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| ON CHANNEL FI ELD This invention relates to newy
identified nucleic acids, polypeptides encoded by them

wa@pastiassshei r producti on and use. More parti cuPer/iGB2005/001620

the nucleic acids and pol ypepti des of the present

“invention relate to an ion cHannel subunit,

hereinafter referred to as "Kv9.2". The invention al so
relates to inhibiting or activating the action of such
nucl ei ¢ aci ds and polypngtldes BACKGROUND | on
channel s are nul ti-sububPN GiEADNIEle bound proteins
that play a vital role in the functioning of cells.
They regul ate the passage of a nunber of ions

¥Fmebudi ng sodi um potassium chloride and cal ci um

across the cellular nmenbrane. As ions carry charge,
ion channels are inportant nedi ators of fundanent al

cell ’Pﬂ@?ﬁv@hﬁ@ﬂ el Q16 'ii%‘lwﬁsldeﬁt[ﬁéd%c[&c 4digs, 9@%@&@@5 bit@ded
potential. Their nalfunction and defects havé been

byntprincad dol thiefr mradiotidh sediuess e ngrmlptﬂ@mz thn oheldicragids and

epile , ertension,. and t Cfl t,assi

SR RERY o O BRSPSl R i Ciop e BRER S pBRg e
1©8rted t6851“E 9.2 IThéehyentlbh OM6 r&ate@&smum&m dcfvigshe action
through it, and it is caonsidered that it takes an

ofrpveh Pugieic peids andipRIPADEEEY i ng menbr ane potential of

cells. Particularly, in nerve and nuscle cells, it
contributes to the neurotransmission of central and
RRCkOReumb nerves, pace nmeking of the heart,

contraction of nuscles and the |ike by controlling
frequency, persistency and the |ike of action

pot e t

B s ongoamicl, AORL 8yl oS A ok phdy d Sl role
mdhcm fitnoeoting bl cneé]sl Tyl ragreate phicopastageatfiaonmfer ofiohs inahding

t like. The m, channel gene_f
Py BSGEE 5 6 OHR® P} GUGH G SH ol PErelty . As ons carry

‘ %{& &n diamdly areTHlﬁb{rtﬁﬁﬁ%dpaﬁ?rE‘ of f@ﬁ&h@htﬁﬁcéll@l&tﬁcal properties,

ér of subfam T esbased on the nunber of
inphxdmgdh@c@lhmmgnmtmmai o h¢ingtadfnnesiont and, defestsrhaye begnk

;ﬂé%g%a np?gh‘gfo{y g}ﬁ\ém%s%hawtgggmg%msl iggluihj?l%lepﬂepsyqupei’tensq\)o}% and cystic

fibrosis.

Potassium channels are distributed in the surface membrane of cells and
selectively allows potassium ions to pass through it, and it is considered that it takes an
important role in controlling membrane potential of cells. Particularly, in nerve and
muscle cells, it contributes to the neurotransmission of central and peripheral nerves,
pace making of the heart, contraction of muscles and the like by controlling frequency,
persistency and the like of action potential. In addition, it has been shown that it is also
concerned in the secretion of hormones, adjustment of cell volume, proliferation of

cells and the like.

The potassium channel gene family is believed to be the largest and most

diverse ion channel family. They have been classified into a number of subfamilies
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hi ghl y conserved pore domain. Tw k-1 and Tw k-1i ke
channel s along wth TREK, TASK-I and 2 and TRAAK have

wal2a0540888&nbr ane domai ns and are involved in PCT/GB2005/001620

mai nt ai ni ng the steady state potassiumion potentials
across the nmenbrane. The Shakgr-1ike and eag type
channel s have si x domains and are the | argest
sub-famly. The Shaker type is a fam |y having

mar kedly hi gh diversity and can be further divided

ibB§ed o thelEber@ toHGh@fblah€8o¥ihs fdfiRstartee Stwaa ishirtey 41x
On the other hand, the eag type is constituted
Vikow bigh have a

damaing| Bhase “g@rftvoaivmaswnclam GIRE.dREs SR gad &O
e G S T e T
NS 1iagd acahd TR /eAK have 4 epasmanbrdad éahhide and e ifivdlsdd in

conpl ete nucl epti de sequence encoding a Kv channel was
MRApRInEY the steardy7stale PRIaSHEM AP RPTRRHAS aqrﬂ% thy, miegibrane. The

SHERRSs Ll DU i OREH SFATBLIA St -y
}T-he(Shakﬂneypeaﬁ)BMEBh abvipKuzykedShiagh (ie)tyand cainhé further divided

' B e DB R ot o o o e RIS O it hefiGae cag ype

'1ﬂ€&fsht‘iﬁ'ed biNe g KMo B d g’ene\éﬁcgaﬁl Aasit e b |119c91¥det 0

aker i n the core region, he | ar gest “channel
fhaperbylarizdtion aativitmadypseotensiumeetsonsls comespduding emKiAd gene

t f ! bf £ k

s S P e e o] PR M P oo

(Kv5-9) have also been described. Currently, over 30

Kv channel s have been cl oned and expressed in

het er dlhsditisomplatesudlentidsysquenes erPrding adhvaRrINS! Wes rsported in
3922 t\x/?t)é Stgelz (f:lt) St g{&ggl? tﬁgcg oéehtaﬁﬁge? I(Igg LB{N"éué%(genSV Eérga}mg of

loﬂDN:A lhbﬁﬁhb@ﬁ/lth Kive Smféﬂ ebN Aebsd §d isalatibedf mﬂﬂﬁcﬁaﬂhﬂwm&s Shab
subuni t s, conbi ni ng

si X-transnenbr ane- spanni n
f(m Shav &Kv%m S@h@%’@i and %«b@t pmAsrIved Arony des élaﬁmct genes. The
%Qé‘%ﬁ{béssarg oﬁsotofs%r ahef LA aden gﬂl‘fﬁ? kvlkﬁaﬁtﬂllg1 which

nct su unl s can al so c ineto unction
het es@Yitohmladyao rdhhkerinthe dore reigtonpisahallargest/chaonel Thasgyg, with at

eteroneri ¢ channel s. have, u ue ertl s t hat ft
q%ﬁ YRGS A %ﬁtl%@ ﬂa%gvélq Hp%aﬁ Bapbia plamiliGiofapne o
CSQfaf(@rS%l‘Sir?l 5R4l, IRNORY, if6 e aARNDERI1 Sub At RTKIBIN haSEMSS aéen

Kv -su ts are
described. Currently, over 30 Kv channels have been cloned and expressed in

heterologous expression systems. These channels often display differences in voltage

sensitivity, current kinetics, and steady-state activation and inactivation.

Kv channels exist as tetramers formed by 4 six-transmembrane-spanning -
subunits combining to form a functional channel. Not only can identical subunits
combine to form a functional channel, but distinct subunits can also combine to form
functional heteromeric channels both in vitro and in vivo. These heteromeric channels
have unique properties that often represent a blend of the observed properties of the
corresponding homomeric channels. Furthermore, several Kv -subunits are

nonfunctional when expressed alone. For example, the Kv9.3 subunit, the most
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nonfuncti onal when expressed al one. For exanple, the
Kv9. 3 subunit, the

wore@sfieasss ocnt r oi ndot onef avasl Km | ym t f ahome  PCT/GB2005/001620

mael m dabneernertcifeinedtly ti

whecr oenphni | eet oxenr eol syf nmuder acrbi ttuchii otetsnresc

| hf anhnoem oneric

ki annedti scesn. vsoitlaitvlatigectreyoendfers

di vheeor vsraoei t edt nyd

secetiiwidéntifiet hositien o Dheinndemdlia K¢ $8sisQidges not form a functional
ﬂeb secher ai nbvftg%ggm ei nl svi euKebsf ugnui r &

QURSTHohanak wtgathgp Amgiions only in heteromeric complexes where it
qggﬁgg LEEARARCUNREG | (<seDs- d4, aOpr ot eci yanrt
oy p?]l%l‘las m&lc&% BT AUk
onet of f ef cut sncot cot ni sof henbr oaewl heanvsevuKbut 2neHNi
rtns iynair

senvsohfaeEerY ﬁ%ﬁ%fw‘a%@gh SRS fadg< &Y B MPBHiKersity
16 [KSHHARh 41 HRSUL0R, Currently, four Kv subumt geng families have been described.
redcoaesaxl | ruaol | paer|"mayasyut hbeu

d{t;l]_l dre @@agas@llapmtdnm |~yla¢13tadn oress, with a conserved core sequence and

B B R e S SRS B ok KSR LR onto
rauS@ﬂ&bﬁ@hf mga;mmt bﬁﬁagemmﬂvmﬁﬁQl@éré@véﬁfgélseﬁs%ﬁgﬁaqd

-rgs, saltue

tlowesd @Q%%Yﬁtlaﬂcéd@ﬁéﬂ(céb’aﬁmsﬂb@utﬂ@btg playideanlsraseaoetnianRdx
Ss'#ﬁ%/%\%?&ﬂ?% gﬂésaésat cgatéelr é) \Rg%sbté\lll]ty o] t|hﬁ %(Cv4029ﬂ1annel in heterologous
stpsdsgbmyﬂtam.zsne (Yasne, ci frnoest ui col oi nnntr ol

L.,etal 595732-.6000D74).i.abetes tnhi e ism

pcohrt aanpnnot eKt al t vhst s9ehi . ua2f ot muonhewdaWe

ar el evaglualeldIRReYERARHAI MR RGNS SRR AHYS! hRhfkR:-2
gEROI adiNAIImdwpetvaafslyl‘iﬁdeh deowinfoelid edprazsésd inganckeatid Kleesbut it
riegnntifica : e . : . .
f%%ﬁ%l?ewaéﬂpb%g ?%(%@ PHEJRkBr BI88PYIngShat Al asotnt iniodredrin the
ogf SriBsuliRMYARDL (Yan, L., ef al. Diabetes 2004. 53, 597- 607n)

nont - aranpsemwgoevnl||dncevpetrnf eoteS|eoatsn1 satp, o

t ect Accordi ng _

R g Tl 40k 5.5 L SRE R R I AT
W&i%naﬂc@@o@@uéﬁ@l@w RAGKILNSIBRURGAERIBO GRIBRNAEYIs are

ses

Sﬁ@iﬁ@ﬁ@élvdifﬁerméi(mt loyieh ) feonn dzat o€ tceildsiyan eniuqmgﬂmgehcso
efe t he t.ransge

Yt o5 T E0 oL i, o0 o 87 Mo R B o, "

Preferably, the transgenic non-human ani mal displ ays

any one or conbination of the foll ow ng phenotypes:
eased bl ood gl ucose levels; (b)

According to a 1¥ aspect of the present invention, we provide a trans genic non-
human animal having a functionally disrupted endogenous gene, in which the Kv9.2
gene comprises a nucleic acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 2 or
SEQ ID NO: 4 or a sequence having at least 70% sequence identity thereto.
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i ncreased anxiety, preferably as neasured in an Qpen
Field Test and/or a Plus Maze Test; as conpared to a

wowdodAaesgpee ani mal . There is provided, accordi nBCT/GB2005/001620

2nd aspect of the present invention, a transgenic

non- human ani mal in which at 4 east a portion or the
whol e of the Kv9.2 gene of the animal is replaced with
a sequence fromthe Kv9.2 gene of another animal,
preferably another species, nore preferably a human.

Pref epalliilyt i€ thhRERH0hhuiRA2REAEMa@RiIdeRtioh 1 #Kv9.2 gene or
nmouse. Preferably, the transgeni ¢ non-human_ani nal

z ponpiondkesyeal. Profareblynthe hynsgeric pondynkpenimg ¢igplays any one or

r ef.er.abl et.ion in._ a Kya. 1l ' .
Rghishi & Be o ReadMinnBr L) Sefi B b baR b
Plfeabdd MRctd REfebBLAURREErel Y A Qpal FletdTest 408for a Plus Maze
sequence identity thereto. W provide, according to a

Ted; asoEmaresftotaneldiyps epmalnvent i on, an isol ated cel

or tissue froma non-human transgeni c ani mal according

to the 1st or 2nd aspect of the invention. As a 4th

as Iolecg‘hafe i b@vgree,smbrdir{g?/ce ratdz“‘bmspearoért}& presept wentkéh, a

ce aving a functionall | srupt ed endogenous Kv9. 2

farsgenic @oagwuawntaﬁ@mk\}@?@%@ﬁ Lea&t&mﬂl%gr i Hﬁ?@ree?f?h%&va-z

E@Wﬁcﬁaﬁﬁﬁm rhﬂ]a@%ﬁ%hpd g\égleﬂce R X D g@né)éf aA6®ef himal,
1 4, or a sequence having at |east 70% sequence

priderhblyanbther |tecies,\Wborp poaferdely adooomdi ng to a 5th

aspect of the present invention, use of a transgenic

non- human ani mal as descri bed, a cell or tissue as

descr phagd 6y, heGhbochft MAMmiRCR RS idamRsige. for
anxi ety or di abetes. The present invention, in a 6th

aspect, provides use of a transgeni c non-human ani mal
as descrd bed, ,a . cell or tissue as described gr cel |
%5 delbirREl: 48 Ssemalnopa iR ind Ry Bpefolty
d{PRAKEK VY P g@nd iphef@BBRG detioh e a IVOSE Bénel MWeHIth @1, Kv9.2 gene

there is provi ded use of a transgeni c _non-human ani nal
aempass i thieleic acidedquense shows ieSEQ IBINE: fped seuepcedaving at

S ribed in _a.npet of identifying an agoni st or
i‘?ﬁlftggﬁﬁr“’%"cu%?e @er%}gﬁf?%%l ypepti de conprising an
We provide, according to a 3" aspect of the present invention, an isolated cell
or tissue from a non-human transgenic animal according to the 1% or 2™ aspect of the

invention.

As a 4™ aspect of the present invention, there is provided a cell having a
functionally disrupted endogenous Kv9.2 gene, in which the Kv9.2 gene comprises a
nucleic acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 2 or SEQID NO: 4, or a

sequence having at least 70% sequence identity thereto.

We provide, according to a 5™ aspect of the present invention, use of a
transgenic non-human animal as described, a cell or tissue as described or a cell as

described as a model for anxiety or diabetes.
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am no acid sequence shown in SEQID NO 3 or SEQID
NO. 5 or a sequence having at |east 70% sequence

WO d@atiosys t heret 0. According to an 8th aspect PET/GB2005/001620

present invention, we provide a nethod of identifying
an agoni st or antagoni st of & Kv9.2 pol ypepti de havi ng
an am no acid sequence shown in SEQID NO 3 or SEQID
NO 5 or a sequence having at | east 70% sequence
identity thereto, the nmethod conprising adm nistering

a canthélplegerft MRAHAE ih @ cBRsFHAL, FRdvidgnek oF alblaysg@nidinod-human
type animal or a transgeni c non-human ani mal _accordin

pinehas deseribashe cell of tissheas dpsemadan a cgHds desesibed Ay2 alodgl for a

i n . of the follow ng phenotypes: (a) bl ood
599?%%%”*%%2 %?m%nd (b) anxiety, preferably as

nmeasured in an Qpen Field Test and/or a Plus Maze

Test. Preferably, the nethod. identifies an agonist of .
Kv9. 21l y peset efehaprpsed myende tide prpyidfg use of a transgenic
g&ﬁﬂ?ﬂgﬁ gniﬁﬂ'm@&'&griﬁ&f)Qgél?oplﬁssﬁﬁyssaﬁgﬁﬁé@oraané s d%%ribed ina
I'splfay an I ncrease i1 n any of the phenotypes (a)- .
Aletlexdndidenefying o agoniside biithgmist blfie Knadt hpalypapeide cbipssing an
an_ ant agoni st of Kv9. Ly i d ri ses .
PRIEIY Actd seqgenee SAAWR %5@831&?%58% ar 5’5@2[& ROOP o g§eqysgee having
LEa@0bR:qhéhodiRplidnal, O Lhe phenotypes (a)- (b) or
a

ecrease 1 n such phenot ype. We provi de, according
to a 9 aspect of the invention, a nmethod of

i denti fyi i st t i st .of Kv9,
oot 30 st B PR el i 1 et
i 2nMinBarPgortRot BthESnis? 0Pi K9 280He A dOBMIiRGahmIneasid
70% sequence identity thereto, the nethod conEr|S|n

8

soquesdersjownda SEQIE NQ: 8rop SHRUID ¥O0a S lalseqitance saang at least 70%

SRRt Bhrisb 33Uy S Bl compoune
PEaSAHIMAY pref&ABIRGEwild type At a1 8 afdgekicihi s @f anirhal

cell or a cell of the tissue. Preferably, the nethod
perording faethe dn agppshokthe gveptiay, angBicoREmg agdapgsjin any of the

y [ JA Vi j f
g T L T
Alcharréedin aneDyen Bieldi Tesagdlidriadtins Matd&estet hod i dentifies
an antagoni st of Kv9.2

Preferably, the method identifies an agonist of Kv9.2 polypeptide and

comprises identifying a candidate compound capable of causing the animal to display

an increase in any of the phenotypes (a)-(b).

Alternatively, or in addition, the method identifies an antagonist of Kv9.2
polypeptide and comprises identifying a candidate compound capable of causing the

animal to display any of the phenotypes (a)-(b) or a decrease in such a phenotype.

We provide, according to a 9™ aspect of the invention, a method of identifying
an agonist or antagonist of a Kv9.2 polypeptide having an amino acid sequence shown
in SEQ ID NO: 3 or SEQ ID NO: 5 or a sequence having at least 70% sequence

identity thereto, the method comprising exposing a candidate compound to a cell or
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pol ypepti de and conprises identifying a candi date
conpound capabl e of decreasi ng conductance or Kkinetics

wo@tooshessael | . There is provided, in accordanceP@i/GB2@5/001620

10t h aspect of the present invention, a nethod of
identifying a conpound suitabfe for the treatnment or
all eviation of anxiety or diabetes, preferably a Kv9.2
associ at ed di sease, the method conpri sing exposing a
Kv9. 2 pol ypepti de conprising an am no aci d sequence
SiBNprefer 8B kN'ﬂdNS%e 1061 tBRQ drld ¥ or Bisaire 23 degsibed 6La cell as
havi ng at | east 70% sequence identity thereto to a
dessaibethrad BapBNSH change wevafatancs §T kinstienef theeell or a cell of
?%n%ﬁﬂgte compound i s an antagoni st or antagoni st of

v9. 2 pol ypeptide. As an 11th aspect of the
i nvention, we provide use of a Kv9.2 polynucleotide

conpri Si ng a nucl ej c_aci d_sequence s in SEQ | D NO
1, SedrafeyaRy, the mgthadentpiasen agorst %th I@&%em@e igiang

| 18bPincfe@bink Bonduct
Bl RS oI UEAAL E L Bl rcctpes o
khetity eahereelt. of anxi ety or diabetes, preferably a
Kv9. 2 associ ated di sease. W provide, according to a
12t h aspect of the invention, use of a Kv9.2
pol yp%meh%vel ”&rlh%u@ﬁoan tﬁy}n@@maqa&tﬁegy&mg SHQWRKD.2
SEQ ID SEQ I D NGO or a sequence haV| ng at
Ipea@tptmm eqmene@ 1dfdmfylngy cambd@te oompoundt dapable of decreasing
I dent |cat|o n agoni st or antagoni st thereof for
f’ﬂ%&iclfaé‘g‘?%lﬂf‘ bcfsog%ﬁ e@gy or diabetes, preferably a
Kv9. 2 associ ated di sease According to a 13tl haspect of

the present invention, provide an antagonist of a
Kv9. 2 Theteyipprvided, hﬂaawwgam veith #1b0' a@ﬂpactséqhmm@&ens ygntion, a

RS0 B2 SR B e B LB ORY e
e thbeted) fordfe@BLEKYO. Qfas@@&tddt(ﬁsdéée meahahs@ Corﬂpﬂ§lﬁg a;q:lomng a
a Kv9. 2 associ ated disease, in an individual. There is
Bré\a RISYDCPHER BeTHPHENG a0 ammeraqidssgacnce showmm $RQIRAYO: 3 or

y t
SIS SRR AT CAODLE o AN G SR g
Sﬁﬁ@ldlzﬁb Nhp&undy arad m@mﬂmng whathentheatndidats tomPdand is an

sequence identit
ant%gorﬂst or antagomstyof the KV9 2 polypeptide.

As an 11" aspect of the invention, we provide use of a Kv9.2 polynucleotide
comprising a nucleic acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 2 or SEQ
ID NO: 4 or a sequence having at least 70% sequence identity thereto, for the
identification of an agonist or antagonist thereof for the treatment of anxiety or

diabetes, preferably a Kv9.2 associated disease.

We provide, according to a 12™ aspect of the invention, use of a Kv9.2
polypeptide comprising an amino acid sequence shown in SEQ ID NO: 3 or SEQ ID
NO: 5 or a sequence having at least 70% sequence identity thereto, for the
identification of an agonist or antagonist thereof for the treatment of anxiety or

diabetes, preferably a Kv9.2 associated disease.
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for the preparation of a pharmaceutical conposition
for the treatnment of anxiety or diabetes, preferably a

wEKe®s520383%0ci at ed di sease, in an individual. VBCT/GB2005/001620

provi de, according to a 15th aspect of the present

i nvention, a nethod of treati’hg an indivi dua

suffering fromanxi ety or diabetes, preferably
suffering froma Kv9.2 associated di sease, the nethod
conprising adm ni stering an antagonist of Kv9.2 to the

i ndi VA@&;@ngQ@@QBﬁh cﬁ&f tBe ﬁﬁ%&ht%&&ﬁﬁbn ,Gfe prveidpragagfagonist of
i nvention, ﬁr OVI a met hod of diagnosis of anxiety

o K8 ardyreptidphasies abqtryma aRifgsequenss skqvar B R d8dN@: 3 pRSEQ
A NG adgégﬁenca ﬂalﬂgaﬂggst GOIRCLaLA0 l&*e%hg%%ega_ Rruse ina

ange ression vel Vit
frﬁﬁqoldlwltﬁeatﬁte&it ofanxiety ot diabstes, p&ﬁ‘erabllyfad{@ﬁ associated disease, in
Pr ef er.abl y, the Kv9.2 associ ated di sease is sel ected

1 Bitidlgr oup consisting of: Type | and Type |
dlabetes hyperinsul i naem a, hyperinsulinism insulin
resi stance, conplications of diabetes including
di abeﬂ‘hereaspmm@ﬂ etcordipitb arl 4ltiaspas of thd ipadsettésvention, use of an
associ. at nal di sease and di abetes, associ ate
Aoaro oy CEnPA MRS BEIEAES BTy BOL R hon in SEQ ID
Raper dr 3 ﬂ?'ﬁ@ &6 deb@hckbhving Ble¥t 79 deduence identity thereto
dysl’i poi demi a, whether primary in origins or secono?,
far thi¢ pilspamation h@qapha/rmmnhqlrconmpsttpn &uriberesamynt of] am&mty or

Bk e bk P4 ARl R Ry o HIMAG

hypogl ycaem a. Alternatively, or in addition, the Kv9.2
associ ated di sease is sel ected fromthe group
consi 8Y¢ p@vtﬁiﬁ, acsosing toanbd easpect pbie presauinaY¢tiost ¢ ethod of

a6 PR AR EPLo R i bREG PR B ipg from o

Kvoesssodits@idedse, thepritallicompaisixiatmitbistngat antagonist of Kv9.2
eneral i sed anxi ety disorder, nmajor depression,

gy tenydiviualpi pol ar * di sorder, seasonal affective

di sorder, post natal depreSS|on mani ¢ depr essi on,

bi pol ar depreSS|on anxi ety, anxiety disorders,

anxi etyecodlimitod IERhapEconf thapeesgariavenltiva,ede pnmnl(btaymethod of

di sorder, agoraphopi a, S dlsor
dingaesipahiiqly sodigestes, predirabiy 200 1 %ssoglﬁ'a &&5{%&1 Bn.
ﬁfcﬁ%ﬁgélpglgtr&tl?o\;i]c%%{brﬁﬁl%%hcﬁﬁg b BRare 85 EXredsiHHe v activity of

we provi
Kv9.2 in the individual or a cell or tissue thereof.

Preferably, the Kv9.2 associated disease is selected from the group consisting
of: Type I and Type II diabetes, hyperinsulinaemia, hyperinsulinism, insulin
resistance, complications of diabetes including diabetes associated vascular disease,
diabetes associated renal disease and diabetes associated neuropathy, and the treatment
of hypoglycaemia, hyperlipoidemia (be they HDL, LDL or VLDL), dyslipoidemia,
whether primary in origins or secondary to diabetes, hyper/hypothyroidism,
acromegaly, liver failure, renal failure, pancreatic tumours, pancreatitis and alcohol

induced hypoglycaemia.
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pol ypepti de conprising the am no acid sequence shown
in SEQID NO 3 or SEQID NO 5, or a honol ogue,

wWQ 200540883%0r derivative thereof having at | eastP@D&B2005/001620

sequence identity thereto. W provide, according to an
18t h aspect of the present ingention, a nucleic acid
encodi ng a pol ypeptide according to the 18th aspect of
the invention. Preferably, the nucleic acid conprises

a sequence shown in SEQ ID No. 1, SEQ ID No.2 or SEQ

| D NOAI®m#BHeR, BOARHSGUR, thY BV B Hss@Viate®fis¥Rt i/elected from the
thereof having at |east 70% sequence identity thereto.
BRIUBFONESOR ¢IT @il @EXITHEPGRAMNES: strege disorer, phygbias, social

A AR S, YEEA e L OEDReL Ry s,

ﬂ?@@f@ﬁ,@eﬁﬁaﬁ@ﬁ&ﬂ)ﬁaﬁ tlseret, Rendrui®d antieRCGRscrdeg atdjor depression,
Figure 3 is a gra shovvin%the results of the

r ] : :

dnsthysias bipplas disetrcs saesend FsGaYsdisords, ppst nptaddenession, manic

. . | ' . . . i d. -
SO Bl Rl SERGE AR Y, AL N L A B viour
tahé geresallded ahxietyadisqpdur, dgoedpthobmsacutd-sicnss disdrer] ahdthose panic
Distance travelled in peripheral (left) and centra
disogtees st i ROMAY) Idflepissiifh knockout ani mal s); Figure
5B tine noving in peripheral (left) and central
(right) areas; (filled colums knockout animals) and
Fi gur e\csGrdimgrioer 1 B¥aspert of ths present ihvérsivnzonerqvidd 4 Kud.2

cl ourm. knockout ani mal s) .. Fi 6, | h
snipsRid St e fRid ssid efierieatova i HEEID ShotphgEa
B, HP8 Rbmiolb guB 8y alaASR UecAl iy eaRsleb NRVAREN 18EIMR0%R kedulBce
maze (filled colums knockout animals and hat ched

cdantitpnthesitd.dt ype ani mal s). SEQUENCE LI STINGS SEQ | D
NO. 1 shows the cDNA sequence of human Kv9.2. SEQ ID
NO 2 shows an open reading franme derived from SEQ I D

NO  1.wSpvide, Mording tvoas] #Mpect of the present invention, a nucleic acid

encoding a polypeptide according to the 18™ aspect of the invention.
Preferably, the nucleic acid comprises a sequence shown in SEQ ID No. I,
SEQ ID No.2 or SEQ ID NO: 4, or a homologue, variant or derivative thereof having

at least 70% sequence identity thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram showing a knockout vector for creating Kv9.2 deficient

mice..

Figure 2 is a shows the Kv9.2 gene expression results from the human RT-PCR

screen.

Figure 3 is a graph showing the results of the analysis of blood glucose levels
(mmol/L).
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am no acid sequence of human Kv9.2. SEQ ID NO 4 shows
the open reading frane of a cDNA for Muuse Kv9.2. SEQ

WO Dy oBI5838 shows t he am no aci d sequence of NMoUBET/&B2002/001620

SEQ I D NOs. 6-18 show the genotyping prinmers used to
construct the knockout planmsid. SEQ ID NGs: 19 shows
t he knockout plasm d vector sequence. The practice of
the present invention will enploy, unless otherw se

i ndi cated, conventional techniques of chem stry,

nol ec lﬁlglfre RisRbWHhe HILIRHOMR RLASHte of BRAFBLIAN bl ddifor.
i mmunol ogy, which are within the capabilities of a
person of ordinary skill |n the art. Such techni ques

oL g Mo b e ORI
126 SAAT ot 51 91812 e trévellad Y éﬁ:ﬁ'@h&‘ral\ﬂéﬁbadnd oGS E ght) areas (ﬁlled
pri

Editi on, Books 1-3, Col ng Harbor Laboratory
mpb@m hmsrk@m@mlmﬁs)wf@tre o tln(em%n&ﬁup%@hpr@b(left) and central

ﬁ&% gl@%% t(ﬁg%%%bf‘?f%ﬂ% kﬁcgcﬁwca% rﬁ:ﬁk 61&{?1 lﬁl&@ér %@ %ﬁ}‘les into
Bﬂéd?zzé;e (ﬁne&labmmmocmdarﬂmatﬁahn, 1996, DNA I'sol at i on

and Sequenci ng: Essential Techniques, John Wley &
Sons; . M Polak and Janes O D. McCee, 1990, In Situ

t% ,b\r,le?jsl%‘ﬁé %g §Fali)hll\;f|tf? ﬁ@gg@ %?E%q’%%{ﬁ ‘of %%g@{lgMaze test showing

(ﬂmegspenuhqem cldsedSyms hed ihe:opln Bmacaf thatnaé«p (il cdo]unhisl knockout

Pres DM J ille Dahl berg, 1992,
rﬁ%ﬂéncb}? WBW‘X%EW%‘WIBE%LW Part A: Synthesis

and Physical Analysis of DNA Methods in Enzynol ogy,
Academ c Press; Using Antibodies : A Laboratory Manual
SeevENaplgs®NGgs ocol NO. | by Edward Harl ow, David

Lane, Ed Harlow ( 1999, Cold Spring Harbor Laboratory
Press, |SBN 0-87969-544-7); Antibodies : A Laboratory
Manual MIEQ\J(GBI koW fREcDNA seqbBdet lhaman E9I1. SIKQ ID NO: 2
(1988, Cold Spring Harbor Laborator Press, | SBN
@hgwgago@mregc}mg ﬁg@s detizgdsromEQ H 28 - SEQ ID NO: 3 shows the

RS AR At FRE 388 R M50s BH RE mme
HFRRDNA E’&MSus(eGIdog 2.'IRQUD Q0eskigdhs the @indeddcdd sa@bnee of

80", in the series: "Methods in Ml ecular Biolo

MW&(@%@Q BN, 6- MOyethg g@lotjg;ggg prlmgngsed ?o construct the

%ggrrégor [ gﬁiﬁl%lcge eﬁﬂ? M%r ab av a?‘h %E%Elt \B %gnr}gg{é&?o%gcﬁeme'

New Yor k, NY, Marcel

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular blology, microbiology, recombinant
DNA and immunology, which are within the capabilities of a person of ordinary skill
in the art. Such techniques are explained in the literature. See, for example, J.
Sambrook, E. F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory
Manual, Second Edition, Books 1-3, Cold Spring Harbor Laboratory Press; Ausubel,
F. M. et al. (1995 and periodic supplements; Current Protocols in Molecular Biology,
ch. 9, 13, and 16, John Wiley & Sons, New York, N.Y.); B. Roe, J. Crabtree, and A.
Kahn, 1996, DNA Isolation and Sequencing: Essential Techniques, John Wiley &
Sons; J. M. Polak and James O’D. McGee, 1990, In Situ Hybridization: Principles and
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Dekker, 1SBN 0-8247-0562-9); Lab Ref: A Handbook of
Reci pes, Reagents, and Ot her Reference Tools for Use

wa@eooshessBench, Edited Jane Roskans and Li nda RediyeB2005/001620

2002, Cold Spring Harbor Laboratory, |SBN

0- 87969- 630- 3; and The Merck Whnual of Di agnosis and
Therapy (17th Edition, Beers, M H., and Berkow, R,

Eds, ISBN. 091 1910107, John Wley & Sons). Each of
these general texts is herein incorporated by

rref 64 @NORfor&ERR eadit ?ﬁ}he@elvg gnehit(Ediex), 3984 (Pi%foahﬁ’eoz‘zde
|ncorporated by reference. DETAILED DESCRI PTI ON K

Sumryis Alracriedletrorenchs Bl Bress D-Mgh Adliey andd. Eh@am&@rgow%

tkgtg g%%gﬁgrgogﬁ Q%Z@ftl ﬁe 9% JP&;I?% g’? tge%sgz%rgf;é%ﬂli%w Bhalysis of

QDMHI Mdthodasn Berymels gﬁoﬁcﬁmagibel&essy singmMugibodies : A Laboratory
derivatives thereof, in the treatnent (&Ile

dapabst artable eptcol HOs bby ﬁ@arddﬁi%ré%éém hén% Ffgprlow (1999,
¢ A8 fif ﬁarbapt%ﬁ&%mry'r BleSs | ARAbSiQS: A he

i nven escri é in fur er d tail
kiealbowicE}(lR%ﬁa @\E@H@EIDWE(E%IK\Da\ﬁd Bw&n‘ﬂldﬁop)sﬂ 98 Wivld Bpring

i S S A P RN R AR

K‘Yr%nz%n&c‘}tdéﬂéi)ﬁsﬂﬁ BRSPS AL Brdcdhicer, @’!@Pfes%coméﬁRaton Florida,
i ncludi hg prostate, |1ver, reproductive organs, nuscl e

a8 8 PISBIN)-8883 -7 &V.John EDRaund (@E@mmumhemzm Paetaealh vol
t h EST. b SN i d
O SR RSP b S5y

PEREE SID0E, ISBNQSHE03-993- §bHQ{dBSBbk bf DALKESCrediY, @&Lted by
U69192 Hunmanl nfant brain AA776703 Hunman Testi s

ResgiaisionaRaethela, Br?@hAwlgz%f@nmﬁﬁ%ﬁQ%rNﬁMX@df A hglgreel
;ﬁnet‘q(lkﬁrﬂy gséNFboééﬁF%e(B%b Laﬂ]ﬁgil QA Gaitbo pl? of R &SRea en% fmd Other

i es,” expressioh vectors an |gan afe
fRyferdadecbddlofor Uk apihe Seach, tHddad dartR@kane ikl inds Raylgers, 2002,
for di seases associ ate i

t h -
Spie PrEng gﬁl&% Labogatogy, %&gg %899\/6%[630 3; anS The ﬁerck Manual of
Diagnosis and Therapy (17th Edition, Beers, M. H., and Berkow, R, Eds, ISBN:

0911910107, John Wiley & Sons). Each of these general texts is herein incorporated

by reference. Each of these general texts is herein incorporated by reference.

DETAILED DESCRIPTION

Kv9.2 SUBUNIT

Our invention relates in general to the use of an ion channel and a subunit
thereof, in particular, to Kv9.2 subunit of the voltage gated potassium channel, as well
as homologues, variants or derivatives thereof, in the treatment, relief or diagnosis of
Kv9.2 associated diseases, including diabetes or anxiety. This and other embodiments

of the invention will be described in further detail below.
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subunit in these and other tissues. Kv9.2 SUBUNI T
ASSQOCI ATEDDI SEASES According to the nethods and

W@ 0vp06isss ons descri bed here, Kv9.2 subunit i sPeieeB05/001620

for treating and di agnosing a range of di seases. These
di seases are referred to for igconveni ence as Kv9. 2
associ ated di seases. W denonstrate here that human
Kv9.2 nmaps to Hono sapi ens chronosone 8q22.
Accordingly, in a specific enbodi nent, Kv9.2 subunit
PRRPRUIGN PROFREDFIA9. 265 ulyRANOSe a di sease which maps
to this I ocus, chronosonal band, region, armor the
same chronosonme. Known di seases whi ch have been

determined as being |jnked to the same |oc P

Chr o8 B Bua EXPBglcbr o P et RN BAUISE e R epplficaton of
KR OraTROA Tt 3k piefsie oW, 2 16 viryigtab(thd#@ice iPA®ber of organs
sapi ens chronosone 8q22) include Renal tubul ar

mchwidng progislieelbyset iepidgctskerrdg@wenusy e il BBk i ni di nuri a,
Cohen syndrome, and Klippel-Feil syndronme with

| aryngeal mal formation. However, to date no specific

di seaskmgliane? PONA ESRE DN Wotsearch ehecthauamelf S Tigta gources

channel has been found to_be u% or down,regulate%a .
ko BN EN, riflenditige predpwi injop Ny dibrarigs. sPyisipdicates thpk Kop 2 is

' he Ex les. |
gﬁ?#&%ﬁgr?m%xg%ﬂgﬁgglgggr}%%ssﬂha%sé: thg:mblegod S| ucose

| evel s in Kv9.2 knockout mce are significantly higher

than corresponding wl d tyge mce. A deficit of Kv9.2
acti vidoQ19% t he oA rdnated with a decrease in

bl ood s L evgl s. W ther.efore disclose a nethod of
Iowerﬁ‘r%—gi)d HgaP 1 evEPEin an individual ,

pref enpalgRyadoor HBmahr eatpmipt of di abetes, the nethod
conpri Si ng decreasing the l'evel or activity of Kv9.2

i n t h&WRR26i dHaman As neitaed el sewhere, this can be

achi eved by downregul ating the expression of Kv9.2, or

by use of antagonists to Kv9.2. Particularly, the

nmodul dtccondingly, bhel§u0.g pakypsetidey, mistdhc aidm srabes aptibedies

for the treatnent of dise incl udi ng,

EXpyessio \{eéz’ Ors 1gang%geﬂ§%§?fqr dafl%g%éeﬁ, g%gnggg, tx%g{ment and other
Ry4AQ Fon Sliblehdes askbaiated YAET dvesyl ihddrsind dbastthdlrkxpression of Kv9.2™

resi stance, conplications of diabetes
subunit in these and other tissues.

Kv9.2 SUBUNIT ASSOCIATED DISEASES

According to the methods and compositions described here, Kv9.2 subunit is
useful for treating and diagnosing a range of diseases. These diseases are referred to

for convenience as Kv9.2 associated diseases.

We demonstrate here that human Kv9.2 maps to Homo sapiens chromosome
8q22. Accordingly, in a specific embodiment, Kv9.2 subunit may be used to treat or
diagnose a disease which maps to this locus, chromosomal band, region, arm or the
same chromosome. Known diseases which have been determined as being linked to

the same locus, chromosomal band, region, arm or chromosome as the chromosomal
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i ncl udi ng di abetes associ ated vascul ar di sease,
di abet es associ ated renal di sease and di abet es

was®sandmsed neuropat hy, and the treatnent of PCT/GB2005/001620

hypogl ycaem a. Further, it may al so be used for the
treatnment of |iyperlipoidem al¥be they HDL, LDL or
VLDL), and dysli poidem a, whether primary in origins
or secondary to di abetes, hyper/hypothyroidi sm
acronegaly, liver failure, renal failure, pancreatic

tlocationf Kp@rsubahit (iles, Hovo sdgaR@hrdniskdfR®q22) include Renal
Kv9. 2 knockout mce nmay therefore

h q | ycaem a. . ay, tIE
flﬁg'f BS-peopsEepi ey AR, Hilkskopiiimidinuriaegehen syndrome, and

: C es_a en .
e I T e A R BB HoR PP b Gl fpinesin
biscaashane keawssddiaed witkite okiahitt] twhege @RUASRPBEISou to be up
defjcit of Ky9.2 activity is therefore correlated with
LridqWpdegatedy stress. We therefore disclose a et hod
of lowering stress or anxiety or both in an
i ndi vi dual, the nethod conprising increasing the |evel
or actlndckgutohickdefideritrin Kvat2 dispdaya cingt of pisenotpes] as
el sewhere..this can be achieved by up-regulating the
é% P@%&?%%HE£GE§§?E?&or by use of agonists to Kv9. 2.
Kv9. 2 and nodul ators of Kv9.2 activity, including in
particul ar antagoni sts of Kv9.2, may be used to treat
or al |I@\palalceladil§@awéﬁ55 demenstrdtes thexs blaod\ghicobe kvelesisKand

eat ure. . Such di seagses include social anxiety, . .
ALY 2 i R MBS TRE corBtiting i Bmgiice A ot of
ookl activitpesihelefBebiralaied WA £d4tk&RE HEFloo P RRRS RivER.
compul sive di sorder, acute stress, disorder,

separation anxiety disorder, generalised anxiety

di sor e% ,the?a&%rdi a?&g?ﬁ%ét 4 oﬂé?v%%%f%@?obd glléé? ll%%{s&p an individual,

di sor season Ctive

ghegferablyi fonthertmaingerd epdiabsies) the aktR6d 86m £8&r@Ring the level or
Kv9”2d§qg%¥§ut mce my therefore furthernore be used
AETYHBR S5V o1 BRYINGIVIdURR S nafedeshsradiers, thiscasy bt ashiesed by down-
@ VG i,ses a
R e R L A
hi ghly preferred enbodi nent, the Kv9. 2di sease

conpri,ses e above |i st anxi ety and stress rel ated
di's eal’ ég%cufaglya@‘& if?‘?deil?,ﬁo{l ﬁgL@eﬁ 8lueate By ®i6h esans metifhe upest for
Ravecadie fof @fskased id&ﬁi«.‘ﬁ%‘, bt i HBGLA%S Te}&l)‘é Iy lég& e I1.diabetes
anxi ety, anxiety disorders, anxiety-related benhaviour
appprinsulinaemia, hyperinsulinism, insulin resistance, complications of diabetes
including diabetes associated vascular disease, diabetes associated rena) disease and
diabetes associated neuropathy, and the treatment of hypoglycaemia. Further, it may
also be used for the treatment of hyperlipoidemia (be they HDL, LDL or VLDL), and
dyslipoidemia, whether primary in origins or secondary to diabetes,
hyper/hypothyroidism, acromegaly, liver failure, renal failure, pancreatic tumours,
pancreatitis and alcohol induced hypoglycaemia. Kv9.2 knockout mice may therefore

furthermore be used as models for any of these diseases.
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general i zed anxi ety disorder, panic disorder,
agor aphobi a, soci al phobia, obsessiveconpul sive

waele®enessy posttraumati c stress di sorder, acutBCEGB2®S/001620

di sorder, and those panic disorders list in DSM1V,

and depression. As noted abovis, Kv9.2 subunit may be

used to diagnose and/or treat any of these specific

di seases using any of the methods and conpositions

described here.In particular, we specifically envisage

the uSRridémite, Batapde6 B8scri¥@CAnODSerClaBRIthst | AGyHUPK?9.2

nucl ei ¢ acids, polypeptides, including honol ogues,

apekent Bicsrarediawriol beanore laemem thap Heeimwide tbtpeccahnterparts A
eni c ani

RSk B IS, el B LR 8ol B s,

for the treatnent or dlagn03|s of the specific

disea§§s | i sted above. Furthernore, we envisage the

use of W@ﬁd’éscwﬁatﬂl%h@ OflﬁWélﬁ%R:%trqsg memetm jor both in an

a

AR, e et onirRl R AR AR AR 8 Pl 3 K e
mabﬂﬂhzd ﬁs)duﬂedlblsmghﬁh,ethisl darbe @Shlé)\l‘edﬂgdqﬁtdgglahﬁg the expression

ance of the .chanpel  antibodi es against Kv9. B
Qggﬁ# USRIl PSUStER k¥4 of making or identifying
t hese, | n di agnosis or treatnment of the specific
di seases nentioned above. In particular, we include
t he u§g9@fandnyocbﬂatbltseﬂ é(v@(ﬁmﬁuhﬁ,dncludiﬂgmpﬁﬂtlomﬁr antagonists of

th duct f f
FR3% ke afepdtahin Slevire divesSudyndibnn Suabid st and
ahﬁQtyfféﬁﬁﬂe0§@h@1%@&3ﬁé1ﬁdé‘é&cﬁal E&het&h%és@ ﬁja‘grglﬁﬂlcoﬁfe?% ﬂlts&ﬁer

ecific diseases in an individual
?kpaSn goqid phelias spegiabplidbiass panin dibeders peassfive cathpdsise dlsorder,

bR ARL G iod) A90GRERL5ARY SR8l R RN By o
teprsssitc dyseintmia AP IET disANEY, STERP afffxiRidsRd¢, fdst 8aal
as we|l as disorders in which these are manifested

AFRrpSsipnneRigglepressian dipalerdleprostian dev9. 2 keoakeh miasandy therefore
ElMheAére b8 uSUTPRYIAERT GhPbI A AlduS: Anxi ety and

stress are also re erre 0 as feeling uptight,

t ensi on, jltters and apprehension. Stress can cone

from ﬁlng/ si.tu % or thought that, makes an i ndi vi dual
preferred embodiment, the Kv9.2associated disease comprises a disease in

which stress or anxiety is a symptom. In a highly preferred embodiment, the

Kv9.2disease comprises the above list of anxiety and stress related diseases.

In addition, the gene has also been found to have an effect on neurotic
disorders including anxiety, anxiety disorders, anxiety-related behaviour and
generalized anxiety disorder, panic disorder, agoraphobia, social phobia, obsessive-
compulsive disorder, posttraumatic stress disorder, acute stress disorder, and those

panic disorders list in DSM-IV, and depression.

As noted above, Kv9.2 subunit may be used to diagnose and/or treat any of

these specific diseases using any of the methods and compositions described here.
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feel frustrated, angry, or anxious. Wuat is stressful
to one person is not necessarily stressful to another.

wWRR005203838 s a feeling of apprehension or fear.Pd6eB2005/001620

source of this uneasiness is not always known or
recogni zed, which can add to tsphe distress the

i ndividual feels.Stress is a normal part of life. In
small quantities, stress is may be benefiical - it can
notivate an individual and himto be nore productive.
Howev éh paitie@lafled spetifieily efisae M RP G hESHOASHEs W ctors
stress, is harnful. It can sel the individual up for
genmerising Kodr2 miekiie heids pakyipeptidss sipeoilinghoplojagues | vadants or

icale il lnesses.like i.nfection,., heart di sease,
ORI CHeRRY, PP aR TG oot iFehest Bty S babeB5E Rlimals
lcongsising Kamx @icyeine dsatipad fohepRNRY f@ WicStrdatk6nt or diagnosis of
overeating and abuse of _al cohol or drugs. Enotiona
dhesgnseificidissasgs liged gpovre Frekermere. aveceniisase esisnaf ednapramnds

| : [ ' r. or t
SERIGIBRICAGE W Rl K W0 BraB R HEleonfls kT 2
deteonpeuinenndric iphykartiel, pssfeiablysconipoahd dhpidle ﬁl@&ldl@ﬁﬂ;jg‘tﬁe

r trenbli nq, rﬂéscl t ensi gn, headaches, sweati n‘%, ry
st Srefatig yORUWKIANS G R caprshintbodies sganshked Awybunit,
36 w1 s @thiods ¥FRIRMeC: itnliBfSe uRSORE ALK F Fhabiilh B tne
Soneti nes ot her synptons acconpany anxrety: di zzihess,
Ispgwiligc discases meniicaned hearet Ir petricularapie dndindeathb usgof any of these
di arrhrgqea or frte uent1 n?ed {o. uLi nat.e, .fatfj gue,
CPPPYEBIP S¥RROSHOEP R R Fo & Brihe Ripgariionsfedpsipgs for treatment
@i heventdnl oTShedpcifiic RS EWe BRI KA Ui LABGRLifsabi @@ detection
and sexual problenms. Kv9.2 and its nodulators may be
@6 & sperifie digeases ingin individuel. any of these synptons.
Anxi ety disorders are a group of psychiatric
conditions that involve excessive anxiety. They
| ncl utlestigRROT dhkZtn Afpri Lot deHtFP sElor fHMRSIshéSfic diseases
phobj as, obsessjiveconpul sive disorder, and soci al

pr&Bbls or disgnegals e of K8 deubenitiard ksews ésthsert, aud are also
ﬁ@&;\ﬁ?ed ggg 10 AR ReLh recreational and nedicinal,
ead t

can o synptons of anxiety due to either side
effects or wwthdrawal fromthe drug. Such drugs
i.ncl ude

ANXIETY AND STRESS

Anxiety and stress, as well as disorders in which these are manifested,

including Kv9.2 associated diseases, are well known in the art. A summary description

follows:

Anxiety and stress are also referred to as feeling uptight, tension, jitters, and
apprehension. Stress can come from any situation or thought that makes an individual
feel frustrated, angry, or anxious. What is stressful to one person is not necessarily

stressful to another.

Anxiety is a feeling of apprehension or fear. The source of this uneasiness is

not always known or recognized, which can add to the distress the individual feels.
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caffeine, alcohol, nicotine, cold renedies,
decongestants, bronchodilators for asthma, tricyclic

wa@piosdesssessant s, cocai ne, anphetam nes, diet PCT/G82005/001620

ADHD nedi cati ons, andthyroid nedi cati ons. W discl ose

the use of Kv9.2 and its noddbators in conbination

Wi th such drugs to alleviate their stress and/or

anxi ety inducing effects. A poor diet can al so

contribute to stress or anxiety -for exanple, |ow

| evel Strods ivhhamal pBi2f lifPdt §malirguneeitias) xiredsyis 'm%ty |be bah&ftcal - it

to specific,sjtuation like taking a test or [ a
prewaHY e B A Al BRd Bim g mpreRIAGHCTre AP WEETPe HF%E piress,

6P ﬁ@n% respbnsé fo%%%ssd iSIE-Aen fhal séii %Y@ih@ﬂ?dlﬁf 5$ for%eneral poor

traumati c event |'i ké war, physical or sexual assaul
bealth asatvall | spelmﬁaphmcal bnpsyehoylo glaalellnasashkeanfeahm h@art

ey e G e

hnARKTBBECNidiRS RIS} A Binf @hd hf\Re beglcbRdDr @nﬂgssynpt ons
of anxiety. (Adapted from Medline Plus,

htt p: //vwvw nI m ni h. gov/ medl i nepl us/ ency/ article/ 00321

0. DEmOGpR e T bt iy e s e dp e

bo&ra&h@nBgloid, 3W bibod 88z N@VMEaR itthdkecahesdel daGisedtress.
sequenci ng t he anplified cDNA products encodi ng hunman

Kv9. 2. The cDI\lA sequence of SEQ ID NO 1 contains an

open 3%%% fygc&f? ﬁd%ag%, %{m sg/#ﬁ) (%8 1&?ud]ﬂgtl§/§t§%iﬂg or

enco ing am no-'aci
%ﬁl\Ming,nmSEQ tbﬁ%l&ﬂ@heﬁdachksmtadﬁvlg, &yimsoutioWitfictity swplldvoing,
Hono sapi ens chronosone 8g22. Analysis of the Kv9, 2
biqpiapk paie (thispeyl irs thepnly)syistary of ﬁéﬁsﬂwee?ﬁudd’tl archild)
predi ction software of pfam

(http://ww. sanger. ac. uk/ Sof t war e/ Pf amf sear ch. shtml ")
conf i ISemetihat othiedsy@ngems ad@nipgngaantioty: dizziness| rapidoarritregular
The nouse I@ﬁ%rml Qgue, of the human Kv

2 subunjt has . .
bewrhrats, Grid breating. diarioes ef e%mn?ga%ﬁﬁ%g Thteutmirtbility,
%1&1&%%?8? e SEE‘I%D WO (8 etk &Brﬁ@xtnﬁr&n@ec%g:@cgﬂ@imtratmn

resp ctlve Use Kv9.2 subtnit cDNA of
lsmlse@(uahlm‘ﬂlelemsm gh degree of identity with the hurran
Kv9. 2 subunit (SEQ ID NO 2) sequence,

Kv9.2 and its modulators may be used to treat or alleviate any of these

symptoms.

Anxiety disorders are a group of psychiatric conditions that involve excessive
anxiety. They include generalized anxiety disorder, specific phobias, obsessive-
compulsive disorder, and social phobia. See also Kv9.2 associated diseases set out

above.

Certain drugs, both recreational and medicinal, can lead to symptoms of
anxiety due to either side effects or withdrawal from the drug. Such drugs include
caffeine, alcohol, nicotine, cold remedies, decongestants, bronchodilators for asthma,

tricyclic antidepressants, cocaine, amphetamines, diet pills, ADHD medications, and
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while the am no acid sequence (SEQ ID NO 5) of nouse
Kv9. 2 subunit shows a high degree of identity and

waeoshessss y with human Kv9. 2 subunit (SEQ | D NET/GB2005/001620

3) . Human and nouse Kv9.2 ion channel subunit are
therefore nmenmbers of a largelfam |y of ion channels.

KV9. 2 SUBUNI T POLYPEPTI DES As used here, the term

"Kv9. 2 subunit polypeptide" is intended to refer to a

pol ypepti de conprising the am no acid sequence shown
thyr@E@ddizakions. Ve disgE® thDuM{ I5y9.2 rndithowdblaguein combination
vari ant .or derijvatiye. thereof Prefer

53 oflas ISl e e e SR on i Sl s BEhe o
derivative of the sequence shown in SEQ ID NO 3.

"Pol ypeptide" refers to any peptide or protein

conpr Ashavy dishsaroalserperdribute frosteess eisanxégiy edfor exasapde, low levels of

ot.her i de_bonds,or i,fied 0

Pl 190 Rl B QBB oo MR BB b et MG b ot o
shiirly aGladentatiot PIHIlcY PoffiRumatc biPesd SisaRl (BIESD) is a stress

ol i gopeptides or oligoners, and to |onger chains,

g@ﬁeieathaydwms Rder 4 Bamatisreyeri liks Wamopysiost piesushggsault, or a
ﬁﬁﬂﬁ@ﬁﬁaﬁ%‘no aci ds other than the 20 gene-encoded

mno acl ds. "Pol ypeptides" include amno acid
sequences nodified either by natural processes, such

as post-transl ational praocessi ng chem cal

modi f FE%EY GRFeCatain BIos ofheadreaaaks (p%ﬁmmpwwn@) may be
[

i cous RO, THEAIEOO, “%E%ﬁ%’ﬁﬁér EagloiBr kb

vaspousible fisr the &elngdandisympatms of. anmd},r fications can

occur anywhere in a polypeptide, including the peptide

backbone, the am no acid side-chains and the am no or

car boxyhah&f FbRiMediineWild, be appreciated that the same
type of rmdlfl cation rray be present in the sane or
: apvamedi 5 /416 2

polypeptrde Also a glven polypeptlde‘nay contain
many types of nodifications. Pol ypeptides may be

D 2AGHRE 43D SimMieStirEs@o K9.9'8usLURAL | on, and they may
be cyclic, wth or w thout branching. Cycllc branched

and branched cycllc pol ypepti des may result from

FSJS f]: thféta P llgts e uraﬁgl lflerlz?rled & cﬁﬁeerspsrgt%ms of TheioR channeFfan}l ly, as

shown by the results of sequencing the amplified cDNA products encoding human
Kv9.2. The cDNA sequence of SEQ ID NO: 1 contains an open reading flame (SEQ
ID NO: 2, nucleotide numbers 41 to 3352) encoding a polypeptide of 1104 amino
acids shown in SEQ ID NO: 3. Human Kv9.2 is found to map to Homo sapiens

chromosome 8q22.

Analysis of the Kv9.2 polypeptide (SEQ ID NO: 3) using the HMM structural

prediction software of pfam (http://www.sanger.ac.uk/Software/Pfam/search.shtm})

confirms that Kv9.2 peptide is an ion channel subunit.

The mouse homologue of the human Kv9.2 subunit has been cloned, and its

nucleic acid sequence and amino acid sequence are shown as SEQ ID NO: 4 and SEQ
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met hods. Modifications include acetylation, acylation,
ADP-ri bosyl ati on, am dation, coval ent attachnent of

wo b@giloss3goval ent attachnment of a heme noi ety, PCDGBR@®A1H01620

attachnment of a nucleotide or nucleotide derivative,
coval ent attachnment of a lipithor |ipid derivative,
coval ent attachnent of phosphotidylinositol,
cross-inking, cyclization, disulfide bond formation,
demet hyl ation, formation of coval ent cross-inks,

fIDfN@I 5 @éﬁpéﬁtlv@}»ﬁs The enoufOKHBL isGburif cMAQﬂ'SE@IIﬁN@ 4 shows a
fornyl ati on, ganma-carboxyl ation, gl ycosyl ati on,

drgthdnerecoriridention withybe bymanKySa subuif (S8Q BhNO: 2) sequence
I
e m’th@&]n% acgﬁlgegﬁgﬂ)c\é (§{5Qqﬁ Ng?r(iﬁyl ac?{lg rI}@v@% &%lqut sfows a high

processi ng

rdegegiof aienﬁfy anglesiratlayty atithoumamUK §a2 ism,nitt(SEQSIIENORBD%Human
nmedi at ed_addition of am no acjds_to %tei ns such as .
g.mmse&v% 0B fpanps] gbrnit ﬁr&tthefﬁfores@ém 510 iadaregg Aeaily of ion
ngﬁ&ﬂlsqs - Structure and Ml ecul ar Properties, 2nd
., I. EE Creighton, W H Freenman and Conpany, New
Yor k, 1993 and Wl d, F., Posttranslational Protein
I\fg %I cati o PersFectlves and Prospects, pgs. 1-12
§PPP‘§ OlYPERTIDES,y 2 ent Mbdi fi cation of
Proteins, B. C. Johnson, Ed., Academ c Press, New
York, 1983; Seifter et al., "Analysis for protein
nodi f iAsatsedhsredhe temoriBivé2eiubuibpappeptide” is Mitrde@hnefapko a

82: 626- 6 and Rattan et alL, "Pr [

S RPRRe o pESe G St Bt etr P RS T NoagiarsEQ ID
AO: M@%@n@%gu@: 199t &Qﬁn@gn\@%hergaﬁ PheFeraBly, iR o%@pude
"honol ogue", “derivative" or "fragnment" as use
tqen@namn%ﬁhomﬁlﬂgu@té/aaﬁ@t og dodvdtivatof gie sefluenge slilcazm mSEQ ID

dification of, replacenent of, deletion of or
ad% ion of one (or nore) am no acid fromor to a
sequence. Unless the context admts otherw se,
references to "Kv9.2" | "Kv9.2 subunit” and "Kv9.2 ion
channePelypaptided acfewstta paypenide or ptein gamprsing two or more amino

DETRLIRLT s SEONEh] KRRl GRS B i

amstbreSeQRtﬂm@tlﬁa’Srdfm‘@ tchuh sledrt etirisy edrymuhigrefxpd ﬁSﬁsﬂ;d:pthé,
form hormrHerl ¢ channels or_i.n conbipation wth

lﬁ@?epkéee%r RlgpmeEnBRd ©o lopser shainh gersralbersierrediams grafeins.
iR Rp@IRs Ynayt L8t dif Skl oa%&odr'étb@ﬁe‘? ifandfd g&{l gé}ﬁa 48 d&P I Rino taﬁlds.

act|V|ty (or potentia activity n conbi ned
ot her

“Polypeptides” include amino acid sequences modified either by natural
processes, such as post-translational processing, or by chemical modification
techniques which are well known in the art. Such modifications are well described in
basic texts and in more detailed monographs, as well as in a voluminous research
literature. Modifications can occur anywhere in a polypeptide, including the peptide
backbone, the amino acid side-chains and the amino or carboxyl termini. It will be
appreciated that the same type of modification may be present in the same or varying
degrees at several sites in a given polypeptide. Also, a given polypeptide may contain

many types of modifications.
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channel's as indicated) as the Kv9.2 ion channe
subunit shown as SEQID NO 3 or SEQ DD NO 5. In

w@arositeisBsar, the term "honol ogue” covers i dentPCHGBRG0K/001620

respect to structure and/or function providing the
resul tant amno acid sequencé8has ion channe
activity, preferably Kv9.2 ion channel activity, when
conbi ned with other channels as indicated. Wth
respect to sequence identity (i.e. simlarity),

P;Zf tePé%l /éptifdgﬁﬁl@y b8 Pf’incléeli‘ﬁ&ta r@lﬁi% offubiifpratfoay atl t}zesamay be

S nor e rerera t 0

pyrodic svidh D;Wéhou@gwh%wgéaﬁ Eﬁégquc?é‘ﬁ% ﬁvcf/wcg% polypeptides
PGt EhBaih hATE Sl o yah BBl oma;bphﬁaaswewha;c

equence | ese terns al sO

B/RERAP A SdifoAtine MdlxdESAcdtgraJtlwba,chcﬁrtaﬂnn,aM)B gitesylddompaingfation,
are allelic varjations of the Kv9.2 sEbunlt ucl ei.c

a@vaépné atiarbmcE! oMy CPAlEnt aHeRmat A BT Mol coR el
eh/ ?évagﬁuéﬂe}%'h@g 8OhGAotiAE tdbﬂ‘!/a{tix/e &fva@ﬁt AtQRNGBRANYTR lipid or

suc confai ning i on channel, these terms are
Ihpid&fedi@ﬁh\teo covelant attwhtivet qsrfé;ﬂa@spﬂqtldybmosgﬁy stoss-rkies |cychzat1on

et oS S, R OB o dorgeion
Bfgfsg?g%%wroh%? agmtﬁﬁ% eREA latiBl(ﬂ |e@innabtabetylsion,

SO inc are antl eni ¢ and |nnunoqe nic
abicbwilations GBI andher formation diveenxilatign, igdinaties mesthylation,

SR AR PRt A PEL A e

'r&e%tlaﬁtseleiﬁﬂaﬁéﬁ sHESN, b@x@bfd:rtRldAtrﬁedlateﬂ aéditien ef amlno acids
his document. As used herein a "deletion" is def

a@pmt@hﬁawgb af progntiaion, secybiotiprlion, Searafdnsiens Fordiis-
;?r ul%nce c{' oY“Ebz%? P?%?e{l%s ?RJ Ba. ml*cte@feﬁ%%@n &, ﬁnFﬂ%Qman and

respective are absen As used
@fn@aﬁymew mmsla riopdahd Hold ddﬁpawmaﬂslat@ntzh@tot@h afagléfidapions:

G ot s o e e 619, spavetee L1 00 Rk 6 o
%ll{s‘e | URSinsdi Eee%tc%&%l}é Pré&s, N&V%EI@Q%Q $ifer et al.,

ural y occurring substance. used herein
sxuiagmstfmt pron:in mduratsorfsrammomaoteapmf@@mﬁ,tM@ﬂz Fgvpmeh(1990)

nore nucl eotides or _a a i fferent
nl@g;@gét@é gad tt%‘l‘?’r?tr?&‘ gtﬁ‘ogfé g?’lg@f)sé% tP%@ gag}sl%vqjla&Modlﬁcatlons and
1X$eﬂhh¢ﬁ§A&§§§£(@@Q}G@?ﬁ%Hﬂy al so have del eti ons,
n t1ons or

The terms “variant”, “homologue”, “derivative” or “fragment” as used in this
document include any substitution of, variation of, modification of, replacement of,
deletion of or addition of one (or more) amino acid from or to a sequence. Unless the
context admits otherwise, references to “Kv9.2”, “Kv9.2 subunit” and “Kv9.2 ion

channel” include references to such variants, homologues, derivatives and fragments

of Kv9.2.

Preferably, as applied to Kv9.2, the resultant amino acid sequence has ion
channel activity when expressed to form homomeric channels or in combination with

other Kv family members to form heteromeric channels. Preferably, the resultant
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substitutions of am no acid residues which produce a
silent change and result in a functionally equival ent

w@piosnosass d sequence. Deliberate amino acid  PCT/GB2005/001620

substitutions may be nade on the basis of simlarity
in polarity, charge, solubilil9gy, hydrophobicity,
hydrophilicity, and/or the anphipathic nature of the
resi dues. For exanple, negatively charged am no acids
include aspartic acid and glutanmic acid; positively

fa¢i08aed 1AL 1R sadik dstivityolob fetehty ifsieactinily @hgh bomBinedRndth other
am no acids wi th uncharged pol ar head gr oups _havin

ehani¢laps indinatsghps theikw?. 2ianebannehsyhyait shevie phaEQ 1D NO: 3 or

ﬁ@lgﬁﬁﬁ val i ne, glycine, alanine, asparagine,
8 tam née;’ serine, threonine, phenylal anine, and
tyrosi ne. Conservative substltutlons may be nade for

exanpl e accordi n% to the table bel ow. Am no ac
the SHRATEPREK tHeret hosalogHs” CoV TR HcaHEY ‘ﬁ»ﬂéifeép%%ltfystmwfe

%1110}? orziggﬁlclﬂt ;ﬁgwdﬂi}%\}gg &etsﬁ'l't{ 3 612181#0:" 1 %gﬁl%u E t%' ﬁgfréﬂaﬁﬁé Activity,
pRfgLble & V9l mn@hagreuwazmynwhanminbiaemwnh ether thyguinclalak y

}?(:d@(‘t@?q%r %@ege%géagéﬁgééle ga&g(i E1 egmﬁﬁrgtry? rpé%/fﬁﬁlgiey there is at least
§@%u§f3?@;§regel?ﬁ)tl¥] af 1%&‘% Wscynh{o?e HefRH1Y aCRhdt 859, ePdrPhbidn

targeting (suc der sequences). Fbterologous
pmﬁmbigeslamwo% mqucmlldﬂmt}s derepeefsrabhyathereng atdlgase 98 Yoemore

T RN MR S XL L —"

ReHi vl Bt afinPdcidshehiBR bxeRRLi¢ U8 sationNs 6f e K9k &ibah@@od!Sic acid
sequence that is particularly preferred is a polyam no

agjudn&equence such as pol yhistidine which is
preferably N-term nal. A polyhistidine sequence of at
| east 10 ami no acids, preferably at |east 17 am no
aci ds vire tgwehicd iBaadb® tei cianac dsivitg” ﬁgﬂﬁﬂbgbhh&ctlwty” of an
preferred. The Kv9. 2 pol ypeptides may be in the fo of
tavechappgl gpel asdi vt 2 pentainingdyn peangch &reé‘e Brmg alreamgasied to refer to
0 It
B BRG0G0 RelER BB BB Rrgialoohuflhg R chamnc, including
siegle acktyivey atimpavediatividescoreheseycivitibewith deaeapae noéssirable
prosequences, ences, which aid in purificati
sisle gtfeets phiso et FreanigERia 4Bd TmERnOFARICAHVIGH & e
&g H@“%QOB Qharplf @xhﬂn?bés Ao BafuRs QS't‘PJl@aQﬂd 15’1%@1@5§5f ABaying and
ol ypeptldes are advant ageously "mad
qaa:rmﬁmmga]nﬁse petanses, asikngwkno e are e anw@scnble@md@ml elsewhere
m ﬁ%’s ey a aI o be made by synthetic means using

As used herein a “deletion” is defined as a change in either nucleotide or amino
acid sequence in which one or more nucleotides or amino acid residues, respectively,
are absent. As used herein an “insertion” or “addition” is that change in a nucleotide or
amino acid sequence which has resulted in the addition of one or more nucleotides or
amino acid residues, respectively, as compared to the naturally occurring substance.
As used herein “substitution” results from the replacement of one or more nucleotides

or amino acids by different nucleotides or amino acids, respectively.
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techni ques well known to skilled persons such as solid
phase synthesis. Such pol ypeptides may al so be

w@e@wduesas as fusion proteins, for exanple to ardr/GB2005/001620

extraction and purification. Exanples of fusion

protei n partners include gl u8thi one-S-transferase

(GST), 6xH's, GAL4 (DNA bi nding and/ or transcri ptional

activation domai ns) and b- gal actosidase. It may al so

be convenient to include a proteolytic cleavage site

bet we&va.heolfypspties pesoﬁbémhqmamnyaisoa:ade tiéleti@rspinséentions or

sequence of interest to all noval. of fusion

pHRstBIoNS ehyBeQsd retidyps e Y Pioribth 716} Shapgg Endyesylt ina

EL[I'EB ﬁ,l é@%lixji‘lﬁenft B bR é%h@érﬁe WhlitheRAL afAidAREd §di‘>‘§t1tut10ns may
uncti o proteln of interest sequence. Kv9

be) nggde ph itteteisasisenyf sbmlarl‘ny W m]myacrharﬁl, kolubidiey, éy@@ph«zhimy,

rmis refer t
Rpici plog e et s oS riskhith, 197 egfmplgpesatively

CRATRABAhin® Rl 1§d49(§et AP&fc 9604h8 ghlahRtdedi® poditivélfehde&Namino
changed or renoved fromits original environnent, or

baitlhimckRele lmmmidearglan}@omydmun@ aeidg éflthrwp@h@'g@d pelpthegd goups

R NRFRL L5, BREME VSRRt oo PR i

alkihfheOdspRRkitReguifenS @ém{eat}ﬁ@brﬁﬁ@ @héﬂ}&al@ﬁﬁéﬁ,laﬁﬂ ityt@sine.
materials of Its natural state is "isolated", as the

termis enployed herein. It will however be underst ood

t hat K r [

carri g&gs%? a%d% Isuen{t&t%%ﬂ%{xb% %&hg)tr%% glr%fag?fae%&gl }Ehtaeble
baloen deeinp utide fethekarhé Blop]lt ot thie Becnd cotunkd ardleprefeediydimche
as subst antial ]y .isolat pol ptide as descri bed
Fpe lipain tHP§1?5fdo<‘é>1WHn§13é’§’6§t“%ﬁﬁlt“ﬂt q){ ? eﬁeh Ptﬂ%d form in
whi cp—case—it—w-ll—generally—cerpri-se—the—protea—n
or ephPdIPHATIE whi ¢AVAPORRar han 90% f or Ml e Q’%%
98% pbr 99% of the protein in the preparatlbiVis a
Kv9. R pol ypepti de. WPolditr-tuhetrargkelscr i be pepCiIEM
conpfising a portion of a Kv9.2 polypept| &g Thus,
fraghents of Kv9. 2 [ggagmiF r@&f] TS honol pgiges,
varignts or der| vat ives are Iuded Th ptTdes e

be b MO A3 nn Ao nrof orlia vi—hot woeon
Pt CH—= |lu l_\ Ot
and AWIEN dsij at h

derived froma Kv9. 2 polypept|de as di scl osed here,
for exanple by digestion with a suitable enzyne, such
as trypsin. Alternatively the peptide, fragnent, etc
may be made by reconbi nant neans, or

C)_O

Kv9.2 polypeptides may further comprise heterologous amino acid sequences,
typically at the N-terminus or C-terminus, preferably the N-terminus. Heterologous
sequences may include sequences that affect intra or extracellular protein targeting
(such as leader sequences). Heterologous sequences may also include sequences that
increase the immunogenicity of the polypeptide and/or which facilitate identification,
extraction and/or purification of the polypeptides. Another heterologous sequence that
is particularly preferred is a polyamino acid sequence such as polyhistidine which is
preferably N-terminal. A polyhistidine sequence of at least 10 amino acids, preferably

at least 17 amino acids but fewer than 50 amino acids is especially preferred.
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synt hesi sed synthetically. The term "peptide" includes
the various synthetic peptide variations known in the

W@ra05/16388% as a retroi nverso D peptides. The prQL/G#2005/001620

may be an antigenic determ nant and/or a T-cel

epi tope. The peptide may be izmunogenic in vivo.
Preferably the peptide is capable of inducing
neutralising antibodies in vivo. By aligning Kv9.2
subunit sequences fromdifferent species, it is

possi e K.2ebdlpaptives Wiyt if @@ PAS Ifthd NEaRMRoRE 6 may be
sequence are conserved betmeen di fferent species

@ [PJBEEEPIOEHT Bi4ras 2 fugien proteh: 1t @@f@nétdvmtygd@@s Weuanlude an
}gﬁﬁlti@hﬁlf ShgBtaciPEEY u%ﬁcé v&ﬁ?cthe Q[0 k‘ecbrétg p?e éar %e@ggnces pro-

pol ypepti des ere ore conp

whiueheeso B¢CEIS}NIIS dﬁshlth) aﬂt inl pRei§itataar stucbfas amhﬁﬁl@}@gﬂﬂﬁe residues, or
ous r.egi.on shows a hi gh degree of

BT gy oEe DR R S UAL Ho e oGk as! DT aRanp! e,

t he honol ogous regi on may show at | east 70%
preferably at |east 80% nore preferably at |east 90%
even Mo mlmb@ti@ibs yreatvintegsousdphtatlelby récoynbirant heans, using

LR BB Xl e b e T A P e

@ higRedRREIR GG ECEi Y n?@udﬁsﬁ%h@ Baﬁ@r %ﬂﬁé’glé Such
strategi es as explained in further

ReEyBepitdes Vlﬂ}')ﬂlsoth?@f pdiged ag ﬁEUWII Hf Otp@pl fod examyle M)mﬂnn s®traction

d
S S RER Bl ey
@GSTE@XHES dll\%eihd%r t}a@@éﬂ tHo¥R! a%a%ﬁo?ﬁddﬁ%(a?m% and B-
POLYNUCLEOTI DESAND NUCL W describe Kvo

éllaytﬁ@éﬁ@oﬁ|%SalSQ<Q/@COZIVPm@ﬂé©me,@s agmaltelydic zlaaumgeesute between

35 05 D B B PSSR 4 e
dietamnmbtein %qaeﬁcﬁﬁ Nich v DthZorilisih 46 d&%@ﬁﬂedﬁ‘refer ny $heXusion

nucl.eotide" and "Kv9.2 nucleic aci be used

PR ¥ B AgEipfigr the fachenof the aiptrin of mt@e&ft@ﬁque@ca |

pol ynucl eoti de/ nucl ei ¢ acid conprising a nucleic acid
sequence as shown in SEQID NG 1, SEQ ID NO 2 or SEQ
| D NOKv4,2 milypeptidesahogbiein awabitaitiall9lisdlged Yot T8is term is

tlnr’ggndeg to refer to alteration by the hand of man from the natural state. If an
“isolated” composition or substance occurs in nature, it has been changed or removed
from its original environment, or both. For example, a polynucleotide, nucleic acid or a
polypeptide naturally present in a living animal is not “isolated,” but the same
polynucleotide, nucleic acid or polypeptide separated from the coexisting materials of

its natural state is “isolated”, as the term is employed herein.

It will however be understood that the Kv9.2 ion channel protein may be
mixed with carriers or diluents which will not interfere with the intended purpose of
the protein and still be regarded as substantially isolated. A polypeptide as described
here may also be in a substantially purified form, in which case it will generally
comprise the protein in a preparation in which more than 90%, for example, 95%, 98%

or 99% of the protein in the preparation is a Kv9.2 polypeptide.
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Preferably, the polynucl eotide/ nucleic acid conprises
or is a honol ogue, variant or derivative of the

woewsads3aci d sequence SEQ ID NO 1 or SEQ | D NO/GB2005/001620

nost preferably, SEQ ID NO 2. These terns are al so

i ntended to include a nucl ei @2aci d sequence capabl e of
encodi ng a pol ypepti des and/or a peptide, i.e., a

Kv9. 2 pol ypeptide. Thus, Kv9.2 pol ynucl eoti des and
nucl ei ¢ acids conprise a nucl eoti de sequence capabl e

of en®adiurheradepaibeyeptideieoopmsingsi p’ogtidnhef akvHa@ pabypdptide.

B fagaets bRy Amsuaib e iharydoirar srnosr drayaes o

1HRRIdKY OTIR RBLIGURLERE b&%e@z‘ gnd%d aﬁhi‘ﬁo agiad SprEfaP%w §&w@en 4

nucl eotide sequence capabl encodi ng a pol ypeptid
mﬂm mslmglcxdh eén lengthoThe p@ptsieqmaafrhaaieslwod\froma EEQQ2|pD1yn@)t1de as
erl. lve t

iant or. v
%l‘o%ﬁiﬂ% gor ea(gmpbeew (ﬁlgf’sit]ynr“@plear %ul’iaglteae%yme sugh as trypsin.
Aqxbm@nbay hd@' Q‘ra@fneﬁp lesedBOXHd BAAYIBY &@bmﬁmanmbﬁﬁ or
be unno RNA or DNA or nodified RNA or DNA.
Smﬁﬁm@ﬁﬁﬁh@t@é@ incl ude, without limitation single-
and doubl e-stranded DNA, DNA that is a m xture of
si ngl e- and doubl e-stranded regi ons, single- and

doubl ¥E¢ tedmdpeptRISAinchiits RN%aH@aﬁ syrheticplepfide WriaSbAdt®rwn in
and doubl e-stranded regi ogns, hybrid nol ecul es

g FUShiAg aPRIPIRYISRRACP Hdgs. ﬁh@pwdm?gﬂb@ agranEigere deferminant
ERUS, YRR Shihs, PR BR A Sl BLUEE Lty e

Peypidy nucdpebie iod @lduciaf eestralzing dnpbediss imaieted r egi ons
conprising RNA or DNA or bot hRNA and DNA. The term

pol ynucl eotide al so includes DNAs or RNAs contai ning

one oy IREFnIRAbI &flufies d 50 eprenRRRicW i
backbonesgﬁg e fgr S%Zlge{kl ty or foern hleer ! ﬁfggﬂgle fo
ddvbiginine @dh‘ichlcragless ofrtbé audeno doat seguenvplags canservyd heteden different

bases nusual es h.as .i nosin A vari of )
ST (MRS et B o SRAH B SRS G egaen R Gl species
(PeleydloEd B 9édisle”). enbraces chemical ly, enzymatically or

nmet abolically nodified fornms of pol ynucl eotides as

typlcally found in nature, as well as the chemica

f f
cel | ST DY peBt 1o el i EiaBi ¢ SRS SrefHspppegponds
At YRR L0 R0l OFdu8 Redibh. &S h&Holo@o@Sregion shows a high degree of

ol i gonucl eot i des.
homology between at least two species. For example, the homologous region may

show at least 70%, preferably at least 80%, more preferably at least 90%, even more
preferably at least 95% identity at the amino acid level using the tests described above.
Peptides which comprise a sequence which corresponds to a homologous region may
be used in therapeutic strategies as explained in further detail below. Alternatively, the
Kv9.2 subunit peptide may comprise a sequence which corresponds to at least part of a
heterologous region. A heterologous region shows a low degree of homology between

at least two species.
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It wll be understood by the skilled person that
numer ous nucl eoti de sequences can encode the sane

w@oeioppesss de as a result of the degeneracy of PEEGB2005/001620

genetic code. As used herein, the term "nucl eotide
sequence" refers to nucl eoti dg sequences,

ol i gonucl eoti de sequences, pol ynucl eoti de sequences

and vari ants, honol ogues, fragnents and derivatives

t hereof (such as portions thereof). The nucl eotide
ROQUEPGEyNTL HoA 10 EYA 105 NBYeref A@®Roni ¢ or synt hetic or
reconbi nant origin which my be doubl e-stranded or

si ngl e-stranded whet her representing the sense or

anti sense str r i ' r :
! ofis et diat £ bo BB AR 205 2 HERER tes MAFKVS2 Rucicic
EEES) IR tof PRAub86) Dba e Shesé, @tc, @x degelibed refucthdri detail

DNA). Preferably, the term "nucl eoti de sequence" neans
glsvherpé this ¢aSUMGR i ant ", " honol ogue”, "derivative" or
"fragnment” as used here include any substitution of,
variation of, nodification of, replacenent of,

del et @@ tedins 6K vaddiotynaoleofidedneK (D2 noeleetjdelinod EKe9.daiudsic
fromor to the sequen of ~a Kv9.2 nucl eoti de

g Uy &e usk \wicschigeabln tad predatended B HEr i e,
BRAFAGRARR APl ot FUSUEHRU S RAE, fUa h8RQID
Nondl, 5QEE) NOe Riov SEQUIESNEN, diralgymesipgue fvarkand op derivative thereof.

referably, the resultant nucl eoti.de d
BT Sbiral Rl AP RGeS PSS of Fif gISTo B 98t or
RESY 2Bk YhehR¥ et sdgfaite s@a;ﬁ%;m 126SBO) 1Y NO: 2, hifost

SEQ ED 3

Kv9. 2subunit shown as or SEQID NO 5.

PredéreblapPHQ IDMEOt 2r m " honol ogue” is intended to cover
identity with respect to structure and/or function.
Preferably, this is such that the resultant nucleotide

sequeNgEscaBeRias aRo Rabidea R irdtidehi milldiascid ssyueiaapgdble of
activity when expressed to form hononeric channel s_or

encagingd pelypentides ang/staneptids 1.padili P hdoHspenside ol sy 9.2
het er ' Wt . :
PSRRI SGORS e Vi CAERa s SREHE Bt of nctin
b@af}tpeﬁtgl?é) coffprizingthé ediflol agidedeqha@ms shaibiin $BQED NO: 3 or SEQ ID

referably at | east, 85%. nore preferabl t le 90%
E\EM@ ﬁééhP@@th?’y’.a“%roéodﬁ?\é?ﬁé(F élaﬂf?f{ Prefdrably tg? %S"égst i

r . 9 . i i .

SRR S50 4oL, AR SRELEER g i
agqlipapted: comprising the amino acid sequence shown in SEQ ID NO: 3, or a

homologue, variant or derivative thereof.

“Polynucleotide” generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or
DNA. “Polynucleotides” include, without limitation single- and double-stranded DNA,
DNA that is a mixture of single- and double-stranded regions, single- and double-
stranded RNA, and RNA that is mixture of single- and double-stranded regions, hybrid
molecules comprising DNA and RNA that may be single-stranded or, more typically,
double-stranded or a mixture of single- and double-stranded regions. In addition,

“polynucleotide” refers to triple-stranded regions comprising RNA or DNA or both
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CALCULATI ONOF SEQUENCE HOMOLOGY Sequence identity with
respect to any of the sequences presented here can be

waledsneiseed by a sinple "eyebal |" conparison (PCEGB2005/001620

strict comparison) of any one or nore of the sequences

wi th anot her sequence to seejif that other sequence

has, for exanple, at |east 70% sequence identity to

the sequence(s). Relative sequence identity can al so

be determ ned by commercially avail abl e conputer
RNDQLABNA At Gétth g@}h&t&h&h&e sb dRMidel PIPEL YRR Ak Wnt@fning one
Nore sequences using any suitable algorithmfor
deterannndifigd bdses tind WNAsirRNAswithbasidiomesimbdifled for stability or

araneters. A i cal exanpl f such a er

Bt s g, MO epied Pelisen Ot PR s O s ng gnusul
0848 EIHNR ihekemd. iAf YarRRFo Shéditicdtiohy hEh e @ihdes DNW and RNA,
sequences include but” are not limted to the GCG

prsgnetmyglsrtide” qmeess shemisellalenzgsationlly bemetaheliepdly modified

h : d. | )
TorB R aPyhisaideh o8 WhidefiE T b R, o8 el os Hihetficg) forms of

COA AU RBEA SIRGHEAEEIS of virfses AN caBIURIIgRucldtidtt geeembraces
wth the other sequence and each am no acjd.in one
selgfinehy ghorspadyrusteotigess efigrnickaragite 4s phgonigleptidssondi ng

amno acid in the other sequence, one residue at a

time. This is called an "ungapped" alignment.

Typi cail kil bs usiderstogdpp g skilled pemoh thaanempenf andtedtidenkyuences
over a relatively short nunmber of residues. Al though

Chi g1gode thesape RolpSPEdeasd reBistidhefescheiennal he@epgioicode.

to take into consideration that, for exanple, in an

ot herwi se identical pair of sequences, one insertion

or delAstisedhevieln, thegese “tuckeofidd Saomemg” asfersdo actldotide sequences,

residues to be put oyt of alignnment, thus. potentiall
oligaimicleatds seaehess o tyuiglse i FOPAISs ARMUATEGY: DeTaRioguc,

Ga@hRhts 3hd ASRAVed RePSl (RN JortfeR D BRAHEN tihk nublstide sequence
sequence conpari son nmethods are designed to produce

oty teeDNA| ardiiva o gendraic ot synghdtietos reconthinket atigiorvhich may be
Ra B3R S By Mg e < PECT AT g pranc

P 8&hbinBGonsABASOT. THe tdi@ rHERVENCRqabdBMIB e frépdrEdb¥ Ose of

maxi m se | ocal honol ogy. However, these nore conpl ex
eqonbirang HN 4y fﬁch@apsxéwawmébv recompiept BRIt hat occurs
in the alignment so that, for the same nunber of
i dentical am no acids, a sequence

Preferably, the term “nucleotide sequence” means DNA.

The terms “variant”, “homologue”, “derivative” or “fragment” as used here
include any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) nucleic acids from or to the sequence of a Kv9.2 nucleotide
sequence. Unless the context admits otherwise, references to “Kv9.2”, “Kv9.2 subunit”
and “Kv9.2 ion channel” include references to such variants, homologues, derivatives

and fragments of Kv9.2.

Preferably, the resultant nucleotide sequence encodes a polypeptide having

Kv9.2 subunit activity, preferably having at least the same activity of the Kv9.2
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alignnment with as few gaps as possible - reflecting
hi gher rel atedness between the two conpared sequences

WO 2005110588 hi eve a hi gher score than one w th neCHGBas/001620

"Affine gap costs" are typically used that charge a
relatively high cost for the 2xistence of a gap and a
smal l er penalty for each subsequent residue in the

gap. This is the nost commonly used gap scoring

system Hi gh gap penalties will of course produce

Qfubiuiit steenadsi JAYEDNOVE 65 HE e N@ Prefdiably, d temiBidmologue”
pragrans allow the gap penalties to be nodified.

H®

_the gap . .
ersed tg govies ideptityavith Eespest tseruchie ged/aufuncijen. Faeferably, this

. \ ;
e T
tdhenwke hetiity vleen gxprabdd/toffomm homomeac tlthnaelq we ic@anbisation with
TR T .
REAHIE Ll D E‘inﬁfaﬁgg}bﬁ%géﬁgﬁﬁ% tikd ARFRALL 70bRKhEH #Eé}%ﬁbly at least 75%,

considerati on ies. A suitabl'e conputer
pnogpacfefably at deasyd 1§, roate pefetabhnata¢dasyPitdsequence ientBEGMore

SRR B DO 5 AL S LSRR Pl s
1éindBaldo erfeymiphisasicRE vaidiRhs s0tht WefiRnéddan can perform

sequence conparisons include, but are not limted to,
t he BLAST package (Ausubel et al, 1999 ibid - Chapter

ST ARG gL ar T son tool o, Both )
BLAST and FASTA are avail able for offline and online

searchi ng (Ausubel et al, 1999 ibid, pages 7-58 to

7- 60) .JRapensaddentie with fefpediio Ay oigiic setepess paessnied etersan be
t . Of 10 dent 1.1 Vs »al. L gnent. pr.o ' f i
Gl T b R S BOARR BGRA S AL oy one o
anofeaf tltarqudnass with anatheicsalwics toddeaf thhyotBedeguetizt hiss for
I's geperal I% used that assi gtns scores to each pairw se
SSABRle ddpashALGdeaiensh ity to dheseausnce(s)-or

evol utionary distance. An exanple of such a matrix
commonly used is the BLOSUMG62 matrix - the default

mat r i XRdladivetshgueBLABEnSty dae alzb bprdegramed bECGMMicscalhg avnilable

prograns general |y us ither the public default )
Rt grosetny Betanplasbie Lonptty bR eea By o fore sequences using
S RbitAe alkbrithtn 1% BERAhRiheliBeiRS s BHB Aty BEAH ters.
vaPuels f oar1 gtrl%e G packagegf1 %r |§nL t e cas,alcgﬁjo?i ot h‘leParame o
shfypivat exanmple oflgfchul compater progran ¢hChESBADSONBS .computer
program methods to determine identify and similarity between the two sequences
include but are not limited to the GCG program package (Devereux et al 1984 Nucleic

Acids Research 12: 387) and FASTA (Atschul et al 1990 J Molec Biol 403-410).

% homology may be calculated over contiguous sequences, i.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a time.
This is called an “ungapped” alignment. Typically, such ungapped alignments are

performed only over a relatively short number of residues.
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Advant ageousl y, the BLAST algorithmis enployed, wth
paraneters set to default values. The BLAST al gorithm

w0 200de63888 bed in detail at http://ww. ncbi. PCT/GB2005/001620

ni h. gov/ BLAST/ bl ast _hel p. html, which is incorporated
herein by reference. Search rameters can be defined
and can be advant ageously set over the defined default
par anet ers. Advant ageously, "substantial identity"
when assessed by BLAST equates to sequences which

mat ¢ Alitiough dns EXPEGBIvpledad ednsistent mgthod abfis tortake into

PSRty lox s B50 R BN S e
o7 ASletH Wl damsd!itht FbllowidDamiBbAST réfarh o BeafdburSfialpiraet, thus
Search Tool) is the heuristic search algorithm

noiplieNegsyiing e lpres gedugeorpings hpmolegy sthen a glokak alignment is

t ; e ri .

oo CoRubl b sed AT B AR AR AR drpBosgt o produce

dptitrabslienedent§ahdtitakednd cohsideedtioh pOssitlé ingeréionk addtdetekiohs without

1990, Proc. Natl. Acad. ScL USA 87:2264-68;. Karlin and.

penelseng Andulyghaoverglbeomaolpgy scorge Ais sgehicyeshbyymsesing -gaps in the
&;l'ﬁl{ . (WO a1 a1 | ast _hel p. ht m)

S\?\n&%ﬁmagl ewewgﬁét g%%%@sggﬁé%éﬁﬁg prograns are

tailored for sequence simlarity searching, for

exa e to identify honol ogues ta a, query seguence.
For SOl L 48556 o] cRlr T AadrasSIan “SPRepaiFy yo cach sap that
o8&k GnR gl Qfméﬁ 9y 8AE SordRd ﬁ%sr%gié)eﬁ@ﬁdé‘itfcﬂ%%gg% _%éids"i‘la sequence

(1994) Nature Genetics 6:119-129. The five
ghigomentrvethoasdew gbpseasgossle prefleoting hghsr reldtedneshbegween the two

erformthe foll.owi.ng tasks: blastp - ¢ ares _an,,
Biehe T ey e Res st e B one BRARRRE B atine sav
cdatsaira Sypicadlly aSddthat CheFp ak€lstvalyih 6 FstehOi@stdhce of a gap and a
sequence agai nst a nucl eoti de sequence dat abase;

spradign penaltys @ gaghesgbcpens residue dnthe gem dipis Hle raesheenmpilyised

5Ty B HELY BTSN A AR i

fewamape Meést pli@inednd prigeiny SSlequRNgH Rgaltissi ba nudificioHodever, it
sequence dat abase dynam cally translated jn all six .
ip BrréRred t9 Heerae defpyt valuss miisp e§ing suphsettware feryegigness compparisons.

B )éxe{rﬁsltﬁﬁ‘t%%ﬁeﬂq%ﬁllg%é Q08 Wisc sﬂfjﬁés?ﬁ)ctﬂa?l&g ld%rc?éfzﬁﬁ%g D&ty for

agai n e six=frane translations o nucl eot
asano end eeqietab &s-€2 for a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of
an optimal alignment, taking into consideration gap penalties. A suitable computer
program for carrying out such an alignment is the GCG Wisconsin Bestfit package
(University of Wisconsin, U.S.A.; Devereux et al., 1984, Nucleic Acids Research
12:387). Examples of other software than can perform sequence comparisons include,
but are not limited to, the BLAST package (Ausubel et al., 1999 ibid — Chapter 18),
FASTA (Atschul et al., 1990, J. Mol. Biol., 403-410) and the GENEWORKS suite of
comparison tools. Both BLAST and FASTA are available for offline and online
searching (Ausubel et al., 1999 ibid, pages 7-58 to 7-60).
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BLAST uses the follow ng search paraneters: H STOGRAM
- Display a histogram of scores for each search;

wa@ledoands3s s yes. (See paraneter H in the BLASTPGEGB2005/001620

DESCRI PTIONS - Restricts the nunber of short
descriptions of matching sediences reported to the
nunber specified; default limt is 100 descriptions.
(See paraneter V in the manual page). EXPECT - The
statistical significance threshold for reporting

rrat C Iz%ééloagathﬂé'tnab%ﬂaimﬂeg}swllennwuredhe tethmf afiidentiy] the

h ted.to be f
igwast piyee iails SRIBDY GPgs b e A LB ER YRS O g
Iﬁg'?éah' NsANA Mnt1e6HEEore LB is éeﬁeﬁah? uSdBthhSdskieAd scores to each

Si gnlflcance ascribed to a match is greater than the
pme:vomna@@mdzladed Qn@emaé Binvidarity mvobmqnepuhstenbe An

F P oEA LR SRRy RS TR HR SRS Hhargr STAG Bl

nﬂm&xﬂﬁQH@BBMSQ‘- (tSeeprdfalfeGEIG itddnkinQréd:And shanan) |
CUTOFF - Cut offsuscofpe ?f re ortllngnhll g)rr]&égcorfgng B dse

cilaqy g pubpisi dedaultyalicy of a grstory éyla?éOh eomngriser wbked! supphied. It is
p@%@g %gtheﬁlulﬂﬁc ﬁéﬁﬁlt @Ql?gsteg% t@?l(}iaﬁléegﬁ%f@f ﬁgqﬁt? éa% of‘other

e seqguence only I canc
sefdwirepthd defautt menrix, suell ad BBOSUMGHI gh as woul d be
ascribed to a | one HSP having a score equal to the
CUTOFF value Hi gher CUTOFF val ues are nore stringent,

| eadi e
e SIS LT LA L P8
dsfiaght ivﬁ]ueaﬁ“dle BIhQ&SaE highdthncanrleheibet iedétal ai t i vel y

Sin ALl - stricts databas
A oSBT RS, R el B82S,
réte@hes Sehich 9a1%ﬁ£}f@§1&an%' definéd BRBJanLadh ERAE By semer the
default Ilimt is 50. If nore database sequence$ than

defuest dedppieparameterst | sfy the statistical significance
threshold for reporting (see EXPECT and CUTOFF bel ow),
only the matches ascri bed the greatest statistical

si gniAldveaag&usl “sfuBﬁQL{tIaﬂEﬂien(l eviRaaad®Bied by AST RBuates to
BLAST I\/anugel%) ryeI\/ATRI S ect?fey an alter na}llt&% scorlq%g

sefeRgeR Which BRISETRh 3] CTyRIuaST R lgnst @it ASPicferiply at least

agcﬁft @uantd i H@ferﬁtﬁy%b%%& Tﬁl'él%gfalﬁﬂftﬁre&o% ?orlﬁ?{IEECT in BLAST

searching is usually 10.

BLAST (Basic Local Alignment Search Tool) is the heuristic search algorithm
employed by the programs blastp, blastn, blastx, tblastn, and tblastx; these programs
ascribe significance to their findings using the statistical methods of Karlin and
Altschul (Karlin and Altschul 1990, Proc. Natl. Acad. Sci. USA 87:2264-68; Karlin
and Altschul, 1993, Proc. Natl. Acad. Sci. USA 90:5873-7; see
http://www.ncbi.nih.gov/BLAST/blast_help.html) with a few enhancements. The
BLAST programs are tailored for sequence similarity searching, for example to
identify homologues to a query sequence. For a discussion of basic issues in similarity

searching of sequence databases, see Altschul et al (1994) Nature Genetics 6:119-129,
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1992). The valid alternative choices include: PAMO,
PAML20, PAMR50 and | DENTITY. No alternate scoring

woraiosiless3s are avail abl e for BLASTN, speci fyi ngp@Ti6B2005/001620

MATRI X directive in BLASTN requests returns an error
response. STRAND - Restrict 28 TBLASTN search to just

the top or bottom strand of the database sequences; or
restrict a BLASTN, BLASTX or TBLASTX search to just

readi ng frames on the top or bottomstrand of the

quer hediyedHoAST proghmm avaleiyk atlitip:egventbd.nbh. nﬂr@ov perform

R R Dl o0 Bt AP ARROR BB G Py Rgfeicin
sbhRBS0 dfeamREhSin 2REmpAReNh ShEl¥otide: iy s'leaaenc@ lagSiagBiicEotide

consi sting of shortperiodicity internal repeats, as
seiqteasailatehhseiblasts - XUpPED e sH-Grmerancepivel garsiaiioaroducts of

SRS A0 s B A s s

tblakin -/ ddmpﬂré%@protéim%ﬂétﬁs@la&ﬁce aghinbed htdectids saiuemermze)ase
statisticall i cant but biologically

dypamicale §?115A§e¢ éb%}r 1% rqaging, ff%Sk{b@@tstramwmwﬁ yeompares the
sm fr&m@ hﬂ?ﬁon‘é%’f‘%ﬂﬂ@&t‘i&' eﬁl %ﬂﬁérlﬁzg élgfnnptr 1 5iGidnhERanslations

I'ons eavi n y i nteresting
olfagmollastldn‘seqhmcﬁldeuabaseequence avai |l abl e for speci f| c
mat chi ng agai nst dat abase sequences. Low conpl exity
sequence found by a filter programis substituted

usin ' I i sequence (e.g.,
" NNN%ISI\IIN N §f011 n%%:sg%llég t%gdtgﬁé@s in protein

sequences (e g., " XXOKXXXXX") . Filtering is only

appl i sequence (or it nsla .
o b B TPOR S8 TRy SRR et Porisafhgpith: ¥bauteis yes.
(éééﬁﬁﬁm%rmnMLAQ’m@kﬁ%N SEG for other prograrnms.

i's not unusual for nothing at all to be nasked by

SEG XNU, or both, when applied to sequences in

! vy S RTINSt St AR e O o s B Blrbehing
séﬁms&%ﬁo@dqo RSkesbdr BpdcRide dembilt liediis 1100 desediptibs. (See
t the statistical significance of any matches

parguesiered imginmmmakidgcunf | tered query sequence should ™
be suspect.

EXPECT - The statistical significance thréshold for reporting matches against
database sequences; the default value is 10, such that 10 matches are expected to be
found merely by chance, according to the stochastic model of Karlin and Altschul
(1990). If the statistical significance ascribed to a match is greater than the EXPECT
threshold, the match will not be reported. Lower EXPECT thresholds are more
stringent, leading to fewer chance matches being reported. Fractional values are

acceptable. (See parameter E in the BLAST Manual).

CUTOFF - Cutoff score for reporting high-scoring segment pairs. The default
value is calculated from the EXPECT value (see above). HSPs are reported for a
database sequence only if the statistical significance ascribed to them is at least as high

as would be ascribed to a lone HSP having a score equal to the CUTOFF value. Higher
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NCBI -gi - Causes NCBI gi identifiers to be shown in
the output, in addition to the accession and/or | ocus

wo2008/1098B%t preferably, sequence conpari sons aP&Ir/GB2005/001620

conducted using the sinple BLAST search al gorithm
provided at http://ww. ncbi.n9n ni h. gov/ BLAST. In sone
enbodi nents, no gap penalties are used when .
determ ni ng sequence identity. HYBRI DI SATI ON Thi s
docunent al so enconpasses nucl eoti de sequences t hat

dEIéT@EE ablues afe rhybrstritigeht) Badi@g bt v GHARE @FatdHS %@1’3? ®€horted.
rein fragnment or derivative thereof,
E‘ée %%Ptéﬁgn@ ﬂ]&fBlng Maﬂ{u Esdsadly, mﬁrimczéhnedmlds can be

"‘I’ntﬁltw@fyorﬁ%ﬁ%p{?)ﬂsﬂg trand of nucleic acid

10| ns wth-a ary strand t hrough base
pai ring" (Coonbs J (1994) Di ctionary of Biotechnol ogy,

oo 1 A SRS Che st esiciatess pecpeRopdr thegusmvar spoeited for
naAsH high-sEas QLRGN u%g%gﬁg%é pa?grt Ltﬁ)%géfg ?Hﬁﬁp $¥6. 1 more

and GS Dveksl#er (1995 ora
vatabage, seq_mﬂndes]ham tgs lhlaprm to fatiefyshe Shiddtioul Sigmﬁlt@nce threshold for

PRI GR BRSS! CLORR bRIond citly haumahsrgscdngtas greatest
3eatibiddag BienifidalRRl B6 FepBed. %Sé’g'ﬂ?alrarﬁélt@ﬁlz in %I%zy l\?anual)

Mol ecul ar d oni ng Technl ques, Methods in no
Vol 152, Academ c Press, San D ego CA), and confer a

defin Ialned el u tid
seque%’ges (E)Jg %gg(gg‘?/%l ag?e %89?% E}aymh?% ﬁl%é*%%lt‘%sepﬁe
(BT ASTN e sﬁswroe THeldesan et & B1LOSURL6 A @1 &h?)’ff & Henikoff,

wil | enerally at |east 70%
éggﬁeg‘gevaﬂgb/elteﬁwwe ﬁg@ﬁ@rla@u Mé@ﬁAM&@er%(amﬂ

5% 9

R e S e R e i S
MEAEREX directiva in BFASTfeqaéstd waghs &Derrdir r@i@h@@' y at

| east 25 or 30, for instance at |east 40, 60 or 100 or
nore contiguous nucl eoti des. Preferred nucl eoti de

REUSBOLANS R SOPLF8F 598 A3 1T BSTUS0) 6, B5R By

Aurkaspsesfuences) gr mstriceaBLASTI, BOLASTIYOLISBLASINEsc@ichith fist

reagmg%@ames on the top or bottom strand of the query sequence.

FILTER - Mask off segments of the query sequence that have low
compositional complexity, as determined by the SEG program of Wootton & Federhen
(1993) Computers and Chemistry 17:149-163, or segments consisting of short-
periodicity internal repeats, as determined by the XNU program of Claverie & States
(1993) Computers and Chemistry 17:191-201, or, for BLASTN, by the DUST program
of Tatusov and Lipman (see http://www.ncbi.nlm.nih.gov). Filtering can eliminate
statistically significant but biologically uninteresting reports from the blast output
(e.g., hits against common acidic-, basic- or proline-rich regions), leaving the more
biologically interesting regions of the query sequence available for specific matching

against database sequences.
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The term "sel ectively hybridizabl e neans that tKe
nucl eoti de sequence used as a probe is used under

w@emdiloisems where a target nucl eoti de sequencePCEGBRNMH01620

to hybridize to the probe at a | evel significantly
above background. The backgr@@nd hybri di zati on may
occur because of other nucl eotide sequences present,
for exanple, in the cDNA or genomc DNA |ibrary being
screened. In this event, background inplies a |evel of

si gnallogeReipéed sbyudnoé &uad tiyQnfilee hy@eamtihaibstinke i the

a non-specific DNA menber of the library which is less .
fattgn WO 1f wicdeotife sgquients (8.6 dendjthe e X in

. [ JLG ke j bserved with the target
%ﬁ%@g$ﬁ§%ﬁﬁ%é%grtgﬁgiﬁgﬁ?ggggtion may be neasured, for
exanpl e, by radiolabelling the probe, e.g. with 32P.

Al so included within the scope of this docunent are

nucl e&tieragdeepls aprlicditn e qhesy sparcdopits ngqh@nﬂwcts), not
D . |

B e D e R SF T, St gt

ipydgrams.zat i on condi tions are based on the nelting

tenperature (Tm of the nucleic acid binding conplex,

as taught inBerger and Kimel (1987, Guide to

Mol ecy ;g mﬁug@ﬁ;n GorhRAMAL ALAB10 PEhIRES bl SEENZNT! @%Bbth, when

Vol 152, Academ c Press. San Diego CA); and confer a

dpplicigd sé@iencasge SIS SalRR @X plodi ltezthgishbwdmnoNexéxpented to always

S BOEBR R S o B Ry AT T BB
M&tl‘ﬂ%ﬂ?&ﬂtﬁ@"ﬁtatisﬂhﬁ rs?ﬁ@ﬁ@h@e St diyBaNEY réborB AghindQR unfiltered
to 200C bel ow Tmy and | ow stringency at about 2Q0C to

286y speucnee Shouldlee sispéct.be under st ood by those of skill
in the art, a maxi mum stringency hybridization can be
used to identify or detect identical nucleotide

sequenNEsI-ghidRs@&NCBI si idestifadreto(lr shb@win Slerduf@igiéddition to
hybri di zation can be used to identify or detect
dhamoressiograndier lacsgn#uel eot i de sequences. In a

preferred enbodi nent, we descri be nucl eoti de sequences
that can hybridise to one or nore of the Kv9.2 subunit
nucl eMdst pref@aple wegteries dempaddons gerdondwuiet fidiadthe sinjgle

65C and 0.1 xSSC {|I xSSé: = gl 15 M NaCE,, 0. 015 M Na3

BLASE teaph apgithmygeyided fdtiny TRy mchn By eRRELAST. In some
g&%%ﬁncfé aslr’ %g%?per}%ﬁfeg artd 120 dheR belRRinti G liencE iddAEy.

ndi vi

HYBRIDISATION

This document also encompasses nucleotide sequences that are capable of
hybridising to the sequences presented herein, or any fragment or derivative thereof, or

to the complement of any of the above.

Hybridization means a “process by which a strand of nucleic acid joins with a
complementary strand through base pairing” (Coombs J (1994) Dictionary of
Biotechnology, Stockton Press, New York NY) as well as the process of amplification

as carried out in polymerase chain reaction technologies as described in Dieffenbach
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i n conbi nation, are enconpassed. Were the nucl eotide
sequence is single-stranded, it is to be understood

WO bas/104888 conpl enent ary sequence of that nucl eBCT/A82005/001620

sequence is also included wthin the scope of this
docunment. We further describ&ilnucl eoti de sequences

that are capable of hybridising to the sequences that
are conplenentary to the sequences presented herein,

or any fragnent or derivative thereof. Likew se,

W 8O GSUBY &EH EIN98 SPCR Prinddr & LaytpateryEvibauay, Cald Spring Harbor
sequences that are capable of hybridising to the
SeagudfeiavigeNY¥)-bed here are included. These types of
nucl eoti de sequences are exanpl es of vari ant

nucl eoti de sequences. In this respect, the term

"vari mbﬁdﬁa@@mmh gidis Smgffﬁ?@ﬁ?hb Eaegtimgd empergolre (Em) af the
to sequences that are capable_o ydr.i di si o th
Auelriesridfunding canples. 35taiebhincRBeRer @%lm@Rg?éYb Fsv}d% to
RRNEA L C1bRe 1BERiquaT MRHods S VR U8 Nehdorhdairess,
are conplenentary to sequences that are capable of

Sya DieosC AY and derfersd défivgd (fstringertiyt’ iao egpl{iegd bBSHE and

0.1 xSSC {I1xSSC = 0.15 MNaCl, 0.015 Na3 citrate pH

7.0}) to the nucl eoti de sequences presented

her ei 'Nu%%é\!@ggicé@@ -CQ@MEECM% M the\ificleotide
further describe nucleotide sequences that are
sequphesprasentsd fapein e ts thgirenmpknment sehbe gereeally at IsastgA%,

f t ivati t f. Jf t '
eistrae Ry St R SR Tt oo PR AR "Eut ety o
bt 938, §S55Y, BSmMBloPERIE tHeQol8§hdihy naklebtide 88 ichtddiptedénted
subunit sequences in other organisns etc.

The
bersin osnp eegisin aflaf lsas 30 pelerablyhal deasitrds, fonasianesnit dggst 40, 60
of 9.2, its.ho a .Qr .
P P i T R B PR S e iR comrise
$Qe6GiseP IS JAERNMIIQ2 osheedlerablyit teastfe%, 80% or 90% and
acconpl i shed. Po%¥nucleotides whi ch are identical or
are prefeaaily gt leasbHiY’p bamologoys tqgae ebthe aeluseissence
contained in SEQID NO 1, SEQID NO 2, SEQID NO 4
or a fragnment thereof, may be used as hybridization
pr obe §he cermc Sbléctvaly hybridizatde’ Diéans tilmt iealialkétideaeucate ased as a
full-length c .and genoni ¢ cl ones encodi ng. Kv9, e
SEGs wsefl uBder apRhiinsi e 4ﬁafﬁeawcg@uﬁgéﬁqﬁe%ﬁeé%@gnﬁ%@@ybndm
g(% ﬁlg Ipﬁ?oe% g gser&l%igm?ﬁﬂaﬁttl}? At BB AL B8 MBI HackdrREhyBfidization

genes (I ncludi ng genes
may occur because of other nucleotide sequences present, for example, in the cDNA or

genomic DNA library being screened. In this event, background implies a level of signal
generated by interaction between the probe and a non-specific DNA member of the
library which is less than 10 fold, preferably less than 100 fold as intense as the specific
interaction observed with the target DNA. The intensity of interaction may be measured,

for example, by radiolabelling the probe, e.g. with p,

Also included within the scope of this document are nucleotide sequences that
are capable of hybridizing to the nucleotide sequences presented herein under
conditions of intermediate to maximal stringency. Hybridization conditions are based

on the melting temperature (Tm) of the nucleic acid binding complex, as taught in
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encodi ng honol ogues and orthol ogues from speci es ot her
t han human) that have sequence simlarity, preferably

whe@k/1esagience simlarity, to the Kv9.2 gene. PCT/GB2005/001620

Hybri di zati on screeni ng, cloning and sequenci ng

techni ques are known to thos&2of skill in the art and
are described in, for exanple, Sanbrook et al {supra).
Typi cal ly nucl eoti de sequences suitable for use as
probes are 70% i dentical, preferably 80% i denti cal
BRFRr iekenabl 11999%Gident MokkulaeCiminpTehpigets Mdthyds in

95% identical to that of the referent. The pr obgs
Gernenelosy: Wl 152cApsiemiePrgss, San dliegrsC A @pe 6piiges defined

Rr.ef er abl s wll have at |east 30
nﬂgpg%cggé%mgﬁggﬁg%g ave at |east 50 nucl eoti des.
Particularly preferred probes will range between 150

and 500 nucl eoti des, npre particul ar| akg)%;(t 08%0
nucl eMaxdmym stingsaey BRieHY REES atadodbtErH G{5°C below the Tm of

I | eot i i o i . ' i
Ao og. B2 S EPort rBgu SNy ot E Bt eRh bl ity
BH@R%C’G IPHISES oW NM8n; S8 BSw SrinS AN aBELIt 20°@ RPL ST bedb® Tm.
I'Tbrary under stringent hybridization conditions with

sl vailiede \ederstool dyrheserog skilén 8EQrt, B iNGimum gigency hdridization

2, SEQID NO .4 or. af nment thereof and isol.atin .
SEta ?? used e '}%{}Fl?}i ?req’?g‘:tch ?(%th gwge%téd% &ﬁﬂ%en(g?so‘ﬁiélze i'Btermediate
GAbR) BirfgeS bRl BV ded fRduRiy@r deldelsimilar or related
hybri di zati on techni ques are well known to those of

sikclebtidenseyihencas-t . St ringent hybridi zati on conditions
are as defined above or alternatively conditions under
overni ght incubation at 42 degrees C. in a solution-

CONP I8 b PesferRRPbrtid i, 0 ddbXBBGucltbidaedINuCts thatmalvhybridise
trisodiumcitrate), 50 nM sodji um phosphate (pH7.6), ...
Bxpeedranereof thedd\f2 sipunit puglepside segyences yRdar siringeny copylitions (e.g.

i LR TG AL Brla M NREL oM CRRRE B Whergghe
JReIERR soqudnbbls HothAstrAady b ot AR ak¥O0 2h €T, bitieSiddBNdually or
CHANNELS The cl oned putative Kv9.2 ion channel,

[ gmbioRiEa; PI$EHCorARAsE. %@qeﬁhwogﬁptig@ SRAAIE 1%ﬂlagl9-§qr§1ded,'it is
95 b]c Hrrllc?etrét&;?ljhaﬁﬁé lerl'l t rsécﬁu%ﬂé f’t/ha{tﬁl~ clg&m WEhRN&Ss also
of "XERopus 00cyt es trantected-as descri bed may be

dedledddedilas the soamns tod dguaghtng and quanti fying Kv9. 2
activity, useful for screening assays described bel ow.
Such a Xenopus oocyte

We further describe nucleotide sequences that are capable of hybridising to the
sequences that are complementary to the sequences presented herein, or any fragment
or derivative thereof, Likewise, nucleotide sequences that are complementary to
sequences that are capable of hybridising to the sequence described here are included.
These types of nucleotide sequences are examples of variant nucleotide sequences. In
this respect, the term “variant” encompasses sequences that are complementary to
sequences that are capable of hydridising to the nucleotide sequences presented herein.
Preferably, however, the term “variant” encompasses sequences that are
complementary to sequences that are capable of hydridising under stringent conditions
(eg. 65°C and 0.1xSSC {1xSSC=0.15 M NaCl, 0.015 Naj citrate pH 7.0}) to the

nucleotide sequences presented herein.
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el ectrophysi ol ogy assay is referred to for convenience
as a "Functional Assay of Kv9.2 (Electrophysiology)”

wah@spossat | ve Kv9. 2 ion channel subunit or honmedDGB2005/001620

may be assayed for activity in a "Functional Assay of
Kv9. 2 (El ectrophysiol ogy)" as3¥ollows. Capped RNA
transcripts fromlinearized plasm d tenpl ates encodi ng
the Kv9.2 cDNAs are synthesized in vitro with RNA ,
pol ymerases in accordance with standard procedures. In

VCLGMING OXEEVI.2 pUsuMITaNDUSpRDdeduEs water at a final
concentration of 0.2 ng/m . Ovarian | obes are renoved

fromadult femal e toads, Stage V defollicul ated

00CYt §e ﬁ;l'ale? Qéﬁhﬂg ﬂ Q&fhe%@!ﬁgx&[z@sﬁﬁ%ﬁr A3 uéhldl%entary to the

ng/ oocyt are 1nj &cted
niequentey predented hamp ar atwﬁagrﬂﬂ/c\oedemditmg thetrdodr If l<he sequence is
also be in

subunits e cte o form
el iry i Sammeal gt BP0 SQuSHsIcPh 6 AR Tah e
Ya&Hity ond@BsYEititaPSutlt rss‘(gfeﬁcé‘srn‘? BiePdigdhidbRletcXenopus

oocytes in response to agonist exposure. Recordings of
the current are made in st andard medi um consi sti ng of

o7 5 e Sttt deaiaen TS Rep B RPHEY Hito

bR ntb3sshes Qn@@thsleﬁmleﬁ@m i FIARRBa By £E14tb® S41RE Gk human and other
extracts for activating |ligands, as described in

fsppctibﬁequcu et miohssh @igowhespl ete fnbe 2ogemplishedi Belanuckensislgs which are

cI |

B R B PRI Socree PRpelfd i gPpIpNO:
GSEQ b INCR 22 88QYE NO: i4ng lalfeligh@nt thereds enf beiadell agybridization
sensitive dyes to investigate the nenbrane voltaﬂe of

tiyebesdpy cDMARpA %m%&d%NAstOd%eﬁeupegwl phivfiplepgthiebN A and

SO ARy A P B )
Sdioﬁﬁhsediﬁﬁ%l@htc[ﬂ‘(l&)and@a&cﬁmc Shaes 6f @théﬂ genes@naludiag gsiees
whj ch det ec ux, as we

an ¥ ﬁ?@ekogewﬁl&m 0@5@%1}% SPFigsfd rt %Qil %ﬁ%ﬂ?ﬂ 31%% have
guéﬂ]@é %ﬂﬁﬁh r&graﬁ&%@h sé&%@ﬁb@@ﬁnflﬁ{tg@ WKLY gene,

flux are outlined i n Rezazadeh
B}I}dﬂmillzaﬁon ee‘aemﬁ@ oy ar@](s%)lueiﬁﬁ}ggé’clmr@ea are known to those of

Rl ahe % s edesci e s So AR SpaPRRIST kg 11 L

is nmeasured in the assay.

Typically nucleotide sequences suitable for use as probes are 70% identical,
preferably 80% identical, more preferably 90% identical, even more preferably 95%
identical to that of the referent. The probes generally will comprise at least 15
nucleotides. Preferably, such probes will have at least 30 nucleotides and may have at
least 50 nucleotides. Particularly preferred probes will range between 150 and 500

nucleotides, more particularly about 300 nucleotides.

In one embodiment, to obtain a polynucleotide encoding a Kv9.2 polypeptide,
including homologues and orthologues from species other than human, comprises the
steps of screening an appropriate library under stringent hybridization conditions with
a labelled probe having the SEQ ID NO: 1, SEQ ID NO: 2, SEQID NO: 4ora
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Such a functional assay is referred to in this
docunent as a "Functional Assay for Kv9.2 (Ro flux)".

wEpmsitéisaml | y, we disclose a nmethod in which PCT/GB2005/001620

antagoni sts of Kv9.2 lower % Rb efflux of a suitably
transfected cell. Preferablyz4the % Rb efflux is
| onered by 10% 20% 30% 40% 50% 60% 70% or nore
in the presence of an antagoni st of Kv9.2. W further
di scl ose a nmethod in which agonists of Kv9.2 increase
ggé’?e{?t R &3 alnH)fsoq’attlr% p%%'tﬁaﬁ abhul-feh @A TDRCA @6ld s@ldmic clones
erably, the % Rb lux is increased by 10% 20%
amammg%ldfp@%nus@%ldammen&mé hyhridizatiqn sslunaecs@re wall

on| st , of net

ARG, Buniethetinaly o Sl SRAT0R B Gppe Y ol Rilines
RSIve %bﬁ&ﬁaﬁ%bdﬁdﬁw)r{srﬁd&%v@ﬁngﬁn encfubhﬂl@witmg degreat Coim a
R=[ Rbl ysat e/ supe pl+Rol %sat e oI ari sation

St mapsisint SAHA rBa SR (194 A Ak do G Fepeiom

b o A el pRomBRELPT P UM BRYT0 dexiran

RabYRERhE 46 e gt /il @endigred shayred sdloronispernk DY, ifolgwed by
whi ch i nclude the activation, deactjvati on and

wasting (hetfilisrs Imfh EXSR¢ 2t ahoubfd 55568Sis the tine t aken

for a full current to be established across a Kv9. 2
cont ai ni ng channel under standard conditions, which

FoR cHrRL ASHAVFOR K 2icoNTRENINGeN CHRANEE®T a ful |

current to zero under standard conditions. Were

reference is made to nodul ati on, increase or decrease

of Kv h% ciﬁ'n@@f)ht% ve kbos 1&@%@61%1%5@8&&& thgf l%verlﬁed by
preferably t ul at1ion, increase or decrease of
K&tﬁleﬁceemmlyssa;tardmndtnond asgays.Hu@anticylaaché vendusianes aleXengpus

bot h. ed..e odlne t he actlv tion

SondisrR R S ! g SR i B qugatifying

50®. ﬁ&%@h& MRLFP forlsbARn &g ﬁ%#ﬂesbﬁbé&ﬂ%ﬂoﬁSS@hlmUpﬁs &cyte
deactivation tinme. A typi cal activation tinme constant
felactre@lyslegyrassaynis mﬁemgw@r eOTIVENIPNGPsAs aA Ftupgﬁl Qi Assay of Kv9.2
Zﬁgentlal jor ,hal f- inactivation Vi/2 inact is-33nV,

°?ﬂ%‘§@ nact y be assayed as a further or

~alternative kinetic paranmeter of inactivation.

Modul at ors, such as openers, agoni sts, blockers and
ant agdie putatiye K9, ign channel subunit or homologue may be assayed for

activity in a “Functional Assay of Kv9.2 (Electrophysiology)” as follows. Capped
RNA transcripts from linearized plasmid templates encoding the Kv9.2 cDNAs are
synthesized in vitro with RNA polymerases in accordance with standard procedures. In
vitro transcripts are suspended in water at a final concentration of 0.2 mg/ml. Ovarian
lobes are removed from adult female toads, Stage V defolliculated oocytes are
obtained, and RNA transcripts (10 ng/oocyte) are injected in a 50 nl bolus using a
microinjection apparatus. RNA encoding other Kv subunits eg. Kv2.1, Kv4.2 may also
be injected to form heteromeric channels. Two electrode voltage clamps are used to
measure the currents from individual Xenopus oocytes in response to agonist exposure.
Recordings of the current are made in standard medium consisting of (in mM) NaCl
115, KCl12.5, CaCl; 1.8, NaOH-HEPES 10, pH7.2 at room temperature. The Xenopus



10

15

20

contai ning channel s are capable of changing, i.e.
i ncreasing or decreasing, the kinetics of the Kv9 2

w@ovsadsssg channel , preferably any one or norECDGBRG18/001620

activation time, the inactivation tine, deactivation
time, deactivation kinetics, 3fotential for

hal fi nactivation, etc. In particular, agonists and
openers are nol ecul es which are capabl e of decreasing

the activation tine and / or deactivation tine

cpstah efagblgs HehBeditd dcvahikabwhiligandsrd/tisare/alantavtaoromtivating
t1me constant) : pr ef erably by 10% 20% 30% 40% 50%
Segsndsrpesagimy o Hughst dﬁtﬁﬂge loW.e. | by decreasing the
activation tinme to 20 ns, 18 ns, 16ns, or 15 ns or

| ess, for exanple.Simlarly, antagonists or bl ockers

of KvAlrmitiee 6mptibha asfays inchuda patel ctane eedtiophysiology Rie flux,

SRR N JETEIE CHRTS e A—
ltﬁls%s%%% b%ée@@nsfi‘&\?é E't@ﬂlvEéti%tettRe AniBBanc3R1tABe @F th@Zell A

more,” for exa inetics and specifical %
mPlaas;say &t deveritidde Wiesiyeaker gtk &ampySm Qﬁ%bl O@Eﬁ(ﬁ@ﬁ 5-1,

g 1 baRE ey Seesr it P SAlco T kg SP T oh PG Q02

tocrgefg)qlg@ry, for full current to be established.
Simlarly, the inactivation tinme is neasured using the
"Functional Assay of Kv9.2 (Electrophysiology)”,

takin of currer t ,a S

9 BT SR oo S S PR RR LS 08 B roons
AlTied Maddt ¥Rdnge it RO HRA6 idendly Afdnictyeidi aﬁﬁagoﬁi@ts(th‘m Methods
measure of the tinme the channel takes to deactivate

dot measgring peidphedied @brﬂ}}xsaée ()@té\n@(bm&@qm chet @J Biomol Screen.
Bogk HJCF gggsg% 9?%93/:4] ofd! éa(ﬁ BBed RIPH )pgssgysﬁla)( g Dev

typrca 8actTvation Ki netics o . 2
Cleohigil M 00g @dA(F)ei2$-34s Péeferably XHRESTuONE ASSAYS ﬁ(ﬂib assay.
KV9.2 In order to design useful therapeutics for
treating Kv9.2 associated diseases, it is useful to

det er ig,0f » R HEH AT @éa?' F’ﬂef&?&i‘ i t19§ d&\ﬁ%le%t fyhet iRfional Assay

wild-type or a part nmut ant ) hus, nethods Qnomn
ﬁhrKh@Z@Rbﬂn&y be used to detern1ne the '

Specifically, we disclose a method in which antagonists of Kv9.2 lower % Rb
efflux of a suitably transfected cell. Preferably, the % Rb efflux is lowered by 10%,
20%, 30%, 40%, 50%, 60%, 70% or more in the presence of an antagonist of Kv9.2.

We further disclose a method in which agonists of Kv9.2 increase the % Rb
efflux of a suitably transfected cell. Preferably, the % Rb efflux is increased by 10%,

20%, 30%, 40%, 50%, 60%, 70% or more in the presence of an agonist of Kv9.2.

The kinetic analysis of efflux Rb+ release from the cells can be expressed as

the percentage remaining ® using the following equation

R=[Rb1ysate/ (Rbsupem+Rblysate)]X 100
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organs, tissues and cell types (as well as the
devel opnental stages) in which Kv9.2 is expressed. For

wezaspbds3s tradi ti onal or "el ectronic” Norther nBCTaB20®8/001620

conduct ed. Reverse-transcriptase PCR (RT-PCR) may al so

be enpl oyed to assay expressB@n of the Kv9.2 gene or

mut ant. More sensitive nmethods for determ ning the
expression profile of Kv9.2 include RNAse protection
assays, as known in the art. Northern analysis is a _

| abor BEgylyridaciem Bhdagnissedmubtdd e tffink ¢RYrae didferant ifnegpoints
transcript of a gene and involves the hybridization of
ean) helefarained ferABSdR sequence to a menbrane on which
RNAs froma particular cell type or tissue have been
bound. ( Sanbr ook, supra, ch. 7 and Ausubel, F.M et al.
supr aR€ -] (Ror. a1 B-RoasBl (gous conput er techni ques
("electronic Northerns") applying BLAST may be used to
search for identical or related nolecules in

nucl egf | f it R@etidsSHBER include
dat abgé%ﬁ??%?yggé éﬁ(ger%ggggtﬁ% f:glggk)%%?h]@s type of
theaktisitonhdmchdhimntaad émciivationaThe asivatienytipe 1§ Bigttiape taken for a

an nultiple r.ane- ba hybri.di zat i on I
bdEsereghio farSteB B ARGRT § R3P-2 2 BuPO g prandand
Bsndimshis! WRRh R GRESFHoR S 16 teima fkeP &rtal falllcarremtetd abro
I's categorized as exact  or honol ogous. The

podey staofadicoudtionsm Whsst jaiprgeds srage Sompaationn ARETess Obe
| ) i .
Pty 97 RERE i EOAT AL S @R R Al Rmoduation.

HermBe 8 SRa%8e oFBVES pbiadatied tinte, brKvherdegsivatidn time, or both.
el sewhere in this docunent. EXPRESS|I ON OF KV9. 2
PCLYPEPTI DES W further disclose a process for

pr odu f+ Bl%f%eléve%‘lb%dﬂﬁ%]ﬁP B icﬁ@atio%%&ﬁ%t £Q1ERd 'a§ £8nehsre of
cul'turing a Il I

genera ost ce conprising a nucleic o

asivhtion ciadh mgl ke dedttivatiorpint corestant isused ank nivesitre of deactivation

Kv fam |y nenbers,. or a honpl vari.ant, or. .

e Detypigel FHBHISBHImEsRISInG B 1 2cR0GHRE ¢ Bflicts s gLms. A

gﬁﬁ]@a'l éb@g?m' t?r W gﬁ‘a&ibﬁiéﬁv@mzmaé?ﬁ YREPL, 268 theSV 1/, inact may be
pressed). I'n order to express a biologically active

Kysyd asomfuathen orgplieontiehkinaéd saramhisr alickevaiide

sequences encodi ng Kv9. 2 subunit or honol ogues,

variants, or derivatives thereof are inserted into

?g ﬁtr g%&gﬁ{laﬁgﬁfﬁ{cﬁ 95 bfdheMe aidMists, bl®kersany @Afa@bniW b€ Rv9.2
containing channels are capable of changing, i.e., increasing or decreasing, the kinetics
of the Kv9.2 containing channel, preferably any one or more of the activation time, the
inactivation time, deactivation time, deactivation kinetics, potential for half-

inactivation, etc.

In particular, agonists and openers are molecules which are capable of
decreasing the activation time and / or deactivation time (preferably the activation time
and / or deactivation time constant), preferably by 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or more, i.e., by decreasing the activation time to 20 ms, 18 ms, 16ms,

or 15 ms or less, for example.
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necessary elenents for the transcription and
translation of the inserted coding sequence. Mt hods

wonkioshossse well known to those skilled in the BPCT/GBR@®S/001620

used to construct expression vectors containing
sequences encodi ng Kv9.2 subsmit and appropriate
transcriptional and translational control el enents.
These nethods include in vitro reconbi nant DNA

techni ques, synthetic techniques, and in vivo genetic

r econmigiHad Jﬁ@nta@éhﬁﬁts bEbIBkdIsIESK 89.2 aehac‘@ablb@@ mclneasmg the
Sanbr ook, et al 1989; Mol ecul ar C on

dctivetert t@my amhglaqieac@w(non tnrga,, prgfryablyg by 4 O"/@gp(ﬁ, §B‘}/q, ﬁ%% 50%,
g&ﬁ,%@gééﬁ@?g /P 'oﬁ!n%%éa gg\’éla)'gli&&ee)ra%ﬁg ?}%V%n tirhe ¥ 2291tns 25 ms

perio rrent Protocol’s

b Mk eEtlosd, & @i, ch. 9, 13, and 16, John Wley &
Sons, New York, N Y.). A variety of expression
vect or/ host systens may be utilized to contain and

expr e’gﬁe ﬁ%@#&%ﬁ% &6 fh‘ijl%'% %‘ﬁ%a@orﬂﬁﬁ%’é My be [8REably measured

i nclu m cr oorgani sns such
asnpaet FuhctidnaBASy Ioerd9\B/| (Etectreplwm]lmgm taking a time course of

33%12 ;éc? epssyh@g@bl D! ]Z%gmg fq%ﬁﬂ]c%ggtto E§ g?@@?hgﬂ Similarly, the
MEEE RN tifkSE ‘f'ﬂea‘s:l?rlsé usiy® Fh%@uhd"tfo%ﬁi R%aWo‘f Rv9ior us

expression vectors (e.g., baculovirus); plant cell

Blsttephysiokgsy otakig atimé catirsaus celxrpn’ea:r@ establighing the time taken
cau nosai ¢ virus (CaW) or tobacco
%ﬁiég? @U\ﬁuﬁ%&(ﬁﬁéﬁ/&c} 2% with bacterial expression

vectors (e.g., Ti or pBR322 plasm ds); or aninmal cell

systens. Such a use is not limted by the host cel
enpl opdidmalively; e deactivatireinetics; Wich apeieasuis 9f the time the

SEOVETSER o et SR SR BIRERIEY Y SOmplprpForeue

w%f. i-a0eveto 8 00:128), 813 be Whtag. iAntypicaltalué fdn tieoddactivation kinetics
lul ar proteins to carry out transcription and

of Kn8Rxonwiningglannels ésdSs may vary in their strength

and specificity. Depending on the vector system and

host utilized, any nunber of suitable transcription

FRPRESAOS ARBA oSO FOR BIVO S, i ncluding constitutive and ™~

i nduci bl e pronoters, nmay be used. For exanple, when

cloning in bacterial systems, inducible pronmoters such

as the, BRI {fidsnds PR PHREBEWRS for treating Kv9.2 associated diseases, it
is useful to determine the expression profile of Kv9.2 (whether wild-type or a
particular mutant). Thus, methods known in the art may be used to determine the
organs, tissues and cell types (as well as the developmental stages) in which Kv9.2 is
expressed. For example, traditional or “electronic” Northerns may be conducted.
Reverse-transcriptase PCR (RT-PCR) may also be employed to assay expression of the
Kv9.2 gene or mutant. More sensitive methods for determining the expression profile

of Kv9.2 include RNAse protection assays, as known in the art.

Northern analysis is a laboratory technique used to detect the presence of a
transcript of a gene and involves the hybridization of a labelled nucleotide sequence to

a membrane on which RNAs from a particular cell type or tissue have been bound.
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t he BLUESCRDPT phagem d (Stratagene, La Jolla, Calif.)
or PSPORTI plasmd (@ BCOBRL), and the |ike, nmay be

W@ e®d/1058B& bacul ovi rus pol yhedrin pronoter nmayPOEGB2®d/001620

in insect cells. Pronoters or enhancers derived from
t he genones of plant cells (®g., heat shock, RUBI SCQ,
and storage protein genes) or from plant viruses
(e.g., viral pronoters or |eader sequences) nay be
cloned into the vector. In nmanmalian cell systens,

REAPRIGRT Suph, QR TRATRLE®R], FeNESt 8 suprgrehniendl 6.3 Analogous
viruses are preferable. If it _is necessar 0 generate

: t
congitér tedhnisueh ielastanisiNestheust) P RS BLAS Ignay Rgused to search

equence encodi ng,Kv9, 2 q
BF HeB0o a5 PR BRI B qoMBERSS AR SR
IBHSH) ddtathas (TREjtePhansdcentiealsh Thistype obinabygds ssideantages in
vectors nmay be sel ected dependi ng upqn t.g.e use o
that bayiawy befaserghan mylip m.embf@fle-gﬁ%fﬁ&yé}’l IgARPNs Iy gyldition, the
uantiti of [ icular
Pl 5B oty So Rt e AREATOERARErhe B any par
hewslis exgieizsd anexikt bisinarogoust ei ns that are readily
purified nmay be used. Such vectors include, but are
not limted to, nmultifunctional E. coli cloning and
expr egf| 2l Hel may 86 €ABloyed Bs
o ch s A R R ot "y D lovel &
kdsgatierbapattoandumatesials dor discoleryrnf tigatnrenseandatiagnostiesrto animal

the am ng-term nal, Met .apd.t he subsequent {.resi S
ard hurgan Geveosiaa ssuadsd i gy ﬁ%f?lae St s ‘§°°“%%§t-
produced, plIN vectors (Van Heeke, G and S.M Schuster
(1989) J. Biol. Chem 264:5503-5509), and the Iike.
EREKEsstoN OF K92 BoeyREPTMBEN son, W's.) nay al so be used
to express foreign pol ypeptides as fusion proteins
with glutathione Stransferase (GST). In general, such

f usi Oy PRRMEF MiSc1Bsca srabstb e prodhcaiie KasRIpplypeptids. The edbthod
fromlysed cells by adsorption to,glutathione-aganos%
emgrsdsh Eovesd cplfuangie hot celhcQrprrisinges phdecgridigngeding Kvo.2

| ut at hj one. Protei.n ' :
delfoforcls TG preth Bl SR Tty RSty St SHBpERELD oans, or
REAY B8RS eherbsTaNREE ssitdb@sconditioha(i.ef, leenditionenh okl feg{vaiz -
of interest can be released fromthe GST noiety at
wolyipeptide 18 ﬁ’é’f?ﬁﬁ@t- Saccharonyces cerevisiae, a nunber
of vectors containing constitutive or inducible
pronoters, such as al pha factor, alcohol oxidase, and
PGH, In order to express a biologically active Kv9.2 containing ion channels, the

nucleotide sequences encoding Kv9.2 subunit or homologues, variants, or derivatives
thereof are inserted into appropriate expression vector, i.e., a vector which contains the
necessary elements for the transcription and translation of the inserted coding

sequence.

Methods which are well known to those skilled in the art are used to construct
expression vectors containing sequences encoding Kv9.2 subunit and appropriate
transcriptional and translational control elements. These methods include in vitro
recombinant DNA techniques, synthetic techniques, and in vivo genetic

recombination. Such techniques are described in Sambrook, J. et al. (1989; Molecular
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may be used. For reviews, see Ausubel (supra) and
Gant et al. (1987; Methods Enzynol. 153:516-544). In

W@ 2®e4038Ber e pl ant expressi on vectors are usedpPCT/8682005/001620

expression of sequences encoding Kv9.2 subunit may be
driven by any of a nunber ofzgronoters. For exanple,
viral pronoters such as the 35S and 19S pronoters of
CaM/ nay be used alone or in conmbination with the
onega | eader sequence from TW/. (Takamatsu, N. (1987)

J r’é&% ha), N4 QT ARETeLEl K
JAL 161, \Gol® Pafhoe PessS,
su gas ta e ﬁansﬁbﬁm t of RUBI §08 or hegat shockS

Hlﬁmmt;veNsYﬁnyd ﬁmuﬂ@é& M.Goel£395 agd periodi supplogats;Kiysesnt

J. 3:1671- Bro lie, R, et o dd [
o] cealg et 0. g B ot 85y 80ff Bfew vork
Cell Differ. 17:85-105.). These constructs can

be |ntroduc_ed into plant cells by direct DNA
transformati on or pathogen-nedi ated transfection.

Sucht echni s_are.desc 2 :
avai | SPEe &) PumereREloAgHt syefls R R Bize O Wit o
kds¥ seduendes ehdb Q92 Il bunitY & ﬁéé@dﬁd&ludﬁ bScire moelimited to,

Technol ogy (1992 Graw Hil'l, New Yor

¥ todre@ijms mhuaﬁi)é@@nww&m?éwﬁ @6%&%%%@“@808}1%6
@9@'{1@;& %\é{% % &Bré sio qrect%%‘sa TRie fraﬁﬂor‘ﬂ{b% wide 9east expression

arca ornlcé nucl ear pol yhi dfosi s
Ydckdts, ihReNRY) sytst&‘zms Sleféctas withwéins expressi@xyrcess (6.9 bacgh)vn-us)
genes in Spodopterafrugi perda cells or Tric si a
Partad crines e SRRV G 5 SRS 2 SR e CHETEE mosaic

@@M\g 85‘ HRSSE wu@gmgj Qi bAdMRIAT bk pSssicihddtors

r|n gene, pl &ced under control of
(ef% ’DxCﬂtr)pMZQ Iplzp;gﬂdﬂ)i cﬁramrsuc:clé sgftemns.iSuskatiseis nof ligjgd by the
subuni render the polyhedrin gene inactive and
b?%&ﬁ%émp ¥ﬁ%b|nant virus | acking coat protein. The
reconbi nant viruses nmay then be used to infect, for
exanpl e, S.frugiperda cells or Trichop|usia Iarvae in
V\:hl chTngco&tmbdelamem’hgr ‘rrogulathmmuemy ae t@sa new-rapslated

(gglé)ga}@%%}_ (1reh eﬁ']émﬁ %Q%gf%rts S’ a ut n%lgtateﬁcrkglons)h

Whic! 1ni%§‘a%f—‘@/1tﬁﬁBEt%%ﬁh@f‘p&%ﬁﬁﬁtﬁ&aﬁ?%uhﬂaﬂ;ﬁbmﬂ)mm tfanslation.
cases where an adenovirus i s used as. an_expr.ession

Sedt cemente mpgry@gsméh@lb @{rqn@th@gl spedifipitin ,erﬁﬁ@mg gn the vector
Jat &dy L O% Qiftibad gr?yn&}/rhlgelf%f LLBRRCEARE YR drdtShabli@Delements,

including constitutive and inducible promoters, may be used. For example, when
cloning in bacterial systems, inducible promoters such as the hybrid lacZ promoter of
the BLUESCRIPT phagemid (Stratagene, La Jolla, Calif.) or PSPORT1 plasmid
(GIBCO/BRL), and the like, may be used. The baculovirus polyhedrin promoter may
be used in insect cells. Promoters or enhancers derived from the genomes of plant cells
(e.g., heat shock, RUBISCO, and storage protein genes) or from plant viruses (e.g.,
viral promoters or leader sequences) may be cloned into the vector. In mammalian cell
systems, promoters from mammalian genes or from mammalian viruses are preferable.
If it is necessary to generate a cell line that contains multiple copies of the sequence
encoding Kv9.2 subunit, vectors based on SV40 or EBV may be used with an

appropriate selectable marker.
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conpl ex consisting of the late pronoter and tripartite
| eader sequence. Insertion in a non-essential El or E3
w0 e@soosssd t he viral genone nay be used to obtBCTIGB2005/001620

vi abl e virus which is capable of expressing Kv9.2

subunit in infected host cel4os. (Logan, J . and T.

Shenk ( 1984) Proc. Natl. Acad. Sci. 81:3655-3659.) In
addi tion, transcription enhancers, such as the Rous
sarcoma virus (RSV) enhancer, may be used to increase

eXPr §3 $h&QBridl Ry FBAER dudibeh @ﬁéx;ﬁr@dsio‘h vettousmay be seaeatl e,
Kv9. 2 contalnlng channel s are expressed in either

dapammgmmwbm iigs lmeuﬁ@yfoz K39 2Hmkpoit)Fos exanspley WhgIharesnt

[
I T
d‘nre % EveP&SREseion OPNAIgr pr@fe1ﬁsahatra$@fehd1d)y1pmmﬁ&ni maypEhhsed.
3 vector. The cells are

SostivoranClofi LA BN}, PR BB IR b Ll areEd
eté(gfeegg Pg %gcpc&% éh 3 glng‘EéFkHQﬁ E&ﬁratd@gh@)r imwiiRR ki &ﬁuené;e

IVI ones  are pl cked andexpande
dnesdihg KVDGZ su&ﬁﬂk ymy de lightik2 980 tic @eiOr defibmetvitirestieatcesifor the
with the vector al one serve as, neg ﬁ controls
“Eha°

ar@@p-a@r@n@@Meu anf dhe %‘Péﬁ@l‘l?nte&rﬁﬁ@%%ﬁ IPFIASgSQ ¢ J}ﬂIa hybrid

nnel s, . ab t d
ik N P o S L S R Rt g
%rﬂlﬁotd%teg); laiixl mellnkeafﬁﬂm( f&ﬁms‘(ﬂ’mm@a i\/ladlson Wis.) may
resi stant cJopnes an
o st e S ER A e T Bha B s Pt i fagpione S-

5t 30, P g g

;&Irﬁiedd'mﬁ iysed edlsaryohdd@ptlmtoegluw}aomﬂaagamub@m followed by

del.i very net hods cation

ok e PEsCoaer bt BRTRTB e RSB G s ey be

C?é% bl kS inchide 'h@}%drf?ln thebEPR| &r ABdor X ASprobRiseisledh alge sites so that the
eve nmore efficient translation of sequences

elnn@ﬁpoigadwge of intewesh can begpkeasest foralthe GREIMQIey#h¥iATG
initiation codon and adj acent sequences. |n cases
where sequences encoding Kv9.2 subunit and its

I Ni ti B ih0Wessd SQsEhAFSIH MBS 88T E @t ligihee 5 woeors Deeainag
into the appropriate expression vector, no addjtion E)
cmhmtxrvp ot inseiblecprompigrss puah; a5 withadasieh 8 JeoBolgrrdase. ﬁ&@ GH,

ﬁgﬁgeecfj F81l'_1‘be\§1€e aSGG Aﬂisﬁga?ﬁlpm%ﬂ Ahet G 9% Methods
Enzymol 153:516-544).

In cases where plant expression vectors afe used, the expression of sequences
encoding Kv9.2 subunit may be driven by any of a number of promoters. For example,
viral promoters such as the 35S and 19S promoters of CaMV may be used alone or in
combination with the omega leader sequence from TMV. (Takamatsu, N. (1987)
EMBO J. 6:307-311.) Alternatively, plant promoters such as the small subunit of
RUBISCO or heat shock promoters may be used. (Coruzzi, G. et al. (1984) EMBO J.
3:1671-1680; Broglie, R. et al. (1984) Science 224:838-843; and Winter, J. et al.
(1991) Results Probl. Cell Differ. 17:85-105.). These constructs can be introduced into

plant cells by direct DNA transformation or pathogen-mediated transfection. Such
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thereof, is inserted, exogenous translational contro
signals including the ATGinitiation codon should be

w@e@gilesses Furthernore, the initiation codon sPOUGH26/001620

in the correct reading frame to ensure translation of
the entire insert. Exogenous 4ransl ational elenents
and initiation codons naybe of various origins, both
natural and synthetic. The efficiency of expression
may be enhanced by the inclusion of enhancers

apgiminpies ateaddsaribedtis apaibeicef gehe@RY hvﬁmle%wéﬁ@.d(ge& yeh
as those described in the literature. (Scharf, D. et

gxampleg Hlepbies gr Marmyy by in dqGirap; HillY earbepkigfiScignze ynd n
hid St al h rits

B PRIgRy (BoBRSteCRal b NG RoREXL R 5 O E R0y B
sequences or to process the expressed protein in the
desi rggnfas ion. Such nodifications of the pol ylpepti de
i ncl udé’} M5t S¥yEm ARy "’rkfc’nt?e_t“gﬂ(T toexpagss 924 Funnit. For example, in
[i Slkggeai%/%ygﬁhg?# é@gﬁ@@i@b{hgﬁ%hz‘}%gﬁl@ tr ar115 e)gthﬁggn afhs (ANPV) is used
78 aoesior hgeXNMTSG lfﬁorgi%@m; i Spqm'@pflnﬂ frigipemiotellstor in Trichoplusia

rotei-n may al so be..us o facjlitate correct )
T34 s Py ong citig B pbifet misk Be Blorpb i & mhpsesentia
@edibs oMhe SiaVsRCE BEGE hbEhedid sindl aﬂm'ﬁéeﬁ%lﬁela{bﬂfml of the

characteristic nmechani snms for post-translationa
Febibgdrin pronjesery Sucaepstyl ipksttion .2 BEK@§ 3yillaseietiB)olyhedrin

ef B AT P R R R PR s srominant
emssasandhiien be newt o ieditf foe atdmle a0 G RiReAS SIRDr O ichYfusia
For .| ong terg% hi gh yi el d production

f orei gn protein. .
SATVABOHFR KNP siopiaen R on shaeh max e shpiested @ngelhard, E. K. o
R &1 45 Bebc. KAF Agc&g.n@i.en- I41325|7_:jn§s capabl e of stably

expressSing Kv9. ono of hetéromeric ion channels can

be transforned usi ng expression vectors which may

contain viral ori%%pa of replication and/or endogenous
Cah

expr eSS PBAIRALBRLA & mymdgy %@Yi%Tb@SWX@é@SS@é AEstgns may be
uNBzRIAMECcREs Pherd 28 80 Bs M%@écpﬁ %nF %g%/&%fgﬁ%ﬁ%tgﬁé%q%egces

introduction of the vectors, ce
greswirfeoK vaB subunit may Be ligeysl into @vadendwchsitedbaiptiehoraaslation

St SR bR BB FohebFd ol [uEiselince Toserton in o

f6h-e€bhtd) £ 186183 feBioR 08 FRNGARI BdomSm8y B da0 AnfaGEPVELN virus
of .cells which successfully express the iIntroduced

sbinhdpeenpblorpdaxpressing KO Asubwiit intiafsrted hosisfloneghn, . and T
SRS ﬂ}gc. Fl\ﬁa?i. MCS(E ?c? % 1 ?Sﬁgg 9 6%? I gdcﬁt%nt, lijlrrar(?scription

techni ques "appropria
enhancers, such as the Rous sarcoma virus (RSV) enhancer, may be used to increase

expression in mammalian host cells.

Thus, for example, Kv9.2 containing channels are expressed in either human
embryonic kidney 293 (HEK293) cells or adherent CHO cells. To maximize channel
expression, typically all 5* and 3’ untranslated regions (UTRs) are removed from the
receptor cDNA prior to insertion into a pCDN or pCDNA3 vector. The cells are
transfected with individual channel cDNAs by lipofectin and selected in the presence

of 400 mg/ml G418. After 3 weeks of selection, individual clones are picked and
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cell type. Any nunber of selection systens nmay be used
to recover transforned ceir |lines. These include, but

wae®@snes3g i mted to, the herpes sinplex virus payGBI08O01620

ki nase genes (Wgler, M et al. (1977) Cell 11:223-32)
and adeni ne phosphori bosyl tr agpsf erase genes (Lowy, |
et al. (1980) Cell 22:817-23), which can be enpl oyed
intk or apr cells, respectively. Also,
antinetabolite, antibiotic, or herbicide resistance

GRParRied A SHrtRE B sk AER26Dbr SECRSAs 9nsEAEd FKATRS Foctor alone
dhfr confers resistance to nethotrexate (Wgler, M et

akrve@g gm}w@pg@rolmﬁlﬁq isolgiexdll ligeg stably ezgmszsnyg)t}‘le 1mby1dual

RIS il of SREET w0 |- DBH G 334055 SR

Lallydis. J@)anndNARAAS ¢ g@irtal §ARIRIablEiBIabb@ B0, bOthe G418 resistant
chl orsul furon and phosphinotricin acetyltransferase,

cdonseanalyzedy (Murry, supra). Additional selectable
genes have been described, for exanple, trpB, which
allows cells to utilize indole in place of tryptophan,

or hi $Dmmhdrdficial &mwﬁloﬂﬁhésf{HtA{ngltﬂalyiam Hel esiploydd to rdehver larger
pl ace of hi_sti di ne. and R_C . Ml
(f&a@a@)ﬂ PESINA B can/lz@ézanta@@fl an@ sxrgei@?d B2 §’Iaﬂ§@e HtAQﬁ ot about 6

tlﬁ’)ec ‘igrevéoﬁétMC drg?ldlﬁ%fﬁerg@%a%hmoﬁﬁ 1% tr%eﬂ%&sh

such ers asantn ocyani ns, ucuronl
s(hmms,qxﬂszdﬁnomn drrhmn:pdlgma]seola\redlcldss fg mllttsapeatle purposes.
luciferin. These markers can be used not only to
identify transformants, but also to quantify the

anmountgyaf; it ARG igHs 1%5? Bls§ bR LSddab AKX £98 Gfcient
attributable to a speC| I'c vector system (Rhodes,

Aranglgtion of $499B}ps MEOHBgIWIE subBiis) Suc551gna$-mcands) the ATG

ho h / ab f :
PR 2n GBS ST Gt VOIeT FRELPRGE cpeodipedsvo-2
RUBSENnd itd18itRAIES 6O AdhpRHLSET L&t edbretilRree Mo ARY
need to be confirmed. For exanple, if the sequence

ADDSUTIAG SKDTSROR MeRier, o peditionsd frerseripiiondl ar Hanslatioanl control

%%%g%ﬁ%“l%%e%ge& T}gﬂiefvgf (';Eggasgﬂvb%ee nglﬂ% c?dedz}{ggs%q?ﬁqgg,e&caeﬁagment

abaestU B indertad) ds@perg@B erahslatinbbdontrdl §1gnaﬂatﬂcuﬁ]hng tha ATG
mar ker gene can be placed_in tandemw th a seque

éﬁlélémlhgod&wh@ﬂé &6 PFevEdsdnHethermeares &hﬂ%ﬂah@f cogogy SH@Mé be in the
tr@a{dm%ﬁgﬁlg Yo él%ﬂreotfrantsﬂﬁfnpﬁf g gnﬁl%rlﬁselfp E&S%e‘?lgﬂssﬁ?aﬁs tional
uctiron or selection usua y I ndicates expression
tmmdﬁlnngmnen asdoms Inlay be of various origins, both natural and synthetic.
The efficiency of expression may be enhanced by the inclusion of enhancers
appropriate for the particular cell system used, such as those described in the literature.
(Scharf, D. et al. (1994) Results Probl. Cell Differ. 20:125-162.)

In addition, a host cell strain may be chosen for its ability to modulate
expression of the inserted sequences or to process the expressed protein in the desired
fashion. Such modifications of the polypeptide include, but are not limited to,
acetylation, carboxylation, glycosylation, phosphorylation, lipidation, and acylation.
Post-translational processing which cleaves a “prepro” form of the protein may also be

used to facilitate correct insertion, folding, and/or function. Different host cells which
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Alternatively, host cells which contain the nucleic
aci d sequence encodi ng Kv9.2 subunit and express Kv9. 2

w@aiwanos3smy be identified by a variety of propedGBe®5/001620

known to those of skill in the art. These procedures

include, but are not |imted43o, DNA- DNA or DNA- RNA

hybri di zati ons and protein bioassay or inmunoassay

t echni ques whi ch include nmenbrane, solution, or chip

based technol ogies for the detection and/or

ﬁu@miﬁeﬁﬂﬁ@ atilwar mﬁchmmy ahd clathderistic mll&hmiisms éxpestsieaslational
resence polﬁﬂucleotlde sequenc enco

R Besaignk HO CHA b e e BESEP 03y AL S fga the
Méﬁcq{l é@ﬂ e @dmuléri@@f ”Bé{ﬁ 9, Maqaﬁén& ‘e chosen to

ragnent s or ragnents 0 ynuc eot 1 dés encadi ng
Ku@ire thedomacttmodificdtisnand (prcd:emmm offthe farkign pbetsied assays
i nvol ve the use of oligonucl eotides or oligoners based
on the sequences encodi ng Kv9.2 subunit to detect

tr ansfaf (RBL SIS ‘Hfgha}hélﬁ o ddoRbf B%Sﬁﬁﬁ%%ﬂ@&a@e expression

subunit. A variety ‘of protocols for detecting
neprslaried gF arteasamplsy eesllslurms capablyvef abdy b&measmgdévﬁ?@ homo or

i t her palyc]on or nocl on I ant i bodi.es s
Filer ey Buels P bR Ao PR e o YA EE e may
Soatain BN BHEWE 5 tpHLAIIA 200BY BRIddefidi®txpression elements and a
i mmunosor bent assays (ELI SAs), radi oi munoassays

(s#ipﬂglyle mprkerigenp el hesawe oF o B weRaselc yestpr. £QHPWW@ the introduction

ﬁ}%@ectopé [y rﬁ%i}; fe ?l%%ﬁ %Pdﬁué T@raa%ggt f W@%@?l\’?\o @¥riched media

I ZI Nng nbnocliona S reactive

ﬂb@fbrd: héigg beliched t€ pdleaive snalte. KW pirppedofthe sélSctable marker is to
preferred, but a conpetitive binding assay may
cAplen jrsistangniosslegtion. onf #5 Pesengp2llgwe sipath apd §%<'10.Vﬁréd>f iclls

g‘ér 0 ogf%sgfmx/g%ﬁ%% fie lﬂtE)dbor at Henc rﬁg]lﬂhtscelé%%gﬁsﬁ/}y
A!Bﬁsfﬁrmatqellsmal?élelp,roll\femd) usarg.hssme dHtdotechidquds. apptopaikte to the
(1983; J. Exp. Med. 158:1211-1216). A wide variety of
CEBEYRS- and conj ugation techni ques are known by those
skilled in the art and nay be used in various nucleic

acid and am no acid assays. Means for producing

| abel diympiortied b Zeeldotinn eyst@mnpy bbesedftoreapetieransfigmed cell

ces. relate ot.i des encodi n V9. .
3BRhess AettaeTor gof SR oy TR SR craer ¥ Rofiymidine kinaso
2RRsal9BkIeR M. Qfal. REY BRI 1128t 320 And 8ot BPRIrBfsyliransferase
nucl eot I de Alternatlvelg t he sequences
genes (Lowy, I etal (1980) Cell 22:817-23), Wthh can be employed in tk” or apr’
cells, respectively. Also, antimetabolite, antibiotic, or herbicide resistance can be used
as the basis for selection. For example, dhfr confers resistance to methotrexate
(Wigler, M. et al. (1980) Proc. Natl. Acad. Sci. 77:3567-70); npt confers resistance to
the aminoglycosides neomycin and G-418 (Colbere-Garapin, F. et al (1981) J. Mol.
Biol. 150:1-14); and als or pat confer resistance to chlorsulfuron and phosphinotricin
acetyltransferase, respectively (Murry, supra). Additional selectable genes have been
described, for example, trpB, which allows cells to utilize indole in place of
tryptophan, or hisD, which allows cells to utilize histinol in place of histidine.

(Hartman, S. C. and R. C. Mulligan (1988) Proc. Natl. Acad. Sci. 85:8047-51.)

Recently, the use of visible markers has gained popularity with such markers as
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encodi ng Kv9. 2 subunit, or any fragnments thereof, my
be cloned into a vector for the production of an nRNA

w@e@baoss®ich vectors are known in the art, arePCT/GB2005/001620

commercially available, and may be used to synthesize

RNA probes in vitro by additiepn of an appropriate RNA

pol ynerase such as T7, T3, or SP6 and | abel ed

nucl eoti des. These procedures may be conducted using a

variety of commercially available kits, such as those

%f r%g % llab%ﬂﬁﬁéeaan& 1{5'%9&1%6( &edsa Biﬁ?ﬁ@hfer%eﬁdhd)lts substrate
|son 2 ) U'S. Biochenical Corp

lﬁléifa‘me I"I&mi: mﬁik]em)can Bel lusfaﬂtrloé onb’pto ml@mfma@&m@@t%but also to

‘5@3&%2@@%%’3’2@%@%%“ sﬁtbgpoprgggg?fgres%%tne ?tn'butab qu %8&;11‘1(;

eSS, MBI NERRBNTC. A%kt ﬂh(m@pﬁﬂaﬂfbdamtswl 35:1el1318s
substfates, cofactors, inhibitors, magnetic particles,

and t he I|ke Host ceIIs transforned w th nucl eoti de

sequences encodi ng Kv9. 2 su uni,t I

cond: ATORuSTORR plesthcpRneR BrERes ERle i o S Bietine

géh% iRk hlse Iisress@lhtl the Prdsefi® anﬁhﬁ piEEbE bflthB rgemmeyi nbayi to be
transforned cell nay be | ocated |n t he cel

aaermadeFor%@meked tler segwency |en@dilmgnKV%8é}ﬂleltdﬁ fperted within a
aﬁiee? %Igrrl]egsr?o ner}ch 31%%)%?(% Sel?srl:% 9&51}(15? Fe \ﬁ@ﬁé rené&l%ﬁ K{$2 subunit

0S€ 0 art,
W&Séﬁtﬁ%d\f@&hé aseicdfahnikageene Ifmmmoheﬂlterdaatsve\m |aainarker gene

encode Kv9.2 subunit nay be designed to
o TnRarHMAT bt Poepre OB KR Bl ik fhe Eontrol of
EIQL gfégg}m% . é’sgltoh%f ﬁ{eexﬂéﬁ‘ﬁéxy %etne(in ﬁ%k)!)nsg@@maﬁ&?on or selection

constructions be used to joln sequences
aneiigindgcdteOexPressibu of thettmd&nngmatas dgellsequences
encodi ng a pol ypeptide donmain which will facilitate
purification of soluble proteins. Such purification

faci | 'Alﬁﬁ}aﬂgelgoﬁ@t Bd1siétifutail We RIcBidBXid bdqieh®bntoding

met al at epti des such as histidine-tryptophan
Kva @ sabunihand amr@pr/@rZ fubunsit imap bendgéntitisd bl ievetctymd arapedures

rotein A do a ific
RAub T 128N SHLOLF bt 167 Pl PR bt Bt Ul o
eA FBAGS£HNANR NN @ridiAatibys didrprbleGpbib&RaypyisiBiinoassay
(I'mmunex Corp., Seattle, Wash.). The inclusion of

tdcbpigaed which mm@udeseqn@ﬁn@ssolu@e@wr&@ln brsacteshnalogiescior gie
Fact or or en kin <€90,
ég'ieftforﬁ andgdped hfe Pt Bﬁl}?f ?(1%32 i on oﬁgls‘%ﬂgﬁ the Kv9.2
subunit encodi ng sequence may be used to facilitate
purification. One such expression vector

The presence of polynucleotide sequences encoding Kv9.2 subunit can be
detected by DNA--DNA or DNA-RNA hybridization or amplification using probes or
fragments or fragments of polynucleotides encoding Kv9.2 subunit. Nucleic acid
amplification based assays involve the use of oligonucleotides or oligomers based on
the sequences encoding Kv9.2 subunit to detect transformants containing DNA or

RNA encoding Kv9.2 subunit.

A variety of protocols for detecting and measuring the expression of Kv9.2
subunit, using either polyclonal or monoclonal antibodies specific for the protein, are

known in the art. Examples of such techniques include enzyme-linked immunosorbent
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provides for expression of a fusion protein containing
Kv9. 2 subunit and a nucleic acid encoding 6 histidine

w0 e®sds838 precedi ng a thioredoxin or an ent er ORCTGB2005/001620

cl eavage site. The histidine residues facilitate

purification on immobilized Agtal ion affinity

chromat ography (I M AC, described in Porath, J. et al.

(1992) Prot. Exp. Purif. 3: 263- 281), while the

ent er oki nase cl eavage site provides a neans for

by (FLISA &y ddimuhmbassaysr (@A L)) end fisorescepeadctivated Aell sorting

di scu33| on of vectars \ghl ch contain fu i.on rotelég I8
janti odies

AdvioniieoPnogipnal-baggd 1gmunogEsgy il ppcigp
re%ctAVAé]to P hon @Q@%{%@l& MK@ S Wl is PR, but a

Fodu ce not on econbi nant” production, but also
bympltitiee birpkg asdmy myyl bhempbyediThgssaid chp‘rﬁayefs are well

denebinahsat PP LR & bl HOODTOp R Mgods.

RS atord mﬂ{ﬂaqy&%oﬁﬁvbme%&mt%m Mih 9B @fMaddox, D. E. et
synt hesi's nmay’ be achi eved, for exarrple usi ng the

Abp1988dJ. Bixps Yeedehs: HZiIlﬂl?{lé})tl de synthesi zer (Perkin
El mer). Various fragnments of Kv9.2 subunit may be
synthesized separately and then conbined to produce

the ful{ideeRgEy oTRAREWNE coluQRENICHnidive ateihon by those skilled
pol ypepti des, nucl eic acids, probes, antibaodies,

exibe egsind mayehe: useS inayraions g%ﬁ%@e agidend sEnng agd aysay Megps for

th@ggl)noq%qeiﬁd%yeﬁ %@é%@%?otf‘gg&rﬂ{egﬂn Qe ﬂc%ﬁ‘@elated to

gell‘yhaelsota&s bddigh gt v2 Gl?lﬁm(ﬁtoﬁ&:ludl‘ﬁlicblngmrha‘rmhng, ma« tgmslaftlon, end-

nol ecul ar recogni ti.on, r | ect

Nibehng. orB6R AmRlficalion BUBE & absledanElsAke. At '%gf '1xa ¢ sequences
&)d?n 1 G P Hﬁﬁﬁ%ggﬁly stthéx%gf 10E BEAIMRR iABASKERE for the

e group of suc e sors w || ‘det'ect the change
phidubtidsotauaBNA probbléuobtveaaﬂs ape ooyt indbe aift, ate sommgradally

i bl oo b oRt AR 08 o i

HE@%RH&@W& PEGdlr is\é s6H dsPBOTHELY YPAA I8H1ERRE: | §DtASE TMhese
ance. Biosensors |ncorporat|ng Kv9. 2 may be used

pooceétres tnatylbe cpndstadasingra ¥ aewe{ offompygreially pyilble kitshaich as
construc f such S 1S

Gioee bt Bharria & URERALST Rg e My Rk i M eor.
Ne1R9! irﬁlrU.Sy BicBmicar C&@t @CIkvedihd, Ohio). Suitable reporter molecules or
Jabels which may be used for ease of detection include radionuclides, enzymes,
fluorescent, chemiluminescent, or chromogenic agents, as well as substrates, cofactors,

inhibitors, magnetic particles, and the like.

Host cells transformed with nucleotide sequences encoding Kv9.2 subunit may
be cultured under conditions suitable for the expression and recovery of the protein
from cell culture. The protein produced by a transformed cell may be located in the
cell membrane, secreted or contained intracellularly depending on the sequence and/or
the vector used. As will be understood by those of skill in the art, expression vectors
containing polynucleotides which encode Kv9.2 subunit may be designed to contain

signal sequences which direct secretion of Kv9.2 subunit through a prokaryotic or
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of |ligands such as ATP via receptor-pronoted formation
of [3Hinositol phosphates or other second nessengers
w@ Ystnowsss al ., 1998, J Biol Chem May 29; 273( 220CT/GB2005/001620
14053-8). Receptor-ligand bi osensors are al so
described in Hof frman et al.,4@000, Proc Natl Acad Sc
USA Cct 10;97(21):1 1215-20. Optical and other
bi osensors conprising Kv9.2 may al so be used to detect
the I evel or presence of interaction with G proteins
afdryotib 8511 REAbRINBSORS colREaEHdIe thaybe dsod teejoimysiqesnces
Figler et al, 1997, Biochem stry Dec.23;36(51). . .
@606i8g F92nwibBaif f4 wuclgotig sequenrss enegsing: pelypFriide sgggin which

Jul . 2 4):5.164-74); . ' i ; ;
L fitdabisticfigh O donte Bt Bl plidfcioARIAR iR 86Rains
ASKAY ST B iy Amte@ @, e gitchdlating peitides sigh s instidpegsyptophan
variants, and derivatives, glh,et(?er atural or . 1
medéabibabaliow pyiioston ppimipellizad el BEYFRG fegring hat allow
for 1L e KV intutil2kd Ve FLAGS
iAo g Miobili b BBt A M thoPtn® aRIvilREd R fle PLAG
ettensivii/dffinitpptd fiction sysém (mhegorieps Sexttip] Weie). dhe giclusion

iy RS RO UBER S R, 3 G

t)ﬂlgi% S, iSHn Do, BXBIP betwees kleSpuriERbtior d@Bain and the Kv9.2 subunit
reparations, chemcal |ibraries, and natural product

shcotlingasqueThesay balsed tatfecliateburifigatiens Qrgysuple expgession) vector

substrates and |igands or mm . o

P S iriet PEE R-Raprel sglfpiBpE KoY Ehut apd a nuclei acid

BrQIRGE Bistidind FBAINEY P@Yedifgd Hidra@sxén obar diébkinksecleavage site. -

I on channelcﬁgléfeptldes are responsible for .man
& 14C

Bhohistilioaresi iisle PUFGFAEIIS AP KASO B EigPRALTnity

cordi ngly, mida S ' fyi eoa. -
et QA PTG Bolel L A 3PP AR R 3 263
bRE), ARHe fRngtersitinadeictdayegarsite phovidds at heanks dowcuirgingKvo.2
Kv9.2 ion channels on the other hand. | general . o
agfomitdrom deduann AFBeIN s dISSHSIRRIVEHOE ‘V}E‘P EodrRfusipp grotemns

’ [ | ’ : G008y -989) as

S A R g
desi gn of candi date conpounds likely to"be able to

upon. SEAERANtR ol QLS RS G TR G P Lo LAY RO T
RRHBER, *bgm{ealﬁc%‘fdﬂ&% Bepti sy SBbas Hink Bdidshaeb thbighes.

interact th specific ) )
(Merrifield J. (1963) J. Am. Chem. Soc. 85:2149-2154.) Protein synthesis may be

performed by manual techniques or by automation. Automated synthesis may be
achieved, for example, using the Applied Biosystems 431A peptide synthesizer
(Perkin Elmer). Various fragments of Kv9.2 subunit may be synthesized separately

and then combined to produce the full length molecule.

BIOSENSORS

The Kv9.2 polypeptides, nucleic acids, probes, antibodies, expression vectors

and ligands are useful as (and for the production of) biosensors.
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other proteins is a physical structure determ nation,
e.g., X-ray crystall ography or twodi nensional NWVR

wo e@bnosgees. These wil |l provi de gui dance as t oP@IGBR005/001620

am no acid residues form nol ecul ar contact regions.
For a detail ed description ofgprotein structural
determ nation, see, e.g., Blundell and Johnson (1976)
Protein Crystall ography, Academ c Press, New York. An
alternative to rational design uses a screening

pr ocedwcerdMg' oA ZBVE MBS),iAhal &THREAL yr{?ﬁ .0046831@ biosensor is
o ri ate cells which express the Kv9.2 ion channel
hedng pinigErcositinglion affecrrest for gipdesulas reogghitien.ide

f.r
etk e
tthaasdxpr s Eexdsn’ﬂttﬂig&h@ yalageméedsaredcOnt griupdf ‘Mdlfblasehﬁﬁ*s will
corrpotﬁnd to o rve binding, or stimulation or

CRiRPIIDE chanes R i GeyseR %Fher‘)é’élﬁ%lr?é@e%r‘) @ aripteelayer due to the
XQBRRES) OORY ERSmBRYitD fhe sﬂh%ﬁﬁ %gi Bfﬁn{(\f@ngz}ﬁ:ge\:) Eiglé]tues may

pol ypeptide, and currents in y expos
de mpantinded masube@ihpgp mstfy ahd smfa:caglasmba mqmnms]aroed;sors
el sewher

as descri rthe a|I e

TReclR e B el oty Rrrsncs elarqlpr kvpie 1gads. The
%Mﬂst&cﬁb&bblfuubh Blosé3rsds %ﬂtlé‘lb%riﬂ O, channel ,  a

l'ibrary or bank of candidate |igands may

advant ageously be produced and screened. Thus, for

exanp nk. of over ut ands has bge :
assen‘g%géf cfﬂg e PRERT I Ig‘%%eg’ﬁéﬁﬁ “E?eﬁerﬁng%"é’Eer systems for detection
of Hpsls she $,ATP Kfﬁ&@%tcﬂrfﬁoﬁbéﬁ%ﬂnﬁb@ﬁn@PS’PI‘]lﬁd%lt@Pﬁho\ébﬁates or
an ion channel; naturall occurrin npounds whic

QNPT BReopt messepseta (Wit 8 ,f1898ah3106%h€m Mhayel9;273(22): 14053 -8).

I d
R Dt BBt S BBy BBl EG0, B I Ay s
SohiSuh st rmw(a DN 154200 Bt ,anb uthev\faﬂoeéhsaﬁtcbmhemgM9 2

cha Is Wl(i nkno natural |igands. This bank may
(O bersed hedevel ot Qreéwe Rf tntgrpctiqpgvigh G-proteins and

{
?E{%& Pluap ey MS@%W (e g AN E007, MR QiEal Dec
a3 Sa(p,1)Mh28 8e9£baid Satieet alg ﬁbQ@,leldggll me@@OOeI ul; 20( 14) 5164-74).
| ect tc, wh
St HEeE pasiis a8 e BB infoF el Qe840
el sewhere. However, a | arge nunber of nmanmali an

channel s exist for which there remains, as yet, no
SCREENING ASSAYS

The Kv9.2 polypeptide, including homologues, variants, and derivatives,
whether natural or recombinant, may be employed in a screening process for
compounds which bind the Kv9.2 subunit, or Kv9.2 containing ion channel and which
activate (agonists) or inhibit activation of (antagonists or blockers) of Kv9.2. Thus,
such polypeptides may also be used to assess the binding of small molecule substrates
and ligands in, for example, cells, cell-free preparations, chemical libraries, and natural
product mixtures. These substrates and ligands may be natural substrates and ligands
or may be structural or functional mimetics. See Coligan et al., Current Protocols in

Immunology 1(2):Chapter 5 (1991).
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cognate activating ligand (agonist) or deactivating

l'igand (antagonist). Thus, active |igands for these
w0 e@epossss may not be included within the |i gardBEGBawE®01620

as identified to date. Accordingly, Kv9.2 nay also be
functionally screened (using ¢®yte el ectrophysiol ogy,
etc., functional screens) against tissue extracts to
identify natural |igands. Extracts that produce
positive functional responses can be sequentially

subf r at9.2 et c&ﬂnndebfypE}BtﬁieE ALl EIRSIbREMOR thadl$ %ﬁﬂ@ﬁcaﬁ%notlons
descrj bed here, until an activating ligand is isol ated

AReiusligg manyinathologies: Assordimehipd | 1$ Agsdiovet) Emﬂ'mpqnlgds ard drugs

hi i,O
'S\?I:i‘iﬁlg F‘@rﬂ?%%e %@ %@gﬁtgﬁlﬁgq%{n geLar ng | o rtﬂ%% enth &E nd §81&<ﬁ1 can inhibit
rtb¢ AodtiomuDKveg idn ehanhiels bi g @hatead Vatdefierg hgoﬂtétﬁ Bnd
e|ther alone to forma hononeric

2 sub
aﬁlgar%qKﬁt%fS&f 3 5@15 YB‘? fox thegapeutie Apbproghyastia mipeses frsieh
fb%h&ﬂt@ﬁ?ﬁé aﬁlx‘?é?$r§ﬂ€és H%r@s’é%%?ﬁutbgfe ion channel on the

surface he cell” 1's then exposed to potenti al
ant agonl sts in the presence of the Kv9.2 cont ai n| ng

el oot nORRTEH 5P a T e R I SRl BOabIF fp iffgsct with
GO Ednddhafned brd’téxﬁ@fda’w} $e Bhselihif oﬁ rh @il ?@ﬁ@%g‘gﬁm %ﬁ%ﬁfi&r

for detecting oni sts or ant goni sts o
)ﬂbﬁ@ls off apelypepicdten One gieansfod determiner whick)sifes i@tact With specific

ref.erence herein.ln
pr ee?é;oﬁg’gs ésn%%&{ %%oftﬁ%‘ g‘ﬁ%&gmgﬂlo@nﬁ Ig(a?é' raé’éf%%@f%i%@ﬁ’ or two-
aimbasigal NME esdbicted) ThedeQvilGre@he é&’iﬁaﬁi&(b@ it fvBicAhino acid
ant agoni sts of Kv9.2. Specifically, we disclose a

FEYiPHsA T yaeieshlanpniess regeons. Ber addailed dsamsiptiohef protein

bl te
PO BRSnhich, SH 2 DuldeRORIChRER T B 61 Bogreinons
I0¥taernph) Ycabdiie Pr&3p0sw IYoEle | n the presence of an
ant agoni st of Kv9.2. Preferably, the conductance is
|owered by 1 pS, 2 pS, 3 pS, 4pS, 5pS, | S, 15pS,
251'S, APARMARE® rd ?S%%m%@?a%e%faur eﬁmg réc@ﬁ% ehégtp 1mvolves in

of an antagoni st o

' Igettldmicproduqntg a;iprqgmm &tlls whiichikoxPreds tHEd(‘ES&S ®nt dh@nnel polypeptide

duct

BP AR fefos e haplt atiua’ PR fion Saisw. bjest, Drosophita or £

coli. Cells expressing Kv9.2 (or cell membrane containing the expressed protein) are
then contacted with a test compound to observe binding, or stimulation or inhibition of
a functional response. For example, Xenopus oocytes may be injected with Kv9.2
mRNA or polypeptide, and currents induced by exposure to test compounds measured

by use of voltage clamps measured, as described in further detail elsewhere.

Instead of testing each candidate compound individually with the Kv9.2
subunit or Kv9.2 containing ion channel, a library or bank of candidate ligands may
advantageously be produced and screened. Thus, for example, a bank of over 200
putative ligands has been assembled for screening. The bank comprises: transmitters,
hormones and chemokines known to act via an ion channel; naturally occurring

compounds which may be putative agonists for an ion channel, non-mammalian,
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10% 20% 30% 40% 50% 60% 70%or nore in the
presence of an agoni st of Kv9.2. Preferably, the

w@oemwduesamce i s increased by 1 pS, 2 pS, 3 pS, PAP6B2005/001620

5pS, | OpS, 15pS, 25pS, 35pS, 45pS, 60OpS, 7OpS or nore
in the presence of an agonisgg9of Kv9.2. In a further
preferred enbodi nent, the screen enpl oys detection of
a change in radiolabeled Ro flux, preferably % Rb
efflux, to screen for agonists and antagoni sts of

¥R eteall PROE RS p‘é?h&es fob ¥ hihSRANSAPAOYSInPerp A OBAY 1 y&ﬂfe@ﬁ
as sSet out above under "Functional Assay of Kv9.2 (Rb
fdeniidjed; and comp@wds hét foand i yl nafiye.dius sfhicheactivais demehanpels with
V\ﬂ??h an %nlssof Kv9.2 lower % Rb efflux of a

Y %\VBII‘?‘F Petted cell. Preferably, the % Rb efflux
is lowered by 10% 20% 30% 40% 50% 60% 70% or
nore in the presence of an anta on| st of Kv9.

f ur t h€his besle My beasertorseteen HlevlﬁY |0§t1%v902f cq@;gmgg ion
he % |
i i e

E?%R 2959, widle c?pﬂ’e%ﬁ%‘b@sﬁwgy cmﬁylte rehactrpphyseal@g}e sense

of an agoni st of Kv ere the.candidate. c n
alﬁ@WIEﬁ@? asiwrdl asitAngiag p9sYA aérdea%hegéla?%‘g‘ etﬁlé ﬁ{%ngﬁgfe Rowever,
ggﬁ‘g@ﬁ%‘ﬁger%ff %%tc% %ﬁi 4Sr Wh Rgers FnSAReds Y&l Y

I Splay techni ques e display is a protocol
obgriatd eeduhtarg 15mnd eéatgumgst)midemtlyainhg hwdr(ent@g(mmh rthus, active

T O T
Ed' Roldibnaryved ﬁ%@o%tfﬁn&mw BiSened lé@si"ng GV

phage or phage expresses a particul ar
emnmomaselagwmu ﬁmmum@ scneemzé REAing dsPEcKErets phidgetify natural

AL RS St D DGR BT DO b

gulﬁpicﬁbfﬁatéd wth thB @labtii g cGeslyed SPestiibal it dinthireactivating
npounds whi ch are capabl e of "binding to a Kv9.2

ﬂi@ﬁl}lblépﬁqlﬂéd@ldléé@tﬁ@e are enriched by sel ection
strategi es based on affinity interaction. The
successful candi date agents are then characteri sed.

- Phage Agiogfet ajetivdsnedlveyscagaing dvieibn shandhinilitdfots by defermining

| i gand screening technol ogi es. .The phage_suyrfac .
enlgbttlay §r staulatiompifaye2 ﬁ@l%ﬁl@llqgﬁoa C?Emneg : %@F@HQWOIV%
G &Ry olP L6 GHASE iyd. 23 A0l Bindilafoltab o 4 Y
OCCUTTIﬁg con ormat | on. IS al for nore speC|f|c
aoghohriegib eharafket omwvitly othienHi rharfnet suibu:lnésam fogm a heteromeric channel
to express the ion channel on the cell surface. The cell is then exposed to potential
antagonists in the presence of the Kv9.2 containing ion channel. The cell can be tested
using whole cell electrophysiology to determine the changes in the conductance or

kinetics of the current.

Another method for detecting agonists or antagonists of Kv9.2 is the yeast
based technology as described in U.S. Pat. No. 5,482,835, incorporated by reference

herein.
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pur poses. Anot her nethod of screening a library of
conpounds utilises eukaryotic or prokaryotic host

w@eiosa038B8 ch are stably transfornmed with reconkdT&BR005/001620

DNA nol ecul es expressing a library of conmpounds. Such

cells, either in viable or fi%®d form can be used for
st andard bi ndi ng- partner assays. See al so Parce et al.
(1989) Science 246:243- 247; and Owicki et al. (1990)

Proc. Nat'l Acad. Sci. USA 87;4007-401 1, which

descr ilbe mefaged embodirich dife dcfect @hfldys@Ridctib@bS a change in
resBonses. Co %%itive assays are particularly useful,

VIRBYRFI178 tQ srped fax pecausts ayl akagonist ofrivSod Spspifiealidave disclose
& BehONAFhRE affagh SN gf‘fz(%92}’l’b%gr t?le !‘:ie, é:tagge gf;‘i 'SL{%%%K/

known to bind to"a Kv pol ypep
1zsbtecind ctlb dysferhly, thet @atinaanmplielosweedl s 1606 C20%] 3084 ©10%,

d ose hi ndi,ng affini to the bindin
CE S 7805 S e i echs St Sof ipentihol s Pregerably, he
|coheddtede b 186k r f | i
separ at ed to a?gebg? %%?%ségﬁfeséhg% %?hg%.lggﬁ’eﬁgﬁb%%%‘]%p S,
SO0pS KIS a mpsire irbibig meeserce af\ae raseigyniprafifort 2.onal to t he

amount of |abelled anti body binding to the
pol ypepti de. Any one of nunerous techni ques can be

used tVoe SEMRF alseloROUNRH MW @B gBhRAI KON HRRES: o

assess the degree of binding. Thi's separation step
congustangy pEasiiiablyrvassiested gl dtrefiuabdy, she borauctandusis immeased by

tigof bhi ekrGo, f @hd, O ing, adhesion to plastic

ST ey PR Yy Rk PordB 16T RFw8 ehat Beanist of

k9. Erefarabllyi the candiidigice aPiRcRAgA bysl $9) 2Use 3 fp_s, 4pS, 5pS, 10pS,
gl gzlél $z§§ #npurl fied or solubilized purified

3 P§JP BPi P Sef I $PPHeIPS o5 mass HnthF eressiceod ma dgmistafl Kvo.2.

transfornmed eukaryotic or prokaryotic host cells. This

allows for a "nolecular” binding assay with the
advanimgésthef pll‘qelﬁmreelgalﬁibdapaﬁj fﬁlE (Qci:l"eéfrll1 erhﬁl@y%ﬁétbc%;doh dfQ change in
au e [ ru st_.t hr oughput . ot her _
PRy S RBfr afkderabiy & KBt do sapaui AgpT iy ohesganists of
EROMO BRI eribliy Clie RERME Qtﬁﬁl_o?é 9RudchbR g&ﬁg Yl e?%ﬁ?%&lvg Ind Q"

new conpounds having suitable bindin art ini y, €.3g.,
tBunstipna Asspodiioeh? (Rle flusid i s described in—detail-in

I nternational Patent application No. WO 84/03564
(Commonweal t h Serum Labs.), published on Septenber 13

t198:1. S}Eédiﬁ?dallérj ®6 ARCRWTY flethoRlin WHi @ onSRIAK REPIAE o4 Rb
est conpounds are
efflux of a suitably transfected cell. Preferably, the % Rb efflux is lowered by 10%,

20%, 30%, 40%, 50%, 60%, 70% or more in the presence of an antagonist of Kv9.2.

We further disclose a method in which agonists of Kv9.2 increase the % Rb
efflux of a suitably transfected cell. Preferably, the % Rb efflux is increased by 10%,
20%, 30%, 40%, 50%, 60%, 70% or more in the presence of an agonist of Kv9.2.

Where the candidate compounds are proteins, in particular antibodies or
peptides, libraries of candidate compounds may be screened using phage display
techniques. Phage display is a protocol of molecular screening which utilises

recombinant bacteriophage. The technology involves transforming bacteriophage with
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synt hesi zed on a solid substrate, e.g., plastic pins
or sone other appropriate surface; see Fodor etal.

W@ 1®91)3838Then all the pins are reacted w th soPChGB2®SM01620

Kv9. 2 pol ypepti de and washed. .The next step involves

det ecti ng bound pol ypepti de. 3Conpounds whi ch interact
specifically with the polypeptide will thus be

identified. Ligand binding assays provide a direct

nmet hod for ascertaining pharmacol ogy and are adapt abl e
t@ene thagéncotiesamgepnipotuat fram. thd herapuef o‘ahédaﬂeicgmpdumh;y such that

be radi ol abel ed.fo high specific activit
ERGtRIES OF B SBR e ST by ARt r PSR 47 fapsformed
At mﬂ?)ﬁ?ge E\Dtﬁclp &?&?ﬁy@g tef}féﬂédocb %Q@ 1&1 E‘L@bp@ﬁ? Exptedses the

eaC|V|tyo t he g towards its
tpprgptiate Asmhdate mmlpqundmsdfdmplatya agrtheir pl@ags coatHSmmﬁc candidate

SeraytBin HEh B Ramble of BRRE 17 K ShPErdd GP gl ke

REAEHANS sRRetid M afegidl Hasé G pialty MieraOibre hrna B&cessful candidate
sources. For these assays, sp eC|¥|c bi nding is defined

agentoarg|thesdorricterisef. ﬂ’a@lgm@éplaw hasadypripgestoyer standard affinity

activit sur.e S e
&ﬁﬁg@%qr%e&u%t%%&o?o%es flhe Oage%@%cge cﬁ%ﬁa& & @a?xﬁdmﬁi;ége nplfn a
@i aRMERRIonaIonfig@aaton, Snd\i's elbstly réb%friblhﬁg ite aattly occumng

nonspeci fic bindin The assays nmay sinply test X
SPR@IAYIGT ThISEAAWE Mot sned iR andghe %%Ewﬁh@?&%é% fgreening
g ﬁ) %Jls bearing the receptor or ion channel is

etectéd by neans of a label directly or indirectly
associated with the candi date conpound or in an assay
i nvol ving conpetjition wt | abel ed co t or
Fur t hehiothg @seéhogssfé«}s%g at@g%rmﬁ oRAunCh 8‘145%&% gikpgyeic or
%?&Paﬁ%ﬂfé HoSEAMIE Syhidh ﬁhﬂlﬁ}Qfangi%HﬁE(ii{vﬁH rQYrEdanY ETN& tholecules

thetarget, using deteclion systens appropriate to

telapressahg s libeay dfwpnifvendsaiSgeh calts, ¢iler in wable ac 8zed form, can be

i tor ctivation are.general| Ln th

b Brandrdy Breey SHrh et PO CgRD) Sdencdes:243-
@@Jﬂ A@t@%kbw 4IN8 99 IRH& NN AdAe. i 58N 8E;400740€1, which
candi dat e conpound i's observed. Further, t he assays

rdagcréqempms;tlwn@thp@eto@n@csqe@pbar BISPESEH-{epTBDCSANE pYAYAre

E&%ﬁgﬁ&@. 138%“?’6” bt {lﬁe ceﬁs < %8%%1% %g]a%%r?r})%%é’@ognds are contacted

R Micaibited §/ifhQi kIR Iaﬁdlbcfﬂ;/tkn\éwtnyco bihdttba KNOQ péleperdide, such as
gamparing the Kv9.2 ion channel activity of the
m kentikodyeoang astestrpgmple such as a candidate compound whose binding affinity

to the binding composition is being measured. The bound and free labelled binding

partners for the polypeptide are then separated to assess the degree of binding. The
amount of test sample bound is inversely proportional to the amount of labelled

antibody binding to the polypeptide.

Any one of numerous techniques can be used to separate bound from free
binding partners to assess the degree of binding. This separation step could typically
involve a procedure such as adhesion to filters followed by washing, adhesion to

plastic following by washing, or centrifugation of the cell membranes.
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The Kv9.2 subunit cDNA, protein and antibodies to the
protein may al so be used to configure assays for
waletosaoissgy t he ef fect of added conpounds on t hBCT/GB2005/001620

production of Kv9.2 subunit nRNA and protein in cells.

For exanple, an ELISA nay be 8bnstructed for neasuring
secreted or cell associated |evels of Kv9.2 subunit
protein using nonoclonal and polyclonal antibodies by
standard net hods known in the art, and this can be

used tStiltarsdioer epprogenis so wkd sotubiled] ipublitied OF seHBR&Epurified
th roduction of Kv9.2 subunit égl so called ]
aﬁ@&%%&‘s?r REPUde T SKampleskBagipd Epy) trans frmsd ﬁg@a@wlc or
' t S ' S elar d. hods...f gr

R PR o S B mol P Bl i} e eyantases
arftincrépsedrppeeslionty, fhotabitity al aukuRatd, dndrhigthdmpedst throughput.
ant agoni sts and bl ockers include antibodies or, in
some cases, nucleotides and their anal ogues, including

urin [ ' |
Dot o1 B g £ L O S L PRl 0B gpproach
tvricikpvizies bighahrouglyput screeting frelnewerognpouads lesgipeniitait binding

Ji [l I I whi.ch bind.to_the ion
JEANEE TN e
applisatiod NI, WO B4003360 € orh SRk SNBSSt \Q]%%S,g):ﬁﬁg?hﬁgiOﬁgSeptember

therefore also provide a conpound capa
d8d&8 i kst lgree sumbris o f diffayent smptlipgptidatgétaompepbdstee The

" oung:" s to hem cal conpound . )
OTATAERTL G 5168 0 R B GRoSERRY ipraprste s
IseoF adyir ead/. (O pridles all ke (ifs fe redded itle saAghiflzedk 9981 N,

ani ¢ nol ecule), or an extract made

Eggﬁgﬁ%d%éi et PP SePSnErvessdateating bpand polzprpside.
fdéﬂqjoun@sr whith %leragtpﬁi%&hgﬂgﬁ\?/lgﬂ te}f%{elp@c?g W@F %xlgg Pg ?dentiﬁed.

ti ssues, or even an inorg _ :
Preferably the conpound is an antlbody.OI ThednaterLaIs
necessary .for .such screening to be conducted may be
pac kaZ‘é%I’ynflr]i’I“Hl”ég AFPERPHEe & direct gugthpdifos esesaaining miatmaeology

I ' [ AVE i , I |j gands
o e e hREbIe 40 TR RR Mkt TR TR 1A gl 98K stabetea

) Eﬁbhigg eprdildesctioity ¢ Srpothdgmwtol clor timdinzateliey Aeddﬂn@-ﬂ@%t]ion‘is"

[ tion of Ky9.2 i.on channel po]ypeptides. e .
U IR Profitns oY Bisbotelind A0R0: stBt b tatgy of e ligand
QW REOTDIaF0 ALY borfRI8 I8 e, ions, pH and other modulators such as

nucleotides are optimized to establish a workable signal to noise ratio for both

membrane and whole cell receptor or ion channel sources. For these assays, specific
binding is defined as total associated radioactivity minus the radioactivity measured in
the presence of an excess of unlabeled competing ligand. Where possible, more than

one competing ligand is used to define residual nonspecific binding.

The assays may simply test binding of a candidate compound wherein
adherence to the cells bearing the receptor or ion channel is detected by means of a
label directly or indirectly associated with the candidate compound or in an assay
involving competition with a labeled competitor. Further, these assays may test

whether the candidate compound results in a signal generated by activation of the
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Kv9. 2 pol ypeptide; (c) a cell nmenbrane expressing a
Kv9. 2 pol ypeptide; or (d) antibody to a Kv9.2

w@oeioppesss de. The screening kit may optional | yPE€DGBR0S©01620

instructions for use. TRANSGENI C ANI MALS W further
di scl ose transgeni c ani mal s cspabl e of expressing
natural or reconbi nant Kv9.2 subunit--and / or Kv9.2
cont ai ni ng i on channel, or a honol ogue, variant or
derivative, at normal, elevated or reduced |evels
cappanate dacdtha sry@teﬂsal apEOPFASE 56 B8 ckBYSdarinPHeS @ P hitheir
such a transgenic animal 1s a non-human manmmal ,” such
aurfapep Ighibosindaptivition srogranrally wesyedindhe prtsencetafe known
[ r S
FERIEH e AT abiaRoBY R fonf: bl pRBH G R fpaicac
ratnpvendds db&rgehe i s replaced by Kv9. 2 sequences from
anot her organism Preferably this organismis another
species, nost preferably a human. In highly preferred
enbodi [
SUbst hrar [ et 2 A8Rord oBRiRSe Wa'sigs PEining s cngjdare
umpourtd RitR a gelndon SothinfngariSgen !polypeptrml t6 forda Wakiurea s
ani mal s h are.w.ld E e for.Kv9. 2, may be used for
SRR g GreBiniing oA SH AR kS ek gt Sppparing the
QLB chiHEDadS $6T BN KRY A ¥ Gafdp@Si NG the wi | d
type or transgeni ¢ animal, or a portion thereof,
preferably a cell, tissue or organ of the transgenic

ani na ndi d st an for a
) z@%i@@%@&% ORGP S a0 S e S R P in Sy diso be
‘ii@&f 8 5£MHaRE @&@y§ﬂﬂ@6tekﬁ1¥g9ﬂhe e@@étlo’fla@@éﬁ% o%ﬁ@ss n the

npl oying_cells derived fromthe rel evant ani ma ?

@scsiayrmgor%w ésm@mtsnBNAcmm@uemue:ebs Floi pesnipds, amﬂgLISA may

AT

iproteihiusing &hmnoelaﬁaﬁrndrmﬂﬁlcﬁifal ifidollien B?r s@Agar@imdsZnd®n in the
disclosed in this docunent is artr or total
apcAnddhis gan ppasadde disspeerrgans o @wmi%ﬂwtsor(enkmmzhe

?ﬁ?fﬁw of Ry s G Qa @Qkalfgﬁ%ﬁgﬁn%y&catgb&gﬁlresléggdvzely) frogn

ontalning Ion cC anne as

o etﬁ1ta°olyrmam1pnlamitcaﬂs ontsssuésn Statdirdgnedhaii|fet ¢omduct@ify dchRning —

Kv9. g Al so included are partial |oss-of-function

ﬁﬁ@&srﬂr we U@dersgwd “Fr&?rﬁ%i‘l et e

Examples of potential Kv9.2 ion channel antagonists and blockers include
antibodies or, in some cases, nucleotides and their analogues, including purines and
purine analogues, oligonucleotides or proteins which are closely related to the ligand
of the Kv9.2 containing ion channel, e.g., a fragment of the ligand, or small molecules
which bind to the ion channel but do not elicit a response, so that the activity of the

channel is prevented.

We there therefore also provide a compound capable of binding specifically to

a Kv9.2 polypeptide and/or peptide.
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knockout, which may for exanple have deletions in
sel ected portions of the Kv9.2 gene. Such ani mals nay

wheoogaosssat ed by sel ectively replacing or del er¢TIGB2005/001620

rel evant portions of the Kv9.2 sequence, for exanple,
functionally inportant proteists domains. Such conplete

or partial loss of function nutants are useful as

nodel s for Kv9.2 rel ated di seases, particularly

anxi ety and di abetes. An ani mal di spl aying

part i alhe@&sr “inpbundt ietdts fBY cHehieat @Qﬁlﬁ&lﬂ@(n@tu@ﬁ%c‘éaltrﬁlg or
substance tq |dent|fy subst ances whi ch enhance t'he
ShEAstiseEd sughhaxa higlogirakmacromelecler(egs awugleis ackd peetein, ndn-

SEE LR BR S B e BRI LMD ER R g

ibactexin ity ficeei,@r akintd(pasicutayy tagendianpede ok eesuds, dt@ven an
t.he net h]gds identified el sewhere in this document.

PIGrEH elamgnicdpelss e - kineiekablt Ge carpanndqs Ba apklad o
identify selective agonists and/or antagonists of

Kv9. 2. For exanple, an agoni st and/or antagoni st may

be adrfihainstteiabdndcessaryiol Sudhysoesening t@b&véhd2ctté s lﬁﬁackaged

|nal knocko A sel ective oni st qr .ant agoni st
S SRR Bt a0 Bl BT Stasonis
i¢ReisaricERbrsDillbsEs, leRz &, K¥ 9fogKQ/9f 'pfo'lﬁﬁ@ | JFRbmpbfinds

détail, a specific assay i designe uat ea

p‘dlﬂ‘échmaswwh@@edhmgmdactmd HfFenl on ahammad) pnbfpeptﬂies The

eterm I.t ol |cal e in
Bk B stmatitoeh 575 X5 B sk 4P oR & FarmeI e Sennepsi o
IKE/ 9ACEAIIpti8EIEE) Dl Pl BBk @k;blegldg*wK% Q%olﬁ)eﬁ’ude or (d)
transgeni c_ani mal as di scussed above,

&@% Yﬁg afkHe. %pﬁlmphﬂerﬂs@ seRening kitanay entipoalle comprise

- based net hods enpl oying cells derived

ron1 e r evant ani mal and assaying for effects on
conductance or kinetics may al so be conducted. Such
animals may al so be used to test for efficacy of drugs
ﬂﬁ%ﬁ@PFW%ﬁ¥ﬂwM¥ﬁe screens described in this docunent.

I n anot her enbodi nent, a transgeni c ani nal having a
partial |oss-of-function phenotype is enployed for

scr eei en@mhbxndisalcshe teats gendodtiimeRtcapdbieo SexpesBing@tural or

i nvol ve for partial_ or conplete restorat|on
?cOF’@v@Pg%&ﬁ% Yieangi/ |08 Kew) Fecoptadnin jqrecharngl) anpghkasaplogue,
S48 B8 dGTRLI0Y, 1af 901‘1:1?41 ! ée\%‘erd' O e&idcLOTOVE %o{nggl%}ﬁ%' the normal
ani mal and assaying for effects on con
rxpressianslevalyPrafesabl sucioa transgenic aAintA ik tad-Bumempatimeh], such

as a pig, a sheep or a rodent. Most preferably the transgenic animal is a mouse or a rat.

We disclose transgenic animals in which all or a portion of the native Kv9.2
gene is replaced by Kv9.2 sequences from another organism. Preferably this organism
is another species, most preferably a human. In highly preferred embodiments, we
disclose a mouse which has substantially its entire Kv9.2 gene replaced with a human
Kv9.2 gene. Such transgenic animals, as well as animals which are wild type for

Kv9.2, may be used for screening agonists and/or antagonists of Kv9.2.
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which is found to be capable of such can be regarded
as a Kv9.2 agoni st or anal ogue. Such agoni sts nmay be

W@ s@d/163888 exanpl e to i ncrease bl ood sugar | evePGT/GBROOS001620

decrease stress or anxiety levels in an individual. In
preferred enbodi nents, the ts&ansgenic Kv9.2 ani mals,
particularly Kv9.2 knockouts (conplete | oss of
function), display the phenotypes set out in the

Exanpl es, preferably as neasured by the tests set out

t her eFér. exhitpke, sidheistdy® nihydivered sxpoprigtthewild ltmc d(\t@n%enic
knockouts, preferably display_any one or

amab W ﬁ@oﬂmh@s%feare&réaa asce@drfssv%%refrfgan OTF 3 E&E%‘i&’mc animal,
nxj I I

Ayl P SO0 g e s o

&n@a& ouscredicd bloagl sagar II@&StCe]lG%secpsosémls abip;bo)amg tadlgsterived

20% nore prefer % 40% . 50% 70%
o o EkvaBl SHBELIG NI F Doy of 41 B AL SEdhel Sy als
Qéc R cfgasured paraneter as conpared to the

correspondl ng wild-type mce. Thus, for exanple, when
tested in an Open Field analysis as set out in the

deficient m.ce prefera
St at | U0 Batey iR P ARG P g DGR DGy isrupted
Y99l &bk an &Hl&?m@r&{e% nfte bk Sastidnp6f KPP e s |dlsclosed in this
per mahence tine, when congaredto wild type mce.
133

deqmeas é& pmtlanyeortt@ttaay abiilishech decIvdsdede (ransgpaie 28ERHs (“1Kv9 2

HioRBaFY R e REAAPEE soL AR 85

8PN EHoreNo oF HirREBn HRitATHNA] 1hdulh¥1§a (Etﬁtmsﬂj & thé Bv9.2 gene.
det ect conmpounds which cause simlar effects to

| oss-of -function of Kv9.2. In other words, a wld type

ani mal ﬁﬂg
chang &t XICRﬁe(f %%ﬁgkbogsgf%ﬁﬁﬂg? %‘ Zang % ne ﬁtéas
an¥dkely, wigstenay fdrleaadplginacoddetiaseh selecﬁed:portlons afighe Kfv{.2
nodul at ors of Kv9. 2 functjon, particu

apna §oah SUmalsaany by EnCRRHOE e Ve GFpISEing el gtngefelepent
%?H%ﬂg%?gx%q(WZ %ﬁfiuﬂ&% R ek Et ﬁlﬁ&ldlﬁll§ 'nﬁ?(gﬂtaﬁﬁ pfoi¥in domains.
SO be detecte ‘

sing the hods | dent |
el sewhere in this docunent. A compound |dent|f|ed by

Zu;,h %é‘glg%&gglgf%g’gﬁP ]»Olélgggf ag’gfglnlylg{]ap@g usetful as modelsszr
RVID i@l Jh¥eafs9§ gﬁlfﬁ‘é‘ults.ﬂ? ah{BRtan@ didbetes €An Qﬁmﬁtl K¥éPlaging partial-

associ ated di sea
loss-of-function may be exposed to a candidate substance to identify substances which

enhance the phenotype, that is to say, to increase (in the case of Kv9.2) the
hypoalgesia or reduction of stress level phenotype observed. Other parameters such as
reduction in conductance or kinetics may also be detected using the methods identified

elsewhere in this document.

Partial and complete knockouts may also be used to identify selective agonists
and/or antagonists of Kv9.2. For example, an agonist and/or antagonist may be
administered to a wild type and a Kv9.2 deficient animal (knockout). A selective
agonist or antagonist of Kv9.2 will be seen to have an effect on the wild type animal

but not in the Kv9.2 deficient animal. In detail, a specific assay is designed to evaluate
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The screens descri bed above may invol ve observation of
any suitable paraneter, such as a behavioural,

w@bopsitadseg)yi cal or bi ochem cal response. Pref erP€dGB2005/001620

responses include physiol ogi cal responses and may
conprise one or nore of the $®lIow ng: changes to
di sease resistance; altered inflamatory responses;
altered tunour susceptability: a change in bl ood
pressure; neovascul arization; a change in eating
behamiaddiug(achadigge |11@a1bndwov1@bgﬂm to detei‘ram@ef it prdnkun@s a
density; a change in body t nB%rature L ns b
shestodagien resg@ﬂ?&d@ﬁhfb@gh@% ot RAB B sty omatanbstoHiip gy be
secre ; t nd
SR ERE i B RERhE Rl Ein | faRatlic IR sBR St ove.
ﬂh&n §§sﬁ ﬁg tlliséﬁﬁmmsm a pBrtmu]aemspmisepAnaiang msll-ﬂva;edah@bods
oyed such, as a chan duct.an

Anplered] w@w@fiafm (heyHIEV B ARRTEY ARG RSRY iRt fogty on

U&h #himals may also be used to test
%%Fgg?roplgggﬁ § %Oéé%?%gﬁﬁﬁkgflcs (actldgt|on and
forefficenof dmgs ldmtlﬁedl’ey thesefeersadsisgriveddn dus dogumash time
and / or deactivation time constant) is neasured as
described in that section. This is particularly useful

in cef M‘?ﬁ‘?@nﬁb@ﬁﬁﬁéﬁ a thdhs@mes aﬁﬁﬂhﬁﬁh pz[fﬁﬁ]lt16ss -¢fhfanction
conduct ance of a cell (for exanp pe or

phmk)t)@le 1$ cmplooff:d fqmelteﬁmng da ISW)h W@c@@mp@t, gieygg@e@ may involve

oni s crease b
Faagne Sywrilie Sapa i S Piaf SRk ion B A AT DbeFhonotype
Praftasabicyeeal eﬂnﬁﬂ@lngd&% dérbree fpnefieralelantahinadasd a&89%ng for
nore preferably at least 60% nore preferably at |east

#0%4ts emeendyetanes @lﬂﬂyetb?ﬁ may s berondvried Aprabdidatptomnound
0% I

wzllmal gls? i, t{}ﬁﬁg af(’)bﬁ% t?%‘%%olgg%gd ad SS9 S BRBSHBlogue.

GEbles:gdhmémsy ok agpd) for ebe&qﬂe toddcrehmdidt @iganleyvéls,or to decrease

docunent. In referreg enbodi nents, the kinetics,

ELreps | or gpdetydevalait Windvidsaland / or the deactivation

time of a cell (for exanple a wild type or parti al

| oss-of -function cell), preferably the activation tine

and / Ioprefeesat énviatdiments, |tlm&3tr&rmg@naKW9@>@@®9@1§ nagticulaclokpd.2 -

o bopmiBre s Sehuilion], e und BRenByRl 8130l Exemples,
&Eﬁﬁ@bisxn@afsuﬂe% thHeYe séf‘bﬁﬁth@feﬂf ephabltue Hivohemashalb0%
re preferably a | east 60% nore preferably at Ieast

Pafhcutaoly Ky 2 kevckbity, preferablisdisgaysanyeieor more of the following:

decreased blood sugar levels, increased anxiety.

In highly preferred embodiments, the transgenic Kv9.2 animals, particularly
Kv9.2 knockouts, display at least 10%, preferably at least 20%, more preferably at
least30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100% higher or lower (as the case may
be) of the measured parameter as compared to the corresponding wild-type mice.
Thus, for example, when tested in an Open Field analysis as set out in the Examples,
Kv9.2 deficient mice preferably have a statistically increased immobility or decreased
ambulation time and/or an increased peripheral permanence time, when compared to

wild type mice. A decrease in the total distance moved is also seen.
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preferably at |east 90% In preferred enbodi nents,
this is neasured using the "Functional Assay for Kv9.2

w@ Hosaossaphysi ol ogy)" descri bed el sewhere in tPCHEGB2005/001620

docunent. In preferred enbodi nents, the blood gl ucose
| evels of a wild type or Kv952 partial knockout ani mal
exposed to a Kv9.2 agonist is increased by at | east

10% preferably at |east 20% nore preferably at | east
+30% nore preferably at |east 40% nore preferably at
| eastt S8 be BPidentah&ftre pldnytypes herdiscldodd falrﬂ{rv@ 2 deficient
preferably at |east 70% nore referablg ast 80%

wesecIpe émg}agpdpyy he uq;eélélg,t emgpjoye 1} 2CERER M type amma‘is to
&eqpcq gb%g&n?d’s Ivmqélfgﬁge Si %aggfféf:\@to%o@[(ﬁ" ﬁﬁ&%ﬂ MVQ\Q 11 other

ype or “part 0SS-0 nction ani mal s exposed to
ezuaia zawtlaqum mmaleminy bé expated teasxanqhdaneucamppd@dnandy chinge in a

pheno ? P{}o & c@%?%g@ ga}r %ﬁl,ﬁafllllx}eg% %&g alhlpgd E‘i}’.\ﬁ%e levels, etc,

{Ooidélﬁ g rrEHd%ta%rE 8K t2qg9&ic§1t SarBé Qad P OREg LS TLRUS (phenotypes
Increase I n anxiety, or decrease in blood sugar

kuwhek seduction achontliganderor changaor sasuetionin ldnetisganayralso be
d Ki th
4600 BT R G5 R TN LIS ceeo

to the sane degree as a Kv9.2 knock-out animal.In

preferred enbodi nents, the conductance of a wild type
or padtdoaipoling idepfifiechby Fush acsrden éﬁﬁé?@dm%a%aw@a@mﬁ of

%ngggegtarnla%la&e%g OE +§g% G}PER'QI ?é&iglfl <F l,gtihg trEZ é’nt or relief of

150802 s06&8atpd efsedsabl y within +40% m)re pr ef er abI y
within +30% nore preferably within +20% nore
preferably within +10% nore preferably within +5% of

the C%}g S&E%Ecd%s& be? agg\%” }dﬁlfvbﬁf'e%ﬂger@% dnr oﬁaﬂy su1tab1e

pref err S 1S neasured usingt

‘ptaftdrosnah af\s behavicaralkyitysiddditat of biophgsical regy))ﬁe Preferred
descrlbed el sewhere,ip this docunent. In preferred h
aemeRreREluse Phisolagitat Tesronses A0 My GIBIST GRC OF ST a7

L : ! ARk thNSmaftdrY Mshfkel; dred
%109%ﬁ‘% dhé%é??sgkﬁﬁeﬁtﬁng%const alnt of ry d teype f)er
KwRowd spauepiabllity:aschange inbiotd massursh ne@zsap@éwatlgn@ thangein

anta on iswthin +80% referab Wlt
gtﬂﬁh@YIQF a?'tﬂhg&}n%ﬁ Pﬁ}oﬂy aneha Le d +§ty Zgﬁﬁnﬁe in body

Qratm:e:rg thshligteratdny g&iaﬁbiréblrté&%tldi@ hfsap ﬁl&f eroabiliyl secretion;
In +30% nore
Vasoconstrlctlon loss of memory; anxiety; changed anxiety state; hyporeflexia or

hyperreflexia; or stress responses.

Biochemical parameters may also be employed, such as a change in
ce11ductance or kinetics. Preferably, the conductance is measured using the
“Punctional Assay for Kv9.2 (Electrophysiology)” and the kinetics (activation and / or
deactivation time, preferably the activation time and / or deactivation time constant) is

measured as described in that section. This is particularly useful in cell-based screens.

In preferred embodiments, the conductance of a cell (for example a wild type

or partial loss-of-function cell) exposed to a Kv9.2 agonist is increased by at least
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preferably within +20% nore preferably within +10%
nore preferably within +5% of the kinetics (or

wo edosnessss ti me) of a Kv9.2 deficient cell. | n peEGBRIVSAH01620

enbodi nents, this is nmeasured using the "Functional

Assay for Kv9.2 (Electrophysis8l ogy)" descri bed

el sewhere in this docunent. In preferred enbodi nents,

the bl ood glucose levels of a wild type or parti al

Kv9. 2 knockout animal exposed to a Kv9.2 antagonist is
W preferdblYat Ragevqblore ptdfé‘ralﬂyt’v"&%t +r$6%3 nmrepmfarblbly at least
wWithin +60% nore prefera r}é

4P%; BrosBPTaRRR YRS 506 W%Pfﬁfeé? Y b egstm% mpre grsdgrably at

ﬁ%@d% %&re%pé r mgﬁbai?'lélst 5 n e 0% ef@fa%f}ﬁit@t,biswmtﬁ'ﬁi‘eferred

nor e of t'he bl ood gl ucose
legbelinents, &né("m@ne%sﬂetﬂ using tie ‘tRuacsgehAssaxdomigv9.2Ti ssues

deriv t.he Kv9.2 knockaut, .ani mal s may be used in
Sﬁﬁﬂmﬁgl E@V%‘%ﬁmﬂﬁ?é*ﬁlﬁg 1ﬁ§?”¥ﬂ%npotential dr ug
(a candidate Iigand or conpound) binds to the Kv9. 2.

Such assays can be conducted by obtaining a first ion

c hannéh prefepsratbiodiménts e heethsaﬁsg é‘m agtigatiomgtime and / or the

d
Pk RO N AL NIRRT IR

%&@f@ﬁbf}hh@ RetfvaBA BmSQHA ¢ 6r EaeMation thhdebnsmat &xgerdd thiaddv9.2
Ii gands or conpounds In general, the first and

sgouisids insrasetinedt lease bRiaptietreblnal leash 0%, moraprefeiably pt least

_%?)[Z)e I%téoze S}zégei,rgbé¥ gﬁ,p |a§t Ul% g re s{ glgfg e%ﬁ 5‘05)'63{11&5 Breferably at

116 RNE@BNinbredireferrbl au&t@t Wéﬁlﬁswprbkfhb@bax\l%sa&(ﬁ%bmbmm
is used in an assay arabl e brain .tissue from
e ferbly atileagt Wpdn pa?fpﬁg&) emRodimgnts oLus;ip Beagiipd usins &‘Fhe
oA R RIS PRy BDloghy ep b el fn s
tda)ctvme@t to Kv9.2 containing ion channels, both al one
and in the presence of the candidate |igand or
corrpound Preferably the candi date |igand or conpound

wi l lRb&NEvAOBEL A H A PFIK V.2
The ext gnt to ﬁb&{ﬁm&?ﬁgﬁgmg%gﬁg kngm l'i gand h?s Y

chiastinll &nedkobyartiiel ¢xpeteddo nﬂ@@mﬂag@laﬂmmmm yfap teapiot(fo,

the_ f st and cond io0 nel par ation

TRl 1115 2P RgeT Eo ey pa Do LAy P40

dhbRPrdf¥raBly dt Mst 3096 URSre preferably at least 60%, more preferably at least
70%, more preferably at least 80%, more preferably at least 90%.

In preferred embodiments, antagonists of Kv9.2 are such that wild type or
partial loss-of-function animals exposed to such antagonists exhibit at least partial
identity of phenotype, to at least a partial degree, as Kv9.2 partial or complete loss-of-
function mutants. That is to say, preferred antagonists are those which cause increase
in anxiety, or decrease in blood sugar levels, or reduction in conductance, or change or
reduction in kinetics, or any combination of the above. Preferably, the relevant

phenotype is expressed to the same degree as a Kv9.2 knock-out animal.
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may be processed to isolate nenbranes or nenbrane
proteins, which are thensel ves used in the assays. A

w@e@baosagl transgenic animal is the nouse. TheP¢T/GaRW5/001620

may be | abel ed usi ng any neans conpati bl e w th binding
assays. This would include, v§a hout limtation

radi oactive, enzymatic, fluorescent or
chem | um nescent | abeling (as well as other |abelling
techni ques as described in further detail above).

Fur t hen pRsferedaditingianést, ShoEoruSarce0st Kvd &pe @R baitial Res-of-
ion channels may be identified by adm nisterin

denrdioa selb cernspb ik V9 drptagewistip Mdtmlyp&ﬂ"/amrn&r@?y within +70%,
' fLIGE | I 9 i i denti f (e

FARE BRI NS 0P R bR B MR P e By witin

a2 o%s imire prefdratily methirc €309 medeqire fehdlly @RPMERD0E) 6tk preferably

Kv9.2 function, getbglll eﬁl, net hods for generat| n}g )

AEHUR TR BPERIGERPY WHIWET "ardd thieemdigianes of oy p deficient

i- | i . . S .

SEA e L TSRS RABERSHILEL EEANMR sy or

K@i ledtophpsiviagy)” Boscribgd sipbwhere iethiy dewrenal copi es

of the construct may be incorporated into the genone

of a mammalian enbryo by standard transgenic _

t echniigyRSerrddbnMdB%SIT |t1§éMn@t§U%ggé.P?c@i'i/atic§r{‘§mE LAAGEN! C

non- human ani mal s are produced by 1 ntroducing
deantiygidoregme mroferably e aptivation difne 4nd /o dedutivatioratimeadnstant, of

|t t N d I t I .
SRRt VPR el e BE PR o oS ek e shEgtas
iSO, AR RReH1 N §/i tBih 47006, 56518 Pré&fbraBBMRIHIIRNBDY;, Blord PR ferably
enbryonal target cell. The specific l'ine(s) of any

Sathamih > Qe emers rreferdly withigerdbaimaeye preferablytwithig dde’, more

0 Lear . visjiility int i co
BREE MBS 20 BRI PSR Bl LEA! At B nin
bhithelkapdtiot yoraclesana tinied of 4 Keantdefiakhosell. IMpre@stdtenhddifients,
the. t ransgﬁne, into _the enbryo can beqaccon‘pl i shed by
SHS srraeasurcd wising then Humetiopal AsspyHonKy9 £dEleskapiisiology)
AR BRI E8Ed @unthect roporation, or |ipofection. For
exanpl e, the Kv9.2 transgene can be introduced into a
mammal by m croinjection of the construct into the

| ei .of the fertili | Lt )
e off Hsered sood TR, His HONOERERE 1P 0a & Wi Pear partial
KRS .208lokRoR fantnh eH59564 AP RY0 PBRIBLASY is willih Q%‘%,gpreferably

introduction of the transgene construct into t
fvathin +7@eomerggreferably within +60%, more preferably within +50%, more

described

preferably within +40%, more preferably within +30%, more preferably within +20%,
more preferably within +10%, more preferably within +5%, of the blood glucose

levels of a Kv9.2 deficient transgenic animal.

Tissues derived from the Kv9.2 knockout animals may be used in binding
assays to determine whether the potential drug (a candidate ligand or compound) binds
to the Kv9.2. Such assays can be conducted by obtaining a first ion channel
preparation from the transgenic animal engineered to be deficient in Kv9.2 containing
ion channel production and a second ion channel preparation from a source known to

bind any identified Kv9.2 ligands or compounds. In general, the first and second ion
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the egg may be incubated in vitro for varying anounts
of tinme, or reinplanted into the surrogate host, or

W oaiok/103888 vit ro i ncubation to maturity may al SBCTE6B2005/001620

conducted. One common nethod in to incubate the

enbryos in vitro for about 160 days, depending on the

species, and then reinplant theminto the surrogate

host. The progeny of the transgenically nmanipul at ed

enbryos can be tested for the presence of the

EIRMBEIPetar RonSNT e Isfinilkr @ alR P3hSE Sxceht fob theSRBFTRHon®{vhich

tissue. If one or nore copies of the exogenous cl oned

them greraidaingd ey axanaplapf Yrajmissue HP@R franseenip anigeah Grvsh o9

8&%Hbécf ﬁﬂ)%/tg; Gy 8618&? [oed id 411 z}s§eﬁp géﬁggaﬁletb(%ai?‘chtsgpel flrc‘?iﬁ a normal

pérnmanent transgeni c mammal 11 nés carrying the

{widdsgenirtabl i vactiethe snstd afche seEbrd idnt dhansel @keparation. Each of
nically altered mamal s n be assayed after

ﬁxﬁggﬁ%wekmemrwbwaww with gﬁgaf@olﬁwru bipd, foKyh

£ f ' f i [
T e B o o 1ile i FRE Pioplhcg SN, GRaRMIc and or
tdrepdid. Befrrarlycthe oghdidptd bhgantlloe componetiwilBlooetziniant at several
ﬁﬁftein_ﬁroduct or a segnment thereof onto chronosoma
L SPUPPEMe progeny. Those manmal i an progeny
found to contain at | east one copy of the construct in
their genone are grown to nmaturity. For the purposes of

t hi s dbeexteritto vwhichylyodiag by thedgwmin lidang is dieplherdnnt the test

of a di,pl 9i.d cel i i apabl e of devel ing into
SornBoiil: i @APoRlng Ff RO Refn IS aA e bipche
TREMsIdeAdeDfrotrBggneOMiRhRinky te W3LE lEALSasQfiFgety or the tissues
either naturally or artificially, by the fusion of two

ap be PEPcRtred &0 isplagimgmbnes & raempiane prdeinghkch e ghemselves
i i . i - | v.
B PG, A St B SRER G AL RN Apgang gy e

In a Vvlia
bplad bising finy Atenganngitidiehiieh BiRdingtassays. aftds devkl iagtude without
j.nto.a fépctipning organi sm Cenerally, a euploid '
Py, radippelyer genals lgpreasrabot @eanl\éyaafsgeméabehng (as well
QSbétﬁéﬂ%llilﬁé‘{%ngﬁﬁes% ’&P&HRQJ in%ﬁﬁé%?&[f?ﬁoo%@?m d not

vary by nore one wth respect to the euploid

nunber of the organi smfrom which either ganete -
origipated. In addition.to sim]lar biological

consi Baigrs s gryurear k2o 587 GolmRE fchamerinmay be
{@nfiod DOhMHR) i | | i
T I o0 14 3be MWD &PRssing
treniaenat Kivt2e pindiniwialsdferftidiedavhachpephibivdnyt dfehe plygmbtypic

characteristics associated with reduced or abolished expression of Kv9.2 function.

Detailed methods for generating non-human transgenic animal are described in
further detail below. Transgenic gene constructs can be introduced into the germ line
of an animal to make a transgenic mammal. For example, one or several copies of the
construct may be incorporated into the genome of a mammalian embryo by standard

transgenic techniques.

In an exemplary embodiment, the transgenic non-human animals are produced

by introducing transgenes into the germline of the non-human animal. Embryonal
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nucl eus. If no genetic material is renoved, then the
anount of exogenous genetic material which can be

w@oaedoisss | i mted by the amount which will be BOFOBR®E/001620

wi t hout being physically disruptive. Cenerally, the

vol une of exogenous genetic fGhterial inserted will not

exceed about 10 picoliters. The physical effects of

addi ti on nmust not be so great as to physically destroy

the viability of the zygote. The biological limt of

{aFg%t BaIrEhe kartid deaglophyntelf sta@&é\caemfumde@ 1nuddhces/tmysgenes
end| ng, upon the partjcul ar Zég ﬁ;,ﬂ fung%| % 1

@@eﬁ@étdﬁeeqﬂiﬂt@q the s FVelpenEghhp gmboryona

i eﬁe@%afltl“hteg petific ﬁllfé(%? (ﬁq thﬁﬁ afe) s‘elecféﬁ%uée%eﬁaﬁ'?ood health,

€ exogenous genetl
gm:tdearmlﬁbfo yizldst peod @enhdiéan glsﬂygtytle tiuenbiiye, dnidgoodirenipduetive

apabl e initiating and nai ing the
Fr’IeFSePei“ﬁo‘{“é‘tq’g}?}}i’HLOt%ee\}élaé fﬁan%og tloﬂe zygote into a
functional organism The nunber of copies of the

transgene constructs which are added to the zygote is
depe nﬁmﬂucipmmftth@trmsgaﬂle iateohe tmbfyoeaan@e mecanpjeshed by any

mat eri al added Wi be t

iR E 104 SR D AT B SRED oot e R o o
ﬁﬁ(‘)ﬂéctﬁﬁeFSP@éérﬂp?e HIROKIVY.@ GrandPRUE YA be 19&6&&0@&11)&0 a mammal by
numer ous copi es are utilized, for exanp

Q02000 ot‘)th@@pne@cbfntq the p@@%hﬁg ehide é@ﬁéltl%@@mmaﬁan egg(s) to
\%in}s? [)8% ? lﬁlgieucro ies oﬂhe c{eﬁstﬁ%’PYo l#] e a%cdtlh ‘?H@é% S-EIP ﬁfe%evelopmg

n-advantage to aving nore t
baRh Al @) Fedlotipyiatroéation @ff tHeheankgese rcbnﬂmt(myceﬁmfsmﬁm ege,

sequences t o enhance the phenot ypi c _expression o n
&Ccﬁgemy epRpubgteduB e for Aﬁfy’lfigeaé’i*ﬁﬂn&iféfpm? OF TSP Gnto the

sfﬂ{r dgta 9%& bo@NLLSisb R ik lgtglrh%}} QAsdBd @(Fridﬁlzted One

nuc élc genetic materia util1zed so I ong
aSmirioninsethat inde $dcubate |thﬁeemlorybd1m wid for aboet eddays dbpeadag on
or other existin Pﬁad‘lttl ul ar enetic ructures. The

Q?Fo@éﬂ?ﬂaén%g’ﬁ@tr?l él"r% ‘?oé‘ %P%?%%I%h?ﬁttm ly inserted

into the nucleic genetic material by mcroinjection.
M croinjection of cells and cellular structures is
known Taagdrdgenyis£theitransgesically mam@ulﬁmmlaw@mn b tested for the

acconpl i.shed usin ads.. Usual

S LRI TN T
istEE4REs dMhOetdpRnO dbrel corlstRicnterldets sedbly integrated into the
genome of such transgenic embryos, it is possible to establish permanent transgenic

mammal lines carrying the transgenically added construct.

The litters of transgenically altered mammals can be assayed after birth for the
incorporation of the construct into the genome of the offspring. Preferably, this assay
is accomplished by hybridizing a probe corresponding to the DNA sequence coding
for the desired recombinant protein product or a segment thereof onto chromosomal
material from the progeny. Those mammalian progeny found to contain at least one

copy of the construct in their genome are grown to maturity.
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enbryos inplanted into a particular host will vary by
species, but will usually be conparable to the nunber

w@P006f16583pri ng t he species naturally produces.PCT/GB2005/001620

Transgeni c of fspring of the surrogate host may be
screened for the presence and2or expression of the
transgene by any suitable nethod. Screening is often
acconpl i shed by Southern bl ot or Northern bl ot

anal ysis, using a probe that is conplenentary to at

| east Far fhepliposesaff thik dodunsons,gesyeote\ié s¢sentimllyl th¢ formation of a
anal ysi s using an  anti body .against th rotein encoded
égwhvﬁ el MairbderrpaRin T HEv EoRing e aggmaﬁ?tg?%?lﬂat 139 rg‘fw the
?%Jté LADge b ied 8% e 5&‘1@2[%"%? afrREiehd ?orﬁl%@,se@ﬂh@ﬁnéh]‘:lrally or

transgene product. TypicalFy, DNA is prepared from

?xaiﬂcidrl]]jysb;yumeafmiomoﬁw)zl@gldw n@deitfhem a gamateywigemsies PORis, the
or the t . t ti . the.ti s, .
BETFleagel Bug T 0es MhiS s i gL ko Pt Tt gReSynR ristitin a

Leyel z?lg@fe%af)ﬁﬁé S_ﬂurfd@%o'i iERABMIGHh ﬁﬁdie%‘l@%lgg $hten fAhctioning
the transgene using Southern analysis or PCR, although

arganisivs §ieasrally, acaiploid gygede ismyefbwedidéan frpuploid gygote is obtained,

AR RN N T A
vh bR unterbf ik iofdhnistt frb@bligcl bidiedt @ainerl orRdibads such

as enzynme and/or inmunol ogi cal assays, histol ogical
stains for particular marker or enzyme activities,

the. beb BT o Bk i AR lR b By AEIE ooy e

bheuht (@RS 9enend) b dxisdenous dehetibmaterial whichehh basdded to the
eval uate the effect of the transgene on the l%ﬂﬁls of

vaelpesiaf thy pesotenrr 1B ithogenels matesaliWBichder Rt of the zygote
%g%lgllag. t[%?cg%e?xﬁtécf fn%%?itaﬁig Q%nrlgﬂegé fed @E@ﬁﬂélﬁt %\f:v' E)E%legoﬁaééngﬁc

ne | eni c ani na
sstdrad whiqhaaah ibe mddealris biynifed byithe ambwnrttwiichraill mnatsbrbed ggthout

nd/ or sp .obtained fromthe transgeni c ani naj.. .
Pregb gl S Crarrefnthy oty 58 Y5 tEepe et mgtorial
RCHBE Wil BY: REeddBHofOto REollter3NPIESHy&icaIsHRts o addition must not
knockout; where it is transgenic, it may contain the

bave gumt as Wiphfscahtdesrenthgembilityof et 2ygo The bialdgieal {imit of
t he rtner may b parental line. Mhere in vitro ..

i PR 407 sirsty OFORUP SRR e potl Viry dep il bt Batioutar
iZgPbt8 RhE® SincHbR oF tBAE0RERIE pBRstic MitetiflGUB R Ge réudvlytapparent to
of "both. Using either nethod, the ) )
one skilled in the art, because the genetic material, including the exogenous genetic
material, of the resulting zygote must be biologically capable of initiating and
maintaining the differentiation and development of the zygote into a functional

organism.

The number of copies of the transgene constructs which are added to the zygote
is dependent upon the total amount of exogenous genetic material added and will be
the amount which enables the genetic transformation to occur. Theoretically only one
copy is required; however, generally, numerous copies are utilized, for example,
1,000-20,000 copies of the transgene construct, in order to insure that one copy is

functional. There will often be an advantage to having more than one functioning copy
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progeny may be evaluated for the presence of the
transgene usi ng nmet hods descri bed above, or other

wa@ppsomssat e met hods. The transgeni c ani mal s pPOOGB2@S5/001620

in accordance with the nethods described here wll

i ncl ude exogenous genetic mat8rial. As set out above,

t he exogenous genetic material wll, in certain

enbodi ments, be a DNA sequence which results in the
production of a Kv9.2 subunit or Kv9.2 containing ion
eherhef thdusdrivdrexogdnossDINAesdgaciidre id enliahe: the phancgic

wi Il be attached to a _transcriptional control elenent,
expyession HriBEBIQEENoUH PRI SEA¥ERSabl v al | ows t he
expression of the transgene product in a specific type
of cell. Retroviral infection can also be used to

i nt r oduyeacdhmaquegeieh altvve far thermd ditiva o f dre exagenolik genetic material

devel gpi ng non- hurmman epbryo can be cul ture
B0 PRk Ear epen Sta B ubrachy 1o & it depieive e cel,

?hﬁ%ﬁr%ﬁﬁng 8Pother éx"i’sﬁtﬂ%t‘:@llﬁlﬁ’rr 0 (@héﬁ’é’ dthRburkd)TRE bk @PRenous
Jaenich, R (1976) PNAS 73:1260-1264 Efficient

igeretictmaierialfis pﬂe&rbﬂtiaﬁy msert@ismutcstmbmalem@bnbyc mﬁwyla’aby C

treatment t .renov l.uci da_(Mani pul at i
GO ENB By R aand P by Fipatgf i ¥ used in
babgratory Press, Cold Spring Harbor, 1986). The viral
vector systemused to introduce the transgene i's

typically a replication-defective retrovirus carrying

% RGeS ISTBE 40s os

hoansiesthetped, Sn€asichibrpydreinkéreddeintd (e bvﬂmetﬂh@yumber of
cul turing the blastoneres on a nonol aye

@nxbw prptaResdrigtoc qrfécueayélﬁstd@wﬂ ALY ¥ ﬁPe%plP%I wiblugypdiyibe
%:I‘taPl(gE]tg ?ﬁ% Lgrl}ﬁp e r i Sﬁ%@ %ﬁé%?t@&ﬁrglrtl% IdM | ¥ us or

V|rus produ0|ng cells can be injected into t he
bl ast gcoel e gbner et al. (1982) Nat Ere 298: g - 628) .
Most dransgenie gifseraeC e rpgatedes may Be sqrarmefl fop g prgsence
b
e A A SO pu e SBkrh e
_léu:rdnlmérshed by SéwthemdérotronNoctheitnailot anahissussinge pmbe rtlat _1s

R o AR g O
%flfll%?fg‘ 42inst e PEAbIhIcRELdCH b%/ itife PARQeRABSY Bé 8mpPyed as an

introduce transgenes into the germline by
ialtemativeeor additiompl wethed forispfceming &or the presenchiod ghesransgann

product. Typically, DNA is prepared from tail tissue and analyzed by Southern
analysis or PCR for the transgene. Alternatively, the tissues or cells believed to express
the transgene at the highest levels are tested for the presence and expression of the
transgene using Southern analysis or PCR, although any tissues or cell types may be

used for this analysis.

Alternative or additional methods for evaluating the presence of the transgene
include, without limitation, suitable biochemical assays such as enzyme and/or
immunological assays, histological stains for particular marker or enzyme activities,

flow cytometric analysis, and the like. Analysis of the blood may also be useful to
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enbryo (Jahner et al. (1982) supra). Athird type of
target cell for transgene introduction is the

wepdssgeisas stemcell (ES). ES cells are obtai nedI/GBooes/001620

pre-inplantation enbryos cultured in vitro and fused
with enbryos (Evans et al. (1881) Nature 292: 154-156;
Bradl ey et al. (1984) Nature 309: 255-258; GCossler et
al . (1986) PNAS 83: 9065-9069; and Robertson et al.
(1986) Nature 322:445-448). Transgenes can be

eddt¢ot tentrésencend f thel agsgendipiodidien ES Hedd, 5s 1IN evaluate the
tr nsffét ion or by retrovirus-nedi ated transducti on.

teirian SpptetReoEdiedevalsolcaponhpendt lpodeclis@nd iothsd blood
Wdhiitabast ocysts from a non-human animal. The ES cells
thereafter colonize the enbryo and contribute to the
germline of the resulting chineric animal. For review
see Jageni sch, ﬁ% §1988) Sci ence 240: 1468-1474. W al so
provi deORTR-Hihulsarseens gamals may hapkiaings by anating the transgenic
L nAASIOR ifto! ;
Pk oIk 6 Y B o Ve Doy spergy obtained
nibefeithe transgeai@amimalBihére natingwith2: mromeaisnb by pedbrmed, the

C nel function, teratio tq th ene incl ude o
GAPRgas SRk ke resSetls SxaretkignEorl Kbrsags transeenic, it may
| JohtaRoihe shiaB 0Pk diTtreX QARHRHS, 0 BOM. ARG vA Y HE hEMdr 3Gy be a
sequence with targeted or random nutati ons,

inRFsé bige Wheistin yHrafesijizatersisgeed the fmilinedembryo may be

| €S, 0 ihnation thereof.. The t sgeni c
AR in s BeSRIE NI GrRAbORE eV, WERh 0585 Beer gpethod, the
trivegenly neayetid evaluafbdeforihi FRdsencd teskdrs g@iﬁrdsw%]%ethods described
%Eerefron1are useful for screening biologically active

8¥% ST PHRST 2RPEOPTHASRIRCHIOES- Kv9. 2 subunit or Kv9. 2
containing ion channel function. The screeni ng nethods
are of particular use for determning the specificity
and adthedransdepat animhala lprddnesdini aesortimicetwigh e dudtadds@s@fbed

e, the treatnment of diseases including,

| ood. gl
?x?%gwlﬁaﬁﬁggr%emuscﬁeaﬂ& Blerily 8 PRI N PPONFe e xOgenous genetic
G Rl ihideith chibirhdhrd 68 h TNCEuchOMRhIABLLA0R AL

di abet es 1 ncluding di abetes associate
drighien o KvBRevbassadi el 2 dontainalg ioh skamel. @atther, in such
ociated n and t he treatnent of

di.ahet es S ur t hy,
ﬁg%gglln}e 552%,? 5§q11’g\p%eo\:vﬂ]telheea%l%$kéegttpr@ﬁ{angﬁnmyﬁgﬁopggk Je&RsH, e.g., a
(pbandtbe whilll prefeRb 1P AI10M e)g?r@ﬂidillycﬁi th@&b&g@ﬁ@pmmtﬂg Epecific
primary in origins or secondary to di abetés,

é%f/cﬁl)]/-pot hyroi di sm acronegaly, liver failure, renal
failure, pancreatic tunours,

Retroviral infection can also be used to introduce transgene into a non-human
animal. The developing non-human embryo can be cultured in vitro to the blastocyst
stage. During this time, the blastomeres can be targets for retroviral infection (Jaenich,
R. (1976) PNAS 73:1260-1264). Efficient infection of the blastomeres is obtained by
enzymatic treatment to remove the zona pellucida (Manipulating the Mouse Embryo,
Hogan eds. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1986). The
viral vector system used to introduce the transgene is typically a replication-defective
retrovirus carrying the transgene (Jahner et al. (1985) PNAS 82:6927-693 1; Van der

Putten et al. (1985) PNAS 82:6148-6152). Transfection is easily and efficiently
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pancreatitis and al cohol induced hypogl ycaem a. Al so
for treatnent of neurotic disorders including anxiety,

WwW@eoosa03g3gli sorders, anxi ety-rel ated behavi our BETGB2005/001620

general i zed anxi ety disorder, panic disorder,

agor aphobi a, soci al phobia, @ssessiveconpul sive

di sorder, posttraumatic stress disorder, acute stress
di sorder, and those panic disorders list in DSM1V,
and depression. The animals are useful as a nodel to

obteaRt lbg%hﬁuﬂiﬂgethé Bla@to@feréﬁv&} aZm‘étl@ldWrtof QIprﬁ)di’lcmg cells (Van
contai ning ion channels i ssues

dechites, supes; Sfewyast etraéa(asew)@aﬂ%@ﬁ 9#&3138§)3rﬁqu%/ infection
%LJ ﬁ&g Pl G 1&&@& E%‘rw% grgﬁgﬁgceﬂge F@ﬁgéc@edqnto

ransgeni ¢ non uman t1ona
ﬂieﬁilh@é@élee(Mmgﬁﬂ@llls(l $309 . Natwe 208 16a8-62R). Mioshb$ the(famrdeeswﬂl be
in its genone, and expresses, a transgene encod]
Heosaie $PIoge HFansgeRe IIngs BERIPATafipn gocurs Ok dn 9 sg SShoLE Rl which

E&%fe'd%ﬁ% té%rﬁ g@:{g gélg Jh¥mah & n?a‘i”ﬂ@fhef %h@foﬁﬁ&’e?‘?n@r%ntm various

etero IS a human 2. An ani nal
eatdvidal imeea*tidmdﬁtbdtrﬁmsgamesaicdhffann@uﬁ@M invthe @hnc}ms Wb@én

reconstit ted t.h _hu n Kv 2,..can be used t .
et b Errebletif e Ot IAddERn 0 & S35 fosbRlstodnipoduce
'tﬁné/gehéﬂnto,:tﬁé oENAITRE By 1r§ra§€ehﬁé' kdtiovirBBinfdcAB 6 £he midgestation
signalling through human Kv9.2 can be adm nistered to

tembrmmdaie,reml @882) dupree, in the presence and absence
of an agent to be tested and the response in the
animal, or cell line, can be neasured. An agent that

i nhi big iy ﬂﬁﬁ%etzcdllrfoiv’ {r¥ gtie infroddiioR i€ ehﬁ)ryonal stem cell
i dentified based upon a decreased response in th

piES)s Edcsllpprerbtringdeim osrivararation enYPReHBRbN ‘ﬂ’ff? pad fused
fhe P{?J Q}Nzlﬁs &3¢ 9én’i§ rll\?%]ﬁ% 285 Q¥h Ci%F )?%d]?e%\% 2}2 £1984) Nature

ransgenic uman ani na

SODQBSIZSK;“\@@és}e@at 4l) €1986IcPINAB 83nHOGEH-9069; awmdeRmJls&rtsbn et al. (1986)
expresses |lowered or no Kv9. 2 subgnlt or Kv9

Natwrs 3R2AGS 149 drrsaeics sa beeifigienily sytendyes ng)stha ES cells by
frﬁéw&aagfecm & 999@5\9 d&atgd glgéraugﬁo@ gﬂmr&qﬁﬁﬁi&@ﬁﬁecells

bei ng |srupte or delete Pre such an ani nal
exptiessésr bocdidndl with bivistocpsts Koy aletnelnLtraamamlglal dhe ES cells

gﬂ%{;%?g gégﬁljg\e/ g{g{qr@l\{gég <$ Efr{ﬁrﬁé(&g lgy @et ne ﬁflﬁ gﬁgle rgsHltmg chimeric
GRARNCErTBAYR s8STaskickh, R. I\6@883 Sefens¥$£20: Ad¥Qq473. Kv9. 2

i on channel knock-outs may be

We also provide non-human transgenic animals, where the transgenic animal is
characterized by having an altered Kv9.2 gene, preferably as described above, as
models for Kv9.2 subunit or Kv9.2 containing ion channel function. Alterations to the
gene include deletions or other loss of function mutations, introduction of an
exogenous gene having a nucleotide sequence with targeted or random mutations,
introduction of an exogenous gene from another species, or a combination thereof. The
transgenic animals may be either homozygous or heterozygous for the alteration. The
animals and cells derived therefrom are useful for screening biologically active agents
that may modulate Kv9.2 subunit or Kv9.2 containing ion channel function. The

screening methods are of particular use for determining the specificity and action of
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generated by various nmeans known in the art, as

described in further detail below The present
waele@slassss e al so pertains to a nucleic acid coPSL/GBRE05/001620

for functionally * disrupting a Kv9.2 gene in a host

cell. The nucleic acid constétuct conprises: a) a non

honol ogous repl acenent portion; b) a first honol ogy

region | ocated upstream of the non-honol ogous

repl acement portion, the first honol ogy regi on having

potdhtial ®etapite feabe aiddealaribi bf Blobd ghwbseatheitrbamént pf diseases

first Kv9.2 gene sequence; and. c).a second ho |.orgy. I
inggiies 1 sded TaeRAstiness BIPTHEUHBRT, SR SHHan S insulin
RS0k eg@ﬂgléc&ﬂ%é KFhiadhe iﬁﬁﬁ@lﬁg dneeRL ag¥ciardivasculta \didease,

a nuclé sequence wth substantial identity to a
disosschssocthtd geaalisesuanicbabe dsessmiasertnayepathyg epdthe treatment

SERESIEE R TR PG by 0 A1 101 o
engegena l&%sl'@b?de%lig,e\ﬂl?eth&%rﬁdrg Rabliyins bi®@chidasy toadisbetes,

second homology regions are of sufficient length for
Hypenh g oide rmbionzaghlyn i ket feidurs, ehd faille.ragcgaiigtumours,

const r.uct d .an. endogena Kv9. 2 ' :
e R RS o A RS IR g R e Bl
NoSte&ehdludih akidry edridte diserdeny binsoty-related behaviour and
non- honol ogous repl acement portion conpri $ES %51 :
gongrabiged aviely disordst, Dapicetisnrdas) 8T FRIOBE, $Ry13 RROOIARPsESsIve-
osi ti.ve i eSS I
RS EREBh o ISR R SRER S sl o
aisbrdetsylist inBSM-1Vg aad degassidor y el enent (s) .
referably, the first and second Kv9.2 gene sequences
are derived fromSEQ ID No. 1, SEQID No.2 or SEQID
NO 4TP9 nﬁaﬁ%h&%%s YRS deR Y inQEstigeikitNAfold/ 8F Kv9.2 subunit or
t her eof . Anot her aspect pertalns to reconbi nant vectors
KRDQ cohiaiting foa charets io nmohal tisswestand organe seqhi dsdbie biaby eart,
has been, i ncoy por at ed. Yet .anpt her aspect pertains to
FRiggn %’qu}‘@rf‘ tge F%tr?ntth@rﬂ’l?fﬁ%?'c aci d construct has
been introduced to thereby all ow honol ogous
reconbi nati on between the nucleic acid construct and |
an endogtrpespedtp@rtaing éne trafisgemie nhpkymasdtlimal kaying ¢ fgetionally

in f ti | di t fot 2
HRenELeBEout KR0S Rl 5 TRE Rp S edbbhel R Bprosses
S XRAERAE EndMiho Het@Blokbes Ki¥.e protbindl.&, a Kb 2efomanother

heart, or a pluripotent cell, such as a nouse .
epdsieph Rrefersbbyniheenimal is a mouse and the heterologous Kv9.2 is a human

Kv9.2. An animal, or cell lines derived from such an animal, which has been
reconstituted with human Kv9.2, can be used to identify agents that inhibit human
Kv9.2 in vivo and in vitro. For example, a stimulus that induces signalling through
human Kv9.2 can be administered to the animal, or cell line, in the presence and
absence of an agent to be tested and the response in the animal, or cell line, can be
measured. An agent that inhibits human Kv9.2 in vivo or in vitro can be identified
based upon a decreased response in the presence of the agent compared to the response

in the absence of the agent.
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Furt her devel opment of an enbryonic stemcell into
whi ch the nucleic acid construct has been introduced

wa@peashaised ogousl y reconbi ned with the endogenoRST/&B2002/001620

gene produces a transgeni ¢ nonhuman ani mal havi ng
cells that are descendant fr@mthe enbryoni c stem cel
and thus carry the Kv9.2 gene disruption in their
genome. Animals that carry the Kv9.2 gene disruption
in their germine can then be selected and bred to
pr odue zisoi pravide fiena Kep.2 Hefidie t@nm@ rmnslmmpﬁrn asimpl{a “Kv9.2
aII sormtlc n ermcells nm ce can

%t g gn %fnlllpé‘a]‘r{é §n<=2wébc SXATESSES 6?were@ op fo R‘i/@ ‘%
ﬁlﬂT ln@ =] 2ﬂaﬁta§rﬁﬁgﬂon%ﬁﬁﬁﬂé© fotivigspréseesbias & resulibo€ SIS
specified to the contrary, includes but is not linited
émi,ogfmiuy KvSrPagubunit gmﬂnun atquendfi bpemg disrupted ir deletps: Breferably,

gg @Eg’}g %%(gnggsgp 90 li(%{%?ﬁsu#oﬁmp é‘g%?g §I%RC gneé:gﬁ channel act1v1ty

Rordb k@01 thb efiin®s exprbssbs ﬂicﬁ‘icmlvitytolﬁ eierKm. l’ldomgmmg ion channel
activity for a tar get subst ance,

SHoatt a)szSBfQ H MKt 07 HEQ HAINO-as K§f9r?g!|°é Cgﬁa}%i%ﬂ# rPinay be
éﬁﬂ%& %ga?ﬁoglg n?e{?gg Ex'u{lén %ﬁg%?{t] gb%rde&‘}f‘ﬂ)teﬁ & P.ﬁ'thef QL8 BSow.

ng site o
anti body. The anti bodi es and fragments thereof may be
humani sed anti bodi es, for exa s. descri hed |f 1
EP- A- ZBonpeent difclosere o ertane { %BP gl geidieopsiyel i1 fipghionally
a J i AQIBOLSH cohs@iu 8s: a8 non-
13“1 %E%J{ {éggﬁmﬁbl@lsT 545 807 and 6. 075, 181 4

ﬁamomgsas ﬂeplan&ﬂeht phigiens B) & ﬁrsngoranlogb oetiierslochted upstrepmsaf the
whi ch inhibit biological a of the substanc
gﬁ}pﬁgmg}ggau%@ag)@ pO%I.Oél &]&ﬁé cg}o%/rrggxo}l?‘lg&m]g Ghucleotide
c@%u dit% SulRBAHLNBEARSH 4 fisst KD 2hRAE e&queRye; Bd ¢) a second
ce

y standard techni ques, such as by
hmmnmgyaeglolm Iasatefylowsitrageofifhagen-Hpmploggus neg}aawyenmomon the

Kot SBgpolE e Feuth A it s el Rk AR SEh AT dontity 0o
%@&ﬁ@ |Kev902f gdHe@d el cs PRcdebbpk Y 2 tgend Mub’mﬁ hﬁvmgatleaaﬂon
or honol ogue, frggnent etc. If, pol nal anti bodi es

downelessiny @fbthe irsg &1vAck geae RRANTRTC 1(1@ { ura Q%Célml}%%@pgenous
%}n% ggaﬁﬁdltlgﬁaﬁl Sﬂ'{éﬁﬁéstba%d s ﬁ'h%ﬁﬁ)l(ygfljagﬁﬁs are of sufficient

on conpri sing
length for homologous recombination between the nuclelc acid construct and an

endogenous Kv9.2 gene in a host cell when the nucleic acid molecule is introduced
into the host cell. In a preferred embodiment, the non-homologous replacement portion
comprises an expression reporter, preferably including lacZ and a positive selection
expression cassette, preferably including a neomycin phosphotransferase gene

operatively linked to a regulatory element(s).

Preferably, the first and second Kv9.2 gene sequences are derived from SEQ
ID No. 1, SEQ ID No.2 or SEQ ID NO: 4, or a homologue, variant or derivative
thereof.
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Kv9.2 pol ypeptide or peptide. Depending on the host
speci es, various adjuvants may be used to increase

w0 pavenedssy)i cal response. Such adj uvants i ncl udeCT/GBR005/001620

are not limted to, Freund's, mneral gels such as

al um ni um hydroxi de, and surfgge active substances

such as lysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole |inpet henobcyanin,

and di nitrophenol. BCG {Bacilli Calnette-CGueri) and

Cor y neAxasthes lakpet Pttt Roadbnitih S Vedblsntd Safith th*élﬂiﬁe&c acid
adj uvants which may be enployed if purified t
SeBsiushdescepgdapoxe %@S b@qumleormdalﬁeﬁ &nptheea&pdcttprrtalns to host

V0L RS X AR | B SURLD L Wi

tHomalngmBI res:eﬂlbﬁfaltlﬁﬂbeﬂ\&eﬁ Hd e leasiacideoristradit#d an endogenous
rocedures. If serum containing

3‘2 g%}rgfgﬂftﬂgerﬁ%bvg p%,sultbigaﬂ ﬁ@m’ﬂp@% éllsémtmnnébhfeeﬁdoemcms Kv9.2
Fé%hé’ m@th'ogt%eﬁ%glg 8L Q%&%hl%%eﬁ%h&t?mg‘gagr D5 AR50 2 W% the
pol ycl onal antibodies can be purli

i liver) o, fspleeh pr hé‘ar‘o oah piprppteyt celle slvhi aala&ﬁoﬁs@rembryomc stem cell.
antisera are known

e o Penl e N Sk PelnbPgaIe ey elseconheitruct
WRs BéchAnRbAitkd ﬁnd@&ngloggﬁéﬁp?@&hgm%& GHENGE §ncﬂ)r§enous&(v9 2 gene

fragnents thereof hapténised to another amn
pctrinsgenis sorlyimamaniogldnsingreels thanbis descehdamf®m the

e O R A -
Fﬁﬁﬁﬂlhls)thd@ cae aRA Y2 é}% &upti@fin tReit F&nﬁfnte call '&Fen(})e selected
general met hodol og éll naklng nonoclonal anti bo

av

(5 Byedite gendise pr mgdthv Arasne disruption in all somatic and germ
e e I T T

transformati on of B Iynphocytes mnth oncogeni ¢ DNA, or
transfection with Epstein-Barr virus. Panels of
fBHEBORIERI anti bodi es produced against orbit epitopes
can be screened for various properties; i.e., for

i sotype and epitope affinity. Mnoclonal antibodies

may bé‘hp teep&patibodsT mgusad ert Aei3E epeeinst ite theRb@YArfaacIl@s but is
Ig ucti oq of anti od mol ecul es by conti nuous
DO RS 0o beli et dpBoclTbsB ST Basle dhaw, Brietaghonts and

gﬂg?gﬁlﬁg pﬁdﬂucéd"@y 0¥ LARERIh B, R Hao PRl Nude fragments of
whole ant1bodles which retain their binding activity for a target substance, Fv, F(ab’ ) and
F(ab’), fragments, as well as single chain antibodies (scFv), fusion proteins and other
synthetic proteins which comprise the antigen-binding site of the antibody. The
antibodies and fragments thereof may be humanised antibodies, for example as described
in EP-A-239400. Furthermore, antibodies with fully human variable regions (or their
fragments), for example, as described in US Patent Nos. 5,545,807 and 6,075,181 may
also be used. Neutralizing antibodies, i.., those which inhibit biological activity of the
substance amino acid sequences, are especially preferred for diagnostics and

therapeutics.
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Koehler and MIstein (1975 Nature 256:495-497), the
trioma techni que, the human Bcel |l hybridonma techni que

w@ kmshaews3et al (1983) | nmmunol Today 4:72; Cot eP€L/GBR005/001620

(1983) Proc Natl Acad Sci 80:2026-2030) and the

EBV- hybri doma techni que (Col & et al., Mpnoclona

Anti bodi es and Cancer Therapy, pp. 77-96, Alan R
Liss, Inc., 1985). In addition, t echni ques devel oped
for the production of "chineric antibodies”, the

spli CAﬂQod@ﬁes"i@dJ}S& potudeady sgpdes tb@n[qummueimas pilymunisation

genes to obtain nol ecule with appropriate antigen
epBoisitiged Ehﬁgaﬂtﬁp]@i}’d]bwwal activity can be used
(Morrison et al (1984) Proc Natl Acad Sci

81: 6851- 6855; Neuberger et al (1984) Nature

312: 6A406@8ptideadigdptidd may bé 1esEp ddetlop en iithod§DyABen

Al ternatively, techniques d for t

SEhrayRg| @Jcéiwal antibedY Iﬁéﬂb%gaff’%% e fgscL @&g" ‘%‘?%"%
ﬁﬂﬁﬁ e the substance speC|f|c

lﬁﬁﬁ 8rc al ﬁtl%[E‘]'c{{ﬂgéj‘"e Ant i bodi es, both nonocl ona

agd polﬁflonal, which are directed against epitopes

obt ai nable froma Kv9. 2 ept de ,or tide are

par Lfmogfcigmhw?)eﬂwﬁ SR R L O

%g%oc(? §1i Ijant Il% 1H§ﬁl§1ﬁ'éed' Mt@ﬁ?ﬁﬁ%@néé@ﬁ%%hﬁ@ﬁﬁ@ﬁ comprising a

di es, particul ar, may be used to
Kab Qepodypeptidedirgtepfide. i}ﬂpﬁmbdg es thedrptst spiegiietwapieus adjuvants may

nti hodies are
B B G CEHOR R BeooR U8 S0aPR e tmaaroney
Whiited (R FedRatsl Bindrsl fResducrds alﬁﬁﬁrﬁiﬁtnqw@SoxﬁdH aﬁdislﬁlfeutg actlve
antl-ldlotype anti bodies are known in the art.

suttstanpeh sucly p%lymiwlﬁ@m.pélgom)pog{oé% PRLYanigns, PEPHGES m?emulswns
ti bod
SRR TR RS PR PP g

EOFRRPLNE ik p@ﬁbmrm potentialogk fild tilunan hdjovarts whmhrmay be
panel s of hig ge0|f|c bi nding reagents.as
gmalayed @”@uﬁﬁe@heéﬁ ftagge agping i@égeqt}ﬁﬂ%lsmmlmﬂéﬁe& 5|

@P&gﬁggﬁéﬁ?’%ﬁnp%&{% 1€fduﬁs %lqh% n@%@é 8F Enful Ak systemic

ti1 body fragments which confain
gdpfeatd.i ¢ binding sites for the polypeptide or peptide
may al so be generated. For exanple, such fragnents
i nclude, but are not limted to, the F(ab') 2

I rh:g MRBLS BHinGhe fRRuRCe PLAMEER Lo NYIRERRI tReatlddR8SIdRE t8known
procedures. If serum containing polyclonal antibodies to an epitope obtainable from a
polypeptide contains antibodies to other antigens, the polyclonal antibodies can be
purified by immunoaffinity chromatography. Techniques for producing and processing
polyclonal antisera are known in the art. In order that such antibodies may be made we
also provide Kv9.2 amino acid sequences or fragments thereof haptenised to another

amino acid sequence for use as immunogens in animals or humans.

Monoclonal antibodies directed against epitopes obtainable from a Kv9.2
polypeptide can also be readily produced by one skilled in the art. The general
methodology for making monoclonal antibodies by hybridomas is well known.

Immortal antibody-producing cell lines can be created by cell fusion, and also by other
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anti body nol ecul e and the Fab fragnents which can be
generated by reducing the disulfide bridges of the

wOo-e@lbs/1)58238 f ragnents. Al ternatively, Fab expr esBCDGB2005/001620

l'ibraries may be constructed to allow rapid and easy

identification of nonocl onal 7Bab fragnents with the

desired specificity (Huse WD et al (1989) Science

256: 1275-128 1). Techni ques for the production of

single chain antibodies (U S. Pat. No. 4,946,778) can

lcBaighes sudhpé didect crapsfodhtion oif Bglympbbayites wittlh bbageeis DNA, or

Kv9. 2 poly, tides., Also, ns eni c, m or. oth
a@siwt@ﬁéwﬁ»ﬁp%nﬁg%Ylﬂléer n%wﬁ@t@g@as produced

desc

SRS TIREA G0 FHIRL e zaf@%ﬁﬁ@&at R B o Mo and

epiopesfiEnipr.essi ng the pol ypeptide or to purify the

pol ypepti des by affinity chromatography. Antibodies

agai nst Kv9.2 subunit pol ypeptides may al so be

enpl OMOER)nQpﬂMIbé&gs Bla %’_96 p%pﬁfe@ﬁﬁmfgchﬁa & niqe M Yrovides

of di seases i ncl udi ng and Type || diabetes,
lfgmhc pmsluctma@mntabodwpekpudgmby mmwomsﬁ@lﬂl lings in culture. These

5348 B0k TRILER A2 Bl BEBRER APBhERSera

Kokl AlENiKRNA(19d5 maﬁezwd%ium@ﬂesmss mhﬁiqad the human B-
neuropat hy, and the treatnment of caem

nylbbybncbmadémqt{edl@@b@w mbﬂ981)Ij@mlﬂn 9y 4: 4R (Cote et al (1983)
?»}’ '(]NagAgsa@a 80%55 0 dd”EﬁE B'\ﬁh%r d%h{b t8&1n§<ﬁi%%91f’ef & al,

hyper hypo yr ol |sm acronegal y

MNedrovlonal Amitaldids anll (oaceri@ieeapgapp. ¢ 7tA0yAlarsR. Liss, Inc., 1985).
pancreatitis and al cohol induced
hypogl ycaem a. DI AGNOSTI C ASSAYS We further describe

the usge fl&gtl@{ %ec%n&@?#@ég}elcﬁ ?Hﬁ gfsbtdh&% A*himeric antibodies”,

pol ypeptides ’(as , variants and
digr pliainig\wod snduse pigdfo)ly fgemesus human dhtﬂg]dgigesesatg obtain a molecule

di agnostl c rea%glgtﬁspc%it%ranggw t Il(galg?%'ﬂ é]ls?](gﬁ\([%n‘lson et al

*61’?9&43 P?débN!iH IRV &1 %83 ¢168S 5.V Aiblekidt @szf(wmﬂ) OOHBS 312:604-608;
variants and derivatives), as well as antibodies

Aghkedastt ak(1933) Naluypblgcs QedSQr Alternativelis sscbniques deseribed for the
gﬂcﬁﬁxﬁf 1on é?g%é’lg §§ ng iglgtllbodh% (?ﬂﬁeﬁ;aten? N 2 f948 t}%)Kc\ﬁ% 'be adapted to

produce the substance specific single chain antibodies.

Antibodies, both monoclonal and polyclonal, which are directed against
epitopes obtainable from a Kv9.2 polypeptide or peptide are particularly useful in
diagnosis, and those which are neutralising are useful in passive immunotherapy.
Monoclonal antibodies, in particular, may be used to raise anti-idiotype antibodies.
Anti-idiotype antibodies are immunoglobulins which carry an “internal image” of the
substance and/or agent against which protection is desired. Techniques for raising
anti-idiotype antibodies are known in the art. These anti-idiotype antibodies may also

be useful in therapy.
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dysfunction will provide a diagnostic tool that can
add to or define a diagnosis of a disease or

weamsemssdi | ity to a di sease which results froP€T/GB2005/001620

under - expressi on, overexpression or altered expression

of Kv9.2 subunit. Individuals7tarrying nmutations in

the Kv9.2 subunit gene (including control sequences)

may be detected at the DNA | evel by a variety of

techni ques. For exanple, DNA may be isolated froma

pat i endntdredidsmeayDib poprydured iy sndueatg g niveafrofiv®ioR in the

et erm ned. e identified pattern is conpared to |
SHEPEPES ipulalion by SeiReHAE OB eI P b lrarics or
%a&@l@%@h@ﬁﬁ%fﬂe@ﬁi@%iﬂ&iﬁ re@¥&his as HOGSYea 1P OrBRRY; 5?#1 989, Proc
expression of Kv9.2. Patients expressing a genettic

Pt freadobai S P33 F537),camd Oingdr €lamw Milseas0 ¢ 20 1e Wature 349:293-
q%@?ase may then be identified. Genetic analysis of

thé” 'Kv9. 2 subunit gene may be conducted by any

techni que known in the art. For exanple, individuals

may be screened by determ ni ng DNA sequence of a Kv9.2

al | el é\ntihpdRilapments Srchenataps bpecifist indipg sitenfos thegplypeptide or

B8 ik 01s8 Be UL AG FATRENE PR BRRRERS incdie Bistrart
ditpitegisis; tha Fafo’ K\iigmehts vigtieahi Rpréfeed rogg,egéaﬁ dR¥estibrli¥he

pol. rphi smin_the gene sequence for Kv or —any

fé&%@ olegiie pad fhediydifragmenismaueh ean bergtmprataddysisdicing the

I gemdd ) e r he . ..

occu r(}é‘eur%-g% eg?ﬂ&% 3?3; gg gag@%gﬁséglté?lgﬁz\ﬁ%%% retxm?ﬁ gon libraries may
dggorgsicted|ty allowtriped end basy sdenti@sativn df\RordchmaPEAf &8nents

di. t.o .preven e rther occurrence or
TUTERR Brie oo ity (M Eeth o s 555 ickener gs@aarsaas by
i nclude Type | and Type Il di abetes,

hyperi nsul i naem a, hyperinsulinism insulin
resi stlapliquesdopthe padduotien off sirgil@tietie sntibodias (UK Pat. No.

[ associ at ed vascul.ar di sease, dj.abetes
APRTT B PRI rouRte S5 Eht anuiesdo o2
meLybeyatehyAlsatehnkdhid MeR! Sedtherr oA BRI LARH
hyperlipoidenia%é e the HDL5EELgor VLSL),Egkghaqnmnmab’
A bepispdiongxares @mh@lﬁe%mtmmy&i n origins or secondary
to di abetes, hyper/hypothyroidism acronegaly, |iver
failure, renal failure, pancreatic tumours,
pancr &g abéve-dusctittldcmtibbdit e BélehiyR9S ¥ridsHcr td R Rtify
for treatnent of neurotic disorders including anxiety,

SioRpEPpressias trapalypeptide ef tp-puaifathedobpentides oy adfiity
chromatography.

Antibodies against Kv9.2 subunit polypeptides may also be employed to
modulate blood glucose for the treatment of diseases including, Type I and Type II
diabetes, hyperinsulinaemia, hyperinsulinism, insulin resistance, complications of
diabetes including diabetes associated vascular disease, diabetes associated renal
disease and diabetes associated neuropathy, and the treatment of hypoglycaemia,
hyperlipoidemia (be they HDL, LDL or VLDL), and dyslipoidemia, whether primary
in origin or secondary to diabetes, hyper/hypothyroidism, acromegaly, liver failure,

renal failure, pancreatic tumours, pancreatitis and alcohol induced hypoglycaemia.
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general i zed anxi ety disorder, panic disorder,
agor aphobi a, soci al phobia, obsessiveconpul sive

waele®enessy posttraumati c stress di sorder, acutBCEGB2®S/001620

di sorder, and those panic disorders list in DSM1V,
and depression. W further di7’close a kit for the
identification of a patient's genetic pol ynorphi sm
pattern associated with Kv9.2 associ ated di sease. The
kit includes DNA sanple collecting neans and neans for
erexosme Agsayenet i ¢ pol ynor phi sm pattern, which is

t hen conpar ed to control sanples to determ ne a
patient's susceptibility to Kv9.2 associ ated di sease.
Kits fiaf fchhadQsise @F use SM@vE2 Wﬂ'p@‘lﬁﬂc@bﬁ@@%d polypeptides
conprising Kv9.2 polypeptide and/or an anti body

tapaveias homoguepolayipuistand derfyatives tijgweﬁtfowseu in )dw@in@sw as

| so ovi ded. Nucl ei.c a

QisefeRatier o WinrbE APO SN e AR IR o BaR e gr capablc

6fh d1§x? foviavo. b isgisiaer MicRRs3ti &y (irdliddmns Yormsloguidsakariants #nd
erred enbodi nent, the DNA i s obhtained from bl ood

Gieltlvaélvéﬁt 2 Welbas aréibodics peryast KydiZarolyreptifies g plsemeefyl insuch
§ bI ood col |l ected on absorbent paper. In a further
Peferred enbodi ment, the blood will be collected on

an Anmpl i Card. T™M (Un| versity of Sheffi el d, Depart nent

of Medi ci ne and Phar nacol ogy, Hal | anmshi re
Hospi Dstectiopmef ¢ partaied fosg) of e K 923)5 Syt seRg apsQalatadyvighe
I
5K Sl 10 PR B TR BELATREL s o
tdészhseiog umembmty tha chswkeysshlsh r@ltgﬁnmolrdot-emessm over-

that t t th .pol ymn h DNA
apieBoneer e ognes o6 RV roub &l Tk RhE ol mytaigns in
khakve 9 sﬁlﬁﬁutpggﬁe (ﬁéﬁﬁin%rboﬁﬁr@l' deﬁlhéﬁ@&d) %hnye debetddedt @8I DNA

sequences 1Is achieved DNA may "al so be used as
ﬂeﬂwbﬁa&@nﬂM0§knhﬂ@u&fashlon. The anplified DNA
sequences fromthe tenplate DNA may then be anal yzed
using restriction enzynes to determ ne the genetic

pol y Mpt,P Bk e, AV AGRAY bé‘lsbﬁﬁéd&'fmﬂl hEh@&lt SEQHURIDNA pdnorphism
t her eby provide a genetlcﬁg Cimnrp ismprofile of the

patterewf KvResdateratinesh The gij pa,t@ﬁ*g{s W@Wﬁﬁ?dﬁ‘é controls of patients
P b S TEL e B o Py,
R:Qbﬁé@dirp&ﬂ BV ). Batidhiéeikpressing a genetic polymorphlsm pattern associated
with associated disease may then be identified. Genetic analysis of the Kv9.2 subunit
gene may be conducted by any technique known in the art. For example, individuals
may be screened by determining DNA sequence of a Kv9.2 allele, by RFLP or SNP
analysis, etc. Patients may be identified as having a genetic predisposition for a disease
associated with the over-, under-, or abnormal expression of Kv9.2 by detecting the
presence of a DNA polymorphism in the gene sequence for Kv9.2 or any sequence

controlling its expression.

Patients so identified can then be treated to prevent the occurrence of Kv9.2
associated disease, or more aggressively in the early stages of Kv9.2 associated disease

to prevent the further occurrence or development of the disease. Kv9.2 associated
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may be enpl oyed. Deletions and insertions can be
detected by a change in size of the anplified product

WO 2008005338 | son to the normal genotype. Point neCHGBR0VS/001620

can be identified by hybridizing anplified DNA to

| abel ed Kv9.2 subunit nucl eot 78le sequences. Perfectly

mat ched sequences can be di stingui shed from m smat ched
dupl exes by RNase digestion or by differences in

mel ting tenperatures. DNA sequence differences nmay
aliscasdsancladeTyred dng Tyipe dF ditbaes hiperdlselitacoid) O périGulinism,
mobility of DNA fragnments..in gels, with or wthout

BT PSP BOTPRICEHPRS Of diptielsd inglhging dijbieie pisgoiaisd epscular
efseasdyMBIbSte8 hssBbiated¢E RN AR eAsE 28R HEB: é%s%éciat%ﬁ%‘éﬁ{%@%th%yand the

changes at specific |locations nay aes e revea
ritrefee ef byrasbceroir, hysalisqideuphbathe RN, T4DH oSVLDL), and

. ' h hem.cal. cl eavage, net had. See Cotton
PR, Shoht i e B YD fiobeser 4901,
Ihyperintpoetyreiaad heveiiegal@Nlir TRYir8 fre@d it Fﬁ‘éﬂ %!aggjeét?cetﬁmours,

probes. conpri si nﬁi@t he Kv9.2 subunit nucl eoti
fegererdes B qohgheducedinppgytacoin Aeo bwtsaimamt efintuwotic

: "ol ' f e.q. et i .
BRI B8ler SREEN S dl s e AR bPhagiandne
hpneraldemalctyadiporidenpinit disonted 2paRphehisls8ial ShAbBSIsive-
a varjety of questions in nolecular genetics including
é:gﬁxgugy&dég)gqleg@osamapg sfressiasgeder aastiteginiges disorder, and those

o k- st X " Chee et al., Science,
%?lc?;gg?d%%}l%g%?%%?YiggG; He%gfﬂr\l]/'lgl e strand
conformati on pol ynorphi sm (SSCP) may be used to detect
di ffergnces in el ectrophoretic pobility between nutant
and wi‘?fa %‘fré‘ﬁfedﬁaﬁeear ‘r&“ gﬂfi té%ld(itf}lﬁqaé}%pf apatiqui’sgonetior oc
B e e R R P 0 Sl i aes DA
FanplespPectmg nEan9ynd Semyl for detemmidiag aldAetia pdymoiphisad pattern,

AN X T

Ko sssdidteddieehsBUCHEfo dAGheSs ¥ k%.z%:%%h@&ﬂﬂ dae comprising
sequence, the resulti ng alteration in e ectropﬁoretl &
e

14 Rolypeghappndion aneangibedicagaist sfchevmyeptie (irdragasat of it)

| DNA fragnents may be | abell ed or detected
%&?Q&&Fpgg&'&?%d probes. The sensitivity of the assay may

be enhanced by using RNA (rather than DNA), in which

t he sle\]colndar y structure is nore sensitive to a change

in ucleic acids for diagnosis may be obtained from a subject’s cells, such as
from blood, urine, saliva, tissue biopsy or autopsy material. In a preferred
embodiment, the DNA is obtained from blood cells obtained from a finger prick of the
patient with the blood collected on absorbent paper. In a further preferred embodiment,

the blood will be collected on an AmpliCard. TM. (University of Sheffield, Department

of Medicine and Pharmacology, Royal Hallamshire Hospital, Sheffield, England S10
2JF).

The DNA may be used directly for detection or may be amplified
enzymatically by using PCR or other amplification techniques prior to analysis.

Oligonucleotide DNA primers that target the specific polymorphic DNA region within
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sequence. In a preferred enbodi ment, the subject
nmet hod utilizes heterodupl ex analysis to separate

walowbhesssg r anded het er odupl ex nol ecul es on t heP@EEB2006/001620

changes in el ectrophoretic nobility (Keen et al.

(1991) Trends Cenet 7:5). They4di agnosti c assays offer
a process for diagnosing or determning a
susceptibility to di seases such as anxiety or diabetes
by detection of nutation in the Kv9.2 subunit gene by

tieegemes bibidserebe aiyibegaepalddesophiese AP OR rdiéBor ampPlBition of the
Eagl pe&)tl des. and nucleic acids may be detected in a
ﬁ%ﬁ%.uevﬁ%l,s achipvd: ROWSoralNAimashalessbewsell jag tasep lalios inesimilar

. ' i.Si term nin
FRABETIL BUREAoRS LS AL LS SN s
deiog esssidionrenzyroestasiettrhieahe génetib @okvfbrghisbprisént in the

ol ypepti de or K % 2 subunit nmRNA. The sanpl e ma%1
AR seciensep and ifby vide i BpRstic poTaDBPEMP BiOf the
i dn® 'R 36 Won TH2RRALGEh HIR P&y ﬁé‘f‘dfegﬁ%érlﬂ)a{ %ég %ﬁgék.sﬁ?esiﬁatively,

associ ated with’increased, reduce
abHoroRincko® tiechgiduensuchex SNPSsingte, nuicheotidel polynopsttismd) analysis

r .t %Boral changes in | evel or pattern of expression.
$ﬁ%¢§ev 1O%ﬁd"pattern of expression of Kv9.2 in an

organismsuffering fromor suspected to be suffering
fromsuch a di sease may be usefully conpared with the
| evel Dstetigas et msationsqsn ds sletsateilya ahongeain soregeithesamplified

[: is of disease. l.n general therefore,
oS Blrp i AR R Bl EBBE P PHE B Rstod eafeniined by
hyleidiziag amiptlie® DA i laBeled Kv9.22ubuitiidiedtide k&juendG! Perfectly
in %.Eanple, by contacting the sanple with at |east
BREChRe, sgqirpCes SRy bp Aisieguiricd froms migeasetedluplexesby RNase

j i ' [ ' a e for th
o R e e e ey Sty S AR e S erenag cnay
also e detotied bpyltepeaisiih ekkirypHodtit hobitityeo MY AZTaibARY ih gels,
nucl ei ¢ ac'@%%or,a ortiog of it, _and bindiggabetmeen
YHE of Wbthatl,{ NS ARt Op IéﬁE%CtQNAWéCFE@ﬁWB & g5 eMyers et al,
S8¥nRl (393 P 8oL Sg%ueﬁb'é' Eﬁéﬁgg%{t Ee%c\{\gc %{ﬁ%@ﬁlﬁ?ﬁaﬁlﬁé 1%gealed

of detecti'ng the presence o
biohyqlesse podedtipnasays sticngs BINAs¢ hndsahgrbectiért br taé chemical

nt.i body .capabl f Qi ndin h o) ypepti de and
BB ERESPL Bl LT h R P (PELURTRL 5, B0, 507401
aklp epibbdenent HinSuridp Y f 6REVHRBISAdsYpr s%@)ﬁggﬁﬁg YK v9.2
monitoring the presence of a conplex for
subunit nucleotide sequence or fragments thereof can be constructed to conduct
efficient screening of e.g., genetic mutations. Array technology methods are well
known and have general applicability and can be used to address a variety of questions
in molecular genetics including gene expression, genetic linkage, and genetic

variability. (See for example: M.Chee et al., Science, Vol 274, pp 610-613 (1996)).

Single strand conformation polymorphism (SSCP) may be used to detect
differences in electrophoretic mobility between mutant and wild type nucleic acids
(Orita et al. (1989) Proc Natl. Acad. Sci USA: 86:2766, see also Cotton (1993) Mutat
Res 285:125-144; and Hayashi (1992) Genet Anal Tech Appl 9:73-79). Single-stranded

DNA fragments of sample and control nucleic acids may be denatured and allowed to
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between the antibody and the pol ypeptide, or
nmoni toring the binding between the pol ypeptide and the

wa@pioshaidys Met hods of detecting bindi ng bet weePCT/aB2005/001620

entities are known in the art, and include FRET
(fluorescence resonance energy transfer), surface

pl asmon resonance, etc. Decreased or increased

expression can be neasured at the RNA | evel using any

of the nethods well known in the art for the

qalaa’umnet "ﬁha @ﬂolmfarpstln}mmreloé sihgldestrandadatuckss adidd vaies ﬁ@ddﬂdlng to

Nor t her n. bl ot t
eSO i TSI 06 ATt RASHORRREYE TSRy subies e deleatipn of
Q@eﬂk@ 8l gledalStiemat Neh e @Nﬁl fPagilentd rﬁﬁ}%@iaﬂell&ﬁd“‘&me@e%te% with

Kv9.2 subunit, in a sanple derived Troma
ehielled proes. (Tdetshosiavitf ofghe hslsay may e cahance®by hsiag RAA (rather
r{ﬁan i.ncl.u r adi oi mTuno etiti vegl ndi.ng

A URA) g thﬁISS?Onélﬁ%Yl %@ﬁ? 1yedg g s anlgﬁllg

deqehes U @ padfeled &h&‘jcﬁﬁleﬁto thfé szJ@étriﬁ&hb& uﬁhiesfhgfer@duglex
di sease or susce bl||t3/t0a di sease (i ncluding

Ia_ﬁﬁlé‘@f—ﬁ fo¥eparafepfo Fipsingde @ﬁﬁ@(p@g}%motﬁcabepe she H’dss of changes in
%%ﬁgg%%etg% &é{)ﬂ@pﬁg&l & gln@ i ? Y? fiér é %e' ! 855053 hpl enent ary

nucl eoti de sequence; a Kv9 2 subunit pol ypeptide or a
f ragment thereof or an antibody to a Kv9.2 subuni't
pol ypdBeidiRgnoTaRsRRISOfier ABASSS fThdiagarsing onsistespininga

SRR (B heiel RuotUARICE Sl WA Py of mpipipnn the
Koy 9enaiibu it gényedyyi thie necthads ldescripad.t i cul ar |1 ocation on an

i ndi vi dual human chronosone. As described_above, human
Kv9.2 subunit is found to map to Hono sapi ens

Chr onyse pR:s&f ST KNS, mmu@? l%)eﬂ’tﬁlleg Xﬁ]ﬁuﬁég Y85 ﬁn%%/tbg detected

chronosones is an inportan In corre
ﬂm@)%nlﬁedﬂmﬁcm&cmnmarghhmamas tistat ebloxda @adeeliadiossl b’:y methods
? gquence .has been. mapped CI se %hr onosonal

A o i R e A aippleiersh BimrebiSbaREOTBlY he
dédred¥esd Gﬂﬁcﬁa@ébdklévél QI iRl 1l st)’Uuhﬁ 8 vfat'lcfe m&%glﬂmmt

Such dat a are found, for exanple, in
he-sapdle man @@npﬁsq\mwll(ca\tasummlmfnom anergamon gffering

39{1&? lf&ﬂé'b%%gl‘f?ﬁ?f efrgfntay dlge\%sec art]ssc%bia ed Wlthl'ilnc?rregsre )redgcré or
relations

otherwise abnormal Kv9.2 subumt expression, including spatial or temporal changes in
level or pattern of expression. The level or pattern of expression of Kv9.2 in an
organism suffering from or suspected to be suffering from such a disease may be
usefully compared with the level or pattern of expression in a normal organism as a

means of diagnosis of disease.

In general therefore, we disclose a method of detecting the presence of a
nucleic acid comprising a Kv9.2 subunit nucleic acid in a sample, by contacting the
sample with at least one nucleic acid probe which is specific for said nucleic acid and
monitoring said sample for the presence of the nucleic acid. For example, the nucleic
acid probe may specifically bind to the Kv9.2 subunit nucleic acid, or a portion of it,

and binding between the two detected; the presence of the complex itself may also be
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and di seases that have been mapped to the sane
chronbsomal region are then identified through |inkage

w@n@bAteisss (coi nheritance of physically adj aceneCyeBe®;/001620

The differences in the cDNA or genom c sequence

bet ween affected and unaffec¥ed individuals can al so
be determned. If a nutation is observed in sone or

all of the affected individuals but not in any nornal

i ndi viduals, then the nutation is likely to be the
daesat. Fughegent, vof disdlesedi methed of drapg|tixamessnarpf a Kv9.2

THERAPEUTI C. VETHODS \We pravi de .nmet.hods in .
SHEHY RAPPBLI O ORGCEs Beal T BaiH anfhad  @Bhd fihding
Rk RMnd3REH#RE B g Qhid PP foridE Prdse@idf\thd YolypdptidBeThis
activity of Kv9.2 su%unlt_ls_ln excess, severa

app coachistlybe achieydddiy moniorimeshppisske ebapeipley formed

m ni sterjng to subj ect. i nhi: A
baRed B ey B SRl Gl e u el B O SRR Bvcen the
9&?15%@6 dhd Rl dnib&dc apdtaddse f datettirgy binding bewmeurto entities are
ective to inhibit_activation by bl ocking bindi

of
knayaninsthe artyand iw}gqu%@ELﬁﬂmr,escemeorffsqrﬁﬂ%?rter%vgtr%zis?e%a surface
Sﬁﬁﬁgfﬂ%gﬂﬂﬁg“ﬂ@nd thereby alleviating the abnorm
Bordrtisn.

n anot her approach, soluble fornms of Kv9.2
subunit pol ypeptides still capable of binding the

ligand in conpetition wth endogenous 9. upi t, .
may b eeraAieAios ineFeased TRRBPSion CanBE BIcARHE e RADK cvel using any
ggﬁ@} %étﬁ&% ‘gveﬁlm(dn]siﬁ thd Q’gfﬂ?@ﬂes%%ﬁtiﬁaﬁgn Y Solgn®die#ded, such as,

pept 1 n sti anot her approach, expression of
fdrexaeplke, PERORTRCRRISjenpioteckog Northgbuplottingzmdtgsher

i nhi hi ted usjn Xpressi on bJ ocki t echni ques. Known

b ER S RApen e eL Bttty Sapdg e (1888t a

g MENGER as £ KD subBhi€RA ﬁ's&M?nglBﬁ{/éﬂ £6inArhosegamadleknown to
e,

mnistered. See, for exanple, O Connor, J Neurochem .
(1086 0 skiib 11580 aitnS@ihi ageajemsihadcinelyds tesoTaeRRAIsaEn sempetitive-

L bi Ge ' , B Ra ,
b 503, WP 0T PO A SRS dos whi ch

formtriple helices with the gene can be suppli ed.
See, for exanple, Lee et al., Nucleic Acids Res (1979%

6: 307 Thisditshesyrecalsetelatesdp aghipgaostiodgpior 2 4l1seaseeor spaqeptibylity to a
%gsegsle'(incﬁ%ﬁnegna%elnfe%ggﬂj), fo%%}érﬁg’l@,oanx}g?? dfdiabetes. The diagnostic kit
comprises a Kv9.2 subunit polynucleotide or a fragment thereof; a complementary

nucleotide sequence; a Kv9.2 subunit polypeptide or a fragment thereof, or an

antibody to a Kv9.2 subunit polypeptide.
CHROMOSOME ASSAYS

The Kv9.2 nucleotide sequences are also valuable for chromosome
identification. The sequence is specifically targeted to and can hybridize with a
particular location on an individual human chromosome. As described above, human

Kv9.2 subunit is found to map to Homo sapiens chromosome 8q22.
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ol i goners can be adm nistered per se or the rel evant
ol i goners can be expressed in v/vo. For treating

w@bovenemBs condi ti ons rel ated to an under - expr eBGT/GB2@5/001620

Kv9.2 subunit and its activity, several approaches are

al so avail abl e. One approach Tonpri ses adm ni stering

to a subject a therapeutically effective anount of a

conmpound whi ch activates Kv9.2 containing ion channel,

i.e., an agoni st or opener as described above, in

conbi rideinappinig df ralepzlm SeEReHsite ahioyhoasepisabli®portant first step

carri t here | eviate the abnormal condition.
et wek

R Elurdiind Boge Seq 289 Ha-i1ed ditpisey@ua docgnensehas boen
O POORES RORHShAIIDedon il pEy U HBLitio ¥t fBSeqpence on
last glmmpm¢ cha hmmb@t@mgntm gmeald nfaprdaex Stzﬁs&zga) Arei fou@d for
trovira | SCUS

SRR G MERL G0 MR Bieigin i St BBy nschramen
iJ Glﬁisa?ﬁq&knw‘(dmlv&%ﬁﬁ U\WélﬁﬂM'eﬂichl Jﬁb%i‘fr)k agl F@atﬁﬁ%ﬂng between enes

transduced with a retroviral plasmd vector contalni
RRAdispsseithaghay elopon mappddyipdise saee cuehosonz redien are then

u nf ect S Vi articles
AR RO hn R AR B R it e B b
may be adn1n|stered to a subject for engineering cells
in viy %nd expressi on_of the pol ypeptide in vivo. For
over vil 36\/ Hfergicge i the cRPA Ors&eéw@fa%ﬁqéﬁn@@etmelffﬁh@d apy
I peut
R e R T e BE Rele 3 35 FAEHBRRY Sbffrvagimsome or an

Nﬁtmca[ﬁfeaﬁed Gehetlias buthoBin a@fmmanﬁdﬁud:ba&% &fén 118 &Btation is
(1996) . FORMULATI ON AND

ientific Publ.ishers
f{%?ﬂw %ﬁaﬂi@tlﬁéﬁg?ﬁ&@b hegdisefseas the sol ubl e form of
Kv9. 2 subunit pol ypeptides, and agoni sts and
ant agoni st pepti des or smal | nol ecul es, nmay be
Paortiv bacriCiANDCRHER APEUTTBNMIBITHDDA Sui t abl e
phar maceutical carrier. Such fornulations conprise a
therapeutically effective anount of the pol ypeptide or
COMPOWKlhrodfid nietiRNR LIREAH afilaa{bhbfm% %Sﬁ’&lﬂ&llserepal@é'd' to Bt 4n
exci pient. Such carriers include but are not Timte
exsessed anddnsubiici e raswustsiof Ko/9. Jetouniosetjvityat er ,
gl ycerol, ethanol, and conbi nations thereof.
Formul ation should suit the node of adninistrati on,
and i ¥ thehdtivity R KR oLN@beit Islin @kcds§) 8efril apf¥oab st a?égévallable

di scl ose to
One approach comprises administering to a subject an inhibitor compound (antagonist)

as hereinabove described along with a pharmaceutically acceptable carrier in an
amount effective to inhibit activation by blocking binding of ligands to the Kv9.2
subunit, or by inhibiting a second signal, and thereby alleviating the abnormal

condition.

In another approach, soluble forms of Kv9.2 subunit polypeptides still capable
of binding the ligand in competition with endogenous Kv9.2 subunit may be
administered. Typical embodiments of such competitors comprise fragments of the

Kv9.2 subunit polypeptide.
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phar maceuti cal packs and kits conprising one or nore
containers filled wiwth one or nore of the ingredients

w@Rooshessas or enment i oned conpositions. Kv9.2 pol ROEGBR@E501620

and ot her conpounds may be enpl oyed al one or in

conjunction with other conpouh®ls, such as therapeutic
conpounds. Preferred forns of system c adm nistration

of the pharmaceutical conpositions include injection,
typically by intravenous injection. Qher injection

r out esln s§ll@nothsr anpoash arxpoession ofithearens endoding @idogenous Kv9.2
é Cea{lto%%t can be used. Alter n&mve neans for

PBRYE DESRTINES PEIPE BTPTPRE ieckingisehRigwrs aknale such techniques

tlﬁ\'z’cﬂﬁéiﬂfeftﬁé ofghtisBhsetse@lcnOsy, Biftled thipeh
bile salts or fusi dlsc@ém ds or oth erﬁ%gt@r{e%%gc?l?g&p?étely

dERissred. Pee. Seropremiple, CoCemnoatbhesimciemt E199¢) 56:560 in

trat
DRI ER AL GOS0l BB ELLSLLSD Yo, Boca
Raorg [P0 ( 18 8. Q@]tfﬁﬁbtn&fw bigortuelealii&ewhich 8RR WRIREs with the
sal ves, paste gels and the |ike. The dosage range

r@&%?%"e‘?}e %‘@B]é‘?fh §e6rf°¥ sramphoilee ebal., é\éqg]{qij.éczds_ Res {18179)e6:3073;
oL Sk o5t PRLIBE B B 12 shRp iR lﬁﬁbgﬁénlégﬁﬂhese

tabgometsesadliba gd];nnas,ﬂanetl ipengeror tietitelevbhieo 1 IBOEREECEN H%%I\é@ied in
are in the range of 0.1-100 ng/kg of subject.
VAPt ations in the needed dosage, however, are to be
expected in view of the variety of conpounds avai |l abl e
and the differing efficiencies of various routes of
ad m niFer reatingrabnpomal exadipbdmes, relatedl to ad mhdérsdxpadskion oy @

ui r.e hi r do ages t han

er ni aélfq H§t ﬁﬁt%;% eﬁ%lrﬂBBfé’gglﬁé % %)c%‘iablﬁble/a@n%wnpéwhucampnses
Tahlﬁﬁﬁstéiﬁ‘ﬁg’i@% dugjeet 8 eApehtcaffieHSliRA M AY onS @?]ﬂﬁd’u%d which

enpiri cal routines for Optl m zat i on, as IS
apitvates tho pcvntmn@gam Chalﬁutlyp@pan atwsistoedpdner asrmmmmabove

th ubj e
FPEPY R PR A6 FOURPRIRUERY b 08 goheSTeid i
abtmrmpycorﬂstlcﬁhe &%ﬁbﬁ%l?,@éﬁ@ thefddySmayf lS’é eBYRYR] & cffef thd
m a subj ect maé be eng"l‘ neered with a

ﬁws%? L@gon SLENO AsubumiNgy the redriant cellsdndlaiwibgect; For
?’8‘{%53‘%@2?%‘%‘%%%?%?’ Bhor @ RERIGor Roreig 135 éptition
d¢fb¢to@ucte«ziv1raﬁ tvectoh @s distssat abobE ARSI L8kpression construct may
%gr\l/lge 1so-1rate%\alsnd introduced into a packaging cell transduced with a retroviral
plasmid vector containing RNA encoding a Kv9.2 polypeptide such that the packaging
cell now produces infectious viral particles containing the gene of interest. These
producer cells may be administered to a subject for engineering cells in vivo and
expression of the polypeptide in vivo. For overview of gene therapy, see Chapter 20,
Gene Therapy and other Molecular Genetic-based Therapeutic Approaches, (and
references cited therein) in Human Molecular Genetics, T Strachan and A P Read,

BIOS Scientific Publishers Ltd (1996).
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We al so provide a pharmaceutical conposition
conprising admnistering a therapeutically effective

w@rwanessed t he Kv9. 2 pol ypeptide, pol ynucl eot i BEF/GB2005/001620

pepti de, vector or antibody and optionally a

phar maceutically acceptable c&@rier, diluent or

exci pients (including conbinations thereof). The

phar maceuti cal conpositions may be for human or ani nal
usage in human and veterinary nedicine and wl|

tHgrMel. ANON aNprAseivaspRAMeN of nore of a

phar maceutically acceptable diluent, carrier, or

exci pient. Acceptable carriers or diluents for

t hera 7. I i rfraceut i cal .
art, A Ae, S8 B Wl KRR L MR RORER sy G agonics
Rind enagenisti peatid@airenmtisnolddutds, Mahbe $rnfigatédin donbifktion with a

Gennar o edit. 1985)r% Tge h&féoi ce . of pharnmaceuti cal .
SAtTe Pharmizesusical finier. SHob e 8eRSseTPEe s lesuenguiipally offective
ra@gah ot tBe E@l@péﬂﬂ(ﬁ'@ﬁi €ImpOiCaf a W&%%?%Q&e?ﬂgle carrier or

standard phariaceutical " practice. ceuti cal
cseiptest. tSueh sarmess indigle hearasot lindtedito, satiné, tiuflerddaaling, dextrose,

N0l S P RU ki G R Gl o0 o moce
SOhahinidteitiog, APenveR witht 8S/KNRSItNESt. Wt %ﬁl‘tll(lfé Sl?slrcﬁm% fo,

dyes and _even flavoring agents may be provi
@%Wé@tﬁal pagks aphiobseanmsingougapinege obntpinessdilledtvittesne or

| _ Easophee oén f
S F B SE ARGl sRPLSSRS e pendi ng

agents nmay be al so used. There may be different
conposj tion/formnul ati on requi renents dependent on the

di f f efeit? RRAYRSPELASS anduathargompoundsynaytbeesraplpyes albhreor in

i L1 [ here may be
PSRRI Sbe SRR AL U RS Bolter s
mucosal route, for exanple, as a nasal spray or
aerosgl for. inhalation or inpgestable solution, or
par en? Efred forhs Rhfysientn admiisyaErR phiieipbamecautical eempagitions
aRlddRjiget e i |ME ¥ : le. an
FRIELEELED] ok R AR il i SR, e
Ahcatanequsyistgmusdvdarf or intrhritorcalyayn beuddsAgaeditombas for

o T S e
pRieasats sidh &elsdltdsr RABHR doRislp %e?d@t&%@h@. AWHdaln, if properly

transit though the gastrointestina
formulated in enteric or encapsulated formulations, oral administration may also be

possible. Administration of these compounds may also be topical and/or localize, in

the form of salves, pastes, gels and the like.

The dosage range required depends on the choice of peptide, the route of
administration, the nature of the formulation, the nature of the subject’s condition, and
the judgment of the attending practitioner. Suitable dosages, however, are in the range
of 0.1-100 pg/kg of subject. Wide variations in the needed dosage, however, are to be
expected in view of the variety of compounds available and the differing efficiencies
of various routes of administration. For example, oral administration would be

expected to require higher dosages than administration by intravenous injection.
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tract; for exanple, it should be resistant to
proteol yti c degradation, stable at acid pH and

WO e®s8omee to the detergent effects of bile. VWer/6B2005/001620

appropriate, the pharmaceutical conpositions can be
admi ni stered by inhalation, i¥ the formof a
suppository or pessary, topically in the formof a

| otion, solution, cream ointnent or dusting powder,

by use of a skin patch, orally in the formof tablets
dnzadms inghess dopige hevelssuan ve adjusted using sranflardteomparicab rotitimes for
capsul es or.ovuies either alone or in adm xture with
QQgWaﬁﬂ?’ﬁs 1H¥e IHnil?{%to?%F’r@SP elixirs, solutions or
suspensi ons containing flavouring or colouring agents,
or they can be injected parenterally, for exanple

i nt r aPelpaptides usert indreatoent gan glsobe gensraied pedpgsnguslyHorthe

rent er.al . adm nist.ration, the.conpositi.ons._ nay .be.
et RO LR el ety PR B BEERORE dRGfbed above
VithiuS, Fo@antp) (calldfroth ResibReDBh A BE 88aindedéd RHRAPLBmABIRBERE, such
salts or npbnosaccharides to make the sol ution isotonic

Wk B PYA 95 BNAsde erstpde glpobypepiidsl ¢nvjiiel anddy erasiple by dhe use of a
- |14 1 i of
A N R g
conventional manner. VACCI NES Anot her enbodi nment
relates to a nethod for inducing an inmunol ogi cal
RSRARYHEUTHCAL GAMRESITPNEh conpri ses i nocul ating the
manmal with the Kv9.2 subunit polypeptide, or a
fragnment thereof, adequate to produce antibody and/ or
T cel IWenlo eravédpopisembeeuficdtcentposidon camprigihg fdmimistering a
abnormal pl ood .glucose | evels as a result of, but not .
|ﬂil<?WHeé‘H°%1Bc ef%g £ MY oﬁ}}ggi‘fq% Bp%g{t@g: polynucleotide, peptide,
REPSE bbb MRS ShtidRYiNFh EHﬁHlabéUtfcmly h&:%ﬁﬂabl% carrier, diluent or
resi stance, conplicati'ons of diabetes ihcluding
excibentyimisioyg arddnatmss theagofi sease, di abet es
associ ated renal disease and di abetes associ at ed
neuropathy, and the treatnment of hypoglycaem a,
hyper |T'h@§>’h%fﬁc&1t(&ﬁcdrﬂﬁdéitlﬂ% mayDe BF hMhddor andRfl usage in human
dysl i poidem a, whether primary’in origins or secondary
tand detgtivary snedigimpreandiyloybigaldy ehmspriscany onegampre ¢faser
failure,.renal failure, pancreatic.t.unmoyrs .
simieSei<eAL deoraPhl<h st PREGES) CRoREET iedimitls carigrig™
ahigéss foreheranatib ek auhadi iRV ih ehaiiRsmi@uacdrRithad ot
I nduci ng_ i mmunol ogi cal, i ) o
described, for example, in Remington’s Pharmaceutical Sciences, Mack Publishing

Co. (A. R. Gennaro edit. 1985). The choice of pharmaceutical carrier, excipient or
diluent can be selected with regard to the intended route of administration and standard
pharmaceutical practice. The pharmaceutical compositions may comprise as - or in
addition to - the carrier, excipient or diluent any suitable binder(s), lubricant(s),

suspending agent(s), coating agent(s), solubilising agent(s).

Preservatives, stabilizers, dyes and even flavoring agents may be provided in
the pharmaceutical composition. Examples of preservatives include sodium benzoate,
sorbic acid and esters of p-hydroxybenzoic acid. Antioxidants and suspending agents

may be also used.
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response in a mammal which conprises delivering a
Kv9. 2 pol ypeptide via a vector directing expression of

W@ 203903838 ubuni t pol ynucl eotide in vivo in ordeeT/G82005/001620

i nduce such an i mmunol ogi cal response to produce
antibody to protect said ani @l from di seases. A

further enbodi nent relates to an i mmunol ogi cal / vacci ne
formul ati on (conposition) which, when introduced into

a manmal i an host, induces an |nnunolog|cal response in

t hat r’fhamaha;t be diffiexent omyuisitpepbimelatipreregiimemprs dependent on

gh;pf’g? | t I ]a,gléy I‘étle%g awg%lz I%g %X%gélg ptﬁ? Ph%glag%ﬁll@é omposmon
%b‘éch%@(h Ee& Ryl RS fornDh1Re8 té P& dd{KRred tﬁﬁig}’@ﬁﬁhlpﬂlﬁlﬁ'ﬁ&)bybﬁmucosal

broken down i'n the stomach, it is preferably
aaiive,fbseende, par antad sRIRY pr garesil fofi inkelatigncurtingrstable solution, or

PRBBBAH High LBV SR DARRF bR kete gy, for

Ay, By, &rl RBmpREAUTEaBEHoRE UStr&NGscnA oﬁqﬂ)emlaﬁeoiis esutk.e
i njection solutions which may contain anti - oxi dant S,

pufernatiyelybtherarmiation Banbedestanst & baAeleteraddicRath Fapdes.
formul ation instonic with the blood of the recipient;
and aqueous and non-aqueous sterile suspensions which

may i Wheteehesagenteinth hgdaiyerddsnaosalhi mkmnghmlge gayarningestinal
The formul ations nmay be

Fice b g eRIeTa remapGleb B etk Mouah Dot aitestina
300 YA G ?ﬂad itTHYu18 Be ?%s%aﬁﬁi td &o%oﬁﬁﬁ%%rﬂﬁﬁ&g stable at acid pH

condition requiring on dithton of the 'sterile
Iandmsuistmmtherdetergmdefﬁc& (yflqmlel or to use. The vaccine
formul ati on may al so include adjuvant systens for
enhancing the imunogenicity ofthe fornulation, such

as ol lyyh&ye WahSprist¥; Sth@ PBarAfReutic ARl onSos RIS C&Mnhlﬁlsieﬁ*&i by

art. The dosage w1 | depend on the specific activity
orﬁhaid’t@nyadhe fmeofd: S@amshiery @awswy,deple@lm indbe fpym of a lotion,

PSR e B! G S i MGG o TR G RE PR Ay i B orm

Rt et R EdRAinRy eX@t@félnfb%ﬁcH\/éﬁ fhycB 0n laRtode, At ih BAP4HIRYB6NdRules either
pol ypepti de(s) or peptide(s) as active ingredient(s),
iadorierpp whadroixgre vtk exFigienis ot dhe farm ofyghixial splmlog@ eh

gsggp%'?aess Bfaifling @1%0&9-1 Dot .01 %ﬁgg?gaﬁs of lr}fe?%%? A&éc‘ilé%i d

ToNs or su penS|o ol Fmg sul
atatdrally, ifey, ex@mpl:‘eliﬁ@amﬁbﬁMy liftrarhisguladl yjor suscutaneously. For

Ipgjre%%etrellloa%mrlrr?l)étrgllonothté compositions may be best used in the form of a sterile
aqueous solution which may contain other substances, for example enough salts or
monosaccharides to make the solution isotonic with blood. For buccal or sublingual
administration the compositions may be administered in the form of tablets or lozenges

which can be formulated in a conventional manner.
VACCINES
Another embodiment relates to a method for inducing an immunological

response in a mammal which comprises inoculating the mammal with the Kv9.2

subunit polypeptide, or a fragment thereof, adequate to produce antibody and/or T cell
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prepared. The preparation may al so be enulsified, or
the protein encapsulated in |iposones. The active

WO pavanessasi ¢ i ngredients are often mi xed wi t h PCT/GB2005/001620

exci pi ents which are pharnaceutically acceptabl e and
conpatible wwth the active ifredient. Suitable

exci pients are, for exanple, water, saline, dextrose,

gl ycerol, efhanol, or the like and comnbi nations

thereof. In addition, if desired, the vacci ne may

dminiuiic mesponger to pnatecttssidahinaal iom abnpraabisibadglsosUevelass a result

ittt POclimiseiin S| ot Ehedhdisofire tapratss oalEdsBprinsutinism,
LRQI1MREG it AR, L 8Snsf dRetey M&lﬂ@&ﬁbet@é(ssgﬁated vascular

effective include but are not Iimted al um num
hijstasex dubeteNassoainiet menahdpease nd ﬂlabdnwssm:latgd gbumaﬁhn@nd the

E‘%@FBU%P §I7ypN ch\t:l%lba;dﬂ%' lgngorlﬁegﬁ’lla,g%p@ aBr P3Ol VY 3G 4
Mﬁﬁlaén'ﬁ'drﬂﬁé’theﬂ-prﬁﬁﬁgiﬂ orkifiPEr dtbetafy to diabetes,

L-al ani ne- 2- ér 2' -di pal mi toyl -sn-gl ycer o- 3- hydr oxyphos
m’ymr{/hmsl)yrm 1shy p@rmrwealmaﬂr fiss Acnal &ilse, @anereatipsiumours,

oboreis AR e Ep SRR skl nER PO <
trehal ose dinycolate and cell wal I skel et on

(MPL+TDM-CW5) in a_2% squal ene/ Tween 80 erul sion.
Furt heYet anathpr @nbedimerfjralpien taa mgthogiafand %WWW‘?&Q&%

CHt LT R BRSPS 2B WBER vig  vector

khmbﬂmig expacsoion,of \a/é(\@rz subunit bo@muctlsotuiesn vb)lolm iordewad mduce such
emyl si ons, . nmura tide,. bacterial endot.oxjn, )
A URO i) FraBRase &0 PR SAAEURATY 19 pieet BHLCER| G discases.

acnes), Bordetel |l a pert ussi s, poI yri bonucl eot i des,
sodi um al gi nate, lanolin, | ysql ecithin, vitamn A
sapo n iA furthep ombmément m’lleami tg@h anmlDEsélEgnteMVacame fonod &teh

FEO DR afictD R RS i, SRR paih ipess n

smlﬁl%gléa@ fessmmh ?nat Mﬁﬁlﬁm 94 Kve Qtpoqsyrpe ﬁ/@é wkerdfithe
Conpany,” Inc., Rahway, NJ.) or Freund's [nconplete

Agiposition amipﬂmml IéYQaZ peliypspdide of BivP @genatibreatageine formulation

[ 1 d h
At it e PR ) Ogel” Cal um mom

hydrOX| de), or a m xture of Anmphigen and Al hydrogel

are used. Only al um num
Since the Kv9.2 polypeptide may be broken down in the stomach, it is

preferably administered parenterally (including subcutaneous, intramuscular,
intravenous, intradermal etc. injection). Formulations suitable for parenteral
administration include aqueous and non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation
instonic with the blood of the recipient; and aqueous and non-aqueous sterile
suspensions which may include suspending agents or thickening agents. The
formulations may be presented in unit-dose or multi-dose containers, for example,
sealed ampoules and vials and may be stored in a freeze-dried condition requiring only
the addition of the sterile liquid carrier immediately prior to use. The vaccine

formulation may also include adjuvant systems for enhancing the immunogenicity of
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hydroxi de is approved for human use. The proportion of
i mmunogen and adj uvant can be varied over a broad
WO 2009203868 | ong as both are present in effecti vVECT/GB2005/001620
amounts. For exanpl e, al um num hydroxi de can be
present in an anmount of aboug3 0.5% of the vaccine
m xture (Al 20 basis). Conveniently, the vaccines are
fornmulated to contain a final concentration of
I mmunogen in the range of from0.2 to 200 ng/m ,

tHE efRuBRbY, Rich 8s S-iNB/AE: sysiaed andr @harsgbibins khown hrthe art. The
After formulation, the vaccine may be i ncor porated

dosta willstepend en therspedi fie actinity o thesvacHiag 8¢ satebe wAdLY

or ed ow te for exanple 40C, or it
‘fﬁg df%ryerggténeacﬁpgla © ta@%%u lisation pernits |ong-term
storage in a stabilised form The vaccines are
conventional | y adm ni st er ed parenteral Ly, by . .
i nj ecYacsines sy bepasmsred fremope r w&%véﬂ&&b&ewl%qs or peptides.
intranuscularly. Additional fornulations which are
suitable for other nodes of adm nistration include
SUPPOBid fEpEsticNsE vacfinsonkick asesin amnaimmmgﬁmb ablypeptide(s) or

For suppositories, traditional blng ca rlerﬁ h
B S St S L ST, DGR S BT A, e
%cc LY &EY 'r(%)%f’ed a%lﬁ‘rfﬂlactﬁﬁl@P%ﬁhéroars'lﬁlﬁld%Yutﬁﬁs B@E\[E?Qnsflcfr@”%ohd

ures active ingredient he range
ﬂfrm@ st babteofod 83Mmtiar mf ar aspgnsiboin,diid piiprb nmcctmn mey @1&@ be

eoRadBl e PR BURLo B QHBSITGR frahn PLogr Spesepgisd n
ﬁé(?slbﬁlllas TIRILER HihSiGRAR I Szredists 4ro SREGHRG Rth excipients which

ose, nmagnesium car bonate and the |like. These
mmhamacemmny akeeptahs mdmompa@dle ieithohe actsigspaisdicgh Suitable
t abl.ets,

p sul es,..su
BRGNP RS BB BuBarG D BbHtaT e Guste R, cphe tike and
a&GhbividnRaigedrent, preferably 25%to 70% Where the
vacci ne conposition is lyophilised, the |yophilised
rmterl al may be reconstituted prior to adm nistration,

sus SI 0 i
ef fe Cflne%ﬁllthonb 81}6 R%%&Hg’ [‘r{ g%’%@g‘ I'gn 8}? Eﬁﬁfoﬁﬁt@%'){uxﬂlary
QUitRtanssnsubh 8¢ wettingdr Emualfpﬁhglageﬁts I]ﬁ-j/btl[féerp’rg)aged‘sdandi/ drh
an enteric coating conprising, Eor exa Eud£ acguvants

agjuyaniz whigh jephance thecaffactiygises ofde ¥iesmee cBrfipigeats
Q5edahsy PILAALAL fhoRlde DHHLDRPHARY IR biihinRIHydEX®, N-acetyl-

muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-
isoglutamine (CGP 11637, referred to as nor-MDP), N-acetylmuramyl-I-alanyl-D-
isoglutaminyl-L-alanine-2-(1°-2’-dipalmitoyl-sn- glycero-3-hydroxyphosphoryloxy)-
ethylamine (CGP 19835A, referred to as MTP-PE), and RIBI, which contains three
components extracted from bacteria, monophosphoryl lipid A, trehalose dimycolate

and cell wall skeleton (MPL+TDM+CWS) in a 2% squalene/Tween 80 emulsion.

Further examples of adjuvants and other agents include aluminum hydroxide,
aluminum phosphate, aluminum potassium sulfate (alum), beryllium sulfate, silica,
kaolin, carbon, water-in-oil emulsions, oil-in-water emulsions, muramyl dipeptide,

bacterial endotoxin, lipid X, Corynebacterium parvum (Propionobacterium acnes),
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The Kv9. 2 pol ypeptides may be fornulated into the
vaccine as neutral or salt forns. Pharnaceutically

wa@ewsepombd e salts include the acid addition saP@BGB2005/001620

(formed with free am no groups of the peptide) and
whi ch are fornmed with inorgami4c acids such as, for
exanpl e, hydrochloric or phosphoric acids, or such
organi ¢ acids such as acetic, oxalic, tartaric and
maleic. Salts formed with the free carboxyl groups nay

Bbmtema ek GolyiibbidIertEas)is6dinasAsinsdClandisn, ws@[ecuhm
exarrp sodi um pOt assi um anmoni um calciu

VERIRINA pBPMER ROSOmes: drvauidsel @%E@eﬁa@ebloagég copolymers ot

RPSPEARAR T TSI B e AL 08

pdwrsdscioarxahple, MetokrAﬂm@nt b& (mietakaind dlm@giﬁy,\/\]nb o Ralmwbj/ N.J)

be_nos U|talefor an individual subject and it wll
95?5?11 ts %{5 édngptgqqﬁ Gorapletespdingat Q@lqu-,Ieaboratones Detroit,
RAEL#iL [ar patient. The dosages bel ow are exenplary of

the average case. There can, of course, be individua
i nstances where higher or | ower dosage ranges are

oy, oL BRERTRERS etEh BSE D BRI v
RPTBRREY, 10951 niRoArddt AR LAA 19k R £ LSEAONITHERARA!m

intramuscul ar, intravenous, subcutaneous, I ntraocular

bydrpxidn éxkpprasied foriumiantusat i on. Typi cal |y, eachpr ot ein

may be adm nistered at a dose of fromO0.01 to 30 ny/kg
body wei ght, preferably fromO0.1 to 10 ng/ kg, nore

pr ef erabbbpbitdM o ithnfufoden M@ R agcan®e Fhtied SN al264R range

"adn1n|stered" i ncludes delivery by viral or non-viral
selonaiag heth arapregant e¢ifectivg ameuiani os wsample) aldeihum hiﬁd’fexlde

o] LA 4 SoRUREENYenl 0 90y BORIACRRERSIE S

(Zeﬁtfam[&tlyl e tvhotines lare/ Reh0lased t8d6ntamci ey chddenit 8630615 -
Non-viral delivery mechanisns include |ipid nediated

tmraﬁgqg@atm &h@ ramgepxﬁme 2 tp gAY Helmlp pesdrrally 51tp §6fuednl, most

anphi phil es (CFAs) and conbi nati ons
%?gqus ?outes for such delivery mechani sns

|nclude but are not limted to nucosal, nasal, ora

parenteral, gastrointestinal, topical, or subl | ngual
r out eAfter formulatlon the vaccine may be 1ncorporated into a sterile container

which is then sealed and stored at a low temperature, for example 4°C, or it may be

freeze-dried. Lyophilisation permits long-term storage in a stabilised form.

The vaccines are conventionally administered parenterally, by injection, for
example, either subcutaneously or intramuscularly. Additional formulations which are
suitable for other modes of administration include suppositories and, in some cases,
oral formulations. For suppositories, traditional binders and carriers may include, for
example, polyalkylene glycols or triglycerides; such suppositories may be formed from
mixtures containing the active ingredient in the range of 0.5% to 10%, preferably 1%
to 2%. Oral formulations include such normally employed excipients as, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium

saccharine, cellulose, magnesium carbonate, and the like. These compositions take the
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The term "adm ni stered"” includes but is not limted to
delivery by a nucosal route, for exanple, as a nasal

W@ p0as0sss aer osol for inhalation or as an i ngeBCHBB2005/001620

solution; a parenteral route where delivery is by an
injectable form such as, for8&xanple, an intravenous,
i.ntramuscul ar or subcutaneous route. The term
"co-adm ni stered" neans that the site and tinme of

admi ni stration of each of for exanple, the Kv9.2

ploty o€ pelitiensa subpemsiad diabletsnpills poupbulys, Suthined refds e familations
are such that the e ry nodul ati on of the inmnune

5 SeBER A ZhnaFet?e IV of A cuneReiepb PyRsepblyaS YA 0%
tWeeRdheVaRineBmpdsHas s 19biBdRd Rl yd e SRABRY bl
time and at the %gne sLtg,ﬁ%heré na§1@§“§§§§% aées&Pﬁ
daeAnstiaasnrieg te héminditppente gles atuspedsibf.Reenhstittion i@ pebferably
t Is t site fromthe adjuvant. The pol ypeptide
5%%§§§f%@§ﬁ$nnay even be delivered in the sane

delivery vehicle - and the pol ypeptide and the antigen
may be_ coupl ed and/ or _uncoupl ed and/ or genetically

coupl Eerrswigsdeblein endipills dor oraleadrinisatpul ppapticotanay be provided

j .‘ | . ) . tc. h Y 72
S EHES! LBacRObY K, 0V SLAGH. e Rl BN g
acetate; edhiloseatene@hitaladier HydsdxypeiyRatthiScelufsagl e
dose or in multiple doses. The vaccine conposition and

pharmaceuti cal conpositions nmay be adm ni stered by a

nunbe rTHEfK\Fb.rj.e &@gﬁ%%ldég%gﬁ oGR8 [ 8BS :v:agc?mé \é\g}%xe;t?ral or salt

i ncl udes pa aneous an

ifenec Phamjaceutioain as@btablasahsalcludetied acid Addiayagilie YPormed with
ion, The vacci nes and

rethral or ocular adpinistra /ac . an

SPATREQ ETORSP SHBE‘}%{% P‘&ﬁ%’{lﬁéﬁr%@n@éﬁvféﬁmm@mmlp yeids such as,

FEBxBMPIE hPGroBRILAL bEH R sh¥orid i dsNbEGH! 0L L&aceti

eit heirn?,s u'bgutoaneousl f}i/ glr) H?%Jt)éréédr?uglgﬁ{cg%%an&%féﬁ? gt(slqlgﬁri 4y acetic,

fosplintaxtariersd wilad Saite faiet abithetht Gree otibexylnpogs rofy also be
mnistration.include suppositories and, in sone i

?gg‘é%d, é%rpé?or%‘}‘ﬁgfsgf PSS, %6 P BRI poSiLghiRggassium, ammonium,

calafhing, 0@ fertic By MRIdes, 2NE s6A SrbRiis bARY ab &Bgfé?g}anfiﬁé'

exanpl e, polyal kyl ene glycols or triglycerides; sSuch

diipploEiaping, dsethidgmine ethanab distidmeanil yremas. cont ai ni ng

the active ingredient in the range of 0.5%to 10% may

be 1% to 2% Oral fornul ations

ADMINISTRATION

Typically, a physician will determine the actual dosage which will be most
suitable for an individual subject and it will vary with the age, weight and response of
the particular patient. The dosages below are exemplary of the average case. There
can, of course, be individual instances where higher or lower dosage ranges are

merited.

The pharmaceutical and vaccine compositions may be administered by direct
injection. The composition may be formulated for parenteral, mucosal, intramuscular,

intravenous, subcutaneous, intraocular or transdermal administration. Typically, each
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i ncl ude such normally enpl oyed excipients as, for
exanpl e, pharnmaceutical grades of mannitol, |actose,

W@ e@sass3sragnesi um st earat e, sodi um sacchar i nePCT/GB2005/001620

cel l ul ose, magnesi um carbonate, and the |ike. These
conpositions take the form oB6sol uti ons, suspensions,
tablets, pills, capsul es, sustained rel ease

formul ati ons or powders and contain 10%to 95% of
active ingredient, preferably 25%to 70% Were the
Meeth ey beapesiitterd at 8 dbseayitron 86d to BHeng/ypbiry Weight,

material nmay be recagnstitute rior t dm ni stration
predprabl Frgmetd S 48 ke, o Rt e ey g P 18 Té?%/f‘%@f’@y weight.
effected in buffer. FURTHER ASPECTS Further aspects

and enbodi nents of the invention are now set out in .
t he f Ohd ewifgdminiseeddnétadeadeliyshsby Viraljos neyvisel techniques. Viral

derstood that the. invention enconpasses thes .
deleiaShanat malle ol ¥ Ry 305 SRBIR B bigip Faap ggociaced
Lha (Amg%aefsgheﬁﬁ&u@meecﬁﬂ@m;dvnaﬁaaokg,ald}@vira vettoSERd
I'D NO 5, or a honologue, variant or derivatiye .
bimateyohl vePmrsa loaphrabdeliXeryuascaprisiae ingludp dipigl rﬁ@iuged transfection,

ol ypept.i de _agcordi ng to Paraar . :

BResPBRR HatrpSheRb e apb e PR R AR R T Pag A
B&tEbiBAonS BlefecTEPNEaBGIRs FnoWh delivérlz@udcRatioms InclidieQuEjre not
No.2 or SEQ ID NO 4, or a honol ague, %ari,a t

or . .
Hariied 40 myeosah mpesds oralpRsReERbrBasroIRles ﬁeblfv‘igldér sublingual
cqﬂggising a fragnment of a pol ypeptide according to
Béragraph 1. Paragraph 5. A polypeptide according to
Par agraph 3 whi ch conprises one or nore regi ons which

are honol ogous betweep .S I P No. 3.and, SEQ.|D . 5

o O o e D G B I B o
I ; : !

270 SR JELEER 550 Bl £ S i Sl

aclotioiangrdnverPaoate ealpre delorenbis bpanadgjieatpble Torm spels 8 for

conprising a nucleic acid according to Paragraph
exgrgple, an 1htravenous, intramuscular or sugcutargeous rouie.29" 2P 2,3,

The term “co-administered” means that the site and time of administration of
each of for example, the Kv9.2 polypeptide and an additional entity such as adjuvant
are such that the necessary modulation of the immune system is achieved. Thus, whilst
the polypeptide and the adjuvant may be administered at the same moment in time and
at the same site, there may be advantages in administering the polypeptide at a
different time and to a different site from the adjuvant. The polypeptide and adjuvant
may even be delivered in the same delivery vehicle - and the polypeptide and the
antigen may be coupled and/or uncoupled and/or genetically coupled and/or

uncoupled.

The Kv9.2 polypeptide, polynucleotide, peptide, nucleotide, antibody and
optionally an adjuvant may be administered separately or co-administered to the host

subject as a single dose or in multiple doses.
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or 6. Paragraph 8. A host cell conprising a nucleic
acid according to Paragraph 2, 3, or 6, or vector

W@eweneissy) t o Paragraph 7. Paragraph 9. A tranBgEGBZ005/001620

non- human ani mal conprising a nucl eic acid according
to Paragraph 2, 3 or 6, or a8/ector according to
Par agraph 7. Paragraph 10. A transgeni c non- human
ani mal according to Paragraph 9 which is a nouse.
Paragraph 11. Use of a polypeptide according to
Par agrlap NadcinefcoprpoBition aad pearedewical cemidsitipng gay be

i ch e of i nt ract i n cific
GRS BV’ s SRRy P 1S Sl B ey o
ReRniRRIBubathiedus asCRtdhscdl iFRERSH) ARtPansL rmll&)shln orf’al intra-
met hod of identifying a conpound which is capabl
VAgiBslapteihay o geelpr adminisiratipn.h a Kv9. 2 subunit.
Paragraph 13. A nethod for identifying an antagoni st
of a Kv9.2 containing ion channel, the nethod
conpr iThe frgcobi taad bhaithade bl cdmzpo@nloﬁx Rlag 98 @8n¥endiorally
wi th a candi date conpound and determ ni ng whet her the
RmENFerd FAGTICENLbY HRewtions fof FearearHBET SUbcuiRReaeky o
ARt s }%dcf\cléﬁi H)(}glt L?10n§ Q; H:Ex'afré/ élpt% B t&lo &B?Iu Iggdes of
capa i ncreasin € con uctance eve
aﬂnmmmatlon irobutiel sappdsgohbmarﬁuhf hte dabdspbial formblatiogs. For

h | . wh tact [l which
SPaLaiss. b DOrre aPRHE T IR CMARKIS! DRPRRRIe, Polyalylene
?@le%‘?ﬁgl?&@ﬁ@é" Reh & E)Qélfo"i‘{@p m]agfbe x’ri]%fd% ﬂ{lxturgs cogtaining

ntifying a conpound capabl ng to
phﬂ eycpepmgd@;entt irethawartgedf OP¥ptd 5% gmephe h%ttor:i% Oldridulations

t.i de th a can di dat e, conpound and _det er ni.ni n
R ARERE Hmil GO e BlsT S ooh HEThe pHETRGFS LAl Bfades of
RRINMREIPIab@Se, sRAIReaaRbsihh stefyabD g&ﬁﬁma&c@ﬁﬁﬁé fcbﬁao&-y a
met hod according to any of Paragraph s 11
magnesium carbonate, and the like. These compositions take the form of solutions,
suspensions, tablets, pills, capsules, sustained release formulations or powders and
contain 10% to 95% of active ingredient, preferably 25% to 70%. Where the vaccine
composition is lyophilised, the lyophilised material may be reconstituted prior to

administration, e.g. as a suspension. Reconstitution is preferably effected in buffer.

FURTHER ASPECTS

Further aspects and embodiments of the invention are now set out in the
following numbered Paragraphs; it is to be understood that the invention encompasses

these aspects:

Paragraph 1. A Kv9.2 polypeptide comprising the aﬁino acid sequence
shown in SEQ ID NO. 3 or SEQ ID NO: 5, or a homologue, variant or derivative
thereof.

Paragraph 2. A nucleic acid encoding a polypeptide according to Paragraph 1.
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Par agraph 17. A conpound capabl e of binding
specifically to a pol ypeptide according to Paragraph

wa004/10983%6. Paragraph 18. Use of a pol ypepti dePCT/GB2005/001620

according to Paragraph 1, 4 or 5, or part thereof or a
nucl eic acid according to PaB&graph 2, 3 or 6, in a

nmet hod for produci ng anti bodi es. Paragraph 19. An

anti body capabl e of binding specifically to a

pol ypepti de according to Paragraph 1, 4 or 5, or part _
t her epdrag@tpla3 poAyipelpid aal soniiegiolBaragrapic?, eotipdeing the nucleic

i RGeSOV 0 S I ER) 1 Mg T D AEATFioE g

MolB%lf-‘eﬁ%ﬁémf ?dé}fvakibﬁt%?édgowi ng: a pol ypeptide

accor gto Baragrap or 5, or part thereof; a
nucl ei ¢ acid according to Paragraph 2, 3 or 6, or part

accor GGk Toak A & SISO A BPRRt Gl BPRYTERe
gggﬁgﬁgwypg. @h 7. and an antibody according to

aragraph 19, together with a pharmaceutically
acceptable carrier or diluent. Paragraph 21. A vaccine

conposi tion conprising.any onge o re qf.t :

OO e SOTR B0 B0 PSR 2 copprigs onc o
RloreregRins RAidh & B5186fogods BYHNES SEQIDNG GCad BEWYID Mo. 5, or
Paragraph 2, 3 or 6, or part thereof; a vector

whinbrodinpgisesoorRar apra prgions whieleine hetesepapusgetvpeen SEQ ID No. 3

Pa 8;- a conmpound accordi ng to Paragraph 16 or
ir?(,[ggﬁgﬁgﬁo’asnti body according to Paragraph 19.

Par agraph 22. A diagnostic kit for a disease or ,

susceptibility to a di sease conprising any one or re

of theafastapb nd: nugleiorgyheptodne aalaféwedﬁtla@ AgOIPYE énggf'p‘&’afaPh 4
1 54 or 5, or part thereof; a nucleic acid according
P%'Paragraph 2, 3 or 6, or part thereof; a vector
according to Paragraph 7; a cell according to

Par agraph 8; a conpound accordi ng to Paragraph or

17:  aRatagrephr | BOtRFIE CRUPHPA ISl a5 SHOHTOeE to Pardgraph 2,3,
Ppgagraph 23. A nethod of treating a patient suffering
Prdm a di sease associated with enhanced activity of a
Kv9. 2 containing ion channel, which nmethod conprises

adm nistering tq the R ERL;an, A0tA090) Sk ShinYSphagraph

3, or 6, or vector according to Paragraph 7.

Paragraph 9. A transgenic non-human animal comprising a nucleic acid

according to Paragraph 2, 3 or 6, or a vector according to Paragraph 7.

Paragraph 10. A transgenic non-human animal according to Paragraph 9 which

1S a mouse.

Paragraph 11. Use of a polypeptide according to Paragraph 1,4 or 5 in a
method of identifying a compound which is capable of interacting specifically with a

Kv9.2 subunit.



10

15

20

Par agraph 24. A nethod of treating a patient suffering
froma di sease associated with reduced activity of a

wKe®s5205888t ai ni ng i on channel, which nethod coP@r/G8e®5/001620

adm nistering to the patient an agoni st of Kv9.2
contai ni ng i on channel . Par agRaph 25. A nethod
according to Paragraph 23 or 24, in which the Kv9.2
subunit conprises a pol ypeptide having the sequence
shown in SEQID NO 3 or SEQID NO 5. Paragraph 26. A
net hoaragraph 12aUs8 f 8Ge8spEnip hex Sbdad gnin4lias 828R it Paragraph 9
patient, which conPrlses the step of adm nistering any
on k0 iwra meihed of idenBiiving ¢ enpryng svhiskeisgapabinef ingracting
%ﬁk%ﬁ%ﬁ§k%%£QQQQQQhﬂﬂ1to Paragraph 1, 4 or 5, or part
a nuclerc acid according to Paragraph 2, 3 or
6, or part thereof a vector according to Paragraph 7;
a cel| accog? a compaund, accordi ng

to PaP#gEZp etin? foorrrri%l?rlsé &y BB oh Hg %2 contaning
%rgggrﬁa@ rlhélﬁret}%_d%ﬂ{g%&g%htﬁ@tlmg%’%ﬂ%fch WorREEO koA ith 2
t ; ar agr aph

ar agr aph accil ne —accord
eddidase agmmplhdaﬁd déterraig eyt witsingy rt]nsklngtu& gndlcppdptinde of the

ccordlng % Paragraph 1, 4 or 5, or part thereof; a
aﬁ@PQHE EFPY according to Paragraph 2, 3 or 6, or part

thereof; a vector according to Paragraph 7; a cell
according to Paragraph 8; a conpound according to
Par agPapgraph 14r Almicthad ﬁirodenauﬁylagra|Cbm¢yulat«zapabﬂrerm@mooeasmg the

agent f

PR bt o5 PP B, moRlugt S wleb BB R i et
%mﬂ IREhYPERhpiEkRs 3Gt HG:ell Qv HFeH 8EiraRbs 4K v9.2Qonfinif ion
part thereof; a nucleic acid according to Paragraph 2,
chagpelgvitlp cangidate pamppamd. a vect or according to
Paragraph 7; a cell according to Paragraph 8; a
conmpound according to Paragraph 16 or 17; and an
ant i bpsyigagk 05 diAngethod BRidagi Rl al@mpgoand thgible of binding to a

gwggaratlon of a pharmaceutical conposition for the
Pberdde, t edﬁﬁ‘;}lp‘éﬁ?@r’%?ﬂn%f&ﬂt%“é@g@ Kysh? agvapmiidegvithe
B S e R bR kU
Rap Agolypept3de. A non- human transgeni ¢ ani mal accordi ng
to Paragraph 29, in which the alteration is selected
fromthe group consisting of: a deletion of Kv9.2, a

Paragraph 16. A compound identified by a method according to any of

Paragraph s 11 to 15.

Paragraph 17. A compound capable of binding specifically to a polypeptide

according to Paragraph 1, 4 or 5.

Paragraph 18. Use of a polypeptide according to Paragraph 1, 4 or 5, or part
thereof or a nucleic acid according to Paragraph 2, 3 or 6, in a method for producing

antibodies.
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mutation in Kv9.2 resulting in loss of function,
i ntroduction of an exogenous gene having a nucl eoti de

wG@e@srersas Wit h targeted or random nut ati ons i NPOI/GB2005/001620

Kv9. 2, i ntroduction of an exogenous gene from anot her
species into Kv9.2, and a cdithi nati on of any of these.
Par agraph 31. A non-human transgenic ani mal having a
functional |y disrupted endogenous Kv9.2 gene, in which
the transgenic animal conprises in its genone and

eXPI EhERFaA o amsgemedyz nmﬁlertg"bandmg areoifmgby]g) Kpelypeptide
pr ot ei n. ar

agrap nucle%fc aC| trUCtch
apmrdmsgcscmaanagraahér ﬁﬁf?n"& perihgeot g ‘?18%&0 g ﬁYa
{ h@ﬂaof(a) a
%ﬁ‘gen%ﬁ%ogo ‘!0%5‘3 %éﬂn%%tor(gg???%rﬁ! (b) a first
horml ogy region | ocated upstream of the non honol ogous

i b peneesiicnl St mer ] R gt e of
thi E‘oﬁfovﬁ?{% ijog)g)%gh&ee&lé@ RiESs todigadreph B 45630 BElpdioiietdd@ya nucleic

reglion ownst ream of the non-honol ogous

depicaoeiiento Racagragry, 3tdré, sepwhidereofivl \@gy)r peegrding fabamagraph
£ oSty 15 BHAEREE oot bmBYRR RkliRls hIFAEHDY 16%:37, and

SEHHEOEL M iDtPP G aiH V) teRwRs Witharpaimhdeatitallysdcceptable
Kv9. 2 dgene sequence 1 n a naturally occurring

eandogedduentkv9. 2 gene. Paragraph 33. A process for
produci ng a Kv9. 2 pol ypeptide, the nethod conprising
culturing a host cell according to Paragraph 8 under

condi prgt H Pl Wivabcige cotapitibnadhprisingadiynge ar o & the
pol ypepti I S _expressed. Paragra h 34.

Mpwmg ﬁ@otymept&eeas?éwé@gdf) Paragtiphel & Ohci of %&%PT&PE@ rpigleic
%%@ (P %% %a%a% i, %?gm ﬁleréol? &, VRt c&ameth ?hﬁ%raph

e Wi t'h ast one nucleic acid
We@&ﬂ a\ohbrﬁﬁlgl te Pamgcaphl&; afcompe@idicaoicling to Parigdapdnkp or 17; and
nmoni toring said sanple f t he presence of the nucleic
%arglboﬁ’&a%pgpcggg]t%%aragg ﬁmd of detecting the presence
of a pol ypeptide according to Paragraph 1, 4 or 5in a
sanpl e, the nethod conprising contacting the sanple
Wi t h Paragmph PRy degostdk kgfare Wﬁg@’f&ﬁpbﬁemgblélﬁdto a disease

gct))rpql)rgs%gl Qngy osn%I o? rr?oarg%lf ‘Sle folrlowmg P pc?l?r}?erb%%e accordlng to Paragraph 1,

4 or 5, or part thereof; a nucleic acid according to Paragraph 2, 3 or 6, or part thereof; a
vector according to Paragraph 7; a cell according to Paragraph 8; a compound

according to Paragraph 16 or 17; and an antibody according to Paragraph 19.

Paragraph 23. A method of treating a patient suffering from a disease
associated with enhanced activity of a Kv9.2 containing ion channel, which method

comprises administering to the patient an antagonist of Kv9.2 containing ion channel.

Paragraph 24. A method of treating a patient suffering from a disease
associated with reduced activity of a Kv9.2 containing ion channel, which method

comprises administering to the patient an agonist of Kv9.2 containing ion channel.
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t he pol ypepti de. Paragraph 36. A nethod of diagnosis of
a di sease or syndrone caused by or associated with

w0 psaessagl, decreased or ot herw se abnornmal exprBEE82@H8/001620

of Kv9.2 subunit, the nethod conprising the steps of:
(a) detecting the level or pgttern of expression of
Kv9. 2 subunit in an animal suffering or suspected to
be suffering fromsuch a disease; and (b) conparing
the level or pattern of expression with that of a
nor MeparARhpteds. AKAMRIAES cExaiatb Palagraphad3sgeddi n Whigh fhe Kv9.2
Knock- Qut Mouse: Construction of Kv9. 2 Geng 'IQ'aﬁ)gﬁblg
SMbutibcopriscke Pobypgetirts Iving thie prquengsphown in SE or SEQ
@%ﬁgbgfor matically using honol ogy searches of genone
S5es. A 226kb genom c contig was assenbled from
vari ous databases. This contig provided sufficient
f I anki ng sequence informati on to enabl e.the desi

hono! Payagrepia? brsA ieethadhivs tieping AT PE7EBIRSY d’s?E%SFg’? a patlent
SRR s Sy IEARHRTrbe 000 o0 oF AR, o THE IRAIAY 10\le
g&iéhﬂ c} Wﬁﬂiﬂhﬁuccé\rdhg?ﬂs IPaBdgraphinip Kag Suisr parhiharedfl;a mictripacid

honol g ous armfla Ki n re to b t ed
aceran 1o T Pt beree Sgriis g ting 5o E3Emph 7 2
biPadk 3G ﬂo% Oaf aCE offnd Ercg R dagraph 16 or 17; an
|gonu eotl r'i fer usedto anplify the arns is
sytitiolg ateeding & Baagmpin 1& aplfaimacmticsl semgasitipw pccording to
for agﬁre cuttln rest iﬁn enz conpatible with
Prresi@p pﬂ”gj‘dﬁ‘faé%‘ Bf°R n% Tt BrEEB gﬁ. nkers and absent
fromthe arnms thenselves. In the case of Kv9.2, the
primers are designed as listed in the prinmer table
beI owPamgtaph 37. Anmgemtmnm@smgtaeplmept«@@wcpmmg @rfcpragraph 1, 4
rmclonin SItSOf tor r
S R e R s A Rl

|nc

L E&br dcebildafy t5PafgraphST; &Q@Meddﬂdﬁg g@JPﬁagl)aph Bna ectdpduindn
to the armprinmer pairs (5 arnfF/[5" arnR)

eqoudingiaParpgmph 16 oF FHéndioF ?W@O%@&Wii@g%l’i‘%fakbd92531‘1
| oc are. d es: 5 and
B R L
anpllfy tmo short 150-300bp fragnents of

non-repetitive genom ¢ DNA external to_and exten
beyon(ﬂ’gragraph 28. %se ofa polypeptlcfé according to Paragrapﬁtl 4or

thereof: a nucleic acid according to Paragraph 2, 3 or 6, or part thereof; a vector

r part

according to Paragraph 7; a cell according to Paragraph 8; a compound according to
Paragraph 16 or 17; and an antibody according to Paragraph 19, for the preparation of

a pharmaceutical composition for the treatment or prophylaxis of a disease.

Paragraph 29. A non-human transgenic animal, characterised in that the

transgenic animal comprises an altered Kv9.2 gene.

Paragraph 30. A non-human transgenic animal according to Paragraph 29, in
which the alteration is selected from the group consisting of: a deletion of Kv9.2, a
mutation in Kv9.2 resulting in loss of function, introduction of an exogenous gene

having a nucleotide sequence with targeted or random mutations into Kv9.2,
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each arm to allow Southern analysis of the targeted
| ocus, in isolated putative targeted clones; a nouse

w@eeonysssg prinmer pair (hetF and het R) whi ch BECT/GB2005/001620

differentiati on between wi |l d-type, heterozygote and
honozygous mice, when used ifB2a nmultiplex PCRwith a
vector specific prinmer, in this case, Asc403; and

| astly, a target screening primer (5 scr) which

anneal s upstream of the end of the 5 armregion, and
introdictionadun esogenbay grae fevemotsqepediescin®, kD2 and| & qeppbination
%n\})gg]i%red wth a prinmer specific to the 5 end of

Ay ©SF (TKSIBLM\L), in this case DRI. This

anplimer can only be derived fromtenplate DNA from

cells where the desired genom c alteration has. i
occur Padgmpll 34! Aows-hunen; trhesgdni¢ axmabhaviig & ineeenally disrupted

t et ed Ils fromit.he. .backaground.of, clones . .
EBREI Ay T adbry 1 Bg e OB gl ARRSs (g sgpome and
INRedsQCAlrhRBeRd erchEBE aMktellb SRV D Brogeno C

structure of the regions of the Kv9.2 |ocus used in
the targeting strategy is shown in SEQ ID NO 19. The

positon of e h l. o LS . .
funct P %‘ﬁ%ﬁ%ggi ér‘ﬁ‘g"?el ol %gfrﬂagfg?l g&ﬁ\g&%agl?gdéstr}l%%ng akvo.2
@fetiffh HoSt gliepRmadlcittmidecdnbudfe8marisiagi @ha hon-hemologous
eleted is replaced with non-honol ogous sequences
tomsewent nortien (Rhibithomeloge relaxiorasd PR eARA theRon -5
I ' | '
b4 AERARLERY oA, BEIEN MARASAALEL B EASREDNs
phpsphovitantisentdslddémiplo girseKap 2agege dequenteh end e second
orientatiqgqn as the Kv9.2 gene. Once the 5 d 3 .
Pt o B ke S B b R BB orion. e
%ﬁ%ﬁ@ ﬁoﬂ—lgﬁlg?lrég!m (588 FhAMEQRid)seqienk@i@i@ sOb@i il Rihsty to a
preparation i s nmade using standard nol ecul ar .
bécohd §wot2egdmmisquesce, 20 svgonsf Kyhe genessquencghapiagadocation
e Fet S I Bl prgsncns
mig_ctugengj te in the vector backbone between the
anpicillin resistance gene and the bacterial origin of
replication. The linearized DNA is then precipitated

and resuspe d,n 100 .m _of Pho f

Sal i nERBRR 3 o) Prras g TR R %7 hebheb S e ethod
ebR61i5iap eniring ddecdlr ansidant e dacairiph Sumelee ubriditie@d if eich a
9 days ) o

nucleic acid encoding a Kv9.2 polypeptide is expressed.

-
-
ot

Paragraph 34. A method of detecting the presence of a nucleic acid according
to Paragraph 2, 3 or 6 in a sample, the method comprising contacting the sample with
at least one nucleic acid probe which is specific for said nucleic acid and monitoring

said sample for the presence of the nucleic acid.

Paragraph 35. A method of detecting the presence of a polypeptide according
to Paragraph 1, 4 or 5 in a sample, the method comprising contacting the sample with
an antibody according to Paragraph 19 and monitoring said sample for the presence of

the polypeptide.
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i n medi um cont ai ni ng 200my/ M neonycin. C ones are
pi cked into 96 well plates,replicated and expanded

whedosnessbei ng screened by PCR (using prinmers 5P@r/GBand/001620

DRI, as described above) to identify clones in which
honol ogous reconbi nati on has9dccurred between the
endogenous Kv9.2 gene and the targeting construct.
Positive clones can be identified at a rate of 1 to

5% These clones are expanded to allow replicas to be

f r ozephrandpis86.f AGh@nsd b dlierdeidlolf b Yiisog drayhdromeepased by or
for Southern blot confirmation of the t rgetiggl%\frbt
&ssq)cn@ted withdnereasedy desreasgdprothesyiss @ngsmal grragssin of kvo.2

L5 RS Sl AL

SPéRnDI VO BsublniDMrardirgeal edfering or shsagn‘texlstq 1133 suffering from
restriction enzynes are h){brldlzed VVI{: an ex {ht%t £
m@éhseﬂsmﬁn@@alf@mpaﬂasa’é el epatler o ?’@ﬁ@éloﬁr“@ atola

m}%b&\% )y the presence of a nutant band as well an

ared wi | d- type band. For instance, wld-type

genom ¢ DNA digested with AfllIl will yield a band of
6. 2kb when hybridized with the 5 external probe and
EXaMBLES th the 3' external probe, while simlarly
di gested genom c DNA containing a targeted allele wll
yield a ~17kb knockout specific band in addition to
Exampld H-Trapegdmaivo 2xXismokeOnt Minaersgenstouatiog of Kv9.2 Gene
Knock-Qut Muse: Generation of Kv9.2 GPCR Deficient
Wiakgeting 4 f erml e and mal e nice are mated and
bl ast ocysts are isolated at 3.5 days of gestation.
10-12 cells froma chosen clone are injected per
bl ast Gby &tvo2ngenz-ves hensified histrigfogmaticaly) %Fﬂge@mﬂogih@amhes of

ut erus a t I b
s 1t AT SRR o bla AT RBnfig Rl dajabases
(TR dofltid BRMA d G dieTalaging boipieAgomformatiah tcx:ezdabLerthe d651 gn of
indicatées the contribution of cells descended fromthe

thamgésgeds amsyie clonpirie dhearesting VefiPlas are mated with
female MFI and 129 mice, and gernmline transmission is
determ ned by the agouti coat col our and by PCR

genot Y MeurirRIPEr? pyied has 1 RoRnGenot. yijierigrgeSngeratégyds designed

o oS! bt bPOp SBe T 5P LTS s T
%ﬁb’ P lh%ém?%%u? bin? ¥anking the region to be deleted are amplified by PCR and
the fragments are cloned into the targeting vector. The 5’ end of each oligonucleotide
primer used to amplify the arms is synthesised to contain a different recognition site
for a rare-cutting restriction enzyme, compatible with the cloning sites of the vector
polylinkers and absent from the arms themselves. In the case of Kv9.2, the primers are
designed as listed in the primer table below, with 5’ arm cloning sites of Agel/Notl
and 3’arm cloning sites of AscI/Fsel (the structure of the targeting vector used,

including the relevant restriction sites, is shown in Figure 1).

In addition to the arm primer pairs (5’armF/5’armR) and (3’armF/3’armR),
further primers specific to the Kv9.2 locus are designed for the following purposes: 5’

and 3’ probe primer pairs (5’prF/5’prR and 3’prF/3’prR) to amplify two short 150-



10

15

20

25

anplification fromthe wild-type Iocus (if present)
fromprinmers hetF and hetR giving a 241bp band. The

W@ R408/165888 het F i s deleted in the knockout m cePCEGBRIUSH01620

anplificationwill fail froma targeted allele.

However, the Asc403 prinmer wokl anplify a 434 bp band
fromthe targeted |l ocus, in conbination with the hetR
primer which anneals to a region just inside the 3

arm Therefore, this nmultiplex PCR reveals the
Hebptiiagencofs of hentrefetieins gasoniio [DN)M&xtewiall th zttydpﬁataﬂl‘f@ lﬁ@rond

%cgiagrlﬂ: Rﬂgllgxlé( éﬁ‘&(‘??@%’ ba&ﬁ@ nete ggpultSsH te putatlve targeted
OGHRE A ERSe BHITRY WlK SR heENM hteﬁ@ WREIEfow P el Gation

434 bp band: Tab Prinmer Sequences nusKv
Eetwpcm Wllﬁ@'ﬁmﬁaﬂim BEOACREEABAGIce, Bben 1dddNo a nfnltiplex

RV ek Specdic Bl (e eremeHonaeT AT igening

pntﬁ@fU(S IsE¥) NhiciBanme 8K Wfstieam of3h&bid 448e 5' arm re%lon and which
Aaaaccggt ATGTCCAGATCCTCATACATGGCACAC - Seq I'D ’No 9
Pragdvees atarget eyeph SReqige 2.0kb amplimer when paired with a primer specific to

#8300 5F FERPTERTATIRBI AATCRAHRS 11859 Rein Ay e

darived @@&g@m’ﬁm %mTﬁe@E H6sTAS gen®Bid diferdien had
muskv9.2 3' armR F

XLHEEE é@b@@%ﬁ@ﬂ&@@ﬁ%ﬁ@@%@%ﬂ@ celéefjomphapackground

et e e e e

iBagers Bndthe gbdommitsitn@tuze bRIhE regions of the Kv9.2 locus used in the

CCCATTTCT %W Seq | D No. 15 nusKv9. 2
REgeRNg Sige %ﬁgﬁe&cmme - Seq ID No. 16

Asc403 CAGCCGAACTGTTCGCCAGGCTCAAGG - Seq | D No. 17 DRI

CATGCCGCCTGCGCCCTATTGATCATG - Seq I D No. 18 Exanple 3.
Bi ol ofierdsitoatc thdGameolBxy pmssis ohosl@aitct ﬁmntiox(aﬂilyrtﬁsrupt the Kv9.2

RT- P ' PCR h t f
G, OB e RGP AR T B k5P daciof i BERFIeid i isplced
WRE $6A-h6hbRIZbus §eﬂ§eﬂb‘é9§(§rﬁf)@s€d bE¥€End E%u@ %Hﬁ‘é tMfeession reporter

organs and mnmuscle. This is shown in Figure 2
(a frame independent lacZ gene) upstream of a selection casseite composed of a

promoted neomycin phosphotransferase (neo) gene arranged in the same orientation as

the Kv9.2 gene.

Once the 5° and 3* homology arms have been cloned into the targeting vector
TKSIBLMNL (see Figure 4), a large highly pure DNA preparation is made using
standard molecular biology techniques. 20 pg of the freshly prepared endotoxin-free
DNA is restricted with another rare-cutting restriction enzyme Pmel, present at a
unique site in the vector backbone between the ampicillin resistance gene and the
bacterial origin of replication. The linearized DNA is then precipitated and

resuspended in 100 pl of Phosphate Buffered Saline, ready for electroporation.

24 hours following electroporation the transfected cells are cultured for 9 days

in medium containing 200pg/m! neomycin. Clones are picked into 96 well plates,
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Exanpl e 4. Biol ogical Data: Gene Expression Pattern
(Lac Z Stained Structures) LacZ Staining The X gal

w@@bnsgs of di ssected tissues is perfornmed i nPCTIEB2005/001620

foll owi ng manner. Representative tissue slices are nade

of large organs. Wol e snmall %rgans and tubes are

sliced open, so fixative and stain wll penetrate.

Ti ssues are rinsed thoroughly in PBS (phosphate

buffered saline) to renove bl ood or gut contents.

Tipdisated and expahdeichbione bhingaycteeaed PBBCRAnsing p'rimgrs25’/er and DR1,

f [ de % ql I d , 0.02% NP4Q,
e ionh @ty HeRrana nhRpme oo sron bintides
EQédn‘%\d"b@ﬂvéehrﬂ@eeerﬁlogéﬂME ﬁx)é@s%‘h%% r?h&] tfeﬁ% elihS SHRBu&! Posmve

placed in Xgal starning solutio Ferrocyanl e,
aloneFeartieggeniligd at 2 mg W{:]CLCQS%I Wsmc}(mgahrewmpﬂ%)i t6 allow

1S, 30C, T sue e
R s tros g AT B GudiEy PR G ebisBE Rpsonupr bl
a@#irthakieh OF theSirgbt@gtevient 16 Bk RARM ] 5Tehd ﬂ%&bésxprif&?éd as

stained tissues, dehydrated tissues are wax enb

aesgribethbnyet 41bw%%@n®r%p@9@dur@sdﬁms%e@d AN 2000 Mar
9 4%3& ﬁgf §?Q \X«Q}?enjs%umegq blogsc#’tglﬂka}ﬁ%istsed 131 & ggnosyxc restriction

expresse e brai

pxamnes lakeahi)i'by‘ldnzredtvhﬂl a0dxt@nal proip BeMBWIEBusLY Edr@élé@ESfcell clones
calleja, ventate pal]lidum central anydal oid nucl eus

ey Fid ik FisrtescAb e it b asavol) 4 wdipier gvild-type band. For
ﬁl\éta%@ %1@!;?'85 ‘ggﬂ#}déﬁh@ HN ] d ?éeé%d%ﬁﬁPAEﬁ \J@hﬁuaﬁ %@%Pd AL6.2kb when

spl een testis
Pityrslizddogiylt Biede braminglt probé Bbcbbdklﬁmhamey eBtean pgjbtepwhﬂe
[ rom a. hl ood sa om t he

. k t
i ek e AR Bt R R R elese T Bied i
kddbid Bt J@@Mﬁ@banﬂn%@ﬂ%%%&vﬂ@%yﬁ@%ﬁ@r ed using a

bl ood glucose nonitor. Aninmals with the Kv9.2 gene
knocked out were exam ned and conpared to litter mates

k t The .knockout '
MR S B R S L AR oS O b T fon
PHefidient®Lieaol /1 for wildtypes (P= 0.006). Accordingly,
Kv9. 2 knockout animals display decreased bl ood gl ucose

| evel s conpared to wild type animals.
C57BL/6 female and male mice are mated and blastocysts are isolated at 3.5

days of gestation. 10-12 cells from a chosen clone are injected per blastocyst and 7-8
blastocysts are implanted in the uterus of a pseudopregnant F1 female. A litter of
chimeric pups are born containing several high level (up to 100%) agouti males (the
agouti coat colour indicates the contribution of cells descended from the targeted
clone). These male chimeras are mated with female MF1 and 129 mice, and germline
transmission is determined by the agouti coat colour and by PCR genotyping

respectively.

PCR Genotyping is carried out on lysed tail clips, using the primers hetF and
hetR with a third, vector specific primer (Asc403). This multiplex PCR allows
amplification from the wild-type locus (if present) from primers hetF and hetR giving

a 241bp band. The site for hetF is deleted in the knockout mice, so this amplification



The results are shown in Figure 3. Exanple 6.

Bi ol ogi cal Data: Behavioural Analysis (Open Field
waewsjloeockout and wil d-type control nice werBCT/682@d/001620

in an Open Field Test. See Carola, V., F. D dinpio,

et al. (2002). "Eval uation of 9%he el evated pl us-naze

and open-field tests for the assessnent of

anxi ety-rel ated behaviour in inbred mce.". Briefly,

the mce are placed in the centre of a Perspex box

wivilhfagl feomm adargeted ahele+BiewensudheAsc4dB prineerwitlenmplify a 434 bp

i t [ corded.on video, The mce are
e e B et BER PR e B crouping savals o
| egivhijos iwsfidd e 3Mams Thatef@Rythid MBltiplRTHCRkevREN TR Senotype of the
usual | y spend nost of the tinme noving around the

plifsrs, ope: Vet uteaamplgs exhist msinglo g4l hyybafd; héterozygous DNA
C [ i.abi his,normal pattern are.

> AR AR IR 0107 S 023 P RO SR s
ceny thel targeespecidic 43ddpdaada, an i ncrease of which can
nmean that the animal is | ess anxious. The novenent of
the m j jme is recorded on video
and ah%?&ggggwéagﬁ%%gg%@%né%OM/that knockout m ce
tmugdr8R fed | ess t GRITCANECAGGTEGCRPECTTAOASG Obeq (WWo. 4161. 39
ek v8e ipr KO 636. SLABABRuARTOGTAANMENG - (&g, ¢ 5A) .
BrugaRd®wnDRf t hi sTadakarrshowrxdchbedTrhbes kngskeud nice
haekve p& artn Foger al Aaade@a T¢TONRG MIUTOGTACATEEE AT AN 8eq 1D No. 9
pesdvphesralR Naf € asAAREcGMNCCAECANLSEGGACABATERAY AYCEE ID No. 10
inkoh2 b emfFose | OMpeEceddr@iTe EBECTAM T BTG TRENELREYID NG, 11
freezes eomrar ed el TOPVRIRMGATCIAR ABEEAL 1YPB No. 12
eav.d piF ce.  ThecdReAc@addackettitobteforich el eh QL ¢ |
GHuSPD. Ay pirNCT eas etrdcBBRGATCTYG TGl AR ATBEE L s FAMNG | N
GRiKy. Bherar eaWl 5o d2refRicd6edy 280k A0, [HANOVA,
taikab.2 Relrpgo3of %CWAA&QIQ@AACMA%A§ME~§%\H) ﬂg 6N
pesispheral —area WbchdaRdrcticdOrdberthnds - d06 V- 2
lbrpckout i ce ”@{T%E@(EQ_%TE&E&C'&%RP?%IA?C@GS-& Bng s

decreased anbulation tine, together wth n’I'ncr eased

gﬁ{llrai“ﬁger agl?‘ gﬂer,manence time. The overal | nunber of

¢ 3; Biologiend Data; Gene Bxprgpsion Battexns (Hvasari RE-PCRhe
nunber of tinmes the mce noved across the open field
is also nmuch reduced in the knockout mce (W 7.32; KO

21 p<Qlsiig RROR of Fiugaun assu), exfressig 6f the o8OV QHHOHn in the
Ii)at a; Behavi ourdell ﬁnal sis (Plus Maze
10 Tung, bram;, spleen and to a lessef extent, the prostate, liver, reproductive organs and

muscle.
This is shown in Figure 2.

Example 4. Biological Data: Gene Expression Pattern (Lac Z Stained Structures)

LacZ Staining

15 The X gal staining of dissected tissues is performed in the following manner.



10

15

20

25

Knockout and wild-type control mce were tested in a
plus maze. Briefly, anxiety in mce is neasured using

W@b@saowas pl us maze and vi deo tracking. This tBGSI/GB2005/001620

exploits the conflict titrating the tendency of mce
to explore a novel environner7 versus the aversive
properties of a brightly lit open field, wth added
conmponent s of hei ght and openness. Two alternating
arnms are closed with high dark walls and the two
ot her Represerapive tisvhe slices afeanadelof$zgde argass. Wikolekmbll organs and

ture |n o the qpen ones.  See Pell ow et al.

ORsi &ip BRAEIeGId dtait i LpATEITaS. Tiosuen aeq rénsad dhproughly

ﬁ’lll Pﬁg‘&glﬁo ?ﬁa&@lﬁﬁ%@ﬁ% E?hr% 1S ¥1doB of gﬁt d;f %Eents (F}sgﬁe%) are placed

ce Were recor
si fkdtare (BBStcantamm@ﬁ%abadaldﬂ}}tyﬂetm%%cgbln’aradﬂehymé @tQE%NMO

D0 46t dlegiitfe s faSeRtiGen G winiite Wolovinesbree s

sahet m?’a@ﬁ’es’lﬁ@%S' ﬁ§s$1e§£‘rferﬁla%§d EzﬂX@altstlﬁmﬁg%luﬁB wﬁfkch

are deened to be unsafe) conparéd t he c
&‘ﬁﬁ@cxanidguﬁtrelvﬁﬁermm agidpe ﬁmMs Megilasl mgﬁmﬂXJrgsaDmZPB&)cfok dRihours at

S5 RSAEY F RSP EB e e 3652 bt

PBS wihkd e@dih BEBredicapatreTUs efigfdli oned in this

docunent, and each docunent cited or referenced in

each of the above appllcatlons and patents, |nclud|ng
durin t; licati

oat ento iy RAECHMANReEag Blied D8APRL (Rl HRa] tra

Mamuketidneetions dut)ebuntetstaims vith 0.01 %l Suguam (00X My,
products cited or nentioned in each of the
applications and patents and in any of the application

ited b
et or ShaB TP 288 St PO RS b i e in
pacticyladpch ﬁ)!elcod@(; Unimgrocsmpis, esthnds of eflieja naﬁdtelpﬁlhdum central

doc ts |t inthis te nd any manufacturer's
RS Tiglebt fepnina rieateltiond 2aySh o aitian.cidetees steining

ﬁﬁﬂ&hﬁ@@ﬁn&@h&ﬁk%pkﬁﬁﬂun@%ﬁdﬂ%ﬁ?by i ncorporated herein
by reference. Various nodifications and variations of

the descri bed nmet hods and system of the invention wll
e a t.to .n the ar i t hout
BpAPR HPibiosikal HSE AT lnryipsticntsBy (BlhatFlpeese on.
Al t hough the invention has been described in
Blood glucose readings were taken from a blood sample taken from the tail

vein of animals that had been fasted overnight (14-16 hours). Blood glucose was

measured using a blood glucose monitor,

Animals with the Kv9.2 gene knocked out were examined and compared to
litter mates without the knockout (wildtype). The knockout animals had a blood sugar
level of 3.24+2.1 mmol/l compared to 4.69+0.38 mmol/l for wildtypes (P= 0.006).
Accordingly, Kv9.2 knockout animals display decreased blood glucose levels

compared to wild type animals.

The results are shown in Figure 3.
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connection with specific preferred enbodi nents, it
shoul d be understood that the invention as cl ai ned

w@b@ahoesseot be unduly limted to such specifi cPCT/GB2005/001620

enbodi nents and that many nodifications and additions
thereto may be nmade within tH8 scope of the invention.

I ndeed, various nodifications of the described nodes
for carrying out the invention which are obvious to
those skilled in nolecular biology or related fields
dhxanmpit 6rBidtbgiel Datav Bdhiavidural Aaslpsis (OpédPietd Tesey .

Furt hernore, various conbinations of the features of
the foll ow ng dependent clains can be nmade with the

f eat ungy,cREuthhe \ﬂfil'agtﬁ'gg&qﬁ%tl nfib A OB t%%édhﬁ%& g@%&\gh Nst. See
fromthe scope of t present 1nvention

Idtanadn KY8. R'Alinigho, SER(RM2ANCEviluation of the elevated plus-maze and

%%%&WT%%awom n inbreg mige?'('?

CGCAGCCACCT GTGAGCCT TCGECAGCT GCEEECEECEECEECGTACCCGEECCC

B istance travelled, time spent moving and location of the mouse at an
CGGOCCGCGGERCACCOGTGCT GCGTGT iGCGCCCCCGCGCGGCGOGGG y

GarcCormrgd animals usually spend most of the time moving around the periphery of

S AR TP RGP R R ARSI e

e d e Ifaftiduldr G dnh A GAGKRA(Sotnt GtHe Ik AE Ao Ghel4na, an
GCTTCCCCG | . . .
ArsApseebrireheanetT thet thePe it G ST EISAGGOCAT TCTGGAGC
TCTGCGATG

ACTACGACGACGT CCAGCGGGAGT TCTACT TCGACCGCAACCCTGAGCTCTTCC
CCTACGR&movement of the mice over a period of time is recorded on video and

SE(ZGGCAA TCACGTCAT GACCTATGIGICTTCT
%&%ﬁgﬁ%@ ow that k%g—kout gi(i;c-lé travelled less than the wild type control
W}%ﬁﬁﬁ%ﬁ@%@%@%@E@Mﬁ%@ww@
ATGGCCGCAAAGT AGAGCCCGAGCAGGAGAAGT GGGACGAGCAGAGT GACCAGG

o T AT Bleaiier -t 44 eoveddhedereaskapsrisaknds spent

FEAPESCEme moving in both the peripheral areas and central area. i.e. they were
TCGGCAACT TCCC£A(§3CACIZT GT &Iil])' GGCGCTGGACAACCCCGEECTACT CXAG
Toopbideton longer (Figure 5B), with a tendency to freeze compared with the

%ﬁ%@%&%& mlgez.‘-r %&T%%&%ﬁ%%g c(fi-ls—play

(A GEdatAIBITHYCAAAT CCCT GACAGCCAGGECAACCCT GBGCGAGGACCCT A
GGTTCGAAA
TCGTGGAGCACT TTGECATTGCCTGGI TCACATTTGAGCTGGTGECCAGGITTG

CTGT% spent moving in central area WT 56.2+12.7s; KO 23.3+8.5s p=0.01
ANOVA, total time of test was 300s, time spent moving in peripheral area WT
44.3+4.4; KO 24.7+7.9. The Kv9.2 knockout mice therefore furthermore display a

decreased ambulation time, together with an increased peripheral permanence time.
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CTGACTTCCTCAAGT TCTTCAAGAATGCCCTAAACCTTATTGACCTCATGI CCA
TCGTCCCCT

Wa I00ADISBEACT CTGGT GGT GAACCT GGT GGT GGAGAGCACACCT AT GBLHISIA0 1620

ACTTGGGCA
GGGT GECCCAGGT CCTGAGGECT GAT GCGEAIT CTTCCGCATCT TAAAGCT GGCCA
GGCACTCCA
CTGECCTCCGECTCCCTGEEEECCACT TTGAAATACAGCTACAAAGAAGTAGEEC
TGCTCTTGC

TdAC@l@@@fﬂ[ﬁﬁ%ﬁT@@ﬁEﬁﬁTﬁ[@@@ﬁ@@E%@%MH%e
%WWWW@WAQ@@@A@ATMe

R L G R o ROV A (e S5

CAGGCATCCTCGT GGTGGTCCT GCCCATCACCTTGATCTTCAATAAGT TCTCCC
SXARE iet PatrsRshavionracamlysiy OleaMazeGAGATGGAA
TGAAGGAGG

TCCCTTCGGTCAATTTAAGGGACTATTATGCCCATAAAGT TAAATCCCTTATGG
CAAGCENEpkout and wild-type control mice were tested in a plus maze.
CGAACATGAGCAGGAGCTCACCAAGTGAACTCAGTTTAAATGATTCCCTACGT T
AGCCGGGAG

AT T SHOAG R I ML N R R ET H ARA CARIG
g@qimmmmmmm GEAAADECETIGAGGIEAGA GAFHIATEG novel

SR vt e Rrsr P R PiosrRArisr aibrdded

of height and openness. Two alternating arms are closed with high dark
WTC@TWTGACACTCACT%TCT% R T S R ARR

e two others are open. Mice prefer closed arms but will venture into the

%gﬁ%@%@&%ﬁ%@%@@ﬂ%?&%m m an 8%@@& plus-

magH GEOOEAGTATAER ETHATGASTE G (IBFRCTCCTGI TTCTGAGGT TGT CGT
GIGAGITCT
GTACAAAAAGCCCCCACAAGT CGTCCAGTAGAAATGCATCTATGAGGT CAGCAA

Gacar TiHyeh the knackewt mics wetereronded osmaxing arsimilardisthpger

qOR@AGIANAGh the control wildtype mice, analysis of the data showed that they spent
. @%CAAAA CAAAGAGAAT GTTAAGCAGACT TGACCAATGCAAG
TTTE?%T}& onger in the C?Ased arms iéeemed e safe) and made less entries into

m%@wﬁw%mmsmw TSI ARRCART TET

(FGURCALTGATGT TCATCTCATAAATGTCACTCTTTAGAGAATGT TACTTAGT T
AAACATGCA

GTGAAGATCGAATTTTTTTCCCAAGAACAGATGT GT TAGGGAGAGGGGECTTCAG
AT A G TGO AT e B B R e P
thaleregdingly Kv9.2 is involved in the dlsorder of anxiety.
CTCCTTGITTCCTAGGGT GACTGTAGAGAAATGTATTTCCGGATGAGGT TTCTG
ATCTAGGCC

AT T T GACEAMICTIPEERHGhSART PAGAT ACRAGHATETES G3GMATARE T

TTTTTAAGA
document cited or referenced in each of the above applications and patents, including

during the prosecution of each of the applications and patents (“application cited
documents”) and any manufacturer’s instructions or catalogues for any products cited
or mentioned in each of the applications and patents and in any of the application cited

documents, are hereby incorporated herein by reference. Furthermore, all documents
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TGTTTAGGAGTAAGGT CGTGT TGTCTTCCTCAACTAAAAAGAAGT TTACTGT TG
TATCGICTC

WE@NSABBICACGT TGT TGEGT TGCTAGCAAGGGECAGT AGCT TAAATAIZG BI0DS001620

TGCCTACTCTGAAAGCTCATCAAATGAGAGCCCTTTTATTTCCAAGCAGAATTT

AGTCAGATAATTTTCGCT 100
TCTAGGATATAGTATGT TGTATATGATGCTGTGATTGCCCTGGAGT TCCTGCCA
TGACATGEA

AACCTGGT GGTATGGAAGCATGTACTCAAAATATAGACGT GCACGATGGTGGTG

Eeedhlii{sGext, and all documents cited or referenced in documents cited in this text
CAGGATGGAAACACT GCAGITCTTACTTGCATTCCCACTGCCTTTCATGEEEEG
TohamaEaaufacturer’s instructions or catalogues for any products cited or mentioned

A AT TFTANTARMARACTCCTAGTTCAT AN

AAATTGTAAACT TGAAAAGCTTAATGCCTATTCAAAAGACCTTCAAGCTTCCAAA
CITGTATTG
AAGGGAEKCHerdificrienscaiceniomr of ttecrsoitcd ratrakrodeystem of

SRR il s amparenttahors skilled Jytks o ibpLIoReR g sk e

GdopEAAGETirit of the invention. Although the invention has been described in

AATCTGAT TTT(%:A G(%I TTCATTATTGITCCATCTTTGAAAAGCCAA
PAERRReRXIth specitic %ﬂ: mbodiments, %Tshould be understood that the

%@%GX% &%é@&%ﬁﬂé@éﬁéﬂ%@%%ﬁ el fE R SRR EhEGL and

G TREY GOR RGP TCNRTENN AT GRTACTEACE TOAE T ABAGETGEGH A he
GGATCTT T
Rtierersrines wefifispienrol s dorarodcnesiesrerssroing i the

Tﬁﬁ@@&%ch are obvious to those skilled in molecular blolo_ig r related fields are
TTCACTAGCCACTTGT GTCCTGGAGCOCCCAGT TCAAATCT T TOCAT T GRACTG
hegded tedre within the scope of the claims. Furthermore, various comblnatlons of

%@%ﬁqg%&ﬂms Cah %T%%gv%%geatures of the

E&@E%EWA@W@%TMWK%EEIT C
ACATGGAACACT TAGATTTGGCTGGTGCT TCCAGCCCT GGAAGGCATAACATTT

2

ACGGACTCA
TCCCCAGCT GCACT GAAGGCAGGT GGTGGTACAGACT TATGAGGACGGATCAGT
TTGCCAAGG
CTGATGGTATTGEGT CACT GAGCCTGGTATCCATGECCGECT GACCAGGAACCT T
ATGCAAAGT
GGAAGCAAGGAACAAGGCAGAATAACTCAGTCACTTTCATGAAGATTTTTCTAA
ACAAGAAGG
CTTACCACCAAAAAAGAGGT ACCCTAGT GGT TACCCT TTGCAGATGTGAAAGCT
GGAAAACTT
GACTTTTCTTTTTGGTAATGACTTGCATTTATCTGGTGCCTTTCGT TGGAGGAA
TCCCAACGT
GCTTTAGAGACTATCTTTTTAACATCTCTTGTACATACATATATACTTATATAA
AATATTATC.
TTGCCCAACTGGACCTTTACTCACT TCTGAGCATGAGAATGT CCCAATAGCATT
GAGITTTTC
AAGTGGTGGT TTCAGATAAGT GCGGAGAAAGAACAACCCGECTGECTTAAACCCT
GGAGCTAAT

TCCCACAAGGAAT GTAGACT GAAT GGT GACCCAGGEGAGAAATAATCTTCCTCTC
CCCTAAAGT
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CTCACTAAGGT TTGAAGTI TTACAGGTGCTCTCCACTGEGTCTTTGATCGACCT T
GCTAGATAA

W@2007T#863T AAAAGCAGT TTCTTTTAGT CCCTGAAGCT AACCAGRAES BT I0AD) 1620

GITAATTTT

CTGTAAAAATATGAGGT GACATCT TTGAUAACCAGGCT GTCAGACTGACCTGTA
ACCTCCTT

TAGGGEGACAGAGT AGAAACTGGAGATGACT TGTTTCCAGCTGTGAGCTTGAGA
GAAGTGICA

CTCCCAGCATTTGAAGGT TATTGI TTTCAAT GCCAGI GGGCCAAATATATGEEC
(LG
?é GATGTGCATTTTGGAAGT GCTGEGT TGEGAAGT GACACGTCTGI TG
CACAAATGC

ATATTGGITATAGGTTTGIGITT ICT GCCAAACCCCCACATTTCTCGEGTTT
Hamraased2 cDNA: SEQ ID No. 1 cr

é%%&%&%@é}%%%gé@ TTAGRT T AAGTTAGT AN AEACeA
D R s R AT AT FRACT CCGAGA%i‘éé"é
R R

TCGCGCGAGGCCATTCTGGAGCTCTGCGATG
%@?ﬁ@%ﬁ b hbarac
e dér A PMANCKYSr @orTencec
AACGAGTTCTTCATTGACTCCTGCTGCAGCTACAGCTACC
5%2§é%ﬁ§@i@ﬂ%%¥é@@ﬁ@@ ACCA
TGAGATCCTTGCCTTCTACAACGACGCCTCCAAGTTCGATGGGCAGCCCC
gﬁ@%ﬁ%%é%@@@?@5EéEEaa@6&%@@%%635@@6@5&6@&%&@A@CA
CATCCTGTCCATCCTGETEGTGATCEGGTCCATCATCACCATGTGCCTCAATA
dETHARCTETALLNTCAAA
CTTTGGCATTGCCTEATTCACATTTGAGCTGEGTGGCCAGGTTTGCTGTGGCCC
e CAIGTRECTCETAGSTG CcCeT
G A AL T CTGETGETGAACCTGGTGETGGAGAGCACACCTACTTTAGCCAACT TGGGCA
TALGASAIAIIFAATEA J 6 R CAT XX T ACETAT GG CECCTACABL TCCA
& CTCCOTGEEEGCCACTTTGARATACAGCTACAAAGAAGTAGGGCTGCTCTTGC
AL AT I FPAECAACEAGRICTT EATIACTEET CEAGABETACAGTIACCAGA
AR FT GG CCACCATCCCTGCCTGCTEETGGTGEGCTACCGTCAGTATGACCACAGTGG
CECACAGERACACT CARCACBACABEAT TTGG
4&%&@@%@@&%CGTGGTGGTCCTGCCCATCACCTTGATCTTCAATAAGTTCTCCCACTTTTACC
TCHCRAT AR G ETCEAFACTIACAACE ,
@Tﬁﬁﬁﬁ@%&iCAATTTAAGGGACTATTATGCCCATAAAGTTAAATCCCTTATGGCAAGCCTGA
LEONS S R CEINSHTCYHEEEE N2 s
Aﬁﬁﬁﬁ@&ﬂXECCTCCACCCCACATTGCTGAGCTGCCTCTTGTGCCTCTGGCACAGCCCAGGCA
ACTAACET T ICATCCA GG ETRRAT COSRITUCATEATCACIFGTCEUFGAXNTIATGCA
AR CEEASATTRCEAAAT AOCEEA AT IAGRECAACEITHEIGEGEABTHTGCCT
AGGFL AR GG EGRAGACACTCACTGETCTTTGCATCGTGGGCATAAAATGTTCACCTT
GACET ¢ &SCATRHEECA CCT A MO TT AN TG EECCENE I RFEGCTGRETIORAGTGC
GKE@@Q@E&&AGTACTGTCTATGAGTTGTCGTGCTCCTGTTTCTGAGGTTGTCGTGTGAGTTCT
CHEAAGT AT CARGAALCORTTA ACCTE NG ICATCEAGERTATGAT
Tﬁﬁﬁ&ﬁmﬁ@ETCACAGTCATGTGAAAACAAAATCTCAGCTCTTTATCCATTGCTTTCACTTAG
TTTTAGTACCAAAACAAAGAGAATGCAAAGTTAAGCAGACTTGACCAATGCAAGTCTCTAAGT
TQTTTTTATAAATGATCTGTAGTTCCETGGCTTGCATGEGGTGCACCAATCATCTTTAGAACGA
TGTACACTGATGTTCATCTCATAAATGTCACTCTTTAGAGAATGTTACT TAGTTAAACATGCA
GTGAAGATCGAATTTTTTTCCCAAGAACAGATGTGTTAGGGAGAGGGGCTTCAGCTAAATAGT
CCAAACCCTAGGETGCTTAAAGCCAAGTTAGTGCAGGCTGAGCCCCTTGEGTTCACAGTCAAGE
CTCCTTGTTTCCTAGGETCACTGTAGAGAAATGTATTTCCGGATGAGETTTCTGATCTAGGCC
ATTTGACCAAACTTTGCTGTGTCTAAGATATTAGCATGTTTTTGAAATATTTATTTTT TAAGA
TQTTTACGGAGTAAGETCGTGTTGTCTTCCTCAACTAAAAAGAAGTTTACTGTTGTATCGTCTC
COTGAGGTGAACGTTGTTGGETTGCTAGCAAGGGCAGTAGCTTAAATACT TTTGTTGCCTACT
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ACTCTGGTGGTGA

CCTGGT GG GGAGAGCACACCTACT TTAGCCAACT TEEECAGGEGTGECC
WE2BSTEBICAGCCCT GATGCGGAT CT TCCGCATCT TAAAGCT GGCOAMEGAEINSN 1620
ACTGECCTC

CGCTCCCTGEEEECCACT TTGAAATACAGUZACAAAGAAGTAGEECTCCTCTTG
CTCTACCTC

TCCGTGEGGATTTCCATCTTCTCCGT GGTGECCTACACCATTGAAA

CIgjﬁ&@@EﬁﬁAGTATGTTGTATATGATGCTGTGATTGCCCTGGAGTTCCTGCCATGACATGGA

GATGTCETECUAGIRACCATEESNEAAAA BET AR TICCRCFEETBGATTEEGI TACC
(@Q@%@ﬂtﬁ@ACACTGCAGT’I‘CTTACTTGCATTCC'CACTGCCTTTCATGGGGGGTGACTGGGT

@gﬁ{%&ﬂgﬂAACTTGAAAAGCTTAATGCTATTCAAAAGACCTTCAAGCTTCCAAACTTGTATTG

BEEAT X GZABBT T TACTHUICGAGA TG ATEAGCABECACA
GPECATTEESATGEECAACCTGGGTTCCTCTATAAGATAATTCTTCTCCATCATCTTTAAGGT

GPEAR P T AR I C MR F T AT AT AARTY T RARTICCT T FAPAGTAAGCEFBACCCA
RSEREEAGESCATGGAGCTATCCAGGGTTTTCATCCAAAGGTTGEGCCTCTTCTTAAGAGGTC

AT TR RET A S AT ABT AT AR AT CCAAC T TGRS ARORARC TTAT
K@§@§G§ﬁ£ﬁ¥§$@3§ Tﬁfﬁ@@EGﬂyATGGCTACTACAGTGTGGGTGATTTATTGAATGAA

= Frp RRERSHAAIREPEF R TTIGACTHSREACT TGT
efe EEGAGGTGGCTGTCTCCTAGTGTCTACATCCGTGTCTCTGAAGCATCAGGAAAAG

%ﬁ?ﬁ%@ﬁ%ﬁ@%ﬁ%@w AN RGBT TTGC

CTTAGATTTGGCTGGTCGCTTCCAGCCCTGE, GCATAACATTTACGGACTCA

KVEIE W@ﬁ@"&g@ﬁ T@TGQEWE CACALDRFCRAAGG
Gy ST SRR TOCG T CACTGAGCCTGGTATCCATGGCCGCTGACCAGEARGCT TATGCARAGT

PAGCLORERA SPOECENAE @W@W TRREPRECRACAAGG
RBREACCAAAAAAGAGGETACCCTAGTGATTACCCTTTGCAGATGTGAAAGCTGCAAAACTT

SR PR e P GRS PR Efncor

WHlagien T T TATATAAAATATTATC

mgi f’ (7 TR %AGAAT%%CCCAETAGCATTGAGTTTTTC
3’( % A RECKET ESARSEPRAGS TAAT
LA Qe{T gr. fg,‘ %ﬂg% ECCCTAAAGT
Kb Zagt .’ e GRCTCT T TGATCCACCTTGCTAGATAR
N ‘M.;Au SAGTTT T WF EGRATTTT
':3.:1,?‘% AN AT z%_ A TGACCTGTAAACCTCCTT
e oo

g 513 }*J% s g‘ %TGC
T e Ao
CATTT

%&%@%&%@@iﬁ%@ﬁ@ﬁ%ﬁéﬁ
R R R T P e AT R et

ATTGACACAGGCTGCACTG

HumaN Kv9.2 cDNA SEQ ID No. 2

ATGACCGGCCAGAGCCTGTGGGACGTGT CGEGAGGCTAACGTCGAGCGACGEGGAGATCCGCATC
AATGTGGGCGGCTTCAAGAGGAGGCTGCGCTCGCACACGCTGCTEGCGCTTCCCCGAGACECGC
CTGGGCCGCTTGCTGCTCTGCCACTCGCGCGAGGCCATTCTCGAGCTCTGCGATGACTACGAC
GACGTCCAGCGGGAGTTCTACTTCGACCGCAACCCTGAGCTCTTCCCCTACGTGCTGCATTTC
TATCACACCGGCAAGCTTCACGTCATGGCTGAGCTATGTGTCTTCTCCTTCAGCCAGGACATC
GAGTACTGGGGCATCAACGAGTTCTTCATTGACTCCTGCTGCAGCTACAGCTACCATGGCCGEL
ARAGTAGAGCCCGAGCAGGAGAAGTGGGACGAGCAGAGTGACCAGGAGAGCACCACGTCTTCC
TTCGATGAGATCCTTGCCTTCTACAACGACGCCTCCAAGTTCGATCGGCAGCCCCTCCGCAAC
TTCCGCAGGCAGCTGTGGCTGGCGCTGGACAACCCCGGCTACTCAGTGCTGAGCAGGETCTTC
AGCATCCTGTCCATCCTGGTGGTGATGGGGTCCATCATCACCATGTGCCTCAATAGCCTGCCC
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AAAGT GGAACCT GAGCAGGAGAAAT GGGACGAGCAGAGT GACCAGGAAAGCACC
ACTTCCTCC

WA TOSATISRCAT CTTGECCT TCTATAATGATGCT TCCAAGT TCGATREIEGBAIGS00 1620

CTGGGCAAC

TTCCGCAGGCAGCTGT GECTGECGT TCGAGAACCCAGGCTACTCAGI CCTAAGC
AGGGTCTTC

AGTGTCCTTTCCATCTTGGTGGTGI TGEECT CCATCATCACCATGT GCCTCAAT
AGCCTGCCA
GACTTCOANTCCTEEAARCIICACEER AACC UGB TCARA GATANICAGCRARBAAT GGAG
ATTCTBEA@ T TGCCTGGTTCACATTTGAGCTGGTGGCCAGGTTTGCTGTGGCCCCTGACTTC
CRCIAAF CEIATFECARBSTTURCATT T CATTAREETCBCCACHTAICTCTBBCOACATC
BCTGAGTIUGTGAACCTGGTGGTGGAGAGCACACCTACTTTAGCCAACTTGGGCAGGGTGGCC

CREARCT TEICCAGEARATCENICLARACCATAITPGATCT GCATGIITATTGTECTACCCTC
TECTACATRSGGGCCACTTTGAAATACAGCTACAAAGAAGTAGGGCTGCTCTTGCTCTACCTC

ACTETACT@BETEAABLT GBI TISFECATAGTI TN CCTACTF AICHRACREEBBEAGGGC
M%ATCCCTGCCTGCTGGTGGTGGGCTACCGTCAGTATGACCACAGTGGGGTACGGG

RBSTAEIZAGRCACTRECATC
WWTCCTGCCCATCACCTTGATCTTCAATAAGTTCTCCCACTTTTACCGGCGCCAA

@&?W@@@AWAW@WM@G@TRG
PTG CET AT S CAAGCCTGACGAACATG

NTACCAACTARS -,..\“ %Y ATTCCC’I’ACGTTAG
CTGGCCACCATCCCTGCCTGCTGGTGGTGGGCCACTGTCAGTATGACCACAGTT
g@e’%‘?@ v PRGGGAOTE[N SE&ID NGGC%AAGTTGACTGCCTCTGCCTGCATCTTG
@@G@EIMIT\GEANVEDGEIRINVGGFKRRLRSHTLLRFPETRLGRLLLCHSREAILELCDDYD
OV OGTGEEGT. FEC AT EACK L I GATIG T AN EAA TN CEEAT DI TS YHCR
WEQSDQESTTSSFDEILAFYNDASKFDGQPLGNFRRQLWLALDNPGYSVLSRVF
AAGSALCIMTGAGAGT T M BOGCASOIGIEACR FECEARAT A TEANYGAT APDF
GK@EKNH]@G;IDLMSIVPFYITLVVNLVVESTPTLANLGRVAQVLRLMRIFRILKLARHSTGL
GFCAATIR Y ABERACT ATIATGI ECAT M AGT EAAGT CCCT DA TCRERAGTGTE VG YE
AURRACAIE LTASACILAGILVVVLPITLIFNKFSHFYRROKQLESAMRSCDFCDCMKEVES
AT RBENGIKVEACTE ARG BGAEFIITGARGAT TCTCTACAT TAGVIOUSE
KV9.2 PROTEIN SEQ ID NO 5

MW%%%WE@% By NYSGFKRRLRSHTLL RFPETRLGRLL L CHSREA
Y X
RYEREEXIIANREL ERM TG GKE EMARL YR SE S FOMBNEREA RSG catc

eRYOYEKE GG CTTCARGAGACGGECTECGTTCCCATACGCTGCTGCECTTCCCTGAGACACGE
KYERES MBI ARSI SRIPEL t AR AT T POREL ARG MR AL AN caar
X Bt AGCGTCAGT TCTACTTCGACCGTAACCCCGAGCTCTTCCCCTATGTGTTGCATTTC
BXE Sh EAW ST A AN NS dRcRIr BESFAANRGEPBREE M GrAVE A FELM A eaTc
BEAVACRIC IR KA M A RICYBE VA CldNEcTecaceTATAGOTATCACGGCCGE
WESSFI AN CERMAENEEL AR BE & K ARIS ERE TeACCAGEARAGCACCACTTCOTCC
RBLGATEAATHEVEL b1t SN Ere StadTTOOAXE T el Adcdrecconac
A CHYY A M TV GYEE TGGCE T TGGACAACCCAGGCTACTCAGTCCTARGCAGGGTCTTC
DEPETTAGKICTASACT LG 3TV B dd- dONKE SIHENRROCICCAVRSERI B con
CGAVEEMRS\ A NICREYY AT AR MASAANMVBIRE BB S St dRBlddCr AL MS traTecac
AACTEIEYRTITCCUDGE TRIMA TanéAsl TdmaecngrecfreirceaatdoycTeacTTT
AT SRAP ET TeALGYRTEN IS TAAACCT TAT TGATCTCATGTCCATTGTCCCATTTTACATA
ACTCTAGTGGTGAACCTGGTGETGGAGAGTTCTCCTACCTTGGCTAACTTGGGCAGCGTGGCT
CAAGTCCTGAGGCTAATGAGGATCTTCCGAATTCTCAAGCTGGCCAGACACTCCACTGGCCTC
CGCTCCTTGGGAGCCACCCTGAAGTACAGCTACAAGGAAGTCGEGTTGCTCTTGCTCTACCTC
TCAGTGGGGATTTCCATCTTCTCTGTGGTGGCCTACACCATTGAAAAGGAGCGACAACGAACGC
CTGGCCACCATCCCTAGCCTGCTGRTGGTGGGCCACTGTCAGTATGACCACAGTTCGGTACGGA
GATGTGGTCCCAGGGACAACAGCTGGGAAGT TGACTGCCTCTGCCTGCATCTTGGCAGECATC
CTGGTGGTGGTCTTGCCCATCACTTTIGATCTTCAATAAGTTCTCCCATTTCTATCGGCGCCAR
AAGCAACTTGAGAGTGCTATGCGCAGCTGTGACTTTGGAGATGGAATGAAACAGGTCCOTTCG
GTCAATTTAAGGGACTACTATGCTCATAAAGTTAAGTCCCTCATGGCAAGTCTGACAAACATE
AGTAGGAGTTCACCTAGTGAACTGAGTTTAGATGATTCTCTACATTAG




gene, in which the Kv9.2 gene conprises a nucleic acid

sequence shown in SEQID NO 1, SEQID NO 2 or SEQ ID
WOEN05403888 a sequence having at | east 70% sequePCEGB2005/001620

identity thereto. 2. A transgenic non-human ani ma

according to aim1, whichibas a deletion in a Kv9.2

gene or a portion thereof. 3. A transgeni c non-hunman

ani mal according to Claim1 or 2, which displays any

one or conbi nation of the follow ng phenotypes: (a)

MBesERSOD PROPEINGBAIEEoO|l 8vel s; (b) increased anxiety,

preferably as neasured in an Open Field Test and/or a

WPIROS L.NBY D TBEIDCEA R L N OBHREARE BT L RA HETRLGBEL b SREA I LELCDDYD

DVQREAN PRI L ARYVLHE HERC VA ELC Y SHH QR EY G WaER IDPCCSYSYHGR

HREEQBRWDEQIIME SATS B DB LAFYADRGEERG FBROVHRAIATHPYFVLSRVE

$ELITEHVAGSH TMALISA PREQIRISQSNPEBRT R e IR C DAY R FRELYRREFAVAPDE

BHFOKNALNR AP LVEFYE T BY @bl {VESA BT R L GRYASVeR LM R Rl LKLARHSTGL

RIS EBFYKEY G ARA LSBC I I RSVYAY § BRI RE G RRAHH TYgMTTVGYG

RICRSTEPAYL TRS IR AGH BV S BT L F N R RS T RRQKRSE SANRR (S CDEMKEVPS

WHRDAYSH 8K LM TRMABAS B ivePPak%or ding to O ai m 5,

whi ch conprises a functionally disrupted Kv9.2 gene,

preferably a deletion in a Kv9.2 gene, in which the

Kv9. 2 gene conprises a nucleic acid sequence shown in

SEQ ID NO 4 or a sequence having at |east 70%

sequence identity thereto.7. An isolated cell or

ti ssue froma non-human transgenic ani mal according to

any preceding claim 8. A cell having a functionally

di srupt ed endogenous Kv9.2 gene, in which the Kv9.2

gene conprises a nucleic acid sequence shown in SEQ ID

NO 1, SEQID NGO 2 or SEQID NO 4, or a sequence

having at | east 70% sequence identity thereto. 9. Use

of a transgeni c non-hunman ani mal according to any of

Claims 1 to 6, a cell or tissue according to Claim?7

or a cell according to Caim8 as a nodel for anxiety
or
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di abetes. 10. Use of a transgeni c non-human ani mal
according to any of Clains 1 to 6, a cell or tissue

w@emonelssg) to Claim7 or a cell according to OEI/GB008901620

a nodel for a Kv9.2 associated disease. 11. Use of a
non- human transgeni ¢ ani mal B@xording to any of C ains
1to 6, an isolated cell or tissue thereof according
to daim7, or a cell according to Cdaim8, in a
nmet hod of identifying an agoni st or antagonist of a
Kv9. 2 pol ypepti de conprising an am no aci d sequence

in SEQIDNO 3 or SEQID NO 5 or a sequence
m at | east 70% sequence identity thereto. 12. A
nmet hod of identifying an agonist or antagonist of a
vy 2 . . p ,
£ sty TR AMERIRS A A RS S inous
génel, aashich 0% Ketj gavecangeises & yudtlbieneidzequdnee siedvirooh SEQ ID

I LSj L Ni ri a candi dat e conpound n
SRR ELIBRErS Br SEE I Re%e 5pa Seshitints B Mettirash JuBhpauence
RRAkYy &N MBIl according to any of Claims 1 to 6, and
nmeasuri ng a change in any of the follow ng phenotypes:
(a) blood glucose |levels; and (b) anxiety, preferably
as nmeasured in an Open Field Test and/or a Plus Maze @
Fest . pgranageniq psghwan eipe] aogpiingie Glaomil stvhish hry @ dgletion in
RRiRERLE AP, B6ARAGRAG,L 0 O ai m 12, comprising
I dentiTyrng candi dat e conmpound capabl e of causi ng
the animal to display an increase in any of the
phenotypes (a)-(b). 14. A nethod of identifying an
ant agartrasgaic Kudh@nmpobnipepidedalizgodrldiomd) or @, €hmhdihPys any
conprising . identifyjng. a candi date conpound capabl e of
UG o loﬁr‘i’?hﬁl %118‘%83%?&161&%%% of the phenotypes
(a)-(b) or a decrease in such a phenotype. 15. A
net ho f identifying an agoni st or antagonist of a
Kv9.ZgﬁgF?BQﬁ?LB@dﬁQgFﬁ%kﬁgmhnino aci d sequence shown
in SEQID NGO 3 or SEQID NO 5 or a sequence having
at | egtincfOies SRERCHTHMN hi Mehdeddahan Gird FBHNRE and/or a
conpri Si ng exposi ng a candi date conpound 'to a cell or
ti ssuBluspazedreathl y a wild type cell or tissue or a
cell or tissue according to Claim7 or a cel

accor%%ﬁa?eﬂo@ﬂi‘lcﬁtyp%%ﬂin@ﬁ?suri ng a change in

4. A transgenic non-human animal in which at least a portion or the whole of the
Kv9.2 gene of the animal is replaced with a sequence from the Kv9.2 gene of another

animal, preferably another species, more preferably a human.

5. A transgenic non-human animal according to any preceding claim which is a
mouse.
6. A transgenic non-human animal according to Claim 5, which comprises a

functionally disrupted Kv9.2 gene, preferably a deletion in a Kv9.2 gene, in which the
Kv9.2 gene comprises a nucleic acid sequence shown in SEQ ID NO: 4 or a sequence

having at least 70% sequence identity thereto.
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conductance or kinetics of the cell or a cell of the
tissue. 16. A nethod of identifying an agoni st of

wKe®5203868 ypepti de according to Caim15, conpPCEGB05/001620

i dentifying a candi date conpound capabl e of increasing
conduct ance or kinetics of thecell. 17. A method of

i dentifying an antagoni st of Kv9.2 pol ypepti de

according to Claim15, conprising identifying a

candi dat e conpound capabl e of decreasi ng conduct ance

dr ki Metisclstedfcel] hetisat froml8northwethtehsgénit deimial hydonding to any
co und, suitable for the treatnent or alleviation of
Bﬁgg 1g Sy abet es, preferably a Kv9.2 associ at ed

di sease, the nethod conprising exposing a Kv9.2

pol ypepti de conprising an am no acid sequence shown in
SEQ | A & ha¥inya BEQINAINAsriptQ erfioSEHE RGS. NddteNB vllich the

| east 70% sequence identity thereto to a candi date
P0G compEsHe micihivnd seduendsshowndn SERUIDINO: 1, SEQ ID NO:

2. an [ r pi st of the Kv9. 2
BRI hD-Foo {RBRGRE Tonfly SR HouBicetiibhey thefet
conprising a nucleic acid sequence shown in SEQ | D NG
1, SEQID NO 2 or SEQID NO 4 or a sequence having
at | edbt o7 0 Unswguie moe-hudentahinyal tabeoréing to fudy of Glaims 1 to 6, a cell
[ d@nt i ficat.ion @{ .aQ a onhst or. antagaoni st thereof for
PSSP ACORRE (o Lai ol poeqriBe e Ty e MRy far anxiety or
HiBetds.associ at ed di sease. 20. Use of a Kv9.2
pol ypepti de conprising an am no acid sequence shown in
SEQID NG 3 or SEQID NO 5 or a sequence having at
| east 70% sequence identity thereto, for the )

L Bent Usp ehe frapsesric JanAysan anindl agerrdigate any effelaiad 1 foop, a cell

%gs.sgé ?L@Jo%ﬁ% %02 lag'lﬂ )?i el %igdr%ﬁggc? {Sv"laiﬁrégeésez{ 1 Sh% t%/agl_(y.z

assocl sease. nt'agoni st
pssbyiptedtdisdesehavi ng an am no aci d sequence shown in SEQ
IDNO 3 or SEQID NGO 5 or a sequence having at | east
70% sequence identity thereto for use in a nethod of

eat nent .of anxi ety or diabetes, ef er abl Kv9, 2
1 sociBr et ap Ehkingn toftegie ARGl Atasifine Bk larishio 6, an
B0 la8gIdl 190 tidducahdf¥st a%c&ﬁiml\g%s @l14ifE7, "R IR a8db @ik RO CBEINGE, in a
sequence shown in SEQID NO 3 or SEQID NO 57or a
g@awémfedqmaﬁym@ara@gqn@égr artegenss gfie o/®.2 polypeptide comprising an
amino acid sequence shown in SEQ ID NO: 3 or SEQ ID NO: 5 or a sequence having

at least 70% sequence identity thereto.

12. A method of identifying an agonist or antagonist of a Kv9.2 polypeptide having
an amino acid sequence shown in SEQ ID NO: 3 or SEQ ID NO: 5 or a sequence
having at least 70% sequence identity thereto, the method comprising administering a
candidate compound to an animal, preferably a wild type animal or a transgenic non-
human animal according to any of Claims 1 to 6, and measuring a change in any of the
following phenotypes: (a) blood glucose levels; and (b) anxiety, preferably as

measured in an Open Field Test and/or a Plus Maze Test.
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identity thereto for the preparation of a
phar maceuti cal conposition for the treatnent of

w@roosao3g3or di abetes, preferably a Kv9. 2 assocP@rt/e#2005/001620

di sease, in an individual. 23. A nmethod of treating an
i ndi vidual suffering fromank0&ty or diabetes,
preferably suffering froma Kv9.2 associ ated di sease,
the net hod conprising adm ni stering an antagoni st of
Kv9.2 to the individual. 24. A nethod of diagnosis of

aBxi etymethodiofibengfyingaredgenabbiK a0 Kypdldepisdeomicatdatd to Claim
g'gsease, .in angj ndi vi d(g‘gl , the nephod conpri si ntg .
+ Qe dPHENGE & ndidate sa@peind ¢apglle ofpausing the pgimsf to
' i ghh g Iwor tissue thereof.
giégla%«atlg%&g%gél?g?yhg%gb%f e%) (lf ), 20 or 22, a

nmet hod according to Caim18, 23 or 24, or an

antagoni st according to Caim21, in which the Kv9.2
d4socipamedodiof Kientiingal antagetist pHKVe Beolypeptide according to

i St T . T, | diahete . )
EI 2, bapGing MERARIR AL nbRE: comfuREliRbIc of causing the animal
tedissibpageof the phéndt@ics ¢S bPbr dilchaise s sk laytichdtype.
di abet es associ ated vascul ar di sease, di abetes
associ ated renal di sease and di abet es associ at ed

neuropat hy, .and, the.treatnent of hypogl ycaeni a, . i
Ry per F1BEMARAT HiepBing 8,A40pict o p{agsiishpi Jvo.2 Polypeptide having

&Y ainiRCiCsHE M RendtRBENR I SEQTRNO! B oPSEG] IBPNEY 52EIBHRY
to di abetes, hyper/hypot hyroidism acronegaly, liver

having atdeast 0% sefiugricardentipahercmatlicontthowd oersprising exposing a

ancreatitis d alcohgl induced. h Lycaem a.. 26. A
RRRTGRE g« P pp. oSy YRR S ef i or S cetl o
assueaedoidink @ Clainm & ce?l%c@drdﬂq%,to @laif3, HnH #LARBlg a change in
according to Claim21, in which the Kv9.2 associ at ed
epnsgiance or knetics 108 thefaeB or e isell gf Bapissusnsi sti ng of :
soci al anxiety, post traumatic stress disorder,
phobi as, social phobia, special phobias, panic

sor : i r -
o Sor o SR Bt O K12 2 Y Sen Aoy T3 ttaim
adpdowtpyistligs derdidying mepodidate psrepsimdrcapahis bhijnetaasing icpmh@tance
di sorder,. seasonal affective disorder, post natal
FelPessiofihe (fihi ¢ depression, bi pol ar depr essi on,
anxi ety, anxi ety disorders, anxietyrelated behavi our
and generalized anxi ety disorder, agoraphobia, acute

$1.r esa féthed 6eiden@fthgt NS oBARE 6f KNS HEEHEptideSecdring t
DSM |V, and depressi 69{1. 27.g A Kv9. 2 pgl Pélggpti de et

Ehiprlos pompprisies Wenihyingd ¢ndidgigeonawoshd apable SEgeeBing

conductance or kinetics of the cell.

18. A method of identifying a compound suitable for the treatment or alleviation of
anxiety or diabetes, preferably a Kv9.2 associated disease, the method comprising
exposing a Kv9.2 polypeptide comprising an amino acid sequence shown in SEQ ID
NO: 3 or SEQ ID NO: 5 or a sequence having at least 70% sequence identity thereto to
a candidate compound, and determining whether the candidate compound is an

antagonist or antagonist of the Kv9.2 polypeptide.
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NO 3 or SEQID NO 5, or a honol ogue, variant or
derivative thereof having at |east 70% sequence

WO c@ntdIsys t hereto. 28. A nucl ei ¢ acid encodi ngPEI/GB2005/001620

pol ypepti de according to Claim27. 29. A nucleic acid
according to Caim 28, conpril@ ng the nucleic acid
sequence shown in SEQID No. 1, SEQID No.2 or SEQ ID
NO 4, or a honol ogue, variant or derivative thereof
having at | east 70% sequence identity thereto.

19.  Use of a Kv9.2 polynucleotide comprising a nucleic acid sequence shown in

SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 4 or a sequence having at least 70%
sequence identity thereto, for the identification of an agonist or antagonist thereof for

the treatment of anxiety or diabetes, preferably a Kv9.2 associated disease.

20.  Use of a Kv9.2 polypeptide comprising an amino acid sequence shown in SEQ
ID NO: 3 or SEQ ID NO: 5 or a sequence having at least 70% sequence identity
thereto, for the identification of an agonist or antagonist thereof for the treatment of

anxiety or diabetes, preferably a Kv9.2 associated disease.

21.  An antagonist of a Kv9.2 polypeptide having an amino acid sequence shown in
SEQID NO: 3 or SEQ ID NO: 5 or a sequence having at least 70% sequence identity
thereto for use in a method of treatment of anxiety or diabetes, preferably a Kv9.2

associated disease, in an individual.

22.  Use of an antagonist of a Kv9.2 polypeptide having an amino acid sequence
shown in SEQ ID NO: 3 or SEQ ID NO: 5 or a sequence having at least 70% sequence
identity thereto for the preparation of a pharmaceutical composition for the treatment

of anxiety or diabetes, preferably a Kv9.2 associated disease, in an individual.

23. A method of treating an individual suffering from anxiety or diabetes,
preferably suffering from a Kv9.2 associated disease, the method comprising

administering an antagonist of Kv9.2 to the individual.

24. A method of diagnosis of anxiety or diabetes, preferably a Kv9.2 associated
disease, in an individual, the method comprising detecting a change in expression,

level or activity of Kv9.2 in the individual or a cell or tissue thereof.

25. A use according to Claim 10, 19, 20 or 22, a method according to Claim 18, 23

or 24, or an antagonist according to Claim 21, in which the Kv9.2 associated disease is
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selected from the group consisting of: Type I and Type II diabetes, hyperinsulinaemia,
hyperinsulinism, insulin resistance, complications of diabetes including diabetes
associated vascular disease, diabetes associated renal disease and diabetes associated
neuropathy, and the treatment of hypoglycaemia, hyperlipoidemia (be they HDL, LDL
or VLDL), dyslipoidemia, whether primary in origins or secondary to diabetes,
hyper/hypothyroidism, acromegaly, liver failure, renal failure, pancreatic tumours,

pancreatitis and alcohol induced hypoglycaemia.

26.  Ause according to Claim 10, 19, 20 or 22, a method according to Claim 18, 23
or 24, or an antagonist according to Claim 21, in which the Kv9.2 associated disease is
selected from the group consisting of: social anxiety, post traumatic stress disorder,
phobias, social phobia, special phobias, panic disorder, obsessive compulsive disorder,
acute stress, disorder, separation anxiety disorder, generalised anxiety disorder, major
depression, dysthymia, bipolar disorder, seasonal affective disorder, post natal
depression, manic depression, bipolar depression, anxiety, anxiety disorders, anxiety-
related behaviour and generalized anxiety disorder, agoraphobia, acute stress disorder,

and those panic disorders list in DSM-IV, and depression.

27. A Kv9.2 polypeptide comprising the amino acid sequence shown in SEQ ID
NO. 3 or SEQ ID NO: 3, or a homologue, variant or derivative thereof having at least

70% sequence identity thereto.

28. A nucleic acid encoding a polypeptide according to Claim 27.

29. A nucleic acid according to Claim 28, comprising the nucleic acid sequence
shown in SEQ ID No. 1, SEQ ID No.2 or SEQ ID NO: 4, or a homologue, variant or

derivative thereof having at least 70% sequence identity thereto.



