WD 01/ 92526 PCT/ US01/ 17314 1 HUMAN KCNQG POTASSI UM CHANNEL, METHODS AND
COVPOSI TI ONS THERECF 5 [0001] This application clains benefit of

provi si ovad opgtseqt application U S. Serial No. 60/207, 38BCTARbIEd3MBY 26
2000. FIELD OF THE | NVENTI ON [0002] The present invention relates generally
to the KCNQ fam ly of 10 potassium channel,s. Mre specifically, the present
I nvention provides a new potassium channel polypeptide, KCN@®, which was
cloned and isolated from hunan tissue. Human KCNQ is found to be
expressed primarily in brain and skeletal nuscle. The present invention
further provides nethods for nodul ating the KCN@ potassi um channel and

assays for detecti ng, e treatnent
of a variety of neur&@ogl Wsww@%}%% neuropsycﬁol ogi cal

condi tions di sorders and di se HE | NVENTI ON [ 0003]

Pot assi um éhannel S are nenbrane-spanning proteins that 20 generally act to
hyper pol ari ze | n | ﬁg{a@ |
currents are fggggpl ﬁ‘hémg'?[ﬂic%r Hcﬁgsgegggggfo%@gi[se WP éﬁﬁk a\/\,P %é%@aggge of
functions, i ndderil Np. 02076589, dtledMeanf 26,8008l ectri cal properties of
excitable cells. Depending on the type of potassium channel, its functional
activity can be controlled by transnenbrane voltage, different |igands, 25
protein phosphoryl ation, or ot héHEEDCORTHENVENTION [ 0004] In the |ast
decade, the cloning of potassiumchannels has resulted in the discovery of

the nol ecul ar [0002Rt The prasdestiaveastion fetstes geneofallgite #ie KCNQ&miPopot assi um
channel genes and many of their associated regulatory subunits. Mre

recently, 18 mtawwwng& ddere spegitisaiy| tf@ewfégen&lnéerﬁcpn@qw RNeWni |y,

12, ST, oS5 g dhri Bl O5ES, Y B R

CGenet ., 18: 53-fhdr Hudman tissue. Human KCNQS5 is found to be expressed primarily in

brain and skeletal muscle. The present invention further provides methods
for modulating the KCNQS5 potassium channel and assays for detecting

15  channel modulators, which have use in the treatment of a variety of
neurological, neurophysiological and neuropsychological conditions,

disorders and diseases.

BACKGROUND OF 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 famiiy of potassium channel genes, the

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



Biervert et al., 1998, Science, 279:403-406). The KCNQ fam |y of potassium
channel s are voltage dependent potassium channels. They contain the

vol t age 3e@sD925amd pore signature sequences characteri stiPCOUS@/B3G
transmenbrane potassium channel gene and have a |onger carboxy- term nus

t han ot her known vol t age- dependent pot assi um channel s. [0005] A remarkable
aspect about the KCNQl 4 gene famly is t mut ati ons in each channel are

associated wt p a sease n In cardi rr

(KONQL) , epi | aé\?éﬂé G &bﬂ%@‘f téLd%@M 1 éél%z The
present inven r d | I I

present | VoA 09808, Ot 2 assocy! THEKONG ERARLRIIAH | |
an addi ti onal cimanbels ayé voltegéGRQendent potassipt chesinets. Theynoentajprtheei ns,

i solated from a, human sourc for use i n_the nmethods tand g ositions
descri bed her &CHa9 3§6§W§$b RR/ERAY ¢ PCRASHGOLR Oghj ect of the
present i ngentjpRnidnbih a@smvceﬂanlnép@éﬁ@endmwrwr@hgeﬁb%oszw ecul e
encodi ng a novel potassium channel polypéeptid referred to herein as
KCNQB, or hKChesniaus éhan bihen kniENg®)tagetepepdestpotassivenchamelsiconpasses

seauance. encodPMek nd mRaeD R aerhaoayahe R Bl hehy il sbdLn

i nvention are rH@t%lhéﬁé ﬁnéaémcﬁé\ﬁweﬂ Ié@l%sdsmaﬂe@lw.th P RANGEESs < Wecltiding
degeneracy in the genetic code. I\LQS)OO The {)r esent i nvention provides for

pol ynucl eot i de:amhae@ﬂﬂmmmiadeC t), ®pileps)s(KGNGZtarmbBCNG) i arl hearll’[gwe

nd Set 1 aPt h oS BRGNS Preralt P tEn e Eane o] RoalRT G A thes: |
(a) a purifi e%h@?ébtéﬁﬁé@mmmhé KCﬁ@QCfamH?e@éHe@ ICORESH, nﬂuﬁaﬁmw Ot ein

according to the present invention; nuclei c acid sequences
conpl ement ar y provigdey the ajt thltareaddmonal r@emlm(oésthe K&NQ darily bkpetaszionm
sequence i dentj east 80%to at ast 30, 90%

oy ot anaoePRiging S B rSRSA nit Suile EEie IRt

PCT/ USO01/ 17314 mdng@ametréqnto (a); or (d) a fragnent of (a) or (b)
which wll hybridize to (a) or (b) under |ow, noderately stringent and/or

hi ghly stringent conditions
15 SUMMARY OF THE INVENTION

[0006] [t is an object of the present invention to provide a novel isolated
polynucleotide molecule encoding a novel potassium channel polypeptide
referred to herein as KCNQ5, or hKCNQ5 (i.e., human KCNQ5). The
present invention encompasses the amino acid sequence of the hKCNQ5

20 protein and the nucleic acid sequence encoding the hKCNQS5 protein. Also
embraced by the present invention are variations in the hKCNQ5 nucleic
acid sequence due to degeneracy in the genetic code.
[0007] The present invention provides for polynucleotide molecules which
are at least about 70% identical to the polynucleotide sequence of the native

25 hKCNQS5 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 KCNQ5 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%



(described further herein), said fragment preferably conprising at |east 15
nucl eotides to 20 nucl eotides (e.g., encoding at |east 5 codons, nore 5

pr ef er abiwoat/9idseast about 7-15 codons), and nore preferabPgT@Rcoddrg a
functional or biologically active fragment of the hKCNQ@ pol ypeptide, such
as the pore region (which spans about am po acid 191 to am no acid 209 of
the KCNQ pol ypeptide sequence) or the S4 voltage sensor region (which

sbquence | Ff"%‘eﬂﬁgﬁ‘& 5508y (o e e G ity de) 6F emivieh SALEESTIRER | on
to provide an X h@&@bﬁb&f%@&%té}{)%ﬁ ggﬁt ahd)o%ﬁh@efm\geﬁ%ﬁdm&%@

I dentical to t 'ypepti de’ sequence di sclosed rein and set
forth as SEQ I(dlesmib@d furthef be@m\)ysaldrfeagmelstqoreferabbrmqmpnsnm@Iatmaest15a) t he

d 1 t ft t d
T "ot o acy BiEBEoRE 4 20 AR BLoiiobla AR MG 17T 070
at |east 88% e bl9ra%i«f‘ée a%b?éufi? -1l56@fon3D AndMbfe Prete ébfccﬂim gast 95%

and nost preferab st 98% sequence identity to (a [ 0009] i's
yet a further fomtmlftal of bichegigallysastiveifragenentaf th@hmﬂ@OWmWée sumn KCNQB

pol ynucl eoti d | ecul e ted vector host and ds of
use. Prefer abﬁ%?w&fﬁ&?wniv"@ Qbé’éﬁla@'f‘g a&"%ﬁ% Fﬂ)?@m %&8%9 of
accordance wi tife KIINGS eﬁt.@é%uenceWtﬁe@i PQtdgtes SR 0858 (WAKEhNY
approximately 70% or greater identity to the sequence are

preferred, prepanatibputiacino aoide2G o arnlﬂm@:\dgﬁﬁuq{gleeu&,( N@agiolyipeptide Al so 25
preferred ﬁre nucl eot Z ﬁgiences t hat about 80% or nore identical to the
KCNQb poIQ uc|3@8f1f~‘88% E'@e of SEQ ID NO 1. [0010] Yet another object of

the present ingeos) O'I‘tlé%nb%é?rdb‘fééi%fﬂ\é?b@s@nt meﬁﬁo@&s prdwb BY aRfifowi th
degenerate ol i'gonucl eoti de priners. rdi nari ed practitioner in

the art can decideeguaricepwhichris ab@étjabwttm%?,o %Hié@tlﬁabﬂoé e h#&NQS
AR T L L S DR o T R
ée ‘:’éf"”pge 1PC’?’ﬁeﬁé‘rBBIyqHﬁp@s@nﬂﬁ%@hh&?%ddﬁe@h(é)echétanﬁihoecic?&@queﬁcérb?fs
15 the KCNQS5 protein of the present invention; and (b) amino acid sequences
having at least 70% sequence identity, preferably at least 80%, more
preferably at least 90%, more preferably at least 95%, and most preferably
at least 98% sequence identity to (a).
[0009] Itis yet a further object of the present invention to provide a novel
20 KCNQS5 polynucleotide molecule, associated vectors, host cells, and
methods of use. Preferably, the polynucleotide molecule is a DNA molecule.
In accordance with the present invention, polynucleotide sequences having
approximately 70% or greater identity to the hKCNQ5 sequence are
preferred, preferably under moderate or high stringency conditions. Also
25 preferred are nucleotide sequences that about 80% or more identical to the
KCNQ5 polynucleotide sequence of SEQ ID NO:1.
[0010] Yet another object of the present invention is to provide nucleic
acids obtained by PCR with degenerate oligonucleotide primers. The
ordinarily skilled practitioner in the art can devise such primers based on the
30 hKCNQS5 nucleic acid sequence and/or the consensus sequence(s)

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



[ 0011] Anot her object of the present invention is to provide expression
vectors conprising a nucleic acid sequence coding for a KCN@® 5

pol ypept ivd@ p1/e2524 r agnent thereof, preferably a functi onal pOT/USGI70 cal | y
active fragnent thereof; host cells containing such vectors; and

pol ypeptides conprising the amno acid sgquence of the KCN@ protein. Such
pol ypepti des, or fragnments thereof, may be isolated and purified enploying

conventi onal nethodol ogies,, f.oll ow ng expression. in, the cell. 10
ot orably. .t RAUBRS Y CRIBUGuES P Hesaiisthn MERIS S abr 1950, 2a8ds,o

pol ypepti de i s5éhdiub] 1899t h KCNQG protein. Preferred are frog (Xenopus)
expressi on vectors, such as pSP64T or derivatives thereof (Melton et al.,

1984, Nucl. AJ0@t1]ReAnpthiEr:objed of 1 prasentinveatior i to mrpidesipoessiatt or s,
such as pcDNA3 (available fromlnvitrogen); or bacteria expression 15
vectors, "such eEl5E PORPrEINA PHHRE T8 SERGRGEROTRI BPAETOS G042 Vel
anot her obgectyg B e@eﬁbﬁﬁ ehfiRAEAOPreférabfy g:ﬁﬁe%?(dﬂéﬂah&sﬁioﬁ)@daﬂy active

transforned w't above-descri bed vectors. erred are Xenopus
oocyt es, mammdtaganentdhéreof,ehast celEro@aBingEIBh vodo)s; amddpdiypaptideal cel | s

.g., E i, lally BL21(.DE3 i1 abl [ Parti cul arl
(oG v S onthul s oA aRSRbe B b AN AR oyt euh™ 1Y
(Arerican Typwe}ﬂgygggﬁf&%ﬁsgrhéﬁ@,thé%%ﬁ,lrnywb\é%élbtéd ﬁ%’bgﬁﬁé&eﬁﬁﬁwas VA

20110- 2209) . i nvention al so provides a nethod for producing a
KCNQG pol ypeptdodeehtinnalgnethedalogies, falloding:exeneseioadn thieposteatl. i n SEQ | D

NO 2 b ' [ | d iti ' ble .25 f h
S eaxi odbor Rraterabs Haaaer Siesct BluphdB el dmRaifanddher om « ne
host cell cul tgimerigdidh fi-drigtiRaNGS ﬁ?@ﬂeﬁEtPﬁéfeFrEGaPé%gﬁbéﬁi&?ﬂﬁébﬂon to

provi de net hods ~detecting nucleic acids that code for prot ei ns,
as wel | as praxpsaession fectotksachiaspSRb4lcar derivaitvesbhergof OValten ot alot her wi se

odulate (e O roplONEL A el r S0k By ESTEARN o iidbh uelbR ©
"modul at e”  encRRREESFSDNEB QAVARDES frEATINERHehY, Brbacker icBll eRprizslon
openers/activators, and the like, as well as channel
cl oser s/ i Alct ivestarsssuthoak pES -3Gi(availablel frare Novagen or Promega).
[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). Particularly
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 KCNQ5 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 KCNQS5 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



[0014] A further object of the present invention is to provide nethods of
nodul ati ng KCNQb proteins, specifically nmethods of opening/activating or 5
cl osi ng/ iwaot/9252¢ | ng/ bl ocki ng KCNQ pot assi um channel s. MerOS@r73t4she
present invention enconpasses a nethod of treating a di sease or disorder,
preferably, a neuroaffective disorder, sugh as a neurol ogical,

neur ophysi ol ogi cal, or neuropsychological di sease or disorder by

nodul ating th C V|t of th protei n. Thus he i nvention
is 10 direct e‘jm?}bc a'i"r’ ARRERTS BT;Kt ﬁsnar‘ﬁ&%!i‘feuﬁ% W@@@S&B h t r eat ment
for a conditiQesdr8ftadtivatRebRicRErd¥na tRELiIRESI um channel , particularly, the

KCNQ@ pot assi um channel, or for a condition that is rredr ated by the
bi ol ogi cal adf0V4} yﬁoﬁurﬂhenabjelctnt:ﬁre reapnt |sverg|oardmtmp$o\ede methods bé'

i ndi vi dual | dul at. ffect
to 15 moqul at hesiaged ReiNg8 Fotelte. SRRy RemaRar chenaleralas R r oi n. -
[ 0015] Anoshercrmgmacﬂbaﬁﬁwbmﬁmgrrtcmr»%meérurrﬁcﬁ n@rsov fecmtrh@rés for

i dentifying conpounds (e.g., small nol ecul es, pepti anal ogs, m netics)
t hat nodul ate araeerhirrnvwgromaenmpaasey aomewqmbofatmtun@ &ldmeaee or pissfrdembl y

h h di dat d
20 modul ator GYOR BV ee ACUHAIRS RS 4 o GHEAPS ARTIPRIA h (o KONGS.

pot assi um chamlrowsvdree*caﬂerhé\ﬂfd}gy&ﬁdogﬁbnersééwosa%ﬁ‘d@rebyet forth in
SEQ I D NO 2; and neasuring an effect “of e candi date conpound nodul at or

on the biol ogrmadulahmg the gctnﬁtytdiéh@&@é@ﬁmfehanﬁms fioé ppesent deentidodsr di ng
to the pre ent

expressed y f'rregg% grﬁta rﬂ%@ @glsﬁhyw&nﬂ%dBgsgi&%ﬁ'??ﬁ%‘?nﬁéfégt bgf t he

present i nventdopaitiop tnéprslrﬁed@reoaw b%@é@:urﬁc&ﬁéﬂﬁd rﬁ&@arrv)&r%wcwds
conprising substantially the conplenent of nucl eérc acid sequence

set forth in $E@Gssum@hannet, o fen @ conditan Itlyet len‘i@hatedé)ydbetbldnglcabreof

Al so, in accord th t ent |nvent s .30 ed, a, met hod for
moddl at | ng. . 451y ghhwantCoREB SRimeag g Riistrd i b Bl or
activity of tgmé@,}m &@n@ésmmumragmdmmlmmﬁraﬁ stfouit @#ééi%%@

PCT/ US01/ 1731 6 using the antisense pol ynucleotide nolecule, conprising
admi ni st edbng medulate ﬁhﬁcﬁﬁii\/dm&)f thenpetessiubt charnyiel s di@saribed hareimmount of t he

antisense nol E‘[SHJ|§] Another object of the present invention is to provide methods for

identifying compounds (e.g., small molecules, peptides, analogs, mimetics)
that modulate the biological activity of a potassium channel, preferably the
hKCNQS5 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
KCNQS5 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 KCNQS5 potassium channel polypeptide



effect to nodul ate the expression and/or activity of the KCNQ@ potassium
channel polypeptide. 5 [0017] Yet a further object of the present invention
is to provodedsmes anti body having specificity toward an i BOT/@asedi7arnd
purified KCNQ@ pol ypeptide, preferably the hKCNQ@ pol ypepti de, having the
am no acid sequence as shown in SEQ ID NQ 2, or an inmmunoreactive peptide
fragment thereof. 10 [0018] Additional objects and advantages afforded by
the present invention will be apparent fromthe detajil ed description

her ei nbel ow.  Usigdkerantisenes priynuclectidesplegule) comerigingeaBinisiering tyan of

the figures arge.pr t { ri e d i ssi st
im0 s undor ot IO REF PRt el PRyl aEH hobi¥or B ahbENF BRI
[0020] Fi gur essffbét fdmvidiawité tise erpliessioneshdocactivity of the RENQSbotsziim KCNG
fromnucleotides 1 to 2694, (SEQ ID NO 1). [0021{ Fi gures 2A and 2B show
the am no aci #heBHaEPR¥PEMED.1 D NO 2) of the human KCNQG pol ypepti de
deduced frgmt di L 0. «Fl A : 22] Figure
3 shows angal t[ggﬁgfi \I\/%g gﬁfﬁﬁ@‘é@gﬁ%ﬁtﬂﬁ%t '}\}\%%ﬁﬁilé% ?)(r)@ellqéégﬂbet ween
nucl eoti de posdrtibodg ha¥ihy sputificitg4owSkdamh BoBed)andpuriied KENNE codi ng
sequence. [0023] I;in%tér es 4A and 4B show the 3' untransl ated region (3
UTR), (SEQ 2%dypentide) pesferably ihediteNEpeleentiden tiyingrthg #neigosgidc show

mul tiple sequ | of q\f& fam nbers. The
bl ackened ar egsrs%)(drﬁgglrzéggﬁgﬁe'ﬁtslécgﬁ[ﬂg%oora%c| srﬁgﬁrrtlg)‘%gt:y;l%b?’%%?l y nmenbers
and the gray Higgmhémtitheekoflm no acids represent simlar amno acids anong

the KCNQ fam lﬁ menbers. . As 30 shown in Figures 5A-5C. human KCNQL (SEQ I D
NO: 28) ; hdfan [RéAEDL Wddiong gbisciscand gdyaniages affordedey the mMesenh ; hunan

K SEQ I D, : | Do 3 E
22\% éndQSEQ'ﬁ@fﬁ@‘z‘svmﬁ%%%ﬁféé’f@?e t%'% %%%'Rggv%n%@@%g{'i Zation of

hKCNQ@ by dot bl ot

DESCRIPTION OF THE FIGURES

[0019] The appended drawings of the figures are presented to further
describe the invéntion and to assist in its understanding through clarification
15  of its various aspects.
[0020] Figures 1A-1D show the coding sequence (i.e., cDNA) of human
KCNQS5 from nucleotides 1 to 2694. (SEQ ID NO:1).
[0021] Figures 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 hLKCNQ5, which is
located between nucleotide positions 1143 and 1144 (SEQ ID NO:3) in the
hKCNQJ5 coding sequence.
[0023] Figures 4A and 4B show the 3' untranslated region (3' UTR), (SEQ
25 ID NO:4) of the hKCNQ5 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



anal ysis. Human KCN@ is observed in whole brain and brain subregions, 5

I ncl udi ng caudat e nucl eus, cerebellum hippocanpus, cerebral cortex,

frontal Ivobel192seci pital pole, putanen and tenporal |obe, PETASIN17313

skel etal nuscle. Figure 6A presents Table 1, a Human RNA Master Bl ot,

showi ng type and position of poly A+ and controls that are spotted or
dotted on the nenbrane. Figure 6B shows the actual dot bl ot wherein a high

Spots on i he (REREILRD:8%: Ryt By MRk EQHE NO%HUN:himanbR N Rl

follows: 1A nihahe RiAAAKEMGS5] FI@%@&@ZNEB QHésﬂﬁiD?@@Qra' cortex; 6A

frontal |obe; 7A: "hi ppocanpus; occi pital | obe; put anen; 4B:
tenporal | obef0028} FEigeires 6A ands6B shoamiRNA |dCa’[IIEatldD'er hK@NQ@M( 910’( bJBt

0026] Fi 7 sh Nor t whi ¢
1Eound] t oI ggrle@é@ S%VQ@HSB@@@P% Srﬂ?’? an%a%é’l"@?l‘lilrhﬁam@rg S rggg}sr pt of
appr oxi mat g1 Y jfeiddift§ daﬁdé@ﬁ%leJ@%ér%@ﬁm?%ﬁﬁédbng@Mgcfef%t &6itde! | owi ng

tissues, left to right: brain, heart, skel'etal colon (no nucosa),
t hynus, spl eerﬁronkaldm,odapx’@nl polegrputarnen apditerapora! daten tes, wellimgskatetal

peri pheral 20 bIo eukocyt es | a d) are

P own -t he MG EBUIS A WRsRE AL § Huran 54 Madtel BB Todlthad" 0 1,
[0027] Figur et@péﬁﬁéﬁ)o&ﬁ!@h (i 3%} c}ﬁ W@énd‘%s'tﬁbt@@%&te@%ﬂoﬂ%d dresul t's
in large non-activating outward currents that are resistant to bl ockage by

tri et hyl ammonithenveraivane: Figgre GBisbowsithe iachil doErlatpiheraii a ighlec of

Fi gures 9 -9E s f in situh diza st ud Si ng
ko5 ant 18en Bz lEn oE FKCTRE Prefe ot BodiPish ShEGH AR spglcen
Speci fical | y mré}’f@o@éﬂpﬁ’é@gymﬁméﬁ 168 oS AN t&u@@%@ﬁ@lloﬁ@cﬂAons of
rat brain show ng positive in Situ hé ri d| zation signal with antisense

iU

(Figs. 9A-9C)wbelesraiie 34 oeaudsite nucleugs5Ao pegrbral ¢artex, Ghe sfrontal lobenn KCNQB

h b foll
o0 IR The S RELSLA RN To BpiAUEEg, 25, AL 48 e BT v
01/ 92526 PCT/ wlé@eﬁéﬂaﬁm&c@%nabmevétatb@ﬂ«ﬁ(snﬁh fjl gure 9B are as foll ows

CA2 and CA3 are regions of é‘F oca e ‘abbreviations in Fig.
are as follbowd0026] Figurefeshawsa ortmrrr@iotraélaiysuﬂ m\@@ﬁbrﬁmNﬁﬁdﬂBNA)f the
pons.

is found to be localized to skeletal muscle and brain. A single transcript of
approximately 7.5 Kb is shown. The lanes contain mRNA from the following
tissues, left to right: brain, heart, skeletal muscle, colon (no mucosa),
thymus, spleen, kidney, liver, small intestine, placenta, lung and peripheral

20 blood leukocytes (PBL). Molecular weight markers (kd) are shown in the
leftmost lane of the blot: 9.5, 7.5, 4.4, 2.4, 1.35 and 0.24.

[0027] Figure 8 shows that expression of hKCNQ5 in Xenopus oocytes
results in large non-activating outward currents that are resistant to blockage
by triethylammonium (TEA) at high concentrations. (Example 3).

25 [0028] Figures 9A-9E show the results of in situ hybridization studies using
KCNQJ5 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 KCNQ35

30 mRNA. The abbreviations in Fig. 9A are as follows: Ctx: cortex; CPu:

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



[ 0029] Figures 10A and 10B depict dark field i nages of emul sion dipped 5
slides showi ng the expression of KCNQG nmRNA in the hippocanmpus. Fig. 10A
Hybri di zav®on92seé h t he anti sense ri boprobe shows positiverPeT/gRal173r t he
CA3 region, which is absent in the dentate gyrus (DG . Fig. 10B: The
signal is absent with the sense riboprobeg [0030] Figure 11 depicts dark
field i mage of enul sion di pped slides 10 showi ng that the expression of

' f
e hi ppocarp i o0 steteh i E15urs KA e 8itus E%and GALets reciaiinclo;
emul si on di ppafe hﬁipdt%ﬁrsowrme\bb@v@ﬁ%g% PRy 90 alRLRIBRNA Pri) ba.et.rpéar t ex.

Hybridi zation wth the antisense ri boprobe ows a weak, diffuse positive
signal with 19wdeisRérg wlisulategihentalintclaicefitbagponi g. 12A) whi ch is absent

ith th b 13A .13B. depj ct
dark 1ol d i miB9R9br Fidhie Bhtandh Sk oebite ot Geidlinager A8 Binad tioRbr
KON nRNA5I N dlifgs Bhbivir] fReCéXpréssion HF’RONU)E%RNA lﬁ‘ﬂtﬁé‘hldb%cémd&e

ri boprobe shows a weak-nobderate signal 20 (Fi 13A), which is absent W th

t he sense ri bolAsbBybrdigatiarsmjth tpe(aa3$enraegtbcaxoba)shawa PosBivecigal inl de
field inmges nul.si on, di ppe sl.ides sh th p n .of KCNQD
MRNA i n tge s%ﬁﬁﬁfﬁec\gnﬁb 8 ﬁﬁgme'ﬂgﬁe %B%W%Qgﬁﬁ @ﬁﬁn% ﬁhé a sense
ri bopr obe shovgg,@am\@absémgmq{ the( Sdribe risbProberhi ch is absent with the sense
ri boprobe (Fi 9[90148 25 [ 0034] Flét;r es 15A and 15B depict dark field

i mges of enul[8030] dqugwa 11sdemet§ biieldgmeage o gmeasisinotipped BIEMSE nRNA in

theretic ote nt a t i di zat i

anti sense b o%gg\ﬁ M&E gngﬁes %@@@ @%\ﬁgls pr\ﬁsgﬂﬂgltﬁ%%é r%g'o@r ai ns
over indi vi dugdyt2@deanim thEITAT r aﬁ of Md KiPpbGarapgeNt Wi th the sense

ri boprobe (Fi g['gplSB 30 [0035] gures 1 A and 16B depict dark field

i mages of enul[803#H lepgwes 124 amiﬂ B slsiping denefield images of estulsiongdippeRNA i n
e pont | ne, DUgE a2 Ete ST BERENGIE A P2 L Btblod™
the sense ribagohe éﬁimséﬁmprdwﬁﬁwfawa@ dilfﬁéeap&nrwéBs@ﬁﬂIW’th bri ght
field (A q 17c/?\t)13tgrnsd0\9earrlrl§d|V|dual neurons (Fig. 12A), which is absent with the sense
riboprobe (Fig. 12B).
[0032] Figures 13A and 13B depict dark field images of emulsion dipped
slides showing the expression of KCNQ5 mRNA in the piriform cortex.
Hybridization with the antisense riboprobe shows a weak-moderate signal
20 (Fig. 13A), which is absent with the sense riboprobe (Fig. 13B).
[0033] Figures 14A and 14B depict dark field images of emulsion dipped
slides showing the expression of KCNQS5 mRNA in the septohippocampal
nucleus. Hybridization with the antisense riboprobe shows a weak signal
(Fig. 14A), which is absent with the sense riboprobe (Fig. 14B).
25 [0034] Figures 15A and 15B depict dark field images of emulsion dipped
slides showing the expression of KCNQ5 mRNA in the reticulotegmental
nucleus of the pons. Hybridization with the antisense riboprobe shows a
weak-moderate signal, with clusters of grains over individual neurons (Fig.
15A), which is absent with the sense riboprobe (Fig. 15B).
30 [0035] Figures 16A and 16B depict dark field images of emulsion dipped

slides showing the expression of KCNQ5 mRNA in the pontine nuclei.



(Fig. 17B) images of enulsion di pped slides show ng the expression of 5
KCN@® nRNA in the dorsal root ganglion (DRG. Hybridization with the

anti sensavo nhese®be shows a weak signal in about 20-30% oPCTHSIMBAEI4ONS
(large white arrows), (Fig. 17B) which is absent in other neurons (snaller
black arrows), (Fig. 17B). [0037] Figuresgl8A and 18B depict bright field
(Fig. 18A) and dark field 10 (Fig. 18B) 1mages of enul sion dipped slides

showi ng the expressi an of. K . MRNA.in the trigem nal gangl ion.

ybr | b zat | on FOEREZEHEN Jith GerrTEisehes JRPRbDESTANE & WRakSTar g5 (1B Ak bout
20-30% of t he wifen Rsbddn g thBisePse AibbpMbe (Fidii®B)18B) . which is absent in
ot her neurons (snaller, white-outlined arrows). 15 DETAILED DESCRI PTI ON OF

THE | NVENTI ON[0038]38Fignies v Asnd 17Ehdepict brightrfeld (eig. 4rA) end daddfieldd

i fied | Legtid di ng.a n i h |
Do ypeptt dee 16T 79 i eReRe R RBhe T TRC: BRORRE BT S4PAREn of, 11
i sol ation,5 ClkgNQS ARNARANEHOrSEl rbbtegWDM)aSH¥' BYidisSRa@ith giegre from

human 20 tissue. A newy discovered nenber of the fam |y of potassium
channel s, hKCEQbserse dboprebeshonisss wealiisignal uabeut 20hd0%=aof the neseens n t he

I dentification,_and aract eni [ of  .mpdul at or.s _of, this SSLUM
channel | SuchergaPB I (30: B iR pBSitT RrmigtuBic ARatet
particul arly \Wddk ar*’r@\ﬁ@)egﬁgt g7Bgur oaf fective di seases, or neurol ogical,
neur ophysi ol ogi cal , or 25 neuropsychol ogi cal di seases, conditions and

di sorders, pr¢0@3&bl figues dBA=ncetiB dgpist bright fikd (Figg 18AxpRd dad Bieldskel et al

ei ent 1101 ol 188 [bdeY ot BNt biopRY STt Shod ot S SRl B on
under st ood by [GENQEIHARNA Fkihkltegemihdl gangﬁdn.tHywwiz_atidmmtn_rtﬁ@@miséﬁseention
pertains. The WD 01/92526 PCT/US01/ 17314 10 follow ng definitions apply to

the ternms usediboprehgyslews anweskspigoalin elouba0-30inioé e sewongi(lesgeiahiteed i n

Teers to he B9 8ot am) P HRieeE bl b pilrarkGineBR witEH b,

transport, or drpwsgul ate

15 DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention provides an isolated and purified
polynucleotide encoding a new human potassium channel polypeptide,
called human KCNQ5 (hKCNQ5). The invention relates to the isolation,
cloning and sequencing the hKCNQ5 potassium channel gene from human
20 tissue. A newly discovered member of the KCNQ family of potassium
channels, hHKCNQ5 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] Unless 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



5 transnmenbrane potassiumion flow and/or transport, or to the ability of a
subunit to bind to another subunit, ligand, or cofactor, and/or to

ot herw savonoehsk@t e t he pharmacol ogi cal activity of a pot REBUSH/ITBENNE] .
[0041] doning refers to the isolation of a particular gene from genetic
material, for exanple a genome, genomc ljbrary, or cDNA library into a 10
plasm d or other vector. [0042] Purified refers to nolecules, either

pol ynucl eoti d or. ami po..aci ds en ti des, and prot at .are

POl Ynucl £0t e ging BefuBR Loph RIS 55 AP AR Bl RbaB0 o o
| east one ot hehl<se3mRERNEe WefiRedMH %d,ﬂ'@msteﬁ\fcgsnat ural ly associ at ed.

Pol ynucl eoti des include nucleic acids, nanely, 15 DNA, cDNA, genom c DNA,

RNA, synt het i cf%@]msBm@glﬂalmwrixobyftm@lpnamcmwtyeefges tntheaahilitydn sllowt r ands,

on- nat ur al _of ST ISR AR P e oL padoyABLer L&, oTaE Palaf
appr eci at eg bYrahBﬁ%@n&*éhb'pﬁﬂaﬁiuﬁﬂ@n #olv ard)8Bhnd fbri 86 e aBnhBDJ)f)’d)ept i de

refers to a pol gmer of amino acids and its 20 equival ent, and does not
refer to a sp&ubtnitto bingtte aﬂotlnearesqht@dumandveqmcomr aodlcgdp@merww and

b d h d
B Cen useq , nttad el Be A RERhlofa Ag e e BoieSRulT SR o "dobs not |+
refer to, or ¢pg41]deCidmmny téferd iome |§6Iaﬁ$\¢of§®a¥lﬂﬁﬂ>éﬁ§l§heﬁoﬁ\ enetic

gl ycosyl ati on, acet | ati on, phosphorylation and the ITke. 25 Tncluded in
the definiti omaeri mwg@gemeag@)om@rhbé&unpr eDNAJlfIrgpeipta des

cont ai ni ngyone . | o of an am no acid (including, for exanple,
unnat ur al Oolm Hbasga'frjmd)sr otﬁﬁra\/qcﬂér | i ke), polypeptides with substituted

l'i nkages, as y@d42]aspPotified remed {d maldcolss, kiR¥NpolPntidieofidds obathoadigs al | y
and non-naturally occurring. 30 £0044] The term hybri di zation refers to
any process bypalpeptidessandpepteins) hat bk ceraever fipauthein naiueal eomisorment ar y

coml ex.1ef or SO RR o1 SSbarselEOhal TR ok e eun e g it Y| e °, "

virtue of the gr@hamiraMnaséodiztédo Feilymustitidestingligde ntelsid 86E8! @anely, and C
bases and between conpl enent aré A and bases; these hydrogen bonds may be

further siabi |Dl\%chB§lAbg§@0gma RiAdRNA, synthetlc forms and mixed polymers, both
sense and antisense strands, and may be chemically or biochemically

modified, or may contain non-natural or derivatized nucleotide bases, as will
be readily appreciated by those skilled in the art.
[0043]' In general, a polypeptide refers to a polymer of amino acids and its

20 equivalent, and does not refer to a specific length of the product. Peptides,
oligopeptides and proteins may be termed polypeptides. The terms
polypeptide and protein are often used interchangeably herein. The term
polypeptide also does not refer to, or exclude, modifications of the
polypeptide, e.g., glycosylation, acetylation, phosphorylation and the like.

25 Included in the definition of KCNQS5 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



5 interactions. The two conplenentary nucleic acid sequences hydrogen bond
in an antiparallel configuration. A hybridization conplex may be forned in
sol uti onweong9zs2€Cat or Rot anal ysis) or between one nucl ePCT/@sod73slequence
present in- solution and another nucleic acid sequence imvobilized on a
solid support (e.g., menbranes, filters, Fpips, pins or glass 10 slides to
whi ch cells have been fixed in situ hybridization). [0045] The terns

conpl ementary or co ImmMaH&&rﬁertothenMumﬂ bi ndi ng of

pol ynucl eot i d&¥brigigationepmpley iedersdp @ earaples ipened hetweashiya nesisic agid

base- pai ri ng. |, e s o) conpl ement ary
sequence "T- C?’Ea{'emre}%tr%{erz}?itﬁ%%&n&th\%ﬂ%%gpgﬁq%%%ﬁded nol ecul es
may be "parti abmplémentarg G and L bases arid bawvernctanpleatsrdary Aiand, T or it may
be conplete when total conplenentarity exists between single stranded

mol ecul es. Th&adeyrtBEs@NYEMEANDRAMSINRY perettigierahiizpdby bareidadingnds has
significang eﬁr{tsﬁatc?igﬂg. g Jg)fofdlcﬁ#@elﬁm\séngé}? rﬁfc{e?@gfzi'ars%}c%g%?g hgg@%ln?ﬂ

bet ween nucl eic acid Stran particula or

anpl i fi cati onboeaddh aarenmtiparalizh coefigurdtionoA Hybnidizagiohetovgstex mayllse ¢ aci ds
strands. [004 Honol ogy..refers to a_degree qf conplenmentarity. There may
be partial h ehin Sﬁgt'%(ﬁagelcet ﬂbﬁfdl%@j}bfs'ﬁ?ﬂﬂr tW?%(?L'?W“i%‘P acld
identity. A ' : InBai t | east

par i al 1y nhepp&ice BréBRELESANNA] ¥nd SRR Rylobie ped iuete £0°a ¢ ar get
nucl ei ¢ aci d; immabdlizedeorn afsetid sdpport ¢signanembrdnes; filtersakchipsy pins or glass

"substantially honpl ogous”. The .inhibition of hybridization of a

conpl et el ygco%ﬁmwgl";' celighavedasy @edt’arsété‘thy?ﬁaﬁé’ eB)-can be exani ned
usi ng a hybri g i 0 r I i on
ybr Ll zat i on 0Ga] ¢ TBRERs ComBlemeraly oidnBleriGlaG IR B e RALMAI,
subst anti al | y biraling of polynselgotides undenperbdssive balt aodgemperatureacohditidndi t

e LT 9, ot abh o Sy et Moo T Bl e
oot 1y o CHIEERF9 3 ch 0. AN Cuf Bt AR beicn b SR
sequences15r efstanted moleoculestnay be (partial sin which only some of the nucleic acids
bind, or it may be complete when {otal complementarity exists between
single stranded molecules. The degree of complementarity between nucleic
acid strands has significant effects on the efficiency and strength of
hybridization between nucleic acid strands. This is of particular importance
20 in amplification reactions, which depend upon binding between nucleic acids
strands.
[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”. Thé
inhibition of hybridization of a completely complementary sequence to a
target sequence can be examined using a hybridization assay (e.g.,
Southern or Northern blot, 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



5 or subsequences that are the sane, or that have a specified percentage of
am no acid residues or nucleotides that are the sane (e.g., 60%or 65%

i dentitywooedmseabl y, 70% 95% i dentity, nore preferably, POBUSIdERt4 ty),
when conpared and aligned for maxi mum correspondence over a w ndow of
conparison, or over a designated region as, neasured using a sequence 10
conparison algorithmas known in the art, or by manual alignnment and

vi sual inspection., Sequences havin for ex I 0% 10 95% or eat er
sequence i dent®P |%t@g/qiagng‘%@8p§&egaér5cee gﬁﬂ@?’gﬁpﬁg?%fgphﬁﬁ‘ﬂ‘i’%e.urg{%h a
definition al $8namiBhs ®F IdW sirfiyereyp! ement of a test sequence. Preferably
the described i1dentity exists over a region that is at |east about 15 to
25 amino 15 af0@47lor Thederas fidestidal’ oré‘pgraent idendity e tike apnfext ofiwo er r egi on
that is about 50 to, 100 a({n' no_aci ds or nucl eotifde§ [ n |ength. h0048 Those
avi ng ki || OTEHURIETE 30 B ARG Ao Seabelareay fi it 1 b BRFOTS sghipades

bet ween/ amgng o3 8HHEEGESNAES! tRl arelthe R4ATR P thatl Hife 4 BF”éciﬁé'@ beRentddwse based
on the CLUSTALW conputer program (J.D. Thonpson et al., 20 1994, Nucleic

Aci ds Resear claming zejd rsiduesasu)yclentideadramre(the samey(esg., 68% or 68%0, Conp.

. [ i., .6: -2 i, . Alth .
oo Lt bty ity WisteranG: 7 %8S pafet iy oPhls orshiERY Hefats idditiRA: ons or
additions in seiiee&GfApardd dhd alGisd for MadxXirufPESivésidneence iver BWInG6w of

corrected manually to avoid an overestimation of the %identity. 25
CLUSTALW howeeeiparigoas ot axer & dgsighaledgepion; aa measumshiysing aj sesjueaeat i t y

col o) g5 8 USSR B SR A B 1) bl MABAAE 22
25: 3389- 3402 ¢l Mpeehsh. Seqabneesti?ing, For Wémpl@,gb]f/o t(??%%"&fﬁ’grééf@r- The

n
BLASTN program for nucleic acid sequences uses as defaults a wordl ength
(W of 30 11, sequerpe identivarg @nsidered to hesubsiantialy ilenticalhpau¢san of bot h

e o0 s ORISR RER oo oo o e Lol ae el * 2
of 10. The BLRdMABed fdritindexis®idver ardgiinkibbt istattieasteidut 152825 dmpe. Nat | .
Acad. Sci., USA, 89:10915) wuses alignnents (B) of 50, expectation QE) of
10, Me5, MB4, agids er nug ssigriergthbore prefaraidy, over a region that is abou
50 to 100 amino acids or nucleotides in length.
[0048] Those having skill in the art will know how to determine percent
identity between/among sequences using, for example, algorithms such as
those based on the CLUSTALW computer program (J.D. Thompson et al.,
20 1994, Nucleic Acids Research, 2(22):4673-4680), or FASTDB, (Brutlag et
al., 1990, Comp. App. Biosci., 6:237-245), as known in the art. Although the
FASTDB algorithm typically does not consider internal non-matching
deletions or additions in sequences, i.e., gaps, in its calculation, this can be
corrected manually to avoid an overestimation of the % identity.
25 CLUSTALW, however, does take sequence gaps into account in its identity
calculations. Also available to those having skill in this art are the BLAST
and BLAST 2.0 algorithms (Altschul et al., 1977, Nuc. Acids Res., 25:3389-
3402 and Altschul et al., 1990, J. Mol. Biol., 215:403-410). The BLASTN
program for nucleic acid sequences uses as defaults a wordlength (W) of
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



5 [0049] As known in the art, nunerous equivalent conditions may be

enpl oyed to conprise either Iow or high stringency conditions. Factors such
as the | emgbhoane nature (DNA, RNA, base conposition - G rCTOUSa@t7erst ) of

t he sequence, nature of the target (DNA, RNA, base conposition, presence
in solution or immbilization, etc.), and13t he concentration of the salts
and 10 ot her conponents (e.g., the presence or absence of formam de,

dext | f at d hyl I I ' he,
ybr | i zart on WCHRDONOIVREL Seand af Feate g ke PaF 160 Shatl GAURB2 dFing: 1 ow
or high stri E}szagﬁm(Hehfkbﬁr@%nfkbﬁnngth,%UNéal ABhd ! Sei, INSA 28D YE915)5t ed

condi tions. hrase stringency of hybridization refers to
condi ti ons undees aigmmieots (i) of 50¢ Erpectationl (Bydir 10 MebNadeanchae stable. As
known to those skilled.in the art, the stability of a hybrid is reflected

in the meltinGOMPANSEP&f Both ft’f"?‘ﬁé%f the hybrids. Also as is appreciated by

the skilleg gﬂm]' tA@rk%wnTmtﬁéartbﬁuﬁﬁ%weaﬁw%np&omﬁowmaytﬁas as known
in the art, ependi ng an a nunber of paranmeters, such as the’length of the

hybrid or 20 pnuﬂeyedwtmcmbprlsemltmrdbwmnhjghstrmgelmszbtcondlzlanmﬁabtﬂ’r$§mh

di ent d S t
Vol coul ar & oAPdgS Taveth aBEatR oA RRA” BBr capinariints bor SLafiipabary,
Col d Spring H%ﬁé’@équé\%e n%ﬂﬁ‘% A farg RORN, b@be,coMﬁc%‘i’ddnabréQéH&bng A
Labor at ory Manual pri ng Har bo aboratory, Cold Spring Harbor, NY,

1989: Current IrPBOIubOD 0$ lmmqhﬂlznborecﬁr:e)r amsi heggncendratiop afithegaiimandet al .

1694- 109510 Sogies Bhapdtints (83 4k Bushergly orar§ife U5 et fe BRRrag 1 o
S. L. Berger @&ﬁ&éa%bhﬁ@lgetrglﬁw@ﬂ/colié?e é&%d'é}éh anﬁ‘l%eﬂqy)&ldlﬁaﬂﬁm 1987;

Met hods of Enzynol a gener al de, Try, decreases
appr oxi mat el y solotion. ma,y be vairied t@\g@ngerme%pndttlpea eitheé@m@l’n@@hhorml ogy.

concent rat on SIS TeBbowEERLefuTPal b. e EpbHR BbeRhod 21 | )"

the hybri di zafjp@soy earﬁblpmaéséstnrrh bhéey thmfd‘zétrwpkelﬁé\@% cofgitidht iupger of | ow
stringency, followed by washes ol vary % but hl?her stringency.
CER

Ref er encel1bo Wmh QDB’@UC@IC @@Idlmééﬁmde arg stable.mbgdingwn toghose ow
stringency, %eal n¥hd Sl a esst%&hﬁlu&ha K\%rhd @greﬁg&gd% e melting

temperature (T,,) of the hybrids. Also as is appreciated by the skilled

practitioner, T,, can be approximated by the formulas as known in the art,

depending on a number of parameters, such as the length of the hybrid or
20 probe in number of nucleotides, or hybridization buffer ingredients and

conditions (See, for example, T. Maniatis et al., Molecular Cloning: A

Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY,

1982 and J. Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold

Spring Harbor Laboratory, Cold Spring Harbor, NY, 1989; Current Protocols

25 in Molecular Biology, Eds. F.M. Ausubel et al., Vol. 1, “Preparation and
Analysis of DNA”, John Wiley and Sons, Inc., 1994-1995, Suppls. 26, 29,
35 and 42; pp. 2.10.7- 2.10.16; G.M. Wahl and S. L. Berger (1987; Methods
Enzymol. 152:399-407); and A.R. Kimmel, 1987; Methods of Enzymol.
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



5 [0051] Thus, for exanple, high stringency refers to conditions that
permt hybridization of those nucleic acid sequences that form stable
hybri ds w0 009328M NaCl at 65C (i.e., if a hybrid is not BCHDB@/178140. 018M
NaCl at 65C, it wll not be stable under high stringency conditions). High
stringency conditions can be provided, f%[ I nstance, by hybridization in
50% formam de, 10 5x Denhart's sol ution, SXSSPE (1x SSPE buffer conprises

0.15 M Nad , mv. Na.2 TA 1x..SSC b ff t 150
ot N Hon N2 HE et T BBl re b5 B s BB 0,
washing in 1 cyn&BBhs 0PlowStein g@neyq‘ono\%@ veésrﬂast@rwuagumm hét | east
about 42C, preferably about nore preferably abou EC. 1 0052]

Moderate stri rsgmgaﬁcvefF&fsrerrcertoébybmjizatlom stringenicyi @gs highimepdenate, or

hybri di zati on 0% f or mam de har t tion xSSPE (or SSO),

0”55 S at 490 SERGeTBRYe e FiatgSH Mo vt pBRaudls Ty 0! 255 &bs at
a terrperatsre[oos frﬂa§tfoabsauﬁ1pve2¢ugrpéﬁhgéa®Veféwc&ﬁm;orfmhat &rrfit er abl y
about 65C. [0053] Low stringency refers, for exanple, to condl tions that

permit hybrl dnybadlzahom of tlimernioieiniacis] seyuensan dhat forn sitalle ybrids SEPE ( or

oS i a temp VAR Al GE P NI Bhor it Boieh oot BRC

addi tional st Kjinaeney sfélﬂé'bhd@f‘ﬁl hssténdendyedtnaitichs§! Hidh strid@eldy ecul ar
Cl oning: A Laboratory Mnual Oogd prQ?_ng Har bor Lszb(})-?%to é | d Spring

Har bor, NY (wgmiltlons a8 hepiayidasd érsnsiencenby hybrdization in rffaltr@am »hi gh

var i oty of0i nan B8 Solyr S SHRENR s o BhBEY elferiRh 05 a0

practi ced by g 194JHPOY PRds EDTAN (- 1>BQSbQﬂ5fﬁr d¥itdihingOors0 mivRREIDY, 13f er s

to a plasm d having greater than one present in a cell (typi caIIy 10

to 30 copi es) mMMdNaw¢irape 2it:0), md;d)Z/OJ)J@ SQS@D@%%} fatowee by Washing ing

rRNA, by hybr i 0 SREPART G A BrRF S et iRl SRR Bt e 2

or an ol i gonugrefiraklg-abdut 88TTIChERS prFeradly alsbutdBBTEL s refer to a nucleic
actd sequgnce, [Ogéglf e?\/laobéerat(czaosrmrrlégrucr;/grefers for example, to conditions that permit
hybridization in 50% formamide, 5x Denhart’s solution, 5xSSPE (or SSC),
0.2% SDS at 42°C, followed by washing in 0.2x SSPE (or SSC) and 0.2%
SDS ata temperatu‘re of at least about 42°C, preferably about 55°C, more
preferably about 65°C.
20 [0053] Low stringency refers, for example, to conditions that permit
hybridization in 10% formamide, 5x Denhart’s solution, 6xSSPE (or SSC),
0.2% SDS at 42°C, followed by washing in 1x SSPE (or SSC) and 0.2%
SDS at a temperature of about 45°C, preferably about 50°C.
[0054] For additional stringency conditions, see T. Maniatis et al.,
25 Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 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).



5 contiguous nucl eotides, of at |east about 6 nucl eotides to about 60

nucl eotides, preferably at | east about 8 to 10 nucleotides in length, nore
pr ef er abiwo at/93se@st about 12 nucleotides in length e.g., RPODUSIIIG3t40 35
nucl eoti des, or about 15 to 25 nucl eotides, or about 20 to 35 nucl eoti des,
whi ch can be typically used in PCR anplifjcation assays, hybridization 10
assays, or in mcroarrays. It will be understood that the term

ol i gonucl eotide _is substantially equivalent to the termns prinergmﬁ{obe, or

anpl i mer, as _109A8bnNprilem hlsdindraieis tara mefhodef idealiylnaRripyaE RNA cd by
those skil!ed fbmddie, PETLARD RN, B BhuRalangs wig]s Banurhagiate probe. o
m xtures of probes; €. g., egenerat e” prooes, can pbe use 0 det’ect | onger,

or nore conpl eucleld avids hypicallga eDNgqrearteligorfugtectidenitgonyeizotides BNA. | n
such cases, the probe rraébcorrpr I se at | east 20-200 nucl eoti des,
preferably, atolipeaers sefen troa nygleiGaeif geguenes Prafasally gomprisitg 100

nuct oot deg. 1 AAALoGPRIGEBAIAS9r of 3Rt aBbu EificleoliBFabdlntePh Sequence

containing a seri nuc co |n|g or am no acl ds and
typically 20 duetdotidesapmeférably atdéastrabout 8rte . 10 Aitedtiddsannenythefers to
cytoplasm c, autononously re ments, which are either

exogenous|y adigigraly %Jé%@gééﬁ%bﬂgle&\i@%ﬁ{ﬁngm e-ﬂhcﬁh%‘ﬁdﬁﬁ?@@p. [ 0059]
T e SRR S AN ST hIBLRTH SBBLY AT 1958 putichls
i denti fyi ng pawhicic ebabeliicafly agea it BCByaimphificationsdgsags vinyridization
Nodul at | o0 SEBPEYEIRaGitEey Tt Wil ererelavanbet e RBRioonugegiee var o
et ivity of ¢ e pERpRta eadvalbht n DS BRRler, DlobR SELABINGAS 0520
PCT/ US01/ 173 14onirionkygidfimedan thd atti dt witli alsd beappredigteddiyethose skilieddn ng,
sequest or i ng. B FREMest AB: BACRIORST QIPEVEPISE BraRenes MISUEESPUATOB RS nel
E;?;f'n,”’ a's ”\‘I?v'e #Q.ggeggﬂégagﬁpg%t?é%?ﬁﬁ HeQUused BEIEERBNGEINGP nfdiaieafipiescr i bed
15 nucleic acid sequences, for example, genomic DNA. In such cases, the
probe may comprise at least 20-200 nucleotides, preferably, at least 30-100
nucleotides, more preferably, 50-100 nucleotides.
[0057] Open reading frame, or "ORF", refers to a DNA sequence
containing a series of nucleotide triplets coding for amino acids and typically
20 lacking any termination codons.
[0058] Plasmid refers to cytoplasmic, autonomously replicating DNA
elements, which are either exogenously added to, or endogenously present
in, microorganisms.
[0059] Promoter refers to a region on DNA at which RNA polymerase
25 ' binds and initiates transcription.
[0060] Southern blotting refers to a method of identifying particular DNA
fragments by hybridization with.a complementary nucleic acid, typically a
cDNA or an oligonucleotide.
[0061] Modulation refers to the capacity to either enhance, augment,
30 activate, or decrease, diminish, or inhibit a functional, biophysical, or

biological activity of the KCNQ5 potassium ion channel. Modulation or



5 agoni zing, increasing, or activating the KCNQ@ potassi um channel by a
conpound that can be identified by the nmethods described herein. Inhibitors
are conpowadsIrsh@t inhibit, decrease, block, prevent, del RgT/ES0/NAt4 ON

i nactivate, desensitize, or down-regulate the ion channel, or speed up or
enhance deactivation. Activators are conpﬂynds t hat increase, open, 10
activate, facilitate enhance actlvatlon sensitize, or up-regulate channel

tivity, d I f hi bi t d

Zgi tym SZLQa&ﬁ fion g l@% .v.&@?g§gé%@ﬁ%gééga§$%dﬁ oy ohuﬁééf lKCNQs
i um c DBARE B ux

gf pot assi um ?@ﬁdsgd Ekn?% Heﬁ{%rs'ngig‘bhganneé el t@gt%mgect %ﬁmpﬁdéfg& ly.
Al tﬁr nati vel y$admllysa¢§@ﬂ@§$oh@§m?mf noalsprlétémsb t inchings lbait cahlirbdedis®d i n
such assays. To exam ext ent, of . i nhi bition, es o ssays
corprising a RENEBMBBSGNOE sHanenercribed herein 23 wel 5 ubsouAliar
activator gr ' Bh&i%ﬁn&gﬁgﬁgﬁ& é&ﬂlaﬁﬁ&tt} 4 RONOS omésmrf%ﬂé?ﬁél PPl es

wi thout the te ound. r exanpl e contr sanpl e untreated with
test conpoundspmmoenddharatbe idesitified \by the metheds describeshbeneéd. bibitors y

alue of 100% | nhibit h I hi d
When_t he KONOBTe AaRSHD gshm.uﬁ»ﬁ@%ge%eeabis'ﬁ?r%%”qtﬁg&é‘ﬂﬁppﬁuqﬁ about
90% pref er ably, &gt (30Y e 0501 oRShich, dPdpchlyai | o0 O

an ion channel 1s achi eve‘gs'% e | o anne activi t val LPE/ relative
to the controlenhange cetetivatioan Amm%drsamcempopné$ thattmgreadd tdpemor e

pr ef er abl st _2 500‘V her,, nost .. preferabl | east 1000%
or hi gher¥0[ h’fgt ngg y €8 ?@Pea%&lwof‘r pé]ugrrggﬁ[@t%gpgn s of thqe
KCNQ  pot ass%m,,ﬁh%@%\a d&ﬁﬁﬁé&ﬁ/atléHCh as peptides, that have been

truncated 30 wth respect to the or C termni, or both; or to the
correspondi ng [6062) Assasfbr |mbnmrandcﬂctwamrsmoimdordexagnplel ynucl eot i de

per f of m esentHITIGHR FeSHRDRBILBradceP e PSTRo B iy B LR v ch
Eg\lggr m fsse”:cbglnhé/mbrﬁ‘?]e%% tfhkéﬂ%!taé’éhrlr@ tﬁ@qw%tﬁo?éééfutmtlét?lﬁs ﬁﬂategwe as t he
pol ypepti de. Bi ol ogi cal active can also refer to the activity of a
honol oguel5varchannel, erthmrenglymtlmdlgedtlyatAIMBatMeﬂw(celjs gkpressing
endogenous KCNQ5 channels can be used in such assays. To examine the
extent of inhibition, samples or assays comprising a KCNQ5 potassium
channel are treated with a potential activator or inhibitor compound and are
compared with control samples without the test compound. For example,
20  control samples (untreated with test compounds) are assigned a relative
potassium ion channel activity value of 100%. Inhibition of a KCNQ5
potassium ion channel is achieved when the KCNQ5 channel activity value
relative to the control is about 90%, preferably about 50%, more preferably
about 25 to 0%. Activation of an ion channel is achieved when the ion
25 channel activity value relative to the control is greater than 100% to110%,
preferably, 150%, more preferably, at least 200-500% or higher, most
preferably, at least 1000%, or higher.
[0063] A biologically active fragment refers to portions of the KCNQ5S
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



5 regul atory, or biochem cal functions that are essentially the sanme as the
natural ly occurring, or reconbinantly-expressed, entire KCN@ pol ypeptide
entity. [W064925B©r definitions of other ternms in this spepCtiusati7on, F.
Sherman et al., Laboratory Course Manual for Methods in Yeast Cenetics,
Cold Spring 10 Harbor Laboratory, Cold I ng Harbor, NY (1987) and Lew n,
B., Genes |V, Oxford University Press, Oxflord (1990), serve as gui des.

[ 0065] In one aspect of the present invention, the novel I? rote| n,
whi ch is highP§ Iqu$é?r)f"qg§n%‘ét3|mrm&ﬁﬁeﬁt'ﬁﬁﬁﬁ@ﬁﬁﬂgPi%l@g'ﬁﬂl 4he 0“

neur ophysi ol o A ators
of 15 the pot %@glél%nbgﬁg(trj\énsg% ﬁ?ﬁi& %?ﬁéﬁ %@éggﬂﬁg h édB%t kost I C
agents, ther aisusameagaynbs ties KONQD lpotypeptndeaentﬂoglcalﬂy aetive edn alsovrefer
system associ at ed di seases, neurol ogi cal di seases, conditions

physi ol ogi cal teitheppetarty of sshrmalogyewaniansy of analeg endity: that BB\%ﬁVH@tU@|

bl ocki ng Wﬁo éﬁe?rh ed to,
acute and 20 c‘%@"om c parﬁﬁa m gfrég! ﬁ@eﬁg&%g\ %?é ggéé}g'a"g;ﬂ Iﬁ%EQFneIC%%T}rﬁet ive

di sorders, destmbilpocowsing) arrre«terr&xirnaraly-éxmassed,@th@KQNQs polpeptide
affective di sorders anyel otrophic lateral sclerosis (ALS), nultiple

scl erosis (I\/Bﬁn'yParkl nson's Di sease, Parkinson's-like notor disorders, and
neurophy5|olo r y 25

i sor dor s, phan el Hbr BERSRERY SHANRPIGAls AR SR Aicalltn I Qi &

di sorder s slaeepablmmwrgi@wrsemnmma fordVibthoaleiinrY,eagtl Gepetics, CcaichparE[tg ng

T g, bty CoRSa Fatior VY LB SO Aads el

di seases, spi t u i ons, and the I|ke
Openers of SOmﬁbrcﬁQnglQ?nfgg m@ %?@eo %‘59??cu| ar interest for
i ncreasi ng t hg0063Jowirobne aspectwfdbe peesast invenitibn athe reovel ARKCADS pgoteime or
nore of the abqve W?%‘O%(Yﬁ @6 PCT/ USQ1/.17314 18 listed conditions or
di seases, for éﬁ i9be inyplyeddp n&HWt@rﬂf‘m'ﬁ'QBﬁT@rs [0066] The
novel KCN@ PHe IsBnARsSsd ci al
rol e in nodul atl rﬁo@}“@mn %E@lﬁppg@nﬁgl on an %ﬁg{;ﬁfr%é‘mﬁﬁﬂg rRodfafors of

15 the potassmm channel. KCNQ5 modulators would be useful as diagnostic

agents, therapeutic agents and/or in the treatment of central nervous
system-associated diseases, neurological diseases, conditions and
physiological disorders associated with or linked to the opening or blocking
of the KCNQ5 potassium channel, including, but not limited to, acute and

20 chronic pain, migraine headaches, acute stroke, cognitive disorders,
dementia, vascular dementia, trauma, epilepsy,‘seizures, affective
disorders, amyelotrophic lateral sclerosis (ALS), multiple sclerosis (MS),
Parkinson’s Disease, Parkinson’s-like motor disorders, and
neurophysiological, or neuropsychological disorders including anxiety

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, convulsions, 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-



5 excitability in the brain. Mdulating the function of the KCNQ@ protein
of the present invention may have significant inplications in cognitive

di sorder wo (89252¢ | earni ng and nmenory), behavioral disordreBUS®/1J314 anxi ety
and/ or depression), psychiatric conditions (e.g., bipolar disorders,

schi zophrenia), neurodegenerative diseasgg (e.g., Al zheiner's disease,

Par ki nson's 10 di sease), devel opnental disorders (e.g., nental

retardation), a\\(s? wel Id.tas i n .other gqh'ysi ol qgl cal and/or neuro.%lﬂg/si ol ogi cal
or neur opsychJﬁS Gicﬁ% ”Oﬂso%%ﬁ%astﬁs’ SEAGErS, Miaie, D3l Of 7BX! gr ai ne
headaches, seifiddir@srs.1 - €., epileptic seizures, stroke, neuronal cell

death, chronic and acute pain, and brain tunors. 15 [0067] |n anot her

enmbodi ment of [00f&6]i n¥batioyal KCAQKpniEs s charnel grateirpdescribed ereis ean or

o port1ons. 1 NGB EUGHSRCR BRMSRNY shAahlidaision e Eafel’ ¢ “agents.
For therapy i rxeitabiig iKehEbrae! Woddisg the fiRtRSHorHe KCREOIWOkEH ©f #td ds

may be incorporated into vectors and/or fornulated as 20 descri bed
her ei nbel ow aipesantimentioaraay hare isigndfigant implications i cogdtive diseadrrsi on,

e G ot "t hi s (Pvdreiid pho BEpHRE. AelflghBieoRRRRF S AP ROAE) o1 C and
cel | lines. Adeppdsdidifspsydtfatieontitions 28 3aysipdlar disdedersdecHizdptianiadn of

KCNQG protein nodul ators, as well as in therapeutic, 25 screening and
di agnosti c appieutedegensra\godispasas (e Alzteigsr' disegisa, Hetinsendg s can be

mce. tar30° nfharSe) el TRTER AoRRTR (. HEFEs RlatReRl s ReFRE 177
phar maceut i calotigdripifivlodisalamoaheurnsehi@ioRigiizt on nerbPsgtsisgical a

conventional system c dosage 30 form such as a tablet, capsule, elixir or
i nj ect abl e f omieplemsodr dispislespSreh asoasthma; prging headaches; RRIZUERS, &Ry

mator i al ) xepent SabiesCSPRE ol G duaat bl ieR iR bom e Toucn

as manni tol ), pasihitumorglants (ascorbic acid or sodiumbisulfite) or the

li ke, as further described infra, Coning and |solation of KCNQ Nucleic
Aci d 15 [0067] In another embodiment of the invention, the KCNQS5 nucleic acid

provided herein, or antisense nucleic acids complementary to the KCNQ5
nucleic acid sequence, or portions thereof, may be utilized as therapeutic or
diagnostic agents. For therapy involving KCNQ5 polynucleotide molecules,
the nucleic acids may be incorporated into vectors and/or formulated as

20 described hereinbelow and as known and practiced in the art.
[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 KCNQS5 protein modulators, as well as in therapeutic,

25  screening and diagnostic applications.
[0069] Further, KCNQ5 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



5 [0070] In one aspect of the present invention, the cloning, sequencing
and functional expression of a full-length human cDNA cl one of hKCNGQp,

pr ef er abiwo vi1g25sbKCNQE nucl ei ¢ aci d sequence set forth i n BEQUSQ/MMEX41 and
Figures 1A-1 D are provided. A DNA clone conprising the full-Iength human
KCNQ® cDNA (in pcDNA3.1) of the present ,E%ention was deposited with 10 the
Anerican Type Culture Collection (ATCC) (10801 University Bl vd. Manassas,
VA 20110-2209) on My, 26, 2000, Acc i on rrber PTA- 1924 T@

deposi t (s) ¢ efcaPIRIdBtSTIRb xCipiGit e Pl "ﬁé‘él bastesial, buiking agémt BHch he
Budapest Trea | e f

M cr oor gani s rrsta)éfrggmé)lﬁtg b(@lg&@?ﬁ@%{@% (ﬁﬁr %&jm ggdl%e@gﬁld%%%% mé?eaSlS

provi ded ner elfyrtieer desrvibeddnta. t o those of skill in the art and are not an
adm ssion that_a dep03|t .S.C. 112. The sequence of

t he polynucleI : rraterlals as well as the
am no aci dgse b‘@ﬂf]e @Toﬁ@ s écﬂ&%h@@'ré@é‘?mﬁ\%‘ﬁﬁo NE2446hih g ncfidFand

i ncor por at ed ereln yre ence and are contro 1|ng In vent “of any 20
conflict wt hfamgtloahatexpnessn»n affa fdidergthdainheay eDNA @lohe@éhK@NﬁSr be

required to nek 0 t he deq ted nater|

s hereby g dReHAbly dom DICIRREURIEG &5 S&SHen%%ﬁeH@r%ue%&Bﬁ\fﬁﬁnmcense
thods th I

met hods rougiggurggwﬁwfeﬁree‘deasw DP@gcle%BMm% th'ug?‘an

sequence of t present i nvention r exa
Sout hern and MCN@&rcDNMAJin pcldNABES tof tme preaenbbiventlonngwasodmsded wdnt hesi s,

Q1D NPt the &m”%ic%%eﬁfp*leabﬂg{s%aéeﬁeﬁ@éP?Ei:é ABBh URiiero@2BRsh cl ani no:
and  subt ract 'I\)'{ a| . %CIU\IQB gﬂ@gﬁéari)‘\/%‘ﬁ@d 2006 A‘T’C@ﬁc didrPNuRLRL | L1 oner

for use in 30 o eri’v e’from ot her ani mal sources,
i ncl udi ng hunﬁTM924nd'rherdﬂm5|t(sa)rm€drEed M aeinoalite paftalsed/ untet the 20

00721 Th | id i t he hK t i f

2 e o ains ofiie Budrsesadaly o Bemiernalictiar Hesdon 'Pnéﬁresﬁé%poaﬁe

mey modi Ty theySRaHER m'éf%sl%P LB ¥ B 'Prb@ééllﬁrthTrfé},eedEBU% slfgse
e C Ft

recognition sites in nucl I d. Su nmut at1 ons may be ‘silent or
15  provided merely as convenlence to those of skill in the art and are not an

admission that a deposit is required under 35 U.S.C. 112. The sequence of
the polynucleotides contained in the deposited materials, as well as the
amino acid sequence of the of the polypeptides encoded thereby, are
incorporated herein by reference and are controlling in the event of any

20 conflict with any description of sequences herein. A license may be required
to make, use or sell the deposited materials, and no such license is hereby
granted.
[0071] KCNQS5 nucleic acid can be obtained by known methods through
the use of the described human KCNQ5 polynucleotide sequence of the

25 present invention. For example, methods such as Southern and Northern
blotting, Western immunobilotting, chemical synthesis, synthesis by
polymerase chain reaction (PCR) from primers obtainable from SEQ ID
NO:1, Figures 1A-1D and as described herein, expression cloning; and
subtractive cDNA cloning are all available to the skilled practitioner for use in

30 obtaining KCNQ5 derivable from other animal sources, including human and

non-human mammals.



5 change the am no acid encoded by the nutated codon. Moreover, nodified
nucl ei ¢ acids can be prepared, for exanple, by nmutating the nucleic acid
coding fovOhKENGS to result in deletion, substitution, | nBeTAS@M73i4nversi on
or addition of one or nore amno acids in the encoded pol ypeptide. For

met hods of site-directed nutagenesis, seeonayI or, J. W et al., 1985, Nucl.
10 Acids Res., 13, 8749-64 and Kunkel, J.7"A., 1985, Proc. Natl. Acad. Sci.
U S A 82: 482-92. 1In addition, kits for site-directed.nu enesi s are
avai |l abl e fr ohd%canel Be ucleisaeids engoging t%?ﬁi‘%éﬂ“éﬁ%?@drbpf  PrRSeRlond,

CA; Anersham ¢ : i ey St Pt td and
truncation rreﬁ]{}(’)eg‘g,m?gg tgwgf@Jgﬁépgiﬂﬁgf@qﬁg%ﬁhﬁuth:o?%?A(\g| é"g’ éﬂfsé.n , 16:
15 791-800. [ Gd&aiBinotify tie sequéndentosprovide additiornatbesidetiomenddnuateasec| ei ¢

ocide, | 1 VL0 Ch)y AL STIRL MR GRS SO VRN A S, BeinSE QLD 10
fusion congtr %gén%‘?%@égﬁﬁé aéid%eﬂ‘b?f‘{bg.tn%téte% éﬁq@?% rf ingiffec! ei ¢

aci ds can be obf ai ned by persons of “ordinary s in { e art using the
sequences pr ownudieic abids @an. beprepadid) Joyexarhple KEONGRutatiod &ut ndeeeapicence of

the present inventjo nol ecul arly engj neered .t lter th di
sequence. "so CRIMGHoRAHANGE Lo (T sHethr REDRRGHThInSorTBE deYPIRPRAG or
expr essi on_of adhierashdefidRs amfidd 283 TPl oS MigpeRiaebardrt r oduced

into the 25 sequence using techniques that are we In the art and as
descri bed supnethods of sitsidirecttidr matagdnesisagemdayorth Wnetal, 1985, duchore new

or of or encalor AQGSRES. (19, REAPRAAT Kunkel, boba ORboBraco At ASaHo8 i n t he

scope of the W.S%f@zh%@ﬁ.i hl Gtgigon,f‘lﬁts%P §ilté’-§ii]rgf:t§$j{]ﬁufa§#é?|@ﬁ§g}‘gs protein

descri bed herernm—As rst oo ose Int ele or allelic
sequence i s aravallalglerfedm cenfroercialventerse.d) 1 BeRerbl seratdsies, Ridibdond, 1

pot assi um chanpel described herein. Alleles result from nucl]eic aci

nut ati ons and%@?ﬁ%%- Pi’éﬁt‘@tﬁﬂi%‘g@% CEOBQWﬁéﬁﬂW'@I@E‘atm
structure or fHpeLtion nw@qsoeé, JEYSHrsbs R éted1 £4986NMuBI. YRIIRES, ABY have
none, one, or many, allelic forns.” Conmon nut ati onat—cfhanges whi ch gi ve

15 791-800.

[0073] The present invention also embraces modified nucleic acids,

including (1) alternative splice exon variants, e.g., SEQ ID NO:3; (2) allelic
variants; and (3) chimeric potassium channels in which the fusion construct
comprises a KCNQ5 modulatory site. Such modified nucleic acids can be

20 obtained by persons of ordinary skill in the art using the sequences provided
herein. Accordingly, the KCNQS5 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 techniques 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] Also contemplated within the scope of the present invention are

30 alleles of the human KCNQ5 protein described herein. As understood by

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



5riseto alleles are generally ascribed to natural deletions, additions,

or substitutions of am no acids. Each of these types of changes nmay occur
al one, owonyexsedi nati on with the others, one or nore ti nmPETAURIA7Gi4ven

nucl eic acid sequence. [0075] In a particular aspect, the cloning of hKCNQ@
of the present 10 invention involved theé%solation of nol ecul ar cl ones as
specifically described in Exanple 1 heréin, which were sequenced and

anal yzed by searching the NCBI database P

( . %{I e., Genl? nk%] for se&gence
onol ogi es a y greater
honol t Patassim channgldessahed KRN 3Alligles resyit fiogy DHelgIcs#Eded t
th bout 409 ' i t.hi : T
adgint ?og? 15 smeu\;%&(gﬁg %ﬁd%ﬂﬁsﬁﬂg?lggﬂgﬁtgnes mg)?g&gﬁ%%lggge\ﬁ% \ggéﬁé)gts ﬁZr ig

order to det strottuee st furictiondnay op negonat ecaltarddn AnyAlivéro gghe muanehave t he

i ndi vidual clones appeared to conprise full length s ence, they did have
substantial HpB® ‘P'é%rcﬁrr{ﬂam)‘:aﬁ]rlﬁg(? %@?ﬁer%?mmoﬂ ﬁy?@maigﬁane%w&c Y& found

to containg Hﬁg?% aﬁg@s%grgtgln%ﬂ%&n%%gggﬁwﬁéﬁjrﬁpd'@léﬁ&%j, ddiffions, GFA St op

codon. The 20 alignment o one sequences denerated a full

| engt h open r gabistitgtiofs aframirio 26i84. Each e thekestypébef ChahgésnmzyrodONA codi ng
region of hKCNQG accgording to this invention is sho in Figures 1A-1 D
and is set foRlane; ﬁrgE@mplﬂa{I@“i"."ﬂ[Mﬁeﬁyﬂ’%ﬂﬂﬂ‘}r%ﬁ§§?§ Yl cat ed t he

presence of 6ngg|g%3&?§é%uﬁﬁe€ln0i ng domai ns and one pore region. The hKCNQ

am no acid sequence 1 2) reveal ed a KCNQ protein having two
di sti ngui shi n§0075jat r e pattimlaraaspech dhacloning of KKCHIPot tespresenthannel

genes; nanely, 1) .the i ture 'Ay-Tyr-Ady' pore sequence nd

al ternati ﬂ@ cl'fﬁ’re@é’ﬂnr“é\é‘?ﬁ)ﬁ‘%qug‘e isalagjon gf @3/0-'%?‘6]5[ ‘A?IBB?S e 5&‘?@9@"3’ 386criBed
menbr ane- spany | hind| I ) it 2526
PCT/ US01/ 17314 E%E”F’&%E}%e%ﬁé‘“@ | ErefSectionda i Ay ARNEPSeattirying

al ternative spCBledatabasal(i.e.nGehBankfer $é¢¢Gersebamotpgies’abtaievel ati d i nsert

UTRy. | (SEQ | Dbebwdsh Shaut 3545l ahe SR srehibaoreater an sborhedf a8, s
[0078] Usi ng tafndisGy With@HE kRbRA RONCFE8KEARNRAAL idatAtasekO8R additioM?! -
15 several of the isolated clones were aligned with each other in order to
determine start and stop sequence codons. Although none of the individual
clones appeared to comprise full length sequence, they did have substantial
open reading frames. Several of the isolated clones were found to contain
the 5’ ATG start codon and others contained the 3’ TAA stop codon. The
20 alignment of all of the clone sequences 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.



Biol., 25:351-360), the alignnment between the various human KCNQ potassium
channel proteins and hKCNQL-5 was generated and is shown in Figures 5A-5C.
The bl achedetdzmeeas represent identical am no acids anonBCEUKIBL7BEM |y
menbers and the gray highlighted am no acids represent 10 simlar am no

acids. Overall, the honol ogy anong the K fam | y menbers shows between
about 40-50%identity, with higher honol (e.q. about 60% in the
nmenbr ane- spanni ng donai ns and the pore regions. ressi on vectors [0079]
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protei n/ pol ypepti escri or pep erably, the
expressi on veedditiong anpmndg Seuntranskited sequehos ( SifUTHa)a (8EQ) i NO: 4}iwasequence
as shown in SEQ ID NO 1. @&1 080] Expression vectors are usually plasmds,

but the i nventsdatedand g owndiwﬁsvﬂe%@e@ 4Bor ns, such as viral vectors,

as wel | asgve t AY c](ygq n |nthe
art subsequenﬁﬁﬂergjsongsﬁ %gpgig‘#ux)@lﬁppadﬁ%pgﬁ %ﬂgr rr%@@al SO étlg)y{q
integrate a ?‘ng&(?mﬁd) rtgebhgnrgﬁﬁit\wmme@tthewanmjs HulrrwrcKCNﬁbsorre of an
appropri ate host ce usin nmet_hods pract i in the art. 25 081
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affecting expefgigly g Ry P bR repRRft [RALAl Aol aen s can
be het erol ogous®or neﬁlve ?errents ‘F y, a vector contains an
origin of replanterig ah5 family onembers amdthe gragrisghlightedantime atidatrepresent

sequence. _The vector. may alsg include other regulator ences,

i ncl udi ng TARN&IMIATSAAKO f6igs s@dﬁ@{t > howo %9?8@"3 gpﬁ@g@“ﬁhy of the
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ot her i nducer £XPRESHRN ¥REWF$ nedi um); marki ng sequences, which are capabl e
of providing @fg)]ty t &c&t bsveb@pdriction
sites, which g‘rjow delqlllgtlzfargé Ih%&?@aﬂjgﬁ lf/éﬁ%dﬁg?ct 06)&)nggél Ve

15  which comprise all or a portion of a nucleotide sequence encoding the

hKCNQJ5 protein/polypeptide described herein, or peptides thereof.
Preferably, the expression vectors comprise all or a portion of the nucleic
acid sequence as shown in SEQ ID NO:1.

[0080] Expression vectors are usually plasmids, but the invention includes

20 other vector forms, such as viral vectors, as well as vectors that serve
equivalent functions and become known in the art subsequently hereto. A
person skilled in the art may also stably integrate a sequence encoding the
KCNQJ5 protein into the chromosome of an appropriate host cell using
methods practiced in the art.

25 [0081] Expression vectors typically contain regulatory elements capable of
affecting expression of the KCNQ5 protein. These regulatory elements can
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



endonucl eases; and sequences which all ow expression in various types of
host cells, including prokaryotic cells, yeast, fungi, plant cells, insect
cells, maowadIsah cells, including human cells and non- hurenusew/rai4 cel | s,
and cells of higher eukaryotes. 10 [0082] As will be appreciated by the
skilled practitioner, expression vectors ogLonprise a nucleic acid sequence
encodi ng at |east one KCNQ pol ypeptide, as described herein, operably
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t he expression vector may depend on such factors as the choi ce of the host
cel | to be trandbpucledsesidinorsaduencepwhich alinme&pwesaw| ine@ripys bgpesx@r essed.

[ 0083] Vectors can cont |n one or nore ajion herit systems
for cloning o?‘ éﬁﬁ?l (‘@ mg,%ol@ry%%elﬁhgﬁg‘% % @%ﬁtecéhisows?ﬁ ‘ﬁi'é

host, e.g. an%é}hmdngnrc%ﬂsslha@aﬁ»g mﬁa@e@u@énmhbﬁ UFRAR SRIRA eS8 S&Md es The
|nserted codi ng sequences can be synthesized by standard nmethods, i sol ated

fromnatural sels o’ébl,gh@repk@ryamd as hybrids. Ligation of the codi ng

sequences,to CI’J naI ul at ar | en " r )
enhancers16 Eﬁ Ivgl' (S’lesﬁ}ppég %ldoqyth%tﬁ@% '%ﬁt' qrd8>éﬁ§§§:%h§/ec%s
sequences can chf %@rlaedneabucusadv@ 8sf@éNdes hesbaamidiods - 1¥et 04AE2KENQ5
PCT/ US01/ 17314 [t0084 An expressi on vector accordltn%eéo this invention

is at |east cpohiweptides agidesctibed) herains eperabi linked tond t enalsegulakary

expression, of_ the nuclel aci ds~and n bl e
or gt ne ofrosPRERR ot et ‘ToPerall el { dhhfielte" Hedig e
and the M3 orriuglemd@faéueméq@éhb@ns I|ﬁk§@'|tbaé’|r§?lm&w??ts%rq%|eh6§||Hd&?mérﬂfer
exanpl e, the cytonegal ovirus r onot er he lacZ pronoter, the gal 10
pronot er 4dd twmcmaﬁ@gs%p@ssmn of the nucleotlde sequence. Regulatory sequences
are known in the art and are selected to direct expression of the desired
protein in an appropriate host cell. Accordingly, the term regulatory
sequence includes promoters, enhancers and other expression control
elements (see D.V. Goeddel, 1990, Methods Enzymol., 185:3-7). It should

20 be understood that the design of the expression vector may depend on such

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 to 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.



californica multiple nuclear polyhedrosis virus (AcM\PV) pol yhedral
pronoter. Suitable term nation sequences include, for exanple, the bovine
growt h hoveong2526vV40, |acZ and AcMNPV pol yhedral pol yadenpCausom 730
signal s. Exanpl es of selectable markers include neomycin, anpicillin, and
hygronyci n resi stance and the |iKke. Spemé4(xﬂly desi gned vectors allow the
shuttling of DNA between different host such as bacteria-yeast, or

bect 1 2 o0 TR Spob A PR s ol S RO, i
15 inserted i of Qiré6HRY He 1ePIERIGH éhﬂlbréfé?ém?%@ex&%@foﬁ of\ huBléitng

exanpl es include plasmd vectors conpatible with mammalian cells, such as
pUC, pBl uesciaciss qrist pmtage:ﬁéhls Ilrweltblbha Suttaple piiging kb veplieation inclydayiiol son,

W), REP (1 CE |

UV noe (s 1 Brategyine o) wd SPI ks Brgh8 N poBinsiat sbpitaeh S 2. 20
oo (ATTC 50, SHTSBR rpeRclinin s fo% o, 18 i mogaiis (g0l 342- 12
(ATCC No. 37234 pROVGPL (ATCE No. " T ORSVNeo” (ATCC 7198)

pSV2- dhf r (ATO(DmloterBD‘rml lav7 pPposaTtsy, th(a,@m HOOMQTBt GO, the ZDEGIIBANEC No.

37565), pLXIN a SIR ont e cul ovirus
vectors such g—ﬁiﬁg @%'Sg‘%%Qﬁﬂeég%%ﬂw @g@m%ﬁ%d@stem
(CLONTECH) , af;}ﬂo t@a(S-UWab%a@#ﬂnmétle%ééﬁBhééﬂrfém&y %teéﬂamﬂéeﬂ{e K&lins and
protocols (Invitrogen) are available comercially a may al so be used to
produce hi gh girewtsh@morts, S\&H, @Z gndaélcwwp@!}éladral(@é)@dﬂlwlatlom | ler,

L.A et a 1993

) ) net., Dev., 3: nd O Rei
LA o ala 1003 QOB o GRS o Betor SO AL G IRt oL
prokaryotic vwgﬂirﬁyéwés@@nce%lawe lirad fiical! ;a@teggﬁeé%btm aldRIBeare
nonlimting exanP es of WD 01/92526 PCT/US01/ 17314 25 other vectors

sui tabl e for thivng af DAA lpﬁetw@ntdlffermhhosirpellsosua)“eaﬁ dactemacyieast.ari on
t echni ques, EE]ﬂ Sanbr ook, et

Vanual . SebondoElirE aNTAnGELe. o estpriaigr! Galf Pr Boe rathretieriaie %A bor
NY. 5 Host cel[pe85100REINDE proteRl-escaiiy BINA BEtHRprésenEirFentibn/fRlyPe t hat
conpri ses a nucleic

15 inserted into several commercially available vectors. Nonlimiting examples
include plasmid vectors compatible with mammalian cells, such as pUC,
pBluescript (Stratagene, La Jdlla, CA), pET (Novagen, Inc., Madison, WI),
PREP (Invitrogen Corp.), pcDNA3 (Invitrogen), pCEP4 (Invitrogen),
pMC1neo (Stratagene), pXT1 (Stratagene), pSG5 (Stratagene), EBO-pSV2-

20 neo (ATTC No. 37593), pBPV-1(8-2) (ATCC No. 37110), pdBPV-
MMTneo(342-12) (ATCC No. 37224), pRSVgpt (ATCC No. 37199),
pRSVneo (ATCC No. 37198), pSV2-dhfr (ATCC No. 37146), pUCTag
(ATCC No. 37460), 1ZD35 (ATCC No. 37565), pLXIN and pSIR (Clontech)
and pIRES-EGFP (Clontech). Baculovirus vectors such as pBlueBac,

25 BacPac™ Baculovirus Expression System (CLONTECH), and MaxBac™
Baculovirus Expression System, insect cells and protocols (Invitrogen) are
available commercially and may also be used to produce high yields of
biologically active protein. (See also, Miller, L.A. et al., 1993, Curr. Op.

Genet. Dev., 3:97 and O'Reilly, D.R. et al., Baculovirus Expression Vectors:

30 A Laboratory Manual, p.127. In addition, prokaryotic vectors such as

pcDNA2; and yeast vectors such as pYes2 are nonlimiting examples of



aci d sequence encoding the KCN@ protein of the present invention can be
cul tured under conditions suitable for the expression and recovery of the
expressew@noeEee, e.g., fromcell nenbranes or cell |ysareppysugi7ag nmet hods
10 known and practiced by those in the art. The host cells preferably
contain an expression vector which conprgsses all or a portion of the DNA
sequence having the nucl eotide sequence substantially as shown in SEQ ID

1, | h di ng .& eqi f h 'l
Moot ude ot 1 S ectdtE SRR BURE it e Bledei i irition R sBdt o x5
Bl ue, Y1090 1ngdificatidhOtthniBliestseeel.| Sambrotadt 411089, M@gb;&gma%lgmgr@ Kells.

Eukaryotic reconbi nant host cells are preferred. Exa oticC

host cells i habationpMantalk Sesond iBditiary Gaid SpélagtHarbogLaber ateryr €0IGi ae
cells, cell bovi ne, porcine, nonkey, and rodent origin, as
wel |l as i nsects?)gi'gqéarbof E@?Udl ng but not limted to, Spodoptera frugiperda
insect celfs ydt d8lidr osophi | a-derived insect cells. Mammalian

speci es-derived celT lines suitable for use and conmercially available
i nclude, but #9@8&]ot Hpshc¢l§mqrt§alnmg e PKRresgienivasten that cpropgees g n tgm} K1,

o S PR B e L

(ATCC CCL 2), cOtdr&H @‘ﬁde(r/&BG@itiGRh slfiable, foBﬁreCeﬂprééé' of drdlredbyeryrst therC- 5
(ATCC CCL 171). [0087] The expression vectors may be introduced into host

cell's by var ieynEessedyatein odn fiom eelbmenpbrapgs @5iceH Jysajes, using methadsy,

ol cctropor 8t 1 SOWh ARERERHFET b st P AR T R bR RURG BBl Yontain
transducti 0“ aPreXpRessish veomr WhlchQOMpﬁ@@é alPdAai pirtier oPthe DNA sstjuence
injection, mcroparticle (e.g., colloidal gol d) bombar dnent and VI ral or

phage infecti mvmgﬂaerrmec&@el seqyeace sehsiantially ag shewvoin @ﬁ&dﬁ
PCT/ US01/1731 art?c%WfH g@ﬁ@é #cﬁ@ﬁ%g%ﬂh%éﬂé £8 th&ﬁlﬁ'h%t 8& am’””t S

of KON pr ot contai'nrng expr ESSI Fors and
expressi ng t heotiKphsRarystis &8 (8!, El @aﬂﬁétkainm-mmam%aar)dn Brdleled(!eD' y
anal yzed to deternmine the |evel of novel pot assi um channel

productiohd® 5 WO@Q]Oﬁe@lﬁ%pﬁ&ﬁ\thMtceﬂ&I 4‘%d eN @QB‘F alls hEUkaNetic pr ot ei n
Eﬁ&_ ll?)ﬁA | dent 'rfeéc?rﬂb%n?%stoéel@a)?e %?Qf%ﬁ% %ﬂ&@g o@ehkggloﬂe 0 8?8&%5 (1)
include, but are not limited to, yeast, e.g., S. cerevisiae cells, cell lines of
human, bovine, porcine, monkey, and rodent origin, as weli as insect cells,
including but not limited to, Spodoptera frugiperda insect cells and
20 Drosophila-derived insect cells. Mammalian species-derived cell lines
suitable for use and commercially available include, but are not limited to, L
cells, CV-1 cells, CHO cells, (CHO-K1, ATCC CCL 61), COS-1 cells (ATCC
CRL 1650), COS-7 cells (ATCC CRL 1651), HEK 293 cells, human skin
fibroblasts, 3T3 cells (ATCC CCL 92), Hela 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, micropatrticle (e.g., colloidal gold)

bombardment and viral or phage infection. The host cells are then cultured



hybri di zati on with probes conplenentary to the sequence encodi ng KCNQ®
protein (Southern blotting); (2) detection of marker gene functions, such
as thymwiong9dsehase activity, resistance to antibiotics, pangsels3i4d ke (A
mar ker 10 gene can be placed in the sane plasm d as the KCNQ® sequence
under the regulation of the sane or a dléé/erent pronoter); (3) detection
of MRNA transcripts by hybridi zatlon assays (e.g., Northern blotting or a

nucl ease prot ectlon assay using probe co enment ar t? he RNA |
sequence); (4HN derAaRdLiers peBRing eXpResien &?@s’ge&ﬁnq@y tgo '@l%ﬂ@ﬁm-
blotting wth F?Qférgﬁgythﬁscéblg 36 HB %?éé@ion Qéétopseéﬁggk@fésginggghass' um

channel activity, h™as np anal ysi's I SO
(e.g., 86Rb) eKCNRS pmtenebmt:lloodliy pripaggéed ahadindividualiyearnalyred to
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fragnment o ed I engt I ncor por ati on e expression

system i n t he idetifiededy anymtﬂslxgqueraiiang noyintiting approachest bl) DNAHDNA known
net hods. See, for, ex

a di deox chai n rm nati on netho nger
et al., 1977, hypgdizal "Ewtmrages gemplemnentgry toﬂﬁbe SeUPRCe %madm%“Q )
Maxam G | bert , Cséiﬂ:h i
US A, 74 S%W%%@B%HE@%W ) e *ﬁéﬁﬁf dtker 9SS F)Lineci'éﬂté Aen !
can be expr esgleygmidise Mneee@nbVltyameSlpiraubelto awhbbhosm,eamithedn(e Aduatkernal

ol ypepti donains added tqQ facilitate isol ati ein
Do DDt 16 BRI G b6 et I e samP p'ﬁ@@@%ﬁﬁﬁ?ﬁﬁﬁ%wnﬂs&nwm g
donai ns i ncl Ufi‘ Lﬁ‘i%hé‘h o?pf‘écééma%r%eﬁﬁé@gplr@g?ﬂ)?Bsﬁge@%ﬁbh g(\; RRNAY Pt ophan

nodul es t hat a ow puri ation on 1 nmo rath, 1992,
Prot ei n Exp. MSbrlptsaoﬂlﬁﬁ)ndlmtmssaychemlMsrthd:mtblwmghr%ﬁmase

PCT/ USO01/ 17314 7.allow purjfication on i nogl obul.i p;. and
The FLAGS. domra(ecian sasr Hpinord aiacy camplemanvaryio e RUK ermamey &, o)
The i ncl usion

i ncl usi on jfnitho o@t@&ﬁbﬁ%@érﬂe r?ﬁsggggglﬁ b tet b?&%@'i/vlt\flfarﬁﬂfody

ent er oki nase el nvitrogen ation domal n“and t
pot assi umBharta dCNQS mgtmne)g(b)rdetectﬁ:rabfsmtasstxm chanrfediacllwt}asgcrpamb[yl cation

g]; tsgleegﬁg(rje? %ea 8%9 B glglgg%ekﬁ@ﬁptg&)g god B‘Flig teq‘ﬁlux two e ectrocFe vol?atgreal n my
clamp, or membrane potential-sensitive reagents (e.g., Dibac from
Molecular Probes International); and (6) PCR with primers homologous to
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




the expression of the inserted and expressed sequences, or to process the
expressed protein in a desired fashion. Such nodifications of the

pol ypept ivd@ oi/gaskaide, but are not limted to, acetylation, PCEUBOXyB®L i on, 10
gl ycosyl ati on, phosphorylation, |ipidation and acylation.

Post-transl ational processing which cIe? s a nascent formof the protein
may al so be inportant for correct foldi 3? I nsertion and/or function.

Different host cells, such as O Hela, , 293 T 573), W38,
NI H 373, Hexalay parfication en uernggﬁ)v@dé@gwr% nj anéﬁ%&%&wa
characteristi N : : = LQn L vhbhies, and
may be enpl oyg(yitgfi gﬁgﬁgﬂngggﬁigglgﬁﬁtl%%&ﬁng@#'P@g%F??\b'z'nghgﬁﬁ%g%lgfﬂr?g%of t he
i ntroduced, bleagabledinikes sequéreie) sucld@s HackoraXw) ersentérgkireseddmdtrogari)ul  f or

detecting and neasurjng the _.expression of the novel KCN?S pot assi um
channel pol ypBptweRn the pigificatipr domgn ﬁBﬂ&&‘? BRtASSHIM FRABRSTFPIINGIRGI B es

I ncl ude, t | ¢} 3L, Ls ; : |y ' KXSQ ; ELI SA),
radi oi mm%asggsé L{%ﬁ%{)tf)%ﬁg&% Pﬂgﬁég%ﬁgéhggtﬁﬁlygggg cel ng{)bﬂ){q%:@a%ﬁ(éc& . ?A
two-site, non{@d98]al Famherhadpost bakl stiainmeay bessdgcted for its alglitydo ocddinate

 bodi : e feri . b i _
Conpet i 11 ve. bHRIPHIERERI du S A P BRaL A 60| 20 PIPEPS il c.

R Hanpton, 1 Leal t i APS P ,
St. Paul . MN %%@PGB§EWK@%H§@agt&@§HD%T§§Q é’?é.w@pd.m&l\}g .,Bﬂshée: 1211, [0002]
As wi |l be appolpeptide inpjude) s armnohliimiséd td, acetyldtomicarbaxdyatioost cells  of
this i i b I din,. ar | et f . th 30

appar ent . 1or Shieanyedonmwepppnasta, ilafiol ahd A8 atiomn TRT-ERRAORES « hat
bind to or ot BRMShJTith e J fEsUsH forBf HeSHIAA nedy bI88 HENCD

protein, WO O 17314 28 or at |east one subunit thereof,
whi ch woul d bémpserént fof oorrecidolding,dnsertion andscsiriphetiosc t Diffetrérd inosb CellKCNQG

Dt ot oi n- pr ot eshoh asab: Fowd, kR 20D PAHEE CREESIAMETNATES. ne uses as
T vector s, HERERST S pb PR R B cLMEERRLAPIAS Rofecpralee =
portion th&reafiechsimismes fortsuehKOstErapslationalantiviii@snanhd may be employed to
ensure the correct modification and processing of the introduced,
heterologous protein. '
[0091] Examples of protocols useful for detecting and measuring the
expression of the novel KCNQ5 potassium channel polypeptide using either
20 polyclonal or monoclonal antibodies include, but are not limited to, enzyme
linked immunosorbent assay (ELISA), radicimmunoassay (RIA), and
fluorescence activated cell sorting (FACS). A two-site, monoclonal antibody-
based immunoassay utilizing monoclonal antibodies 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 KCNQ5 protein,



pol ypeptide, or a portion thereof, is expressed in the nenbranes, can be
used for screening conpounds, for exanple as described in the protocols of
i nt er nat ivomal/9ozppl i cati on WO 99/ 31232. 10 [0093] Not all PgpUselsi7’on vect ors

and DNA regul atory sequences will function equally well to express the DNA
sequences of this invention. Neither wil], all host cells function equally
well with the sanme expression system ver, one of ordinary skill in

the art may nmake a sel ection _anong expression vectors, DNA regul atory
sequences, an@l Ableastane subynihthereoh wliuvadidde peefvl é’é@“W%ﬁ'qgﬂ\Xﬁ)rt hout

undue exper!| MeRAALICAARMoN: bRENQEIRALH R IOy S6ARGrAsduBon

i nvention, to achfeve expression and protein for
the variety omechesistesand pestein-piGien iftetaqtiopt; aed fOPSPardiKGN@S peotedrdi ment
of the present invention enconpasses 20 pol ypepti des conprj Si all or a
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preferred nmethod 1 nvo ant production of protelrn in host
cel I s as desciNdithdr afibaibhostarellsXangtion, edidtly avetipwitls theysaiine expressian t i on of

SEQ ID NO. 1 can be synthesized by PCR as descri bed above, inserted into an
expressi on’ veSVBEM. aHAWEVELane el ardiferh Sl e 9 MY Make g1eesidh

vector. Ther e%mcﬁ{&ewgsgeﬁtve‘éﬁiré, DﬁAgr‘Sblhﬁtgrg ée%u@h@«?é’,ccﬁlcf hGst ¢S U8hg

pol ypepti des, I sol ated an rotern 1solation and
15  the guidance provided herein without undue experimentation and without

departing from the scope of the invention, to achieve expression and
purification of the KCNQ5 protein for the variety of uses described.
KCNQ5 Polypeptide

[0094] Another embodiment of the present invention encompasses

20 polypeptides comprising all or a portion of the amino acid sequence of the
hKCNQS5 protein (SEQ ID NO:2). Where a portion of the hKCNQS5 protein is

used, the portion 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 KCNQ5 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 mMRNA. A




purification can be achi eved by any one of several known techniques; for
exanple and without limtation, ion exchange chromatography, gel filtration
chr omat ogv@ph92sand affinity chronmat ography, high pressurePCT/aja01d 730

chromat ography (HPLC), reversed phase HPLC, preparative disc gel

el ectrophoresis. [0096] In addition, cellyfree translation systems (see J.
Sanbr ook et al. supra) can be used to produce reconbi nant KCNQ
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hydrophi |'i ci t ¥lez@roph@ledis.t he anphi pathic nature of the resi dues i nvol ved.
Preferably, the biological activity or functional activity of the
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hydroph| licity values include the follow ngq; lI euci ne, isoleucine, 5 valine;
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gl ycine, #Panithe presariaemion igrivdgmanbit reBeylaeytetysatenwheat geraBXEChNi ne
and tyrosine. canine pancreatic microsomal membranes, E. coli S30 extract, and coupled
transcription/translation systems (Promega Corp., Madison, WI). These
systems allow the expression of recombinant polypeptides or peptides upon
the addition of cloning vectors, DNA fragments, or RNA sequences
20 containing coding regions and appropriate promoter elements.
[0097] As mentioned supra, protein isolation/purification techniques may
require modification of the hKCNQS5 protein using conventional methods.
For example, a histidine tag can be added to the protein to allow purification
on a nickel column. Other modifications may cause higher or lower activity,
25  permit higher levels of protein production, or simplify purification of the
protein. Such modifications may also help to identify specific KCNQS amino
acids involved in binding, which, in turn, may assist in the rational drug
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.



[ 0098] Conservative substitutions of amno acids in the KCNQ@ pol ypeptide
of the present invention may include the use of a chemically derivatized
resi due twopeplsace a non-derivatized residue, with the prper/@so1l03tshat t he
derivati zed pol ypepti de displays the desired biological activity. D

i soners, as well as other known derivativgs, may also be substituted for
the naturally-occurring amno acids. (See, for exanple, U S. Patent No.

5, 652, 369, dJ 7 bl b
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PCT/ US01/ 1731mattgallmmwr@@|amm@sacmﬁes Sﬁ@yfctree@nb@fsn Yud.fatenhert ed, or

el e, M outos2 8! ARLAT4R 4, T501E PRGN 8-Sl SIPUBIRL AL

art, such as nﬂ%stlvﬁhoﬁpéltémﬁfgethe%lélaéﬁa] a9 of ting %’G@llt@ﬁ@ﬁolyg@ﬂwﬁ. nglito the

present I nvention are a nunber of other varrations of the above-described
pol ypept i #8s. ofthehabaye-deseifed modified polypeptides are included within the scope

of the present invention.
[0099] Accordingly, the present invention embraces variants of the human
KCNQJ5 potassium channel molecule. Preferred are variants having at least
about 80-85% total amino acid sequence similarity to SEQ 1D 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 ID NO:2, ‘or a biologically
active fragment thereof. A variant of the KCNQ5 polypeptide may héve 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 Iéucine with isoleucine. It 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



I nclude salts and esters of the polypeptides, as well as precursors of the
af orenenti oned pol ypeptides (e.g., having N-term nal substituents such as
met hi oni meQ odXe¢ myl net hi oni ne and | eader sequences). ThePQT/ESe@rit73M10
invention is intended to enbrace all such variations. [0101] As will be
described further infra, the hKCNGb polygﬁptide, and peptides thereof, of
the present invention can be utilized in w de variety of ways. For

exanpl e, one may use themto generate polyclonal or nocl gpal , anti bodi es
by techni quesarinACEHT@sislugsiMALhe sHbelated, inseried, o5 dgiiedwdNedt can be used
for i mmnodet Wele - | O | , or
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anal yses by nethods well-known in 25 the art. Synthetic nmRNA fr vect or
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oocytes for f ' ' | ysi QL G i ds
Enaymol . | 207 BERRARnEd RoRbfilen B8, FRL G FRL ARl Sibstldetis SHEh 881 o
usi ng st andar ehdthionire, ds-foraddmethlidrige aot degddresslguienoes). (Beepresent exanpl e,
Stuhnmer W, 1992, 30 Mt hods., Enz | ., 207:319; .and Kohler et al., 1996,
Sci ence, Y¥3: Invegfion '*PBF%@‘S‘?C{J% %%Eoﬁ%ﬁﬁlﬁﬂ%\éarlaﬁ@f‘ﬁe the cell may be
altered, for | eas i BO deLABer furlifel ibfR0 kh FkENQ3DAMStpideaRa! assi um

i onophore, or "by co-expression W th a recept’or that Ses a rise in
i ntracel | ul ar ppptides thereofof thenpitsisent inveptitrasan benutitived Bna midé vadetyef be

altered by pulling inside-oqut patches d changi n tassium
concent r at i on¥/aY§- (¥ ea@nw?%eqf%may%,afﬂﬁm Oéﬁg}%a@ g‘@%’&@@ﬂl&r, 58S et al.,
1993, J. Gen. EhsHiidial gn%iggc;ijiggjc%/-teéﬁrﬁgﬁé‘é ﬂﬂ&hﬁ%‘?‘nﬂ%rﬁéﬂiced@ﬁrtﬁ%@r'ﬁhe such as
activators, potassium dependence, sindle-channe
15  antibodies can be used for immunodetection (e.g., radioimmunoassay,
enzyme immunoassay, or immunocytochemistry), immunopurification (e.g.,
affinity chromatography) of polypeptides from various sources, or
immunotherapy (i.e., for potassium channel inhibition or activation). Further,
the KCNQ5 polypeptide, or peptide fragments thereof, can be used in
20 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




conduct ance, inactivation, tail currents, potassiumselectivity, and

phar macol ogy of various K+ channel bl ockers, including TEA (Exanple 4),
Apami n, awmaot/des24i ke, may be tested (See, Gissner, S. etral/usollOd’d, J.
Gen. 10 Physiol., 102:601). [0103] Alternatively, cRNA (i.e., synthetic
RNA froma cDNA construct) can be introduced into host cells, such as
Xenopus oocytes, as described above (Ex le 4), or manmalian cells, for
exanple, RBL cells (ATCC CRL, 1378) or 293 cells (ATCC CRL 1573), ,can be
transfor med u3fAi§grbRetassiunsiaRePRBLes or BYaesexpressia WK axegaRter thaf r ect
nucl eic acid Lgj | : s S U f

m croi nj ecti o%gdéys %%g?ﬁﬁ(ﬁtga%ﬂﬁl%ﬁFgﬁg'u@'lg?egﬁaéwgﬁaﬁgﬁgé or 5242). The
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| at er using patch-clanp techni ques, whjich are nmmonly practiced in the
art (S.R | keBatasgiugn congepyrations)ip i Qa%ﬂﬁaw ?ga%ieé?xgmplezéﬁfssmﬁr, S.
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eukaryotic tr : S r ' i '
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that open or Blpankn}dved theviike, IKAY(be tasiad ¢Bee,|GisEeSared iabn1 983 pt. d3em.on of

the KCNQb coding region cap be achieved 30 by direct transfection into
mamal i an1@el Mn@ogﬁgﬂgard techniques (Omari, K et al., 1997, J.

Physi ol ., 499; v P bt e In i o1 ; .
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can be att ai nednb®iintroducedints heskcalsc suctvas Xeuspds ioncytes, as deseriled
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Uhese syst errs ShPUS (LxmBala §). of marsalan sal pescaiie. HE s AT KR
1992, Met hods f : 72V . ool kRFRAhEL T Y,
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15 methods in the art. As an example, direct nucleic acid injection can be

employed, such as the Eppendorf microinjection system (Micromanipulator

5171 and Transjector 5242). The injected/transformed cells can be

analyzed for K+ currents about 4 hours later using patch-clamp techniques,

which are commonly practiced in the art (S.R. lkeda et al., 1992, Pflugers
20  Arch., 422(2):201-203; and S. Grissmer et al., 1993, J. Gen. Physiol.,

102:601).

Over-Expression of the Novel KCNQ5 Channel in Cell Lines

[0104] Transient and/or stably transfected cells, preferably eukaryotic
cells, such as HEK cells, containing the KCNQ5 nucleic ac‘id comprising the
25  coding region, are envisioned for high level expression of the KCNQ5
potassium channel. Such eukaryotic transfectants are suitable for using in
performing pharmacological target binding studies for the identification of
molecules that open or block the novel KCNQS 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.



[0106] Stable transfection of host cells using nucleic acid sequences,
e.g., (SEQID NO 1), which encode the novel hKCN@ potassi um channel

descri beavaer/gaspe (SEQ I D NO 2), or biologically active vaPCHUSE/10B14
fragnents 10 thereof, can be prepared using, for exanple, 3T3, L929, CCS,
HEK or CHO cells. A vector suitable for e in preparing stable
transfectants is pcDNA/ neo (Invitrogen).” 0107] An exenplary procedure for

carrying out the transfectiopn assays is as follows. Cells e grown to
about 50% conﬂhiiﬂe&ywwgmﬁ% Hi%éyeﬁ%awm@rﬁfisa%gan beatAIneG HaNgn der
conditions th ' [ ; L gul.an. cel |
"ne. ool Ts. aftarBaneofiienl kBt tiedl SRR e BRidddster B0
a codi ng regi adefioviridieCKeNGE rmomtizersiresultiod fronethese. gystend&Eard fpdally, in a
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thhen sel gf:t ed 1@97})J.33]8I.g]ﬁ]hdr?l.oiwﬁml%go.neorrygi n). Only thoisle cel | s whi (r:]h
ave sta I nt eqr.at t et erol o s, cqdin reqif M in t
presence 01}/ Gﬁé@,%]si §Iﬁ&bl‘f" éns H‘é‘éo?ggﬁto‘i"éhér‘isg?ﬂ nglg%nqw%seq%r?c%sl, r‘l'-g-’ ©
neonyci n-r esi 3LAACH ARNT), WhitiBAYSE Ble ndRIhRICNOS | RASSI dhrRRAspssed  for

about 2-3 rou ed¢tion/purification and are subjected to patch-
cl anp anal ysi glesoribéd-hergim ¢REQ. ID] NOAB), off biwlagicaltyuactivel Variaintsesr fragimesipr ess

or over-express the novel K encogded b he _pol cl i codl
region, i1@., ﬂ'ﬁ@)ﬁ@aﬂéelpre&are Hsmgngoﬂ'ieéﬁéipﬁ?’r M Qﬁ%ﬁgKﬂiﬁgg’ used
in |igand bind] Sﬁ%‘( n %g@cg i ijde nol ecul es
t hat bind thegk%cg C a(?{née ?%g%%gHgé%p01lé 265%%'}%55%?%@%& 34 or nore
subuni t s t her pgDNA/neo dhwitpdgen).a radi o-1 abel ed ligand is used as a
nmeasur abl e di enment _entity i-n a,nonconpetitive or,k conpetitive binding
rosay. Noni | 10" CRB RO pPeEHUS 156 FaTKati oI 41K HERSREYAN PRSRRE TEA
4-am nopyri di Y\ ' ' i
di am nopyri di %gf&@%”gﬁzcegér@bt?ﬁé ﬁ?ﬁ%ﬁgﬁgﬁ@%?ﬁc i iReg;tmlijyn?i;ugcs)lgeti gm ne; 9-
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requirements of the particular cell line. Cells are transfected or transformed

with 5 ug of pure DNA comprising a coding region for the KCNQS potassium
channel, e.g., SEQ ID NO:1, in a pCDNA/neo plasmid vector using the
Lipofection reagent as described by the supplier (Life Technologies Gibco
20 BRL, Bethesda, MD). After transfection, the celis are incubated at 37°C for
three days in medium containing 10% FCS. Cells are typsinized, seeded
onto 100 mm plates, and then selected with 300 ug/ml of G418 (neomycin).
Only those cells which have stably integrated the heterologous coding
region will grow in the presence of G418, since resistance is conferred by
25 the neomycin-resistance gene in the vector. Isolated clones are processed
for about 2-3 rounds of selection/purification and are subjected to patch-
clamp analysis for K+ currents.
[0108] The various cell lines that express or over-express the novel
KCNQ5 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 KCNQ5 channel, or one



i nopiridine); clofilium quinidine; am noquinolines; and quinine. Exanples
of peptide toxins for use as ligands in such binding assays include, but
are not wWom/pxdet o, stichodactyl otoxin, apam n, charybdoPORUR)1/Kal4 ot oXi n
and 10 margotoxin. Method for Detecting KCN@-Encodi ng Nucl eic Acids [0109]
Anot her enbodi ment of the present inventign provides a nethod for
detecting nucleic acids encoding the K protein. In this nethod,
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detect KONEb Gmshmbxsyﬁ@ihé; BACH! B8CI;istgeHRIRef phésdydiamehpyedastitighsnend-
regul atory el enments) and nucl el c acids from other species (e. nonkey) .
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and SDS to degrade nost of the cellular proteins. The genom c DNA is then

depr ot ei ni zed limjteditocetichodachteingin spaminfcharitidaéeiy) kaliotandpndxt r act i ons,
recovered1$y et hangol .Iﬁ)reci pitation, dried and resuspended in buffer. For 30
RNA, cul t ur ed PP e | ysed in 4M guani di nium solution and the lysate is

drawn t hr ough \MetRB8d 9atDetsttag KCNQBEE RWing NapRlid Agidso a cesi um chl ori de WO
01/ 92526 PCT/ USUITI73T4 35 Step gradient and pelleted by centrifugation

and the super {8108} Asotharerelpdimentopiel rresemanyentiampravidesa metied RNA,

huci eot i des. ofoidaeETI NNl s RicRubGHERENCE i L BR BB 0ei
are 32P and 3hucleid hbide @t ubkReWn!selgabhce e bomtacteidovitth aaictio acideyauey used.

Those having skill in the art are aware of various nethods to attach the
a sequence complementary to a known coding sequence (e.g., a sequence

of at least about 10 nucleotides from, e.g., SEQ ID NO:1, particularly the
coding region thereof), wherein the latter nucleic acid has a detectable
marker; and (b) the presence of marker bound to any of the nucleic acids of
unknown sequence is determined. The presence of bound marker indicates
20 the presence of the desired nucleic acids. This method can be applied to
detect KCNQ5 nucleic acid in other tissues (which may have different
regulatory elements) and nucleic acids from other species (e.g., monkey).
[0110] Nucleic acids for analysis by this method can be obtained using
commonly practiced and routine methaods in the art. For genomic DNA, a
25 tissue sample can be rapidly frozen and then crushed into readily digestible
pieces, which are incubated in an enzyme, such as proteinase K, and SDS
to degrade most of the cellular proteins. The genomic DNA is then
deproteinized by successive phenol/chloroform/isoamyl alcohol extractions,
recovered by ethanol precipitation, 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



| abel s to the conplenentary nucleic acid (e.g., the random priner nethod
for attachnment of 32P or 35S). [0112] Methods of detecting nucleic acids
are genemnved by9dseown by those 10 having ordinary skill in powUsew173H0r
exanpl e, one may performa Southern or Northern blotting procedure using a
radi ol abel ed KCNQ@ conpl enentary ol i gonéqg eoti de probe. Hybridization is
then detected by autoradi ography. Dependi™ng on the marker, other detection
nmet hods (e.g., spectrophotonetry and non-radi oactive |abels, such a

cheni | uni nescélfParadignt apdaelielrdby centifigation ang) the JupgHaiaplls r%loéléai ng
KCNQ Protein -NBQ ' [0113] The present invention is
further directe #%I?éé%{hhyg@g&ﬁggfn e r@%taﬁlgp" nodul ators of the KCNQ@ protein
descri bed her §0111]A The eetedtable KGNKBr maydieea madioedotiva iondinkst 4o beedétieet i ng

bi ndi ng of nolecules (e,q., polypeptides, 20 natural produgts,, synthetic
conpounds) i nheeleptides gt 8&@%@99!/%%?@33%%'% acidy, (é@ %@W%‘Wﬁgamﬁ

ds) i1 . o GHamIAhE t
sequenci nog of fdeEUiNGS, BphakiFbeRHIdRIs RRH HaoSVRN by basgner ate

reconbi nant hos expressing all or a portio
prot ein al | owThgsé dravig sdihinmibedt axt awade ofpravidustnsethiods sy attheh thee conpounds

that bind to d/ or dul ate KCN% 25 protein activity. A process for

det ecti ng Km@)eﬂﬁ@&l%rp%ﬂlﬁmﬁrﬁ? "P’-@&éj‘? Aed (gtg-a r@PHPprfgmgumez'B?fg vect or
into conpatib 254 l-g 3 ®acri bed supra. Transformed cells are then
treated with {fgsét} sunﬁér?ze??fej.g?, synt hetic conpounds or natural

products), anf0tt@nnMetirads of detectingmacleicextidanaleogenaxrateksewn by thbee

resence d absence of the test b . 30 [0115] Mo i fi Iy,

onpounds 18 haeNB@ENareRi 1ia At For AxgPlR PRATaKRATOREE Saubier or

proteins, o RRMHRA biifin@ pRARIErEBLAGY fiolsbaBI WENEEVoieRiehtaiy01/ 17314
te anne u

36 conpounds nay nodul a actrvity by i1ncreasing or attenuating the
expr essi on of ojnucledtide probeh HyhrisitzetionHe thpert detected b autosbdiograpingy

t i i ze the biol ogi cal ivity of th | h |
TtsolT. The aSlEbpadi o fhe ek Sliea CotsrioT fBRkOHS 4o e RO PRESIEB 5
DNA or RNA encodifyg. ivBBYbAIS, Such dPEFemNFRINRRceRES Y flliGtestéiied bt i vel y

determne if there 1s a change I n expression or function.
15  enzymes).

Methods for Detecting KCNQ5 Protein Modulators/Screening Assays

[0113] The present invention is further directed to methods for detecting
modulators of the KCNQ5 protein described herein. A screen for KCNQ5
protein modulators entails detecting binding of molecules (e.g., polypeptides,

20 natural products, synthetic compounds) in cells expressing KCNQ5 protein.
[0114] The cloning and sequencing of the hKCNQ5 polynucleotide
provides the ability to generate recombinant host cells useful in expressing
all or a portion of the KCNQ5 protein allowing for screening of natural
products and synthetic compounds that bind to and/or modulate KCNQ5\

25 protein activity. A process for detecting KCNQ5 protein modulators requires
transforming a suitable vector into compatible host cells as described supra.
Transformed cells are then treated with test substances (e.g., synthetic
compouhds or natural products), and channel activity is measured and/or
assessed in the presence and absence of the test substance.

30 [0115] More specifically, compounds that modulate KCNQ5 activity may

be DNA, RNA, peptides, proteins, or non-protein organic molecules. Such



Alternatively, the assay may be nade quantitative by conparing the
expression or function of a test sanple with the | evels of expression or
functi onweonIst@ndard sanple. 10 [0116] The hunman KCNQG penDusdmi7arscri bed
herein, or immunogenic fragnments or oligopeptides thereof, can be used for
screening therapeutic drugs or corrpoundg,ﬁi n a variety of drug screening
techni ques. The fragnent enployed in su a screeni ng assay may be free in
solution, affixed to a solid support, borne on a cel surface | ocat ed

intracel | ul ar P?mPQanfﬁ@ﬁer@l‘QQNa(tﬁ CB?”%&CF'Y'%W aﬂcrﬁ%%'nguow tSF‘U?tI’ﬂQ 6 nati on
of 'binding cogp), r%%% iaxels Firips YLy ﬁbb%ﬂﬁ%%ﬁés&ﬁﬁ’f&ﬁéhr%ﬂ%rgﬁgy agent
€ neasure h es

bei ng tested ca e present’ 1 nvention pravi
met hod for scantijonizeosr amﬁmme“lgomgmau aativityyofdhe covpbKGEHQS ohanriedi r

i, e ket e e U RS <
dabl
oL St ARG SIS erl 08 NS ety a8, 0z

EUf Li ci en]E t(r)]qablltawvéfyIdlétermmelgdhemjstaadﬂiwgeancbmrenmon antundtoerct i | ng
inding o teKCN(gS ol ypeptide to each of the plyrality of tes
conpounds, thé\lt@Eﬁa Wég’ 1”%2?9 ?ﬁ}’mﬁ¥?\?dﬁﬁg%ﬁé‘§n¥"@§§e CAMPFYIY Shebl nd to 25
t he K | t ntdrat

& [ONB pol ¥R6RI! [2)% o fgddn g%@%amplémthayéws eﬁagﬁyée% a

nodul ate the a potassi um channel pepti de are
provi ded by tlflmqmbasmatstandarelrﬂeimpieand conpri se conbining a potential or

aetivi Ty 9¢n ot {EicEne Bupt REpCR Blotgha pﬁé?é?\hﬁé;“nﬁéraﬁ‘fﬁha&éé’rhggéfﬁ'
S hor e Son AP S oFER R e SRR oo
bi ol ogi cal acUrugst gr cdmpoendeINGD vaddly mf piruglscreBnaty tenhamueabﬂ'@eef fects
B A K N AR A R AL e
CET Lot "y g8 B O Sl RIS oR AMUMIRIETIAcHRIe puseiigany and
15  The reduction or abolition of activity of the formation of binding complexes
between the potassium channel protein and the agent being tested can be
measured. Thus, the present invention provides a method for screening or
assessing a plurality of compounds for their specific binding affinity with the
KCNQ5 potassium channel polypeptide, or a bindable portion thereof, e.g. a
20  subunit, comprising providing a plurality of compounds, combining the
KCNQ5 polypeptide, or a bindable fragment thereof, with each of a plurality
of compounds for a time sufficient to allow binding under suitable conditions
and detecting binding of the KCNQ5 polypeptide to each of the plurality of
test compounds, thereby identifying the compounds that specifically bind to
25 the KCNQ5 polypeptide.
[0117] Methods of identifying compounds that modulate the activity of the
hKCNQ5 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 KCNQ5
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



[0118] Anot her method of identifying conmpounds that nodul ate the

bi ol ogi cal activity of the hKCN@ potassi um channel pol ypeptide conpri ses
conbi ni ngv@opetsenti al or candi date conpound or drug nodul RCDUS@1731410

pot assi um channel biological activity with a host cell that expresses a
KCNQG pol ypeptide, preferably having the‘,ﬁm no acid sequence set forth in
SEQ ID NG 2, and neasuring an effect of t're candi date conpound or drug
nodul at or on the biol ogical  act, vi t){_ of the K pol ypepti de. The host
cell can al sfaskilalgpanitee biolegicaladtivily, ebthe I5C palyPepiide

pol ypepti de, P LAl [ . | ' eff.ects of a
gi ven nodul at éfea%g%t%]%a?&%gf%ﬂﬂ@ﬁg, ﬁ%@@?’ﬁ%h@%@ﬁ%@%@@%@&ﬁ?de can
al so be neasubiity tolpatss Keedng)loabtiesdays ubed fdtQd@eninguefédats snmajivee eit her

di rect measurenent or Iguant ification of the physical biological activity of
the potassi udngsiened KCHQES! ke membrapghoterial (gifaats pndureiraRmItedo

physi ol ogi gal rﬁﬁf, | RSV ﬁm S : ably enpl oy the
hKCNQG pot%ss{%%qag?fanne&%% %gbqpﬂuf(@sése%crl Ere ergi%r]ld,%%{re(%jr over expr essed
reconbi nant Kadfopghysitsgicahméasures. pol ypeptide in suitable host cells
cont ai ni ng an_expressi on vector a | bed herein, whereitrééyhe KCNQb

pot assi um chad®¥ 8]p_o4'\993]9ﬁ”&$h99 iqdﬁ?%g\é'&ipo@f?owg?%r@@g@ﬁ 'Of under goes
upr egul at ed e;éﬁjgtgéig?l%tiv[tg“ﬂ"]e ARENEES 8@%%@&% Bﬁ%ﬁ@ ip?ﬁ)ﬁ)a%g)gg?'ec@gﬁﬁfs'egn

enbraces a ne screening for a ound 't
nmodul ati ng t heolnbhingiacpdtentaitorcandidate thmpsGNQor ity pegtulater ofanpri si ng

providing a host cell containin n expressi ogn yect gr .harboring a nucleic
aci d sequ&cep@mrﬂghﬁﬁn?ﬂﬁdﬂg%éaﬁ%‘f'@d@& PS‘E’S{@@EQ&]%WQQS?S% a

expr essed KONE SOPCRRRIe, BRIGB A VR RGeS b er

of dadm)dul at orSEmﬂIDmele, andnhleasum;g ameffeet of the thndidate copband or dougound
t I ni t [ [ activjt t K tid
" the br esenddisioRenibamaaRaLaRMTanhe RENGE RoFPRBlusa s ot HBF ence.

bet ween the actij\y f @)@g}n : ' ' t he
nodul at or corr%%h\r?cliéiﬁg Ciahatslr?e a sei{;@Q‘bﬁg@ﬁégﬁ.ﬁﬁﬁ?ﬁ%m@gﬁéﬂn Iihﬁi:li cates
a nodul at 18g efd.evia infutible exprpssiod. Physiological effects of a given modulator

candidate on the KCNQ5 potassium channel polypeptide can also be
measured. Thus, cellular assays for KCNQ5 modulators may be either -
direct measurement or quantification of the physical biological activity of the
potassium channel, or may be measurement or quantification of a

20 physiological or a neurological effect. Such methods preferably employ the
hKCNQ5 potassium channel polypeptide described herein, or
overexpressed recombinant KCNdS potassium channel polypeptide in
suitable host cells containing an expression vector as described herein,
wherein the KCNQ5 potassium channel polypeptide is expressed,

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 harboringl 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 KCNQ5 polypeptide in



[0120] In another of its aspects, the present invention enconpasses
screening and small nolecule (e.g., drug) detection assays which invol ve

t he det esw®@on9zsee i dentification of small nol ecul es that cROT/ORMAET78 a gi ven
10 protein, i.e., the KCNQ protein. Particularly preferred are assays
suitable for high throughput screening nghodologies. In such

bi ndi ng- based screenlng or detection assays, a functional assay is not

sﬁglstc gntlyalr Fgﬂb‘i}%’?‘?@& Ofﬁﬂ‘%&w‘qﬁ?r&?@pgogﬁé &Qﬂi tgﬁttgg r?%h @ghgr ef erably
i gands, druggodiBrbl cRipBLHY Bt dete@nit tﬁémagﬁapéctmay%for bi ndi ng

to the protein target. Preferably, nmost “small nolecules that bind to the
target prot ei axpnelsseddﬁmﬂ@ﬁqmimemldeyn ithe prasencewi e magiwatobcenpewndnt i al |,

hi gher affinit ng,t o, functional ar eas ol t

fo21] o ex?r% i B o QLIRS it el TR ABL S el 2o
shift ass i

descri bedaai(n %nggga?ééﬂ?mﬁo@@géﬁgggﬂ?ﬁﬂ gﬁuéla’édigcsog 9201?%2??3@5?2&& al .

see also, J. Df theemedu|atonaonpasid indicptesewsodualimg pifeatnf the sagmpaundws  t he

expr ossed, _ankd At cPergguel Fs Speckls mipest EMhbBEndinlsbte  of 25

bi ndi ng det er @b@n‘u@én@%r@ﬂ%&l@bﬂ @rGMQ)@@féﬁti@h%séyé Vigfictoihvolve
protein-drug or ligand c | exes. drugs bi ndi ng nol ecul es

det er ni ned bythmdetectlemmu(tﬂrélﬂcaﬁrorb@f $maH me@ﬁgam cantbig@ ty adivervy

a1 ot or hoderaelt andne S ap Erelry Porish R Bigfllald et SugbiEo 12

To purify a Keh@gRekeighplt sdtasnity methvaerigiste hsuthasindiagdasetol ogi cal
bi nding or ligand binding activity, the source may be a whole cell WO

01/ 92526 PCT/ SSEENiNTBerdetestioy essays, raafun@mnaiéisgawam@dywa&\umeﬂve

e s LGRS oA Ao HECT s RSB e,

conpl et el y pullibfdrp@rpangl enétinourrfsofey. nngnﬁdsf idea@dd, emarebitsless t@be

affinity chromatography usin pecific anti body described infra, or by

| i gands spéci screened erﬁ&?@h/egé@' blaglngﬁguth%er@tgm raes. treferablynmioshnt KCNQS
pol ypeptide m)lmea(ilm Slecﬁiesothg§ b%%fth& ?ﬂ'get protein will modulate activity in some

manner, due to preferential, higher affinity binding to functional areas or
sites on the protein.
[0121] An example of such an assay is the fluorescence based thermal

20 shift assay (3-Dimensional Pharmaceuticals, Inc., 3DP, Exton, PA) as
described in U.S. Patent Nos. 6,020,141 and 6,036,920 to Pantoliano et al.;
see also, J. Zimmerman, 2000, Gen. Eng. News, 20(8)). The assay allows
the detection of small molecules (e.g., drugs, ligands) that bind to
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



herein. Binding activity can then be neasured as described. [0123]
Conmpounds which are identified according to the nmethods provided herein,
and whi ciwoodedsat e or regul ate the biol ogical activity orpghysewi7egy 10 of
t he KCNQ pot assi um channel according to the present invention are a
preferred enbodi ment of this invention. Idgis contenplated that such

nodul at ory conpounds nay be enployed in treatnent nethods for treating a

diti h ' [ db h I h I
e i stor | ng Bt rah pecTEPer RCRiEesroaroTP R tRR S Ry ap&de  car 1y
15 ef fective aFaafin b ﬁregeﬁc@waﬁda@qﬂbtéds@dnm.té@e TRS ARANG@SSCr i bed

herein. [0124] In addltlon the present invention provides nethods for
treating an botdissidn shanmelmeayibefpastially arrcsaptetely porified by stindach t hat i s

diated by the h h f.th
neur ot et i vBrotat) RALEHRY SROnOer exg: ci it ORelaBiarby Aie Shettider or

condi ti on,5 SUgRtiSSdy 6§§&rueaeiﬁfr§eéred)w|gmpe%iftwoaaméw.t§g%%@engmebrw
i ndi vi dual” a therapeutically effective amunt of

channel - nodul arttmrdtge oergpaingnt KENQF p@ldpe;btydeam@é&dulﬁi gis@as dedcrikacki n.
Chineric or S|on ei ns | vol vi hK 012 | n, anot her

enbodi nent of FF?én Eré'%‘%ﬂg aPHY) n‘f’% 8%}1 da%?é éé—g) ence whi ch encodes
a hKCNQb pot apgf28] Cbéﬁﬂﬂun@'mﬂﬁéﬂ fre @@hﬁﬁ@méc@drhmg@ tHephatheds pFO\iﬁEé'éi ID
NO 2, or a biologically active fragnent thereof, can be ligated to a

het er ol ogous Setpienerd whickivodulate pursgsateshe bialegical agiiviuor physiologymer i

prot et - yFor EHAIREROS BhtaRh e Bhiithdl SRR e s BB R diEal ! 001 o
channel nol eCEP@eﬁéd@ﬁﬁédxh@ﬁt betHR mvfeﬁfomt0§68ﬂl@ﬁﬁ)l£i§ﬂltH§p§dch7314 40

expre55|on I n host cells. 26] Chineric constructs may al so be used to
express a bamodulataqco@mpngnds)nwtbﬁ)qmpmeﬂ iR teaiment methodsdas treatipg hybri d

the novel |5 Ken@sdbraBEf SreaRiLhy ol BB ERTAQE ns R dR R RRLOL G

(29}): glll) | i\995 adisBEsingabein md%@ﬁw nééd efsuch Beatthieritla thet@ButicallBS,

15 effective amount of the compound identified by the methods described
herein.

[0124] In addition, the present invention provides methods for treating an
individual in need of such treatmeént for a condition that is mediated by the
hKCNQJ5 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 hRKCNQ5, it may be useful to

encode a chimeric potassium channel molecule as described herein for



yeast two-hybrid system has been descri bed wherein protein:protein

I nteractions can be detected using a yeast-based genetic assay via

reconsti twoobommsed transcriptional activators. (Fields, S rpandgs@orgi4 0.,
1989, 10 Nature, 340:245). The two-hybrid systeminvolves the ability of a
pair of interacting proteins to bring agganscription activation domain
into close proximty with a DNA-binding site that regul ates the expression
of an adjacent ort.er n Commerci ally avail abl e systens such as the
Cl ont ech Natcﬁﬁ%rl?g 'OFI\PQ?%F‘@%N;S and protocols (Contech, Palo Alto, CA) 15

nmay be used \’V[Gﬂaqor‘CHI‘rhﬁ‘éﬁd)ébrYﬂtMté mywwaémSeawe@(pméw"al so,
Mendel sohn, A'R and Brent, R, 1994, Curr. Op. Biotech., 5:482; Phizicky,

E.M and Fi el esording toowsthodssvelbkrnvsyuisiag aeeast twothyprigsystemgio M et al .

e e LS e 5 A P 1

Modi fied sgreUNGS5 PoEREN chahneNPbRITOR desitibed HHrémt l Fﬁﬂd@ls betral., W th a
positive readout or with a negative readout such as in the recent |y

devel oped ver 4P8dsTiendsiBenrsts d 0v2684; Allepr d& 16t af. sé895,f_‘d%>29r@1|é Vidal M

M , alat ’ a|19?61¥§%5 C‘WPN@;ngaﬁAfS?&RJ% b?ﬁ ée%r@e%”ﬁé}%&bé'f’%%ﬁﬁ‘&% 1032g dg|5
Wite MA , 18f6rachHbAs cahidel detééied. ushig a y‘éa&»—@ased@eﬁ’éi(d@ésa%ﬂﬂﬁl 10003;
and Leanna C. A. and Hannink M, 1996, Nucleic Acids Res él? 3341-

3347). Anti bomwstlttams;f trsIsgtplional aghyatpei Edeldna®. and SoRt i ve

ragment 1@ he NERMe! 38245, The e e SElves o AR e BRIESH S0l
i mmuni zed V\D HteRehng d?&&déﬂ@ldrﬁ@éﬁanéérlwddedt%tlmam||m0©llliselle or

i nmunor eacti ve fragrrent t her eof , I mmunogen. I n additiogn, ponocl onal

anti bodi es cafreydm Véﬁﬁr%@%bﬂlﬂmgﬁ@ erggﬁﬁtﬁ&@érﬁﬁpﬁ%ﬁ%oﬁ eli@fnel y
o120] “Nonl | miASg L isfergelp scomittcipl afaikiele systéits sftideine 0 4 s
pol ypepti de f @lonteeh Matbﬁmakégfﬂr@,stéms andprotoedls (@lodteshy PledAlto, CA)
15 may be used with conjunction with the present invention. (See also,
Mendelsohn, A.R. and Brent, R., 1994, Curr. Op. Biotech., 5:482; Ph‘izicky,
E.M. and Fields, S., 1995, Microbiological Rev., 59(1):94; Yang, M. et al.,
1995, Nucleic Acids Res., 23(7):1152; Fields, S. and Sternglanz, R., 1994,
TIG, 10(8):286; and U.S. Patent No. 6,283,173 and 5,468,614).
20 [0127] Modified screening systems, for instance, can be practiced either

with a positive readout or with a negative readout such as that in the

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 KCNQ5 polypeptide, or an immunoreactive fragment

thereof, can be purified from antisera of an animal previously immunized



herein, include the follow ng: peptide fragnment 1 ends at am no acid 51 of
the KCN@® pol ypepti de sequence and conprises the sequence
GGGCCELREBRRAIBAR (SEQ I D NO 5); peptide fragment 2 endspatr/ut@/&si4no acid
80 of the KCNQ pol ypepti de sequence and conprises the sequence
PLSYTSSQSCRRNVKYRRVONYL (SEQ I D NO 6); peptide fragnent 3 ends at am no
acid 166 and conprises the sequence CRY RFARKP (SEQ ID NG 7);

peptide fragment 4 ends at amno acid 262 of the KCNQb pol pti de
sequence and Wi heé@NQﬁ@cﬁmﬁm@eommm@m@@ﬁa@g@@h'n?ré@?@s pepti de

f
L aament S SRR e AR R e ol BeRpBcRARg o¢ and
am no aci d 453ratbcolsandGdEhninaey peytinatie peetived irethanatt ¢agpridchier ardke

sequence 20 HTCSPTKKEQGEASSSQKLSFKERVRVASPRGCSI KSRQASVGDRRSPS
TDI TAEGSPTKVMM VI (SEQ ID NO 10); peptide fragment 7

ends at a 4 th
cequence. LETORVASK é!é"%ﬁﬁa@%gg%éi??bg B R R o | o o
acid 511 of tKCNQbIgbleptideypepse de imayuegens anincoethods es deseribeduence

HVAKRKFKETLRPYDV . (SEQ | D epti.de fra t 9 ends at am d 564
of the KCNGB h ﬁfﬁ'?p‘@ﬁbﬂ@éhgga‘lme‘legp Q%Htlg 387 &

b o ac o SomORCNES PEREEPES s 8“‘%“%%@%%9@1?5%%&*3@'5@%“ e 50 the

Seid 652 of Efﬁ’fzﬁé&'%mfﬂfmﬁ%?mfﬂ?“aﬂ? v arpivedrdrryesi il
PCT/ US01/ 1§312mino actchgo 9@1?&6@&1 P @?@iﬁ(&%@ﬂﬁﬁg’%ﬁ@m TSANI SRG
(SEQ ID NG %ég]ue.wmg S TIRITERR gmmﬁwamﬁmﬁ@ N%@ m&&gﬁu&he KCNQB

pol ypepti de sequence an nprises the sequence 5 (SEQ I D
NO 16); pepti cﬁegfnefgr&e,%dslét amiho adid d8brandacordpiisss thie ddupiekChIQb

pol ypepti de Se%‘e”%ﬁv% ISERHK?De(SSéaeiDSISS%nBSptﬁ*LP Rgr%l,h 2'3'?1 glat amino
acid 262 of the KCNQ5 polypeptide sequence and comprises the sequence

15 VEKDANKEFST (SEQ ID NO':8); peptide fragment 5 ends at amino acid 335
of the KCNQ5 polypeptide sequence and comprises
VQEQHRQKHFEKRRNPA (SEQ ID NO:9); ‘polypeptide fragment 6 ends at
amino acid 453 of the KCNQ5 polypeptide sequence and comprises the
sequence '

20 HTCSPTKKEQGEASSSQKLSFKERVRMASPRGQSIKSRQASVGDRRSPS
TDITAEGSPTKVQKSWSFNDRTRFRPSLRLKSSQPKPVI (SEQ ID NO:10);
peptide fragment 7 ends at amino acid 471 of the KCNQS5 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 HVAKRKFKETLRPYDV
(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 KCNQ5 polypeptide sequence and comprises



(SEQ I D NG 17); peptide fragnent 14 ends at amno acid 777 of the KCNQb
pol ypepti de sequence and conprises the sequence SKENVQVAQSNLTKDRSMVRKSFDMEG
(SEQ | D N aB¥252¢epti de fragment 10 15 ends at am no aci BCBBSo1of73tshe KCNQB
pol ypepti de sequence and conprises the sequence LSGSESSGSRGSQDFYPKWRESK
(SEQ ID NO 19); peptide fragnent 16 ends4 t amno acid 860 of the KCNQB
pol ypepti de sequence and conprises the seﬁence EEVGPEETETDTFDAAPQPARE
(SEQ I D NQZO}; and peptide fragnent 17 15 ends at amino acid 880 of the
KCNQE pol ypeptheieedaiifence and conprises the sequence DSLRTGRSRSSQSI C ( SEQ

ID NO21). [O ' . ' c 3 ' LRSS t

I ntact nol ecul es E%QW dggp? %@%gwgﬁL%ﬁsgs gg; (S%E?Z, gnd
Fv, which a,rAENz%aﬁﬁH&pgdé ftégmbmmb??)atwpirm atid §008iofdineé KEENQBe KCNQB

I munogen. W | e appreci ate y those havin Kill i art, th
i munogen can pelyPephide t§§8¥'8‘gcq %@C@W%@%%%@%ﬂceﬁ'mliN@g? k[thAl ncr easg
| mmunogenigi t ' FL Wi d b dRRtd i CNQB
pol ypeptide i gSEgglng@me%md%irgg car Eliber S tﬂ%ﬁn@?écﬁcggtﬁ?gyig I'é%!eu%m(:(al |y
coupl ed to peplypaptidé setuercesend coaipbises tise sequencelMLRERPENH4HPNPAGLt , or

coupl od | mukSEen Bk &Y peBtgR dRiest 1A IR AE0 AT GPLTE RENRD
(e.g., nouse 8&,%%82%?!&?3?%@3”&I&gﬁg,trisggzﬂge S&FU% it). [0131] The term

"antigenic de efers to t ragnen a nolecule (i.e., an
epi t ope) that SKENYQVAQSKNL THDRESMREKSRDMEG(SEQL DNy 18)3peplidan fragmiendl at ed

and/ o ified K J ' ' i I host i mal ,
b S R SR b5 a8 oo PERAS 3t aflh ) 2506
PCT/ US01/ 1.731%on@§is%§ tﬁggbgegheesw@sﬁs@epﬁémewwnesw (geaiven 1 egi on
or three-dimensional  structure on the polypeptide; these regions or

structures ar dNQOdO¥rpatidedragmenint6 gnds at dmirer acid 860sofdhe ENQPes. An
intact antigen (i.e., the

anti geni c determ nant may conpet with the
i munogen used y&%l“ﬁ@ﬁ@%ﬁ@@ﬁﬂﬁﬁ@”ﬁ’”ﬁ%B‘B‘?@Eﬁ‘u?'@ﬁe bi nding to an anti body.
[0132] The antgfpdpetTiafbPEDRNPOPARE (SERD IBNG2L);RA™E pédtide Wagrhéat 1 2n
15  ends at amino acid 880 of the KCNQ5 polypeptide sequence and comprises
the sequence DSLRTGRSRSSQSIC (SEQ ID NO:21).
[0130] As used herein, “antibody” or "antibodies" refers to intact molecules
as well as fragments thereof, such as Fab, F(ab),, and Fv, which are
capable of binding an epitopic determinant of the KCNQS5 immunogen. As
20  will be appreciated by those having skill in the art, the immunogen can be
conjugated to a carrier 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 chemicaily 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



wi th KCNQ- derived i mmunogeni c conponents, or can be formed by in vitro
| mruni zation (sensitization) of inmune cells. The anti bodi es can al so be
pr oduced wa or/gaseérbi nant systens transfornmed, transfected, PCUSerBdi40r 10
transduced with appropriate anti body-encoding DNA. Alternatively, the
anti bodi es can be constructed by biochemygal reconstitution of purified
heavy and |ight chains. Antibodi es enbraced by the present invention

for examl o, of it nigy Diad spsciaah: 6 Eeen salR bRt T, o7 i
15 anti bodi esgirlysi R o YRS géwbbﬁ%ﬁtﬁesé REgiSHRBPSRuctiikdBred@fetpsptd 8¢, or an

i munogeni ¢ fragnment or portion thereof, can be detected in a test sanple
by chromat ogr aptigenia deterimhoants oo gpilgpes dAsdntigepicadatemainant @@ysiomprippor t s

ol Spri ng FuBRe Mgt ey (1 8oe Bl ApoRA e To e T by "'
| MMunoassay. Pés@‘oﬁrsé?fbrqﬁ@diﬁg% BAdrEBolat specifically recognize and bind

to KCNQG. [0133] Thus, according to the present invention, antibodies can
be generated[@132] aFke eptibodies chobe ¢ligitediin ananinal kesidy imsnerizaiion or

' tive, ' - f ts th f. T ' ' he.

erpl oyed to pribacNERes vl BETRTMItaTRERouR I sE g RE eSS B AUE  ror
exanpl e, gel fHRARAIZi0R!(sESSEEatN) o intihk\GalI€d Theldhtivaticdusarcaisaibeal
conpounds, e.g., cyanogen brom de, N hydroxysuccinimde esters, and

ant i bodi es caprégudedindectrabinant sysiemsgransieimed, iansfrrtey, inReted oexanpl e,

anti-KCN(g? potassium chapnnel anti.baodi.es can t ' 1 30
(Biorad), 1% gi’@“é%%%f Y"ﬁafrﬂ_pé’ﬁof?r?t%@t“?'68‘?@8"&?‘%8%-(1ﬁi%?@i{f'é’gﬁ)niﬂr}ngde
esters, suchghliBdditEeand entitertddbybrrRMahidH! récotstinrvbitgurifiedl agar ose
gel bead WO 01/92526 PCT/USO1/ 17314 44 support. The anti bodies are then

coupl ed to t h&egey anddighhthringoAntbeglies embraped by the presed INemdiPAi ng

ol um 15 vasidi Bybrg oSSR bhE pnthoDeR, ARl EE antbodes 856, o
renove any nofocaimsil 89S apatehpMb, 6/583,63¢ 102080 Gudehastedl)) andnemivalbntm ‘i s
then equilibrated i n phosphate buffered saline (PBS) H7.3) with

appropri ai® dengbodies, Using sueh salipndiesdoeexamele, KCNOS(p%lype'ptide, or an

immunogenic fragment or portion thereof, can be detected in a test sample
by chromatography on antibody-cdnjugated 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 KCNQ5 molecule, or
immunoreactive portions or fragments thereof. The antibodies can be

25 employed to prepare KCNQS5 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



i.e., cell culture supernatants or cell extracts, for exanple, containing
hKCNQG pol ypepti de (prepared using appropriate nenbrane sol ubili zing
surfact amwa@)i/gases sl om y passed over the columm. The col unPCTASWaBd Wit h
10 PBS/surfactant until the optical density falls to background. The
protein is then eluted fromthe colum wsth 0.23Mglycine-HC, pH

2.6/ surfactant. The purified hKCNQ@ pol ypeptide is then d|aIyzed agalnst

PBS/ sur f act ant 1 0 nan sium.channe | ecyl es can
ho sopar ot casiprbe I A EpOTRsHE tath cOum 5 T ur e ARARE befes Sl £

made 15 with gﬁé@é}' é?ﬁ@' TRE ré‘lﬂbﬁﬁné’aéﬂlvaﬁé’& eBRflS afe iHEht @érﬁ:h%ﬂ&ﬁltﬁ IC for
either full- l'ength hKCNQG potassi um channel pol ypept | de, epti de

fragments of etham@mn[edflGBﬁM rpk@diTheoenluminds M@N@dwtmwt@ Inmdeby

pol ypeptide o [ es ention can be used t.o ff|n| urify

bi ol ogi cal béé&glggp ﬁ?;tl é% 13 JPOQVe ALY Jonseniuga Sd arﬁnﬁ:ﬁgg% ti ssue or
cells, US'5‘9 akfrahéds ﬁfb’télﬁam&r@dl@n‘mtl@ﬂ*\'@ﬁ S4@fibrialed Inafﬁl%éﬁl"@\[‘@ baffered
practlced by those havi ng skill in the art. For exanple KCNQG pot assi um

channel pol ypepiinel@?B3), (pH bépwith@mroﬁrleé@d@tﬂrgemaaedfthe|sgmpﬂe maierials, a

lid mat . t S d tocol of
The suppl | er " | Bplkeditire Sipesaiebisargl R, B ERuTRRT sbltduifob.rt or oo
cel lular or th 5@lee‘b'ﬂde‘(9f%p%'rétl ugin W@Maté'm@mm@kﬁwbﬁmﬁhg' nterest

i s passed through the colum er was the _columm retains only the
bi ol ogi cal ef sudacianta)lase slawly passesthover @@bmélqnentTh,e eQlumeds washedhadith
col um,

Assays | 01(26] Pﬁl ?@%@%ﬁam lt"étrl EE%P%QQ% q g‘é'tgfa%ﬁ38ﬂ%ﬁg§@%| tﬁ?ee%qz%%ﬂdgt are

det ermi ned VO{Qd 8%58&@@%@%%&% OQQI\/ngyMi@IbLHQB pwrzcalagfaaéntowhe

i mmunol ogi cal assays which include, but are not limted preC| pi tation,

passi ve aggl upuritied BKCNQS pelypeptide ds themdiazed I@QﬁtnSaEBa‘i/SWﬁ(F gpy and
et cct the pr i0tadle ReobRBMRTIRG NS oy ARt REIRIIY Salbf ccui e i n
body fluids, ikpatte@néntetiiulaciotding by UeE oTRMrANENGUTRIRIGY 86luATBMade
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 KCNQ5 potassium channel polypeptide of the
present invention can be used to affinity purify biological effectors from
20  biological 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



[0137] Di agnostic assays using anti bodi es i munoreactive with the human
KCN@ pot assi um channel pol ypeptide are useful for the diagnosis of
condi ti oveQ od92se6 ders or di seases characterized by the abPoT/wadl/ 1814
expression of the hKCNQ protein, or by t he expression of genes associated
wi th abnormal cell growth or abnornal %physi ol ogy. Diagnostic assays
for the hKCN@ bi onol ecul e of this |nvent n include nethods utilizing an
anti body and a | abel to detect the human KCNQ@ potassi um channel

pol ypept i de i RYNaniaHs isetglogical eiimraenolagical askays viich §nclds. i 8r&nokxt r act s

or nmenbrane py. s and anti bodi es
of the presen ﬁﬁ%@%t ﬁ)é% pﬁ#%}aﬁ S?J%%‘?%@Hthé}%n %ﬂ%ﬁﬁ%ﬁ |8f I cation.
Frequently, tiamuplogpeidnt desap (ELISH)idnddadmimnmtinoassay (RIA)ecmiguest i ng
them either covalently or noncoval ently, W th a reporter nol ecul e, a vast

nunber and ty&nmrmgaﬂstm@swrarm@@ﬁt@&eﬁﬁsé@ presesee|qfdee PAVElhe art .
[0138] A vari g% KONGE JL060] chalre) BRABIELNI it By fghpoghdgyphannel
a al ant|

pol ypepti er po yc on nonoc | es speC|f|c for

the protei n @yﬁa&g@obﬂmem[bmequépa@manpl es include ELISA, R A and
fl uorescence activated cell sorting (FACS A two-site, rmnolcﬁ? - based

25 i mmunoassay0137]l i QF&Q}"Q{PBF%@@S%Y]%PS‘HE@"B%GW% imExIqroactiye W non-
terf |
brerered.  bun iR RCAGS BESINERARNa TR BAIRBNRE SRR XOPRE! deaichis

assays are de%ﬁ':bbb@rﬁon@ dis@mi&@br dfseaséﬂ clearaictenized\n) ﬂheltdtmdrmat he skilled
practrtroner anong .t hem et al

p. Med., 30
158: 1211; @rt@g(preﬁsmn @ﬁhﬁlhKCN%@"P&e'%an wm@i%ﬂfeWﬁﬂHEESa?S Ch. 22, 4th

01/ 62526 pCT) OSar By Fn el S WA B bt raPyRIoRBL " 135} 1

order to pr 0VlD1§gﬁo§1ﬁsasBafyelfortime M((alsﬁ‘zﬁsmemieoﬂﬂes ohihis invention inmudest andar d
val ues for the human KCNQ pot assi um channel tide ion are
preferably estaehpgadlizingian arfibodyAnd 3 @?@Btcgge{%ﬁ&%h%a@%ﬁé f 1 ui ds,
e by oL petbag PR AR O7 TR BB, oot el ther
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 KCNQ5 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, 4t
Ed., Lange Medical Publications, Los Altos, CA (1982); U.S. Patent Nos.



under conditions suitable for conplex formation; such conditions are well
known in the art. The anmount of standard conplex formation may be

quanti fi edobyxseeparing it with a dilution series of posipPCVESTIONMBI4O0l S,
where a 10 known anmount of antibody is conbined with known concentrations
of purified potassium channel polypepti Then, standard val ues obtai ned
fromthe normal sanples may be conpared h val ues obtained from sanples
fromsubjects potentially affect eﬂ by a disorder or disease related

t o/ associ at ed 3viad09K dRENARY t91>§m%?écul e expression. Deviation 15

bet ween st and nd | |
di sease st at efdfkﬁ4oﬁns%ggé/8wq§§ g s%%ﬁ?é?ﬁégwgﬁ% ﬁéﬁnﬁzﬂg’rﬁ nel
nucl ei ¢ aci d, steawliardodiues foothédiithar KON@S potdssiantchdanel pdl@déiider ot ei n nay

be prepared. Such kits can_be used to detect heterol ggous, nuclei.c acid
whi ch 20 hybr BYPressionArereferalely eﬁ@%@ﬁgme@!ﬁa'ﬁ@@w iBhed by sombigingy o

detect thes PHBAGRAARISLKERBART o EifinemaRs bf’%efréﬁ&ﬁ?f?&ﬁ hdtral Sampl e,
Such characterrzatioh s useful for a varie pur poses i ncludi ng, but
not |i (rjn ted BIUbjemT' eﬂhégamnﬁlmalsmwm Waihi aingihjodydg'rtlthﬁNES eslypepfidd | dThe
DNA and RNA pol ynucl egti de npl ecul es, rec i nant K 25 proteip an
anti bodi e5. t hUPHBHCORBHORTISIIANG OIS B AARe ATHFORUOBS Ere, BN ¢ o
screen and ne re. S j e "q@'é’-' RNA or
protein. The ?ég\gﬁb'? Iﬁ@%?“pﬁ%%’ﬂ??%‘%ﬁ@é@@%%nuc| e!?tl e br(?nl ecul es,
and anti bodi eguantifiedhby cenfparinglitwitiva dilitien sSeriesiof pbsitivé contrble, whleteeat i on
and typing of the novel human K ot assi um channel 30 npl ecul.e. Such a
kit woul d?Qor’rﬁF‘P‘é’B %“@%&f&ﬁ%ﬁé)ﬁl‘g %CSHEE‘&F’M" KRQWR SBNEeNY ARSI i n cl ose
confinement at,,l: ; A& I rq

kuhﬁ%&?&%uﬁﬁ%éhﬂ@l polgﬁééj)ti‘a%. THeh %%Hdéref@a%s%@%ﬁed

PCT/ US01/ 1731 er conprise gents such as reco nant KCNQ
pot assi um chaffmoeh theonomnali salGNES npat l2es sompacdthwith lvatuesi didtdined feamt abl e f or

Al o contai n #8RRHEORLIULIBES AEreT Al AR e e8I RoTart Podogee Higlhe
oy B RMITHGNLS o 3 Sy CExPBSLBNTR, 255
15 between standard and subject values establishes the presence of the

disease state. ,
[0140] Moreover, kits containing KCNQS5 potassium channel nucleic acid,
antibodies to KCNQ5 channel polypeptide or KCNQS5 protein may be
prepared. Such kits can be used to detect heterologous nucleic acid which
20 hybridizes to the KCNQ5 potassium channel nucleic acid, or to detect the
presence of KCNQ5 protein or peptide fragments in a sample. Such
characterization is useful for a variety of purposes including, but not limited
to, forensic analyses and epidemiological studies.
[0141] The DNA and RNA polynucleotide molecules, recombinant KCNQ5
25 protein and antibodies thereto, 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



[ 0142] Pol ynucl eoti de sequences whi ch encode the novel hKCN@ potassium
channel of the present invention may be used for the diagnosis of

neur oaf f @0 bvees2emeur ophysi ol ogi cal , or neuropsychol ogi cal pcoodit’i7erss or 10
di seases with which the expression and/or function of the novel KCN@G

bi omol ecul e is associated or |inked. For gexanple, polynucleotide sequences
encodi ng the KCNQ@ potassi um channel may be used in hybridization or PCR

dotont the ex HEEicoMEIe REdB G LIc0 R BooTRIT At SRS OR S E e or
15 quantitati 5??Hm®5Waé§%%nﬁepéMdaié§ slmlﬁélﬂé‘ﬁfrrbeﬁtéétldqsﬂhégnd%l bl ot

or a variety of other nmenbrane-based technol ogies; PCR technol ogies; dip
stick, pin, cHGN@bgporssBmtichahnel kiginetaculd.| Thé carraranayalao ecpdaing e wel |

known in the art a r .he basi s  of ny..comercial |y avai] abl

di agnostic ki p@a@ﬁgﬁggﬁh% SHE aalé)%elg@ a\éggﬁn PBGEGHPS;ﬁ”Z’Sf}ﬂLeSe?rﬁP‘EaQy_ of a
20 particuar jikdesapsyiel ifsti@RnSToE psrfsHiiBg theadsdyds MitetiieBby tHe itd ni cal
trials, or in nonitoring the treatnent of an indi'vidual patient. Once

di sease i s esexbhisshpdudedtiheneipeuti ¢ agent is administered and a treat nent

profile is g ted., Such says may be .repeat on basis to
eval uat e V\hemﬁ‘{ﬁth o{ygp&lggﬁﬁ%séﬂléerb(%legfwmlgﬁﬁpgaﬁgége p@‘\f\éﬁ%@ eturn to
the normal or pdpsEiAn SABANBIRGMRE Presalit ARETLIYA nid\EBé RBY fOF Pkl diggndew obe
used to show or nonitor the efficacy of treatment over a period of several

days or sever akuraafiective, f@raphyshapgicat o0& selmpsyeholegivat copdiioneatode t he

| hK t ' I | b I d.i
Chr omosoml . SBaesEaM BrencRRe sRaseen v et HBGReF 5 ti ARTAfENb” M
associ ati on Whidindles8RS8 a3868ER orViikeaY For eRantshs) |StRIer ddepénBes ei n
are contenplated for WO 01/92526 PCT/USO1/ 17314 48 use to identify human

sequence pol yencotingrtbe CENQSxitassuraiesnat ey bexisad ini hyduidizatian afel | as

sequences for FOR Se8eyy AP bOR or BSTIRLSemolie B RBORT P GBGEERI PUi £
and t her ef or e destiltiad exprssio ¢ithe dlorholébgler dRfeStormidsitsuehefuriliahivi or

neuroaf fective or neurophysiol ogical disorders in vivo. In addition, the
sequencesi1ar e quantitatiye anethods May inskide3ouaerscer Nerthern 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 frials, 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 hKCNQ5S
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



tools for use in the identification of appropriate human subjects and
patients for therapeutic clinical trials. Therapeutic Agents/Uses 10

[ 0144] Theosemses and anti sense KCNQ nucl ei ¢ aci d nol ecul peT/WaO/EIBBI0O  be
used as therapeutic agents for KCNQ rel ated indications. Vectors can be
designed and constructed to direct the sy hesis of the desired DNA or RNA
or to formulate the nucleic acid as described in the art. Antisense Nucleic

Acid Mol I 1 1 S I f L b I f

ant i sense. mores Gp MR nIRER) FayE b bBNARTPAERE wifebefn Sishtel o
72:51-8; | nowh.didass, A58l ag?or%aﬁéesl@s@wbﬁoéﬂﬁla?@&q&éhcekqwn Chem cal
Revi ews, 90: 543-584; Biotechnol o wat ch (January 1996

Rober t son, 199mongamwolgup@Im¢mblmquen§eawt ei dasigrsobermpeen stpgée 20

DA and! or | oot e BRBGRA AN cOREharerius Fedliate iR cloq g o ng Semom e
sequences, 5 i NHIAIRISBYHRIRE PraferiMly n@m@bﬁééﬂn@br N&n@p DKIABM) dl elsobdere in

pai ring sequences used in the formation of trip uch anti sense

mol ecul es i ncViv@e Iar&dde;tms e begrnses\are I@@nm@latech&be gsed as screening

corpri se i 1 s st in B8 TS BRLAT 0P Bk N sdBicely B PRI b1 no
noncoval ent | y ferthemysdugitdidicaPtrialle  KCNQG DNA or RNA. Such bi ndi ng coul d,
for exanple, cleave or facilitate cleavage of KCNQG DNA or RNA, increase

degra::lat i on offherrpeidic Agerde/Usesopl asmic NRNA, or inhibit transcription,
transl ati r i or
ot ocesai nip” AR TEUNSTRGaehbF SbA At KR TRONTS Sireic oo iies R ALY,

contai n addi t benaled ag)fHorapeltict agshts ftﬁtKGNC«II%?@t@dﬁh@ba’hdmy,Vectdrélwmjé into
and out of cells, binding affi nltémjcleava ge of the target nolecule, and

thg | Ih ke. AIkI designedandeansitustacbiol diress heswethesisraldae QﬁSkB‘Pd DiANEBE RNt ei n
t 5 t
Podul mtor o T oL RS A AEIAE R Hu s Bitheftin SR, 2o bl on o depi cted in

SEQ I D Antisense Nucleic Acid Molecules

15 [0145] Several references describe the usefulness of antisense

molecules. See, for example, Toulme and Helene, 1988, Gene 72:51-8;
Inouye, 1988, Gene, 72:25-34; Uhlmann and Peyman, 1990, Chemical
Reviews, 90: 543-584; Biotechnology Newswatch (January 15, 1996), p. 4;
Robertson, 1997, Nature Biotechnology, 15:209; Gibbons and Dzau, 1996,
20 Science, 272: 689-93. Antisense sequences can be designed based on

genomic DNA and/or cDNA, 5' and 3' flanking control regions, other flanking
sequences, intron sequences, and nonclassical Watson and Crick base
pairing sequences used in the formation of triplex DNA. Such antisense
molecules include antisense oligodeoxyribonucleotides,

25  oligoribonucleotides, 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
KCNQ5 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



NG 1 may be used to design antisense nol ecul es/constructs to investigate

t he physi ol ogi cal rel evance of this novel potassiumchannel in cells by
knocki ng veav/ms2&knocki ng down the expression of the endogP@DUSOIGERR. For
10 down-regul ati ng the expression of the novel KCN@ potassi um channel of
the present invention in mammalian cells,zgqn antisense expression construct
contai ning the conpl enent DNA sequence to the sequence, or a portion

h f, i al depi N . d, f.
braTe oo rhididike B CSR0 Eobfaih RaditopaHuhthcn s W lhERAsE Medifl. 1 o
expected to i BAhBhortiRBEHPOUDT cfls BIBding HitikD eldsvbigd ortheMdrgece! | s

transfected with the construct. Antisense transcripts are effective for
i nhi biting traméaulepandthe like. nAll pithegeraffectawould grcraase axpressigafe of

i nduci ng physi Lcal. effects, e.g. .. reqgulation of neuronhysi L cal
i sor der s dusCEh et ARG us Giekeitaf 3 Shnst Mafcuy LSV RABRRES 1y 20
bl ocki ng the pRWirehodufdtd®@. at or near the initiation codon. Accordingly,
ol i gonucl eoti des that are corrtgl ementary to the 5 -termnal region of the
£

KCNQ5 pot assi W%a\r,nmhea?‘dimh mwafmu%i@api@%queme depiciaddr $EG 1D
; . . o . Ity Al
il i ¢ RO dpRl e e e R el PR RS OrE BB oy tbE 1o 5

25 direction #Oph{&i6ldgitidl rabiateSof thiscsved potersrungcharhéMa dells bybr i di zi ng
with the nRNA transcripts because of a "read-through” phenonenon in which

the ribosone kappldngout or kneeking dows thawexpeessigrsehihe gexous geeenifor

transl ati of, the nessa [0148] . Q| C ' r nt ar
to and_hyB0: arsuBeRiae g eiersit PERRIOERGHRa el R,
channel NnRNA @& preseit fMRINEbAG hiimmaBafeshs, dingntisensbexpressio constamrti on.
(See, for exanple, WO 01/92526 PCT/USO01/17314 50 U.S. Patent No.

5, 639, 595, i s<osthigingdhe zompiementiRbAeseruencardadhe sequerss, iof y pajtion

i | eoti Lspl ay d i L Vi i bed). As
descri bed ¢ hefde RO erpeBlahoA oEbBBEh SERPIRQEF bl bR Bbfresb G ot de
sequences der igx@ehgis AMBiRG Gvé PREPY OkRRYST (RpJiYogsi €ofp.)le Franseripts drensf or med
into cells. The cells are then assayed for a phenot&gﬂg resulting fromthe

desi red a#bi viexpeoted: tednbibitdismnsiationtaf dee witddype GNQwimRNAia 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 transcripts 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,



desi red phenotype have been identified, the sequence of the oligonucleotide
havi ng the desired activity can be identified. ldentification may be
acconpl i shed1/imp26¢ ecoveri ng the vector or by pol ynmerase cheCwuseawsison 10
(PCR) anplification and sequencing the region containing the inserted
nucleic acid material, using establishedfﬂfthods and protocols in the art.
-[0149] Nucl eoti de sequences that are conplenentary to the novel hKCNQ@®

BNt hes! zed 1 o SaRARERES 56 835 sk B Y AL i ERBR S Re 25 e owa
stabl e deri Vaﬁdéfﬁ#wﬁ%ﬁb@nuéé&lﬂ@&dﬂ@h&@@ﬂﬁé’c@%%ﬂﬁvt% act|V|t| are

met hyl phosphonat es tabl e derivatives of such - O al kyl RNA,
or other oli gdaacﬂdmﬂ); d@ desasibeddheresin expressienx vagioes ccnntalmrrgatemom No.

ARG A SRSt >
a i gonucl et i ges trah§ﬁ#ﬁﬁ‘éd~1H‘JOYcél§ Tlr%ggells%é(iﬁeﬁj%%yéﬁo? BepHandtyirsi s and

ef fect of physiologically-stable antisense nolecul €s). [0150] Peptide

nucl ei ¢ aci d (€3Uling &ber therdesinedzadtivite of theneliganucieotidle. Emdeeaiis witiythet

whi ch conprises an ucI eotide l.in ept | de m no
aci d residues, d ?E?%Ph&ﬁ? |r’|"f1 P)Psqei'{'e'degﬁ%({ 3%? §§ %Of tﬁ%ﬁ?&%@&c'go“&e

ol i gonucl eot i ‘F'l%lr@fthétdésﬂéatacﬁwfw%@@é'ld’(ﬁﬁfibdnhéénﬁﬂbaﬁﬂh meaypeéd residues.
These smal | nol ecul es st op transcrlgé el ongation by binding to their

conpl ement ar y ascomplishgd hy ceeaveriagitie yecter oxbyippdrnerasglchain mesgtion

[1fespan 1B t RECEG A cALoR AbY s5lPBRtaFerFn PRt RS FBRERES ) <ingi e
30 stranded DiNgcriic BNA mbfeHal lusiief éstabisReehaBiR)dsaid soissls ewres may be
i ntroduced into WD 01/92526 PCT/US01/17314 51 cells by nicroinjection,

| i posone encafi@142lk i dlucleotide segpences that Areapmplaraentanhier hemavgl t he
et ul for t RORgp Rz i ireBneBOWRENES, PRRIAR pobRYeBrBE S, 2
tDQFI \%?I 09; calcafqid {Yﬁtregﬁe@A mﬂﬁ@% Brapyl Thesdantisénde mekeuidwenaher ei n.
y o ucl ei ¢ Aci 0
15 be DNA, stable derivatives of DNA such as phosphorothioates or
methylphosphonates, RNA, stable derivatives of RNA such as 2’-O-
alkylRNA, or other oligonucleotide mimetics. (See. for example, U.S. Patent
No. 5,652,355, Hybrid Oligonucleotide Phosphorothioates, issued July 29,
1997, and U.S. Patent No. 5,652,356, Inverted Chimeric and Hybrid
20 Oligonucleotides, issued July 29, 1997, which describe the synthesis and
effect of physiologically-stable antisense molecules).
[0150] Peptide nucleic acid (PNA) refers to an antisense molecule or
antigenic agent which compriées an oligonucleotide linked to a peptide
backbone of amino acid residues, terminating in lysine. PNA typically
25  comprise oligonucleotides of at least 5 nucleotides linked to amino acid
residues. These small molecules stop transcript elongation by binding to
their complementary strand of nucleic acid (P.E. Nielsen et al., 1993,
Anticancer Drug Des., 8:53-63). PNA may be pegylated to extend their
lifespan in the cell where they preferentially bind to complementary single
30 stranded DNA or RNA.

[0151] Potassium channel antisense molecules may be introduced into



[ 0152] The human KCNQ@ pot assi um channel pol ypeptide-encoding nucleic acid
descri bed herein may delivered to cells, either as naked DNA or in an
expressi moveerses, wherein the cells express the pol ypept pdeUsStmm78tsi s 10
way, the KCNQ@ potassi um channel pol ypeptide of the present invention can
be delivered to the cells of target organg. Conversely, KCNQ potassium
channel pol ypeptide antisense gene therapy may be used to nodul ate the

f t | tid th t d th
S st bi o 6ol Y aERIbedh, 1BostencansatoR ol Bl KRR M Y pant i de
codi ng regi 0”ve%ré’h%ﬁforﬁlg'thé@nﬂser’is@ééﬁlﬁenc@ gnd thé Bke4 ARtisdHetheREhyoN

codi ng regions, can into expression vectors, preferably, viral
expressi on veotay lse partmllarrymbeimle‘or thecinedterens of diseasea mdece itiabeneficial

pol ypepti de n cI ei ci I nf on o haost |1 s. Suitable
Viral vectors q@&%ertg?%:d‘?g'ﬁg actiyiy gl t @BQ%BN%S'&E% fatield v rus,
her pes virgls, j4a6Shdt Rerdin.US, poI io virus, nodified human i nmunodeficiency

virus (H'V), or portions thereof and the like. See, e.g., U S. Patent No.
5, 624, 820, EpiDslinaty G ENE5NuNeist Asid foCallaman Gene  Ther apy, issued April

29, 1997. [01 h d d ' ti
thereof . 25 W1%le BhEman Robis Brarstrh bl RebiberRbs Eroblt Ve "
eukar yot i ¢ eXPﬁJ%ﬁa‘Pd 88d dé%%ﬁ@éé heldih %W@@In/élréd?tﬁ tHsAERhet ¢ AalSY DNA or

i ntroduced into somatic cel (a nucleic acid f ragrrent CO@I‘I Si ng_"a codi ng

regi on, prefenraah;expme;smrraecstor,uwmeremtneaeﬂaeks@re&@rthmpﬂ deli feBlisy or

i Q_LLSS“EZSO' s 1y; 35 KRR Polssim B ioyboiop e brdp it
epi somal , or tAphd@ivared RS HPIBIE darlget Brdde. @éﬁvé?éél?”ﬂ@ﬁl@ﬁ DNA as a
provirus, or portion thereof, that WO 01/92526 PCT/US01/17314 52 incl udes

t he gfane f usi mt@an}u?mhaopeil ml;&p@ﬂd@rqmtsease genedherapysnanhg useddasi ati on
i.e., t h
ranecr pt i ondodigie PéieresRSRete Ao HF B LS B R OEHhens dpre” "

gene fusion, qﬁugvpéqu@@ glgbg]cgaéd;mycodon(s) and transcri pt poI yadenyl ati on
5 signals effectlv ositioned 3' "to the coding region.

[ 0155]
Al ternati ¢81 y [0153] na'helpqmn[ﬁblaa%i pelYReRtifesoding yeipni QfeOther 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 introduced 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



DNA can be transferred into cells for gene therapy by non-viral techniques
I ncl udi ng receptor-nedi ated targeted DNA transfer using |igand- DNA

conj ugat a0 or/924eenovi rus- | i gand- DNA conj ugat es, |i pof ecti paT/wsetn7are 10
fusion or direct mcroinjection, or mcroparticle bonbardnment. These
procedures and variations thereof are squpble for ex vivo, as well as in
vivo therapies, including use in humans, according to established nethods

d tocol s k in thi t. PCR Di tics 15 [0156]. The hKCONGB
O e B B BRI Ut e B e
mol ecul es t heﬁ%ﬁélatiH@)éid?%léﬁ.%., dmeﬁé&%gﬁé?ﬁti&%&geﬂtxxhg&yﬁ@asé btrfstep!

bi opsied tissues to detect the expressi evel o pot assi um
channel nol ecdl t the transeriptional stan dite ned AES trmslatiordnitiption sedor ot the

desi df th DNA SEQ [.D NO, | h d
SEQ D N 2 ( SPNedSan e b ASREREalisn cHopis) geddrarsg aLoasrIe AL s ence
of the RN t%@?%ﬁéﬁé&iv%@;ﬂ@os@lﬁ%ﬂ@ﬁ' terthéeoam@irbgront. he rmodul ation of

transcripts during treat 157] One nmethod for anplification of target
nucl ei ¢ aci ds [0tH5]f oAltemaéivelyathal noved KEGNGQSH bpotdssitn ohanrnsd pelypepidehe

pol ynerase chajn, reaction ("PCR: 2 r PCR technigue. The t echni que
can be appl i e@% Ca@tcb@ct{?’éféﬁ'ﬁ%ﬂgﬁg Csﬁsf?reg‘?’}ﬁ/‘%‘ﬁ{?% Hogﬂ’érﬁla@[(éga'oé‘gﬁpl es
using oli QOHU%mihg%éﬁmaﬁﬁéd%é&%ﬁgwwt frém@ﬁggingtlf%@hdﬂjﬂAbased on

t he genetic sequence, e.g., SEQID 1 1, as set fort erein. The priners
are conpl enencanjugatesoppadenayirustligandDNA conjugaies lipofeotioadnenirans ecul e

and are typically separated by. 30 from about 50 to 450 nucl egtides or nore
(usual Iy 10t evien eRaRes &ro'ﬁi?eﬁeet%@gﬁwp%? ?‘?Jﬁé%’ 1 J8F8P17314 53
[0158] The PCR:pEddifes 8RH atiditithie friréOlaraRemablecion bk AprD) esamili 48 iryiaer s

foll owed by repeated cycles of target DNA denaturation, priner binding, and

ext ensi on usi therapsainsiiding vae é humeins agecantingstoapiahlisbedmetheds @éngect ed
| engt h based on _t he primer. stﬁacirgg. The present invention 5 provides a
di agnostic comBOFPISINMEL MR @ent i fi cation of a pol ynucl eoti de sequence

conpri si ng thecrMIsG&stRYPst antial ly as depicted in SEQID
15 [0156] The hKCNQ5 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
KCNQS5 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. ¢
[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 technigue. 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).



NO 1, or nucleic acid sequences encodi ng the KCNQ pol ypeptide of SEQ |ID
NG 2, conprising PCR priners for anplification. The degree of
anplificawdonyaste a target sequence is controlled by the nepab®soiof73alycl es
that 10 are performed and is theoretically calculated by the sinple formla
"2n", where n is the number of cycles. Sgg, e.g., Perkin Elner, PCR

Bi bl i ography, Roche Mol ecul ar Systens, Branchburg, New Jersey; CLONTECH

products, Pal o, ; S. Patent .No. 5,629 158. lid e Di agnosi s
of Medi cal Oomﬁélonggéipsé%g&mﬁ@g © §|Qi@§93rIQ%smgﬁ%¢ﬂ%l%Qﬁ§ pr%g%
Conposi tions [&badd B sperted tiaas by targef DNACQsmaEHHtiopN prifRABindihdltnd
sequences pertaining to the novel hK pot assi um channel pol ypepti de,

DNA, RNA, antekisnsinn dsingendNA polgmeasentoadiels BYAVRgMeats afttkel f, or
variants and anal.o Lch hav i ol ogi cal I\ [ herw se,
conpounds whi %pﬁﬁteﬁgﬁmﬁgsﬁ%@%ﬁ@ﬁﬁ%ﬁlﬁt ﬁb%&%ﬂ%‘ﬁ%ﬁ@f I ed by
net hods descr iph@dded 8 dRadhostBobfpdsitichHonties! iR tifiesmpsoita poynublesti@s abl y
physi ol ogi cal 'y acceptabl e conpositions, according to known nethods, such

as by the admsequence epmaripingrihesedueacs sybsiantiglity-an depigied iB SEQilPuent , or

Found in 25 RERToPOROGeRrEHASRale s SRR B RoBiqn BATHeRludtr FRY, *°
Publ i shi ng Co,|D NGt @mgrisinglPCROpiMmER for anibIREARGEUThE alehyecast ept abl e

conposition suitable for effective adm nistration, preferably in vivo, or
even ex vivo, ampliicatienpbsitaigehsequencecisooateliesh bythe sumper ghsyeles dhatt he

protein, , f [ ' | & 0r

di agnost i WO%R%I@P@BHQE%EB%@Q%%@%@ %%%@F%@es'%ggﬂﬁyder dto an

i ndi vi dual i nyaemtis thé heaiber@f tocleseBece.¢li REMOS EIMEH, HCR2526

PCT/ US01/ 17314 54 human_physi ol ogi cal disorders, neuroaffective disorders,
and/ or  neur offilagseplar, (Roche Melagsiar Syséemar BranchburcaNaw vetseyi he KONGG

pot assi um ch ' ' [ t AW o] |.-ol e ective
Dot assi Um Ch R SATEH PRI ARG! G, LS EaR N 5o, 88 s
i ndi vi dual ' s qRiet DiagnoseicdMedibalConditish issuedVgy 18a¢997.s i ncl ude the
node and route of admnistration. These factors are realized and

under st oodSby '

@iy SOMPISHHHIS and are
[0159] Pharmaceutically useful compositions comprising sequences

pertaining to the novel hKCNQ5 potassium channel polypeptide, DNA, RNA,
antisense sequence, the human KCNQ5 polypeptide itself, or variants and
analogs which have biological activity or, otherwise, compounds which

20 modulate KCNQS5 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

25  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.

30 [0160] Therapeutic or diagnostic compositions of the present invention are

administered to an individual in amounts effective to treat or diagnose



routinely taken into account when adm nistering a therapeutic agent to an

I ndi vidual. [0161] The term "chem cal derivative" describes a nolecul e that
cont ai ns wQ01/gafeé t i onal chem cal noieties which are not npewakéy17a14part of
the base nolecule. Optimally, the chem cal noieties do not affect the
activity or function of the base noleculg e.g., hKCNQ. Such noieties may
I mprove the solubility, half-life, absorption, etc. of the base nolecule.

Alternatively, the | eties (&etenuate n(g.esi abl.e side effects of the
base nol ecul ehgmqu%&qlggnggﬂ&ﬁgr 5§<’ir@l¥9a%efc i 'ﬁﬁg@rﬁfﬁpg@ﬂ e. Exanples of
such noi eti es pa)fopheRtedieadisdtdardWwabare 8ésdcpitbd \Aﬁﬂﬁﬂhbﬂbd)ﬁd%{i%tg]@sium

practitioner, such as em ngton's Pharnmaceutical Sciences. [
Phar maceut i calchaongloié$ bicdegicaliadtizity er pbysialogyi i herrffgptive @mountmayvamyn

et ve. ane Seb it U EHBul ook Koeh B R A BB aEMBLaRgn g 7 "
det er m natsonsgk aad Rid cotierdadtoELincidégthb nibddaRd rbte GERAIMihistratioh. t hose

skilled in the art. "The therapeutically effective dose can be estimated
initially eitAdeseifactord areciglalizedand sagersteodiby the skileg practitioneeand areyr i n

o el oS A o R 1 0 7

concentrati onijidiaggand route of adm nistration. Such information can then
be used to determ ne useful doses and routes for admnistration in humans.

A t her apeut i c§0161]ef The dewe "chrigical deriadive'odesnitbesmeleaie thed crofiss

Pt agoni ofQ. ' echtopRlSheRice R ES R RRE BRT Bl 2 BRI W bl o
el im nate the psylawileMOIimaln) dhé cREmicEN ot do\eLOAFE TRE ab@VityUsI01/ 17314

55 dosage is chosen bty t he i'ndi vidual physician in view of the patient to
be treated, fnrctionnfdhebasemelesuleatitorNKENESs Seh mpieliesanag#yProvend t he

et hods. di ool SLe6ORENEY Heelferab QR i o1 o bapf adEdbe Albrhguite

defined by rouyhé Afidiesd nag. atighuateignddsiradly sids effectydi thaushiseaholaulef o

pot assi um channel bi ol O%I cal activity and/or physiological condition, or
[

its acti #Pty deereaserthaitaxigitngf theybgss: watacale. t Bxamplep. of sychdapietien are
co-admi ni str atc:je%cr%ribed in a number of texts available to the practitioner, such as
Remington's Pharmaceultical 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



or sequential adm nistration of other agents may be desirable. [0164] The
phar maceuti cal conpositions nay be provided to an individual 10 in need of
t her apeutwa ot/92sa¢ nent by a variety of routes, such as sSubRCTDUSHIEDGE!
topical, oral, intraperitoneal, intradermal, intravenous, intranasal,
rectal, and intramuscul ar. Adm nistrati omsof pharmaceutical conpositions

I s acconplished orally or parenterally. Mre specifically, nethods of

conpl i shed oral|
racue) . i nt r dniae feHocetiiy, P8 Allualohiaan B ShETRIbALpe e 15

i ntraventri cutreated, the roge ol admimisirageT, ithesewérity of diseasenasathe like.
adm ni strati on. 0165] The present invention also grovi des suitable

topical, orall0 te’ﬁNbQ%ﬁwdﬁ%ﬁt@M@@POlﬂmﬁiﬁ*ﬁBEﬁﬁq GFOrAMGRItAEi ons for use

in the novel 2 LSl ; ' channel
descri bed her@hﬁgﬁgg%s%gﬁ‘%@ﬁﬁ%ﬁ9%?@%%?@?@%@?@3@%@ I ed
acgolrdi ng 8 ohdeﬁm Id bszdonlmirm tesdag,tiﬁ dvdellubidbtaieobpaism&lhnodmatimof agredient in
nodul ati ng physi ol ogical, neuro si ol .ogi cal, or neuropsychol ogi cal

condi ti ons caHOW@SWH?Bﬂ%’r@@logﬁayﬁcwnéi@n&@?riF&yﬁ' ?Q'Pﬁlgq' {2, Or #8sage
forms in convepti: : el f Oﬁé{g}? s Gat Ahfi
conpounds canggtﬁa\hmh'}ﬁ/mﬁéﬁﬁgﬁﬂgfc lg% ‘%o@?g%‘ onr’%é as "?\?i tfa@i{%g
capsul es (eacbr seglertialgdminstiatied ebsthenadentsunapbeatbsirabkase

formul ati ons il owder s, les, elixirs, tinct \ LUt i :
suspensi ons, ) E@fﬁﬂﬂssgh p@ﬁ{ﬂng r@%g]gﬁ’rg%s'ﬁﬁ%'%b{qsyo?\e. I"E‘?C‘ﬂ‘g‘%ﬁegoeanis fividlal "
nodul at oryn co ﬂﬂgﬁt ' e AR bot h bol

and i nf us?/%n) Wﬁ%@%{)é@?‘%@% t?é\%tu Cupgﬁate\geﬁ?’fy%)gg?dg% T \?\%Jstsh(o(r) Wi tﬁoﬂts 30

occl usi on, or subtutanesusi tepichhonal, mtlapestangaf, ontnadevaid|, ikiravenaous,t hose of

ordinary skill in the pha ut i cal ts. An effecti but -t oxi
amount | VO 01/ §3EpesETPush antsramisaliar. A RSHBtMEY BeaiarP el be

enpl oyed as ac%it %ﬁé%b@@@%ral@?ﬁﬁé%ﬂé&%@%%ﬁre s%pg:%ﬁ@allg he daily

dosage of the pr cts may aried ov er , r examnple, from
about 0. 01 tondethods of pamnterdlibelivenyrinelysks topioal, iftra-abteviah (disedtly ho $he at i on,

e I
and 50. 0 m | | {ar R ufluldd StARichbBs) inghp&tiBRbal BF inthMaSUMadAmdttation.
[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



adj ustment of the dosage to the individual to be treated. An effective
anmount of the drug is ordinarily supplied at a dosage | evel of from about
10 0. 000Wowl/4aF26 0 about 100 ng/ kg of body wei ght per dayPCTsowvEsge i S
nore particularly fromabout 0.001 ng/kg to 10 ng/ kg of body wei ght per
day. Even nore particularly, the range vajd es fromabout 0.05 to about 1
ng/ kg. OF course, it wll be understood by the skilled practitioner that

the d I | will d di h f.th L cyl 15
conpound. andot e Sermpedit YediEbiale anoset s Rk G Bomsafnt handel
[0167] In addh{ddy;hﬁ,{d@gém_sage | evel will vary dependi ng upon the

bi oavai l ability of the Conpound. The nore bioavail abl e and potent the
conpound, the[0H88] afbadailptiosage obiedqradusisimaybeyariedinyesanvidedanged

th h del | te, | ing,, b | i mited | deli .
The 20 dosageDerariertings 2hBit Al it St mePeradlitfparpel uBly 58 cuihen
conbi ned ig 0bﬂﬁracfrﬂn%@r*éﬁéﬁ?th@&ﬁirﬁ&%itﬁfrfs%jare@?ablg%reﬁﬂéﬂ i gsiforfiosrges

of the various agents or nodul ating conpounds may De independently
opti m zed andscaonedi erathscoredt tibiats cantaimiog §1.81,i G600 e8.d} D.5m1el,62-8, $0e 10.0,

t hol i il t l.d_be j.f ' d
D5 ver o used Apohad-irecod 8isaity 4rias Belve, MefedBls] 0B FrinpRirpste™ "
formul ations shpfstrdat Spﬂwbdﬁ)%apbéta the Indii@iS1i1t6 DefedtBal 'Ari sffddliveor s.
Simlarly, the delivery of polynucleotides or BOl ypeptides will be

specific to pamauwntlofthediugisatdinasyrauppliedat af B leyelaidioneabest i t s

o act; ve Qoo PO g ki AR R AOTN GG o s T BB pegdy s FEE kiR, ® ' ' V!
pol ypeptide, apdrehatti@Rarlp e Ql%uﬁﬂdOﬂmd/ﬁgfoQQirﬁ@/kPro;lbb@Iy%iQHt/;%PSZG

PCT/ US01/ 17314 57 present invention, nore specifica to certain types of
cells, for exdapl &vemymoteparticulasly, therrgagevgries Stasmabeutd.08doahoubddi es or

cell specific ligands. Tarqgeti | &ab . | f

reasons, e.g. M9/K9a a@é"ﬁ?e’ﬁﬁw'"&%ag@%%?w{g%%&létgfﬁﬁa?t'ﬁ&%\rgh%ﬁ?equi re

too high a dogaggge Mvdl Will varydEpénd oty pbteacyef Bl sartieulant er t he

target cells. [01%%] VRat rl1erat har?égdﬂgnl?%t eri n?:;tancgct i vep% ent directly,
e

t he agent 18 oulcompssing; adddiaat Geitaimeompeyeds will be neorg. potent thapiathgrsvect or as
descri bed [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 KCNQ5 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 KCNQS5 protein modulator, or

the KCNQ5 polypeptide, antibodies, peptides and nucleic acids of the



her ei nabove, or in a cell-based delivery system e.g., as described in U S
Pat ent No. 5,550,050, or published international application nunbers WO 10
92/ 19195 wom/@$£@25503, WD 95/01203, WO 95/ 05452, WO 96/ 02P8HUSMN73RI6/ 02646,
WD 96/ 40871, WD 96/ 40959 and WD 97/ 12635, designed for inplantation in a
patient, i.e., an ex vivo type of therapyy The vector can be targeted to
the specific cells to be treated, or it can contain regulatory elenents

whi ch i i fi : | s, Th _
dol  very syst Biset P BRBumote bieciiR hbREHal YRS fARNETp! SRBR, b e
in a patient e Baslyf @lrgblitty SRfeMeGUCA BeAntBoiRPHCalsPerifitsigangsdi ng

sequence for the active agent. Alternatively, the agent can be
admi ni st ered Targetingriseybeadesitabla fosa asiehepkieasons, &.0e ikam pgentisr m by an

activating agent roduced in, ..qor targe fQ,. . |l . reat ed
(e.g., see, Egngf@p}gglyioxgoo%lf R\)@@%?%E%Bt)og I@&%ﬁ%&ég@[ é??gﬁ”‘ﬁ*ﬁg%‘?
fol | ow ng BXxagerpistsbés abld @ dritehticttafyeticeligeant to illustrate and
exenplify the various aspects of carrying out the present invention and

are not intenf@$6%o Rather thar admiriaieriog anaclivg agant dirsciwAlwegent could

Bi oi nf ormat i Anal,ysis. [.0171] H KCh d
orobes o sclp ot i B atartEah e B bR A SR A Gt Sbasen
proprietary | pemigabsve, drlinbaefbastasidiéhetathne dat abasscrivedriaiy.80

program used was cal | ed gapped BLAST2 (Al tschul et al., 1997, Nucl. Acids
WO 01/ 92526 PEntardiNe.15,530,05830Rpeblished integwrtmnap ppplicationsumbers We | ocal

For “any nif o SPOERAWIG F/2as A ShT .0 ByEshaRcRis SptR e Rty <
search, an | noploRE469 VPO0Ws/468 , oN0NG6/MBE59 aHa WO T/aP685 Ndutigriar fornew
channel, and thus was 5 identified fromthe |Incyte database. Bioinformatics

anal ysi s reveinelantatisnoneypatiental.ponieyrvier typrofRupaRyg e vaaier esybe
channel 1 ani 1 Jrabiigh e 8 Npetit iag to he 1B Beo ok n Borll BB nceu and
found to 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 cbding 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 425 731 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 (Altschul et al., 1997, Nucl. Acids



contain only a partial gene sequence. Although this clone showed a parti al
10 DNA and protein alignnent to the KCNQ famly (nt 1819-2121), nost of the
#4970006 wo ongssequence was hypot hesi zed not to be part oPCT/NSOIMOIEY

hKCNQ@ cl one, based on |l ack of honology and 5° and 3" RACE experinents.
Thus, prinmers were designed to anplify tha short sequence (nt 1819-2121)
fromthe bioinformatic simlarity search using human brain 15 tissue as the

Fiman B ai n- o3k 25 SR HN2) L BLA ST SR Ibe e RBmenSaags T GRLR Th rers
desi gned agali \BAgg)uwﬁoﬁ?ﬂHgo@LRST%ﬁFbHWe%@M fr angliete®iorel koA 70006.

A """ probe prepared using the priners b/ sense (sense:
CTGGATAAGCAGCEHTT@I BEqRENces. SEQrm@mfzm Bz.a\&%aea;&haan ilneyie #4930006

GCAGAACATGAI d h th
f ol | owi ng c%&lﬁﬁ?%fg gto 88“9?‘29 %ngwp@}?\é Lase %ﬁ%ﬁ%e a\rllmnteal |t ng
- S5Cfor @e’i‘nﬂﬁéd fr%ff'ﬁthé% fSdAabade. 7§|o%fbﬂhaﬂc§%ﬁaly§isaa¢eéﬁ8d seconds,

for a tota 35 cycl es. e’ DNA product of 259 base’pairs was t he
expected si zehamd)kymstdagattmm ¢3he CNQRgena, U‘mfeby S(lgmtmglthat %ﬁl trogen).

M DNA d and Th I

ndi Cat 6d t hab RS birn SOl SRBbaRe KoNG ediass bl eREMGFEIE Clone °
#4970006 Dbet V‘fﬂ?zt]heTﬁé‘%thé F1DP0008 él%nemsSfule’ REREBIEAnAMsUridien used as
a probe to screen”a human "brain cDNA 3 brary (dontech, 2 gt10). This

259 bp probe coh’falr@nma)bartlelgenmgeqmmde Alsmugh thisrclams showes a padipkd

and s0dedi@o DA Rptharaiess phgiment Gifio Ko gl (P B 2 Te]) mostat Y,

activity of thagpoode cime sekuénie W Whéblze[cpﬁ(?ﬂbﬂ@ aﬂtlobfrﬁib{oﬁsﬂ eeni ng,
twenty plates (150 nmm) were screened for a total of 06 R Pl ates were

lifted using bHCNQBA-donerbaised padack phemologyrand 5 ang 6k the menbranes
e AL e
Tris-HOl, _ ntd18 152 20 frérh the 'E%dlh'tbﬁ%ah@bmﬁlmm b6aTRAr ity AumEiVbrars
UV-crossl i nke onto the nmenbranes at O.
15 tissue as the source nucleic aC|d 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 Q5/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 uCi ¥P-dCTP) was labeled using Ambion’s DecaPrime Il kit, denatured,



joules. Hybridization of the nenbranes was overnight at 42 Cin 2X PIPES 10
buffer, (i.e., 1,4-piperazine-diethane sulfonic acid), 50%formam de, 1 %
SDS witwa0093sgé i of denatured sal non testes DNA. WAasheBCWES@®/Uar4 i ed out
once in 1X SSC, 0.1 % SDS for 15 minutes at roomtenperature, then 3x in
0.1X SSC, 0.1% SDS for 15-20 m nutes eaclyat 55C. The nenbranes were
exposed to filmovernight at -70 C. 15 [0175] Foll ow ng the screening
procedure, fifteen Jjnitial sitive sigpals e sery t.hese

bl aques wer e 201 cdeRtBr oV, Slhah 3z oA S i ml FPERTE R Bur 1 v
di luted, and gepaRdertieEhE Wase+-R&r 40°cpneagi N were/was performed with
the @b probe to isolate the positive plaques. |solated plagues were cored,
pl aced in dil (@174 bber Erranasereparowaenty plaies { thGraunbwerehecregped fRitant

with a, gt10 forwar nd reyer [iaers. . r L er.

o Y eacon R BRI e "@E@ngﬁﬁé&')@ RKTabanes, | e -

S’ - GAGGTCETTAd; hé Y CTREONZahARe PrerhBiesivaé 8maturéd ires 6 MNaCH he si ze
of the inserts. was isolated fromplate Ql%%ates of the 25 positive

cl ones and pufiF Mea@ foF 2mindes: themngairalizechindhSid &a®i & M THe-HiaPkks

Qontech o NBiTeEeTaBliY horkiSstin8er MITEH, 87502 SHERE SRRER e or
PCDNA3. 1(+) Neerddrivéinbeeile. DRANREs W\t-brdsBinked bnteehy ene@bianaanatig.em t he
over | apping alignment, the 30 polynerase chain reaction was used t

anpl i fy a ful joulesigHybrdization phthe Merbiamswas cuRMigh @nﬂ%’&mzﬁelaﬁg ify a

wer e dest iheathbi e lebRRSHHALS e STk B0 Sp ot el Mo D ST
GGATATCACCATGM{@G‘XT@@I%ﬂden@&E@ ISRINEN 28bte @ DINA.SVVaBheRMWéERercertied out
AATCTAGAACTTATTTCAGI TTGAC BIﬂ%égE?gl D NO 27). The followng anplification

paranet ers weioscadedX I2Rady £ 15aunptes Agogmstempaiaiveal e 3 ins5C
cycl os. The 285K BB Sag-Er 1820 Myt PRl 5t Bss ThR Bl ont i r e
by sequence angrgsxposddeo RIRCBrIgMEcTov@s subcl oned into 'pcDNA3. 1(+)
Neo for expression in manmalian cells and into
1 [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 plagues 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 EcoRlI, and inserts were gel-purified
using Clontech’s Nucleotrap Kit. These inserts were then ligated into the
vector pcDNAS3.1(+) 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



pBS- KSM f or expression in frog oocytes (the pBS-KSM vector has 5 and 3' 10
Xenopus beta globin UTRs for increased expression in Xenopus oocytes).
EXAVPLE 2veRbib9xsxpr essi on bl ots [0177] To determ ne the expew®soont3nf hKCNQ
MRNA in human tissues, dot blots and Northern bl ots were perforned. 15
[0178] For carrying out the dot blot anal a Poly A+ RNA Master Bl ot

(G ontech) was hybridized with the sane 9 bp b probe used to screen the

H Brain | d d b
sol ut i on (0 oh%mﬁg PSS WeFg deBamBg e Bre AomirnSereclieRty tebeel SERa™
and denat ureds ‘PA?P?OCO A&A‘QGRN@G,&@GWQGéa ESE@TB)N@OZG)C&H@[‘&@@ the

manuf act urer' s prot The bl ot was washe m nutes each at 65C
in 2X SSC, 0. prumBsAAﬂ@TAGAAﬂTTWTﬁ:AGtTJQ‘ GAGIBTa(SESID NR:27)LX8SC, 0.5%

hown 1n Fi gufSlensd Bpibetegbaranel fh (o asnahidion BT A D1 i

shown in Figu

as vel | asgf 05ef %r?éanﬁasat@fswﬁ@r 30 geébndsn@hucam% Bf 88TC f3HT REHNLABS
i ncl udi ng; caudate nucl @us, cerebel BEocanpus cerebral cortex,

frontal | obe, factgialcfl 25cyates. p'ﬁhaﬂé% bprfd duel wasffiest doneddat ti on to

CNS tissue, | nuscl.e al ve a positiv ti ssues
appeared to eﬁﬁfaz AN wqu%ﬁ%@ra s%ﬁlﬁe %’Y‘B%rﬂ‘iﬁ%ﬁd‘@%rthern
bl ot (O ont eclyh¥BRedlifS wm&shg@q\lé@rort rOEHEE HEMaPimBIEAESISEhinto
Hybri di zati on was for 1 hour at Cin WO 01/92526 PCT/USO1/ 17314 61

ExpressHyb soIthS K& M torteaipnéssion Dofrog oatytes (dherpBSteSMamickarhasds ans HNA

i nut o5 al0r odAreBHsaek aioph PR3 B8EercaRsbaigesbn i XUBRIF Roblesf

agitation and several changes of fresh solution. The blot was then washed 5
3x in 0.1X SSC, 0.1 % SDS at 50C w t hEXAMPDE®@s agitation for 40 mn. The
bl ot was exposed overnight to XAR5 fiTmat -70C. The results are shown in

Figures 6A and 6B. [0181] Sinmilar RRAtH@résson biotobserved from the dot
blot, the human nultiple tissue Northern blot_revealed a restricted
di stribution §M1HRCNDS 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/mi 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 XARS5 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



10 MRNA (Figure 7). A strong signal was observed between 7-7.5 Kb for
skeletal nuscle with a smaller signal in human brain tissue. Although the
di f f erenoe@ 0i/9252¢ gnal strength could be due to the differrar@so/r3RBNAS
between the two blots, the results clearly show a restricted | ocalization
to brain tissue and skel etal nuscle. 15 MPLE 3 In situ hybridization
[0182] For perform ng the in situ hybridization studies as dep| cted in

Fi 9A/ F= f 16 f
brain cut at i ERByHED 5pI4E8 SonAIENg oMY ArheresReruT st PN ng)
20 into ice cogy &Qr(éth%d‘?éb@ﬁi&b’@ls DIARIRAsBBA! erHRUlITRY St mbwa%h(ea%a 4por 20

m nutes and rinsed with S. Fi xed sections were treated with 0.5% Triton
X-100 in 0.1 Nnintes abfd)chnGEmaeKatlm'eOB ZMSEGAOfO@t% SDSyiwith esntimudusi nsed f or

3 0.1 Tri 05, M
t r(ranatn g;eaﬂ It R Oagtqlﬂoa d%&eéald%emggg ngrfgt%sé’ pn ﬂ?ﬂ??‘&’ S%’g %ﬁ%ﬂﬁanut es
25 at roomg e [r?@ YxeSSE! DSe S[?‘Séi 507C %h%%ﬁtm%@é’ggﬁé% fog Youdfh. a series

of al cohol S, | pidated’ in chloroform and air drie Ri bopr obes
were synthesi ZEoe bmtmsmasedm@mlm\bwﬁé filmrangeiG. p'tl'heme@y&tam 1
(Pronega, LOCATI O\I’P%y sfj?ﬁg%ﬁ 5S-UTP and 250 pG 35S-CTP in a total
reaction vol und! igure UTP and 30 CTP were added at 25 pM each

and ATP and_Gijg181) 5Qiminbt a2 roBlIRs VELAEA4RAG 1RCAL B A Blharb2 human
KCNQG pl asmi d nts 1681- 2032 subcl oned into pGENbzf (+) | i neari zed

with Spe | andmuﬁmbssmNottbengblsPﬁeVRweqo@rgsfﬂﬁtﬁéedlstﬂ d’ﬂw\ phhKAHIQY and

br obes | r dlbectNA JFiokre. b X BroRE s HE Sstye el a7 Ko B8 "each
reaction. The gid)oRr ARASISRIIS aRitialldrathray iPheémah:braifl tsekormmhexgharéi on

and two et hanol precipitations using anmoni um acetate. The dried tissue
sections were differéntiesdn signahstrergthapulg be wuertpilag diffesencesipdRNABz at i on

buf f 50% f d d
solution, 109 BENReA o AR BtyepHeeiingi e hiPitaos gl n o
at 54 C. The hykiid gggﬁgmsﬁgb@lmd{@s renmoved by rinsing 4

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 um 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-100 in 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  at room temperature, rinsed (3 X) in 2X SSC, dehydrated through a series of
alcohols, delipidated in chloroform, and air dried.
[0183] Riboprobes were synthesized using the Promega Riboprobe

Transcription System I (Promega, LOCATION?) with 250 uCi 39S-UTP and

250 uCi 35S-CTP in a total reaction volume of 10 uL. Unlabeled UTP and
30 CTP were added at 25 uM each and ATP and GTP at 500 uM each. The



times in 4 x SSC, 5 mnutes for each wash. The sections were incubated in
0.02 ng/M RNase, 0.5 MNad, 10 MM Tris, pH 8.0, and 1 nM EDTA for 30

m nut es avo8#91326 t hen washed in 2X SSC, 1X SSC and 0.5X SBCr/vaél/17e6m@nt ai ni ng
1 mM DIT, for 10 minutes per wash at roomtenperature. The 15 tissues were
I ncubated in 0.1 X SSC, 1 nM DTT, and 20%d ormam de for 30 mnutes at 50C
then rinsed briefly in 0.1X SSC and 1 nM T at room tenperature,

dehydrated, and air The ri ree C]VATfiIm
( Kodak, Roche Hgan K&NQ?H g%ﬁéﬁ fcgpéﬁhézﬁgc}i
Rochester, ea%%i WRRS flteﬁ{d t@ H&?iﬁéd Lfm; SP@rRNRdeNlﬁéfasbhﬁnathh

mcroscope to eterm ne the cel local i zati on of each MRNA | mages
wer e acqui r ed Nod il mgdttrensiitibed mag\@ Ebf%ﬂ\lﬁapelyn[emaw}o gemmtmalytlﬁans%endesul ts

of the expr f h h
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Caudate Putanen + Piri Cortex ++ Septohi ppocanpal nuclei + CA2 Region
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I nj ected using
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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EXAMPLE 4

hKCNQS5 Oocyte Express

ion and Electrophysiology

[0185]

Frog (Xenopus laevis) oocytes were prepared and injected using

standard techniques; each oocyte was injected with approximately 50 nl of

hKCNQS5 cRNA. Following injection, oocytes were maintained at 17°C in
ND96 medium comprising (in mM): NaCl, 90; KClI, 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

Solution (MBS) consisting of (in mM):

NaCl, 88; NaHCO,, 2.4; KCl, 1.0;



Li gand bi ndi ng assay for high throughput screening for hKCNQ nodul ators

25 [0188] Cell lines that over-express the heterol ogous KCNQ potassi um
channel ooadbngeseegi on described herein (SEQ ID NGO 1), or RChustiogswal |y
active fragnment or truncated portion thereof, or a chineric or fusion
protein, are used in binding assays to Bgentlfy and screen for

phar macol ogically active nol ecules that bl ock hKCN@® activity. WO 01/92526

[gand 15 erEByey 1DHMASOROEE: LR ?wbéé‘i*ré@maﬁi%p'é? s on e o
Flt ngls ',thzli'?gév‘@?re 'Q@ﬁ%@y%h%é%% ‘36?%}3% um c anne(F)Q:ér?gét?r‘a {?ﬁte@e cell

honogeni zi ng &4 Gc@bhﬁlqﬁeleéi'Q ednftoyed toorecond whﬁle;eelbnmma’ané?u:uﬁ@ms pm and
centrifuged at 180xg m nutes. The pellet is sus?ended in 1 n%
assay buffer \(@tagﬁ Namp peptow mlcallya:qmlqt@esa sEHRP OF Vekage sigpsd-2) and

d||utedt 0] rotiter

pl at e, oﬁgs%ﬂ/rgﬁ%'ﬁ’f }1 ﬁﬁl@ a%ggé frbhf(a)\rﬁgjlldvl\nﬁg ﬁt}&%t%ﬁowole@y tgoegpound or
drug (t he tesﬁwai&@n&m@mﬁm oPF40ITHY: revprdewares digitizedmteckiHe angdegporiedegn

anal og, or mnetic agent), cont r ol assay, buffer, non- 58§C|fl unl abel ed

ligand (10 nM cowurterd#smgrﬁﬁ&éﬁranéi@ta AsaNisEion ang\analysis s
pot assi um cha ﬁL{[‘ﬁetsn 0 g/m, and 50 | of radioligand (25 pM NEN, 2200
G/ mol ). Themg |ncubated for 20 m nutes at 21C with m xi ng.

Bound radi ol ajgaigey |A§ldéd‘|dnstrétbc5|ﬁn%lgaﬁee$i them]'etmcn'eoﬂakﬂCNQﬁ)eRbIA intggand i n
sol ution (gflltratlon over pre- soaked G-/ C n|f ters
)

| nst runent®) XRAOKES ﬁ@@b’tﬁaiﬁﬁﬁﬂﬁﬁdl i rpe@st@qpaesmﬁ (9% 8pt acﬁ‘r‘rw ng,

scintillation I n on
count ed. Data" %Jllééjrﬁﬂga? u@gﬁ%%&@%%ﬁﬁe !f‘;r'@ t??%@%&“ Shts! té%:%rk%ﬂgrd
anal ysis and jp drshailes® hose (oBmme@ by ti egprablqn deQGNQR ctairgiels; 20

Chem , 266: 3668 Conmpounds that conp E r adi, ol ab Jéd I|8and for
bi ndi ng t he nBVEENRWKEH® %@W%%qt\yﬁ*'@grd?ﬁfb!na& ‘\éatlr@e?ittﬁ‘?ﬁ'té@

production of oe%rr 5;}8%{1 O sb@oﬁ&eggk)d‘ea%w -wifh Ben@EbYReYsimfar to the

scintillation can used so as to elimnate the

need for f§!tensent ﬁﬂt&auanedtﬂjvir@vw,dlfmdikedhéMCNQQmwrquhptlﬂK(‘éﬁQéen| ng
assays (Hof fman, R et 25 al 1992, Anal . Biqch rn PIS R Ki enui s,
C.B.M et al.curentswere Iﬁggg%fesmtanf to the potassium channel blockeér

tetraethylammonium (TEA), even at concentrations as high as 30 mM.
[0187] These results indicated that expression of the hKCNQS3 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 KCNQS5 expression.

EXAMPLE 5

Ligand binding assay for high throughput screening for (KCNQ5 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 LKCNQ5 activity.



Res., 12:389). [0191] The contents of all patents, patent applications,
published articles, books, reference manuals and abstracts cited herein
are herelwo80935nc€or porated by reference in their entiretyPCDURRIrE3f4ul |y
describe the state of the art to which the invention pertains. W 01/ 92526
PCT/ US01/ 17314 66 [0192] As various changes can be nmade in the
above-descri bed subject natter w thout departing fromthe scope and spirit

of the present jdwentio it is.intended that all. subject. matter contained
'n the above UERHT Ry BRioiaseled Bindiditee drlft paniplabdd iog s
interpreted agnffisyed QUillVR, ANOIT, MGt PRI S 48:98 ahd DeKFET. ¢t AV EMIPN.
Many nodifications and variations™Of the present invention are possible in

| i ght of the dbBiok Cheanhi2ffs366@). Mewbsae pPeparBinsIGixel lings thagvert S

CLAIMED IS: 1. An isgl ol yhucl eot,i | ecul odi , id
conprising al |ex8;esgstﬁ83{($@g%0rfa‘tgs§ﬁ% a%%ﬁ%r &%Pg.b&%ﬁb%%ﬂgﬁbﬁﬁgﬁ%gt iede
nol ecul e agcoidingta PRIVEIGH B 26 seaehas Bt 1 BO00TphtaRd cKRINRgeY at F00XgCloRp! i ses
the am no acid sequence set forth in SEQ ID NGO 2. 3. The pol ynuc|eotide
mol ecul e accoZdhingites Thaipellel iswuspended fiel Wf%aabbuﬁ%@p @W{N@Qtr%m t he

group consi sti ) | ti.on of |ei Cj ce set
forth in SEQ I"Bal@ll(]a('ﬂﬁ wﬁgEC%rﬂ%"F@rﬂiﬁ OS5t p?'a?”%ﬁ&ﬁﬁ%@ @gﬂg [ ons of
(a) due to degeTgylacYoldachhst tBE MRils ©f aBwett mibrotiesH §lates Q30N 9F BSsdye

pol ynucl eoti de nol'ecul e according to claiml1l. 5. A vector conprising the
pol ynucl eot i déuffer icaddech@enaiwith 20qu! of tegtraocmpormdeor gxugdiietest onpri si ng

compri 51 nd0t neoTBRLBR SdyBanAGBes el froiSey Pebtdb. phaldd beifiBeliei ng e
vector accor digg@nt)0c6hPblBszay buffer, non-specific, unlabeled ligand (10 nM), 50 pl of
membranes from cells over-expressing KCNQ5 potassium channel at 50
pg/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, Anél. 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.



9. A host cell conprising the vector according to- claim6. 20 10. The host

cell according to claim?7, wherein said cell is prokaryotic or eukaryotic.
11. The Moav1/g2ské according to claim8, wherein said cel | PCEUS@OREN yotiC
or eukaryotic. 12. The host cell according to claim9, wherein said cell is

25 prokaryotic or eukaryotic. 13. An isolgted nucleic acid nol ecul e having
at |l east 80% sequence identity to the nucl eotide sequence as shown in SEQ

ID NO 1. 14. j.solated nucleic acid nmolecule encoding a.hupgan K

ot asst um chabi21° PASVENAUE Shandesrat S T Wonechoveripstriied BUblsttier 0
moderate stri fgg X/vifffbnu%bgﬁﬂﬁl tfforft tlﬁ‘é‘@b@;b&aﬁ&'sﬁirﬁ'&?ﬂf& %&sbh?in%@hﬁk‘ih,ﬁf?' d WO
01/ 92526 PCT/US01/17314 68 sequence set forth In SEQ 1D NG 2. 15. An

i sol at ed nucl & ioterded timal alt slkjeshmattengortainedsn tHeEEQBve plesadtiamnothannel

pol ypepti de, rein said nucjeic .acid nolecule, hybridizes under high
stringency co%ﬁ@?%ﬁ"ﬁ\eoapaoeﬁd@%éﬁa'mﬁ’ eé’ﬁt@wﬁkﬁf @ﬁéegcréqﬂvlq@ 'ﬂHStE%EY%ence
set forth sn SERd ReehRinvéftiorMahg!Ab@fcatissird eidtlions! ané Brasapedi ng a
human KCN@ pot assi um channel pol ypepti de and having a conti guous

nucl eoti de séweatior arépossibtoitdight hbthenabayedeadhisgguence set forth in SEQ
ID NO 2. 17. A vector conprising the nucleic acid nolecule according to 10
claim13. 18. A vector conprising the nucleic acid nolecule according to
claim14. 19. A vector conprising the nucleic acid nolecule according to
claim15. 15 20. A vector conprising the nucleic acid nolecule according to
claim16. 21. A cell conprising the vector according to claim17. 22. A
cell conprising the vector according to claim18. 23. A cell conprising
the vector according to claim19.




20 24. A cell conprising the vector according to claim20. 25. An isolated
KCN@ pol ypeptide conprising all or a portion of the amno acid sequence
set fortwony8BEes | D NO 2. 26. An isol ated KCNQG pol ypept i BeT/@headed by t he
pol ynucl eoti de nolecule according to any of clains 1 to 3. 25 27. An

i sol ated KCNQ@ pol ypepti de encoded by the§7nucl eic acid nolecule according
to any of clains 13 to 16. 28. A nethod of identifying a conpound that
nodul ates the biological activity of a KCNQ@ potassi um channel

pol ypeptide, conprising: (a) conbining a candi date nodul ator conpound w th
a KCNQ® 30 poWHAITUS ChAIMED IS0l ypepti de having the sequence set forth in
SEQ ID NO 2; and WD 01/92526 PCT/US01/ 17314 69 (b) neasuring an effect of
the candi date noduliat or Agoisplatedipolynutlbetide troledule ehcodiagEOpENpeptidessi um
channel polypeptide. 29. A nethod of |dent|f [ a conpound that nodul ates
the bi ol ogi c&PMREIEING QWOW PQ”KEN@? BINFEN K@éﬁmﬁ@n pol ypept i de,
conprising: 5 (a) conbii t
cell expressing a @8{@4@? um c O%ﬁhg %pep{lmégmﬁﬁﬁgwh@e@egﬁznce
as set forfh hUn%Q(CNQ@ﬂ)temrrrbmyhr)semhewmmgmdséqmnceoéettfdmeh«rasaniate
nodul at or conmpound on the activity of the expressed KCNQ potassi um
channel pol ypéBtN(a@ 10 30. A nethod of identifying a conpound that

nodul at es the bi ol h0gi C P i

pol ypepti de, corrprl Si ng{jﬁheaﬁ%w%éI °tﬁfen'§°§ can%%?ﬁﬁ tﬂ?ﬁgf‘g;\ﬁt%r%%’bhﬁd W th
a, host cell meaulelmgelectai:ﬁr@nnthecgmomwbognstlsnrtgwfcmi)atllcmarporﬁon@f& or

E'XELI?JES&Z by fHBEbARC Soaueafa SELIRJA ST G Mot GRPLIS G bRErerk (@t o
channel ply pEne GLPagor o) il to Boad REaby B FRPGehellRRa Chat i <

capabl e of nodul adi.ng tAheediootomprisingdoe |pmlw13acmbtldelmlebulpcaoppapngd@
conprising the

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.  Anisolated 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



20 steps of: (a) providing a host cell according to any of clains 7 to 9
and 21 to 24; (b) determ ning the biological activity of the KCN®

pol ypept ivd@ 0i/ge52¢ he absence of a nodul ator conpound; 25 (BQT/@ONEGt4 ng t he
cell with the nodul ator conpound; and (d) determ ning the biological
activity of the KCNQ pol ypeptide in thegresence of the nodul ator
conpound; wherein a difference between the activity of the KCN

pol ypeptide in _the presence.o ul ator conpound and in the absence

of the nodul atsﬁgu%rb‘%pﬁ?ﬁg”ﬁr\ﬂ%é(?@@%q modul ating effect of the compound.
32. A conpound t hatismodwpkertdd'BublbR! KW fdie@flé ientbdingfa AumARA KENBE 92526
PCT/ US01/ 17314 70 KCN@ pot assi um channel pol(i/pept I de as identified by the

met hod accor gotagsiun channeld®lysmtide, whepeiosaid hatleiewnid maleculéie bi ol ogi cal

tivit f h ._K I I, h ... pol t] ' tified by th
method & accoPAYZEs Uonst Robgiagery e iidb bRERdl srEGihhahe” * 1he
bi ol ogi cal 5 achinhé Yickf séitigte JEEHHEN ROSBESIDINO:annel  pol ypepti de as

identified by the nethod according to claim30. 35. A conpound that
nmodul at es t he bi ol d6i calAreisoiaied pueeicagigmolaculgencedingtabumam G|

pol ypeptide as identified by the hod rdi ng. |_ai 36. An
anti sense nucPQh?SéH!P& F?BP@%IQHI}SP. |o£§har}:ﬂ Iﬂ%@ﬁg@ #‘%5&'9@8%9@8@0@@% de nol ecul e
according to gbgii8hde thaf enfBdEEtHSEMAR A¢ldIsehtenée SetoldHISE@MDNO. nds to
the 15 pol ynucleotide nol ecule according to claim?2. 38. An antisense

nucl ei ¢ aci d nol ecdlfe wii vectpr eeraprisingiibe npelejhaein daeleadlenanceeding taccor di ng
to claim i 39 .nAq\n,k%nt | sense nucleic acid nolecule which binds to the
nucl ei ¢ gi dclﬁﬂl | e according to any of clainms 13 to 16.

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 KCNQ5 polypeptide comprising all or a portion of
the amino acid sequence set forth in SEQ ID NO:2.
26. Anisolated KCNQ5 polypeptide encoded by the polynucleotide
molecule according to any of claims 1 to 3.
25 27. Anisolated KCNQ5 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:
(@) combining a candidate modulator compound with a KCNQ5
30 potassium channel polypeptide having the sequence set forth in SEQ ID
NO:2; and



20 40. A pharmaceutical conposition conprising the pol ypeptide according
to claim 25 and a physiologically acceptable carrier, excipient, or

di | uent . wWaor/gsphar maceuti cal conposition conprising the poTypeEpt7dBde
according to claim26 and a physiologically acceptable carrier, excipient,
or 25 diluent. 42. A pharmaceutical co Ition conprising the polypeptide
according to claim27 and a physiologically acceptable carrier, excipient,

or diluent. 43. A pethaod for.the on_of. har eut i cal
conposition 30 cor?ﬁ?3 i S|'ﬂﬁa§LH@gsqrb§§ecgf°%tﬂﬂ ¢ ‘{198[:?0'3&98 nngrPBO%WdaPPn 28
and further itRe kB ’rsthéFK(ﬁlqb{S &ééﬁiu@tdmnbhﬁolg d that is capable
of nodul ati ng WO 01/ 526 PCT/ US01/ 17314 71 the DI ol ogi ‘cal activi ty of the

KCNQG pol ypepti de i29.a phaetbedof ideatifying acosmpoapddhabbmedulates ihenet hod f or

the productio h u QS of the
met hod accor dh\@og'&aﬁ?gfvﬁf’g %@W‘P?ﬁ%ﬁs'gh ﬁ}?’mﬂ?ng yg?gﬁg?,cgomﬁrﬁﬁlﬁ@' ating
the conpougd that ig)capaiphsinitl BshdiddteBodllBfordopsiineanitidatiost tyll of the
KCNQG pol ypeptide in a pharmaceutically acceptable form 45. A nethod for

the pr oduct|oremfesswmaﬂ”i&l&@@tpqtawumrqi@@ml p@lypemﬁtﬁ haying theseguense of the
met hod accordin | ai her 10 including step (c): fornulating
t he conpound t%gﬁ t?gﬁ gﬁ@ @W %tl ng the biological activity of the
KCNQG pol ypepti de i) a nhéémfr@dém éﬁéd:’r}bftﬁé@@ﬁﬂ@bt@nfd@lﬁlﬁtoﬁ@omﬁo@@d Bad for
t he production of a pharnmaceutical conposition npri si ng/ the steps of the

met hod accor dithg aleVItM aff ﬂﬁewmﬁseﬂ%@N% n@asstunudwa@%p@ pepfidef or mul ati ng
KONGE pol JPepti de 190-a gharsinedal RERR)dY cobbupodhAErRuARSe e Vet hoa -
according to Od|é’1b@céﬁacﬁ‘ﬁl‘?kﬁ'dk@h@@b@t@%ﬁ@ﬁﬂbh&ﬁ{el pofypeptite] @dmpasihgr t he
treatnment of acutée and chronic pain, mgraine
(@) 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 KCNQ5 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 KCNQ5 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 KCNQ5 polypeptide in
the absence of a modulator compound;
25 (c)  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



20 headache, acute stroke, denentia, trauma, epilepsy, seizure,

anyel otrophic lateral sclerosis (ALS), multiple sclerosis (M),

Par ki nsow@ oDixzse@se, anxiety disorders, depression, bipopPar/udisosders,

sl eep disorders, addiction, eating disorders, ataxia, nmyokym a,

Al zhei mer' s di sease, age-associated nenoryy | oss, |earning deficiencies,
cognitive disorders, and notor neuron diseases. 25 48. The nethod according

to claim44, reiLn the. pharmaceutical .. conmposit.kon | he treat nment
of acute and w\ﬁb@ sr‘Hmrﬁ"@PQFﬁ%Olym%rg@%c%',d%Qhﬁ?%b¥?l?%%e,tﬁ%€rrenti a,
trauma, epil epgyordhf fH€I8im 2gyel otrophic lateral sclerosis (ALS), nultiple

sclerosis (Ms), Parkinson's Disease, anxiety disorders, depression,
bi pol ar di sorders, 33l eef corspedrd that miedulatesthe biglogigalactiity of Beman at axi a,

kym a, Al zhe] ‘s di , - ' d. I [
dert o1 enci es. ReoPrRS D AR PR WERMR by B8 Bh6d0 017 02526
PCT/ US01/ 18314 ccdrdirfPto diBn 9Bt hod according to claim45, wherein the

pharmaceutical conposition is for the treatnment of acute and chronic pain,
m grai ne headache 34acutfecampourd thidmeedulatestthe birlpgiepl adliydy of sumair e

anyel ot r ophi c ral,_sclergsi AL S | £ ] . j ,

Par ki nson's Di §,P°£%§8"é'?‘y° nﬁ?é%&&é?%tméaéé)E&&'ﬁ%ﬁngygﬁ%méﬁ@%| sorders,

sl eep di sor derggcorfitih £ tlain 30at i ng di sorders, ataxia, nyokym a,

Al zhei mer's di sease, age-associated nenory |oss, |earning, deficiencies,
cogni tive di sorder $5. and\ eempeune thai meduatesdbe bigogitalkachyityi @ hHB@SY di ng t o

ccut o and'Bnr o QB AESFhRa A BowagRRnas ek oy thea by i o
trauma, epil emorcﬁ@ BERim@tyel otrophic lateral sclerosis (ALS), nmultiple

sclerosis (Ms), Parkinson's Disease, anxiety disorders, depression,
bi pol ar di sorders, 38. eef\niarligemeenucigiclpeidiroaleceis Whigh bindsioddes, at axi a,

nyokym a, Al zhej ner. s .di - i menory | oss, |earning

defi ci enci es, P&W%%ﬁeﬁﬁﬁ‘?gwe?%?ﬁ@@% ?%ﬁgf An anti body specific for
the KCNQb pol ypeptigfe agupafiisthsthuctdieatiddnoleedle WhichrBindwttythepeci fic for
t he KCNQS1EOI ypeptide according to claim26. 53. An antibody specific for

t he KONQB1pol \pesfiuciastidedoelgctlg agsording 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



20 claim27. 54. The antibody according to claimb51, wherein the antibody
Is a nonoclonal antibody. 55. The anti body according to claimb52, wherein
t he anti boay1/922@ nonocl onal anti body. 25 56. The anti boRgT/@s€oN7@iang t o
claim53, wherein the antibody is a nonoclonal antibody. 57. The anti body
according to claim51 or claimb54, whereipjy said antibody is directed
toward a portion of the KCNQ@ pol ypeptide conprising a peptide having a

sequence selegted fromthe gro Gt of.. SEQ 1 Q 30 | B or a
conbi nati on tﬁ@r%@kg'@%?cﬁw& Qﬂﬁ?‘ﬁf@@'ﬁpﬁ@/ﬂgﬁ?@&% '8@ aﬁrg&%%é'%géﬁyect ed from
the group WO @3éSAaBR Bfm/ USO1/ 17314 73 consisting of an allelic variant,
an alternative splice exon variant, and a chinmeric fusion channel of the

gol ygeptide elncodeé4by Phmethuid,fon the pradistion ©f erphatgaceutieal compasiians 1 to
. 59. An isolated polynucl eotide nolecul e sele fr 5
consi sting of ngpé'lsfg'gl%g as 8#1 ,eraﬁ%h&dteecrcrqgﬁpggégﬁlmﬁéﬁgﬁuﬂeﬁwgm, and a
chimeric fgsi %Mﬁ«g@@ép @): Faennaling it cstapie Rl idvapdite Bf civtatiy d

nmol ecul e according To any of clains 13 to 16. 60. A vector according to any
of clains 4-6the biviogical actviee obllefKEGNQS pelypertide ibanphatmageulically r al

prokaryotic and euk tic vectors. 10 61. A nethod for screening a
plurality of @Bﬁ%lﬁﬁﬁ@]%f@' assess specific binding affinity wwth a KCNQ

pot assi um channel pgl ypepiefitod B tite pkddidaibh ®f BYSHArAACEDBES Wompusiadr si ng:
(a) providing a plurality of test conpounds; nbi ni ng the K

pol ypepti de, epmprisingdthisl sfeps a@ﬁﬁmeﬁwdm%%g)twgﬁme%ﬁnéf%h@%r ality
OF COTPOURSS. atdiod BB 7 St et oo R McHOaE T, o
the pluralithobididfital MRy bfthe KORGEDFolypeptidd i Aphaimacsuticalipds t hat
specifically bind to the K pol ypepti de.
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  including 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 treatment 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.



20 62. An isolated nucleic acid nolecule, wherein the sequence of said
nucl eic acid nolecule is identical to the sequence in ATCC Deposit No.

PTA- 1924 Whonges2&KCNQB) . 63. A nethod of treating a di seaseCDUSd/wor4der
selected fromthe group consisting of acute and chronic pain, mgraine
headaches, acute 25 stroke, denentia, v ul ar denentia, trauma, epilepsy,
sei zures, asthma, anyelotrophic lateral sclerosis (ALS), nultiple sclerosis

M5), Parki ' i : hysi.ol gi cal di de. .
heur opsychol ogi cal 44 son BEMBeTeaARebryna  srn 4, YRistFodte sharprpsyisa
di sorders, sl ggmodisindsTsr thadflidincPlof aitbiaMd cir6RLYRAS, mRfrdikka, myokyni a,

Al zhei mer' s di sease, age-associated 30 menory |oss, cognitive disorders,
| ear ni ng def i dieadachs acuteistroke, derhéntiks dtauma, apilepsyiseizurapamyeletropbicor

Ko nucl o ¢ e agsesis S8 ARSI, BaRdRsons Divsasen Shbin.

effective £0 fdﬁs%?&er%hegg&e%gﬁ@ Pﬁi’o(ljé’ﬂ $i86rders, ishech GBYRIcPS csdicidny eatngpt abl e
. net no

carrier or exclpient. of screening for or detecting candi date

compounds 5 cligoathers, afaxia,mayokynie, Alaheim&dBepse ags-assatiatedanemory

| tide, i sing:: ' : ith a.ourified
RN P pol ypepirapartiog i tiprictrs. ERbhids Aidtien; SBRMAP Hebte Skndnit e
conpounds those tegp 1GHeomBHGudscdordihg b RihimUe, WhareinvbepHaiacehtica

met hod of screening for or detecting candi date conpounds capabl e of
bi ndi ng t o hucempSKICh ip Joribei traatatenh abacyiel anseghrodie, paig.onjgraigieng: a)

fo ol aim38: Meatafieeits shokauibe i nmenal SatE By oRhRlunas
that bind to Yherdecleresisi(AEs) Ghultipid®dieedisoiVS) FeeKinssn’s Disedse] einkisty ng
candi dat e conpounds capable of binding to human KCNQ pot assi um channel
pol ypepti de, 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 KCNQ5 polypeptide according to
claim 25.
52.  An antibody specific for the KCNQS5 polypeptide according to
claim 26.
53.  An antibody specific for the KCNQS5 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 KCNQS5 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



20 conprising: a) contacting a test conpound with a purified KCN@®

pol ypeptide according to claim27; and . b) selecting as candi date
conpoundwo hugxs2¢ est conpounds that bind to the pol ypept PARUS®3178i4. The
met hod according to claim®64, wherein the pol ypeptide is inmobilized onto
a solid support. 68. The nethod according3to cl ai m 65, wherein the

pol ypeptide is immobilized onto a solid support. 69. The nethod according

to claim66, where | i de_ | i ] : i
Suppor 1 G 0Ep6gsey pran Bl e o 3leaia BBl FE XERIRAAMAS o cl ai m
64, wherein tEﬁipd%@fué?ng?haqmpemﬁspcﬂmﬂtﬂm&%e%yqnbwyrﬁ}enmrdb- 71.

The nethod according t al m 65, wherein the candidate conpounds are
i mobi | i zed oatcordirgtopamyt of Gaines 1Ta8. met hod according to claim66, wherein

the candidate co unds, are, i ilized.onto, a su rf.. 3. Jhe hod
according to clai gggtl M?@I@#%@y%é%%&_ W?%E@%ﬁfe&f??’ﬂrtﬂﬁ&ﬁg@
SCreening & ecRpRkiegyg ﬁ? éﬂ aﬁﬁﬁ‘c PRidH daR akemaLing sPWcé?éﬁémvﬁﬁantV\Bﬁd @ n the

met hod 10 conprises high throughput screening technology. 75. The net hod
accordi ng to chmerichisiosheharine! ohthenpolyprptidesrnnoded dynihgmudigio agithut
screening technqgl ogy. 76. .The neth acc i to claim64, wherein the
candi dat e coﬁ’ﬂfg‘é‘ﬁ-ﬁéa&PQrdé'P&Fqa%PE%@l'@%?égﬂggapeutics, or drugs. 15 77.
The net hod accor di g, t 0 AC|@itBt S8corting!t8idhyldTRIAMRU-EHreI 7-20 6eNs0ted fohe
smal | nol ecul es, therapeutics, or drugs. 78. The nethod according to claim

66, wherein t liee geoupi clensistingoofpdnahqokaryoticrand ewkpewliceectarder apeuti cs, or

drugs. 2010 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:

(a)  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 KCNQ5 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, asthmé,
amyelotrophic lateral sclerosis (ALS), 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, learning deficiencies, neuronal cell death,

and brain tumors and motor neuron diseases, comprising providing the
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KCNQ nucleic acid molecule of claim 1, claim 2, or claim 3 in an amount
effective to treat the disease or disorder in a physiologically acceptable
carrier or excipient.

64. A method of screening for or detecting candidate compounds
capable of binding to human KCNQ5 potassium channel polypeptide,
comprising: .

a) contacting a test compound with a purified KCNQ5
polypeptide according to claim 25; and

b) selecting as candidate compounds those test
compounds that bind to the polypeptide.

65. A method of screening for or detecting candidate compounds
capable of binding to human KCNQ5 potassium channel polypeptide,
comprising:

a) contacting a test compound with a purified KCNQ5
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,
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.

67. The fnethod 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

immobilized onto a solid support.
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70.  The method according to claim 64, wherein the candidate
compounds are immobilized onto a support.
71.  The method according to claim 65, wherein the candidate
compounds are immobilized onto a support.
5 72. The method according to claim 66, wherein the candidate
compounds are immobilized onto a support.
73.  The method according to claim 64, wherein the method
comprises high throughput screening technology.
74.  The method according to claim 65, wherein the method
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.

20



