidrisbion e Mérmbedneyprepasatiingdrom eglion or
t hree-di nensi onal structure on the pol ypeptide;, these regions or structures

are referred t§ansfegiad wihivectess bararing thedtCRRS ieic asid seduanssi er a

determ nant na i i ty i : i nogen used
to elicit the ?un@uﬂggggﬁ?ﬁé@%grr]\és%?f’fvgéégfnn@?n%@lsgsg%mgﬁ?Fhﬂ@}édﬁgg132] The
anti bodi es can pblypeptide,terca portien therewd! is lexpressediimthe nembr@anes| ¢an be
KCNQS- deri ved i1 nmunogeni ¢ conponents, or can be fornmed by in vitro

i muni zat i on ( 4684 for scaePRIRY cOMRauAdsefar @xpmpleras d@ﬁ@ﬂ%ﬁlrb@edﬁﬁtqgo&ofbe

produced in reﬁﬁ&f‘?\ia%ﬂél %@@@ﬂ?vwg@ﬁ/@f@’j transfected, infected or 10

transduced wi t h appropri ody-encodi'ng DNA. Alternatively, the

ant i bodi es1gan [6E93JonNbt Hit bRErdayion EDierEiamal DNACREltbytscuentepwili fi ed
heavy and |ight chains. Antibodies enbraced by the present invention

i ncl ude hybri dfuatiopaaualy wall teexpressihed NASSqURDARH PL kS BiYenidli es (see,
f | e, UaS; i . Ani val ent
15" ant bod es. SR WA At I3 fendién, gl lrel{ WA fhetpas: drofidtf 2 1

i mmunogeni ¢ fr agsent. Howeeet,iane dfrerdimaty skilin the althept mdkera selgetidn sanpl e
by chromat ography on anti body-conjugated solid-phase matrices or supports
(see E. Harl ow?@ Qj?xn_rﬁﬁ%lpnNQQQTSL@NMGQHW%&G@@?M%M%@%W"%ﬁ&&l,
Col d Spri ngzHa i i r

i mmnoassajg}t.-) P?Qfé‘#ﬂrdgae%ﬁ&gﬁﬁ’ ggtéﬂgsﬁﬁ{hhg?u@%?@%@%@taﬁég%ﬁ@&%ﬁd bi nd
to KCNQS. [ 0133gpatting, freracthe dicope ob theiavenore o achievetexpression ahddi es can
be generafied that are specific for the full-Iength KCNQS nol ecul e, or

i munor eact i ve PFHEatinNs0 dhefﬁgﬂ%ﬁ@tql'hé?retbﬁvaﬂﬁg’ efisasgipsceibedn be 25
enpl oyed to pregaiSs ssi um channel antibody affinity colums. For
exanple, gel s can be activated with various chem cal
conpounds, e. g[0094janAgethdremnbatiment bi/tiheqpresentdnventictheerscsimpassesnd

t i bodi be b dth 10. L ly .and b f | e,

onti Rence2flor #SpaRidns kARIPTiiia Abe e Bottian dha IR0 asiseauance s Bo” ¢
Bi or ad) | el i ; errId 9

<(as!t g; 2, ) sughgfr?at t Egr&éﬁmﬁ?@%?ﬁgo@gﬁg% IE’Iol h@g@@éw t Eﬂtcﬁeﬁpgg%rr‘ (I)Sse
gel bead WO @bed2fréSdtfion preferably exhibits potassium (K* ) channel activity or can

be modulated to exhibit K¥ channel activity. In addition, and within the
scope of the invention, are polypeptides that comprise all or a portion of
25 KCNQO5 that may contain one or more mutations so that the protein(s) fails

to exhibit K* channel activity, but can be used to screen for compounds that
will activate the protein or portion thereof.
[0095] These KCNQS5 polypeptides may be prepared by methods known in
the art. For example, chemical synthesis, such as the solid phase

30 procedure described by Houghton et al., 1985, Proc. Natl. Acad. Sci. U.S.A,,
82: 5131-5, can be used. Another method is in vitro translation of MRNA. A




PCT/U SO1 /1731a support. The antibodies are then coupled to the gel via
am de bonds with a spacer arm The remaining activated esters are then

quenched wyphyigefhgnol amine HG, 1 M pH 8. The colum is waghagohisfh, water,
fol l oned by 0.23M glycine HCl, pH 2.6, to renpbve any non-conj ugat ed

anti body or 5 extraneous protein. The colu is then equilibrated in
phosphate buffered saline (PBS), (pH 7.3) th appropriate detergent, and
the sanple materials, i.e., cell culture supernatants or cell extracts, for

exanpl e, cont aipieiegradURBLIBVYlves thelreqopkipanterodarien abprasginiiaheshenbr ane

vashed wi {10 SUGPERsRbE BoSke! o RS IFA coRfripd B pud dirdih 8T 1 ©

" backgr ound. Th%&mbemo 1 eah bersydindseibd BPYPORIEs dekuiBedbbivd) iRsdvted into
gl ycine-HCl, pH 2.61surfactant. "The purified hKCNQS pol ypeptide is then

di al yzed agal n<n @E;ssessnona/@pmﬂ an<p alwst celktransionaed wikohesexpseasien um

channel cul es can be s d fram ce t el of an

i mrunoaf f| n ty V@& CU ERStrﬁﬁ(ﬂdﬁf:Uhg% 2(9 9885@/%? ﬁ}‘?aﬁ?é/%'ﬁdiebodi es that
are specific fcrrowéﬁmaésfwhlchl@regéélat&é%aspweilﬁSPwmiﬁhgaaﬁbn BAHYypept i de,
or peptide fragments of hKCNGb. [0135] In addition, the K pot assi um

channel pol ypegurifieatan cae berachisred by any poe of saveral lkaewn techiaues; f9r puri fy

cell 2 Uai ng af PRI @ ﬁ%@%@&ﬁh@ﬁ?ﬁa@@%ﬁéhﬁé%ngé?'“%ﬁob HGGRElretsHe

practiced by tWﬁ@mbﬁjgrégh?bhﬂ'afﬂlrﬂt)ﬁélﬁoﬁfaitogrﬁph ﬁ’?\'@sswelﬁél}l@ pot assi um

channel pol épeptlde or a peptide or fragnent t ereof, is affixed to a
solid matril eCfgomatQﬂBﬁPB}t(HBhCédeS@iﬂ@drRi‘@ée RARLEr Brapgraiive gisc gebt ocol of
the supplier ( eg%(ét 3 5 Piscataway, NJ). An honpgeni zed and buffered
cellular or tis ou??' h containing a potential bionolecule of interest

i s passed throygbgbe RphdbifionAtékfresatsdngiation Spstemsusaer £t Sambrauk ¥t bhe
bi ol ogi cal effector nol ecul e, which is subsequently eluted fromthe col um,

e.g., using O. mme)etqw & dised %0 Narodluge acsCoOmbINat ﬂﬁ%@éstppb/pﬁ@aag% or

01351 Ant Fooch 8o Sl ATE i MR BR I s ot Mt H3eteEnos, with
i mmunol ogi qal aﬁéemsm ilehtitsn Hd,ﬁjddotﬁbbﬂrl%tlbolbcyﬂemyé@lé wnea@r pésxteddton,
passi ve aggl utinati on, enz%rre | i nked i mmunosor bent assay (ELI and

r adi oi munoass5ANINe PRNEEElAiNigEasonal membranasy ko 9ol S §&§V§Ctaﬁéd wolad

detect the pre h i | e n
body fl uids, E%%nghtaﬁ/g%ng%\@b gﬁf&l}l@s h@%a Br’epgag‘:ﬂp‘oﬁ@ Gﬁ%%é
Di agnosti c assacw%tems mowrthete)@r@wommmhamewwpépﬁd& drupepti

pot assi um channel pol ypeptide are useful for the diagnosis of conditi ons

di sorders or ditbea&dditionarcice@ning vasjorshDbibndragments. «XpriRl¥di sRageneare

KON protg el Q1GARegais P gt OB et ool oo

bi onol ecul e of [000%] i MeEmientionéd elipris prsteindigslatibhipurificgtiemtethhidquedymand a
| abel to detect the human KCNQS potassi um channel  pol ypeptide in human body

fluids, cells, fenyiadodificatipnselthedtCNR5Hrotair usingrcarvaptiand metBpasat i ons

f h
o b e hor ORI e BROGSS ( pldtEnR SRR EGA o
antibodi es are dmbelické! bylunam] diaér mgdlfubamwmtalyejause\mgrmtdryower activity,

noncoval entI , Wth a reporter nolecule, a vast nunber and ty e of whi ch
are wel | - @Qrmlhmgeemvgla o R!thlfh produciien, or @mfy uur\tfmtle

rotocol s for i i
gl ther polyclo 0{1 %ﬁ%@ﬁ on%&@%ﬁ%ﬁ%’g fl? ‘%ntp g'sﬁgﬁﬁ& Krtg\ggpn%nggg

. known in the arécudﬂmﬁ)@mlmnﬁmgewﬁlchsm turth A:nayldns‘slbumrthaoetiomlatrt:gvat ed
cell sorting (FACS). A two-site, nonoclonal - based
design of KCNQ5 modulators. Amino acid substitutions can be made based
on similarities in polarity, charge, solubility, hydrophobicity, hydrophilicity
30 and/or the amphipathic nature of the residues involved. Preferably, the

biological activity or functional activity of the potassium channel is retained.



25 i munoassay utilizing nonoclonal antibodies reactive with two non
interfering epitopes on the hKCNQS pot assi um channel polypeptide is

preferred, whwssgonpetitive binding assay can al so be enmplpgygety, [hgse
assays are described in a nunber of publications available to the skilled

practitioner, anong them Maddox, D.E et ., 1983, J. Exp. Med., 30
158:1211; Sites, D.P. et al., 1,Basic and I ni cal 1 munol ogy, Ch. 22, 4tn
Ed., Lange Medical Publications, Los Altos, CA (1982); U S. Patent Nos.

WO 01/ 92S26 46 FeCcexasmle. negatively, dsagedeming geidisiadudeaagparticigidasd [ 0139]

standard val Le QUG AERE bRsORdErde 4RER Aol iiaFE RBine i Blputhe.
expressi on ar e Ampbedcit withurdhbtgdtegolar head gFodsscamidripoidchdud g@upsni ng 5

body fluids, cell extracts, or cell nenbrane preparations from normnal

. subj ects, eit hdaving sigilas hydnphiicityivelvesringlude yhe folloméng: Kiencnep isojgegine,de

under condi Li ons,;sSul . CO or ion: such conditions are well
known in th arvé!'ﬁ%kgeg'hguéﬁhg}e'géﬁ@%'%ﬁﬂ@(& Si??'ﬁl&t ﬁ°ﬂ@§’ be
quantified by ¢mepglalarting andityfosthedi | ution series of positive controls,
where a 10 known anount of antibody is conmbined with known concentrations

of purified potlB898LimCemeanativesupgtiptipas of aming aeidain heiKCNQ%s obt ai ned

From subj ect s HODEREE e PlefBfRRGAotrhal KB E s 0 ve iRely ™ °°
t o/ associ at ed Werivati¥édNtEsidlia thRiplddeoapbRUERatXed RS - witbethedpro0izol5
bet ween standard and subject val ues establishes the presence of the disease

state. [0140] nNbatdbedleriviatized polypeaptide gisrayedhp sieaised binlegigahrativitic i ¢

ot epar od. | Such RIS 5 e e Sty APRURRINAL Tt by a1 e S GBaP e
20 hybri di zes t@t@@ﬁymirgo%@gﬁ aﬂug_h@%ﬁggyﬁmg@égﬁgfzaw&m_det ect the
V8

presence of KCN% grote_in o] de fra h
char act eri zat i $hb94309eisgred July2% 8981y Pegfepahlp easnservativeubstitubians qae

and RNA pol ynudl et el HRE TR MBloCRED ACAF e e Ta pbbheatee R
ant i bodi es 16herdfttige abooeddisbdbéd niduifigdt Bsigpépticeecareiincludsy withirnthectsdope
screen and neasure | evel s of the novel potassium channel DNA, RNA or

protein. The r fMMBPREAN HIVGMIPAs, DNA and RNA pol ynucl eoti de nol ecul es,
bRl e I e
kit woul d conprKGRQS poteBsiuhnERdrtial pnslecule ! iPeefesrdd el variaptdvhving at Bazse
continement At out 80%55% fotal amine acid Sequance similanly o SEQ ID NO:2; more
20 preferred are variants having at least 90% total amino acid sequence
similarity to SEQ 1D NO:2; and most preferred are variants having at least
95% total amino acid sequence similarity to SEQ 1D NO:2, or a biologically
active fragment thereof. A variant of the KCNQ5 polypeptide may have an
amino acid sequence that is different by one or more amino acid
25 substitutions, or it may include conservative changes, wherein a substituted
amino acid has similar structural or chemical properties, for example,
replacement of leucine with isoleucine. [t may happen, although more
rarely, that a variant has nonconservative changes, for example, the
replacement of a glycine with a tryptophan. Similar minor variations may
30 also include amino acid deletions or insertions, or both. Those having skill in

the art will appreciate that guidance in determining which and how many



WO 01/9252f 47 PCT/US01/1731~ further conprise reagents such as reconbi nant
KCNQS pot assi um channel or anti-KCN@ potassi um channel anti bodi es suitable

for detectwpg@ibigenovel KCNQS potassi um channel bionol ecul gcriRE1FR1] T €F
may al so contain a neans for detection such as | abel ed antigen or enzyne

substrates or the 5 like. Suitable instructions for perform ng the assays
as intended by the kits are al so included 3herein. [0142] Pol ynucl eoti de

sequences whi ch encode the novel hKCNQS pot assi um channel of the present

i nvention may kaemins edid @siduss mapbecibstinted)dusartdd, e idelated without

neur ophysi ol ogi ¢al,,, .or neuropsycho] ogi.cal c¢onditions or 10 di seases with

whi ch t he expr@g’gi'%nﬁﬁﬁﬂﬁﬂmﬁﬁﬁgp gigalor dmpninelogiealiestivito eyl e i s

the expré . e i's
KENGE. pot assi w4 iR gt SFIoRAl AP BB PR SUERS, ' ™

. fluids or tissDNAStarseftmage preparations from biopsies to detect the
expression of the hionolecule. The formof such qualitative or 15

quantitative m@HRs AMsp sartemplated acerdingolo themreeent inyrtipsiare aypdMBELL or
a variety of o = h LA, tiech &S, 0d P
b A e e SR LS L
known in the aircladhelsalteahdesters iof thef polapepticlesires welll ds/pr@cardondlob the

di agnostic kits, Such .assgys may al@gi%be used tao eval he efficacy of a

. ate t
20 particul ar EHIPRIRACNEdPORERE gi,rPéY'ﬂ%Néﬁffﬂ@ﬁP§lﬂQﬁ§!t%%f]tsiSHCBﬁSni cal

trials. . b s | _ poant .
i sease 1 cor MUt K RBRIGHRE MM 18814 SEqderless). PG Btloent™C | en
profil e is1@enémantidn iSintendesd kysmivegceball seglevwdrtatioms. a regul ar basis to

R WY T RO TNt ST b7 AR
show or noni t Orpngqﬁgfﬁ%gﬁf}%f ee%{esghm%nf?é{ﬁﬁaﬁ&ﬁﬁfctw%]d # %zsﬁ(;{% (lghegfg(%fs or

several nonths. nuc e sequences enco € no

hKCNQS pot assi wayshdforedxanmmyle adisomzy wsegptheyreth generate palgsiohal arap o

W th i sease mEMREAOTAEIb0UeS decaYauRE Keoge et raatoRel b heare The
cont enpl at ‘i’? fgntiﬁo&@s%/n&?é@@ef /iHﬁgHoHE?écﬂon‘@.q}Sl‘aagfd?n{n%Hd's% human
sequence pol ynor phi sns and possi bl e associ atlon 'W'th di sease, as ¥ve|| as
for anal yses t engginecimmphoassayseninanurscytocmeristiyy imoasidpueifipatiom{e.ghi c
sequences for t .design of coppounds to nodyl ate the biol ogical activity,
and therefore ragfgﬂg'a@ﬁ'ggﬂ}ﬁi‘égrép )%ﬁoﬁww@&ﬁg@fgyaﬂ%ﬁ SB‘l‘r@Pgr%rbl y

neur oaf fecti ve; [ 9l @qi i AR : R e
sequences are éﬁmd@{bﬁ%ﬁﬂ'g"g@@é@ %@%@@Ek‘hﬁbﬂ%ﬁ?gé@g@ qﬁ@e ‘le%q’trt]%'g

i denti fication tied KGNQE puolypseptide ranpeptidecftagments thatsofndam beusetiém apeut i c
clinical t%al S.

screening or binding assays.
Functional Expression
[0102] Biologically active hKCNQ5 mRNA can be introduced into host

cells, either heterologous or homologous to the vector or polynucleotide

molecule, for functional expression and analyses by methods well-known in
25 the art. Synthetic mRNA from vector constructs as described herein, for
example, may be injected into Xenopus oocytes for functional expression
analysis (Goldin, A., 1992, Methods Enzymol., 207:266). Expressed
hKCNQ5 potassium channels can be examined using standard two-

electrode voltage clamp techniques (See, for example, Stuhmer W., 1992,
30 Methods Enzymol., 207:319; and Kohler et al., 1996, Science, 273:1709).

Potassium concentrations inside the cell may be altered, for example, by




Ther apeutic Agentsl Uses 10 [0144] The sense and anti sense KCNQS nucl ei c
acid nol ecul es can al so be used as therapeutic agents for KCNQ rel at ed

i ndicatio rs can be designed and constructed to d|

synt hesi s% ?/%gagey red DNA or RNA or to formulate the nuc ep%&lg??l
described in the art. Antisense Nucleic Acid Ml ecules 15 [0145] Several
ref erences describe the useful ness of anti3®ense nol ecul es. See, for
exanpl e, Toul me and Hel ene, 1988, Gene 72:51-8; |nouye, 1988, GCene,
72:25- 34; Uhl naddingopdta¥siam lohﬁﬁﬁorecbeﬂgml-e@%ﬁlﬂﬁw@\oa réceptarihat

Bi ot echnol ogy Newsvvatch (January 15) 199 4; Robertson, 1997) Nature
Bi ot echnol ogy, CausesmrisEin binsetiar B@@@;lumgg lterrativelyepetasseme: 689- 93.

and 3 11 anki ngoToamRene Sydi7ie Bl BRUAR iijeeRl Eonkhed dhuRtiy

sequences, andp@l@@@iumébﬁ@éntﬁéﬂbﬁﬁm ﬂ@bﬁlrﬁbdhﬂrﬁ@wlfm éﬂamp@ue‘r@emeﬁsed in
the formation of triplex DNA. Such antisense nol ecul es include antisense

ol i godeoxyrd bosuét élot'i%é"s J. Beng Physipl biPriB0 tbt Biandard biopbysicakot i de

[0146) ant i Sonderestels sl as FNVARRY A ol FnsBRBH sty T

KCNQS DNA or Rp¥ndusishcd)iimgbtivatien, il cufrehtse yatadistum sbRRYigitRrardaci i tate

cl eavage of KCNQG DNA or RNA, increase de radation of nuclear or 30
cyt opl asni ¢ nRMRarmaacalegy ef variqusHét ehannelblockesndnaluning, TBAKEXampls 4),

01192096 40 pAPoa AR PV OeRlhd (g Ctisthell S RLAR 1R L8 1O

functionaligi ePh §ial., 102:604ke stability, transport into and out of ceI | s,
bi ndi ng affi n| C eavage of the target nolecule, and the |ike. of

these effects 3c] dRiterdatieelgxeRNAd|-en SMN"‘R@I&% frion areRN Cpﬁﬁ'guﬁtéke t he

anti sense nol e sP. [

addition, the %\I@ 'hﬁ(g{me{lfe(?a' g%%&ﬁeh%@hoée%)@p%bgg8§éas %ﬁ%&clri nay be
used to desi gnaBove tEaERplet] \eethRragiad cell, fortexdniples RBiLadeis AT CC CRL
physi ol ogi cal rel evance of this novel got assi um channel in cells by

knocki ng out of K&b@ﬂ@%cﬂlﬁlﬁ'ﬁ% ol 0€3), sandre rarsfermed ssthgsogine. For 10
down-regul g | nﬂlettlh'gdsefrégthmgr:qﬂl.gﬂs %)JS%%@%VQ &m&g&a eBH&ﬁB&H’B%' of the

present 1 nvention 1n I sense exp SSI on construct

cont ai ni ng t heempigletiyeoth abl/theaiupenderftrmtdtqeemsystem Miceorpanipulaitor
thereof, essentially as depicted 1 can be prepared, for

exanpl e, usi ng ﬁ@aﬁﬂ@-ﬁﬂ'ﬂ@é@&z‘l?;} nWh?t”H@@tﬁdﬁiﬁﬂ?ﬂ)meﬂ ﬁ?)@cﬁqr’pb% are 15
expect ed (o | Bhbieh KR BLlARnARa NP BLENTRAHEN Y ocbftdits,

transfected w € construct I'sense transcri

i nhi bi ting tranhich arencorhrongy mbtwai wethe drt (R lkauda etral. al@@ZpB?ﬂaggm of

i nduci ng p%ém ol agi cal effect S % regul ation of neuroph¥5| ol ogi cal

di sor der s 4éscAHbJ4A2a:2R1- @@Fj iGrissnaeneial., 498 di GBNyPhYSIOhi t ed by 20
bl ocki ng the nihh, a site at or near the initiation codon. Accordingly,

ol i gonucl eoti des™t at)' are conplenentary to the 5 -termnal region of the

KCNQ pot assi umvehaxpeésskmléf Memth@SGStmmfeHﬁ €dli Liesondary or
tertiary structure which nt 1nterfere wth hybridization |swg, entially

mi ni mal " in thi $0104)i o-ﬁ"a hefor %%Qllﬁé"ﬁ@&ecf%f’e'hﬁ' Prefsrrkly sukatyofif t he 3
25 direction fpog thay the% édrit&“nﬁﬂ{‘tk@?(dgﬁ ﬁ%éléi‘étdc‘f@cbﬂ e do YARLY
ea rou I i ch

with the mRNA trariscrl pts ecause henorren

t he r: bosoz® ?ppﬁmgsregimnuar@uahsb]k'neddorthughrl?\félmgmsthhmbfebhetmlﬂaﬁ[nt
transl ation of the pessage 48 i gonucl eqgti des that ar enentary
to and hybri di PaiAsSIUR C aBW‘arﬁ}JCﬁkﬁ‘{(ﬂa@YPt& transleqigpls an bleﬁ)t%&g@f

. Channel  mRNA ﬁgﬁg&iﬂﬂh‘@%ﬁhﬁf&fﬁcéﬂ?é‘rg@?ﬁ%ﬂid’&u&féstfﬁfetr@ BEAMcatRRett | On-

{See, for exa
molecules that open or block the novel KCNQS5 channel.

[0105] Transient expression of the KCNQ5 coding region can be achieved
30 by direct transfection into mammalian cells using standard techniques
(Omari, K. et al., 1997, J. Physiol., 499:369; Panyi, G. et al., 1996, J. Gen.



WO 01/9262G PCT/ USOL/ 1731~ 50 U.S. Patent No. 5,639,595, issued June 17,
1997, wherein nmethods of identifying oligonucl eotide sequences that display
in vivo ackp\ikys2gr e described). As described therein, exprpeghidfy¥gftors
cont ai ni ng random ol i gonucl eoti de sequences derived from previ ouslly nown
pol ynucl eotides 5 are transforned into cells. The cells are then assayed
for a phenotype resulting fromthe desired3dctivity of the oligonucleotide.
Once cells with the desired phenotype have been identified, the sequence of
t he ol i gonucl eq®hydinlhd07(@):409). dHigh texel transient gxpressiba dathelvd aftaigdd using

I dentification pay be acconplished by recovering the vector or by

pol ymer ase chaiVHat/%&%t?FI?rP%mppwseéﬁ'ﬁlthﬁi%ﬁ%n%ﬁfﬂf"@é’dﬁh‘én@?%W'ﬁ@Pégi on

containing the j i i al i i : ods
and pr ot ogol s 1epurae', CHEThEaAborTRbAE ok e SiEik O HpiEl"
~conpl ement ary tfieon Betor&00H pokeNTKarob,a%.setuah, dB8A nElethmdsyBrpymdie, 207¢428;n9
ant | sense. Bl ccited g1 80%0 BIRANCmEY, S5(Di098R) oBd SHeRA R ELehahe

anti sense e S -3 1 ' N S
phosphor ot hi oateg701 BRY 0 %s, RNA, stable derivatives of RNA
such as 2'-Qal kyl : - * "ol'i'gonucl eotide m netics. (See. for exanple,

us 53; ent No.[050652 Siatie t%n‘é@io@f)df%xgghg%ﬂgomsid@ anbémgidmdqpeaCOﬁ,e.gﬁ sued

u , . tent No. 5, : , loverte imeric an ri

20 é i gonucl eof(g&-g%,%iﬁgﬂgd"’g'ﬁhﬁnfgge i‘@@‘??v%ﬂ‘%‘ﬂ'\@é&qm%ﬁéuﬁh@‘w he?iys and
ffect of physi hed Y i\ : i

ertect ot p ys::gﬁi)EHP&?‘ h@elﬁgéﬁt?ltﬁmgﬁgg%l&%ﬁﬁw §tve VaHalts oPﬂﬁghﬂe‘ﬁts

nucl eic acid ( efers an an nolecule or antigenic agent which
conpri ses 40 olthgwmuofctapbe pecpared esing, far @emplde3BAIRY £ O8, Hiiknor GEIQ

et 5 lbeAtvedel Kiliard il ibsauns SR Res e oy | 4
nol ecul es stop E}clm[p )l thi on by binding to their conplenentary
strand of nucleic a@@gb%‘@r I €l sen et al.) 1993, Anticancer Drug Des.,
8:53-63). PNA Y0 pegskerhplary prasedaralfarvarnying dwdhatransfedtioncasshysier e

t he referential bi nd, to conpl enent ar i ngl e 30 strapded or RNA
0151 ot assi iih EliaHReCalivare Sroanepelt Sokatientylt Bl duadsekgo | wo
01/92s26 PG/ UO%R%?” g% ﬁ]ﬂafeéﬁq Hu%HLaSa:*i’d’ ufdé&’ ﬁ]ﬁuit“f‘dﬁs! tAat atd Q&%?HﬁggBQﬁQSU' ation

or by expressi vect ors harboring e anti sense sequen and the
| i ke. Anti senseaetbizementsraftheqarticulaccelbliney Gekd ate framsfetiedt ordeansformed

AKONGS pot assi b Rashiel Pureduda copuariaig & chdinicredit (7 55 Keies ratdselie
Acid to Cell RIS Iﬁ@?} { } encodi n
nulcl ei ¢ aci dsdg%?%%ég]ﬁ'ér el nInDrray [ éfdloggr eg weggf‘?és@de%gfﬁgébggied DN:A )
or in an expreddpafectien reagenitasrdgseribed bydhé supplerdbife fllechpologiespGibde. | n
this 10 t K t i h I tid f t

vent ton 20n' HiRGePrieBd, T e daseson elieiiasd nc syt & 321G forencs

pot assi um chan Qﬁ*eé’@é?’é)ﬁ%ieﬁﬁlné‘%l}lf?gggg .18%1 FCS) e8I afPtypEmiZéRe Sebded

nodul at e t he expression of the po ide in the cells”of target organs
and t hus regul aftite 19i0ahoyplates, andithen geletted withb S00TIgiMd of &liBUmeoyaing!

pol ypepti de codin egion, or.other sujtable regions,. e . g., the S4 or pore
region coding r ﬁ'g’Jhg,eEQFIS W_b'q %ﬁab&t'ﬂge%fagég?gﬁ@f@@’t@r‘@,mﬂ% erably,
viral expressiqg w\tvmrqomh!tﬁg g?@étr@b%ftemfsﬁcéﬁﬁeslmw R rdby

pol ypeptide nucl € c acid by infection of recipient host ce . Suita
viral vect @5s ithelnebenycin-resistanse gaderinthe vectondisotated cinesaratprdcesseds,

Viris (MY orfopapproRS B BY selaeion RirncRion aitert SecBIdb befi: o

5, 624, 820, Epi sqamb %%%g@ﬁgﬁ{&for Human Gene Therapy, issued April
29, 1997. [0154] The K nucl eic acid coding region, or desired portion

thereof, 25 of [ONO8)r Shenvariousceelilimesitbal exprepprower-expreseticcoovele
eukaryotic eXprlséﬁl'CS? encoded by the polynucleotide coding region, i.e., SEQ ID NO:1, or

30 functional fragment thereof, can be used in ligand binding assays to screen

for pharmacologically active molecules that bind the KCNQS5 channel, or one



vectors, which are directly adm nistered or introduced into somatic cells
(a nucleic acid fragnment conprising a coding region, preferably nRNA
transcri pty 53 SO be administered directly or introducegq] tic
cells). Ste“eOﬁgyzé% U S. Patent No. 5,589, 466, issued Dec. gg,r/%%gléﬁ?ﬂawch
30 nucleic acid and vectors may renmai n epi somal or they may be

i ncorporated into the host chronbsomal DNA%as a provirus, or portion

t hereof, that VO 01/ 9252G PCT/ USOL/ 1731. 1 52 i ncl udes t he gene fusion and
appropri ate euRhmaeissibunistharept | bor exapleaasadioilabelet dgand is used as an

ffect I t I the t t I
Start s te andMeRETTERIREGHIER dly FLR RBbaamRsH " SanbeRiE BRI el |
as_term nati onageslpnNBhIiMitihg! &:EMSIES B liGRdPRe @gbaﬁ 'sgéh asSh@mcRide TEA;
effectively positioned 3" to the coding region. [0155] Alternatively, the

, Povel KCNQS poﬂammr@wadmr(&Albea@pmitwa "\EEP\IAndaBnABe3t4f-aM%,Br Sd into cells
t t e
argeted D ¢ PlARNePYd Ty Br e faC R e s ER RS eETh & ara- ona

conj ugates) |i pafiecadrRinerEDErP-298 (3B- Biégmﬁyri@lﬁnyﬁhéﬂﬁﬂ T9phEAiINdSRL2-@Re; OF
m croparticle bonmbardnent. These procedures and variations thereof are

suitable for efinepitidinelsclofium;zauiniding aminequingings; andguinineg Exsmpiles of

humans, accordi abl i shed t ocol s kng this art.
PCR D agnost | c boRuag rbaes Tori e Rn0R 13 sPA olith6 B3 BE e, Buf endt

ol i gonucl eot i d@gitetirtagsfitodacBfutbxiANapamirdthbARdRtoxXi®) IefiBt®en BRgr eof , may
be used in diagnostic assays of body fluids or bIOpSIed tissues to detect

t he expres$d onmargetoxdi. t he KCNQS pot assi um channel ol ecule in such fluids
and tissues. exan YRS A ScDI\IA sequence SEQ I D
NGO | or 20 ses ‘ F BF—a portion thereof)

can be used tO[@fGQiCtAhBﬁIeP'éﬁﬂﬁwmeﬁf oﬁth@ ff@&ﬂntﬁﬁ@éﬁﬁd ro¥ided AmpidEnt or
to nonitor the nodulation of transcripts during treatnent. L0157] One

met hod for anpferrdetactinghnutleicaaids encadirg bheaK 25 proteir: Indbisrmeitiaidysi s by

Cechni que. The BeRG agH o DBAGH SEGISTr B corabpthe ghiclidatt g™

invention 16 sasiRfiichite DOMPIeRertErddo alknadmeddng bd@u@rﬁdeﬁg ar:saﬁgén@@art

fromeach other and based on the genetic sequence, 1, as

set forth her eiohat ipgst pbouiet® nuelectidasirene Bichr SECOIDLEL i partisulagydre of a

500 450 nucl 8P SRS heFestl B MR R R B it Bt Rlcs) T

WO 01/92526 Sndiicdt; dpdlb} 1% prdsehedlof mwka%m Imhfatmel FudPsi€ BRIdsSf

speci fic oligonucl eoti de priners foll owed by repeated cycles of target DNA
denat urati on) piNKReWNISEsURAES ISaeI@Iematr@ﬁIs.Bw PEESRPCE ODhmuwnyafIsela@dlqeéﬁs

The-pr esen?D nobmBIienee s au% HBSres HroBRoAdHe TR MECAGHT b pglirts "o

identificationdetect I@Nmuﬁjc%lb iagRl iRANG SRS TWhich mayhlaeeaﬂw@ﬁt:e
substantially as degmet ed in SEQID NO:1, or nucleic acid sequences

encodi ng the KCe@W @Iﬁmentééaaﬂ ngekglq acigp from @mﬁsrspgplleg (P@= enkey)s for

cont ol | ed by ARERILAALERICacBE T a0 1) b sheBHaR A QHRG Lsing
theoretically @@hﬁnbnlv abﬁcdd%dsrdm\he rﬁ@trnnsdhémtr@art o genomic DNpg anunber
of cycles. See, e. erkin El mer, PCR Bibliograph Roche Mol ecul ar

Syst ems, B2anc Iﬁlﬁﬁv@ sangle gan beyrapidivinzen-apd &ertewsﬁpduraiomeadﬂy digestibls,

vay 13, 2o07 - PleckeMeRelnts FrRdeRifARE Ak olfBl S oA KR 8P

usef ul COITDOSI&o@%grmobﬁbﬂmmumwtewt'ﬁiélgélgorhfc DRA i8akeh hKCNQD
pot assi um channel poly c;)tl de, DNA, RNA, antisense sequence, the human

KCNQE pol ypept .d@@rq:t@me? by, suGegssiue @h%&’camf@g@hmmw algolaolixbrstions|
-activity or, Otpeiw 8§, bycé}ﬂgﬁbirﬁémméff%, dried and resuspended in buffer. For

30 RNA, cultured cells are lysed in 4M guanidinium solution and the lysate is

drawn through a 20-gauge needle. The RNA is applied to a cesium chloride



20 nodul at e KCNQS physi ol ogy/activity and identified by nmethods descri bed
herein, may be fornul ated as conpositions, preferably physiologically
accept abl gycAmags! ti ons, according to known nethods, such @spB8151b§4

adm xture of a pharmaceutically acceptable carrier, diluent, or excipient.
Exanpl es of such carriers and nethods of fornul ation may be found in 25
Rem ngfon's Pharmaceutical Sciences, 18th3Bd., 1990, Mack Publishing Co,
Easton, PA. To fornul ate a pharnaceutically accept abl e conposition suitable
for effective stdpignadientandpellgiedfsredrntyfugation and the sapematantis vemosed.h

conpositions wi | contajn an effecti unt of the protein, DNA RNA or
conmpound m)du}NéJ rpe?lg&) b@qécﬂon’mmaﬁa@w r di agnostic conpositions of the

[ eat or o agrcad 11" TERETBLELE Bierh BBy pash HomybTof IREN & G BEfre"e f©

_ disorders, neunmxaécbte:tas wfahdlwmpiementamdmlenmwdomwnmhcrgdmbtlm badoetker s

that are associ atgd w th_ t K of um channel, its biol ogical
activity 0?5 o’s ’ ?rh%\ﬁwg@lgihg lagﬁ%’uﬁ%"’hrﬁ? b\P&F\/a‘éé%mﬁy P%e‘a-

vari ety of fac ‘ [ 'aﬁ&éﬁ' sex and
age. O her f acT@éssce p%@ﬁgggﬁltlhgﬁenggéﬂré %t??(\algg ﬁ{rﬁ%ﬁ?dséfl\fda hese
factors are relabelsdd the cd:omr:lementanyl nogletdacid Ke igl ettie waadmwprmnmrmettd)chr e
routinely tak | nto accouﬁ2 whegp, adm ni stering a t herapeutic agent to an

i ndi vi dual . fftaghmentp erkal derivative" describes a mol ecul e t hat
contains 10 ad n t rt of

t he base nol ecﬁ‘l.ﬁbPOpqtﬂ?ﬁ%%@d,?%ieﬁéaa@ ednt‘!l%(%a lr‘?itte)jle é’ﬁ' |é§se ﬂ%?alﬂ/%rﬂﬁ\#r# e¥:'§h dt%'%e
activity o0 funavting ordihatyhskilbastherart. cEot @xaraplg, onemas(ﬁerf&mh Saitbermesr may

i nprove the sol.ubjlit hal f-1ife, absorptio se npl ecul e.
A Dernati vel y NaBheis Botd nragedfreaiiid  anidlnered keNabeompiatedBer  he
base nol ecul e h | es of
stch moi ot | e SFRCKRARBTIBS  FvbRUEBb [hchiotoaeh *&”E%‘Sﬁt‘ﬂ*g‘f?%éﬁﬁw
practitioner, @epenchsglmnﬂhegnarkes déther detEeMm owth&ds éangs spegibdiiritometry
Pharnaceutlcal C osi tj on bIe t he prese i nvention
i ncl ude conpos i in an

o BRS-raHicReYS [BheTS i) 85 chemilsTinesodics @ dluospsscas!
effective gnd g J h&dent anount to achieve the intended purpose. The

a

determination of ‘an effective dose is well within the capability of those
ski Ned in the Mﬂthod%rﬂaieamxcuﬁﬁErcﬁéiﬁ"sd‘dbdulatmelﬁsreamngéssavs mat ed

initiall ith [ | t t I I
ani it model s, (4881 | fhepiaent kbenie iygle? fraded s ARth ke tedind L noa
pigs. The ani ”ﬁiodﬁ%ﬂ@tls thb KNS b%%@ih H@s&fﬂ@dﬂ*{&eﬁh dRSicFedH fr ‘F@N@Bt ration

range and route of adm nistration. Such information can then be used to
det er mi ne usef protefogvedulatbrs @ntails deectingnbindingreftmelacules r(enm,rmlypoeptldes

or T Tt ool ab A EabH e STkt FaTab Sadd)Th sBlF Bibregbrl kR B '
Linhibitors of ptagkeriid clohlFéndSediidiny af o HIONCR 98y Bhdgbtia © the

synptoms or co d|t on. he eXact 92s 1731-t 55 dosage
i's chosen by t providesi thecakility ph geneizie récombinanbifiostivellp asetihin expressingeat ed,

th t f ad trat it f d dt I . [0163
KNGGS. modul at o oL ameaper R ENERSroteit g B8 StreTia RERRiSe! beed
herein ey be WeRRfiE B syRhel RORRIOLALS (KRTANEEo Bndfol hiRslike KONGSe

testing, in order to obt a| n optimal nodul ati on of a potassium channel

bi ol ogi cal2%ct pmtelyl activitpr Apprpsess tagidesectingrifCNQEHproteinimedulstors requiresi | e

m ni m zi ng any ntta Cit | n additi oad nls rat

Sequent | a’ adnTARSEREIGR sOitaGkivéetorduRidring tie RsidlencasEibel Uhre

phar maceut | Cal TraRBRPiedUEhs HRY tiiéh PeasUdRth {eat §Gbétaﬁlbé@ gé@' syRthieficneed of

t herapeutic treatnent by a variety of routes, such as subclt aheous,

topical) oral, comtpoapdsnrna&ual pnoduciaaeanthd:hanneﬂ aglivityda sneasured aadiar,

rectal, and i nt r anuscul Adm ni str t,i on of EII’]aF rrgce tical conpositions is
Jhe &

acconpl i shed o?ﬁ??sfegr'n Qﬁ?ﬁﬁngﬁa}‘ me@cgﬁé FH Staﬁﬁ?hods of
par ent er al 3glel [0’131r i M@'ré‘ggeélﬁ@élﬁ/abbm'pﬂhﬁés ﬁfét?ﬁé@]lat@@(@ﬂ@é éfcti\}i’?/trhﬁy 15

tissue), int rarruscul ar cut aneous, intranmedul l ary, intratheca
be DNA, RNA, peptides, proteins, or non-protein organic molecules. Such




intraventricular, intravenous) intraperitoneal, or intranasal
adm ni stration. [0165] The present invention al so provides suitable

topi cal) @des¥st em c and parenteral pharmaceutical formdahiqnssfor use
in the novel methods of treatnent conprising the KCNQ@ potassi um channel

described herein. The 20 conpositions containing conpounds identified
according to described nethods to be util 88ed as the active ingredient in
nodul ati ng physi ol ogi cal, neurophysi ol ogi cal, or neuropsychol ogi cal

condi ti ons cancdmpagimdsimalyenedulate echannatagtivifyddyyincfedsimg epeatiéniatihgsthge
forms in conventiongl vehicles for adm nistratjon. For exanple, the
compounds can PPrESHIPRICIONALY Rhi)&w FPhZ@‘QﬂJQﬁ the PRlRssiWR ehaggel gpMmas,

capsul es (eachuiaghtidbs doofibd the'tRASEICANSLIEMS W e ol &' ERBE QdRlef! | ONS)
pills, powders, granules, “eliXirs, trnctures,”solutions, suspensions,
syrups and emitsslforiEhe assadys torjededtioompdunkiethathodbkatertivaEgpression@fpounds

" aper  ShoaPNAOHR-aRasalng PREFRES ma B e oplenyBRGRY BSBHL I usi on, or

intranuscul ar gy dé’f%in'ﬁ%\rg @;ﬁe‘{?é'chéﬂﬁé’ﬁh EQPFe'%Q%‘ﬁ K fupefdmary skill

in the pharmaceutical -arts. ctive non-toxi ¢ amount WD 01/ 92s26
56 PCT/ USQOL/ 17Rlterhatively hihecassayumaly e shadsiquanmtitbtiveby cogdiriag the KCNQS

pot assi um channel nodul ating, agent. [0166] The dajly dosage of the products
oy be var o SRESHONCILITSIGDT & st SXARIe Wil 6 IRVEISok TBRIRBO D00 my
per adult huna,n%gﬁé 42y s é:ﬂarésgﬁﬁle adm ni stration, the conpositions are

e tltle of s

preferably provi orm scored or unscored tablets containing
0. 01, 0.0850 0.[D116] 5, THe BumM2anIKCNQAG)proteid ded&ritiiad Bérelh, axrchniithogemid | i gr ans

of the active jngredient for t S togmati ¢ adjustnent of the dosage to
the i ndi vi dual #f@&“ﬁatst%%ltgé?@.epﬁﬁe%meéq ; Gan Broised ft8f SR erapei®i nari | y
supplied at a @"S‘?rgqﬁ;fyﬁ” urfdfs i BOFArRRPYE dr &r@%ﬁgﬁﬂ?ﬁg&é’s.a’gﬁéﬂ 100 ngl kg

of body wei ght e range 1s nore particu om about 0.001

ng/ kg to 10 ngfragmeht boghoyse igisucher salegning\assayonay pa frieednlsaldtipn, t he range
varies fromaboyt 0.05 tq about 1 ng/kg. O,k coyrse, it wll be er st ood
by the ski || ecatixad s aissnesupRar: biBedtiagel BadarSien bodlerntieealiiryy opon
t he pot encys of InSH Holi gpgaﬂmg- HRonSH BiRdi Wil |
be nore pg%sentTﬁ'ﬁg%&gc{tfﬁgfd;.é{[og@] I'n a gllfttlﬁ%ﬁo,r then&&ﬁg@%ﬁg%@ﬁﬁﬂ W vary
dependi ng uponbetnedni thevpmtasdiirnidhanoé! priotein eamddbhe digenhbeimgrtesiedaandbé abl e

and potent the conpou the | ess ampunt .of the conmpound wll need to be
SO P st or ed + WEBRDR ] e BrSseNTVENtSn o olidss, 3 TBMORIPT ForRPTRg Glo.

oral delivery. ﬁ% i : ] S are
adj ust ed whe% ?:ogr%isn dﬁ'iﬁﬁﬁ'gfﬁg@?%ggﬂbgg I eve tgggi eglﬁg}&g@?g%%ﬁ@& er
hand, dosages WKCNQ®E® potassiuus chgenelpolypeaptidel art & bindadig pariitn thegediece.g. a

i ndepende optimzed and conbi ped to aghi eve a synergi stic result

wher o1 ¢ 189 poeRoTl s SmPT g B & PRSI RathainGs: FPTBd MRy e agent
or conpound 25KR(§5 ggs@gﬁtieél,ec;r aTBﬁaﬁbr%‘?ké%xﬁfQ%ﬂrtﬂeFé’tﬁ, #ith éé!ch'orf]%_"ﬁlhfé)ﬁty

different fornmulatio nucl eot1 des tha proteins or their

i nhi bitors. Siaftempgundsiordetime sufficient po bllowdirding dedeosuitalle gopditidas wi | |
D e L ool et S FRERLS b RBEouO ko Shok P RS ORligle | 2,
o0 ot iy e boBhas MEn) RemG B hiindsthat YT K o,
25 the KCNQS5 polypeptide.
[0117] Methods of identifying compounds that modulate the activity of the
hKCNQS5 potassium channel polypeptide are provided by the present
invention and comprise combining a potential or candidate compound or
drug modulator of a potassium channel biological activity with a KCNQS
30 polypeptide, preferably having the amino acid sequence set forth in SEQ ID
NO:2, and measuring an effect of the candidate compound or drug



57 PCT/USOL/ 1731~ present invention, nore specifically to certain types of
cells, for exanple, by the use of targeting systens such as anti bodies or

cel | specyfd gi/dkggands. Targeting may be desirable for a vasigty,Ab;feasons,
e.g., if an agent is unacceptably toxic, or if it would require too high a

dosage, or if it would not 5 otherwi se be able to enter the target cells.
[0169) Rather than administering an activé7agent directly, the agent coul d
be produced in the target cell, e.g., in a viral vector as described

her ei nabove, omhotlnlatorosh thebbipidicks bctidtyofthe lEONQS. golypeépstidée SudHbed in U. S
Patent No. 5,550,050, or_ published international, g&g_l I cation nunbers WO 10
92119195, WO 9neaseEble eifeds|induds, fonexamples physicaibivdingzntesactian; §® 02646,

10 7T, R I e ARV

the specific cgid 6lohedCNQSdatdineahenibrane potiitial, RffeefildmhelsotRIngAitérs
which are nore tissue specific to the target cells. The cell-based 15

del i very syst ditleasedagfffiests of meddiatersiosaherdKEDQb-madiated, or i npl ant ed

in a patient's . i arget site and contains a coding
sequence for t?‘%ﬂgép?é\,}g ggceaﬂﬁ?é%%?eeér'nati vely, the agent can be adm nistered
in a precursor[0fd8In fArMothenmetisodof identifyigeesmpsunidy thabynddulftetthyat i ng
agent produced in, or targeted to, the cells to be treated (e. see, EP

425 731 A 20 ohiolapia ptYBes! the KENES najasETIshane PONPRSIIEE GPESSSs set
forth herein aggBRAN o (RS} E3EAARLEHEIMA bY ahhembALIReraEPect s of

carrying out the present |Invention and are imt the

i nvention i0n apotaseium eharméAiddibgitalBictivity evitied host dslithpbespre8dadslh Human
KCNQ2 and KCN% sequences were used as probes to, search public domain EST
(expressed seqdfe palypentide,frstesably hayingihearing acid seauense spitfarldrs.

(A tschul ot - aPEC OS2, Michsrind e (GRE: BESH YetRiGae G agRRF o ghaC
25: 3389- 3402) ) mbHBlatGTon tieablotogieat aktisity of tierK CNE shiypestide), . T Rostuelu

fromthe BLAST search were anal éz_ed for an% her et of ore _unknown channel
sequences. By f@halsodie earatpe sEheingdnducedio exRipse thelEehies peigpepliidme was

found to respo 1 ; , i i t he
| ncyte data as%.g.,gﬂ%ﬁﬁrﬁ%#ﬂnggx@%@.y@&r@?légfé’% %\@éﬁg%%%géé lgf‘o g”ﬁo%?ﬂ on of
t he KCNQ2 genecarididatelyn thegldEdiQSpotalssium bisarried pelypeplitie kanalswiel nmenber

of KCNQ potassium channel famly. [0172] The lncyte #4970006 cl gne was
fully sequence@l‘eéﬁHr%u-ﬁQP%&eHB%f éé?@ﬁn#loi? @%éﬁt’%‘é‘i’ma@rﬁ% mayqeR gEREr Al t hough

(nt 16102121 Jregneasiefiont oy g Ratph Rt e preia ool bPRAN I 1 Y
t 0 be part of polessiuvetchadibr maghe measwenentlonckiaatifitation efgy and 5 and
geqséﬁgee_)(( 3 l%&é‘@s@h o a%ﬁé&sgﬁéffﬁfgf %&B%g&%ﬂ%ﬁéﬁe&@&%ﬁ@gﬁ@%g |
(PCR) wmo. per 1 KGRI pBfacklifin SR4AE PN RsCroC B B TSr o oo, o
Mar at honReady) ove'rebtpwsisedrrecd'u'abir@ne&ms petasshan chghnel melypestiderih 1819 and
G5/ sense.(sensBitablo boakpale AeNiRoR AEPH c3oipn Jeaten aTAResTbep hebeling
B/ anti sense { ghefEnHE RENASHEtAA M ThahnbiFidRpdptIY 18 Bxpressed,
25 overexpressed, or undergoes upregulated expression.
[0119] Another aspect of the present invention embraces a method of
screening for a compound that is capable of modulating the biological
activity of the KCNQ5 polypeptide, comprising providing a host cell
containing an expression vector harboring' a nucleic acid sequence encoding
30 the KCNQ5 polypeptide (SEQ ID NO:2), or a functional portion thereof;
determining the biological activity of the expressed KCNQS polypeptide in



Taq pol ynerase was used with the follow ng cycling paraneters: denaturation
-- 94C for 1 mnute, annealing -- 55C for 1 mnute, and extension at 72 C

for 1 m nweopwrd2:30 seconds, for a total of 35 cycles. Thepd®MNdshl@shyct of
259 base pairs {bp) was the expected size and was |igated 25 into the TA
vector (pCR 2.1, Invitrogen). Mniprep DN? was anal yzed and sequenced.
[0173] The sequencing results indicated §t the 259 by sequence was the
sanme as that of the clone #4970006 between the two primng sites. This PCR
product was th@\‘? apsencgofi @ pedylatarcosepaid; éioﬁtﬁ‘ﬁﬁﬁgﬁ'ﬁ%icﬁ" wisRAN8o i brary

Cl ont ech, r /[ 150 ~C
. gZP-dCT P) vvas %égh‘at(y]um ﬁg‘?ﬁé{‘gﬁ’% gé? B‘e@ggrt &{I(?&E I’Eéé&ggg{ ured, WO
01/92526 PCT/ Usipreddéd KENQS tlad iri thel fresbpbs oﬂtmambammwm . ~
3-4 x 106 cpmf m . Specific mp??ty (l)f thdg%Erobe was ~1-2 x 109 'g?ourdug

[0174] For i bﬂ'&ﬁ&lCB@r@ém%a differenge pehvean thesactivity QF/é'F%KQNQQned for a
total of 1 |
(Strat agend) . RPERIISH B epsndestch U8 G HIcR ORI AIAR ahsence ¢

NaOH for 2 m notthe, mbb@latmmdmpdumelddicatés & mddidting éffddt bf itise E&pophti 8 f or

5 mnutes, and rlnsed in M Tri s- HCl gH 7.5,,.2X SSC for 5 m nutes at
room t enper at ub2 ﬂ)NAn\mpﬂw @r'@s@ﬁﬂﬂ@f&acﬂ“ pEesenh Nvieatign SRESMRASSES; j oul es.

Hybri di zati on buf f er,
e o b A IndBR B e S ) Bbieto sbRalR wElcRiMydles i 1
100 p, gl of gerastettsh seldEnEficADNAST S m\zﬁﬁaim% that eaﬁ@md@dagwbnonce in
1X SSC, 0.1 % SDS for 15 m nutes at roomtenperature, then 3x in 1 X SSC,

0.1 % SDS tor pten, henthe KCNQS prtels artipwlay Rieieres %@r%ﬁsé)(%éﬁlé%b'@o film
overni ght at -¢Q hggh ﬁPLQ@é&JS Ll Whé@@og%e?ﬂ' Sh%rr%\’,?@ﬁ%@edf' fteen

initial positive re o serve Fese aques re cored from
the agar plat eScrephmged- detetiiorbdssdyis| atfunctioniaf éssay Bldmtﬁﬂcalmeqaaeandar y

and/or tertiary screeni ng were/was erforrre %P to isolate
the positive p (S*‘L%@S neggerdiea t@'IQ&ﬁQE@eWePEe e@béasutgﬁtae wagﬁﬂuﬁ%ﬁ

buf f d P t d d
but et and, PCRbR? o BaRBrdreHRtbu GRS % AESRUAE, Mol gl e, o

NO: 24); Rei®r sscreehadior a&sa%&@ﬂﬁ@mﬂ@ﬁﬁé‘ @Té'@@AGBEETAﬁatBy, m&&iQ 1 D
NO: 25} to estimate the sjze of the insert isolated fromplate

| ysates of theSogllgaclecyips toatdpiad tathe tﬁuwtfnr@tf'mjwlhg?qdu&ﬁ#@@gt'\é'twmm
Lanbda P k t
wer e gel - par f MagHSE AL BrerereHam plcFet alfrfly HFRdiRG 1 karbuohalBrea8RE PR

ligated into tbitessentios ppstBINA3. 1 (+) Neo (Inwtrogen) [0176] Wth the full
k f t I I t 30 pol h

reacti on MQS“”JL@{;%T ASkATpIG0F 36h Ao AgERY B RdUCFRRRGRARSEH Ao A

(C ont ech) . iﬁiﬁﬂ%e"sfa%(é Iﬁl\'ﬂénsmﬁﬁgﬁﬁa%geé{ﬁ cald hl?r bBW’ Bxtoh %‘8%@; 60

PCT/ US01/ 1 rirmers were designed m t he cont i quous

sequence: EKozdksaibad |n5U MTWWW\W@%,PZOGGEQM@HN@: &t@l.; and
[Stop primer 5 AATCTAGAACTTATTTCAGITTGAC 3']) §SEQ |&5\|o: 27). The
fol | owi ng anpl e @89, dn ZiBmermasr 300@rGer Jaeg- &t aPEI-ohha@ssa-aliews 30

the detection of small molecules (e.g., drugs, ligands) that bind to

;—1

expressed, and preferably purified, KCNQ5 protein based on affinity of

25 binding determinations by analyzing thermal unfolding curves of protein-drug
or ligand complexes. The drugs or binding molecules determined by this
technique can be further assayed, if desired, by methods, such as those
described herein, to determine if the molecules affect or modulate function
or activity of the target protein.

30 [0122] To purify a KCNQ5 potassium channel polypeptide to measure a
biological binding or ligand binding activity, the source may be a whole cell



5 sec, annealing at 55C for 30 seconds, and extension at 68C for 3 m nutes
for a total of 25 cycles. The 2694 by PCR product was first cloned into

pCR2. 1 andyg@pbishered by sequence anal ysis. The hKCNQb prodge&/l}g@ﬁ]@gpcl oned
into pcDNA3.1 (+) Neo for expression in manmalian cells and into pBS KSM

for expression in frog oocytes (the pBS-KSM vector has 5 and 3' 10 Xenopus
beta gl obin UTRs for increased expression 3% Xenopus oocytes). EXAMPLE 2
RNA expression blots [01T7] To determ ne the expression of hKCNQS nRNA in
human ti ssues, lysete thabicandedpmeparetcby suteassiviecireczsetifagy ayales (g, @bedp For

carrying out the dot bl ot analys Pol v, A+ st B ont ech
was Kyb?i di zed%\m?ﬁm{ & @Qﬁﬁn%@fe%?ngﬁrdp‘?%fﬁ?sﬁgg@bfwgr%ﬁ%h%&‘%—!uman BZ ain
“library. Hybri g ' i ' I BuFiied | ution
(d ont ech) con?g}zﬁ%inﬁﬁfggﬁﬂg?ﬂ ygga @Aﬁ@%ﬁggla%%ﬁyeste?%ﬁmaaﬁg
~denatured 5 ppodein(Burificgtionmetsods,G.g3 2ffiniyCrPpratodraphywsing speeific

LS S B B P, oL T i e o 6 a0 S5
SDS. The bl ot yRs tig pESHAbihAntRERGES balyaéptici@ﬁ%olé&ﬂ%,gdlsé Bsida8cAgdq bl ot

shown in Figures 6A and 6B, positive signals were observed in ol e brain,
as wel | as for hetginefindisg ectiviecan tien: be measurethagdederibad. subr egi ons

i ncl udi ng; cau nugl eus er ehel | hi. campus ebral cgortex
rontal Tobe SHAAN Gomiiots yinGhatt uentifeE ESRMg GbEhamafSpheied o
CNS tissue, skekpdial andahich mbagla@@verégsmythe\wégiaapéqtivi‘ﬂy o@ﬁoh%iotdl@sues
appeared to express the KCNQG nRNA. [0180] A Human Multiplé TisSue rthern
bl ot (d onf@ch)f ihesKEINQS potessiinchanneltaceording tothe pfesaRION@SntidiNALe a

Hybridi zati on was for, 1 go r att gg\c in .WO,Q1/ 92(%26 6§P§§T‘ USOL/ 1731~
ExpressHyb sol #f§TGHEASHD ?‘ﬂﬂ‘?@ PHBIS, VRPtiaR. Udh SPemPR Al $¥t es DNA and
denatured | abehﬁsmﬁ&p%rﬂgggh@%ﬁbaﬁ@e%%@d% twm\é’ﬁﬁﬁ%éﬁfoﬂﬁeﬁiﬁgé es

at roomtenperature in 2x . ( % SDS, Wi th continuous agitation an
several change@ esmditiarsthas isi mediated by éhe nevecCNQSpatassiva chadwel by 0. 1 X

0.1 % . i t.h i ' i in._The bl
oemosed overni GamisiterlalsB 4P Rl i Al BF b3t irBbeichy & fhardPetaly rae. oA
and 6B. QU4181] effesiiveraniodint BethecsomhpsurtdiRiehtifist by e hithstis ddd@ibedt he hunan

mul tiple tissue Northern blot revealed a restricted distribution of hKCNQS
10 nRNA (Fi gur &emin. A strong signal was observed between 7-7.5 Kb for

skel etal nuscl , £, Jer, si .o h in 1] t hough t he
di fferences i n?g‘r%ﬂal ?%5‘5@héﬁh"hécﬁ?%é'ﬁé”%ﬁ%m@@eai"%#t_ﬁagﬁé%@f?aﬁ' _ Ig\lﬂk
bet ween the t windNighigl intriiRd sfgiich3redt®@ht SorshenditidretHat ichrdidieg ayitgat i on
to brain tissue and skeletal nuscle. 15 EXAMPLE 3

hKCNQ5 potassium channel of the invention, or by a neuroaffective,

20 neurophysiological, or neuropsychological disorder or condition, such as
described herein, comprising administering to the individual a therapeutically
effective amount of the hKCNQ5 channel-modulating compound identified
by a method provided herein.

Chimeric or Fusion Proteins involving hKCNQ5

25 [0125] In another embodiment of the present invention, a nucleic acid
sequence which encodes a hKCNQ5 potassium channel molecule
substantially as depicted in SEQ ID NO:2, or a biologically active fragment
thereof, can be ligated to a heterologous sequence to encode a fusion
protein (also called a chimeric protein). For example, for screening

30 compounds for modulating biological activity of hKCNQJ5, it may be useful to
encode a chimeric potassium channel molecule as described herein for



I'n sifu hybridization [0182] For performng the in situ hybridization
studies as depicted in Figures 9A/F-18AI B, frozen 16p, m sections of rat
DORG) tri g@®h{iadsze Or adult brain cut at intervals of 225 I\mwg@mﬁkﬁed by

i mersion (wthout thawi ng) 20 into ice cold 10% fornmal dehyde 1 n phosphat e
buffered saline (PBS) for 20 mnutes and rjnsed with PBS. Fi xed sections
were treated with 0.5% Triton X-100 in 0. #f0M Tris, pH 8.0, and 0.05 M EDTA
for 30 mnutes and rinsed for 3 mnutes in 0.1 MTris, pH 8.0, and 0.05 M
EDTA. The ti ss@¥prggsionHemosteglised with 0.1 M TEA, pH 8.0, plus 0.25% acetic

Genydr ared ¢ nr I0IZ8 2 Rfadl GnsiRB BTRREbY Bealo BBbesh Bake. 1 S0 ai ¢
dried. [0183] &marr@u@wemodsthImi/rzag@)Sai V@étmol?fybﬁﬂgags@rﬁptbrot)e

Transcription System 11l {Pronmega, LOCATI with 250 NG 35S-UTP and 250
NG 35S- CTP i nidgntibt agcessact nativergntides dhatrpaxibe agsogigted wittrthe igyeBo cTp

per) usow 1751, REAh FREsb R Ao ddoleblietestibet ERE TFieldf & ofle ' 72

PCEMSZS (+)) wa399s,MAehtg@entt!, 0RB8s; IAllend) B. @bak! 1938 TUBBN20SAE ) RMA
polynerise, and with Not T and transcri bed using T7 RNA pal ynerise to
generate anti -‘maﬁt,éwarrwbg@rsy@twm&eq&m$30wmrew0%nwomimeari zed

I i d d f i T j pfied b
a0l - chi or of Biaracdons cff B8 delatibh SRing Gt ORI ANGe daBiViE 0 Y i um
acetate. The drécdnstitugionefsesiscoptonstaetivetors. dFisids v tdndlSsnd 00. c1o89
ri boprobe in hybridi zation buf f er gg{%‘;_/_ofornnm_de, 0.3 MNaCl, 10 MM Tris, 1
M EDTA,  110¢ DllakiredB49:248).f he AwoToBrideaystam nswlvas Bp asiiy ohARait oA and
10 MM DTT} 10 ks . . el i : jon. db
rinsing 4}ti rregl\f?r%%hggb@%!n%éocnér'ﬁﬁ%tsrg%géﬁ@Q@f\éd\;\ggﬂéﬁbﬁ@aﬂ&wy@%ﬁyg d

i ncubat ed i n Opfokimity withRNBSNA-bihdnd\kibéatHat rdgulatdsTthe exppddsiorlof amd 1 iV
EDTA for 30 minutes at 37 C, then washed in 2X SSC, 1X SSC and 0.5X SSC,

al | cont ai ni ngadiagentyeporiepgens. amescially avlahlasystemmaushas®eure. The
( . ; g o e
nutes at BocCHTIEHT Mdithindidemd Seterts ghq Prldrs Eheeckt LA THE, Sy ©F 0

tenmperat urts dedyydseatisdd withccabjunctiohedth fReepresemdnsestioron@esesleoexposed to
XOVAT fil m (Kodak, Rochester, n were dipped. in NTB2 epulsion

, th , AN
(Kodak, RochesMandeigphn, defcdiagh Baents Rgr1994w@{f'§ piotechin %1482;Rligickyne 20

e eee o EHEERHobas S0, B BEREALAN Sd1Reely M brRges vere
the expressi on19H5/NueleidSHdS RESY/23(M):152;Fibls| 8. ant Stéwlyldrd, Faf 1994, s
presented in Table 2: WO 017972a26 63 Ta n situ Hybridization

; 26 bl e 2 KCNGS |
Resul ts PCT/ Ushi®1 Ya(B):286q 206 L. Batank 8o Bmh1 (%88 S468.88¢) ex+Caudat e
Put anmen+Pi 4 f 0 rt i 1 e i
Hi ppocarrpu%d-)r/ +1@@Re’g€6§ﬁ%§?§ c{?ﬁ%ﬁﬁp%gg%gﬁ%gg@b g‘ﬁﬁ?@rz ‘éﬁfg?%ﬁg‘i\“t&é’{@ﬁﬁ | ei of
t he Pons+/ ++PoRijithrepbbitive reddous or withad négative eato(t sudDag @atah the
neurons) Trigem nal Ganglion+ (in 20-30% of neurons)
recently developed versions of “Reverse Y2H" approach. (See, for example,
Vidal M. et al., 1996, Proc. Natl. Acad. Sci. U.S.A., 17;93(19):10321-10326;
Vidal M., et al., 1996, Proc. Natl. Acad. Sci. U.S.A,. 17;93(19):10315-10320;
25 White M.A,, 1996, Proc. Natl. Acad. Sci. U.S.A., 17;93(19):10001-10003;
and Leanna C.A. and Hannink M.,1996, Nucleic Acids Res., 1;24(17):3341-
3347).
Antibodies
[0128] Polyclonal antibodies that are immunoreactive with (and

30 monospecific for) the KCNQS5 polypeptide, or an immunoreactive fragment
thereof, can be purified from antisera of an animal previously immunized



*: Intensity of |abeling as exam ned m croscopically was scored on a scale
of + to +++++ 5 EXAWPLE 4 hKCNQ Oocyte Expression and El ectrophysi ol ogy

[ 0185] Frogolpiprerus | aevTs) oocytes were prepared and inj ei;(r'l‘?l]‘?sotl'égﬂg
standard techni ques; each oocyte was injected with approxi mately nl of

hKCNQS cRNA. Foll ow ng injection, oocytes were maintained at 17C in 10 ND96
medi um conprising (in mV): NaCl, 90; KC, 410; cad2, 1.0; My 2 , 1.0;
HEPES, 5.0; pH 7.5. Horse serum (5% and penicillin/streptonycin (5% were

added to the ingithtiie KGCNGS polypepida ratiimgnumreacthedidgrhedaterésil how ng MRNA
injection. Prior to the start of an experinent, oocytes were placed in a
recor di ng chant@munrgamn darddilien, mameslenal @anthpdigs sanbespraparesh Usings)

i sti f({ : , : : , 2G
Lo o5Vt e Sy diehnd e R BLT.
. 7.5. Oocytes wdviisteimpdbz8, Mature e286:405fes (1-2 Mp2) and standard
2-el ectrode vol tage cl amp Techni ques were enpl oyed to record whol e-cel |

mermbr ane cuPr ed0d 91/0IN%@i@m&ﬁﬁafBPW&@t%ﬁmqﬂ}ts@(6rP§F@Q"§d0fdhea series

of voltage ste 9"5 ragl b Sng ﬁiﬁ@ 0 INg
potential of BSCRJ t%dzsg XI nféﬁ’u%%ta%ﬁmrg{}nﬁé}lﬂ "/ ?%é:césr saag‘?*ebcgw
digitized at 5 Harginqirtlsdeothadfotiowinge qraptiderfragrenst pehdsmat datiro acidBsof i on
and anal ysis software (Axaon Instrunents). [0186] ,As denonstrated in Figure

8, the injecti dRedfCN YReRLE SRAIENGE RENHAMPIRRS, NBSEAENFE ed i n robust
B ey Tl nSSCER B e SRROKGOIR 198 IO S P BB RaBRR 0Bt e

enpl oyed in thesSe experinents. rrents appeare

by the expri@ssiaminofadi€80bfthaKGNQS pulypeptitie seguensd antl ontdrisestthag,
non-i nactivating at positive val tcﬁ’ge stews over aﬁri od of seconds, and
deacti vat ed wi t$eWeNCAELD(FSECSGRREVIGRRYENY- (RERIRNSR) paptids.

e T (SR Lo el A S BEE S sl 00
at concent r at i (ORYRGWQBRARFARIM(SEQLEY NOITE peptids fiagmentdi erdsat ardnirto
e Bunar . Ad AT Kb e Sodiehoe At SRS o6 SOV oy
T o o™ SV EREARERL98= b RS BP L BROB AR oAU ot (
used to detect HENEENQEgaHYmeptide sequence and comprises
VQEQHRQKHFEKRRNPA (SEQ ID NO:9); polypeptide fragment 6 ends at
amino acid 453 of the KCNQS5 polypeptide sequence and comprises the
sequence '

20 HTCSPTKKEQGEASSSQKLSFKERVRMASPRGQSIKSRQASVGDRRSPS
TDITAEGSPTKVQKSWSFNDRTRFRPSLRLKSSQPKPV! (SEQ ID NO:10);
peptide fragment 7 ends at amino acid 471 of the KCNQ5 polypeptide
sequence and comprises the sequence LGTDDVYDEKGCQ (SEQ ID
NO:11); peptide fragment 8 ends at amino acid 511 of the KCNQ5

25 polypeptide sequence and comprises the sequence HYAKRKFKETLRPYDV
(SEQ ID NO:12); peptide fragment 9 ends at amino acid 564 of the KCNQ5
polypeptide sequence and comprises the sequence
LGKGQITSDKKSREKITAEHETTDD (SEQ ID NO:13); peptide fragment 10
ends at amino acid 585 of the KCNQ5 polypeptide sequence and comprises

30 the sequence KVEKQVQSIESKL (SEQ ID NO:14); peptide fragment 11
ends at amino acid 652 of the KCNQS5 polypeptide sequence and comprises



EXAMPLE 5 Ligand binding assay for high throughput screening for hKCNQS
nodul ators 25 [0188] Cell lines that over-express the heterol ogous KCNQS

pot assi unmy@\@wasls codi ng region described herein (SEQ I D NQpudoh/ 195142
bi ol ogically active fragnment or truncated portion thereof, or a chineric or

fusion protein, are used in binding assays to identify and screen for
phar macol ogi cal l y. active nol ecul es that bAdck hKCNQS activity. V1' O
01/92s26 PCT/US0111731~ 65 [0189] A radi ol abel ed bi ndi ng assay using a

r adi ol abel ed |thgaedueacenpl oyed (HIl, R J., 1995 Ml . Pharm, 48:98 and

of cell 1T nes PREFCERTSOYRe B SHoT A Db el PR AR B e sy "
honogeni zi ng tm?og@gbégﬁd%ﬁﬁg&eﬁt ol fnﬁgo%%iosmafjﬁlﬁCm@OO rpm and

centrifuged at nutes. T eocge t 1's suspen In 1 m of
~assay buffer (polypépida sequenidekdid cafipridésHBERESquente JIANGENTAPKHRAA) and

diluted to 50 ~ a/ni. [0190] To each of I1s of a 96-well microtit

019,55, M I 5 of Pty 25 il TUEH v OHS L
drug (the t : | '

anal g, or m rEx{RINIERTRRREe R CATRER BF, Bocy KL FPETLHEIPASE.

L7 i il R ipmpitogpen sinis s s eny

%’/m‘ml)._The %ﬁ&?%@?cg‘r%ecﬁ%aﬁ%gc%lﬁ% tpermcuensg 21 C wi th m xing.

Bound r adi ol ab?kENVQVRG%N@T@@RW%F%M%G{E%@% N@ﬁ'(eggﬁgiro%q‘rédrﬂéﬁld 'n

solution by filtration aver pre soake Ilters
| nst runentid) athlends aédmiapadid833of the-KONQ S eaiypéntidessequemoca amdyi ng,

cintillation fluid is, added and t It | at Lptil Lon
count ed. Dt FUBRISES tssieerdacsessSRB LS BkiRESkysadins
| ysi d |y . : ' et tol . 20
Chom - 260: 3600y T PERIAE Hefhork $BErEis ot dminBiad 860 B KENGS P o for
bi ndi ng t he nopalpé&siigbsemicarei and chraprisgs theeseéqlentef i ed via the production
: duction i 54 AR nti Ll ati it
assay (A caRENOREETEIDTEDHASoPARE (S0 bRl BBy PeptivdTaamem s "
il d d ' i8Rt [ 3 i l .,
1652, anal T Bi St al BRl 96 BN S KOROTHMARDRLS setfihiBanaianfinees
Res.) 12:389). thetseienthDSINTOGRSRIBQIIC (B DO:Bd).ent applicati ons,

publ i shed arti bpoks ef erenc nual, nd.abstracts.cited herein are
hereby 30 | ncollatk: o e et otpABy i Bnhodiss i ers Rumect foleruies
describe the s i LAV hO ' WO

oL/ 5226 66 PCH oSSl AEmBRls prekd Sl af Fay k)G ana R« rhare Ve
above- descr i bedapali¢ ef binding an epitopicudetermiaani ofghe KONQSdmumEgeamdAspi ri t
of the present

"h the abcib by BopeHiates tydnoar BRGNSk Aee L R HEOOHE 6a BB pr ot ec
as descriptivecgiitghleddtd 8arré? protein, if desired, to increase immunogenicity,
particularly, if a small peptide or fragment of the KCNQ5 polypeptide is
used. Commonly used carriers that are routinely chemically coupled to
peptides include serum albumins, i.e., bovine, sheep, goat, or fish serum
25  albumin; thyroglobulin; and keyhole limpet hemocyanin. The coupled
immunogen-carrier is then used to immunize a recipient animal (e.g.,
mouse, rat, guinea pig, sheep, goat, or rabbit).
[0131] The term "antigenic determinant” refers to that fragment of a
molecule (i.e., an epitope) that makes contact with a particular antibody.
30 When an isolated and/or purified KCNQ5 polypeptide is used to immunize a
host animal, numerous regions of the polypeptide may induce the production



5 of the present invention. Many nodifications and variations of the
present invention are possible in |ight of the above teachings. WO
01/9262G &voW#skad S CLAIMED |IS: PCT/ USOL/ 1731-t 1. An isol pEfRlso1/17314

pol ynucl eoti de nol ecul e encodi ng a pol ypeptide conprising all or a portion
of a human KCN@ protein. 2. The pol ynucl e%tide nol ecul e according to claim
1, wherein the 5 human KCNQS protein corrp|’41 ses the am no acid sequence set
forth in SEQ ID NO:2. 3. The pol ynucl eotide nol ecul e according to claiml,
wher ei n t he nopkaitibodies whickdiad speeificallyctog givpndegionsarithepesdinensianal or a

i f | ej i forth i 1 (b h
Corpl enent of | Eay¢iute 85 fie PEVRERATebse Mgt SR Risde i IR B ¢ e
genetic code. 4ntigeri€ dbfirmheanits ofehllopds AflantigehrAUdteeniRBhemayconssaedi ng
toclaiml1l. 5 A vector conprising the polynucleotide nolecule according to

~claim2. 15 6. withjbe idactantigendi.-ag the impenpges used tel eligibthecimmuae cor di ng to
claim3. 7. A L i ctor according to claim4. 8. A
host cel | c%rrpf%i)l})rqggﬁ%%\%e@@)?d 5'38%'5@?%5 to claim5. 9. A host cell _
conpri si ng t he[p1a2]or Tiag antilbdies tan Yeadlititéd i’ 8n Hhimalsost @stingelnizagsipr di ng
to claim7, wherein said cell is prokaryotic or eukaryoticC. 11. The host

cel | accor di ngWith KCHQS-derivagdmmuneganic semponents: ok aan beiforreed byamiot i c.

o7 cumcrvor o PinyBSSREA A roR Bt B4, TRk B Bhlioh R BACT Y S
sequence i dent pigtucedtifeecoiibitaht Sstemgueneforafed; hensfdofedbidetiadNe: 1. * 14.
An isol ated nucleic acid nolecule encoding a hunaE}lea&Clalﬁgpot assi um channel ,

wher ei n sal@ nifanequcagwith Repeaniiate RpPod-gacoding & Iﬂ'@’f%{@b’, 18 i ngency
sequence set r anTHEIES Eal oG eienthy BRI Pidchetton o™ S clei ¢
acid nol ecul e hsgwdang lighhehains KANISodies antirated batne praveny iehtige, wherein
said nucleic acid nolecule hybridizes under high stringency conditions to a
nucl ei aci d entsiideghybrid antibodies, chimeric antibodies, humanized antibodies (see,
for example, U.S. Patent No. 5,585,089 to C.J. Queen et al.) and univalent
15 antibodies. Using such antibodies, for example, KCNQ5 polypeptide, or an
immunogenic fragment or portion thereof, can be detected in a test sample
by chromatography on antibody-conjugated solid-phase matrices or
supports (see E. Harlow and D. Lane, 1999, Using Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY), or by
20 immunoassay. Preferred are antibodies that specifically recognize and bind
to KCNQ5.
[0133] Thus, according to the present invention, antibodies can be
generated that are specific for the full-length KCNQS molecule, or
immunoreactive portions or fragments thereof. The antibodies can be
25 employed to prepare KCNQS potassium channel antibody affinity columns.
For example, gel supports or beads can be activated with various chemical
compounds, e.g., cyanogen bromide, N-hydroxysuccinimide esters, and
antibodies can be bound thereto. More particularly and by way of example,
anti-KCNQ5 potassium channel antibodies can be added to Affigel-10
30 (Biorad), a gel support which is activated with N-hydroxysuccinimide esters,
such that the antibodies form covalent linkages with the agarose gel bead



5 amino acid sequence set forth in SEQID NO:2. 16. An isolated nucleic
acid nol ecul e encodi ng a human KCN@ pot assi um channel pol ypepti de and

havi ng a q@§ieasgus nucl eotide sequence that encodes the aaNGsAfrfs
sequence set forth in SEQID NO:2. 17. A vector conprising the nucleic acid
nol ecul e according to 10 claim 13. 18. A vector conprising the nucleic acid
nol ecul e according to claim14. 19. A vecﬁgr conprising the nucleic acid
nol ecul e according to claim15. 15 20. A vector conprising the nucleic acid
nmol ecul e accorsippert ol g antibadies ate thencegupledtopthesiel yia amidebords with@ di ng

to claim17. 22. A cell conprising the vectqr according to clai.m 18. 23. A
~cel |l conprisi mPasé a&’@ct-@}e : %PH&@&VB%’P&%&%S@@O@@“f’g“.enﬁhegIVY'thporrpri si ng
the vector accghdhf@ntife HA MEBH &5 Thékoliifh & RAsHEMWRNPRAEPSBlIGWEd by
conprising ail or a portion of the am no acid sequence set forth in SEQID

, NOl: 2. I26. An i%aBMglucinem;Gl,w 26e o rareovenanyl sdnippnjugated Bntibedieort i de

I, t f [ 1 to,3. 25.27, [ I K
ol ypenti a8 ereampeds HHeTh dheBln i hin e braep arRsPhEBTRdcl ai s
13 to 16. 28. dyimetirEs)0(pH F¢ tWﬁWéﬂﬁo@riﬁmégqbﬁt,héﬁd iy mprRSmiials,

bi ol ogi cal activity of "a'K pot assi um chann pol ypepti de, conpri sing:
(a) comnbi ni ng ie.ceslticuiure supetnatanis arael exdracts, for exangNescattapmaissi um

chmnel oo Yoo BBl PSR b PSS iR "

lrorgfl ;:Oglto ?Ir dg onpaiHUttams) BRe SIBWly badseRf oldreh&ebidmm OTRE Tolithk riashed with
10

PBS/surfactant until the optical density falls to background. The protein is

then eluted from the column with 0.23M glycine-HCI, pH 2.6/surfactant. The

purified hKCNQS5 polypeptide is then dialyzed against PBS/surfactant.

[0134] Recombinant hKCNQ5 potassium channel molecules can be

separated from cellular proteins by use of an immunoaffinity column made

15  with monoclonal or polyclonal antibodies that are specific for either full-
length hKCNQ5 potassium channel polypeptide, or peptide fragments of
hKCNQ5.
[0135] In addition, the KCNQS5 potassium channel polypeptide of the
present invention can be used to affinity purify biological effectors from

20 Dbiological materials, e.g., disease tissue or cells, using affinity
chromatography techniques that are known and practiced by those having
skill in the art. For example, a KCNQS5 potassium channel polypeptide, or a
peptide or fragment thereof, is affixed to a solid matrix, e.g., CNBr-activated
Sepharose, according to the protocol of the supplier (Pharmacia,

25 Piscataway, NJ). An homogenized and buffered cellular or tissue solution
containing a potential biomolecule of interest is passed through the column.
After washing, the column retains only the biological effector molecule,
which is subsequently eluted from the column, e.g., using 0.5M acetic acid
or a NaCl gradient.

30 Diagnostic Assays

[0136] Antibody titers of ascites or hybridoma culture fluids are determined



29. A method of identifying a compound that nodul ates the biol ogical
activity of a KCNQ® potassium channel pol ypeptide, conprising: (a)

combi ni ngwyp gdrdhgat e nodul at or conpound with a host cell peq%(?l ?ﬂ a
KCNQ pot assi um channel pol ypepti de having the sequence as se in SEQ

I D NO: 2; and (b) neasuring an effect of the candi date nodul ator conpound on
t he act i vity of the expressed KCNQS pot as#idum channel pol ypeptide. 30. A
met hod of identifying a conpound that nodul ates the biological activity of

a KCNGQb pot asshy varbas setolegitalnsitnnoiinologiontrdssang whieh inefuds, buberenot
candi dat e nodu] at or conpound with a host cell containing a a vector accor di ng

to any of cl ailigitad {@, precipitation,ipassive agglyutinatigRepezyma-IKEREAS pot assi um

channel pol ype asuring
an eftect of RundRomEREaceRr LA BT abimhanBRts A0 R Korfdydl
expressed KCNGQBirpitdradiagnostichessagh apougee s detect e pnfés@ﬁt@@dth& néwgleeni ng
for a conpound that I s capabl e of nodul ating the biological activity of a

KCNGS pol ypept KENQ @@ﬁfﬁﬁsﬂm&hﬁﬁﬁe@‘@%@lwle reody Buds, irgug anskeelkel |
according to aQXtr étsb+'afn%ﬁ"ti7£@k&’?%?%}gt' to 24; (b) determning the

bi ol ogi cal actrvi peptide in the absence of a nodul ator

conpound; (c) [o#373ctDiagnbbtic assdyswiditg bh&bcﬁmdslirﬁtrmlhoﬁ@émmrwith thed (d)
determ ni ng the bi Old%gl cal activity of the KCNQS pol ypeptide in_the

presence of thBUMRGH N@Se@taﬁwﬁuchw@pwp@paﬁwé@@ﬁe | frrtthe Sipgnesis
activity of thg %ﬁl&{%gg d@'dlgeégb%é:ﬂ Eeﬁ’gagttngagﬂg%gltor conpound

and in the abseén or corrpoun |ca s a no ating effect

of the confundxprédsiof @fdhp@NﬁNQEquotmdldrfhyethetdmréBswmgf gahesactivity of
human WO O1/92s2G PE&, SOL/ 173 ﬁ ot aSSI um channel pol ypeptide
as identified B§SQqaie abReR &e @"‘P‘Mtrb‘P" brormal sgurophysi d that

ot s VRN RSB ¥ PECNSSBRRSR G Ay el

methods utilizing an antibody and a label to detect the human KCNQ5
potassium channel polypeptide in human body fluids, cells, tissues or

15  sections or extracts or membrane preparations of such tissues. The
polypeptides and antibodies of the present invention may be used with or
without modification. Frequently, the polypeptides and antibodies are
labeled by conjugating them, either covalently or noncovalently, with a
reporter molecule, a vast number and type of which are well-known to those

20  skilled in the art.
[0138] A variety of protocols for measuring the KCNQS potassium channel
polypeptide, using either polyclonal or monoclonal antibodies specific for the
protein are known in the art. Examples include ELISA, RIA and
fluorescence activated cell sorting (FACS). A two-site, monoclonal-based

25 immunoassay utilizing monoclonal antibodies reactive with two non-
interfering epitopes on the hKCNQ5 potassium channel polypeptide is
preferred, but a competitive binding assay can also be employed. These
assays are described in a number of publications available to the skilled
practitioner, among them: Maddox, D.E. et al., 1983, J. Exp. Med.,

30 158:1211; Sites, D.P. et al., 1,Basic and Clinical Inmunology, Ch. 22, 4"
Ed., Lange Medical Publications, Los Alios, CA (1982); U.S. Patent Nos.



34. A conpound that nodul ates the biological activity of human KCNGb

pot assi um channel pol ypeptide as identified by the nmethod according to
claim 30. W oiP288Mound that nodul ates the biol ogical act ipf%]jw Rfizhiyman 10
KCNQ pot assi um channel pol ypeptide as identified by the net odS accordi ng
to claim31l. 36. An antisense nucleic acid nolecule which binds to the

pol ynucl eoti de nol ecul e according to clai nf@. 37. An antisense nucleic acid
nol ecul e which binds to the 15 pol ynucl eoti de nol ecul e according to claim
2. 38. An anti s%654,000c B850, 252;canuo4,08¢6)043whi ch binds to the pol ynucl eoti de
nol ecul e accordj oclaim3. 39. An antisense nucleic acid nol ecule which
binds to the n?feﬁgﬁt ABiOEd%&)tPéHGY'Se&%?‘%fQTdR?@'%QﬁPS& otdigease, nral 9. 20

140. A phar ”ace%thﬁé‘érdc@émééﬁritﬁé' hﬁﬂﬁNk?N‘@ﬂS @%seﬁwleﬁmw%o%o%@ﬁgéng to

claim 25 and a physiologically acceptable carrier, excipie 'l uent.
.41. A phar maceutxprassionape prefecably established This ipatggreptishis by comBining t o

claim 26 and a physj al ogi cal | cceptable carrier, excipient, or 25

i luent. 429 A 8 heCentackins el TosmB GG ePAEAONS T Bpel de
according to clai i } i i pjent
or i Tuent . 43, SRS, SMeriariiPLOhGHAR I RRGGH) LI RSN polfiepRie
30 conpri sing turdertonmditivhstduitabizt floo domptes fdrmgtivw; stichi con2iticnscarewelher

i ncluding ste . fornmul at ound that is capahle of nodul ating

ing th
WO 01/ 92526 PFC)IT';C Jmtheark %Bgﬁﬁféoetm%?ﬂ?g&lr@érd semplax forpation MayRes
| i de i ' icallv.ac . f
D Pt o’ of "SR B AN it P LM S ofbsithe EriRfS, Wiferk

met hod accdi0di nighdwen ahedumt 39 aatinbdyistdoenbibed withudhonmn cdreentralions$ of mul at i ng
t he conpound that .is, capabl e of nodul ating . the biological activjty of the
KONGE pol ypept BTN BOtGRsk R Eha peipeRtie i aen S RaRa valSeschlangh 1 or

t he production j b 1S of the
met hod accor di @?‘?@Pﬁ'ﬁ?‘gga@ﬁﬁﬂ??@@{ﬁob @%gﬁﬂg?ﬁégagtgggﬁﬁ?&ﬁ?@fwl ating
t he conpound t hsamplesdegmlsubjests podntially affedtbd byiatisgrdsaloratiseasetrelatéd t he

P P | R BB o SR e
et hod accofll Nofef hfich Al RiudPedtab it e HrBdedd of the Mul at i ng

t he conpoun I's capa no ating t ogl activity of the
KCNQG pol ypept i dicease stgbar maceutically acceptable form 47. The net hod

ot ment o scltBod e E eSSBS RE g el ph ek e
dement i a, tra“%tit?d&iéf%k(cm Ehannel YBRplitERR KTNABYrdleit fidytas S (ALS),

mul tiple sclerosis (Ms), Parkinson's anxi ety disorders,
depr essi on, bi ppteparetl.s Sudbkits candepusidsiordidest hatduilegousnualeiciacid which

Fosc: o A bl BHERAbR U e Bast AR B RBICH Qe

di seases. 25 48pre§@ﬁc€‘%ﬁm®5(‘d?6f@irﬂgr ;{J@ptfdeaﬂr%rﬂg?tsvm%fgérﬂﬁié? uch

phar maceuti cal conposition is for t reat me acute anhd chronic pain,
m gr ai ne headactearaatarization iksefutifomantariety of punpeses pidiuging, butaiat limifed
anyel ot rophic | tgqr}al scl erlosi S ALSI), n@l t BLe acl erosis (M), Parkinson's
Di sease, anxi et &" 'SOPEAR YR gp_gﬁfn' PRG ?tu I¥Sor ders, sl eep disorders,
addiction, eat| Egm%ﬁ dTﬁ@mkm 8nd ﬁl‘@ﬁ('pgleydmb@iﬁﬁb%olébﬁll%@! RRONDITAFEONQS5
age- associ at ed nory | oss, |earning ficiencies, cognitive disorders, and
mot or neur 26 di pradsinsand anibaiieDihepetioy according to the present invention may be

used to screen and measure levels of the novel potassium channel DNA,

RNA or protein. The recombinant proteins, DNA and RNA polynucleotide

molecules, and antibodies, allow the formulation of kits suitable for the

detection and typing of the novel human KCNQ5 potassium channel

30 molecule. Such a kit would comprise a compartmentalized carrier suitable

to hold in close confinement at least one container. The carrier would



PCT/ USOL/ 1731~ 49. The nethod according to claim45, wherein the
phar maceutical 5 conposition is for the treatnent of acute and chronic

pai n, m graigfhegdache, acute stroke, denentia, trauma, epj QS%I!.” gi zure,
anyel ot r ophi c {at eral sclerosis (ALS), multiple sclerosis ( , arﬁi nson's

D sease, anxiety disorders, depression, bipolar disorders, sleep disorders,
addi ction, eating disorders, ataxia, myokyMm a, Alzheiner's disease,
age-associ ated nmenory | oss, |earning deficiencies, cognitive disorders, and
nmot or neur on difgghercomplise Térgends Buch as cecatnbiganb KENQ Spotassiume channglhe

har maceutical 10 co (tion is for the treatnent,o ute and chronic
_ Bai n, mgraine W@Aﬁﬁ@ﬁ@%@@?@sm 8&@?"%@%’59@'&? Séiftaéh?:f?’f Qﬁﬁc‘gﬂg%e nayelyr e,
anyel ot r ophi c | eS| kP! | i nson's
D sease, anxi etIséﬁitgﬂopﬁl‘gtsgl,uﬂggg?rgﬁkﬂorwa%%:%lﬁﬁe;%@régmazél%@gggﬁﬂiﬁ éor ders,
addi cti on, eatimgans fardbiestiorasuch as labetddyantigendzdrayme ssbstratessethe

age- associ at ed .1 oss, | earni deficienci es, and notor urpon, .,

i seases. 18 Sikec [SatAbis asCRams,fof Ragionsid B Rsahnes Ttegded B BRKtBody
specific for thgeK{iddhditde@iiéide according to An anti body specific for
the KCNQS pol ypeptide according to An antibody specific for the KCNQb

pol ypept i de acdérld2hg Ralymumiectids sasienaes whithencarecthai noved hK@NQ@®i n t he
mior o7 he. 2 FRBHREL I O BRen Bio Rl 050 b SSALAL e Hgpotle B>
The ant! body a0 e o B B e oo X oy 1 5
directed t d\War ddiseases with wdfich the exqressipo epd@p funeionoofithe giavel KCPEM i de
T 8 o R HATd ol B BN, EST Skt Slpeohte M
fromthe group enddfdity ti2RENAEPbIESSH N ERdnrkl %f@@@géa imayBfidi2gticH bel i ¢
variant, an alternative splice exon variant, and a
PCR assays of fluids or tissues or membrane preparations from biopsies to
detect the expression of the biomolecule. The form of such qualitative or
15 quantitative methods may include Southern or Northern analysis, dot blot or
a variety of other membrane-based technologies; PCR technologies; dip
stick, pin, chip and ELISA technologies. All of these techniques are well
known in the art and are the basis of many commercia!ly available
diagnostic kits. Such assays may also be used to evaluate the efficacy of a
20 particular therapeutic treatment regimen in animal studies, in clinical trials, or
in monitoring the treatment of an individual patient. Once disease is
established, a therapeutic agent is administered and a treatment profile is
generated. Such assays may be repeated on a regular basis to evaluate
whether the values in the profile progress toward or return to the normal or
25 standard pattern. Successive treatment profiles may be used to show or
monitor the efficacy of treatment over a period of several days or several
months.
[0143] Polynucleotide sequences which encode the novel hKCNQ5
potassium channel may also be employed in analyses to map chromosomal
30 locations, for example, to screen for functional association with disease

markers. Moreover the sequences described herein are contemplated for



chimeric fusion channel of the polypeptide encoded by the pol ynucl eoti de
according to any of clains 1 to 3. 59. An isolated pol ynucl eoti de nol ecul e
sel ect ed {yiouTobye 9group 5 consisting of an allelic variantpefkedlibginative
splice exon variant, and a chineric fusion channel of the polypeptide
encoded by the nucleic acid nol ecul e accoaging to any of clainms 13 to 16.
60. A vector according to any of clains 48 or 17-20, selected fromthe
group consisting of viral, prokaryotic and eukaryotic vectors. 10 61. A

net hod for scrusgiiorigeatifylhunaan sgaugncepdyunatphisms andquessijie eéssocativmdi ng

Ther cof . comp it ly2asl SERRYAT G RATHe ) JRE8 gotFaa Hacdedb B RET by ' "
conbi ni ng t he 4dKG ppeLIbREPSIVARIPIIE saqléensEof the a8sBRtof tonipgothesfte W t h

each of the plurality of conpounds for a tinme sufficrent to allow binding
under sui t abl enedulate thenkiolaglical astivitie aad tthergfererreoniate physielogmats

pol ypepti dg t oy, f e it t e i i fying
Phe conpounids JRaEeEpdobrRBIdHoRY ek eara b cEREERIRS b R o R o

i sol ated nucl ejjigo.afi dddkibe CheSequBAESS Brd E6nts 86 %0 0k Lﬁ&@dﬁbs%tﬁ'béhﬁ\ﬁac' d
mol ecule is identical to the sequence in ATCC Deposit No. PTA-1924 (hunman
KCNQS). 63. A taelsiienuse in theaidentificationsd apprepriate Soinan sykjpelsang patients he
group consi sti of e aLQni ¢ pain, mgrai ne headaches, acute 25
stroke, derrentfﬁg,th?}'g@%w%gﬂﬁgﬂgﬁélga, trauma, epilepsy, seizures, asthng,
anyel ot r ophi ¢ Twdrapaltic Abentsiised ALS), nultiple sclerosis (MS), Parkinson's
Di sease, neur£ yS1 0l 0Qgi ca isorders, neuropsychol ogi cal disorders,

anxi ety dil§or d8144] dehecsenserandbapiigense i Gpaucleis asihmelemiesean also

addi ction, eat I S.Qf, i } L rer! '

2ge- associ at o SHRL S HEIBeuRt B85fs Pt RENR piato el Bions PhaBRE Fanbes,
o, AR S S trmtrods 8 e e <119
provi di ng e ~' 3 ] ) o~ nucl ei ¢ aci

nol ecul e of clditgfermuiade theonudeicacid as deserihad Wrtbamrt.ef f ective to treat
the di sease orAH{is u- " 3, 9 Lcally acceptable carrier or

exci pient. 64.—& . r or detecting candi date conpounds 5

capabl e of150i npMag) t SéusraiTekirdBedaéssiiveltie AlbanlfesPof ameinsge, _
conprising: a) contacting a test conpl_ound with a purified K pol ypepti de
according to chaleauss. See foy example, iTeylae apdidrlanee1 W eenis2:fi ke t est

10 conpounds t i P i,ng for or
detecting candllp@alyg' %% @%%@Feblaﬁﬁ%?rﬁg%g%%ﬂéﬁb@@%t assi um
channel pol ypeRéviddss, ©0n43-584gBictechddcNewswatdreflanaanposindos) b. 4
purified KCNQ_I5 pol ypeptide according to claim 26; and b) selecting as
candi dat e con‘pBQhG@‘Stho@h &E@C@iﬁiﬂﬁﬂﬁ'ﬂgﬁaﬁ@ﬁdeﬂwqwmﬂﬁ?E@pWQ@. 66

o . : . :
bi hai ng. t @ huns LR 2 e o8 ARfibere SRS TR HPALINTCS BASH Bn°'
contacting a t%?ﬁomwmmmwtmawsrérid sohdtRigbcontrolregiondcothet fladking t o

claim27; and sel ecting as candi date conpounds those test conpounds that
bi nd to the pob&qHgRGEseintron seruempes,BNdRRNARSEA Watsop andbriglskasener ei n

accordi ng to chaiegstosherEfied R feTofiatdh BLPRR DN SIOE AR, coii o

support. molecules include antisense oligodeoxyribonucleotides,

25 oligoribonuclectides, oligonucleotide analogues, and the like, and may
comprise at least about 15 to 25 bases.
[0146] Antisense molecules may bind noncovalently or covalently to the
KCNQS5 DNA or RNA, Such binding could, for example, cleave or facilitate
cleavage of KCNQ5 DNA or RNA, increase degradation of nuclear or

30 cytoplasmic mRNA, or inhibit transcription, translation, binding of
transactivating factors, or pre-mRNA splicing or processing. Antisense



69. The nethod according to claim66, wherein the polypeptide is 30

I mmobi | i zed onto a solid support. WO O1/92s2G PCT/ US(11/ 1731~ 75 70. The
met hod acGQy§lifashet 0 cl ai m 64, wherein the candi date conpo%U%hrﬁn“

i rmobi lized onto a support. 71. The nmethod according to claim é wherein

t he candi date conmpounds are inmmobilized onto a support. 5 72. The net hod
according to claim®66, wherein the candi dadPe conpounds are i mopbilized onto
a support. 73. The nethod according to claim®64, wherein the nethod

conpri ses hi ghmolecoigshmay alse eentaingadditonal fagstionalities that inarbase atabdityli ng t o
claim 65, whergin the methqd 10.c L sgs_hj t hr oughput ., screeni ng

Cechnol ogy. 7aranRoth ol atdaut 8f ey biriag Afriedeqiait ot rgiaal: naa

conpri ses high emn ding to
A 64, vher B T eSO Myoulh de R R Esdicr ef

t her apeuti cs, KENQ&pteihsard’thusSeaketheoantisense dnolgctlesdlsafuha8ICHNRY ei n

t he candi d%t e cogqnound(i |a{e smal | nol ecul es, therapeutics, or drugs. 78.

The met hod ®acclyP 'ﬂ(jn‘? HB1%%P'm 66, wherein the candidate conpounds are smal |
mol ecul es, thefoaRgy! i1aaddiiord tHEKCNLYS nicleic acid sequence depicted in SEQ 1D

SE. A3nsY. A3Y. As. AY. A. A3s. A Asl . As. AY. As. As. A3. A Y. A3l . AFI . AFs. A

s. AY. AFn. Asl . ASORT roanebe used to dpsignrantisgese rnlgsuesisonsiruotsito investigate
s.As.ASsY.AsY.{%s. .As. A Y. A

S A A oy, Avs e RivRRlaflRal el RNEs SR thls navalpdlaSsiumgnanntin ety

}ufenb] W cna) oS SKAILEYLSS KRG daum K19 Sxpleesen 2fhe eodpasgaue gene. For

U] c"a] caU]lfa] cadwa-refalating e expresdioaldfdbg oRru@ldsCHIQEH patasgium él@nnel of
the present invention in mammalian cells, an antisense expression construct
containing the complement DNA sequence to the sequence, or a portion
thereof, essentially as depicted in SEQ ID NO:1 can be prepared, for
example, using the pREP10 vector (Invitrogen Corp.). Transcripts are

15  expected to inhibit transiation of the wild-type KCNQ5 mRNA in cells
transfected with the construct. Antisense transcripts are effective for
inhibiting translation of the native gene transcript and are capable of
inducing physiological effects, e.g., regulation of neurophysiological
disorders described herein. Translation is most effectively inhibited by

20  blocking the mRNA at a site at or near the initiation codon. Accordingly,
oligonucleotides that are complementary to the 5'-terminal region of the
KCNQ5 potassium channel mRNA transcript are preferred. Secondary or
tertiary structure which might interfere with hybridization is potentially
minimal in this region. Moreover, sequences that are too distant in the 3’

25 direction from the initiation site can be less effective in hybridizing with the
mRNA franscripts because of a “read-through” phenomenon in which the
ribosome appears to unravel the antisense/sense duplex to permit
translation of the message.

[0148] Oligonucleotides that are complementary to and hybridizable with

30 any portion of the novel KCNQ5 potassium channel mRNA are
contemplated for use according to the present invention. (See, for example,
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cells by microinjection, liposome encapsulation or by expression from
vectors harboring the antisense sequence, and the like. Antisense therapy
may be particularly useful for the treatment of diseases where it is beneficial
to modulate the biological activity of the hKCNQ5 potassium channel

5 described herein.
Delivery of hKCNQ5 Nucleic Acid to Cells
[0152] The human KCNQS5 potassium channel polypeptide-encoding
nucleic acid described herein may delivered to cells, either as naked DNA or

in an expression vector, wherein the cells express the polypeptide. In this

10  way, the KCNQS5 potassium channel polypeptide of the present invention
can be delivered to the cells of target organs. Conversely, KCNQ5
potassium channel polypeptide antisense gene therapy may be used to
modulate the expression of the polypeptide in the cells of target organs and
thus regulate biclogical activity.

15 [0153] The potassium channe! polypeptide coding region, or other suitable
regions, e.g., the S4 or pore region coding regions, can be ligated into
expression vectors, preferably, viral expression vectors, which mediate
transfer of the transactivator polypeptide nucleic acid by infection of recipient
host cells. Suitable viral vectors include retrovirus, adenovirus, adeno-

20 associated virus, herpes virus, vaccinia virus, polio virus, modified human
immunodeficiency virus (HIV), or portions thereof, and the like. See, e.g.,
U.S. Patent No. 5,624,820, Episomal Expression Vector for Human Gene
Therapy, issued April 29, 1997.

[0154] The KCNQS5 nucleic acid coding region, or desired portion thereof,

25 of the present invention is incorporated into effective eukaryotic expression
vectors, which are directly administered or infroduced into somatic cells (a
nucleic acid fragment comprising a coding region, preferably mRNA
transcript, may also be administered directly or introduced into somatic
cells). See, e.g., U.S. Patent No. 5,589,466, issued Dec. 31, 1996. Such

30 nucleic acid and vectors may remain episomal, or they may be incorporated
into the host chromosomal DNA as a provirus, or portion thereof, that
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[0155] Alternatively, the novel KCNQ5 potassium channel polypeptide
DNA can be transferred into cells for gene therapy by non-viral techniques
including receptor-mediated targeted DNA transfer using ligand-DNA
conjugates or adenovirus-ligand-DNA conjugates, lipofection membrane

10  fusion or direct microinjection, or microparticle bombardment. These
procedures and variations thereof are suitable for ex vivo, as well as in vivo
therapies, including use in humans, according to established methods and
protocols known in this art.

PCR Diagnostics

15 [0156] The hKCNQS5 nucleic acid sequence, oligonucleotides, fragments,
- portions or antisense molecules thereof, may be used in diagnostic assays

of body fluids or biopsied tissues to detect the expression level of the
KCNQJ5 potassium channel molecule in such fluids and tissues. For
example, sequences designed from the cDNA sequence SEQ ID NO: | or

20 sequences that encode SEQ ID NO:2 (all or a portion thereof) can be used
to detect the presence of the mRNA transcripts in a patient or to monitor the
modulation of transcripts during treatment. v
[0157] One method for amplification of target nucleic acids, or for later
analysis by hybridization assays, is the polymerase chain reaction ("PCR")

25 or PCR technique. The PCR technique can be applied to detect sequences
of the invention in suspected samples using oligonucleotide primers spaced
apart from each other and based on the genetic sequence, e.g., SEQ ID
NO: 1, as set forth herein. The primers are complementary to opposite
strands of a double stranded DNA molecule and are typically separated by

30 from about 50 to 450 nucleotides or more (usually not more than 2000
nucleotides).
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extension using a DNA polymerase to obtain DNA fragments of the
expected length based on the primer spacing. The present invention
provides a diagnostic composition for the identification of a polynucleotide
sequence comprising the sequence substantially as depicted in SEQ ID
NO:1, or nucleic acid sequences encoding the KCNQS5 polypeptide of SEQ
ID NO:2, comprising PCR primers for amplification. The degree of
amplification of a target sequence is controlled by the number of cycles that
are performed and is theoretically calculated by the simple formula “2n”,
where n is the number of cycles. See, e.g., Perkin EImer, PCR
Bibliography, Roche Molecular Systems, Branchburg, New Jersey;
CLONTECH products, Palo Alto, CA; U.S. Patent No. 5,629,158, Solid
Phase Diagnosis of Medical Conditions, issued May 13, 1997.
KCNQ5-Containing Compositions

[0159] Pharmaceutically useful compositions comprising sequences
pertaining to the novel hLKCNQS5 potassium channel polypeptide, DNA, RNA,
antisense sequence, the human KCNQ5 polypeptide itself, or variants and
analogs which have biological activity or, otherwise, compounds which
modulate KCNQ5 physiology/activity and identified by methods described
herein, may be formulated as compositions, preferably physiologically
acceptable compositions, according to known methods, such as by the
admixture of a pharmaceutically acceptable carrier, diluent, or excipient.
Examples of such carriers and methods of formulation may be found in
Remington's Pharmaceutical Sciences, 18th Ed., 1990, Mack Publishing Co,
Easton, PA. To formulate a pharmaceutically acceptable composition
suitable for effective administration, preferably in vivo, or even ex vivo, such
compositions will contain an effective amount of the protein, DNA, RNA, or
compound modulator.

[0160] Therapeutic or diagnostic compositions of the present invention are
administered to an individual in amounts effective to freat or diagnose
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human physiological disorders, neuroaffective disorders, and/or
neurophysiological disorders that are associated with the KCNQ5 potassium
channel, its biological activity or physiology. The effective amount may vary
according to a variety of factors, such as the individual's condition, weight,
5 sex and age. Other factors include the mode and route of administration.
These factors are realized and understood by the skilled practitioner and are
routinely taken into account when administering a therapeutic agent to an
individual.
[0161] The term "chemical derivative" describes a molecule that contains
10  additional chemical moieties which are not normally a part of the base
molecule. Optimally, the chemical moieties do not affect the activity or
function of the base molecule, e.g., hLKCNQ5. Such moieties may improve
the solubility, half-life, absorption, etc. of the base molecule. Alternatively
the moieties may attenuate undesirable side effects of the base molecule or
15 decrease the toxicity of the base molecule. Examples of such moieties are
described in a number of texts available to the practitioner, such as
Remington's Pharmaceutical Sciences.
[0162] Pharmaceutical compositions suitable for use in the present
invention include compositions wherein the active ingredients are contained
20 in an effective and sufficient amount to achieve the intended purpose. The
determination of an effective dose is well within the capability of those skilled
in the art. The therapeutically effective dose can be estimated initially either
in cell culture assays, e.g., of neoplastic cells, or in animal models, usually
mice, rabbits, dogs, pigs, rats, monkeys, or guinea pigs. The animal model
25 is also used to achieve a desirable concentration range and route of
administration. Such information can then be used to determine useful
doses and routes for administration in humans. A therapeutically effective
dose refers to that amount of the KCNQ5 protein or its antibodies, agonists
(openers or activators), or antagonists, (inhibitors or blockers), which

30 ameliorate, reduce or eliminate the symptoms or condition. The exact
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subcutaneous, topical, oral, intraperitoneal, intradermal, intravenous,
intranasal, rectal, and intramuscular. Administration of pharmaceutical
compositions is accomplished orally or parenterally. More specifically,
methods of parenteral delivery include topical, intra-arterial (directly to the
15  tissue), intramuscular, subcutaneous, intramedullary, intrathecal,
intraventricular, intravenous, intraperitoneal, or intranasal administration.
[0165] The present invention also provides suitable topical, oral, systemic
and parenteral pharmaceutical formulations for use in the novel methods of
treatment comprising the KCNQ5 potassium channel described herein. The
20 compositions containing compounds identified according to described
methods to be utilized as the active ingredient in modulating physiological,
neurophysiological, or neuropsychological conditions can be administered in
a wide variety of therapeutic dosage forms in conventional vehicles for
administration. For example, the compounds can be administered in such
25 oral dosage forms as tablets, capsules (each including timed release and
sustained release formulations), pills, powders, granules, elixirs, tinctures,
solutions, suspensions, syrups and emulsions, or by injection. Likewise, the
modulatory compounds may also be administered in intravenous (both bolus
and infusion), intraperitoneal, subcutaneous, topical -- with or without
30  occlusion, or intramuscular form, all using forms well known to those of
ordinary skill in the pharmaceutical arts. An effective but non-toxic amount
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modulating agent.
[0166] The daily dosage of the products may be varied over a wide range,
for example, from about 0.01 to 1,000 mg per adult human/per day. For
5 oral administration, the compositions are preferably provided in the form of

scored or unscored tablets containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0,
15.0, 25.0, and 50.0 milligrams of the active ingredient for the symptomatic
adjustment of the dosage to the individual to be treated. An effective
amount of the drug is ordinarily supplied at a dosage level of from about

10  0.0001 mg/kg to about 100 mg/kg of body weight per day. The range is
more particularly from about 0.001 mg/kg to 10 mg/kg of body weight per
day. Even more particularly, the range varies from about 0.05 to about 1
mg/kg. Of course, it will be understood by the skilled practitioner that the
dosage level will vary depending upon the potency of the particular

15 compound, and that certain compounds will be more potent than others.
[0167] In addition, the dosage level will vary depending upon the
bioavailability of the compound. The more bioavailable and potent the
compound, the less amount of the compound will need to be administered
through any delivery route, including, but not limited to, oral delivery. The

20 dosages of the KCNQS5 potassium channel modulators are adjusted when
combined in order to achieve desired effects. On the other hand, dosages
of the various agents or modulating compounds may be independently
optimized and combined to achieve a synergistic result wherein the
pathology is reduced more than it would be if one single agent or compound

25  were used alone. Those skilled in the art will employ different formulations
for nucleotides than for proteins or their inhibitors. Similarly, the delivery of
polynucleotides or polypeptides will be specific to particular cells and
conditions.
[0168] In another of its aspects, the present invention provides targeting

30 therapies to deliver an active agent, such as a KCNQ5 protein modulator, or

the KCNQS5 polypeptide, antibodies, peptides and nucleic acids of the
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- unacceptably toxic, or if it would 'require too high a dosage, or if it wc'n}/Id not
5 otherwise be able o enter the target cells.
[0169] Rather than administering an active agent directly, the agent could
be produced in the target cell, e.g., in a viral vector as described
hereinabove, or in a cell-based delivery system, e.g., as described in U.S.
Patent No. 5,550,050, or published international application numbers WO
10  92/19195, WO 94/25503, WO 95/01203, WO 95/05452, WO 96/02286, WO
96/02646, WO 96/40871, WO 96/40959 and WO 97/12635, designed for
implantation in a patient, i.e., an ex vivo type of therapy. The vector can be
targeted to the specific cells to be treated, or it can contain regulatory
elements which are more tissue specific to the target cells. The cell-based
15 delivery system is designed to be administered to a patient, or implanted in
a patient’'s body at the desired target site and contains a coding sequence
for the active agent. Alternatively, the agent can be administered in a
precursor form for conversion to the active form by an activating agent
produced in, or targeted to, the cells to be treated (e.g., see, EP 425731 A

20  or WO 90/07936).

EXAMPLES
[0170] The following examples as set forth herein are meant to illustrate
and exemplify the various aspects of carrying out the present invention and
are not intended to limit the invention in any way.
25 EXAMPLE 1

Bioinformatics Analysis

[0171] Human KCNQ2 and KCNQ3 sequences were used as probes to
search public domain EST (expressed sequence tag) databases and
proprietary Incyte EST databases. The DNA/protein database search

30 program used was called gapped BLAST2 (Alischul et al., 1997, Nucl. Acids
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clone might be a novel member of KCNQ potassium channel family.
[0172] The Incyte #4970006 clone was fully sequenced and found to
contain only a partial gene sequence. Although this clone showed a partial

10  DNA and protein alignment to the KCNQ family (nt 1819-2121), most of the
#4970006 clone sequence was hypothesized not to be part of the novel
hKCNQS5 clone, based on lack of homology and &’ and 3' RACE
experiments. Thus, primers were designed to amplify the short sequence
(nt 1819-2121) from the bioinformatic similarity search using human brain

15 tissue as the source nucleic acid. Polymerase chain reaction (PCR) was
performed using Human Brain cDNA as a template (Clontech, Marathon-
Ready) with primers designed against the region between nt 1819 and nt
2121 of clone #4970006. A “Q5” probe was prepared using the primers:
Q5/sense (sense: 5 CTGGATAAGCAGCCACTGTTT 3'), (SEQ ID NO:22)

20 and Qb5/antisense (5 GCAGAACATGAGACCACAG 3'), (SEQ ID NO:23). '
Taq polymerase was used with the following cycling parameters:
denaturation -- 94°C for 1 minute, annealing -- 55°C for 1 minute, and
extension at 72° C for 1 minute and 30 seconds, for a total of 35 cycles. The
DNA product of 259 base pairs (bp) was the expected size and was ligated

25 into the TA vector (pCR 2.1, Invitrogen). Miniprep DNA was analyzed and
sequenced.
[0173] The sequéncing results indicated that the 259 bp sequence was
the same as that of the clone #4970006 between the two priming sites. This
PCR product was then used as a probe to screen a human brain cDNA

30 library (Clontech, Agt10). This 259 bp probe, the Q5 probe (150 ng DNA /
150 pCi ¥P-dCTP) was labeled using Ambion’s DecaPrime Il kit, denatured,
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at room temperature. DNA was UV-crosslinked onto the membranes at 0.5
joules. Hybridization of the membranes was overnight at 42° Cin 2X PIPES

10  buffer, (i.e., 1,4-piperazine-diethane sulfonic acid), 50% formamide, 1% SDS
with 100 pug/ml of denatured salmon testes DNA. Washes were carried out
once in 1X SSC, 0.1 % SDS for 15 minutes at room temperature, then 3x in
0.1X SSC, 0.1% SDS for 15-20 minutes each at 55°C. The membranes
were exposed to film overnight at -70° C.

15 [0175] Following the screening procedure, fifteen initial positive signals
were observed, and these plaques were cored from the agar plates, placed
in Lambda Dilution Buffer, diluted, and secondary and/or tertiary screening
were/was performed with the Q5 probe to isolate the positive plaques.
Isolated plaques were cored, placed in dilution buffer, and PCR was

20 performed on the supernatant with Agt10 forward and reverse primers
(Forward primer: 5-CTTTTGAGCAAGTTCAGCCTGGTTAAGT-3' (SEQ ID
NO:24); Reverse primer:
5'-GAGGTGGCTTATGAGTATTTCTTCCAGGGTAA-3' (SEQ ID NO:25) to
estimate the size of the inserts. DNA was isolated from plate lysates of the

25 positive clones and purified using Promega’s Wizard Lambda Prep kit. The
DNA was enzymatically digested with EcoRl, and inserts were gel-purified
using Clontech’s Nucleotrap Kit. These inserts were then ligated into the
vector pcDNA3.1(+) Neo (Invitrogen).

[0176] With the full sequence known from the overlapping alignment, the

30 polymerase chain reaction was used to amplify a full length clone from
human Brain cDNA (Clontech). To amplify a full length product, the
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for a total of 25 cycles. The 2694 bp PCR product was first cloned into
pCR2.1 and confirmed by sequence analysis. The hKCNQS5 product was
subcloned into pcDNA3.1(+) Neo for expression in mammalian cells and into
pBS-KSM for expression in frog oocytes (the pBS-KSM vector has 5’ and 3’

10  Xenopus beta globin UTRs for increased expression in Xenopus oocytes).

EXAMPLE 2

RNA expression blots
[0177] To determine the expression of hKCNQ5 mRNA in human tissues,
dot blots and Northern blots were performed.
15 [0178] For carrying out the dot blot analyses, a Poly A+ RNA Master Blot
(Clontech) was hybridized with the same 259 bp Q5 probe used to screen

the Human Brain library. Hybridization was done at 65° C overnight in
ExpressHyb solution (Clontech) containing 100 ug/ml of denatured salmon
testes DNA and denatured Q5 probe (50 ng DNA/ 50 uCi 32-P-dCTP)

20 following the manufacturer’s protocol. The blot was washed 5x for 20
minutes each at 65°C in 2X SSC, 0.1% SDS, then 2x for 20 minutes each at
55°C in 0.1X SSC, 0.5% SDS. The blot was exposed to XARS film at -70°C.
[0179] In the dot blot shown in Figures 6A and 6B, positive signals were
observed in whole brain, as well as for subregions of the brain; including

25  brain subregioris including; caudate nucleus, cerebellum, hippocampus,
cerebral cortex, frontal lobe, occipital pole, putamen, and temporal lobe. In
addition to CNS tissue, skeletal muscle also gave a positive signal. No other °
tissues appeared to express the KCNQ5 mRNA.

[0180] A Human Multiple Tissue Northern blot (Clontech) was also probed

30 for the presence of hKCNQ5 mRNA. Hybridization was for 1 hour at 68°C in
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minutes at room temperature in 2x SSC, 0.05% SDS, with continuous
agitation and several changes of fresh solution. The blot was then washed

5 3xin0.1X SSC, 0.1% SDS at 50°C with continuous agitation for 40 min.
The blot was exposed overnight to XARS5 film at -70°C. The results are
shown in Figures 6A and 6B.

'0181] Similar to the resulis observed from the dot blot, the human
multiple tissue Northern blot revealed a restricted distribution of hHKCNQ5

10 mRNA (Figure 7). A strong signal was observed between 7-7.5 Kb for
skeletal muscle with a smaller signal in human brain tissue. Although the
differences in signal strength could be due to the differences in RNAs
between the two blots, the results clearly show a restricted localization to
brain tissue and skeletal muscle.

15 EXAMPLE 3
In situ hybridization

[0182] For performing the in situ hybridization studies as depicted in
Figures 9A/F-18A/B, frozen 16um sections of rat DORG, trigeminal, or adult
brain cut at intervals of 225 pym were fixed by immersion (without thawing)
20 into ice cold 10% formaldehyde in phosphate buffered saline (PBS) for 20
minutes and rinsed with PBS. Fixed sections were treated with 0.5% Triton
X-100in 0.1 M Tris, pH 8.0, and 0.05 M EDTA for 30 minutes and rinsed for
3 minutes in 0.1 M Tris, pH 8.0, and 0.05 M EDTA. The tissue was then
treated with 0.1 M TEA, pH 8.0, plus 0.25% acetic anhydride for 10 minutes
25 atroom temperature, rinsed (3 X) in 2X SSC, dehydrated through a series of
alcohols, delipidated in chioroform, and air dried.
[0183] Riboprobes were synthesized using the Promega Riboprobe

Transcription System Il (Promega, LOCATION?) with 250 uCi 39S-UTP and

250 pCi 39S-CTP in a total reaction volume of 10 pL. Unlabeled UTP and
30 CTP were added at 25 yM each and ATP and GTP at 500 uM each. The
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13Vt 10%& () 1" 100 & Gkiion. et p?c!)t%slv(\)loe/%ﬂtﬁf)e—d by phenol:chloroform extraction
and two ethanol precipitations using ammonium acetate. The dried tissue
sections were hybridized with 1 x 107 cpm/ml riboprobe in hybridization
buffer (50% formamide, 0.3 M NaCl, 10 mM Tris, 1 mM EDTA, 1X
Denhardt's solution, 10% dextran sulfate, 500 ug/ml tRNA and 10 mM DTT)
10  overnight at 54 °C. The hybridization solution was removed by rinsing 4
times in 4 x SSC, 5 minutes for each wash. The sections were incubated in
0.02 mg/ml RNase, 0.5 M NaCl, 10 mM Tris, pH 8.0, and 1 mM EDTA for 30
minutes at 37 °C, then washed in 2X SSC, 1X SSC and 0.5X SSC, all
containing 1 mM DTT, for 10 minutes per wash at room temperature. The
15  tissues were incubated in 0.1X SSC, 1 mM DTT, and 20% formamide for 30
minutes at 50°C, then rinsed briefly in 0.1X SSC and 1 mM DTT at room
temperature, dehydrated, and air dried. The dried sections were exposed to
XOMAT film (Kodak, Rochester, NY), then were dipped in NTB2 emulsion
(Kodak, Rochester, NY), developed after 2 weeks, and examined under the
20 microscope to determine the cellular localization of each mRNA. Images
were acquired using the NIH Image software.
[0184] A summary of the results of the expression of human KCNQ5
mRNA in brain by in situ hybridization is presented in Table 2:
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Piriform Cortex ++
Septohippocampal nuclei +
CA2 Region of the Hippocampus +/++
CAZ3 Region of the Hippocampus +/++
Reticulotegmental Nuclei of the Pons +/++
Pontine Nuclei +
Dorsal Root Ganglion + (in 10-20% of neurons)
Trigeminal Ganglion + (in 20-30% of neurons)

*. Intensity of labeling as examined microscopically was scored on a scale

of + to +++++.

5 EXAMPLE 4
hKCNQ5 Oocyte Expression and Electrophysiology

[0185] Frog (Xenopus laevis) oocytes were prepared and injected using
standard techniques; each oocyte was injected with approximately 50 nl of

hKCNQ5 cRNA. Following injection, oocytes were maintained at 17°C in
10 ND96 medium comprising (in mM): NaCl, 90; KCl, 1.0; CaCl,, 1.0; MgCl, ,
1.0; HEPES, 5.0; pH 7.5. Horse serum (5%) and penicillin/streptomycin
(5%) were added to the incubation medium. Recording commenced 2-6
days following mRNA injection. Prior to the start of an experiment, oocytes
were placed in a recording chamber and incubated in Modified Barth's
15  Solution (MBS) consisting of (in mM): NaCl, 88; NaHCO,, 2.4; KCl, 1.0;
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[0186] As demonstrated in Figure 8, the injection of hKCNQ5 cRNA into

10  Xenopus oocytes resulted in robust expression of large outward currents
under the recording conditions employed in these experiments. Currents
appeared similar to those obtained by the expression of KCNQ2 channels;
currents were slowly activating, non-inactivating at positive voltage steps
over a period of seconds, and deactivated with a time course similar to the

15 current activation. However, unlike the KCNQ2 currents, the hKCNQ5
currents were largely resistant to the potassium channel blocker
tetraethylammonium (TEA), even at concentrations as high as 30 mM.
[0187] These results indicated that expression of the hKCNQ5 construct in
oocytes produced robust expression of large outward currents similar to

20 those seen with KCNQ2 expression, but with a different pharmacology.
Injection of equivalent amounts of water (50 nl) did not result in expression
of outward currents at the voltage steps used to detect KCNQ5 expression.

EXAMPLE §

Ligand binding assay for high throughput screening for LKCNQ5 modulators

25 [0188] Cell lines that over-express the heterologous KCNQ5 potassium
channel coding region described herein (SEQ ID NO:1), or a biologically
active fragment or truncated portion thereof, or a chimeric or fusion protein,
are used in binding assays to identify and screen for pharmacologically

active molecules that block hKCNQ5 activity.
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J. Biol. Chem., 266:3668). Membrane preparations of cell lines that over-

express the KCNQ5 potassium channel are made by homogenizing the cells
5 using a Polytron for 25 seconds at 13,000 rpm and centrifuged at 100xg for
2 minutes. The pellet is suspended in 1 ml of assay buffer (56 mM NaCl, 5
mM KCI, 10 mM HEPES, 6mM glucose, pH 8.4) and diluted to 50 ug/ml.
[0190] To each of the wells of a 96-well microtiter plate, 130 ! of assay
buffer is added, along with 20 pl of test compound or drug (the test
10 compound or drug may be a small molecule, peptide, analog, or mimetic
agent), control assay buffer, non-specific, unlabeled ligand (10 nM), 50 pl of
membranes from cells over-expressing KCNQS5 potassium channel at 50
ug/ml, and 50 pl of radioligand (25 pM; NEN, 2200 Ci/mmol). The plates are
incubated for 20 minutes at 21°C with mixing. Bound radiolabeled ligand is
15  separated from free radiolabeled ligand in solution by filtration over pre-
soaked GF/C Unifilters (Packard Instruments) and washed rapidly in ice-cold
wash buffer. Upon drying, scintillation fluid is added and the filter plates are
scintillation counted. Data from saturation experiments are subjected to
Scatchard analysis and linear regression. (Deutsch, C. et al., 1991, J. Biol.
20 Chem., 266:3668). Compounds that compete with the radiolabeled ligand
for binding the novel KCNQ5 potassium channel are identified via the
production of a reduction in specific counts. Alternatively, a scintillation
proximity assay (SPA) can be used so as to eliminate the need for filters.
SPA is easily adapted for high throughput screening assays (Hoffman, R. et
25 al, 1992, Anal. Biochem., 29:370; Kienuis, C.B.M. et al., 1992, J. Recept.
Res., 12:389).

[0191] The contents of all patents, patent applications, published articles,
books, reference manuals and abstracts cited herein are hereby

30 incorporated by reference in their entirety to more fully describe the state of
the art to which the invention pertains.
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[0192] As various changes can be made in the above-described subject
matter without departing from the scope and spirit of the present invention, it
is intended that all subject matter contained in the above description, or
defined in the appended claims, be interpreted as descriptive and illustrative

5 of the present invention. Many modifications and variations of the present
invention are possible in light of the above teachings.
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- 10! An isolated polynucleotide molecule encoding a polypeptide
comprising all or a portion of a human KCNQ5 protein.
2. The polynucleotide molecule according to claim 1, wherein the
5 human KCNQJ5 protein comprises the amino acid sequence set forth in SEQ
ID NO:2.
3. The polynucleotide molecule according fo claim 1, wherein the
molecule is selected from the group consisting of (a) all or a portion of a
nucleic acid sequence set forth in SEQ ID NO:1; (b) the complement of (a);
10  and (c) variations of (a) due to degeneracy in the genetic code.

4. A vector comprising the polynucleotide molecule according to
claim 1.

5. A vector comprising the polynucleotide molecule according to
claim 2.

15 6. A vector comprising the polynucleotide molecule according to
claim 3.

A host cell comprising the vector according to claim 4.
A host cell comprising the vector according to claim 5.
A host cell comprising the vector according to claim 6.
20 10.  The host cell according to claim 7, wherein said cell is
prokaryotic or eukaryotic.
11.  The host cell according to claim 8, wherein said cell is
prokaryotic or eukaryotic.
12.  The host cell according to claim 9, wherein said cell is
25 prokaryotic or eukaryotic.
13.  Anisolated nucleic acid molecule having at least 80%
sequence identity to the nucleotide sequence as shown in SEQ ID NO:1.
14.  An isolated nucleic acid molecule encoding a human KCNQ5
potassium channel, wherein said nucleic acid molecule hybridizes under

30 moderate stringency conditions to a nucleic acid encoding the amino acid
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18. A vector comprising the nucleic acid molecule according to
claim 14.
19. A vector comprising the nucleic acid molecule according to
claim 15.
15 20. A vector comprising the nucleic acid molecule according to
claim 16.
21. A cell comprising the vector according to claim 17.
22. A cell comprising the vector according to claim 18.
23. A cell comprising the vector according to claim 19.
20 24. A cell comprising the vector according to claim 20.
25. Anisolated KCNQS5 polypeptide comprising all or a portion of
the amino acid sequence set forth in SEQ 1D NO:2.
26. Anisolated KCNQS5 polypeptide encoded by the polynucleotide
molecule according to any of claims 1 to 3.
25 27. Anisolated KCNQS5 polypeptide encoded by the nucleic acid
molecule according to any of claims 13 to 16.
28. A method of identifying a compound that modulates the
biological activity of a KCNQS5 potassium channel polypeptide, comprising:
(a) combining a candidate modulator compound with a KCNQ5
30 potassium channel polypeptide having the sequence set forth in SEQ ID
NO:2; and
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expressing a KCNQ5 potassium channel polypeptide having the sequence
as set forth in SEQ ID NO:2; and

(b) measuring an effect of the candidate modulator compound on
the activity of the expressed KCNQ5 potassium channel polypeptide.
10 30. A method of identifying a compound that modulates the
biological activity of a KCNQS5 potassium channel polypeptide, comprising:
(a) combining a candidate modulator compound with a host cell
containing a vector according to any of claims 4 to 6, or claims 17 to 20,
wherein a KCNQS potassium channel polypeptide is expressed by the cell;
15 and
(b)  measuring an effect of the candidate modulator compound on
the activity of the expressed KCNQ5 potassium channel polypeptide.
31. A method of screening for a compound that is capable of
modulating the biological activity of a KCNQS5 polypeptide, comprising the
20 steps of:
(a) providing a host cell according to any of claims 7 to 9 and 21
to 24;
(b)  determining the biological activity of the KCNQS5 polypeptide in
the absence of a modulator compound;
25 (¢)  contacting the cell with the modulator compound; and
(d) determining the biological activity of the KCNQ5 polypeptide in
the presence of the modulator compound; wherein a difference between the
activity of the KCNQ5 polypeptide in the presence of the modulator
compound and in the absence of the modulator compound indicates a
30 modulating effect of the compound.
32. A compound that modulates the biological activity of human
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according to claim 28.

33. A compound that modulates the biological activity of human

KCNQ5 potassium channel polypeptide as identified by the method
5 according to claim 29.

34. A compound that modulates the biological activity of human
KCNQS5 potassium channel polypeptide as identified by the method
according to claim 30.

35. A compound that modulates the biological activity of human

10  KCNQS5 potassium channel polypeptide as identified by the method
according to claim 31. |

36. An antisense nucleic acid molecule which binds to the
polynucleotide molecule according to claim 1.

37.  An antisense nucleic acid molecule which binds to the

15  polynucleotide molecule according to claim 2.

38.  An antisense nucleic acid molecule which binds to the
polynucleotide molecule according to claim 3.

39. An antisense nucleic acid molecule which binds to the nucleic
acid molecule according to any of claims 13 to 16.

20 40. A pharmaceutical composition comprising the polypeptide
according to claim 25 and a physiologically acceptable carrier, excipient, or
diluent.

41. A pharmaceutical composition comprising the polypeptide
according to claim 26 and a physiologically acceptable carrier, excipient, or

25 diluent.

42. A pharmaceutical composition comprising the polypeptide
according to claim 27 and a physiologically acceptable carrier, excipient, or
diluent.

43. A method for the production of a pharmaceutical composition

30 comprising the steps of the method according to claim 28 and further
including step (c): formulating the compound that is capable of modulating
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44. A method for the production of a pharmaceutical composition
comprising the steps of the method according to claim 29 and further
5 including step (c): formulating the compound that is capable of modulating
the biological activity of the KCNQ5 polypeptide in a pharmaceutically
acceptable form.
45. A method for the production of a pharmaceutical composition
comprising the steps of the method according to claim 30 and further
10 including step (c): formulating the compound that is capable of modulating
the biological activity of the KCNQ5 polypeptide in a pharmaceutically
acceptable form.
46. A method for the production of a pharmaceutical composition
comprising the steps of the method according to claim 31 and further
15 inciuding step (e). formulating the compound that is capable of modulating
the biological activity of the KCNQ5 polypeptide in a pharmaceutically
acceptable form.
47. The method according to claim 43, wherein the pharmaceutical
composition is for the freatment of acute and chronic pain, migraine
20 headache, acute stroke, dementia, trauma, epilepsy, seizure, amyelotrophic
lateral sclerosis (ALS), multiple sclerosis (MS), Parkinson’s Disease, anxiety
disorders, depression, bipolar disorders, sleep disorders, addiction, eating
disorders, ataxia, myokymia, Alzheimer's disease, age-associated memory
loss, learning deficiencies, cognitive disorders, and motor neuron diseases.
25 48. The method according to claim 44, wherein the pharmaceutical
composition is for the treatment of acute and chronic pain, migraine
headache, acute stroke, dementia, trauma, epilepsy, seizure, amyelotrophic
lateral sclerosis (ALS), multiple sclerosis (MS), Parkinson’s Disease, anxiety
disorders, depression, bipolar disorders, sleep disorders, addiction, eating
30 disorders, ataxia, myokymia, Alzheimer’'s disease, age-associated memory

loss, learning deficiencies, cognitive disorders, and motor neuron diseases.
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disorders, ataxia, myokymia, Alzheimer’s disease, age-associated memory
loss, learning deficiencies, cognitive disorders, and motor neuron diseases.
50. The method according to claim 46, wherein the pharmaceutical
composition is for the treatment of acute and chronic pain, migraine
10  headache, acute stroke, dementia, trauma, epilepsy, seizure, amyelotrophic
lateral sclerosis (ALS), multiple sclerosis (MS), Parkinson’s Disease, anxiety
disorders, depression, bipolar disorders, sleep disorders, addiction, eating
disorders, ataxia, myokymia, Alzheimer’s disease, age-associated memory
loss, learning deficiencies, and motor neuron diseases.
15 51.  An antibody specific for the KCNQS5 polypeptide according to
claim 25.
52. An antibody specific for the KCNQ5 polypeptide according to
claim 26.
53.  An antibody specific for the KCNQ5 polypeptide according to
20 claim 27.
54. The antibody according to claim 51, wherein the antibody is a
monoclonal antibody.
55. The antibody according to claim 52, wherein the antibody is a
monoclonal antibody.
25 56. The antibody according to claim 53, wherein the antibody is a
monoclonal antibody.
57. The antibody according to claim 51 or claim 54, wherein said
antibody is directed toward a portion of the KCNQ5 polypeptide comprising a
peptide having a sequence selected from the group consisting of SEQ ID
30 NO:5-21, or a combination thereof.

58.  Anisolated polynucleotide molecule selected from the group
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61. A method for screening a plurality of compounds to assess
specific binding affinity with a KCNQ5 potassium channel polypeptide, or a
bindable portion thereof, comprising:

(@)  providing a plurality of test compounds;

(b)  combining the KCNQ5 polypeptide, or a bindable fragment
15 thereof, with each of the plurality of compounds for a time sufficient to allow

binding under suitable conditions; and

(c) detecting binding of the KCNQ5 polypeptide to each of the
plurality of test compounds, thereby identifying the compounds that
specifically bind to the KCNQS polypeptide.

20 62. An isolated nucleic acid molecule, wherein the sequence of
said nucleic acid molecule is identical to the sequence in ATCC Deposit No.
PTA-1924 (human KCNQ5).

63. A method of treating a disease or disorder selected from the
group consisting of acute and chronic pain, migraine headaches, acute

25 stroke, dementia, vascular dementia, trauma, epilepsy, seizures, asthma,
amyelotrophic lateral sclerosis (AL.S), multiple sclerosis (MS), Parkinson’s
Disease, neurophysiological disorders, neuropsychological disorders,
anxiety disorders, depression, bipolar disorders, sleep disorders, addiction,
eating disorders, ataxia, myokymia, Alzheimer’s disease, age-associated

30 memory loss, cognitive disorders, learmning deficiencies, neuronal cell death,

and brain tumors and motor neuron diseases, comprising providing the
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65. A method of screening for or detecting candidate compounds
capable of binding to human KCNQS5 potassium channel polypeptide,
comprising:

a) contacting a test compound with a purified KCNQ5
15 polypeptide according to claim 26; and
b) selecting as candidate compounds those test
compounds that bind to the polypeptide.

66. A method of screening for or detecting candidate compounds
capable of binding to human KCNQ5 potassium channel polypeptide,
20 comprising:
a) contacting a test compound with a purified KCNQ5
polypeptide according to claim 27; and
b) selecting as candidate compounds those test
compounds that bind to the polypeptide.
25 67. The method according to claim 64, wherein the polypeptide is
immobilized onto a solid support.
68. The method according to claim 65, wherein the polypeptide is
immobilized onto a solid support.
69. The method according to claim 66, wherein the polypeptide is
30 immobilized onto a solid support.
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10  comprises high throughput screening technology.
75. The method according to claim 66, wherein the method
comprises high throughput screening technology.
76. The method according to claim 64, wherein the candidate
compounds are small molecules, therapeutics, or drugs.
15 77. The method according to claim 65, wherein the candidate
compounds are small molecules, therapeutics, or drugs.
78. The method according to claim 66, wherein the candidate

compounds are small molecules, therapeutics, or drugs.
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