WD 03/097691 PCT/ GB03/ 02225 SODI UM CHANNEL REGULATORS AND MODULATORS Fi el d
of the Invention The present invention relates generally to nethods and

mat eri al swbas/ogmel in 5 regul ati ng or nodul ati ng vol t age geatgBoB@z226hannel s
(VGSCs) . Background. of the Invention VGSCs are transnenbrane proteins
responsi ble for bestowing electrical excitability upon alnost all

exci tabl e nenbranes. The pore is gated by 10 depol arization of the cell
menbr ane, tran5|ently al | ow ng Na+ ions to enter |nto the cell, and
generating the ups®ORIUN DN ; f RSation, VGSCs
undergo inactivation, i mti ng the actl on potentr al duratr on, and all ow ng
rapi d nenbrane repolarization followed by a return to the resting state.

Al known \quﬁmmetnﬁroﬁnar kabl e functional simlarities and this is
reflected in a hi 15 degree of .am no-acid sequence honol ogy. However,
natural toxins ar’ghelmmmt myentiingelatasiganerellyisl methedswndrmaterialh vt ins ubt ypes.
For exa trodot [0)'4 TT e Puf f.er can selectively

bl ock sggtyﬁggu n%%ﬂ?%#u?\?”\%@%ge %ﬁﬁh hanﬂelﬁ(%élfsgg) concentrations,

wher eas ot her neuronal VGSCs remain uan ocked by the toxin at mcrorml ar
concentrations. These neuronal VGSCs that are TTX-insensitive 20 or

resi stant ( TBackgyowndof thgdavemtionhe peri pheral nervous system and are

exclusively ass of pain
(see o, 0. Rkopt an Gr CEA BBt arUe S Rolshut RE vhSBRAE Agufthily,

97/ 01577 ( Urgxeiitilityuponlaleee allereltib)e membitaass. The poredy ghted b57 anmino acid
TTX-insensitive VGSC from mammal j an sensory neurons_(whi ch has_ been 25

desi gnat’éd r@&volfnagtlonué teq@bagneeyﬁtt@@fle ¥ alloveing Nadee&s toeisr é¥aithem

channel 8 X aé&? ively in
smal | di arret er se solratﬁgl eur nes]%\l’ﬁ'at 8{;%? s‘;l%%th tPEc)) A ﬁg LH%

noci ceptors V@ﬁCc Ianéerrgo tﬂaettmiohshmttimgtthé aamamotenpai durstiomn arhdsallo@'mg key

feature of. Nav] ar rrtacoi?‘pggt SI stance _ to high concentrations of
t et r odot oxi rtal(’*ﬁ W?FPRO %‘f’e ﬁ%FetE’@dPﬁhﬁ@Bt“tﬂ”P&ﬁﬁe fdence

for a role ofcNayl V\ﬁ bit'i‘er 18 ﬁbhdl@%nﬁa&ﬂl%%aﬁ@&ﬂﬁslfeﬁéc%ﬁhﬁﬁ %h out mce
and from studi es ere the channe ownregul ated wth anti sense
ol i gonuciseotdeges.of Bheseaeid pequcnentanaogy edowt ey natizral togins grd impsmttant i n

model s of V\th?c?f{rr%%ZtGG%}ellF‘t)%Ttvlv% ac?lga%r%e sugtypes. For example, tetrodotoxin (TTX)

from the Puffer fish, can selectively block subtypes of neuronal VGSCs at single
nanomolar concentrations, whereas other neuronal VGSCS remain unblocked by the
toxin at micromolar concentrations. These neuronal VGSCs that are TTX-insensitive

20  or resistant (TTX-R) are found in the peripheral nervous system, and are exclusively
associated with nérves involved in the transmission of pain (see e.g. Akopian et al
(1999) Nature Neuroscience 2, 541-548).

WO 97/01577 (University College London) relates to a novel 1,957 amino

acid TTX-insensitive VGSC from mammalian sensory neurons (which has been

25  designated Nav 1.8). US 6184349 (Syntex) discusses VGSCs. The sodium channel
Nav1.8 (also known as SNS or PN3) is expressed exclusively in small diameter '
sensory neurones that correspond to A8 or C-fibre nociceptors, which are the cells
that transmit pain signals. One key feature of Nav1.8 pharmacology is its resistance
to high concentrations of tetrodotoxin (TTX), which blocks most other sodium

30  channels. Evidence for a role of Nav1.8 in pain signalling comes largely from knock
out mice and from studies where the channel is downregulated with antisense

oligonucleotides. These experiments suggest that Nav1.8 is important in models of



i nfl ammat ory, neuropathic and visceral pain. Navl.9 (SNS2) is also found
exclusively in sensory neurones that signal pain and is also resistant to
TTX. The woopestepes of the channel suggest that it is not PCrreBIBMzaESI n
generation or propagation of action potentials but is involved in setting 5
the | evel of excitability of the cell. There is evidence that G proteins
can activate Navl.9, which in turn incréases neuronal excitability and
makes the cell_nore likely to fire. There is no direct evidence for

i nvol venent @wmnuyvnmq;nﬂnenﬂmHC#w@@ﬁgaaknmn- given its function in the cell

and e restr ot ety 5B Ao thind BRIAL B IR Burl S B R4 1S

t he hyper-react|V|ty assocla TAC ek

is found in imdisnaksoatsistantto TAN. mbpr@emesfs)fslmaﬁnel@uggést'ﬁﬁaf itikhete is
normal Iy no Navéﬁeg in sensory neurones, but after nerve, damage, | evels are
upr egul at ed WYSWed & generajion oT prpagation ¢fgciion petentials AT Wvelyed ihsedingeent  of

Navl.3 g pﬁl'e'i vePdF e)EérI'tg*Pﬁl%} Sk Y81, HRERAY LAl %r?d% tﬁitt(‘}‘g{cﬂéﬁé/ Barl dMiY5e SuggeSt S

that it m ght p ay a e 1 n transm ssion of neuropathic¢c pain signals. 15
Summary of tNevl.Swehich ontufin ecprassserstironalexeithiititycderd nugas thearelltohere likeBnt or s'

Dot g oo bhera A l?e'aﬂe%ﬁgwg‘?ﬁ%a%{;?@%é’é@ﬂ\%ﬁ%p%3@35&2&2?%odi um
channel s (VGSGe) its %&cﬁbﬁnpﬂhe%amandmé@ A8 BisQithy 68, if %g ﬁ@&{}ggé(:sfor

the identification of conpounds are capabl e o In
one aspect tingredicing qhﬁdlvpdedacalvniutamlam‘d wxﬂbntanj/ yhrogicgpaimsisteat or of a

vol tage gated so hannel VGSC i ch d co ris ) hringing
into cont'act a t%%% g‘fﬁ’n’(ﬁlm z\}a%%fagv‘ﬂ %ﬁm SEnsy VﬁaP&ng %g‘e’i‘?dﬁtners

sel ected frogarRARYMo W':@ﬁ's@n%?ﬁnéﬁ%t%ﬂ@ﬁﬁer@@&ﬂhigeofb%wﬁée the VGSC
and the binding partner(s). are capable of formng a conpl ex in the absence

of the testupregpaieddassiviely(dpaindeseisinoglieent exddéngt for infolvémenvGtNavivBer ei n a
change in the e absence

of the test 1(%%) ILlfHkiﬁ%ﬁgfeﬁté‘fe @r?g%ia( 10%1%@%% %%? @)?}ygﬁgg%ﬁﬁfa’au ln : %at or of

sai d VGSC. Alot®inrdrdiniksiohefnetepattic pjafitsipiignt i on are corrpounds i-dentified
by a nethod of the invention. The invention also provides the use of a

conpoundli dentified by a WO 03/097691 PCT/ GB03/ 02225
Summary of the Invention

The present invention derived from the Inventors’ finding that PAPIN,
periaxin and HSPC are able to act as accessory proteins, involved in the functional
expression of voltage gated sodium channels (VGSCs).

20 The present invention provides screening methods for the identification of
compounds which are capable of modulating VGSCs. In one aspect there is
provided a method of identifying a modulator of a voltage gated sodium channel
(VGSC), which method comprises:

(a) bringing into contact a test compound, a VGSC and one or more binding

25  partners selected from PAPIN, periaxin and HSPCO025 under conditions where the
VGSC and the binding partner(s) are capable of forming a complex in the absence of
the test compound; and
(b)  measuring an activity of the VGSC, wherein a change in the activity of the
VGSC relative to the activity in the absence of the test compound indicates that the

30  test compound is a modulator of said VGSC. |

Also within the scope of the invention are compounds identified by a method

of the invention. The invention also provides the use of a compound identified by a



3 nmethod of the invention in the manufacture of a nedicament for nodul ating
the functional expression of a voltage gated sodi um channel; and the use
of an i nhwbioswos769pf PAPI N, periaxi n and/ or HSPCO25 acti vi PETEBO@NRNESSI ON
in the manufacture of a nedicanent for nodul ating the functional
expression of a voltage gated sodium5 channel. The invention al so provides
a method of treating a disorder or condifion associated with the activity
of a voltage %ﬁ{qu odi um channel , said nethod  conprising adm nistering to
an i ndi vi duafcHed REEhe Kentiogam theay ¢ofja mediqamgnbipr modpatingtheof t he
nvent i on or e ek Qlorlr HAMaN < REL debtid ADfHeRTan e IR AT Moy 10 OF
expression. The nmethods of the in eﬁ.l on may be Ggé8° {6 Ther eade

functional eXkpARRSiperiaxifi andVGEESPE02H activity oSS essibrimthhmanefcture sfre cel | .
The | evel of “functional .expression". of the VGSC is used herein to
describe t he™§HSHRFY %’Pmd‘glﬁg%’&‘?ifWFF“BPalt%BrW%Y@FﬁgP§a‘feéﬁ€@131@nal on the
cell memy anghanfgiti vity in this 15 context neans a capability to nediate a
sodi um current across a nenbrane in response to an appropriate. stinmulus.
Thus a further aspeeinvefitianedsoprevidas a inethedtof teatrgw didederomentitidn of

enhancing the f.uncti. | _expression of vol .t age, gat.ed .sodi um channel
(VGSCO) in a %Sé?ﬁlé{ ivvﬁncﬁ%%&wgtéf 0%8%8&?%‘@3%%‘@5‘2@%’?“4 g astiody the | evel

of one or no§gnHsiel ABNRREGRSNE 8 inddAdefl id A&d ' id b9y al so
provi des a ,hostlmcglc% capabl egof -expressing a \ﬁ(%séwadn%po-ﬁgleﬁ%@ﬁgg%gftgner

sel ect ed froRedaé obthetpyation OpmmbIWprﬁngmaﬁsmHm@éhmiﬁaj d VGSC
and/ or Sﬂji d &J g'}eggogartner i's expressed fromone or nore heterol ogous
expression vectors wthin said cell. 25 Brief Description of the Draw ngs

Figure 1 shows tNEhsinethotsoftheinviiation Safbs UsdNb inGSRWRGhRfonhPUr
honol ogous donai ns each of which is conposed of six nmenbrane spanning

segment s. Fi GPFSSIPA o§ BRS¢ Rechagsi NS sqdiemghannst intthe cellibTis kevel e | ocat i on

of the 30 the i IS .0e] . artr and t he.nunbers. .correspond to
the anino aci Ct{e’g%l;%lp (%%?loﬁi gﬁ@émhsg[{\ﬁrggﬁ%rgmgﬁlﬁiﬁﬁcﬂbei ewgquoert ail.
Fi gure 2 shqwspdrtien oiithedVGSOeviiEHG2 Fandploasitnthe véli Gbmbsns. YWRaSty B GR |

15  context means a capability to mediate a sodium current across a membrane in

response to an appropriate stimulus.

Thus a further aspect of the present invention provides a method of enhancing
the functional expression of a voltage gated sodium channel (VGSC) in a cell which
method comprises the step of increasing the level of one or more binding partner(s)

20  of the invention.

The invention also provides a host cell capable of expressing a VGSC and a
binding partner selected from one or more of PAPIN, periaxin and HSPCOZS
wherein said VGSC and/or said binding partner is expressed frorﬁ one or more
heterologous expression vectors within said cell.

25 ‘
Brief Descriptioh of the Drawings

Figure 1 shows the structure of Nav1.8 a-subunit showing the four
homologous domains each of which is composed of six membrane spanning
segments. Figure 1A shows the basic structure of the subunit. The location of the

30  three baits is indicated by arrows and the numbers correspond to the amino acid
location. Figure 1B shows the subunit in more detail.

Figure 2 shows the map of the pEG202 plasmid, which'is a yeast E.coli



WO 03/097691 PCT/ GB03/02225 4 shuttle vector and is a multiple copy

pl asm d containing the yeast 2morigin of replication. The plasm d al so
cont ai ns wbha3segicect abl e marker genes HI S3, along with. yeastGRsormser ADHL
gene whi ch encodes for amno acid 1-202 of the bacterial repressor protein
LexA. Bait proteins expressed fromthis plasmd contain amno 5 acids 1-202
of LexA, which includes the DNA bi ndi ng /lonai n. The plasm d al so contains

the E.coli origin or replication and the anpicillin resistant gene. Qur
baits were sBrBlsegcionted Beorultinledory plaswid eantaining thaiydostr2um adgioade rel ative

map positio . FElLgu . I [ ure of t| | asm d.., Fi gure
2B provi desqg %l%cta lélfq’ gg? é@ﬁé@%ouércg&ﬁgs 8\%\%1 %%tﬁﬁigé‘fa I?eir gfaﬂ%sqglgﬁl %%g WZ@Z
reporters whieast ppsraoe ADFEgdneavhich enkbdd¢ fas Binthot deal 1-20DbaiHRDaktBealM | d- t ype

Gall fused o LacZ. Reporters for nmeasuring _activation are derived from
PLRIAL, in VRPIEROF RECEH LeX dp Saitapicis cxpisssed froms tif plpweld cealai i@a i nsert ed

i n place cof 2 e WG4 r AL R di e dthvities.

Fi gure 455 hgg/sﬁ?e%% é:ti(rzlge?l(fA ai ni ngnilgg‘%-tpﬁfg?d&%g@%ngdo%agﬁ'r’2%%1?1? %ﬁldgaésr?e and the
15 library iconk$4h&EwiotilvrigircéNAplicapioe sisd thie agmicRintresistagteyent.hOueBditsr ol of
the GALL pronoter. Thi% pl gsr’gd éont ains the TRP1, sel ectabl e narker and
the 2m ori giererloned pitp EqeRband Nag sH Sunhsriadisaiearlaty, BapapsieRs ti ons.
Fi gure 4A shg e i j donEl royvi.des
Further  det oo proeBas he bl ioiPoRbe bR, Iofled ob prWAS, indt Rhf
TTX-resi stant i niégae 32bowsin deibid thervaibi® ISNZA2partdrs which: ar¢ilgivetl Hroas hol d

TTX-resistant inward current recor rom fl ugrescent SNS22 cel |l's
after tr8nf %%%Wﬁ%ﬁ@é%ﬂijmﬁ 1;‘@‘?9}&9{% @W@% [ GReASBING yer age

current (/| pB¥iodeabaaNRIRRIE BELRAA L (ERhicH &k al PhstiRbmtabgvdanar d current
in four CHO SNS22 cells. 25 Brief Description of the Sequences SEQ ID NO 1

is the DNA seqummneschayk beereinsettedNinplate 8f DdSeit oreatpdre ZampbrteBE@hD NO 2 i s

the ami no acj.gd sequence.that it encodes. These sequences are publicly
avai | abl e frdéﬁ‘?r ﬁsl? ﬁvﬁ!ﬁﬂer accessi on nunber X92184. SEQ ID NO 3 is the

DNA sequence of tieul WHABwRR¥ast céhthiBmBATeR A -HSEELARTthe 3eporterkde alPthet 1S the
am no acid sequence that it encodes. These sequences are ubl i cl

avai | abl1é f rlibnergdm Ead-Suwides cBNAessprespion gasseite wrdm_mmrmgfom G@ié%

PCT/ GBO3/ 0221)%05moter. This plasmid contains the TRP1 sélectaBie marker and the 2pm origin of
replication. The numbers indicate relative map positions. Figure 4A shows the basic
structure of the plasmid, Figure 4B provides further detail.

Figure 5: A148 (HSPCO025) allows the expression of TTX-resistant inward

20 currents in CHO-SNS22 cells. A: High threshold TTX-resistant inward current
recorded from fluorescent CHO-SNS22 cells after tranfection (lipofectamine) with
GFP-A148 cDNA vector. B: avérage current (//max)-membrane potential (Em)

relation for the inward current in four CHO-SNS22 cells.

25  Brief Description of the Sequences
SEQ ID NO: 1 is the DNA sequence of the rat Nav 1.8 receptor gene and
SEQ ID NO: 2 is the amino acid sequence that it encodes. These sequences are
publicly available from GenBank under accession number X92184.
SEQ ID NO: 3 is the DNA sequence of the human Nav 1.8 receptor gene and -
30 SEQ ID NO: 4 is the amino acid sequence that it encodes. These sequences are

publicly available from GenBank under accession number AF117907.



5 SEQID NG 5 is the DNA sequence of the rat PAPIN gene and SEQ ID NO 6
is the amno acid sequence that it encodes. These sequences are publicly
avai | abl ewofesome@nBank under accessi on nunmber NM 022940. PEE@BOROMAS 7 is

t he DNA sequence of the rat periaxin gene and SEQID 5 NO 8 is the am no
acid sequence that it encodes. These sequences are publicly available from
GenBank under accessi on nunber NM 023976. SEQ ID NO 9 is the DNA sequence
of the human HSPCO25-gene and SES ID NO 10 is the amno acid sequence
that it encodes. St{e&d NQquishleebNay eqpenseiof the rabRAPTN Bene and SRQGENBENK under
accessi on nwu 9 i iLption of the . lnvention The
o ecent 1 nwart s AR ER il B} Bh S0P TLL AP R ot Pty RRTIAEHR

i denti fi cat ifeyin GenBanipanded sceesdabhemodr NMQo2ZF4ONg or nodul ating the
functional expression_of sodiumchannels. Also provided are _nethods

wherei n such 15 cOHPHIAY: Tisdhg RN sequence of thegahisiiaxf sese aad SEQHD

associ at ed Wrhh ' - k r i cgyention or
treat mant(:§ owép%ﬁ %C{ﬂé'_ﬁe pr%sgme%qu?r%\ggfgla{t?tgér%cgiéegi \F/Izl)é&;gr% ‘%rftcﬁse%&@%@ ry that

t he functi onahilabdx fioesGenBankfuntidrexcdeE¥on mambsr NM/ €28974.age gat ed sodi um
channel (VGSC) 8 jch hereinafter y be referred to as_the "SNS
sodi um channel " %@@ﬁé%ﬁﬁ@ﬁ\ﬁ $gueHee Of g%th“é‘%ﬁ“v@%ﬁ%ege@? aﬂ%SEQ
accessory prrgmo.nﬁo isHhE aRERSRY segﬂe/&@ttﬂa&%t HRYes. HRbE Bhiaied :Q'@%u R} OuS
proteins fulfil the, role of "accessory protelins” and, ‘'nore specifically,
that the "acwvesabie fromr GerdBank under doecssion nutnver NM &160Y. t he proteins PAPIN,
peri axin _and/or HSPCO25. The inproved function of the sodi um channel
appears 00 be effected through 25 direct protein-protein interaction. As
descri bed i pdmii& BeiRidiicn&rake rdvahiioh Nt €racti on may be exploited, inter
alia, in: (i) enhancing the functional expression of a VGSC e.g. in cell

| i nes which my Te swedt hventooneleres igomaillnodeteatimg-nadhatsfontyepur poses; 30

ii) definin | t (i.e. disr . f the. tein. int ti
Site §rsel t R SR okohnti s-Ref of FbIRE of e ulh Berulest T na O
expressi on QkptchfiolYBbediMPcRRNBR7 A3do FeTIdcBarR HeB8&s wherein such

15  compounds are used in the treatment of conditions associated with sodium channel

function, for example in the prevention or treatment of pain.
The present invention derives from the discovery that the functional
expression of the TTX—insensitive- voltage gated sodium channel (VGSC) Nav 1.8
(which hereinafter may be referred to as the “SNS sodium channel™) is facilitated by
20  interaction with one or more accessory proteiné. The present inventors have
determined that various proteins fulfil the role of “accessory proteins” and, more
specifically, that the “accessory protein” can be one, two or all of the proteins
PAPIN, periaxin and/or HSPC025. ' (
The improved function of the sodium channel appears to be effected through
25 direnct protein-protein interaction. |
As described in more detail below, this interaction may be exploited, inter
alia, in: ‘
(1) enhancing the functional expression of a VGSC e.g. in cell lines which may
be used for conventional modulator-screening purposes;
30 (i)  defining a novel target (i.e. disruption of the protein interaction site itself) for

devising modulators which could lower the functional expression of the VGSC.



6 Sodi um channel s The present application relates to the regulation or
nodul ation of functional expression of sodiumchannels, in particular

vol t age gwbad/oswdi um channels (VGSCs). Tabl e 1 indicat esPChsGEBQLRACE
identity between various VGSC nol ecules, 5 using the rat Nav 1.8 channel as
a basis for conparison: Channel Rat 1.8 Rat 1.5 Rat 1.9 Rat 1.3 10

Accessi on nunber. X92184 M27902 AF059030 6Y00766 Wth gaps 100 61% 49% 57%
Wt hout gaps 100 63% 55% 62% Table 1: For conparison, rat 1.8 vs human 1.8
scores 83% (Seilium ¢fapsylsor 84% 15 (wi t hout gaps) |dent|ty usi ng this method.
Am no acid identi ue The
w18 protei n scdbresnlareeiRTEaRl hesiBuitn et RS RERRES orar
The nunber @kplesod bp@duaﬂbmeﬁnﬂepav@mr%na &koliin clemaséispai r and

di vi ded by the total nunber of am no acids in ealig nnent(ﬁmnth gaps) or

the total ndMeSCshfTaglq hindipaterithrrseguengs 1<(w1t>hbﬁiwegawus Y& Sthmpleewiegul ar ,
e present WG LAl AliBtnd o YBRES B Bigpssoct ated with responses
pai n or are I'nsignal'rng SUr't abl e sodi um channel is

preferably a VGSC that is expressed in sensory neurons. For exanple, a
sui tabl e 25 Lfl npl e
Nav 1.8 or Nav 1.9, or nay be upregulated in sensory neurons i'n response
to pain, for exanple Nav 1.3. A suitable VGSC may be tetrodotoxin (TTX)
insensitive or resistant, that is, it rmy remain unbl ocked by TTX at

m cronol ar qgpeRsAtrations. GEnqu&hw her eigpttibe Nawgt1® or SN&Gi¢hannel
maybe used to exenplify the invention. It will be apparent 30 to the

ski | | ed 1per Sowessirmnuneasr ences REXEBA t o NEY7H28 or ARBEHi unf@H&hnel s can

apply equal | Q other VGSC and C vari WO 03/097691 PCT/GB03/ 02225
7 In one as\gg B VGSC for usell\gﬁsnethodgH t he |ﬁ$@§tion igﬁ °Nav 1.8,

Nav 1.9 or \Nﬁﬁo& £hannel . Theggpucl eot i dgognd am rgzemci d seqgrences for
the Nav 1.8, rat v 1.9 and prat Nav 1.3 channels are publicly avail abl e,
for exanple rat sequences are avail abl e from GenBank under the accession

nunbers gi Velnabil@ 1 T %gll' gomparison, rat 1.8 vs human 1.8 scores 83% (with gaps) or 84%

15 (without gaps) identity using this method. Amino acid identity was determined over

the full protein sequence. The Nav1.8 protein sequence was aligned with a second
sequence using Clustal. The number of identical amino acids was then scored for
each pair and divided by the total number of amino acids in the alignment (with
gaps) or the total number of aligned amino acids (without gaps).

20

In particular, the present invention relates to VGSCs that are associated with
responses to pain or are involved in pain signalling. A suitable sodium channel is
preferably a VGSC that is expressed in sensory neurons. For example, a suitable

25 VGSC may be a sensory neuron specific (SNS) VGSC, for example Nav 1.8 or Nav
1.9, or may be upregulated in sensory neurons in response to pain, for example Nav
1.3. A suitable VGSC may be tetrodotoxin (TTX) insensitive or resistant, that is, it
may remain unblocked by TTX at micromolar concentrations. Generally herein the
Nav 1.8 or SNS channel may be used to exemplify the invention. It will be apparent |
30 to the skilled person that references herein to Nav 1.8 or SNS sodium channels can

apply equally to other VGSC and VGSC variants.



5 1. The nucl eotide and am no acid sequences for rat Nav 1.8 are given in
SEQID Nos: 1 and 2 respectively and the nucleotide and am no acid
sequenceswbas/opmspan Nav 1.8 are given in SEQ I D Nos: 3 amdT4ABoasprsti vely.
A suitable VGSC for use in the nethods of the invention may be any of these
VGSCs or a species or allelic variant of any thereof. There is no

requi renent that the 10 binding partner proteins (or nucleic acids)

enpl oyed in the present invention have to include the full-length

"aut hentic" sequéheee speethe Vst @i wee msnetheds ofdbaimventionds aMNay 1. Nayi t abl e
VGSC may, t hergefqre aksp be. a-variant..of any. of th [ retains
activity as iy fo SRl b RS i M8 acld Eifen! GRS Ltk

greater thamt®&kl.9aedtfNavhadchébfiels gfegaibiiclytahaitubls Yor ega@pleatt t han 85%
greater than 15 95% or great er than 98% am no acid identity with any of the

Nav 1.8, Navedquencssrare aypylable frose GeeRetksundar thegecassion Rembers giiendm Tagly be any

VGSC whi ch g g | . A
descr i bef bar e AgeRBidd doth difinp BE Skoloif; b R Rl 3. OB LPOEQTRL D0 1
bi ndi ng par Neer 1 piice? esspedtivalyl andttive auchaidbiand kmino2@idpseghaees frepuida, for

exanpl e a VGSC binds .nore strongly to a PAPIN, periaxin or HSPCO25 peptide
than to a ralsadrd Veﬁwlﬁﬁg@%%ﬁ:(ﬁea@e‘h{?é?ﬁ%yelﬁor exanple, a preferred

variant of the ra l; i : nor e of
t he sequences de?? Snde}%mfy §§n€ Egln%gil%%%ﬁé%&f,tﬁél%ggﬁlfﬁ%éya% r {%{252 1844

of SEQ | D NGSQ@s omvihspebieaioealkhio waridrg o€ amy therdoé There issedrenmirdmend itheg theo
PAPI N, periaxin 25 and HSPCOR25 respectively, or. a species or.allelic

vari ant 10f gH@é‘ég E’aéﬁjebﬂ@.tenlﬁ Shne B‘Fé“”\%)r‘?“él?ﬁf’y%{fﬁr?ihee refeél?g’t’fént%% Raye iRt aj ns
sodi um Chanﬂijlluc{eutﬁg lgﬁngtﬁgfauth%mle%en@e Ef‘fh'é%}?étgin%’/%srs ﬂéem)cr:]cu?ﬁn hhigreNav 1.8

sodi um channel may have nor mal unction O .~ The function of a
VGSC may be AmasbleddGA€ migstheiched alse bowvariant afayy af theser €GECn whink

tetrodotoxin insensifivity of the 1.8 channel.. 3 ui tabl e vari ant
may al so ref g PHL bars!ais%/’91 C}B‘Pﬂgﬁﬁm i’.‘?“lﬁg?’ ae%?gﬁlﬁlfagl,&%én?ﬁ?‘?%%l e vari ant
channel may t&k@ihard 659, JFb4t&GBAA POR! ordR8PInAn 95%2 gibhleflthal RSV E5RGater (!
exanple, a preferred variant of the rat Nav 1.8, channel nmay retain the
N-t er mi nal A0 geatectharrflY.@BO8Y acid dBntity with paicef theNav 1dfoMavd 3 eund at

positions 1.t0 1?7 of SEQID NGO 2. A suitable variant channel may have a
sequence compri’st AYUSPSNo acids 53 to 127 or anino acids 75 to 102 of SEQ

ID NO 2, which g gdsmunntmRatiddmel veany VA whiel hiothelaBiliey @t i n, or
| specifically bind a binding partner as described below. By specifically bind it is

meant that the VGSC binds the binding partner preferentially to a non-binding

20  partner peptide, for example a VGSC binds more strongly to a PAPIN, periaxin or
HSPC025 peptide than to a randomly generated peptide sequence. For example, a
preferred variant of the rat Nav 1.8 channel may retain all or part of one or more of
the sequences defined by amine acids 893-1148, 142O-A1472 and/or 1724-1844 of
SEQ ID NO: 2, which are shown herein to be involved in binding to PAPIN, periaxin

25 and HSPCO025 respectively, or a species or allelic variant of these regions.

A suitable variant channel is one which retains sodium channel function. For
example, a suitable variant of the Nav 1.8 sodium chaimel'may have the normal
function of a VGSC. The function of a VGSC may be measured as described below.
It may also retain the tetrodotoxin insensitivity of the Nav 1.8 channel.

30 " - A suitable variant may also retain the ability to bind p11. For example, a
suitable variant channel may retain the intracellular domain of a wild type VGSC.

For example, a preferred variant of the rat Nav 1.8 channel may retain the N-terminal



a species or allelic variant of this region. 5. A suitable variant VGSC
maybe a fragnent of a wild type VGSC or of a variant thereof as described
bel ow. A woisapicel f r agnent maybe a truncated VGSC, wher eiPoT/GRos/oz2eanpl e,
1% 2% 5% 10% 15% 20% 25% 50%or nore of the original VGSC sequence
has been renoved. A suitable fragnent may consist of or conprise a
fragment of a full length VGSC, for exanple, 1% 2% 5% 10% 15% 10 20%
25% 50% or nore of full |ength sequence. A suitable fragnent may be any
f r agment whi Bhesediolr dematfonpd p Rogitiogs fitey 4220 HP BQITIRIND a2t Astitgfle yprgant

i nvention. i r : [ Pty tion as
a sodi um ch'z}nhrgL Lféfltrﬁ’%}rlgafvfgra%gg%%? ag &%ﬁ@?@%&?&gﬁﬁag%zgye!ﬁ}(:éé%ﬁn&m%?@% p7§r‘“’é

bel i eved to HE &fiSHQID NO:feviich art keowh tnbeinyolved & indihg tepbl prosdih, or

conserved anong VGSCs, .Such a VGSC fragnment 15 nmaybe, for exanple, 25 to
50, 25 to 10bSPesiss Opalalis vasant ol tgeeeeios o 1000 amino acids in | ength or
| arger. Gener al | yAfGAGIEPhganthidS PRadb '%@%}nﬂp £ PyAE st S0,
60, 70, 80 or 100 asm' no acids in s?lgg. eIailra maent% of tﬁ@gf}*(ﬁgméggf t he

i nventi on mavarisst therdlisedesbybeaielovapprsopeble fregmennesy kewisndated Vi@Say t .

Sui t abl t hods. i pcl ude, . b gt mbi t
eglpf' les:aonm:)o‘ly %f%’fnlr gﬁg'f‘@f’%f ij(%’h‘g‘%e ?i%‘%g@%?%?%?ﬁ&%grcfgaﬁ#gﬂe Such
fragments meyidigal 98BS AERR”NEYhAsHebiDEEnTNAG € ACREHLING faBmeht A5 BghsRRbESET

identifying suitable restriction enzyme recognition sites either side of
t he porti on eanprise adiagmentelia tuldengih MGRLC,dot exsaipde, 386,200 15%,r1006,11586, DNA.  The

portion y qper abl i d t.o a suitabl ronoter, in a standard
CONMEr Ci QSFI yi%’gzl #a/g,bqoe/ﬁ) E%mg%c}fj&ﬂ;lhg?pétglgetqgﬁqc%ggpﬁ%tﬁe %E%Fr’?}inﬁ@’n © #Ppr oach
is to anpliffyagrient kelidRilingdBE bbiBEY to®ind HBinBNG patthét oTuhd RPERIOBCA pri ners.
Smal | fragnments of the SNS sodi um channel binding partner (up to about 20

or 30 ani no WélRbls)ragmentmay alse rejaindheaatslitydsifimstipe ps p sedispshimeesl.s net hods

whi ch are i an 0 rot ei,ns.of the invention
may b generaeiitth takflold ordsen: SARAR Futh AL TR AL B Benadiod B F e
art. The t erthe Chamel ©flareiad tdastdesl] stnkerabd smofg YOSTR Sayh AVEidd eagmem of the
aut hentic native sequence e. gg by introducin changes into the full-length
or part - %engtfy Badoeseanls, @5 e R8msl te 190051 torZv0i Shis, DBy WHP@giino ;

PCT/ GB03/ 02 10 41 I , ' . Ihi i, eV y any
appropri at ez%%g%sﬁﬁ ilé(:]r%g{,e&t %fuﬁ%%gﬁﬂe% 1%#% g’ﬂ?%? ;&? %%t é@éﬁ%ﬁ%‘gﬁ}\;ﬁt? ff1a%{:ain
endonucl easesd, 6D) Tu8d oby 00 bminons@istin ize.

Fragments of the proteins of the invention may be produced by any
appropriate manner known in the art. Suitable methods include, but are not limited
20 ‘to, recombinant expression of a fragment of the DNA encoding the binding partner.
Such fragments may be generated by taking DNA encoding the binding partner,
identifying suitable restriction enzyme recognition sites either side of the portion to
be expressed and cutting out said portion from the DNA. The portion may then be
operably linked to a suitable promoter in a standard commercially available |
25 expression system. Another recombinant approach is to amplify the relevant portion
of the DNA with suitable PCR primers. Small fragments of the SNS sédium channel
binding partner (up to about 20 or 30 amino acids) may also be generated using
“peptide synthesis methods which are well known in the art.
Variants of the proteins of the invention may be generated in any suitable
30 way known to those of skill in the art. The term “derived” includes variants
produced by modification of the authentic native sequence e.g. by introducing

changes into the full-length or part-length sequence, for example substitutions,



of a sel ected base sequence (using linkers if required) and |ligation. Al so
possible is PCR-nedi ated nutagenesis using nmutant prinmers. It may, for

i nstance,wba3psmberable 5 to add in or renove restricti onP€EiTtGB3i0m26r der to
facilitate further cloning. Mddified sequences according to the present
invention may have a sequence at |east 70% identical to the sequence of
the marker. Typically there would be 80%or nore, 90% or nore 95% or nore
or 98% or npre identity between the nodified sequence and the authentic
sequence. THRsCEIgRgyAngEr deletigng. j This myaybe aghigyRdebyanytapriopriatsrteglipiqus, 10 t went y
or nore nucl. i: I j ril i ' . o the
Pl T1 ongt SR SEF LR P e fcBR Tl VRSP bR S RERAT

| ost. A sui to@blselemad basetseqmsnce (Birgf lkersiéreguired)i dnid ¢igati@t. SAI3o poésitsle it ur al | y
occurring VGSC having a different am no acid sequence. The nodifjed, version
may have, F&R-Bledipifdanutagenssis deing RHHYOIMAL- ol Braygior #stasse erefgebdls ons.

At leastl, tt@%%%ﬁlodrr%glﬁibrgresﬁﬁgg% &%ds. it ord2k td %ﬁglrtaéé furfier LISARE, M)caiéﬁéd | east

50, at |eas east am no acl ubstitutions~or etions,
for exanpl e sequemcdseachadimg tuphd resentrawemiom wiy AHEG sequensat leastJ0%k For

exanple, from1l to 1000, from3 to 500, from 10 to 30Q oy from 5Q fo 200
anino aci d S4mieRkipt %Wguwe&éa&% & P Xﬁf‘&%w@%ﬁéﬂ%w fHore. 50%
substitutions nﬁfr@%@%gﬁmér@%r 580 int d#E i RA M ¢ %tﬁ?ﬂﬁﬁfﬁéﬁtsb fence and

substitutions, for 20 exanple according to the follow ng Table. Am no acids
i n the sane thd adkentio sequeence. sEoweathay dewprio &dve, for efapmadiyytd tenohep ane line in

the third col b bstjtuted.for. each,other. ALl PHATI C Non- pol
Gap 1LV FOVER Ghiioay BuelSQed lelof nspaicnt A Gentob oM NS G405 7691

PCT/ GBO3/ 0238 lenkth AR IEhth lHeduekée] ﬁ)ﬂ;bﬁ‘le&/ GfetibhalRy fsulde tdt@Balostvar i ant

t her eof maybe fused to an additiona het er ol ogous pol ypepti de sequence to
produce a fusi on Apsuiiabepraridet mantherefongdicta opdified wersion odeinaturallyi dues may be

provided at, for. e .ane ar bat h Ler ] Ié]fi: of d e5 Vl 1eCd ‘%rSl%nfn%Janct i onal
Vet ant t neigB g e Brve A d st e R S rr Thedng y
have, for example, amino acid substitutions, deletions or additions. At least 1, at
15  least 2, at least 3, at least 5, at least 10, at least 50, at least 100 or at least 200 amino
- acid substitutions or deletions, for example, may be made, up to a maximum of 1000
or 500 or 300. For example, from 1 to 1000, from 5 to 500, from 10 to 300 or from
50 to 200 amino acid substitutions or deletions may be made. Typically, if
‘substitutions are made, the substitutions will be conservative substitutions, for
20  example according to the following Table. Amino acids in the same block in the .
second column and preferably in the same line in the third column may be

substituted for each other.

ALIPHATIC Non-polar GAP
ILV -
Polar-uncharged CSTM
NQ
Polar-charged DE
KR




known function. Typically, it may be added for the purpose of providing a
carrier polypeptide, by which the VGSC or functional variant thereof can
be, for ewearplgieol affixed to a |abel, solid matri x or car PC&#GBIBN2228Y Of t en
be convenient to use fusion polypeptides in the assays of the invention.
This is because fusion polypeptides may 10 be easily and cheaply produced

in reconbinant cell lines, for exanple Aeconbi nant bacterial or insect

cell lines. Fusion palypep ides nm X i levels than the
wi | d-type VGSC or functional varian is due to
increased translatio reg$ed Wégr @dation. In
addition, fusion polypeptides may bDe easy to 1 dem sol at e.

Typi cal ly, fusion 15 pol ypeptides will conprise a pol ypeptide sequence as
descri bed above amg VWG8@Iok hdiinctiohallviatikgtrthaesfiamnce fusdetocmraddiionalr | i nker

sequence will typically be derived froma ngn-human, prefer abl(%l,ia
non- manmal i A6teEJogeus polpepiidespgnency topRdRes afusivgpobwertitie Thuscadditional

functi onal -] . . j: f f . ition of
st dine. r SRk ARGEO nalRE PGB, fof Clbiple, e oF bOMRLRipi ST PN, D,
20 i sol asi on’VG3(C oe b faidtioedlwaribitehdred e rhead ditionslaqyence mag perfomn agxanpl e,

pronote secretion of, the VGSC qr fu cté(fegg.l q\ﬁariant thereof froma cell or
target its KeQWR4WaGton- tlypicalin it meypap Rthe BPEOs HRAPYIGHS AGHHETas t he

cell nenbra I j: ' ; i [ds in
| ength or ?gﬁ%ﬁgyﬁﬁhﬁ%%%Gﬁﬁr gl%gtlé}gé?é uesﬁlie%éalfgﬁg?%%%gﬁ@%c or
functi onal \afifixedrid atliesl csofid meeyriver ¢armdre dt mey aft@bbeemvermientytd ysodptione
directly or via an,intervenin i nker .sequence, Typical amno_.acid

resi dues usé’ﬁiprB dqsi”ﬁﬁl‘er?ﬁsaé’tsg)_fh&?rIB%?“HB?' 55’&1%?‘?‘?3?{% é@?ﬂ@&ya?ﬂfc%ﬁfr@yaci d or
asparti o agletasiNGRidchehply BRSdub&NRl redRibiAd: Sell 186 RIr cRBYipRectnBThAR! | Y

modi fied, for exXanple, post-translationally nodi fied. For exanpl e they may
be gl ycosy! daetriaron\i3eoB¢eliditgs.] Fmxi @EpRy0ideomay be expragsed ghighagilévelsd .ani no

acid resid . Jhe an in a [ie of . for f.. o) eptide
dori vat ;Si/eg,%ﬁ%%le &é}%@?ﬁ%&@o&wﬁc E:°:51ﬁf %ag'%i‘fl%ﬂ’e "fhfwil%etbi’sﬁa@& ®” cheni cal Iy
nodi fi ed VC§i§eed Hanahi@Ie thy 8idoate RN A K @8dreaks edriddtivde i h@EgoR)avi ng one

or nore residues chemcally derivatized by reaction of a functional side 5

group. Such fugen palybemsifies iy bgreanple identifyiend splotse TupiceHyHusien been

derivatized t form am ne hydrochl oride - f ; ,
car bobenzox )POEPFPSB% o5 VYI[ﬁI CB-B}P%%%§98QYP§%%|S%%‘F§8%§% &gﬁ?%arﬁéﬁlgg e%]é}d ag‘?‘%ﬁ%: and
fornyl groupslinkéreRqEaicbORME carrier or linker sequence will typically be derived from a

non-human, preferably a non-mammalian source, for exainple a bacterial source.
The VGSC or a functional variant thereof may be modiﬁed by, for example,
addition of histidine residues, a T7 tag or glutathione S-transferase, to assist in its
20 isolation. Alternatively, the hetero.logous sequence may, for example, promote
secretion of the VGSC or functional variant thereof from a cell or target its
expression to a particular subcellular location, such as the cell membrane. Amino
acid carriers can Be from 1 to 400 amino acids in length or more typically from 5 to -
200 residues in length. ‘The VGSC or functional variant thereof may be linked to a
25 carﬁer polypeptide directly or via an intervening linker sequence. Typical amino
acid residues used for linking are tyrosine, cysteine, lysine, glutamic acid or aspartic
acid. ‘
VGSCs or functional variants thereof may be chemically modified, for

example, post-translationally modified. For example they may be glycqsylated or



groups may be derivatized to formsalts, nethyl and ethyl esters or other
types of esters or hydrazides. Free hydroxyl groups nay be derivatized to
form O acybD 00109910 al kyl derivatives. The im dazol e nitr @geErGBIB/oM2st i di ne
may be derivatized to form N i mbenzyl histidine. A so included as
chemcally nodified VGSCs or functional variants thereof are those which
contain one or nore naturally occurringlam no acid derivatives of the
twenty standard ami no acids. For _exanple, 4-hydroxyproline may be
subst i t ut ed comprisymastibed aming a¢id Fesidudsne Hrsybeansbddn jat variety p%rfow Phe. In
one aspect J i.ded. t] C r1si | at | east 15,
at | east Zé)lagjrrp%gﬂtl&? cgéz’gg/t\éhg ’ %ng@%%%gesa%ﬂﬁghgg ;ltgsé%tih p,?? ﬁé’teg%tge&énce of SEQ
ID NO 2 or SEQ(HeniEdlly4nodified VESsastdendiidvalngriahts liieasdf sfpinclade thesst 70%
at least 75% at |east 85% at |east _95%.o0r, at | east. 98% am no aci.d
sequence i déRyingyoneeropene residyss chegically devatizesd Ripreagtioneé adppetioplgsidept i de

i s capabl.e egl fi D pd) WcTel f Eny-epiion and
s I o5e Phar 150k Satiafgl B Bus BB REIAHNE hell B iEBl (9T 20
| ess than 5@0rmandnmiae dgiddschldraies, phalner0Bulémyh @ragisg sarbbobamokhagroudN@- am no
acids, less_than 10Q am no aci or |less than am no acids in | ength.
Sl ari ty GROERERePY e Horgiochd ravey Ms gqrm%e%mw- ¢ e RareT 25
program of rgtﬁmpggﬁ%* b@tdeﬁlvatiz(e&%%mﬁ salldP et 2hd e%ilﬁ:est‘é%g%%gtlhel‘ifgg%eﬁf Fit,

which is pa e Wsconsi n Package, Version 8, Septe
(Genet i cs Centerst @rhyGrazides. FieebhySoexyh geoups imag beMgdivatined toWfeooOsicy] olGA,

W sconsin 53711).. .Preferably . sequence coppari.sons are, nmade i FASTA and
Freret ue Bt kivages  Mhe miaGls R ogeT SRR SR oy R s iy Fad o Bty
Par anet ers ggpehdi idRley set, using the 30 default matrix, as follows:
Gapopen (penalty tor the first residue in a gapgs: -16 for DNA;, Gapext

on

(penalty for addiAlseirdludedsischbemidaly anqglafigd VG fonptiogUrerigotsctheteehgt h: 6

for DNA. Alternativel honol o in thi nt ext .can_be judged by WO
03] 001 per s s et A8 s oreu iR b Al A HERveliyes Ot
condi ti ons. (RGO RAIHOEAMPad®, Fotakatpil 4 RydloRgpraliid REGHE ¥useinded i ons

required to achi eve hybridization between (conplenentary) nucleic acid
nol ecul é§ offormprepee pr hasgossage By e Hehatituied for serifesanbr ook et al ., 1989): Tm

= 81.5C + 16. 6Lo +] + % - 63 (%5 f ' - O #bp in
dupl ex. Preferr egn%%?gépteftotggr‘%& ﬁog]ldq;é:)é‘ P ﬁgtg(ll"?i cﬁ;l.ré éislgl&aqgeggmn%?%lgﬁﬁtgg’ éa{t | east
70% honol 0g)ess20658Me43€05 aditRous amino acids of the sequence of SEQ ID NO: 2 or

SEQ ID NO: 4; or a sequence having at least 65%, at least 70%, at least 75%, at least

85%, at least 95% or at least 98% amino acid sequence identity to SEQ ID NO: 2 or

20 SEQ ID NO: 4, wherein said peptide is capable of specifically binding a binding
partner of the invention and is less than 1000 amino acids in length. Said peptide
may be for example less than 500 amino acids, less than 300 amino acids, less than
200 amino acids, less than 100 amino acids or less than 50 amino acids in length.

Similarity or identity may be as defined and determined by the TBLASTN

25  program, of Altschul et al. (1990) J. Mol. Biol. 215: 403-10, or BestFit, which is part
of the Wisconsin Package, Version 8, September 1994, (Genetics Computer Group,
575 Science Drive, Madison, Wisconsin, USA, Wisconsin 53711). Preferably
sequence comparisons are made using FASTA and FASTP (see Pearson & Lipman,
1988. Methods in Enzymology 183: 63-98). Parameters are preferably set, using the

30  default matrix, as follows: Gapopen (penalty for the first residue in a gap): -16 for
DNA; Gapext (penalty for additional residues in a gap): -4 for DNA KTUP word
length: 6 for DNA. Alternatively, homology in this context can be judged by



The UWGECG Package provides the BESTFI T program which can be used to
calculate identity (for exanple used on its default settings) (Devereux et
al (1984)woNaod®br Aci ds Research 12, 387-395). The PI LEUPCarGBIBLZST

al gorithns can 10 alternatively be used to calculate identity or line up
sequences (typically on their default settings), for exanple as described
in Altschul S. F. (1993) J Mol Evol 361290-300; Altschul, S. F. et al
(1990) J Mol Biol 215:403-10. Identity may therefore be cal cul ated usi ng
t he UNGCG p@e®dpgeundesapprophigte BESEFRICY @ﬂ@@parm One pemsmge feroia et t i ngs.

BLAST al gor CHIRECAUTASTIMPRL i O S BRI PR o ) re 1 on

perform ng Wa@eﬁﬂm@&&ckﬁ: aamhblebme@m ép@bﬂﬁ‘édfs&[&ﬁ@ﬁﬂléﬂilﬂo tional
Centre for Biotechnolo | nformati on httg) [/ www, nchi . nl m ni gov/ Thi s

al gor.thm.NSmbregkrewstl%abﬁrnﬂ?Mngl@ I@ngar'erré)e"cM&/m@eLCbapﬁfﬁ(( Ps) by
| denti Tyy‘g QL g¥er {a@ofvpelhggﬁ% e{hé}retdﬂc%Pg*ﬁ%hél w?l?gﬂwil@gn&llﬁﬁfoneo gt her mat ch

or satisfy sone posl resno score with a

word of therﬁcﬂmlésemmabt70%harndmtg§tlaaaascﬁbéwwe Tis ref erred to as the
nei ghbour hood word, 'score threshold, (Altschul et al, supra). These initial

nei ghbour hood worldiefly WG GG Pagless prayides die I?Eﬂﬂéfmrﬁgag@ahlehéén bousediel HSPs
contal ni ng tchRMayelBEn9 | fbr BiripiBuectitt MR LRkt #13oahong each

sequence for as ar as al 1 gnnent e can be creased.
Ext ensi ons MNrcldihAcidsReséartis12, dSééB@ﬁ) dThecRILEQP ardeBhAST atyovittens canhe

cunul ative alignpent . sco of f by the quantit Xfromlt maxi num
achi eved? vﬁhtﬁ‘g“m‘(ﬂebﬁﬁﬁ‘iﬂq‘atcgi?&ﬁ ?‘Elté%gn‘?&’ seaugnass (yrically onytheiti o ¢ he

accunul at i oRyeBi1tABRInGS), fdi“é&@mj%&%bééﬁbé&ﬂAR&hﬁﬁS"Id'eﬁ99%b!IMBT@%? or the
end of either sequencé is reached AST al gorithm paranmeters W T and

X det er m ne 30690305 Adtsetiud )S Endt s 4 rﬁb‘,&ﬂ)) d')iM(ﬂ(Blohbl 52403gHheldentitf neyBLAST

d | of 11 2
et e (see ERPROM calileBL ks e s Phiee. ine B REST T\ o606 oo
PCT/ GBO3/ 0221%51(3&11& sgﬁings Uﬁﬁex%%twely %é@e%@@ih%ﬂn@'daﬂ B%ﬂ%@a&@hsﬁé tiRD,

expectation (E) a conpari son of both strands. The
BLAST allgor |P[IhEUBelrﬂiirAn%T alggtlﬁmnSsBLé@[T raarab%sed opfitstdefautiseitings.i ty bet ween

5"Ush 90- Sa73- 5 povad for bEfutal B AT G BIPEOY defify Biowenie >

al gor | E hm i ﬁdtr?ﬁal%tﬂe%i BRtdBhR618 8@ Bifbintati o AR )/ wwaih €3 nBh 93, £859). an
indication o e
This algorithm involves first identifying high scoring sequence pair (HSPs) by

identifying short words of length W in the query sequence that either match or satisfy

20  some positive-valued threshold score T when aligned with a word of the same length
ina dvatabase sequence. T is referred to as the neighbourhood word-score threshold
(Altschul et al, eupra). These initial Ineighbourhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both
directions along each sequence for as far as the cumulative alignment s:core can be

25  increased. Extensions for the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved
value; the cumulative score goes to zero or below, due to the accumulation of one or
more negative-scoring residue alignments; or the end of either sequence is reached.
The BLAST algorithm parameters W, T and X determine the sensitivity and speed of

30  thealignment. The BLAST program uses as defaults a word length (W) of 11, the
BLOSUMS62 scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl. Acad.



probability by which a match between two pol ynucl eotide or am no acid
sequences woul d occur by chance. For exanple, a sequence is considered
simlar twoanottser sequence if the small est sum probabi | iPCY/GBV3oZRZPAri son
of the first sequence to the 10 second sequence is |ess than about 1,
preferably | ess than about 0.1, nore preferably |ess than about 0.01, and
nost preferably | ess than about 0.001. 1A one aspect a VGSC of the
invention has_an am no aci d sequence conprising: (a) the am no acid

sequence of %E@S@SRUO%5&09@@11W (B) of 56 e(cne)ctzalog@);q’)feg) dM=%N=,i c
vari ant of a) having at |east 70% am no acid
sequence |d(a%%1| tcé)ﬁ%’ﬁere StpaFS% a fragnent of any of (Ea) to (c). Such a

VGSC wi || retain THaBRAST laIg‘ybn't}@n prfisin® Aytaidtiod apalysie of thefsihil@ity nvent i on.
Such a VGSC may also retain the ability to nediate a Na+ current across a

20 nmenbr ane beEYREA tWE Sequenpisaseoe- Srelriylinmad ltselid (E93) Procsdatludysash Seinel
bi ndi t T t th
VGSC NavD1 A S0 ATE e S R B Bl R pEASI AN, (1 e

HSPCO25 pr otiette.smalbstRam hobability (POV), Whictdprogides ab &idicatipf@Fthei s an i sof orm

of neural hilin-related arnmadill o repeat protein (NPRAP/8-catenin)
and hence tW&%BHY@VWIH%{@E@@HW%HWPQR@BHP F?tﬁler%aa%l@aa%wﬁw@me@ r epeat

D000 3. Bi ol Hor 38y chags. EbEelnfe h b B hBlufel Sy adigc T, o
pL ot eihns Ikn::'.wa{uease mtﬁﬁmgailetst/mhprowoiﬁtyginmam’ arimmtxsftthdaaﬁrssiaq_hencwiomme I(;I Iniatse
phosphoryl ati on enriched a ren nctions cqnt ai ns rmadi | | o
repeats %Refﬁ‘iﬂ%@q‘éetncﬁis le¥§ %ﬁ’%géﬂ%fu‘?"% ylfﬂ%@a@g%‘)&qumrﬁ?eﬂﬁ’rlﬁct |y
interacts witdy yhrCaRhes 00 Sma Bkt 8f e'f@r%lgllé%s BeReAbul Go® WO 03/ 097691

PCT/ GB03/ 02225 14 repeated rmtl of about 40 am no acids originally

identified in Drdsophaspectedf@HT of {helimvention fasvn {okad afidlsdqueh®®9 hit Rev
Cytol 186: 179-224). The function of NPRAP/8-catenin and p0071 is not

known but si’RE®™38Eh proteins are localised at cell-cell junctions it is
suggest ed t fig thﬁyaxahﬁyacf@degﬁe@éo@SEqunosz%sg ID®ek4; 5 junctions |ike
pl 20ctn (Reynolds et al, 199 Yap et al, 1998 J 1 Biol 141: 779- 789).

15 (b) a species or allelic vanant of (a);
(c) a variant of (a) having at least 70% amino acid sequence identity thereto; or
(d a fragment of any of (a) to (c).
Such a VGSC will retain the ability to bind a binding partner of the invention.
Such a VGSC may also retain the ability to mediate a Na* current across a

20 membrane, such as the plasma membrane of the cell.

Sodium channel binding partners
The present invention relates to the discovery that the VGSC Nav 1.8
interacts with the binding partners PAPIN, periaxin and HSPC025 protein.

25 PAPIN is a p0071 binding protein. p0071 is an isoform of neural
plakophilin-related armadillo repeat protein (NPRAP/S-catenin) and hence this
protein has been named plakophilin-related armadillo repeat protein-interacting PSD-

| 95/Dlg-A/ZO-1 (PDZ) protein (PAPIN) (Deguchi et al 2000 J. Biol Chem 275: .
29875-29880). This is a member of a family of proteins known as p120ctn, which

30 are major substrates of tyrosine kinase phosphorylation enriched at adherens

junctions, and contains 10 armadillo repeats (Reynolds, et al, 1992 Oncogene 7:

2439-2445). p120ctn directly interacts with B-cadherins. The armidillo repeat is a



Periaxin was first described as a protein with a possible role in the later
stages of nyelination (Gllespie et al, 1994 Neuron 12: 497-508). As the
nyel i n shwetob/o9rsat ur es, peri axi n beconmes nore concentr at edCTAIRPgOSNENG t he
possibility of its role in 10 the stabilisation of the nmyelin sheath.
Scherer et al, (1995 Devel opnent 121: 4265- 4273), have found that periaxin
i munoreactivity was only detected in tHe Schwann cells and not the

ol i godendrocytes and. concluded that it was only expressed in the

peripheral repeatodmatifsf emuafid amito ackds mnallarlldmfwdmstq;sgp@h segmeyt al so

o6 e et RO Al THhA s R o By R TR AR Ot L 1086
J Neur ochem\R A La@AR and@b@@?fs'ﬂ&kkﬁgw@imt shR8Both MBI4R%Ed lodAised b 7- 2185) .

The authors of these papers also showed simlar staining of nyelinating
Schwann cel tdl-tell mntmmsnials agzgestsd tIFal eypdat dokes as tompohehisrofselicallng wi t h

D1 ot of ns? - SEHERER L EIORAYBENBiHe tha ot e h e, Senrpek I B 20

myel i nati ng7gphwann cel | s, and that its localisation changes during
ensheat hnent “and nyellnatlon and therefore that it had a specific function
in nyelinati ng SmamnwaeérStdeSCD}»@fi yohproteim with pgmgsiblepplslin died atepstages

and S per’ a8l RYCREARSoIapiRe! Rt S Rewdl Bor Rt B e B Sl g "

domai ns. L- pRkiraXipBridtis @e&ﬁﬁe‘%&ﬁ&r@%oﬁ:ehfrht@dirshgg&tlﬁg ﬂfe%ssﬁﬁt}b@ﬁtscroﬁeﬁﬁuences)
nucl ear |ocalisation sequence (NLS) (Shermann et al, 2000 J Biol Chem 275:

4537- 4540) . th\iLs@balrw@ugno thegmepliasbeath.tiehereheivd, (LARS E&]b%leﬁ’rfﬁ;nttlalt‘ﬂéés port
het er ol 0goug, POk AN uldWhd: fel D edbli 8 yASoHly BBLUER1PHE el 87)

Sher mann periraxin to the

Schwann cel l:elIbUdeQiﬁtheM%ﬁdem@td‘slaﬁ&bm&leedsﬁa&dt Wik mﬂyae;epfhsrsy@m the PNS and
that it is subsequently localised 30 to the plasma ne E HSPCO25
appears, i nPeriphsi®n6gpus sysiem and Botihe eondighRerv s RYFEE- 1 e}ita A found thafe

G t ei . WO
03/ 097601 PORTEESAES5BEP hobitly b SpRIPACET, TP BRRGLMICOARETEpLIRANC. |
(GPCRs) 1by h&wmmﬁﬁm, pr7ovind S‘A@(Siﬁﬁnan dnal)r1086 Abeniochan 47a81d-8kysory sti mul i
may result in an increase in intracellul ar flm ug] ¥ ic AMP, or a
Variety of Simerinke raoaT] LNaowd danel Hersay e the mibim oY B PCRAMN,
periaxin or W%% Malgﬁlgtb?%ehﬁﬁtﬁ{ 1¥s thAntiserd AR P MAESs @At

conposi tions e L nvention, for se re%erence the term "bi ndi ng
found for staining with periaxin antlserum and therefore concluded that they were

the same proteins. Scherer et a/ have found that periaxin was expressed by
20  myelinating Schwann cells, and that its localisation changes during ensheathment
and myelination and therefore that it had a specific function in myelinating Schwann
cells. Dytrych et al (1998 J Biol Chem 273: 5794-5800), have shown that there are
two iéofornis of periaxin, L-periaxin and S-periaxin. Both proteins have an N-
terminal PDZ protein binding domains. L-periaxin also possesses a tripartite (three
25  basic sequences) nuclear localisation sequence (NLS) (Shermann et al, 2000 J Biol
A Chem 275: 4537-4540). NLS are short sequences that have the capacity to transport
heterologous ‘proteins into the nucleus (Nigg, 1997 Nature 386: 779-787). Shermann
et al have shown that the NLS also localises L-periaxin to the Schwann cell nucleus
When it is first expressed in the embryonic PNS and that it is subsequently localised
30 to the plasma membrane.
HSPCOZS appears, in a homology search, to have some sequence related to

the G-protein coupled receptor for the protein rhodopsin found in the eye.



partner"” shall be used generically fromhereon in to describe one or nore
of the three proteins, or a variant of any thereof. Binding partners of

t he i nverwoen/oviéac] udi ng PAPI N, periaxin and HSPCO25 nay Poa/GHIs@azned
either from publicly avail able sources or using known procedures. 10
Specifically, they may be obtained by reference to the GENBANK or EMBL
dat abases. For exanple, rat PAPI N DNA hds the GENBANK accessi on number NM
022940 (SEQ ID NO 5) and rat PAPIN protein has the GENBANK accessi on
nuber NP oﬁsmt(os@@&pmtm c@;plecbmept@r@ (FBERaKPnhamanan STawh FEENBANK

accessi on nunbe 2397 SE nd rat peri.axi i ein has the
e ek HERS el RES AR R e B dehoBe e Bibe 5 "% Lo
known as El R3Sk cyclﬂilmefh‘}aﬁdtﬁﬂﬁbt&i%t @fraédliuldr 8¢doRd nieasdp@s. 2, subunit 6
interacting pr ot ei n) DNA has t he GENBANK accessi on nunber NM 016091 ( SEQ

ID NO 9) and hmnyHsP@@SPBﬁme@awnmﬁ&H@%emmsa@mgha@ﬂeamymér NP

057175 6 ted
factor) 20 %ﬁﬁ& %&W@ﬁ%@@?gﬁr W%%%rﬁ%gﬁégpro éehl(ah) aveegig@ﬁ%glngl ggy
to the HSPE&REert bipibedasd perkeidaliefroinrhercbndn twdceribs arecorRA6 of dmythive

obt ai ned under | GENBANK accessi on. nunbers AJ310346 (DNA) and CAC84554
(protein) aREPteis.one VABEIHE MYHFre9é obt ai ned under GENBANK accessi on

numbers AB066095 pil ShEbarit FARE nle l}ea&ﬁlﬁilﬁgmﬁ@%ﬁ%ﬁlaﬁaﬁs@d&@ present

i nvention, a sui | ng partner use I n resent 1nvention may
be a nat ur almay b:mntbtmnedmgtﬂer froimngbpelytaneilabpegturae or onngmyovhepmnedures

artificiall ucted bi ndin rtner. A suit i ndi artner may be
a full- 9ené‘9ﬁ°1 Pﬂ{i’ ﬁ@yﬁ%arﬁtﬁéfb i ?%Fncﬁ t%lé& (?ﬁé’gé?\hg vari ant
thereof. FOR,GKARP! For aa@w }ﬁ@ﬂA@ﬂmmAnﬁs wéﬂﬁnmamyﬁoﬁ henBering aci d

sequence of rat PAPIN n1n 30 SEQ 6, the amno acid sequence of
rat peri axi @2@94De(ISE|Q1DBEQ I5) hi@l Bt BAPﬂi@rotalmhn@t}&cﬁENBéM@mSmn human

HSPCO25 gi ven in. \ sui t.abl e WO 1 /02225 16
bi nding_ par EHEPSEA} 02918 (i TENGP 68 S abretnTNARAE e SRR of ¢ e
pol ypept i degcQssiophenb&? N0S023976 SSI0) IHNO: Tn%a réﬁ)eﬁﬁ’zclﬁ%?dtmh%ﬂie that the
bi ndi ng partner proteins (or nucleic acid %Og) in the present

1 ¢)C

i nventi of h&}Fé\IBANiKnaﬂcg@eortmbemNP @@4@6 hSEQL]jD ‘Hugn 2% (@fsot he
bi ndi ng par tk.n own as %EE%S%%P agulétarr]}? ic rans a 1or|1 ﬂnt? %Iolrjlrfactor rsﬁl?u%t% n?@facl%%g

protein) DNA has the GENBANK accession number NM 016091 (SEQ ID NO: 9)
and human HSPCO025 protein has the GENBANK accession number NP 057175
(SEQID NO; 10). Mouse clones RAF67 (a 67kDa polymerase-associated factor)

20 and HSP-66Y (fyrosine-rich heat shock protein) have 92% homology to the
HSPCO025 clone described herein. The mouse clone RAF67 may be obtained under
GENBANK accession.numbers AJ310346 (DNA) and CAC84554 (prgtéin) and
clone HSP-66Y may be obtained under GENBANK accession numbers AB066095
(DNA) and BAB85122 (protein).

25 Accofding to the present invention, a suitable binding partner for use in the

present invention may be a naturally occurring binding partner peptide, or may be an
artificially constructed binding partner. A suitable binding pariner may be a full-
length binding partner protein or a species or allelic variant thereof. For example, a
suitable binding partner may have the amino acid sequence of rat PAPIN given in

30  SEQ ID NO: 6, the amino acid sequence of rat periaxin g{ven in SEQ ID NO:8 or the
amino acid sequence of human HSPC025 given inh SEQ ID NO: 10. A suitable



used (e.g. which are derived fromthe sequences of SEQ ID Nos 6, 8 or 10
for exanple) which retain the ability to nodify the functional expression
of a VGSGyvofoan97éexkanpl e the ability of a VGSC to nedi at e &CTazBoanre26r r ent

t hrough a nenbrane. Modified binding partner sequences according to the
present invention may 10 have an am no acid sequence at |east 70%
identical to the sequence of an endogendms bi ndi ng partner such as the rat
PAPIN of SEQ ID NO 6, the rat periaxin of SEQID NO 8 or the human
HSPCOR5 of sg@ngmmr m@y altgrpatively he 2 bpecites woallelicharizgoeidhe potppaptidesob or

nore 95% or %ﬁl@g‘) re or 99% or nore identity between the nodified
sequence an§ the t| sequence, for exanple a naturally occurring 15

sequence. Sequenqieredend kdgnireentiBataBé BiuliRigertded proteii’gormichaciacidgscr i bed
above. The BESTFIT %ogram of the UWSCG package may be used on its default

settings. Amplygain |pyeseﬂmvw1|95tbp\f@to lgﬂnwmlfgléﬁemgrhmaurmtl%e used on
their defaulf ueﬁgééftﬂgﬁ%ﬁ’iép%ptﬁ%ﬂ e;%t% ns\ég?ﬁegg) ccl®Yn RGuR @ﬂi&{s%ﬂ%ytfé sion of

a bi ndi ng par% ner version of a natur

occurring PARIdNe. @W@@rﬂdﬁvdim sequdny et SE@ ID Blos !, 8 ofd0lifdri ed ver sion
may have, for exanp amno acid substitutions, deletions, or additions.

Such substi P&%mblﬁ)sWh{Pblr@ﬁndh% aljjitytaanedityrihe fnptionad exprgssion gfa ‘ég§§p & to
Noe. Sgauenc egafiicidl Al w@ég\w@ﬁfga@& i Teny HREEE P nfiintfihd N SEQ | D

Nos: 6, 8 an respectively et1ons, |t|on or su stitutions
must still all owMddfikd bigding gaanemqudnoesbacndrdmgtathme‘smndwpmmfmnajol y wll
all ow the binding partner to enhance b he func |o sion.of the VGSC

25 hesdf: buaveruhmo s seauspe o logt 7p deidrtsal iy teqbphos Ofah SRASHAROW o
| east 10, atblﬂdﬁ?gsxﬁarglgr SQich a%‘ttheI BEBAPRY 0 ASENIDAGO s SHO B PEM&hﬁ’BﬁSEQ ID

del eti ons, anple, may be nade up to a maxinumo or 50 or 30. For
exanpl e, erﬁ)]Smdhé’ﬁumﬁm HSPEOQ@OBSEQHD(NOFHQ ngﬂcaintbcrefWdeBG 79628 am no

i d bstit ut bsti tut
e o 1 Y P woTh O Tomh o et ar DY e secinofvag g | O
03/ 097691 PGI£BQB{H3a%e an& thedRBehtid shuahQy for e%hﬁfe'a%ﬁué‘l‘l}?owhﬁ{r@ ably

del etions of amno acids fromregions not "involved with the interaction
with VG3Es. s¢qunmhMupmetld@mtmarabq‘@&mxﬂatcﬁh@ﬂlng/@nmmhoctsrd@w@ﬁd #egvebe fused

bol ypept de 1 aERSg RSt A B ARCE udaek BRR G B B AEMEFafabdll 06 g
a VGSC. Such\lgrdd#iseBNthe PILEUP or BLAST algonthms may be used on their defaunlt
settings. '
A functional variant may be a modified version of a binding partner, for
20  example a modified version of a naturally occurring PAPIN, periaxin or HSPC025
polypeptide. Such a modified version may have, for example, amino acid
substitutions, deletions or additions. Such substitutions, deletions or additions may
be made, for example, to the sequences of rat PAPIN, rat periaxin or human
HSPCO025 gi\}en in SEQ ID Nos: 6, 8 and 10 respectively. Any deletions, additions
25  or substitutions must still allow the binding partner to bind to a VGSC and preferably
will allow the binding partner to enhance the functional expression of the VGSC as
described herein. ‘At least 1, at least 2, at least 3, at least 5, at least 10, at least 20 or
at least 50 amino acid substitutions or deletions, for example, may be made up to a
maximum of 70 or 50 or 30. For example, from 1 to 70, from 2 to 50, from 3 to 30
30 or from 5 to 20 amino acid substitutions or deletions may be made. Typically, if

substitutions are made, the substitutions will be conservative substitutions as



pol ypeptide may be a carrier polypeptide or contain a |linker sequence. Such
pol ypeptides are described above. The binding partners and functional

vari ant s wbasegfeonf the invention maybe chem cally nodi f ipet/G®3dexsri bed
above. 10 A suitable variant binding partner may be a fragnent of a wild
type binding partner or of a variant thereof as described above. ‘A
suitable fragnent may be a truncated bi"ndi ng partner, wherein, for
exanple, 1% 2% 5% 10% 15% 20% 25% 50% or nore of the original

bi ndi ng par deseribatahornc Peletisnbare praferablyaitletians of aninbacids fegrsgionsagt consi st

of or conprjse a.fr, nt of .a ful gth binding partner, for 15 exanple,
1% 2% 5%1nygbx)edm§%gtﬁgg%ra%tg%wglé% ore of a full length sequence. A
sui tabl e fragnmenh yRYinD@afi of b #EHBEBhalWaHER tﬁ?‘%@ﬁrlegyﬁ@ﬁls&bt'ol sty to bind a

VGSC. A fragment may be, for exanple, 5, 10, 25, 30, 40, 50, 60, 70
80, 90 or adiigormbhetercdegos pplypepiigtshquence to nradics abiupigh pglypentidse?s may

conpri t, .of. il d-t i 2 ndd .
ce bart b |8 B rndeR et BB bAlne S0 oS e BRI e abi ity
to bind VCSEolyfefthiRinhyf BcrnomAkr polygeBtideéadontin b Enkdtiskideyicé. oSwhnd VGSC nay

consi st of or  conprise the Gterm nal 201 am.no acids (am no acids 2566 to
2766) of SEpplypeptider aw deggribef@beya: er ni nal 210 ani no acids (ami no acids 2557

Lo 500, 201 to 100b0RSDE Peptpedf) el NakRO TR L AT iveriGh P! € 207

Al ternat i vethemisslGhmadified@saadcribeyatoweor conprise a fragment of the
sequence fromam no acid 2566 to am no-acid 2766 of EQ.ID NQ.. 6, which
retai ns1@he abi| i Sritebleyiarantaisimg pasiier mey e adremenhala Wild typgdbinding np) e
20, 50, 100 : d ] j i | sui tabl e
30 PAPIN ma ?I%%anr é??ggﬁrﬁnggfe??o?gkg?r%ﬁ?ﬁ%?%ad Vg'afAx ?&%‘P‘;% cu?‘r&;ﬁé\}ébé? vari ant
PAPI N pr ot guncatdl BIABIKY phrtagnwhereih fartexampki %, 2¥e5%bil 0%t ¥5%02Won2b%, VGSC

may consi st o(}‘ or conprise.the two PDZ domai ns of PAPIN that, li.e. cl osest
Lo the C t ePHYRIGIEE of His SR PEEPATbETSeaRIRSA §a5 been remoy e | A Suis

protein. Su : s [ i | the
BAPI N pr ot of peppa Ry EotissT B of ORRLS € fgllensr d SANAN Phdp M B

nat ur a: 1y fezampsle; 176, Preps%i H0%Al 336 2056 25 YRAPKNof mexgradatfulldgngtionpr i se an

o ) : . .

aq\lj;\r/ia aﬁtn Pﬂéﬂ?ﬂ%ln%é’u%ﬁ@@fe Oasg%e%te rSn%}r/ i)le3 zeucliy Prgénelénnt Which 16 aclins]c the ra\ﬁaitlipyetos*t)eilrcllél ence of

a VGSC. A fragment may be, for example, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70 80,

90 or more amino acids in length.
A suitable binding partner may comprise a fragment of a wild-type or variant
20  binding partner sequence as part of its amino acid sequence. Such a variant will
" retain the ability to bind VGSC.
A PAPIN fragment which retains the ability to bind VGSC may consist of or
comprise the C-terminal 201 amino acids (amino acids 2566 to 2766) of SEQ ID
NO: 6, or the C-terminal 210 amino acids (amino acids 2557 to 2766) of SEQ ID
25 NO: 6. Such a PAPIN fragment may be, for example, 201 to 500, 201 to 1000, 201
to 1500 amino acids ip length or larger. Alternatively, such a fragment may be or
comprise a fragment of the sequence from amino acid 2566 to amino acid 2766 of
SEQ ID NO: 6, which retains the ability to bind VGSC. ‘Such a fragment may be, for
example, 20, 50, 100, 150, 200 or more amino acids in length or larger. A suitable
30 PAPIN may be a C-terminal fragment of a naturally occurring or variant PAPIN
protein. A PAPIN fragment which retains the ability to bind a VGSC may consist of
or comprise the two PDZ domains of PAPIN that lie closest to the C-terminus of the



5 for exanple an allelic or species variant, or a variant as descri bed
herein which retains the ability to bind VGSC. A periaxin fragnent which
retains tweoabpiepty to bi nd VGSC may consi st of or conprip€g/GBug/o225er m nal
482 amino acids (amno acids 902 to 1383) of SEQID NO 8. Alternatively,
such a periaxin fragment nmay be or conprise a fragnent of the 10 sequence
fromamno acid 902 to-amino acid 1383 180 SEQ ID NO 8 which retains the
ability to bind VGSC. Such a fragnment nmay be, for exanple, 20, 50, 100,
150, 200, B00engtB@raseinnSuch afiagmesighascinmprise rfglttltﬁrmglm;asrcg@ipma&;csﬁ the

aci da i | AP piotrin G teve 1 Pesn a2 meltin B i imier iy 2 "

Cterninal §eagimnirorin 2ARSHNISAP AP GGBIEAHay SorRfidea euiv aRfiefr Apmdht
suitabl e periaxin fragment nmay conprise an equival ent fragnent of those

descri bed htertbose, dedelhedémrdm denivedvizom ﬁmsew@tnpmfhv%iwﬁBﬁB s¢qienescanpl e an

allelic or eci es, va ' a_variant as i at retains
the abill tﬁ&gxargplﬁ&n spﬁgwgm# oaa%aﬂ?n ﬁe cg%g g?rﬁlél V{’}héﬁ'abl lity to
bi nd VGSC nﬁyalmhefagﬂltyapmﬁamce, 20 to 100,. 50 to 200 50 to 300, 50 to
400 or 50 to 500 amno acids in |length or Such a fragrrent may be a
N-t erm nal fragnérnerl@mnaﬁmqm whiop re@@n@mqugygcp bipdrV GHE masreonsist 4%t ei n. A

PAPIN pol ypentlde d.0F dag &@%lﬁgsaagganng o hdifs %g@el?tg;j GGy TN ERY.

t herefore h% sequence C risi m no acid
sequence of SSEthﬁnb@y $ich a(pajiatin FpgmieAiSMay babﬂ @hniprise arftagntenéf the) ;- (c) a
variant of (a) having at |east 70% am ng acid se enc gentl tly t hereto; or
(d) a fi%gnesaucrse fzem aprng ggid %ZWIHSGEIH 138 pipRY ;ﬁ(i)d wWhighrefamsai n t he

abi ity to Behdify Wi 8¢, BRG] 2ith Y KRk BPIUSE SO dgseet hods of

the present I nve ion nmay ore ave am no ac equence
conpri si ng: 20@)B0000edr mereaniino seduiarieestiobr B@I Shm fr@&madneF/Bok691

PCT/ (B03/ 02225 19 f I t
of (o) havi fealc 4524p soBotiEhne nB0% b S bkt pedhin Byethiblackd A5, (1"
fragment of sﬁ%leogeri(a@n fr&n(éh)c may be a C-terminal fragment of a naturally accurring

15 periaxin protein. A suitable periaxin fragment may comprise an equivalent fragment

of those described herein, derived from a variant periaxin sequence, for example an
allelic or species variant, or a variant as described herein that retains the ability to
bind VGSC. |
A HSPC025 fragment which retains the ability to bind VGSC may be, for
20  example, 20 to 100, 50 to 200, 50 to 300, 50 to 400 or 50 to 500 amino acids in
length or larger. Such a fragment may be a N-terminal fragment of a naturally
occurring or variant HSPC025 protein. ‘
A PAP]N‘polypeptide for use in the methods of the present invention may
therefore have an amino acid sequence comprising:
25 (a) the amino acid sequence of SEQ ID NO: 6;
(b)  aspecies or allelic variant of (a);
(©) a variant of (a) having at least 70% amino acid sequence identity thereto; or
(d) a fragment of any of (a) to (c).
Such a PAPIN peptide will retain the ability to bind a VGSC.
30 A periaxin polypeptide for use in the methods of the present invention may
‘therefore have an amino acid sequence comprising:

(e) the amino acid sequence of SEQ ID NO: §;



Such a periaxin peptide will retain the ability to bind a VGSC. 5 A HSPCO25
pol ypeptide for use in the nmethods of the present invention may therefore
have an awDng/ogmbd sequence conprising: (i) the am no aci @cCFaapesnzesof SEQ
ID NGO 10; (j) a species or allelic variant of (a); (k) a variant of (a)
having at |east 70% am no acid sequence identity thereto; or 10 (1) ‘a
fragnment of any of (a) to (c). Such a HBPCO25 peptide will retain the
ability to bind a VGSC. The term "derived" includes variants produced by
nodi fi cat i off)of talspecienrtediclic varisat pY/@);sequence e.g. by introduci ng changes

into the full-length or rt-.length . sequence, .for exanpl e substitutions,
nserti ons, (Bnd g BN BHEVIER a7 Ao deid SeQUE e LPE ARy POREFGhr | at o
techni que, Ry exarmnendsrdgssThhedcabove. As described in nore detail

bel ow, the lI'evel of SNS sodium channel binding partner expression in the

cel | will generalSughpeeiingn peisls il retartbealilingtoibind aV6iSChe  cel I's by
causing or_al | oW, 0GBXRb 550090 NEYenal 00UR (6L S16RGL ecad) no

ac]
therefor? 20 Nucl present T nhventron als onpasses e use

of nucl ei ¢ a@gdreforativein agfit®aed MgaesceWontpridthghg partners of the invention
to produce such proteins. For exangle; provi ded in the sequence listing
are nucl ei ¢ (Bci d theypwncell ssaewee AESERIDNY: B Nav 1.8 channel (SEQ I D NO

1), the hu Na - NO 3), rat PAPIN (SEQ ID NO 5),
r at periaxin?ﬁ(SEéS?’BéR%} %ﬁgﬂﬁgﬁg@)mm@S (SEQ ID NO 9). Test
conpounds f ¢k) use vafiahif (Asimaihgae 1dasidF) % bmidveaci disegnénce ideyityathsreto;lme nucl ei c

acids or may be provided as nucleic acids which encode a test polypeptide.
30 Gener@l | {1 nudfagment phany afdp) teX@npl e het er ol ogous nucl ei ¢ acids of, or

for e in, the } i : i i, Reh t VGSC
re o | oA PATIR Rty BRSAPL Al M0g port i O

of the invention) y be pr or purified fromtheir
nat ural envi r onnéiie terinn‘“‘dAEved7 fOMASlvaFGHYs GBORCOR B moditatabef that i al | y pure

o ToTogene o 2 Bl L5, &, SUBSLADULPLLY L1 oh of syl o " acids
€NCcoNpPasses Jength sequence, for example substitutions, insertions, and/or deletions. This may be
15  achieved by any appropriate technique, for example as described above. |

As described in more detail below, the level of SNS sodium channel binding
partner expression in the cell will generally be increased by introducing it into the
cells by causing or allowing expression from heterologous nucleic acid encoding
therefor.

20
Nucleic acids ,

‘The present invention also encompasses the use of nucleic acids which
encode VGSCs or binding partners of the invention to produce such proteins. For
example, provided in the sequence listing are nucleic acid sequences encoding the rat

25  Nav 1.8 channel (SEQ ID NO: 1), the human Nav 1.8 channel (SEQ ID NO: 3), rat
PAPIN (SEQ ID NO: 5), rat periaxin (SEQ ID NO: 7) and human HSPCO025 (SEQ
ID NO: 9). Test compounds for use in the assay methods of the invenﬁonmay also
be nucleic acids or may be provided as nucleic acids which encode a test
polypeptide. |

30 Generally, nucleic acids, for example heterologous nucleic acids of, or for use
in, the present invention (e.g. encoding a binding partner or VGSC of the invention)

may be provided isolated and/or purified from their natural environment, in



all of these possibilities. Nucleic acid according to the present invention
may be in the formof, or derived from cDNA RNA genom ¢ DNA and

nodi fi ed WOoaB®»®9I6 aci ds or nucl ei c acid anal ogues. Thus wPhg/dBwee250n al so
relates, in a further aspect, to use of a heterol ogous nucleic acid

nol ecul e whi ch conprises a nucl eoti de sequence encodi ng an SNS sodi um
channel bi ndi ng partner described above20 in the various nethods of the
invention. 10 The term "heterol ogous" is used broadly herein to indicate
that the gmietastaliepue ovhomogsneatsifdus, drrfragus substantigly §ree ehetbal migleic bi ndi ng
partner or VGSC }qf the inventi %1% have .been thn&ﬁroduc«ﬁaq Nt o said cells

usi ng genet FAdHgNnERECISH Q1 ofigig: Wige | 7t 1BY BN 187 FEPEPEPEhous gene
may repl ace,1apr @eLdAREeHRIeE INUYIBcQBId acBSidthg tb the presit MVestor@ATBE iy
performs the sanme or. a simlar function, or the inserted 15 sequence may be

addi ti onal the foime o od deréved fsong.eN A RAL genoseig dhs end medifidaugleic
het er ol ogous .(tio a cell n@x aﬁf&non-naturally occurring in cells of that
type, variet§ %?fn%ﬁeé%?cé WRRRI&i ¢ aci d sequences which encode a

pol ypepti'de i n aggeyBantRnibl Msé Rfated) 1ES Aftthet ApEEY; to0ke ©4A hbRrolegdlis| ¥
prepared by the skilled person using the information 20 and references
cont ai ned hewrdd¢in agiddnelectinvhisbSorapeags 4 rholgelida pequencsrengding pe SNSee

Sanbr ook, Fritsc i ati ! I HeJol . Manual ",
Col'd Spr i i R EaATEL B o AR By Pl o, eBBAG Y SO

Prot ocol s i mveMidrecul ar Bi ol ogy, John WIley and Sons, 1992). These

techni ques include (i) the use of the polynerase chain reaction (PCR) to
anpl i fyl&anpl es &he tor@ "befeenlegausis usedbropdly W&}toemgl.catﬁﬁl&h%&enom c sources,
(ii) chemc [ il | [ :

Constructs g‘%\nﬁ%g%{hg?g?%&%oéﬁe% gl)a%de%gl asge' "eg‘{r%()icln |arrlgﬁ!tﬁ?g f%i #ﬁ;b? g%ss%nt

i nvention, bhihepolenfiemtliatte bsdn inB6dwakd intd saidstllcesingdgenietic pugloesedg) ie.o0 a cel |

R
sequences Operd [.g.giggrvﬁhcﬁ/}%fgég%gﬁ@ﬂnﬁg LLRO3! DaRRfr idibtioh, OB ifisededwoul d

commonly be I'n suc stem and as is described below. The
vect or cHnMpew@ahce may be adstitidriay td the budhgendustgeae er etber deiqnénced Nueleicoased or

heterologous to a cell may be non-naturally occurring in cells of that type, variety or

species.
Nucleic acid sequences which encode a polypeptide in accordance with the
present invention can be readily prepared by the skilled person using the information
20  and references contained herein and techniques known in the art (for example, see
Sambrook, Fritsch and Maniatis, “Molecular Cloning, A Laboratory Manual”, Cold
Spring Harbor Laboratory Press, 1989, and Ausubel et al., Short Protocols in
Molecular Biology, John Wiley and Sons, 1992). These techniques include (i) the
use of the polymerése chain reaction (PCR) to amplify samples of the relevant
25  nucleic acid, e.g. from genomic sources, (ii) chemical synthesis, or (iii) preparation

of cDNA sequences.

Constructs and Vectors
In cell-based assay embodiments of the present invention, the polypeptide(s)
30  of interest can be introduced into a cell by causing'or allowing the expression in the
cell of an expression construct or vector.

The construct may include any other regulatory sequences or structural



nore of ari origin of replication, one or nore marker genes, an enhancer
elenment, a pronoter, and a transcription term nation sequence.

Const ructwornso$76sui t abl e vectors 5 'contai ning one or nor ®@CoIGRBOZRS
conponents enpl oys standard ligation techniques which are known to the
skilled artisan. Nucleic acid sequences which enable a -vector to replicate
in one or nore selected host cells are aell known for a variety of
bacteria, yeast, and viruses. For exanple, various viral origins (SV40,

pol yoma, adeneuisrad svoulddomeioldlk' vk imulededdiebudh £ oistenl, and agis\desdribed i n

mammal i an cells. 10 Particularly preferred for use herein i s an expression
vector e.g. belaw; Hhervseter me%eﬁéégliﬁ‘{ﬂ?alb’ﬁﬁliué?ahﬁ prgmop Amited fo ONG AL ge  or

any other sy fapt ﬁl%r? 'ngf geggaée\tﬁgzsyﬁ {mordhhlerGRRed 8n EAERRer Hlerdht 3 Cel | and

used to express a ¢ pression ectors usually contain a
pronot er whpgimdter, aks abhggripiitkieeninatidh sequemtee iGonetmutioh g suitabid wictoraici d
sequence of interest, so as tt)tgsdi rect nRNA synt hesi.s. .Prormt%g .15
recogni z&d BontAN{AgNey e phthesh GOFIPoREEE cplqys siapdard lisptiol SEduEper abl y

| i nked" ms%gcﬂ AL ﬂﬁ&»ﬁgg tpgrslh-ue& aftiiSn. SRABRYEIINeGuatitvieh 6fHIEa SUi tably

posi ti oned an oriente r transcription to be'initiated fromthe
pronot er . Diéctoaperrafiioatd in ke dr more selqstadimseeells ereweltlerown fomgyriipyiadnal

control™ of the. pronoter. . Transcriptiqn fr.om .vect.ors i | i an host
cells is coh?‘ft?ﬁmﬁé(a‘,‘s.tﬁa@fl VEREFp I e’%ﬁr‘lﬁ?’ STHOEY ¥ Bfl&}nﬁé%pﬁ(gﬂﬂp O™% he genones
of viruses guglhvRas REYSFBPV) aidSuseful MrRPhiNg vdéfors AORMOMIaliMS cdlRUCh  as
Adenovirus 2), bovine papillonm virus, avian sarcona Virus,

cyt omegad ovi r us, Particnktlypréfeusd fonapabdreings B1 oxpressicarvgctor gigain the fars afp |

(Sv40), fr.om heterol ogous. manmmal i an pronot ers O 1 cti Lonot er or
an i munogl 8 SFH‘E’F?PB%H# &iral pape e’fp?%# Reaty %th?)fc&i}lﬁﬁlrglgﬁs%}grrcgr,coag%lgcitded such
pronot ers akg;osmRdcithite u Byha édieankiQséd Boexpedsh a SYdihg BEjueEDIBXpSdssionVect or s

of the invention nmay also contain one or nore selection genes. Typical
sel ection gendsrsasudbiecontain e pramatpravhich)s epsiabdy linked) te thaprateiyencedingyi ot i cs

or ot her toxins.e. ampi ¢i L.b] neo i t 2, racycl i ne,
(b) conpl en@H&egtﬁ?gj‘t Sr"&ﬁ%\“% oglenft%}(e:?tésg)cﬁgég d H'S?t : c§ Rssé/ggl%lgc?ﬁ?%‘gr% nutrients
not avaik abk&o3Rizbd BYa GaHEly X poRgiifl host @lls ateheel Hatave 'Opdiably lkladani ne
racemase for Bacilli. The protein encoding sequences, nmay. | nﬁ%{ ude reporter

genes whi ch ireays jsanedras patiiof s semermplsia asid elsulgswataply RoRidioned andsychy
25"t ramst or Qe pEi ERa LRI PEIRAAEE R Hlonlffle DIV RGBSnIyHERR! 02225
a promoter is "under transcriptional control" of the promoter. Transcription from
vectors in mammalian host cells is controlled, for example, by promoters obtained
20  from the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus (such
as AdenQVirﬁs 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a
' rétrovirus, hepatitis-B virus and Simian Virus 40 (SV40), from heterologous .
mammalian promoters, e.g. the actin promoter or an immunoglobulin promoter, and
from heat-shock promoters, provided such promoters are compatible with the host
25  cell systems.
| Expression vectors of the invention may also contain one or more selection
genes. Typical selection genes encode proteins that (a) confer resistance to
antibiotics or other toxins e. g. ampicillin, neomycin, methotrexate, or tetracycline,
(b) complement auxotrophic deficiencies, or (c) sﬁpply critical nutrients not available
30 from complex media, e.g., the gene encoding D-alanine racemase for Bacilli. The

protein encoding sequences may include reporter genes which may be any suitable

reporter gene used in the art. Such reporter genes includes chloramphenicol acetyl



VWhere a cell line is used in which nore than one pol ypeptide of the

i nvention, for exanple both the VGSC and bi nding partner, or nore than one
bi ndi ng Wwearmnegmw91 are het er ol ogous, these proteins nay bePermpesseatsfrom a
single vector or 5 fromtw separate vectors. Mire than one copy of the
protei n encodi ng sequences may be present in the vector. Cells The

net hods-referred to above may therefore2turther include introducing a 10
nucleic acid into a host cell. The introduction, which nay be generally
referred totransferasei(CAT )Pt geldctosidase, Twaiferast or &P on”, may enpl oy any

avai |l abl e techni ._For eukar tic,cells, sui tabl t echni.ques may i ncl ude
cai ci um phosphat AV RiaASPLER SrHstS isRpERanet it oof BePERGRRLtn

| i posone- nediwheh, bAG&hHH AR tmescadﬁawmg)ﬁhmﬁﬁlo@wr@wa%hé Yidadg ot her

virus, e.g. vaccinia or, for insect cells, baculovirus. For 15 exanple, the
cal ci um ph0$>pﬁa¢rearpﬂle®r@0gmlsl ﬂinsermbhmg my Y@@pm@rﬂomamlmveemr orVi r ol ogy

52: 456- 457 (197 can Q gp O%ﬁ ; Hma an cell host

syst em t P ansto8F HEt FERS HEIE S r%@ém%%% %m %Ffé"r? MRE*IH 599, 216.

For wvari ousnquygp}b@ﬁgﬁltﬁ@{,e&@ansf orming mammal i an cells, see Keown et al.,
Met hods in Enzynol ogy, 185:527 537 (1990) and Mansour et al., Nature

336: 348- 352 (1988) 20 The cells used in nethods of the present invention
may be pres A - extracted from organisns. The nethods of the
invention ma 5Iso be carried out in <cells or cell lines transiently or

pernmanent |y trangfheai@Bodrefefrad td ﬂfdveﬂlaythérefoheﬁmapfnemﬂb aiteddpeiagai ns or
nucl ei ¢ acids encoding them The te 'I'n vivo" where used "hereln includes

all of t'Resa@uplsiesicy ] Q?E%St cqthyEhg Wtrﬁ’ii‘%'éloﬁe‘t"hlﬁbénw gseerBly FeeEbioi n 25 a

suitably re | 8 (16k ]{nﬁkﬁ a native
channel , %‘H o#nﬂlgm\%%{):l{ B tl:&ﬁ%%ﬂ{a%g)gdma éﬁ é/taggla?/@aleﬁ ce ?l%ne may be
in tissue Cu:hkarlyetmdsellsnmytable techaijuks inapmch&h@grcafm pharsphatamnanﬁmtmm ani nmal

subj ect. The host cel | expr.ess; a VGSC and a b ndi n art of the
i nventi on, egﬂ‘?%mﬁﬁ‘iagmﬁaﬂg’t‘?s‘?}ﬁ%nﬁﬂ}?&ﬁ F‘Pféi?“dg frans ‘é" i%Bventi on,

or a VGSC, 3%%}] t g &f £ *lﬂ éc(‘é’e‘?l@tﬁ R0k, Pk WO
03/ 097691 P gé%g?‘ggég)gg }%gjv@@sér gr a céﬁ exp{r essses m)rae tohan one bi ndi ng
part nelr I16f teblmnpl_eymetlgahlmm phesphidite prhcipgtapion toethod of@iratizen amd winettr Ebor exanpl e
naturatly Oci?ilfglgéyngZ:4§\54% ?1@98)0951% boeremployed. General aspects of mammalian cell

host system transformations have been described in U.S. Patent No. 4,399,216. For

various techniques for transforming mammalian cells, see Keown et al., Methods in
Enzymology, 185:527 537 (1990) and Mansour et al., Nature 336:348-352 (1988).
20 The cells used in methods of the present invention may be present in, or
extracted from, organisms. The methods of the invention may also be carried out in
cells or céll lines transiently or permanently transfected or transformed with the
appropriate proteins or nucleic acids encoding them. The term "in vivo" where used
herein includes all of these possibilities. Thus in vivo methods may be performed in
25  asuitably responsive cell line which expresses the VGSC (either as a native channel, -
* or from a vector introduced into the cell). The cell line may be in tissue culture or
may be a cell line xenograft in a non-human animal subject.
The host cell may express:
- a VGSC and a binding partner of the invention,
30 - a VGSC and more than one binding partner of ‘;he invention, or

- a VGSC, one or more binding partnérs of the invention and p11.



nmore PAPIN variants as described above, naturally occurring periaxin and
one or nore periaxin variants as descri bed above, or naturally occurring
HSPCO25 awo 004087651 or nore vari ants of HSPCO25 as descri beaCancBoa/ 02225
Alternatively, one or nore related variants nmay be expressed, in the
absence of a naturally occurring binding partner, for exanple one or nore
PAPI N variants as descri bed above, one Z& nore periaxin variants as
descri bed -above or one or nore variants of HSPCO25 as descri bed above.

Al ternatively, tRWheareh elhespresseymers thanconsrbinding pantmeslo&thednyentidiurihe par t ner s,

per i axi - or DIGIREIAFAE TGO T P NBP A e e A P SBces or
a variant t heyephPINREHMAXAIQErFdBbTE RhtutdIBy RehmiNstperiiSRGRE Bndér @ vari ant
thereof; or PAPIN or a wvariant thereof, periaxin or a variant thereof and

HSPCO25 or movapériaxin varemisofs degumped ebdienor nagwraldy opdumdnggSPeP2hardsonend/ or

HSPCCRS or w . . .
the i nveht] Bhogre (e o HPaEs A5 der bRl Srorde ATRRE AR b erhellcs

descri bed hekgidls may € kkpredsed g thewéice Of aiatiralysscerppessdingparhedr a
vari ant thereof capable of binding a VGSC, and assays of the 1nvention may

be ca(rj ri ed dutexpmpieraer axsnPAPEN vaaHs as ¢ascribadaboyelone Ar BI9Te REsIEIY| 1
ti . i i | abl
peptide Y \Buns LBy 5111&1@:192%}09%8@?0@%@&%3%@%&%?%@0’@' abl e

from GenBank™un accession nu e hu gene havi ng

a sequence avai | alfegnatively) theeelBanly ckprésy orrar es@t afreluictiisindiNypaHRIg6.. A
suitable pl 1 peptide mai;be a variant_or fragnent of either of these
sequencé® t Keitexpmply the celhmay sxpress P ARINr7{vagient faereo! WiHR PEBFER %% bi ndi ng

part ner andlQr XJ ' J, I .aﬂfaﬁ'faﬁtstﬁ

i ntroduci ngvlg{lar} %geﬁhgkggﬁkgggé&gg%}ﬁgéogr Ey g%%}'?sﬁ%ﬂ or all oij&vie%

expressi on pegmihet evatiagdeseadiwithidSPECSus aneariari thermof; dr BAPONiong t her ef or e.
The present invention therefore enc asse whi ch. express VGSC and
one or nor _evalb?lﬁélli‘er‘iéofg%"rr%aﬁg‘r%r aa@&’&%&%@@fﬂ@%&@rﬂ“%éﬁﬁ% e or
more of whi ¢f RBYHBE of ﬁgﬁﬁgff)laﬁﬂ&b'ﬁﬁd//o%gﬁlgl;%‘?ﬂner%ﬁﬁﬁg gbdcriBByhdiginused which

endogenously expresses binding partner VGSC wi t hout the
i ntroduasi omayfberexpeassadig ausll @é thesnveRtian or ssedtinen ¥E8Cofithd/inrentine  or nore

D900 RaLLNET S B, NS00SROUShY Amn seat Mt DL el Lig e VO
endogenousl Y1 %P5 §asant HidridTcapdbld 8M8h&nfh VGSC, and assays of the invention may
" be carried out in the presence of such apl1 peptide. A suitable pl1 peptide may be,
for example, the rat pl1 gene having a sequence available from GenBank under
20  accession number J03627, or the human p11 gene having a sequence available from
GenBank under accession number NM_002966. A suitable p11 peptide may be a
variant or ~fragment of either of these sequences that retains the ability to-bind a
VGSC.
The level of binding partner and/or VGSC expression in a cell may be
25  increased by introducing it into the cells directly or by causing or allowing
éxpression from heterologous or endogenous nucleic acid encoding therefdre. The
present invention therefore encompasses cells which express VGSC and one or more
binding partners according to the present invention, one or more of which may be
heterologously expressed. (
30 A cell may be used which endogenously expresses binding partner and/or
VGSC without the introduction of heterologous genes. That is, the VGSC and/or one

or more binding partners may be endogenously expressed within the cell from the



, bi ndi ng partner and/or VGSC for use in the nmethods of the invention, or
may express only |ow |l evels of binding partner and/ or VGSC which require
suppl emrernweatmosréas descri bed herein. 5 The assays of thePCmGBWoOz2SMRY be
carried out in a cell that endogenously expresses a VGSC and one or nore
bi ndi ng partners of the invention. The present invention also enconpasses
cells in which one or nore conponents i% heterologous. For exanple, a cell
may endogenously express a VGSC and may be stinulated to express (e.g. by
t ransf ect i oceliis biwnzesame.abhich aeilmay emsogermustymxprdss sufficignipavelnef s of 10 t he

i tion. | | ‘ or e .bi ndj
the | nvent PORTERIALS BT G T 150 1 e S ee! SR aRoTgRe SRATTy one.
or nore fupiihasw bRl %iﬂﬁﬁ% patifer ehd/be GSOWeRibh dtmirdshlaaéitmednas a cel |

maybe used which endogenously expresses no binding partner or VGSC, but
whi ch can bdesertled heseinexpr ess bi ndi ng partner(s) and VGSC usi ng net hods

such as those desgribed ein. 15 Heterol ogous, .expr iL.on achi eved
by transtection ﬁ‘? ﬁésay%@gpvggt}orbt&%ﬁ? Baerﬂg%B%t\}lé atcﬁgt%? aélefl%o\%x%%?% essi on of
one or nor ecRRLEBePVIGRTS af ol nhdt¥ BditibarfnbRrofeeiiptRion. TESEradsa/ or one
or nore binding partners), or may be achieved by activatirng one or nore
endogenous iurekion #lsq preogwiasses Frils b xdigh @ne aimnTe §SBPRCHEs ig ACterdREp¥fous gene

may be upregul ated,20 artifijci.al’ { i s known
inthe art, 9%?”83?&??& °eef16§1/a>} et%éi%éen;é Pﬁggﬁrgﬁvenﬁrcgﬁ{a rngar/??ger %%%?llﬁgt%&?gct ors to
bi nd to thecgasis(ed. beaafFiction vdth BsuitdEsGeotor)wnedir agrebindigmpagaas ofi n t he
genone of the cell. Suitable transcription factors y..conpri se fa domai n
]E:apabl e1of Herdgveniionpdesali may endogenquely gyarres efe or Ipersbaiding parfuersotthe, o

i nger dommai L ] ssion of
t he gene. Sg{é/ﬁna ?Iglnﬁslgf ?‘%%‘?@ﬁﬁ?eg?%&%ugfr}aﬁgg.@%???g%@%&.°§‘t§ gﬁgﬁgil | as a
protein or fiathdpbirdity Esisen dftiennesatod ddteDibivelyt a ocllmeyl bé nsed vehick! | .

Suitable transcription factors npay be gen ' t he ZFP hnol
of Sangano eﬁ%&? %@,resls?ﬁzl_?o‘( y§éﬁ@%&6vﬁ§q’uﬁ‘s@&9‘lcaﬂ§§wg g(l;enge?%ed
froma cell e%@e%iﬁ&in?ﬁ%ﬁ&@?}gﬁﬂ es %Pﬁhé&é fshak afds8dedapas hdgd. her ein,

for exanple turrng su a cell an owng it to proliferate. A
sui tabl @scel | mayetdrslogies expossbion inayiberachiovgt hsirapfestion Withaf vectos as i nvent i on

t hat has be f i i '
25 S %Qscri%gg gbcwett at%llgxl)vfs feg}grggsgoncoefj olne to¥ gleo're po y}())e?’p/ti%cegs7 gigt%e 51%{1’(16?19 3/ 02225

(for example a VGSC and/or one or more binding partners), or may be achieved by

activating one or more endogenous genes in the cell.
For example, expression of an endogenous gene may be upregulated
20 artificially. This may be achieved by methods known in the art, for example by
targeting one or more transcription factors to bind to the desired gene(s), e.g. a
VGSC or binding partner gene, in the genome of the cell. Suitable transcription
factors may comprise a domain capable of binding speciﬁcaily to the gene of
interest, e.g. a zinc finger domain, and a functional domain that can regulate
25  expression of the gene. Such a transcription factor may be introduced into a cell as a
protein or may be expressed from encoding DNA introduced into a cell. Suitable
transcription factors may be generated using the ZFP technology of Sangamo
BioSciences, Inc. (www.sangamo.com).
A cell may also be derived from a cell in which expression has been
30  stimulated as described herein, for example by culturing such a cell and allowing it to
. proliferate. A suitable cell may also be a cell fusion comprising a cell of the

invention that has been fused with a different cell type.



In the cells of the invention, said VGSC and said binding partner(s) should
be expressed such that the binding partner(s) interacts to upregul ate the
functi onawo oenpreessi on of the VGSC. Such host cells are sectratBog/otns use in
the screening nethods of the invention. 5 The cell |ines used in assays of
the invention may be used to achieve transient expression of a binding
partner or VGSC of the invention, altho@gh in a further aspect of the

invention cells which are stably transfected with constructs which express
a bi ndi ng part nedn tfe cteﬂeoftheem\tenban,amdlV(\}ﬁéraadsaqlbm@cgpae{mvn@@hn‘ayﬂlml so be

P the art FoPBRSuth BaLaRDIRE BsEE R El Pt e tuRtgndr e O
non- neur onalexfreSuiof AN 8IGSC. ShESHosE&s Srd SuaBlk 6t @€ iR thelstRBSh rrred W th

expression or cloning vectors described herein may be cultured in
convent i onalmeiedsiofthe immeitwn. The culture conditions, such as nedia,

t enper at yre, dt i ke an _be ect d by the illed artisa
Lerper atyr e, P 3 ek 5 e IR RS PEuset ) MR8
practical tegpriauest 4 Bindifpafthé 9/ EHE opﬂ@dﬂﬁnhwhtahh@ﬁ%mﬁ'dmﬁtﬁéﬁ ures can
be found in "Mnmalian Cell- Biotechnology: a Practic Approach", M

Butler, ed. asimct pfthgdnventiomoalls vlreh mgsisbbokanstectad wighennstructs whicheni ¢
20Q, t
0o ot StaEh BN B b Gldnin ALY B 4 PRsRrmBERG bEver Lo

expressi on) gdanatated. MeanPid g@draltmstﬂaly txamﬁg@nmda:eaninmhre vaslidkriohe ipnesant
i nvention further provides uses _of _the transgenic aninmal in_the nethods
herei n. ¥he anf SRAGBANS TeRYREssABest Pf#ér%@ﬁéhtarwnamum% Fgdetii ealsn a

plurality of the'ﬁos?@élisscfaglsfégféﬁggtr es%@n%‘f@foﬁﬁfg'\fé?%esequence

whi ch encodes, for exa , etero ogous I ng partner
i nvention. FHescrived heﬁm il be r:e]g&edhmgmwtmomahdunentmndm Thean$geni c

or gani sns, -and speC|f|caII trans eni c ef er o S.. Pa .
4,873,191, i°Sadifighisich %ﬂe&i%?np‘tf W&f‘op{fo@ﬂsﬁ’éﬂfﬂﬁ%ﬁ@? Ef‘;é“rt"é]ft&’r ﬁce to
di scl ose metg ilgﬁiﬁ aR{<AH WaiHaG! ﬁﬂd%@%ﬁ;[ﬁ‘éﬂn?en@atfb‘ﬁ) hé&e@ﬂdﬁ)ﬁrﬁxﬁl&e&/ g, 691

scientific cations referred to and cited™t her
PCT/ GBO&/SOZZ)Z&tlcﬂ&echmmee&m mexifimeg fhepaddudBEy efkqellewitines cainiee founégwi ng

di scussi on h%/f been g&g?éalté%nglgg}g:earlpr%gtic% k?)prl{)%ghs’, R/I ]iu?l%r, ed. JRL Press,

(1991) and Sambrook et al, supra.

Transgenic organisms

20 As stated above, host cells according to the present invention (for example
including a heterologous binding partner for increasing VGSC expression) may be
comprised in a transgenic animal, and the present invention further provides uses of
the transgenic animal in the methods herein. The transgenic orgam'sfns of the
invention all include within a plurality of their cells a cloned recombinant or

25  synthetic DNA sequence which encodes, for example, a heterologous binding partner
of the invention.

| For more details regarding the production of transgenic organisms, and

specifically transgenic mice, refer to U.S.' Pat. No. 4,873,191, issued Oct. 10, 1989
(incorporated herein by reference to disclose methods producing transgenic mice),

30 and to the numerous scientific publications referred to and cited therein.



nucl eic acids of the present invention for production of functional

pol ypeptides, thereby increasing the concentration of a binding partner in
a cell sowevswwiébncrease 5 functional expression of the sadrgnBoshanael . The
present invention provides a nethod for enhancing the functional

expression of a VGSC conprising exposing said channel to a binding partner
of the invention. Thus the invention ped®vides a nethod of nodifying the
transl ocation of a voltage gated sodi um channel into a plasma nmenbrane of
a cell, whi dicremtmofindfonud NSCeaprdsiien st ep of altering the concentration of
one or nore binding partners of. the invent%&h in the Qell.s§$&P a met hod

may be used to i RAOFdsEoingdiscyssion; h3p hrenegenprellyicapcestedvithss € he cell .
The | evel of,.x- i LON i into
doscr i be t noutields 3R SERERSLARn O it RAIREPPRE T 10 11
cel | . 15 " Atldrete/increasihg thecontenirhtioreaisbiodipgiphdnafin redil st asig incrsasdi um

current acrqss_._a _nenbrane response to an appropriate stimulus. Thus a
further asp Ct%?altﬁér%ﬁlg%%##‘eis ‘f}gﬁﬁiéﬁ“egr ovides a nethod of enhancing the

functional expreg$iQpeseft ifvei@of pkdVides @8hdthodMbr ehhdRIn3QHe ARRSa3€S the step
of increasing the I'evel of one or nore binding partners of the invention
in the cel | ex@@ssidreoMCEGSEonipeisigexyeHE: sHid thanelhverinding pytnge ofthebed

above. The .binding.partner(s) may he any .bi.ndi ng.partner(s) of. th

i nvention ad™@8sHi Eﬁ‘&? ti}BH\Y r.laonlﬁfév’{agﬁ_ ?m?‘/?ﬂ@?dtf’gnb _ 'tﬁﬁﬁh@‘)@@{l?n Pfﬁe as
descri bed aRgigse &S RUAR) Yhdnhel M6 plhsna SERbEMSSE 2 Bell Ritich fethet! | . The

bi ndi ng partner nay al so be expressed within the cell or naybe applied to

the cel [10 Tlkemydss thastepof dlirsingithriangerpeation @f prg ormgrethondiag papicesefed from
endogenous genes within the cell or from heterol ogous genes that have been
i ntroduced i etlgv?r\},%m}é)néglr&?e,ce or exanple by transfection of the cell with one

or nore vectors Sash deskliddifdy Bt to Ricedaes tlel fimctidnsli Rficsgopaf 4 NES®f t he
invention is either lied to the cell or .is _heterologously expressed

ap (13 . ”
within the defhecelthdhplevsl ofy Thestiondrexaressiay” ofdhe chpnpelds gseddnreinter t he
control of I I . . Vel o T OY [ rtner
expressed vm%? %ﬁrfrg’g?]ﬁée&%agflﬁ;%@6@?@%%%@%%%%&@]8‘%%2% Seér%gllvgggvg@is ycégl?ovi di ng
bi ndi ng 15parreyd sih thie coftextatédns chfubld afinédiativg) a exdpmeswrem aabssthe VGSC,
that is the recruitpent WO 03/097691 PCT/ GB03/02225 27 of the VGSC to the
menbr ane andIHEARS HSEBER LOARAPDPTPYAGSIIREISVGSC, maybe

Thus a further aspect of the present invention provides a method of enhancing

the functional expression of a VGSC in a cell, which method comprises the step of
increasing the level of one or more binding partners of the invention in the cell.

20 The VGSC may be any VGSC of the invention as described above. The
binding partner(s) may be any binding partner(s) of the invention as described above.
The cell may be any suitable cell line as described above. Preferably the VGSC is |
expressed within the cell. The binding partner may also be expressed within the cell
or may be applied to the cell. The VGSC and/or the binding partner(s) may be

25  expressed from endogenous genes within the cell or from heterovlogous genes that
have been introduced intoi the cell, for example by transfection of the cell with one or
more vectors as described above. |

Preferably, a binding partner of the invention is either applied to the cell or is

heterologously expressed within the cell. The binding partner(s) may be expressed

30  under the conirol of an inducible promoter so that the level of binding partner
expressed within the cell may be regulated. By heterologously providing binding
partner(s) to the cell, the functional expression of the VGSC, that is the recruitment



enhanced. A cell in which the functional expression of a VGSC has been
enhanced by such a nethod may be subsequently used in a screening nethod
of the i rwernsiogrIl 5 Such a cell will have enhanced VGSC f ietGRInaL225
expression and will therefore be particularly sensitive to any changes in
VGSC activity that a test conpound may cause. The information disclosed
herein may al so be used to reduce the agtivity of a binding partner in
cells in which it is desired to do so, with a correspondi ng reduction 10
in the funcbf‘dwé»f’G&&pm thwgnembmafie rivkths sdhsaquanh activitly.of Bor VGRS nag e

down-r egul at %{ expression of a. target gene may be achieved . using
anti-sense ogy. In using anti-sense genes or partial gene sequences
to down- regul at e AJSITEIn v @8 FuRiional SRPFLEOH bES VERTUBRIReh Snifdhagesl, under
the control of a pronoter in a 15 "reverse orientation” such t hat

transcri pti suchyd method RNA betsubseqiientlyorspd enesiresnyng methnd ofithe imRNKonr anscri bed

al . (1088) natal aodby il harg cpbgtcek YA ARDRw Rifrer Qe A Mot P

sequence WhigfichRrlyQEmitBRRD haY ¥hdn@ed MEVGOQI BEviSLHELNES: comPoii@mayopt i ons
for down regul ati on of gene expression include the use of ribozynes, e.g.

20 hamrer he&@isei bozynes, whi ch can catal yse the site-specific cleavage of

oot 1 St ruct i or eSSl aigfSE kR okalTy e IR 960 Ble ShIREILES, 01
functions asthdsdd preet Riscellf ﬁfmllhheﬂ ik deied td/ab sBivaties boredspdndiddeeddbticn ) As

is denonstrated I n the Exanpl es hereinafter, the binding partners of the
25 preséht imthedinasionderrprestipnebthapdinm thapn ¢ ficacy in the down-regul ation

of expression o tured
dorsal root ganfg f’Hn\{@ @ﬁ%‘%ﬁ%‘% ?ﬁ’gﬂgﬁ@% &%ﬁhl%gec%%gn be a!cgleeggém ned
by neasur emasihg ahtitsbese techholegy. acr oss the channel. In the ant| sense
experiment described in the Exanples, EAPI N resulted in a 75% (n=8)

i nhi bi tion of thatu8ng P@Hﬁeﬂspéﬁeéﬁ RentiakgqnesadyeRCes tBij%"@Ge%‘Haiiﬁ)m? nhi bi ti on
and HSPCO25 [ glhese
results indi c]gr% l‘ﬁat '?lﬁatl(%izsr{égﬁam% rltgér?glrﬂsntdb%e%ént{bd?g’sfgﬁggrﬁﬂélélﬁt| on are of
parti culiar P'reversestientatidriiesucipthat ‘aansomptm‘n yiblds BN2\ shdihistahplemehiasy to The

7 P
present WO (f)lgxl'n(i)agl A tga-ll-llsc Oﬁlfgozn% Se "sense" strand of the target gene. See, for

example, Smith et al,(1988) Nature 334, 724-726. Such methods would use a
nucleotide sequence which is complementary to the coding sequence. Further
options for down regulation of gene expression include the use of ribozymes, e.g.

20  hammerhead ribozymes, which can catalyse the site-specific cleavage of RNA, such
as mRNA (see e.g. Jaeger (1997) The new world of ribozymes, Curr Opin Struct Biol
7:324-335, or Gibson & Shillitoe (1997) Ribozymes: their functions and strategies
form their use, Mol Biotechnol 7: 242-251.)

As is demonstrated in the Examples hereinafter, the binding partners of the

25  present invenﬁon demonstrate particular efficacy in the down-regulation of
expression of a VGSC, particularly an SNS sodium channel. In cultured dorsal root
ganglia the activity of the SNS sodium channel is determined by measﬁrement of the
current across the channel. In the antisense experiment described in the Examples,
PAPIN resulted in a 75% (n=8) inhibition of that current, Periaxin resulted in a 61%

30  (n=11) inhibition and HSPC025 reéulted in a 62% (n=9) inhibition of the current.
These results indicate that the binding partners of the present invention are of

| pafticular interest in the modulation of the SNS sodium channel(s). The present



invention therefore also relates to the use of a binding partner in the
down-regul ati on of expression of a VGSC such as an SNS sodi um channel .
Assays uswogsesisanced VGSC functional expression 5 It is WweTIGHROSt hat
pharmaceutical research leading to the identification of a new drug may

i nvol ve the screening of very |large nunbers of candi date substances, both
before and even after a | ead conpound hd% been found. This is one factor
whi ch nakes pharnmaceutical research very expensive and tinme-consuning.

Means for agenten thereferedis rglﬂteééwh@*glsppﬁ@ bg@ntgwwmaw thodevetssslation
conmer ci al nce t of the present of the
present i nve% ﬁsas ro?/f dgg}gg g@&!%%NEQ&% %@ée& sensitivity utilising

t he enhanced sodi um channel functionality Whi ch can be achieved using a

bi ndi ng partner as herei nabove defined. Such systens (e.g. cell lines) are
parti cul ar | ylsg@spsingleshancaé GG ingicshpwiiesdioncapabl e of nodul ating a 15
VGSC such as the ?ﬂgf !

i nhi biti Eg t he acﬁs\%qt y S ttﬁgﬁﬁanar?ee J}/&ﬁ'}% %ﬁrw%ra(elgl g%gﬁgﬁerﬁ %giilﬂﬁrp%sponse

to, an appr apwidhenayiimdled e scrititigg ofidry édrye niadbdradbHemdidaaysubstanceee t he
activity of the channel. Preferred rmdul@ilors are channel bl qckers or

i nhi bi t ors. both beferesad s¥en #Hipr paeadpEneEnd hasegn kg I isisong aP%tforas,sess

whet her a t i 6?39{? siNg a
change in aﬁa{éctl \(%Ilegt% g%%e“%%b%%%tu %I%E/Wﬁa(%lratﬁﬁoy exhi b1 tq\ieﬁcd”y a VGSC
may be neasdoreasisfiog in thx acrpdrng prosess tabhaveawhsidembleraynnirecibhienpabiahée y  of

t he VGSCto bi nd specifically to or to forma conplex with a binding

part ner 18¢ @H@u sent invention. Such a binding 25 acti vi ty nay be

measur ed usi ng mﬁlﬁoﬂ e&@?%ﬁrébeﬁt}@tﬁéfmcséﬁ%eﬁﬁoﬂ POFRIcH ERETd herein. A
test conpound which dul ates this binding activity is a po entla

nodul at or ofenh4@8&1 seustivityrutiising et c;nholﬁceHMnWhaunelrfmgctlbaahteadmle@m s the

Known | ¢ ndeartiec s BRine P teinaps fitnedy SIARHIEG (% Bg T MO%S
conpound mayindd) ¢ ﬁﬁﬁhulh}w u§é1111| fof MeBfifyth \&%oﬁlﬁdm:@d&e ®f thod@RtiHgCUr I ent

across a nenbrane in he VGSC i's present Such assays may i ncl ude
t he appl1|5Cat\f@ﬁi\C@ﬁClaaSstb@SN&S@dm@@ﬂn@7691 PCT/ GBOS/ 02225 29 stimulus, for

exanpl e a stimul U‘idc\)'g?l'la&mg 1ncllude£] Bfonﬁmg%r Erﬁnsﬁjlung he ach V1t}9j c% tﬁg rcfl entel in the

presenée of, or in response to, an appropriate stimulator. Alternatively modulators

may enharce the activity of the channel. Preferred modulators are channel blockers
or inhibitors.

20 The screening methods described herein generally assess whether a test
compound or putative modulator are capable of causing a change in an activity of a
VGSC. Any activity normally exhibited by a VGSC may be measured. For
example, a suitable activity may be the ability of the VGSC to bind specifically to or
to form a complex with a binding partner of the present invention. Such a binding

25  activity may be measured using methods known in the art, such as those described
herein. A test compound which modulates this binding activity is a potential
modulator of VGSC. Another activity of VGSCs which may be measured is the
ability to function as a sodium channel. This may be measured using methods
‘known in the art such as those described herein. For example, a test compound may ‘

30  affect the ability of a VGSC to produce a sodium current across a membrane in .

which the VGSC is present. Such assays may include the application of a specific



flow. This aspect of the invention nmay take the formof any, preferably in
vivo, assay utilising the enhanced sodi um channel functionality which can
be achi evww0 03/0embng a bi ndi ng partner of the invention su®RTABIBAEA2E,

periaxin or HSPCO25. The term™in vivo" includes cell lines and the |ike
as descri bed above. Thus the in vivo assays may be perfornmed in a suitably
responsive cell line which expresses a Y&GSC such as the SNS sodi um channel

(either as a native channel, or froma vector introduced into the cell)
and a het er stimgbiysos example gstivudisbykieh wouidarormally resplbincssidium gutrénte may al so
express pl as descri bed above. In the in vivo assays of the invention,

it wll be d'rabl e to aehieve sufficient expression of a binding partner

to recruit a VGIGisisphotds tRAnENG0s athyuaecthafdral oft iyl prefei@h iAot 0 enhance
its functional expression. However, the precise format of the assays of

t he i nvent i @ssajrayilipag thegrbarredpodinaschantel Siiationaliy théchegan beschigvedut i ne
skill and kng . i i { . | ating a
VesC, the 1 anediiiiing Byl Bt MER LA RBIC BTl P CO TR 2L o8
conpri ses t hanStigpiof inchieiet a€ll limg apditick likraRiebcrivied Absvep Uthak theeinmpdul at or

t hereof . The contacting step nmay be in vivo or in vitro, as described in
nore det ai | 2s93¥$ B\AY bowsrfommediin asugghly ssppersive ik lmsgvinelyenpiessena VOS§

i nhi bition @’Fe'r. e S in the
Exanpl es be?gﬁés%ﬁgg@ssfg{ug?r%haggg\( |scla§6§g%iﬁkge. g.al |%W}L18}I(§% Menbr ane
currents ar énteatneahinémthecellpariuy lederalopbus drivadugembes bialling parthérg dhatceldn of
the patch clanp nmet hod, according to the procedure detailed jn the

Exanpl ed? p#l@ﬁ@ﬁy@éﬁwme_é@e?ﬁP%ﬁlﬁﬁgr_l%qdeabpﬁ%sﬁl B e e L §1Ve¥ent i al

I's stepped fif \9@ ﬁ%sﬁ%lg'tdq&h%%ﬂfﬂc?ént SfprélpittofaHndiNe bGidcP ®d repREEN T al S
that 25 range from about -110 nV to +60 to 80 mV. In Order to isolate TTX-R
sodi um cur NEBSE suchas, anSNSrsatpy chatinekbto(tiPneambdan€dCezhanee s fimetondlt h
tetraethyl anmoni ur'?ﬁi ons (%EA%agd C% @owever é ose skilled.in the art
will be awaf8PHFsion HEFeLTHe PSS (et BRSSP RLPF SNEBP™ BBXB8unds whi ch
coul d be Ps%ﬁﬁe@ﬂﬁ{&gé’%é}&}li@ﬁe'aﬂ&ﬂ(%r@ﬂﬁﬁ@kﬂ?ﬁdl&ﬂ%&ig’e? provi ded a method
for identifying a nodulator of a VGSC which nethod corrgrl ses the steps of.
(i) proubdi ng a déus theinvigrition provaddsumethodsredimasiulating ayW G Csthe funshenlel has

been VO 03/ %%r%?&oxf’ (():P- \/Ng%g%/aso eze%Senhg’n%ed, which method comprises the step of

contacting said channel with a putative modulator thereof.
The contacting step may be in vivo or in vitro, as described in more detail
below. One suitable system‘ for testing modulation (e.g. inhibition or blockage) of a
20 VGSG, is the CHO-SNS employed in the Examples below. Other syétems are
 disclosed e. g.in WO 97/01577. Membrane currents are conveniently measured with
the whole-cell configuration of the patch clamp method, according to the procedure
detailed in the Examples. Preferred voltage clamps are those in which the cell
poteﬂtial is stepped from the holding potential of about -90 mV to test potentials that
25  range from about-110 mV to +60 to 80 mV. In order to isolate TTX-R sodium
currents, TTX, 4-aminopyridine (AP) and CdCI2 were used with tetraethyl
ammonium ions (TEA), and Cs. However those skilled in the art will be aware of
other such compounds and combinations of compounds which could be used
analo gously.
30 In one embodiment these fs provided a method for identifying a modulator of
a VGSC which method comprises the steps of:

6)) providing a cell in which the functional activity of said channel has been



enhanced as descri bed above (e.g. by increasing the concentration of a

sodi um channel binding partner in the cell e.g. by causing or allow ng
expressi owofosomear nucl ei ¢ aci d encodi ng a bi ndi ng part nePCofGROB®2328VeENnt i on
inthe cell); (ii) contacting (directly or indirectly) the channel in the
cell with the test 5 conpound; (iii) measuring the activity (e.g. the
current nedi ated by the channel, optiomally in the presence of an
activator) of the channel. Preferably the activity before and after. the
cont acti ng svahcddhe deggibed abpa(eg. byirckeabiagtlongacadratiandf epodizmal | y t he

relative activity will be correlated with the 10 npdul atory activity of the
test conpoutfinedrpdngagringn theeekesr BY %Simﬁﬁf’wgiﬁ eXPFFﬁlO%?ran%lpabl e of

odul ati ng {geia6iathtdifl o BindESGarUClT GOMMEMMISIIRYcIRVe | ther apeutic use

in the treatnment or prevention condi tions associated With VGSC activity
as descri bedi)i n cmtectigt(dirdctlyelr awlirebtiy)tbelshanheltih ¢heprediswitht thertesent i on may be
enpl oyed in high throughput 15 screens anal ogous to those well known in
the art 3 sedMRWd WD 200016231 (Navi cyte): WD 200014540 (Tibotec): DE
19840545 (Jgfi i 1 BLohRekE) actN@y (29! 68T byGRY BRirnef, OptisiallgAi i C
Research); 6\{8 208%%%%% t?%?ﬁs?& (%E;qg‘;%%t%é?&\?%bfggmlzw (gri st gl - MWers
Squi bb) ; USthe(2&87& ¢feareetivgor)lofitie.chan®E 19835071 (Carl Zeiss; F

o L

(putative s@gli Yor&RpNBE!andBHbRR B reltive ActiviBYwilEbdsoela@ywith thenat ur al  or
synthetic chem cal conpounds used in drug screening Ero rammes. . Extracts
212

of pl ant® wmodhlatooyaetivityseiiles tebt compound. e prpelngis mayd ¢ by idsedfiebnponent s
25 | b d.. .| f.eL i he.:
e TR T,

wel | known imrdpRatidhde ihHRetreandent dNpydventidnl A ohditspedsocimed wdih ViGBCapeut i ¢

Patents, 7(10): 1183-1194). The_ anpunt of putative nodul ator conpound
whi ch may bectadiyes deseribgd axmape dtait pRdowWnvention will nornally be

et e &\ AR A ol g % o
conpounds nmaydeerssedloghey toakese et Knoomif the dro- @ erVWORA00 23t conpounds may
(i bi or SYNWRSY GY0GI0 PR EBvels AN 20545 et Bibtools} wd ™ 290 <1<
200012755 (Higher Council for Scientific Research); WO 200012705 (Pausch MH;
Wess J); WO 200011216 (Bristol-Myers Squibb); US 6027873 (Genencor Intl.); DE
19835071 (Carl Zeiss; F Hoffman-La Roche); WO 200003805 (CombiChem); WO
20 200002899 (Bioéept); WO 200002045 (Euroscreen); US 6007690 (Aclara
Biosciences). ' '
Compounds (putative sodium channel modulators) which may be used may
be natural or synthetic chemical compounds used in drug screening programmes.
Extracts of plants which contain several characterised or uncharacterised components
25  may also be used. In preferred embodiments the substances may be provided e.g. as
the product of a combinatorial library such as are now well known in the art (see e.g.
Newton (1997) Expert Opinion Therapeutic Patents, 7(10): 1183-1194). The amount
of putative modulator. compound which may be added to an assay of the invention
will normally be determined by trial and error depending upon the type of compound
30  used. Typically, from about 0.01 to 100 nM concentrations of putativé modulator
compound may be used, for example from 0.1 to 10 oM. Modulator compounds may

be those which either agonise or antagonise the interaction. Antagonists (inhibitors)



31 of the interaction are particularly desirable. Interaction between

bi ndi ng partner and sodi um channel The interaction of a binding partner,
such as hwoaBfgiseve defined, and a 5 VGSC such as an SNSpewdiBeswzhannel
may be investigated, optionally using fragments of one or both proteins.
The proteins or fragments may be |abelled to facilitate this. For exanple
the proteins or fragnents can be |inkedlto a coupling partner, e.g. a

| abel . Techni ques for coupling | abels to peptidyl coupling partners are
wel | 10 knosfithé imt¢rheticar dre partibeledy desprable. f | uor escent mar ker conpounds
expressed as fusions e.g. GFP. In another enbodi ment the proteins or
fragnments maybe radi ol abel |l ed. Radi ol abel ling of. peptides can be achi eved

using vari O]{ﬁﬁerﬁ?ﬁﬁ%g&%ﬁ@p&ﬁﬁer@nﬁ-sodzﬁﬁtrch‘é%ﬁélp| e, peptides can be

| abel | ed wi a radioactive isotope through use of a chelating agent or by
coval ent | .abel | i Tge intérhctmnrdadindng papsh|sactods firgiaghove dainidopnds with a

peptide ( i pdi wel | by di ' ituti
ot oactd velLish; wish o BESNSRo i rgRtel ey b i pat ARE el U8R ' The” °
peptide) Or35RentiBE SHeboth Wotchdy. "B podteind 6P FrBGhaiE thalybeGabielied i nant |y

produced proteins. ~CGenerally, radiolabelled peptides containing tyrosine
wi || be prefaaildate tigs.ng 1251, or by tritiumexchange. See U S. Patent No.

5,384,113, as welLl as n rous .ot he ' ions, for
gener al techniqut%rﬂvgm%gﬁfgnﬁg'S?%%wﬁgﬁﬁg%gﬁ%ﬂﬁ@%%%;%gégggg%hﬁg&hsed
herein, theges Bbell aAtichhighd! foflcouptisg labeR 3o petidylibeipling phrtfias ajeersll at t ached
to a radioi sotope by any of the various known methods, such as .coval ent
Iﬁblel |t! hy oknevoyi ‘fégﬁftb' belnmay by faoreseest magkes sOMPAHNds §XpREsS56 @S %Fonay a
chel ation pet : ' ' : S such as
an HA tag, &gTag?'Pﬁg%ﬁ@%?%%gaﬁéggﬁ%ﬁ%§%§§§@%%g%%@§§£§?%?%?§g§g3%31so be
expressed aRadiofabsiliap of pestiies carcirdchievedgsiag verpotsapethedsi knowoan theert. abel | ed

with an antibody. Alternatively, an antibody against the protei b
obt ai ned usFageXeaMe PEPiracanis hbe%qdo‘wharwléaqlg? fsﬂ@&’ei‘%fa “%gftgﬁecan ©

| nvention, L ANl 0/ TELRASIAARG! e REYS cBSIc SiKeAbabitr denti 1y

t he bi ndi ngsi ng partner vice versa). Such
net hods 13 | itheriepatié guch apiodine), tah evelitas by dirctatediung (sybsditdtiomgpfent of one or

o part of  FSomBIOBPBIRGY BOIT GBUI R s ot prescht i (B pafhiddFor 781 (1!
methionine which may be incorporated into recombinantly produced proteins.
Generally, radiolabelled peptides containing tyrosine will be prepared using 1251 or

_ by tritium exchange. See U.S. Patent No. 5,384,113, as well as numerous other
20  patent and other publications, for general techniques available for the radiolabelling
process. As used herein, the term “radiolabeled” describes a product that has been
attached to a radioisotope by any of the various known methods, such as by covalent
labelling or covalent binding, by a direct substitution method, or by a chelation
method. |
25 Other suitable detectable labels include tags such as an HA tag, GST or
histidine. Recombinantly produced protein may also be expressed as a fusion protein
containing an epitope which can be labelled with an antibody. Alternatively, an
antibody against the proteins can be obtained using conventional methodology.
" In a further aspect of the invention, the labelling methods described above are
30  used to identify the binding site on é VGSC for a binding partner (and vice versa).
Such methods will generally comprise the steps of producing a fragment of one or

both proteins, and contacting said fragmeht with its binding partner (all or part of it)



32 and determ ni ng whet her binding occurs. Preferably one or both partners
wll be |labelled and/or tagged to facilitate the detection of binding. For
exanpl e, wopoenewpito identify the binding site for a bi ndiPog/Grsoexs such
as is hereinabove defined in a domain of a VGSC such as an SNS ion
channel, small 5 segnents of the domain believed to contain said binding
site maybe tested. Preferred fragnents3imy be selected froma domain of
the Nav 1.8 ion channel. Preferably fragnents represent sequences which
are bel i evednd detlreniainighetethen birglireg dozutsh @rafeiS6]ly are abettatarinesstilliel |

conserved anpng vol t age-gated sodi um . channel.s, 10 Preferred fragnents

i ncl ude ani %eg‘?ﬂ Wdiy ngegﬁ%gaéﬁgatﬁhl%‘,letﬁcﬁlfﬂ-oﬁ M&and/ or 1723-1844
nunber ed accor dj : bt 4y EQ ID

( FBfolsh 1816 Bﬁfef)gﬁiugiﬁit%&agg%{t@m% blﬁcﬁ_ﬂ}g'ﬁégﬁrfélr s@fh 8EQ

NO 2). Binding fragnerits can ing the G5 down
assay". Brisdfarginatvetiefimgd ifhardomeanpf & VarSPARIC as pe SNSxpm clomnelSREIR 5

protein, produced i ) -7 cells by. lipafection is mxed wth fragnments
of a VGST, F‘?ﬁ’f‘%‘hﬁhﬁé‘?mg’éﬁ’@ﬂf‘é‘%&gc . ](’?rsiagigtb‘n‘glﬂg\?’ée W‘Wg]ﬁ teste ‘fused to GST
made in bacteri ap.ckheseraRhQlieindy 60 9NbAXE FoRT £dERth 8EiHRANRYI ghoit at hi one

beads and the protein is Tecovered only when the.VGSC fragnment has one or

mor e bi ndi nghanntk (Repfefaidy fragmeénts oipiesent seqivandesiwhich areckelievedtodsreibéni t at i on
or an overl ay. as§a¥ﬁ§f(ﬂ e done,[ in Iﬁce or idn 20 additi (%ndt .t he "pull
down” assay "HHIHE Ihing A Y ’s‘?rtaée?;a}?l"‘sb@e GPRSTECY ARPES PR S E T HRi ng poi nt

mut ati ons byhamegonbi nant PCR or a uracil containing vector system
(Fitzgerald et al 1999 J Physiology 516.2, 433-446). Since the target cDNA
(e.g. cd®respondPraferresd fagmenigimehnde guder it goonsa 9311148 \d80-1dddni n nay be

fairl h ‘ 3 .
agai n'be ¢ et BB PR bRt Aol o Bl IAE e LAt il SRR Y
t he interacb'ngQs;nNon;,ween the VGSC and the binding partner. Once
identified the binding site may be nodelled in 3 dinensjons to, produce

mmetics. Al ter nBindieg fragmentaganee idsuiifio ysing thy (Slg pulldodngistili ng par t ner
(optional |y pdfly! BoRRRYS: dlaREy PPN SRHERR drUSHAB YL, pbful 97691
15 COS-7 cells by lipofection is mixed with fragments of a VGSC, for example
fragments as described above which are fused to GST made in bacteria. These
protein complexes are collected by glutathione Beads and the protein is recovered
only when the VGSC fragment has one or more binding site(s) for it. In other
embodiments, vcb-immunoprecipitation or an overlay assay can be done in place or in
20  addition to the “pull down” assay.
- The bindiné site can be further investigated e.g. using point mutations by
recombinant PCR or a uracil containing vector system (Fitzgerald et al 1999 J
Physiology 516.2, 433-446). Since the target cDNA (e.g. corresponding to a
fragment described above of a VGSC domain may be fairly short, recombinant PCR
25  may be preferred. Mutated fragments may again be tested e.g. in the GST “pull
down” assay, to precisely identify the interaction site between the VGSC and the
binding partner.
Once identified the binding site may be modelled in 3 dimensions to produce

mimetics. Alternatively it may be used directly e.g. as a binding partner (optionally

30 in phage display) to screen for compounds.



Assay for nodulators of interaction In a further aspect the present

i nvention provides an assay for a nodulator of the functional expression
of a VGSGvpre3m9wsel |, whi ch assay conprises the steps of: PCa)GHesiozzsng into
contact a VGSC, one or nore binding partners, and a putative 5 nodul ator
conmpound under conditions where the VGSC and the binding partner(s), in

t he absence of nodul ator, are capable of3 form ng a conplex; and. (b)
measuring the degree of inhibition of conplex formation caused by said
modul at or cdsppyerdnoditietopy @fSeatactiowent i on further provides an assay for a

nmodul at or of the_ 1Q functional expression of VMGSC in a.cell i ch.assay
Compr | ses the. ot b MHEF tsapSHihe RGHTG TAEOPL YT T eBET Agmeelong) o

bi ndi ng par iRehsoticAAtkxprisibALEY ¥ GIOHA @élpmmmwnmﬂ@ms%gé bf:ons where
the VGSC and the binding partner(s), in the absence of nodul ator, are

capabl e of (®r ni bygnging ortpcextactandG8E0) onexqyesém inding pAEBErst andae putdting us such

as to produce .to a sodiumcurrent...15 across nbrane.in which the VGSC
i s preseht; éb‘ﬁFPéé‘rSﬁ’PP}\‘gﬁ‘FH{éfa‘g&Féo&s&f%f% eeﬁﬁﬁm{)&{eiﬁéﬁ&@?ﬁﬂ@ﬂaused by
sai d nmodul afifthe abRABOBMNEod DO, ASS Hpab e DT ES Mg & Borhplesd Aal y used in the art
to study the interaction of two proteins is a two-hybrid assay. This assay

may be adapfted f seansimgithe degseqidalzihitionzd cpmplenipaation caygsd Rystidd assay
conprises the.expression jn a host cell of the two proteins, one being a
fusi on prot &1 ufégoﬁ'ﬁf’llng%%d'a DNA bi ndi ng domain (DBD), such as the yeast
GAL4 bi ndi ng donmhepresad ifiveation Rethebpiotiiied ah usshp forrmbdilaocofhei sing  an
activation domain, such_as that from GAL4 or VP16. | n such a case the host
cel | (Whi-chngtgna exprassiet play GSCyin asell, wingh assap cormpmses theasiers9br ti cul arl y

yeast or 25 ng| W r.r r eno : ﬁmﬁfﬁc‘?‘ﬁﬁ' u i thea, pronot er
conpri sing djaDNA %@ ﬁ%fﬁr@% cé?tg%nygggbﬁ%a%rﬁﬁrg Wt eE{I_j)B%.id é',Iil{%tgtrngepor ter
gene may benmdukpecotpougtineies veddithmsoviiens thepHESC and thedétdihg partmesEer ase,

| uci ferase, . green fluorescent protei P). and (3-gal act osi dase, with
| uci f er ase BEHRGOIFRFE PETP ‘%IPS?I’FW%?@P{;]&?.({?: n%?ﬁ?élﬂleg;s@gys may be in

accordance wht h he $iage ol cod; ture 340;
245-246) . | gﬂ)s ucﬁigb%’ﬁlgglslgy t heg)ﬁfl%ngqlﬁédigﬁgﬁggon%Ii%ﬁuC%?aD%Bﬁ)&and t ﬁgﬁ

transcriipt i ecrass amembednedn wiotethe VGBADE podsenthe yeast GAL4  transcription
factor are fysed Lo the [irst and second sl ecules Lespect]valy pose VO
compound. A
One assay format which is widely used in the art to study the interaction of
two proteins is a two-hybrid assay. This assay may be adapted for use in the present
20  invention. A two-hybrid assay comprises the expression in a host cell of the two
proteins, one being a fusion protein comprising a DNA binding domain (DBD), such
- as the yeast GAL4 binding domain, and the other being a fusion protein comprising
an activation domain, such as that from GAL4 or VP16. In such a case the host cell
(which may be bacterial, yeast, insect or mammalian, particularly yeast or
25  mammalian) will carry a reporter gene construct with a promoter comprising a DNA
binding elements compatible with the DBD; The reporter gene may be a reporter
gene such as chloramphenicol acetyl transferase, luciferase, green fluorescent protein
(GFP) and B—galactosidase, with luciferase being particularly preferred.
Two-hybrid assays may be in accordance with those disclosed by Fieids and
30 Song, (1989, Nature 340; 245-246). In such an assay the DNA binding domain
(DBD) and the transcriptional activation domain (TAD) of the yeast GAL4

transcription factor are fused to the first and second molecules respectively whose



34 interaction is to be investigated. A functional GAL4 transcription
factor is restored only when two nol ecules of interest interact. Thus,

i nt eract iwp 0309t6bhe nol ecul es nay be nmeasured by the use @®CT&HBBpZR2EEr gene
operably linked to a GAL4 DNA binding site which is capable of activating
transcription of said reporter gene. 5 Thus two hybrid assays may be
performed in the presence of a potentiad4 nodul ator conpound and the effect
of the nodulator will be reflected in the change. in transcription |evel
of the repoiteractifarie twbnigvesiigated o dpfinelionab G trangeripdiongedtonis r¢stered i n t he
absence of a_pmodul ator. .Host ] s i.n which the . two-h 1 d a may, be
conducted | ﬂ%lly eny °ﬁﬁwﬁ%ﬁ?sa%nﬁeﬁgeeﬁer%ﬁdtﬁ{}‘ésagfter\é%cf%o?rtbﬁ {nﬁfe?/g%g i“%axlcel | s
(such as S. pgafdaiirsd BEtRAMe Sf a rdpoftBEgend @baEbRaAlkee td AGIAL4DNAsingidg The
interaction between a binding partner and a VGSC may al so be assessed in

mammal i an ceit¢ whiclids ¢apable of @ftivating frgnseriptione pf saediroppitenEefidver ) express the

VGSC in _a zero kindin ' r o of
endogenoﬁsl y exp&ﬁélslss{ew(fgll@?@l aﬁ%{yﬁgﬁa yeiiyr%tp(r%gf}rg 98%{ 1|nntﬂ? h%g%rggﬁggkgﬁggegf
(over) expr esmAdidRirtimpguRbaidBE effdhtios tikanoddatotdwilEbdiefleated i theshagiei ng t he

VGSC with or without binding partner into the cell. An cell . nmay be chosen
and VGSC ex it Gausropliam\grd ol Brafaporer gane srustrastspawated o ﬁ&pa&émﬁtﬁo%si ent or

st abl e. Th.ele‘?rfeilﬁl%e %seﬁéé’&jaﬁqo&ﬁ%ﬂef on the VGSC can be determ ned by
e c

conparing ion uXx across t annel in cells (over)expressing binding
partner with 20 Hesellk h@ivhibh thotwd-hyteid axprasybdcodiucigd pedudeer or show | ow

| evel s of binding, partner _expression O her of, measurin he effect

of bi ndilfg HW%F%WS?%QHQ/M ‘?filéa Wil yﬁ@é&?ls\r@}@ﬁé SeS B9 br ane

| ocal i satio t VESE ells or in isolated nmenbranes. VGSC
AR S

| ocal i satio sse anti body staining in cellular.
i mrunof | uor escendhe assmyson betwbsn aveintimgrpatthatanidady G C meayalsoize fssessed ons or

25 by toxin,binding on cells.or nepbrane.fractions. The ] action
can al so bel" & ni?ﬁl\fgt{:]g:j-eﬁﬁﬂ{l FEE A5 G&VF‘SWWQSW?%W%SIS% YS*%% ner
and VGSC. | ghiRy §iRkin Qﬁnér@%ck%élﬁ{da&tih% BickgrotnihbfrdokdiRully REbicedeal i ty or
t he nmenbrane | ocall S%PI on of GSC, or the ekxtent of co-inmunoprecipitation

bet ween 1bi ndindingeartneeer indheibagksound of {dver)exressed bindmemepners Shisgapbadi ng
D e SR E ol Sl B ol VB Bl A,
protei ns W th thaydRiacicang VEHE kxfrs@eonadiie itk purinegédigedsionimiobeont act
with the other protein which : .
transient or stable. The effect of binding partner on the VGSC can be determined by
comparing ion flux across the channel in cells (over)expressing binding partner with
20  those that do not (over)express binding partner or show low levels of binding partner
expression. Other ways of measuring the effect of binding partner on the VGSC are
by assaying the extent of membrane localiéation of the VGSC in whole cells or in
isolated membranes. VGSC localisation can be assessed by antibody staining in
cellular immunofluorescence assays, or by western blotting of membrane fractions or
25 by toxin binding on whole cells or membrane fractions. The interaction can also be
| derived in co-immunoprecipitation assays of binding partner and VGSC. Inhibitors.
of the interaction will inhibit the functionality or the membrane localisation of
VGSC, or the extent of co-immunoprecipitation between binding partner.and VGSC
in the cells (over)expressing binding partner. |
30 Another assay format measures directly, in vivo or in vitro the interaction
between a binding partner and a VGSC by labelling one of these proteins with a

detectable label (see above) and bringing it into contact with the other protein which



WO 03/ 097691 PCT/ GB03/ 02225 35 has been optionally immobilised on a solid
support, either prior to or after proteins have been brought into contact
wi t h eachwotobe9769iThe protein which is optionally inmobili 2ed/GBoimzsl i d
support may be imbilized using an antibody against that protein bound to
a solid support or via 5 other technol ogi es which are known per se. In the
Exanpl es which follow a preferred in vigyo interaction is illustrated which
utilises a fusion protein of the SNS sodium channel fused to

gl ut at hi oneh&s baeanpfienAlampisbilised Dhiasolid gugypert, aithe ptibzedr afar plotdias hi one
sepharose or agarose beads. In an.in vitro assay format of the type

descri bed aB#\ePaenSrgnghhinte,eontagh withieaeh other. conpound can be assayed by
determining its ghLli A 1.8k e Al offa solid ednby pdi ng partner
(e.g. the @P-fugﬁ%h{‘%éégtc“??%{eﬁbﬁ{é?%lwglter) U1 ol solid Ybrlofeiny el 19 P Der
GST- SNS sodimmobitizadesing Tinistibody apainsteha protaiadobyd td a sodidi suppart ogviahe

gl ut at hi one heads, by SDS- pol| yacryl am de gel ,el ectrophores| s.

Al ter natf’veP&’Fr iéﬁ]é‘}%%%iﬂ_%w “ﬁb%eﬂs?'oﬁ%tgﬁé\’iémﬂﬁgﬁ’%ﬁ% tlﬁﬁ‘é}‘fvé'i n and the
armunt - of 1§ e?§&éd%hwizw@irﬁé}aa&§1 iDAHRHRANHAD HREES FTRRA R¥efBfMhd 8ISt he
anount of | ]E)e present 1n, for exanple, a suitable scintillation counter.

Anot her assaydifimroiatnel Suseil s glotatitipnnS dransfared (GIRY NEns tey bE irnmebdizad

i mrunoassay Fl A ata et al 992). This is a solid phase based
system for ?&@Dﬁéﬁﬁoﬁﬁg‘%@qsﬁ%?@ﬁﬁeﬁa@ two macronol ecul es. Typically one
mol ecul e (eit her 120y ¥GHkoAbsal)ifoichha 8f BRIYpEEdescriitfed ABBRDihkipatsive mHibieorsur f ace
of a nulti-well plate and thé other nolecule is added in solution to this.

Det ect i 60 otompeursiotandepasayad by determaipinizdtsealily tadinipish theapequng ohsi sti ng of

¢

a chelate of .a.,rare . earth netal i.s .| abe n - di : ed to
the inter ‘acﬁqbﬁaecﬁélpg’(’,‘lﬁlp@%?r %ﬁﬁﬁlﬁmsg%ué%%ﬁ}eg ht18 eérga(%ﬁp I(llal?(éh g%/nltdg%;tn :
anti body t o fdighmeyiBgddl GSTUSNIsddiien BRdn@el | Bfs £l be deteindiged by

Al ternatively,-the 25 nol ecul e maé be attached to biotin and a .

st rept avi di deactionating thenglatathionecdegdshy SBStnedyacryiasaide svhdeqtigpBomssist h used in

t he | abel be..eur opi S ' j %;Jfgf’q] ashi ng
to renove u toeﬁl}la&%ﬁgb{e?ﬁett%dscfgﬁéééﬁ%edgg%1 a%@éo?lgyvﬁgﬁ% u 8@1}325% ded to
di ssoci ase phaeinaridciehds fouidcal bé deemiihal bheduatiag theheendung bf belfpreseniescent

nmetal ions are then quantitated biar'ti me resol ved fluorinetry. A nunber 30
of | abel | ed bdau@smple AsutHparBiLAtion CQURET- abl e for this techni que,

| ncluding st Dt Bo,dRRe s GoRdabAsinl 4 BhBhRRE nToksas! er ase and

agai nst hexahi sti
immunoassay (DELFIA) (Ogata et al, 1992). This is a solid phase based system for

measuring the interaction of two macromolecules. Typically one molecule (either

20 VGSC or binding partner) is immuobilised to the surface of a multi well plate and the
other molecule is added in solﬁtion to this. Detection of the bound partner is
achieved by using a label consisting of a chelate of a rare earth metal. This label can
be .directlly attached to the interacting molecule or may be introduced to the complex
via an antibody to the molecule or to the molecules epitope tag. Alternatively, the

25  molecule may be attached to biotin and a streptavidin-rare earth chelate used as the
label. The rare earth used in the label may be europium, samarium, terbium or
dysprosium. After washing to remove unbound label, a detergent containing low pH
buffer is added to dissociate the rare earth metal from the chelate. The highly
fluorescent metal ions are then quantitated by time resolved fluorimetry. A number

30  of labelled reagents are commercially available for this techm'(iue, including
streptavidin, antibodies against glutathione-S-transferase and against hexahistidine.

In an alternative mode, the one of the two proteins may be labelled with a



In an alternative node, the one of the two proteins nmaybe |abelled with a
WO 03/097691 PCT/ GB03/ 02225 36 fluorescent donor noiety and the other

| abel | ed wibtob/ogmsorccept or which is capabl e of reducing tr€eTE@BISS2INA from
the donor. This allows an assay according to the invention to be conducted
by fl uorescence resonance energy transfer (FRET). In this node, the
fluorescence signal of the donor will |z altered when the two proteins -5
interact.. The presence of a candi date nodul ator conpound whi ch nodul at es

t he i nt er afflidreseeii donot Moictpael he otdee tabalial Witk anpeneptor ehiamiakambledf

fl uorescence signal of . the donor. FRET js.a techni que known per se in the
art and t hugdeging fesgnissonyiamythe depor, This ligws 3p pesey PEOTHRE R e neans by

whi ch they %(/gn)}io'nrf 8 chRadcha l{&'hﬂlgi DeRRN L8 Ance e @Y drans MBRINOIL s MY be

acconpl i she reference to e |rl terature. The iInteraction between a VGSC
and bi ndi ngmpds, tineflusrascentestgrn ofrthaslonedvillhe dlieredrvasnshe bvpplotainssat i on.

Typically, binding partners are tai ned as isol ated.. peptjdes fhrough
cheni cal® syRtHedi h%Pmé%mF@éGﬁB‘i’cﬁgﬂ? m_ﬁgﬁl_taf%é’grr@Pm&ﬁwbﬁﬁF‘qu@ga%esﬁg?)t i des from
tissue or Cﬁllt%rac?i%gr\ﬁﬁsincrgé’s!e lor 66384 1 6 o PR dIRRIIS IR estéRSEBMESoft her eof

15 may be enployed 1 n conbination wth VGSC peptides representing regions

of the bi ntedgngartner and VGSC nol ecul es thought to be involved in the

binding interaction.. Either of the two. tides .in the ass i s label |l ed
with a suitable ﬂéﬁﬂll‘f‘ a!‘etcglb‘ﬂB%hW?r Isﬁélrllj ﬁ%ca&?nﬁld%se%? pﬁeﬁg‘e%ﬂ%rraggcent
peptide is plcagsemiolbcles aRPIR rhatds bR RhichABeyBRABREOIBhE BindirgYarinér passed

through a polarizing filter onto the sanple tube. The fluorophore will be
exci t ediby tivka PEIS&I protein miay e apeameilishedey tefrserasite theditpialie: i s  neasur ed.

The emtted light., wll he scatter L b . o i * he
rotati onal behavfrgﬁlrntg?a{%e egﬁ%ﬁnl aeg(é‘%?i agg Ibim(r%ﬁ@ﬁn?gﬁl?y ?‘ﬁ??g ?lgeta%{’rf%nal
behavi our B%ﬁﬁ&%&e%@%ﬁﬁ@tiﬂﬁp}‘ﬁﬂ@lf Tbigdiag tpartindrs Brel dbsaiheat gasoleddi ng

partner, resulting in retention of the polarisatjion and redyced scatter
of the emi tpendides tineugh) ohsminal synthegis|qr as reoBbIABHRIPLULSS PTAEAUHESOUt t he

changes in rotatienal..ene of rm| fﬂ)l( fr ptanﬁ
pol ari sati Oplep(ﬁe? ﬁgmet%ﬁ%?? érg}'ellli 88 C.‘qgg@lﬁt a eb]ﬁdﬁig es c%rﬁg ?%(r% o?ﬁﬁéﬁetra?oifes are
those capabhryet e fl & corAbinafidrwith PGB C penizlegyeptasemtingt ragions bithe ogeni ¢

nmol ecul e or part of a compound and, 30 include, but_ ar ot.limted to,
counmari ns abdading nartegr %¥G§Géﬁolg@lq3| thepebt Bbl?englyolved m tﬁe gmdmg

interaction.

Either of the two peptides in the assay is labelled with a suitable label,
typically a fluorescent label. The fluorescent peptide is placed in a sample tube and
20  monochromatic light is passed through a polarizing filter onto thé sample tube. The
fluorophore will be excited by the polarised light bundle and the emitted light is
measuréd. The emitted light will be scattered in all directions, because of the
rotational behaviour of the small peptide in solution. This rotational behaviour
changes when the peptide interacts with its larger binding partner, resulting in
25  retention of the polarisation and reduced scatter of the emitted light. Inhibitors ’will
be screened by reading out the changes in rotational energy of the complex from the
degree of polarisation of the emitted light.
Suitable fluorescent donor moieties are those capable of transferring
fluorogenic energy to another fluorogenic molecule or part of a compound and
30  include, but are not limited to, coumarins and related dyes such as fluoresceins,
thodols and rhodamines, resorufins, cyanine dyes, bimanes, acridines, isoindoles,

dansyl dyes, aminophthalic hydrazines such as luminol and isoluminol derivatives,



rhodol s and rhodam nes, resorufins, cyanine dyes, binmanes, acridines,

i soi ndol es, dainsyl dyes, am nophthalic hydrazines such as |um nol and

i sol um nowodandmsat i ves, WO 03/ 097691 PCT/ GB03/ 02225 37 amcmagmesizd2sm des,
am nonapht hal i m des, am nobenzof urans, am noqui nol i nes,

di cyanohydr oqui nones, and eur opi um and terbi um conpl exes and rel at ed
conpounds. Suitable acceptors include, 3ut are not limted to, coumarins
and related 5 fluorophores, xanthenes such as fluoresceins, rhodols and

r hodami nes, amg®phiibiifédes, Aifiaohaphehalitiiddspaninbberadiaas adaoqueslinand

pht hal ocyani nes. A preferred donor,  is fluorescein and preferred acceptors
i ncl ude r ho@gHRRRYdEOqHINORFS, dod/ SHPRIEM 2pdder WH?IBEI?%E‘?WB rgaelvat i ves of

t hese fl uorg?s{ﬁ M}Bgnd rhodam ne, available from Al drich Chem cal Conpany
Ltd, Glling a§1 rset, UK, 10 nmay be used to | abel the binding partner
and ER For att aShin#ié aakpioarinclogsbuhae nosmittdto, eanpins aBdocletedal , J.
Biol. Chem, 270; 27562-8, 1995. Rat her, thg’?%cttisi ncg flLuor escence. det ecti on,

it may be pHEpePheEs,xInEeassSuFly AHHRaresCeigS § apchofamings TPSOFENEe t i ons

usi ng_sur f age, enlaneagoBeRk-SIRRLEAGS SR {ISERRhes OF SUrface enhanced
resonance Rg%an s’pectrcc))scopyz( SERRS) " (see e.é’sBV\Des 15 97/05280). An

al ternative assay firefemet dosords Sooresdein ad pafepredrceeptoys mebdy riicdemine Aner sham

Bi osci ences, SPA us m gr.oscopi ¢ _beads contaifing scintillant that

can be sti nﬁ‘F‘g‘fl'%Ho"tyamé‘ﬁ‘i &?‘? Fs@ﬁ’t‘(.’c ﬁ%ﬁg‘?‘fﬁl‘ﬁesa?ﬁg?ﬁee@@ﬁ%c?}ﬁlaﬁ}& occurs when

radi ol abel | ﬁg)d LGRS W ARLRS ﬁérﬁ%ﬁﬂﬁ&iC@énﬁchﬁﬂ?lgnh a]gn? ThecischageDefset, UK bead.
ea i

Specific 20 types may be produced wt erent coatings for specific
appl i catld onsayibeaiseiionigbel tleeckeipdiog phitegaadd FRa dion gttadmappef egglepyanine,

radi oi nmunoassays r.otei n- pr.otei n,and ot el ni- interactions.
Modul at ors 8%° ﬁﬁ?@i@?kﬁlﬁ %Bﬂﬁé@-ﬁl’r%ﬁoaéﬁe@f%’ fl'fi Rge present invention
provi des pepti de RaE{¥PaiANdSingdRdresBines dsteesor], Amaedd wrefgredntlapipbimiatsg such

conpounds, which are based on the  portions of the VGSC and bi ndi ng partner
| i ght chai ntawiétedt labelsanddntevgictipnsagsing wtfaes enhanepd Raeansspeeteosehi nal  as

compounds ¢ 0PRS gEFITES SR tesdREES Bhihl alauGoh Bl ESERRS e kTG "
sequences. Bepispe.fragnents of from5 to 40
An alternative assay format is a Scintillation proximity assay (SPA,

Amersham Biosciences, UK). SPA uses microscopic beads containing scintillant

that can be stimulated to emit light. This stimulation event only occurs when

radiolabelled molecules of interest are bound to the surface of the bead. Specific

20  bead types may be produced with different coatings for specific applications
including; receptor-ligand binding, enzyme assays, radioimmunoassays, protein-

protein and protein-DNA interactions.

Modulators of interaction A
25 In a further aspect, the present invention provides peptide compounds, and
processes 'for devising and producing such compounds, which are based on the
portions of the VGSC and binding partner light chain which interact with each other
e.g. the amino terminal as described in the Examplés below.
Modulators which are putative inhibitor compounds can be derived from the
30 bindiﬁg partner and VGSC protein sequencés. Peptide fragments of from 5 to 40
amino acids, for examplé from 6.to 10 amino acids from the region of the binding

partner and VGSC which are responsible for the interaction between these proteins



amno acids, for exanple from6 to 10 am no acids fromthe region of the

bi nding partner and VGSC whi ch are responsible for the interaction between
t hese proweimnsdwm 03/ 097691 PCT/ GB03/ 02225 38 may be tested/dBos/ oeR2ei r
ability to disrupt this interaction. Antibodies directed to the site of
interaction in either protein forma further class of putative inhibitor
conpounds. Candi date inhibitor antibodi3¢s may be characterised and their

bi nding regions determined to provide single chain antibodi es and

fragment s tiney bofestetiifatthsir abidity siiowsithis ntexactielt. shutihading dineeted f ®€act i on

bet ween t he bindin artner and, VGSC. t he sereen) ods of the

i nventi on, %W)Pr%(’:‘g B6 %Q{gte&%gn a\,ﬁ.ﬁé«?{ ﬁ?@?oﬁg@gﬁ%&nﬁewg& on VGSC

functional exRoRagd. 0andRiENinADbIRE FRMHod¥e YnayftRicha¥RiRddandhkeinbidiaized -by a

direct effect 'on the channel, or indi rectl_g by bl ocking or preventing the
T

i nt er act i onrepiensdetarnaingd Firayide singlesshaiaypatippdies agdragments thereghwhichpect, a

conpound for use in dawnr.equl.atin ] | Q. may be
a conmpound WA i‘f%?ﬂol?ﬁrll?%a gors({}ggwl?%tafa %i;tér? g&&h@&@@éﬁgh@fi girg lt he %@n\gﬁ%
partner. For exapgiBe scrbéilin@meDoRoOstte igntiomeny coripeunds hewyrenaed r egi on  of
PAPI N. A conpound may bind to a region of -the Nav 1,8 negﬁat am no aci ds

893-1148, 1% hm@aaﬁ@n@ffe%mﬂ@%aiuwiogégxmsm- S h?ﬂ% eCRAL AR val ent
oo 1w aRe ! = e Y
oL b A ERLBOER R T L el B g5,

PAPLN, peri @RS respective oun y therefore
prevent bi ngliehghigtineRiteradtivn béSRenartdndinppatiengnpthetVi@8Cand t hereby prevent

t he enhancenent of VGSC functional expression not | y. caused b tge
bi ndi ngl®ar t ner . InGpFeRerls qoFrosnd f& %ﬁg"ﬁi‘t&ﬂ ng\?ﬂn@ﬁe%‘iﬁs%’go sed may
be nat ur al ' ' : ] ' I eeni n

a %sﬁ% lg)tsaﬁ %%P%Bla@gﬁﬁ%lﬁlgﬁﬁig gﬁé@ﬂﬁ&'fly% aft VOASOrand/os fe g

programes. E tain Several characterised or
unchar act er bingthgganpen &t sxamylepdush a chmporsedimay bingte fherG-taménabtrtiionent s t he

subst ances may be_ provided e.qg. . as the .prodyct.of conbi_nat or . library
such as ar eOF%Q«P%I A%ﬁﬁ\%n‘fﬂgé’ﬁgldéf’tarf%‘g Ogﬂﬁ&avﬂeﬁﬁﬂ}??fﬁ’é‘%*{@pem _
Opim on Theganeiild 4475487 sa/dd 119k 844 88sEEID NOTh AR Buizde putat ve
nmodul at or conpound Ich may be added to an assay of the_invention wll
nor mal | y5 belddeti@r i aedtiabiyseqnémke, znddnayr thereby ppvael ieding by PAREN: pasaxsy

comoun e B i S, TS R AR RN 005,
Modul at or  capeE8esniBbindife %5}9&9 aMhineRbebtdeht the effiancerént af VAR se t he
interaction. Antagonists (ihnhhibitors) )
.functional expression normally caused by the binding partner.
Compounds (putative VGSC modulators) which may be used may be natural
20 or synthetic chemical compounds used in drug screening programmes. Extracts of
plants which contain several characterised or uncharactériged components may also
be used. In preferred embodiments the substances may be provided e.g. as the
product of a combinatorial library such as are now well known in the art (see e.g.
| Newton (1997) Expert Opinion Therapeutic Patents, 7(10): 1183-1 194). The amount
25  of putative modulator compound which may be added to an assay of the invention
will normally be determined by trial and error depending upon the type of compound
used. Typically, from aBout 0.01 to 100 nM concentrations of putative modulator
compound may be used, for example ﬁoﬁl 0.1 to 10 nM. Modulator compounds may
be those which either agonise or antagonise the interaction. Antagonists (inhibitors)
30  of the interaction are particularly desirable. '
In a further aspect, the present invention provides peptide compounds, and

processes for devising and producing such compounds, which are based on the



30 of the interaction are particularly desirable. In a further aspect, the
present invention provides peptide conpounds, and processes for devising
and produwwprgioseeh conpounds, which are based on t he WO 0BCOS/B9/02225

PCT/ GB03/ 02225 39 portions of the VGSC and bi nding partners which interact
wi th each other e.g. the regions described in the Exanpl es bel ow.
Modul at ors which are putative inhibitor3%onpounds can be derived fromthe

bi ndi ng partner and VGSC protein sequences. Peptide fragments of from5 to
40 5 ami no aoitipss of the EGi3phé bindmg meriners ¥iienintrsac svidheath ofier 8. thegi on of a

bi nding partner or C which are.responsible for the interaction between
these prot efrqgéons%crggﬁ%g%e@ap@}est%gq “ability to disrupt this .
interaction. For MexaRbe wiktire paRtive @fhibiftR XoRgodRIsicke Be Hevdradtian irgi on of
am no acids 893-1148, 1420-1472 or 1724-1844 of the rat Navl.8 sodium

channel as §indéng pastnsEa@d YORG proteingieqrensas. t Prptide fregmenfs of fromp® 4hi no aci ds
of the rat PARPIN protein OV I | D. i i irected to
t he si tegof afnﬁlfoearcg&c icf)rnexfnﬁl%lee%%gr%tébrq(&? g’lgho %é&%%éggﬁg#gg%qgﬁg%@%f put ati ve

i nhi bi tor cenpeivdVGI@ndidairerdsphiisiblé for tnintdradioa beteen ilkese phaciact eri sed
and their bindi ng regions determned tq provide single chain antipodies
1

and fr agmentuaythsdeserd fopmhenbility to dispiph g}igjn@rgg}ond iFOF NG SuAPSIidEs act i on
o e bindi _ st ore | A
o ther 't e SHePBe@RORIE raih of o iGULSAPLE 10 DRMonPISADIEE |©, e

i nt eracti onobeieweiENat 1he seliumehaaie] &sgivénini SEQI IR N3 ob foneths €dteagmiahst
specific epitopes of .the VGSC qr_hindinhg partn the invention. For
exanpl e, 10 ant 2 dainasacigsofifhe F%P&@?&E@P@F@Mepw gg&fﬁ%’%‘g 90 those regions,

as described aboygpiies Hggx?t&% joHOkiYeESk ihﬂ%rafc?@rtl i iR pickQR 1161 RBet NE  VGSC

and the binding partner. € purposes o his invention, the term
"anti body", clast efsutsipednhibédr ¢campanhés. cGamtdidate/inhibiiot antdwdies agaydet s whi ch

D e R Rl O 0% o MY SIL QT Sl BRI BB 10
Fur t her nor e ;p 4 B8Rkl RRYESSyiaatlak rE&PORAb1c FHEliSabtinEhe R erab bl Btiveen a
ant i bodi es, CDR-grafted anti bodies or humani sed anti bodi es. Anti bodi es of
t he i nvast i dbimdisgpdrtnep e VESE. by stitaplesanitibady mapbindda citherthe VGS6r ophepar i ng
and charact %Eﬁdslrllgngar?n%hl a?la(%j}i1eergbyaprrgvevr\lﬂta lo} bllf)gl? i i%lt%r:}cﬁgn Blitveers ﬁl%sef or exanpl e
molecules.
Antibbdies may be raised against specific epitopes of the VGSC or binding
partner of the invention. For example, antibodies may be raised specifically against
20 those regions, as described above, which are involved in the interaction between the
VGSC and the binding partner. . '
For the purposes of this invention, the term “antibody”, unless specified to
the contrary, includes fragments which bind a VGSC or binding partner of the
invention. Such fragfnents include Fv, F(ab’) and F(ab’), fragments, as well as
25 single chain antibodies. Furthermore, the antibodies and fragment thereof may be
chimeric antibodies, CDR-grafted antibodies or humanised antibodies.
Antibodies of the invention can be produced by any suitable method. Means
for preparing and characterising antibodies are well known in the art, see for example
Harlow and Lane (1988) “Antibodies: A Laboratory Manual”, Cold Spring Harbor
30  Laboratory Press, Cold Spring Harbor, NY. For example, an antibody may be

produced by raising antibody in a host animal against the whole polypeptide or a



Harl ow and Lane (1988) "Antibodies: A Laboratory Mnual", Cold Spring

Har bor 30 Laboratory Press, Cold Spring Harbor, NY. For exanple, an

ant i body way3beg769pr oduced by rai sing antibody in a host amcwaiBoagza26st t he
whol e pol ypeptide or a WO 03/097691 PCT/ GB03/ 02225 40 fragnent thereof,
for exanple an antigenic epitope thereof, herein after the "immunogen". A
met hod for producing a polyclonal antibmdy conprises immunising a suitable
host animal, for exanple an experimental aninmal, with the inmunogen and 5
i sol ating i fragesltiedreds is ckanpletahentginiatpitops ehiarenf, Fdreinafientit may therefore
be inoculated with the i munogen, blood subsequently renoved fromthe

an![ _mgl dand 1%“110@@}f-racti on purified. A nmethod for producing a nonocl onal
anti body conpris i 5] W r 1l Ly ed anti body.
ybr i dowa ool | 5 aay o BaR EndEh Ao o S on b B e £ ’
i nocul at ed expbld Bhirtimal fommbmpietan dxpemmentekddimal, Kothl tee immmabgeh lagd ei n

(1975) Nat uy 256, 495-497)., i [ d .oduci i
T B emeneadhyiny T b eer e gL aer desi red
be grown i ”in%l:’ﬁ]}t%{'eéﬁgYig% ihe %ﬁﬁhﬁgecr)lf b1l 3RS QMG Yy forh M BfimaMral  asci tes

fluid or into t _ strea an 15 al'l ogéni ¢ host or i nmunoconprom sed
host. HumanthedgGifedyiompyribel.prepared by in ‘vitro i mmuni sati on of human

| ynphocytes, followed transfornmati t I h t it .0
Epstein-Barr vir és‘?‘et%{ii_?)f?rr?éo Wiﬂ%@?ﬁaﬁ %%%d%ﬁé%pg%ém%goﬁ%éﬁlﬁl&gycl onal
anti bodi es, célﬁ%lﬁ@l’f?ﬁ%lhg%ﬂk@%siﬁdai aiBbodys HybridRlacells 8R§be pi@tibed by rat or

nmouse. |f desired, tl i mmunogen nmay be adm nistered as a conl'%u ate in
whi ch the i fosimgspéaenicslls fopl adnocuiased exparipleatal primal with duraeu osllof @a@r of the

anmno acid resj S, it jer. The carrier nolecule is

Lyp! ca: ly garb‘ﬁ%ﬁtége}%&;]iﬁgfwsﬁhjlﬁ%ggptﬁ%%%%ﬂcar rier. The antibody obtained may
e isolated and, AnfinfifisitdlR6d callifrofiiicial théesindd Hibydy @ay bt beectebbypaund,

“specifically binds" to a protgk:sn when it 25 binds }\INI tsl’ll preferential or

hi gh af f i ni cgnveptionsd ppacsdeen The hybdampsinay ke gpwaiin peliyse pr d

substantial Ly bind n i.pd_or. Dbi - WM MR ot her

proteins. A“X’\‘?Qfllltgflf/ﬁt}? %%f)?oo %é%IFép%glrtggc%ﬁ%gp Hﬂo \k/htcaé\q%?énédﬁlt{r%ﬁl oorftaﬂ

i mrunor asli oEBégentc @ 8l nrhnocdeipesniiseichdsheHaman iaftilsodlyinmdi egprepapebby int y  of

an anti body are well kpown_ in the art .
vitro immunisation of human lymphocytes, followed by transformation of the

lymphocytes with Epstein-Barr virus.
For the production of both monoclonal and polyclonal antibodies, the
experimental animal is suitably a goat, rabbit, rat or mouse. If desired, the
20 ~ immunogen may be administered as a conjugate in which the immunogen is coupled,
for example via a side chain of one of the amino acid residues, to a suitable carrier.
The carrier molecule is typically a physiologically acceptable carrier. The antibody
obtained may be isolated and, if desired, purified.
An antibody, or other compound, “specifically binds” to a protein when it
25  binds with preferential or high affinity to the protein for which it is specific but does
substantially bind not bind or binds with only low affinity to other proteins. A
variety of protocols for competitive binding or immunoradiometric assays to
determine the specific binding capability of an antibody are well known in the art
(see for examplé Maddox et al, J. Exp. Med. 158, 1211-1226, 1993). Such
30 immunoassays typically involve the formation of complexes between the specific

protein and its antibody and the measurement of complex formation.



(see for exanple Maddox et al, J. Exp. Med. 158, 1211-1226, 1993). Such 30
i munoassays typically involve the formation of conpl exes between the
speci fi c wproawgiépnt and its anti body and the neasurenent of PCorgH0ax2225
formati on. WO 03/097691 PCT/ GB03/02225 41 In a further aspect, decreased
functional expression of a VGSC may be achieved by inhibiting the
expression fromthe VGSC gene. For examal e, down- regul ation of expression
of a target gene may be achieved using anti-sense technology or RNA
interference. 5 lna ﬂﬁsﬂhegaspecttj devesasal factienabexyessionalf 206G8C seytences to

down-regul at e_gene ression, a nucleotl u [ | aced under the
control of @h}’fﬁ’\’é%b’élﬂhl iing the-gxpression fiopm Wit a@'§§%@ %ﬁ WEPlet AHcri ption

yiel ds RNA WBLGlloh B¢ GRIRLRIRTL U of Gne! pwacm@bléﬂﬁsﬁ@aﬁﬁueaeéi fromthe

"sense" stra e ‘target gen exanple,” Smth et al, (1988)
Nat ure 334, tedRibldgibor RNAlnteEkleads woul d use a 10 nucl eoti de sequence whi ch
is conplenentary_to.the codin uenc Furt her ?(gal ons f

regul ati‘on of geh’eusé&&)%’s%einéeng?nﬁﬁ ’UB“’éﬁ HEEDE SEUSROSS| ‘}W%gu §gﬁlg]
hammer head [ ﬁ%@r %ﬁﬁelec‘MHeCsQ FeRBe ﬁ%ﬂé@e&%ﬁdéﬂ’cﬁe Sirif1 SPRpidhicterch@avage of

RNA, such See e aeger (1997) The new world of ribozynmes Curr
Opi n St r uct "Miate orferB&bn3 3&ch thattrz@smqﬁmn&ﬂﬁﬂs RNiA which in@npleneganyiies : thelr

functions and s rategies 1 heir y t echnol 42-251.)

i nt er f er encBOR Hﬁ%@g ?’rs?édg@@%lﬁ §‘7’?§TI§H’8N§8F@ g?ﬁgstrﬁfga é?\?ﬁ%orzdsRNA)
dupl exes kngunyas SR Lr 4t S9sh Riuhip6 394, 2ULEIECISHEh RYARIS Siol¥ASE 2 Such

mol ecul es are capabl e of 1nhibiting t he expression of a target gene that

they share nmdcmehcsequanemwhto;a mcorhpinmle@tg;y toghe qudingsegnencet FErtBRNA may be

i ntroduced i nto ells tec ues._such. as, r

transf ect i ofPUGHAS ﬂro Wrbfegﬂi\é}-‘\onf)ﬁ feépreﬁ%%nglred ﬂgec]‘?glebryegl%ér?%?s Bexanpl e,

Hannon (200R)mhRiHeae ribdBmaddhRhlam BstalyR hashbkp&ifiadled 2003 RNAL such 411:

494-498. Specificity of Mbdul ati on 25 Were any_ of the, net hOdSi;@c]:B{pé
sed

i denti fyi ngasm@NA(ses-giaeghe(18RB Bmwoaﬁaﬁﬁbwqus Iquife@m&
system suc t r i t Addgegvi abi lity
of the cell 35% 3?% a(gg%?}l % éhrh%boe Gseﬂﬁb&aﬁrzﬁ% g’[%r(}%mﬁltogg%ﬂgdeuﬁiras%% assay kit
(Si gma) 45 ThEsmstheR ue@Mdeweamoan dapdisagtion of any interference by the
test agent of vital cellular functions
RNA interference is based on the use of small double stranded RNA
(dsRNA) duplexes known as small interfering or silencing RNAs (siRNAs). Such
molecules are capable of inhibiting the expression of a target gene that they share
sequence identity or homology to. Typically, the dSSRNA may be introduced into
20  cells by techniques such as microinjection or transfection. Methods of RNA

interference are described in, for example, Hannon (2002) Nature 418: 244-251 and
Elbashir et al (2001) Nature 411: 494-498.

Specificity of Modulation

25 Where any of the methods of identifying modulators of the SNS sodium
channel utilizes a cell-based system, such methods may further include the step of
testing the viability of the cells in the assay e.g. by use of a lactate dehydrogenase
assay kit (Sigma). This step may provide an indication of any interference by the test
agent of vital cellular functions.

30

T herapeutzc compositions and their use

As used hereafter the term “VGSC modulator” is intended to encompass any



30 Therapeutic conpositions and their use As used hereafter the term " VGSC
nodul ator” is intended to enconpass any WO 03/097691 PCT/ GB03/ 02225 42 and
al | of thwoaboymInodul at or conmpounds which may be identi f iped/aBodge2any of
the assays or design nethods of the invention. VGSC nodul ators as

descri bed above nmay be provided isolated and/or purified fromtheir

natural environnent, in substantially pire or honbgeneous form 5 or free
or substantially free of other materials fromtheir source or origin. \Were
used her ei nand dlkof the aboviesnddull ok’ copmmonpaehieh nalyl bedfledtified msingsay bif thet i es.
They may optionally be |abelled or conjugated to other conpounds. VGSC
modul at ors ﬁsé?YSdgdG%lé\‘lmeﬂi%lStoﬁ@etlF\éeé‘Fﬁ%ﬂt or prophylaxis of a wide range

of disorders. 10yER@ MGHHaIPAM REQHRd GBSy diRad B8 FitlvRicq kit PaRha Maceut i cal

conposi tions. These conpositions nmay conprise, In addition to one of the
above subst gum:ﬁmi frcam tlpﬁmmatrmbmivnmajnbm acwpﬁaaﬂ]ﬂlb' Jid (> Dmcerngencxaxsrfbl&n,,

buffer, stabi]iser hlﬂ &ﬂjals own to those.s led in the
art. Such ngk ‘?‘?%ﬂsél GHer BiateEia gsrflﬁﬂm Hlﬁonﬁd’Eopﬁ’[ne & with the
efficacy of uééaqle?&ﬁ Jﬂ@te&ﬁ@fs%mteﬂﬂtenc&ﬁﬁasaés%r é*‘thé%@?)Hés%ﬁﬁesl@He??nzfyar rier or
other material may depend on the route of adm nistration or al

i nt r avenouseptianainbe lebetied srudvningated do sthenesrapqunidsit rarruscul ar

i ni St at 1 on migESCHPAUEE BEY bR AsOu TN BRRBF o DIOPREBR A HI9A 1 abl ot

may incl udego8@kidofgssl i er such as gel atin or an adjuvant. Liquid
pharnaceutlcaF conpositions generally include a liquid 20 carrier such as
wat er, pet rol euniThaViGR{ medulpisgeeandiedonnilated yta phanmagpytice} cagpasHionBc oi | .

Pyl 009, b S E RO 0L LR i BSFELCRSSBIR SRl o1 of

may be incl ?Hﬁﬂmc&ﬁfcallﬁﬁd’c@yﬁﬁl@léimpmt ,@aelrhudfer, stbmsteﬁmnua matgeals i on, or
injection at ‘the site of affliction, the active ingredient wil] be in the

formof a paelimewalt those g ecdis the gt ﬁaﬂb@%ﬂ@]élsb‘ﬂ Re 4pR-¢9xis @dyyr ogen-fr ee
and has sul tabllz? ngtdpte'rt%%txg oy ﬁxe@fﬁc@i@? toggﬂ%ba' ibd edireli{f’s?h%reé éﬁé’tﬁf&tofs‘(' I in

the art are ]Wéll prepare su e so ons exanpl e,
i sot oni g5 veltietdatifer o Gthenmatpidl may Gapendiogiahd fqum:dsﬂ admm@mtgm;ég dma} ect’i on,

Lactated Ringer's Injection. Preservatives,, stabilisers, buffe
ant i oxi dant EteavenRQys, Cutaneous or subcutaneous, nasal, inframuscular, 1ntraper1tonea routes
Pharmaceutical compositions for oral administration may be in tablet,
capsule, powder or liquid form. A tablet may include a solid carrier such as gelatin
or an adjuvant. Liquid pharmaceutical compositions generally include a liquid
20  carrier such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil.
Physiological saline solution, dextrose or other saccharide solution or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol may be included.
For intravenous, cutaneous or subcutaneous injection, or inj ectiqn at the site
of affliction, the active ingredient will be in the form of a parenterally acceptable
25  aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability.
Those of relevant skill in the art are Well able to prepare suitable solutioﬁs using, for
example, isotonic vehicles such as Sodium Chloride Injection, Ringer's‘lnj ection,
Lactated Ringer's Injection. Preservatives, s'tabilisers, buffers, antioxidants and/or
other additives may be included, as required.
30 For delayed release, the modulators' may be included in a pharmaceutical

composition for formulated for slow release, such as in microcapsules formed from

biocompatible polymers or in liposomal carrier systems according to methods known



ot her additives may be included, as required. 30 For del ayed rel ease, the
nodul ators may be included in a pharnaceutical conposition for fornul ated
for sl owwelmeas®wolt such as in mcrocapsules fornmed from bipcrwRvanRIIEe
polynmers or in liposomal carrier systens according to nmethods known WO
03/097691 PCT/ GB03/02225 43 in the art. For continuous rel ease of

pepti des, the peptide nay be coval entl y4iconjugated to a water sol uble

pol ymer, such as a polylactide or biodegradable hydrogel derived from an
anphi pat hi cinbtheaek. copol yner, as described in U S. Pat. No. 5,320,840. 5
Col | agen-based matri x .inplants, such.as described in U at . .No.

5,024, 841, are gpgqpnagg?we Bt °§@§Pté$q§etg‘e Béﬁ’ti‘g’é??/y lbefcoﬁglﬁflﬁ}ﬁéomﬁﬁtﬁcbeuti cs.
Al 'so usef ul v, pabil Q&hﬁégﬁﬂl R suehBele bH@iacﬁh@M‘f}lﬁ%c%@eﬁﬁbléﬁi})dif&grel/dérﬁ/ed

perineural regions, Is onposition that includes a bi odegr adabl & pol yner
that is sel fromuan angplapathictviickfcopolymen as dpscaibed imU.Ss PetuNoaf880.84@1 i very in

liquid f h ition.i i bed . .f l g U. S.
Pat " No.> 5. SPHeE bt SEBt iy e SHE i tied it s BRI 62 sdhews
provides a pRaLSERER} bstlineCRIIROS/ dfipeptidcomBriab&ities. Als¥@SEulRAticately

pepti de-encodi ng nucleic acid nolecule and its use in nmethods of therapy
or di agnosi $or subdesmilisloWereleasasietiverytip perinassy nesipRy rat GomPositioniterts a

pharmaceutical 15 conpositi.on €0 ISl C or r s ors as
defi ned abo%}’é’h"é%ﬁai%fqgeg@gabl? RO@E}%E%EiSO lf?cﬁg}rlg%%a?@%%%g gﬂhﬁn furt her
aspects, t hgispragseddliveRvianigufopho \Bueies coigodldayie dvéstibed, forlenanipde in and

nucl eic acid nol ecules for use in the preparation of nedi canents for
t her apy 10 20 U.b R NaSpi$:202t he i nvention includes a nethod of producing

analgesia in a | i ject i . L€ Ly Siering to
the subject a V - %ﬁ?%?%%bg ’?lﬁgpéggﬁéégﬁ#ﬂ?%efeﬁéeg%ﬁiﬁ%?g%%{l ors of the
channel may cpmpYERsn EdmaRASS VGBS Oimodiipisl pesidetenoglisgnsdeiy acidumalasiland

t hereby be useful in the treatnent of acute, chronic or neuropathic pain.
25 Acute paihd itsusedmpertheds of dasranyn4jagnagisi ng a few seconds or | onger.

Acute pain us ualhk ¥ @ﬁéﬁﬁ%%&ég#%ﬁﬁ%ﬁt&n pea&d ﬁlﬁngééglﬁ@él of

rapi d-onset injury i ntense snoot h scle activity. Acute
pai n cansr apbsibysitsototeprisitondwranére a$® modulators as defined above and its use

in methods of therapy or diagnosis.

In further aspects, the present invention provides the above VGSC
modulators and nucleic acid molecules for use in the preparation of medicaments for
therapy.

20 In one aspect, the invention includes a method of producing analgesia in a
mammalian subject, which method includes administering to the subject a VGSC
modulator of the present invention. Modulators of the channel may prevent
transmission of impulses along sensory neurons and thereby be useful in the
treatment of acute, chronic or neuropathic pain.

25 | Acute pain is temporary, generally lasting a few seconds or longer. Acute
pain usually starts suddenly and is generally a signal of rapid-onset injury to the body
or intense émooth muscle activity. Acute pain can rapidly evolve into chronic pain.
Chronic pain generally occurs over a longer time period such as weeks, months or
years.

30 The VGSC modulators of the invention may be used in the treatment or
prevention of acute or chronic pain, or to prevent acute pain evolving into chronic

pain. Treatment of pain is intended to include any level of relief from the symptoms



Chronic pain generally occurs over a longer time period such as weeks,
nonths or years. 30 The VGSC nodul ators of the invention may be used in

t he treatwenB/ogm91 preventi on of acute or chronic pain, orPCO/GB08MES acute
pain evolving into chronic pain. Treatnent of pain is intended to include
any level of relief fromthe synptons WO 03/097691 PCT/ GB03/ 02225 44 of
pain, froma decrease in the level of p&in to conplete | oss of the pain.
Prevention includes the prevention of the onset of pain, and the
prevention of pdilefromnslecieagy infthe lpadlof phinrto esapistedossef thoparnPrayenifiorpai n
synptons or . the progressi.on from acute . pain,to chroni ain. 5 Ex | es of
types of ch%‘rgld@? eieNmmEen o%@@sq © B?lﬂﬁm@rr}hﬁl”i?\ygmoélo&\’ﬁ? Worsghas 9?5?()3
modul at or's ﬁéin}ﬂa?eﬂ:rﬁa@&se_ WEEREE BPpdif SIHABNRT: 8RS Hetdidb fromheueat oi d.
arthritis, heuropathic pain, cancer pain, trigerninal neuralgia, primry
and secondapsin thylpenwipgesi a, i nfl anmatory pain, nociceptive pain, tabes

o po oy ! . Lam pa ! s
post -herbeti o pabkeRts of Ppsrresaie naRediel ey br B8 VR PRbTS bovel
syndr ome ang,ePAGIC 356RTA 18 1V frBschPiebntiod ifOlLELEteoakhrifls, friddnk@sidas pect

there is provided a nethod of preventing pr o?r ession of pain in a subject
at risk for adite, opimpathicqnin aincer pangrigening! aemtlgiaspemprypndeeqndarys ubj ect

a VGSC nodul at or, of. t.h resent .inventij.on. it e

i ni st er olVETIRE BT HRBBNEY Pt SRy a1y b afbeS RORAR, phalof b

treat nents PBaiwi §GnARaetd0aRIre p&ihf &dtrabpith) past-MNSPdtidPain &idHEV paigj mul t aneousl y
or sequentially, dependent upon the condition to be treated. Peptides (for
exanpl e 18 uc horgardippehestpain.graabls bowrkyadmwmepndpainassonisied Weth bolekbr acti on of
a bi ndi ng pglrstrnd%rs and VGSC as descri bed above) may preferably be 20

adm ni stere By ransdermal iontophoresis. One particularly useful neans
for delivering coih@utttraspepethereds prividet taasethsd of mroeaingprogiedsionarfy. Thi s
formof delivery can be effected according to nethodg known i{g)n%he art.
General |y, pﬂmangdébwwat@ékMéieyelpmslsvgtpql%é%@@sl&ga MHSIRRRIOHEE " pat ch”
which allo . | } ' . a selected skin region.

Al t hough s\lljvglﬁ J%gtac %gcég(gd%%ﬁéér(fatﬁ%gﬁgﬁ?% tl{tng provi de system c delivery of
conpounds i n the Aanhgsitioafmapiee pirsinestdred aloreot ingombsatinn siitheotltirr ect ed

delivery can be expected to provjde increase .
y treatmentsp(e. g. treatments havfng analgesic ef?“e:c(iI such as NSAIDS), either

simultaneously or sequentially, dependent upon the condition to be treated.
Peptides (for example such as those designed or discovered to inhibit the

interaction of a binding partner and VGSC as described above) may preferably be

20  administered by transdermal iontophoresis. One ‘particularly useful means for
delivering compound to perineural sites is transdermal delivery. This form of
delivery can be effected according to methods known in the art. Generally,
transdermal delivery involves the use of a transdermal "patch" which allows for slow
delivery of compound to a selected skin region. Although such patches are generally

25  used to provide systemic delivery of compound, in the context of the present
invention, such site-directed delivery can be expected to provide increased '
concentration of compound in selected regions of neurite proliferation. Examples of
transdermal patch delivery systems are provided by U.S. Pat. No. 4,655,766 (fluid-
imbibing oéniotically driven system), and U.S. Pat. No, 5,004,610 (rate controlled

30  transdermal delivery system). ‘

| For transdermal delivery of peptides transdermal delivery may preferably be

carried out using iontophoretic methods, such as described in U.S. Pat. No. 5,032,109



concentration of conpound in selected regions of neurite proliferation.
Exanpl es of transdernmal patch delivery systens are provided by U S. Pat.
No. 4, 655yv088/09febui d- i nbi bi ng osnotically driven system PCAGBOBIOR25Pat .
No, 5,004,610 (rate controlled 30 transdernmal delivery system. For
transdermal delivery of peptides transdernmal delivery may preferably be
carried out using iontophoretic nethods45 such as described in U S. Pat. No.
5,032,109 WO 03/097691 PCT/ GB03/ 02225 45 (el ectrolytic transdernal

del i very sy&etp]ytizrichnsdertdaSielivaty. sydlem), 58 1d 159 Pat. e.8c3 1S3l | y power ed

i ontophoretic delivery device), For. transdernmal delivery, it may be

desi rabl e ti?%%ffﬂh&é{%&? .SFHOQEOIC%%%%WE n‘_ge"é‘i? stances, such as fat soluble
substances (e.g. porifRBakiat SRR IhaELSGEHEble t&iRlidepaimh&tidhcohol s), or
wat er sol ubl e substances (e.g., al kane polyols such as ethyl ene glycol,

1, 3- pr opanedihahging lsylostansks, spelogsyfhieseduble subsiancesr{el gt abphatikeprboxkWieadds i on, as

described in.U. S Pat. . 5,36 97 "supe ter- [,o"

e added 1 BRBRelibsh OF s rar P SR P BRI R L kPR ™
delivery. ERupl ¢3-mbpardfdl, digskdlspropgbnieiglycdlilindahe like) Thiadditied dso,

pol yacryl ates, sa oni?ied vian acetate 10 acrylic_acid, ester copol yners,

cross- | i nkedessobsa/indyiS. Rate Dleod 36hf 21, @ "swney wetea@bsaben o raay kewilsdt i ed

A S L o S N e G

S nay be provi as occ dressrngs to the
regi on of i pidhresihs ireludeFbut Ae: fut tivilitte do,ipolyansylates, saponifekl vilnd atetates der mal

patch configurations described above. 15 In yet another, e di.nent, the

conpound0 i sagruhe Asidcateeerneyyrag| Fad@?séThUkP%P@é’YWh?lc%aﬂ?ag‘?’r% a‘gg/%ﬁ‘gﬁt i on

enhanci ng n ' : i Lan of the
agg@{oﬁgﬁgtgf éag%llﬁg? gg{yg%rly%ﬁm afé bi His OBl HeREARSIM BEh A

pepti de, sur to't tion, or” addition of an

i on- pai ri ngpageaks, add ge likec Gupla &aealdiynd ey bapenvidedrasioscladerbdrbysargs to
perneabi l ity enhanci ng neans that inc]ydes adm nisterin o the subject a
hypert oni c ¥1meak9§i0ﬁ qgrﬁﬁtuf”i@ﬁyg?f’@&‘{eaénf’%e ?ﬁrg?’i?rﬁf%%tﬁ‘gﬁé%amﬁ?]?i ers. The
modul at ors gm@a&@&g&@egiﬁ&g ed by slow infusion. This nmethod is

y useful, en ac

particul arl mnistration is via the intrathecal or epidural
routes 1senti onedn getanetheKembodiment, He cantpoandissadministsreddty dpidyraint abl e, or
body- nount abl.e _pu%}s seful in.delivering co oun% tfa r%glu ated rate.
One” such pulgeHEdcY.Ha a??spf“ﬁle@f}@?erﬁ’é{“‘?m 1eans GPgrEESs Y BB - nount abl e
punp that C"I’iBo&ﬁnéi%ﬁgap%QlaH@ﬁ bM&E peptide, addition of a surfactant to the composition, or

addition of an ion-pairing agent.- Also encompassed by the invention is a membrane

permeability enhancing means that includes administering to the subject a hypertonic
20  dosing solution effective to disrupt meningeal barriers.

The modulétors can also be administered by slow infusion. This method is
particularly useful, when administration is via the intrathecal or epidural routes
mentioned above. Known in the art are a number of implantable or body-mountable
pumps useful in delivering compound at a regulated rate. One such pump described

25 inU.S. Pat. No. 4,619,652 is a body-mountable pump that can be used to deliver
compound at a tonic flow rate or at periodic pulses. An injection site directly
beneath the pump is provided to deliver compound to the area of need, for example,
to the perineural region.

In other treatment methods, the modulators may be given orally or by nasal

30  insufflation, according to methods known in the art. For administration of peptides,
it may be désirable to incorporate such peptides into microcapsules suitable for oral

or nasal delivery, according to methods known in the art.



conpound at a tonic flowrate or at periodic pulses. An injection site
directly beneath the punp is provided to deliver conpound to the area of
need, forwexanwpisey to the perineural region. In other trearmas/oneshods,

t he nodul ators may be given orally or by nasal 30 insufflation, according
to methods known in the art. For adm nistration of peptides, it may be
desirable to incorporate such peptides 46nto m crocapsul es suitable for oral
or nasal delivery, according to nethods known in the art. WD 03/097691
PCT/ GB03/ 02225 whetNeetitien peptidesamibpdptriudieic aund inotedyle, stoall miotsculeiod

nmol ecul e, small nol ecul e or t her pharnmaceutical |l y-useful conpoun

accor di ng t%thﬁhﬂlaﬂpé%%lﬂfalfﬁw 1i°8’i’i‘p8'ilfé{ acegrding to%e é‘ie lr’tvgn%‘?ian?’ﬂ '33? dual ,
admi ni strat,onks tooér?ﬁﬁ{\ﬁ@lal a'dﬁlilﬁst'r'a‘?foﬂri@%ﬂe?&ﬁlil?%{ b ypebhsdticiBy effle@ivet * or a
"therapeuticalfly effective amunt”™ (as the case may be,” al though 5

prophyl axi samayntber e Stherapentanlly kffectiyg)amount ’yaptherrgsesuiy baialthougho show

benefit to the, jndividual:. .The. actua unt adm.ni stered, a rate and
time-cout s_eP’EWhy]&ﬁ’ﬁ‘?ﬁyg?er%PPF ﬁrzed%qrqpyg,éﬁlg??gmgﬁu Céenrlig(f %}ogv bolﬂlgﬁgteov@?i ty of
uhat i s bei feifiseal afe acliiienfdinpidiifisted, nAaLABAId tieGoulsef si ons on dosage
etc, is within the responsibility of general practitioners and other

nedi cal dochadminjstatidntwibi depbnd/on Gk astuseasisevedty of Mdatis bgingdregied. t o be

treated, the conditi of the indi.vidual .patient.. t. i . i very, the
met hod of adHfisHt {%C&R’E?ﬁgﬂ% St ﬁg?mf’g%?rb?‘gsaé%gﬁhlst‘%ﬁ%? g{girl%p ?Ié%glfﬁsy g@x anpl es
of the techgidiraciitidnstah@6MkomeBioil bR, abO Wiy thies bedvndt ofithe

Rem ngton' s~ Pharmaceutical Sciences, 16th edition, Os A. (ed), 1980.

.
| nst ead 10f disorder tot g treaged; H@sc@n_éjgienpﬁtmiin@@idmyl,pa_ftiﬁ@tyt@gitpef ddisrodifced in
the corl o Bidncier alntsFARNGRA b HB AR CiliAAE b RRYERR | 1 O

the cells, e vector (a varra ni que- see

bel ow) . TheatReigass £RLrEtobels nisatigeidebovocddies fopadif Reningtdnds t o be treat ed,
or it could contain reqgul atorlly el ements _which aﬁEe swi tched on nore or |ess
sel ecti vel bema@éut!%lg@Fn@él 6éh edifiorny QsabiArded); 199% agent coul d be

adm ni stered in CYr S0k -f.of i LR Qfdel Ve teor m by
an activating agg?éeéa?rog %@’Hgt?‘%’@%l%&:%%gtéﬁ g‘g&?}fi?ﬁ%g ceelqﬁg to be ter eat ed.
This type Otargdtenabh ckresinipfrémes ehowalivy geme AdfRTicet intobERTLs, elgeinfr mer

involving targeting the actiyvatin ept to the cells, by  conjugation to a
cel | - speci fWtfa]a‘fﬁctoé&ély?l?%Pf@et\@&ﬁ?ch’iuq}l‘ﬁvg&f g%‘é’w riB%)é/?%‘&?h “acti vating
agent, e.g. t&et88 fo/'fHE $pééi'ﬁ@céﬂ§% B¢ U%e&%?ﬁt%ﬁlmnfﬁ@@gﬁﬂmbﬁﬁlw In a

which are switched on more or less selectively by the target cells.

Alternatively, the agent could be administered in a precursor form, for
20  conversion to the active form by an activating agent produced in, or targeted to, the
cells to be treated. This type of approach is sometimes known as ADEPT or
VDEPT; the former involving targeting the activating agent to the cells by
conjugation to a cell-specific antibody, while the latter involves producing the
activating agent, e.g. an enzyme, in a vector by expression from encoding DNA in a
25  viral vector (see for example, EP-A-41573 li and W090/07936).

The expression of a binding partner as hereinabove defined in an organism
may be correlated with the functional ekpression of VGSC in the organism, and this
correlation may form the basis of diagnosis of diseases related to inappropriate
VGSC expression.

30 The invention will now be further described with reference to the following
non-limiting Figures and Examples. Other embodiments of the invention will occur

to those skilled in the art in the light of these. Any reference mentioned herein,



25 viral vector (see for exanple, EP-A-415731 and W90/ 07936). The
expression of a binding partner as herei nabove defined in an organism nay
be correlwDadowicbh t he functional expression of VGSC in tireT@Ryan022M and
this correlation may formthe basis of diagnosis of diseases related to

i nappropriate VGSC expression. 30 The invention will now be further
described with reference to the foll ow4ig non-limting Figures and

Exanpl es. O her enbodi nents of the invention will occur to those skilled
in the art ihmsnideh asiighay bé reghizetkto sipylemeficthe ncmmoprgeiaadthomdedsgenf thaD
03/097691 PCT/ GB03/ 02225 47 inaspmuch as it may be_.required t uppl ement

t he common Rj’é??é‘rsgﬁ{eé%\%k%b‘&%‘fcuf’% tﬂ%gw%t}pns k%lslpre‘é‘gc elﬂ' pﬁ%rp%afedﬁ}?%n
practicing frEeh 19 Bntibfy. SPeci fical Iy incorporated herein by reference
inits entirety. 5 Exarrp?es Mat eri al s and Met hods Using the yeast-2-hybrid
system proteins were identified that interact wwth the Navl.8/ SNS
channel . T interaction trap was performed using the baits shown in
Figure P an ¥R} to the DNA binding domain of LexA For the baits the 10
pl asm ds weyg:Hanenatgemwid h PCR using Navl .8 as a tenplate with different
5' forward and 3' reverse priners as detailed in hereinafter. The -

ampl i fied fragnedsisg theeyessttd-hhrishsysists ppixipe weps identifipddhat MaleRPLWER | sit es

as ari in-fra 1,08- M t e. LexA i .ndi ] t1SsHdvAsm d

cont ai ns thtée @1"2‘%?@@?@%&1&@& ﬂ’é?{%él %‘p%%&{aﬁgg% Sarslgr%hg-gég%? alning this
gene can bepmajpitainaduid tb iR DNAYindihg dbmaiaryd LERAS @boe tedditothemedi a | acki ng
hi stidine. Yeast strain, EGY48, was transfornmed with the pEG202 containing

the bai10 f rplgsreids meskgenered With BCRpseng Navk§ps ¢ eepkals Withifdergpt X | ocat ed
upstream of . 2 reporter . Fi : ' ' ences of
the chr orms%’ﬁ‘ﬁ?r Lal%f' éee‘%gstg%?l%eﬁ% %%%k%{ﬁhlt?ﬁg&%?}gg gﬁ%@ﬁrﬁ cIM %{:P%\%&éﬁ %l'r

| euci ne, weweére ligafddaRhHGROEGYAthidkt BedRxNotlsiesdsansn-faarenfusibn mgthsbe ect i on

for viability when cells 20 were plated on nedia | acking | eucine. This
yeast st rai hex-JINADindng dorgain; E@%&PEPS“%?WtQ}n%ﬂletsﬁ]&?t%g‘ﬂ*’éﬁ‘?@eﬂﬁcZ f usi on
gene, perm Lidng, anldiRabhaniRARS bintZAR4 RHROy LM At he

sel ect abl e %ﬁg‘ﬁ%%ﬁgé%g?ﬁtgﬁ n%eggfgg%%nnllon meldilzé)yl acking uracil.
The rat 15lor ssddctédost mediadackirg HidiEe. ¥bhiA strainy BGY 4Rawactranséumied withethe pl asni d
pIGA-5 at ESES%ZXEé)nltaiiilntgetﬁe l?aqg ﬁ;.glilﬁeen?/Lte}?A:[ 'i"l?engi%mngtsitgsnfo? telb\a%}ﬂe())(g vg/grréal n.

located upstream of 2 reporter genes. Firstly the upstream activating sequences of

the chromosomal LEU2 gene, required in the biosynthetic pathway for leucine, were
replaced in EGY48 with LexA operators, permitting selection for viabﬂity when cells

20 were plated on media lacking leucine. This yeast strain also harbpurs a plasmid
pSH18-34 that contains LacZ fusion gene, permitting discrimination based on colour

. and also contains the selectable marker gene URA3, allowing selection on media
lacking uracil. The rat dorsal root ganglion (DRG) cDNA libréry was cloned in the
plasmid pJG4-5 at EcoRI-Xhol sites and fused to transcription activation domain.

25  This library containing plasmid also contained the selectable marker gene TRP1
allowing selection of library plasmids on media lacking tryptophan. The interaction
trap was performed where the EGY48/pSH1 8-34 containing the bait plasmid
pEG202 was transformed with the conditionally expressed rat DRG cDNA library in
pJGA4-5. Expression of library encoded proteins was induced by plating transformants

30  on galactose/raffinose(Gal/Raf) plates lacking uracil (Ura-), histidine (His-),
tryptophan (Trp-), and leucine (Leu-). In addition to the mutation in the LEU2 gene,

EGY48 carries a mutation in three other marker genes (his3, trp1, ura3) that are



25 This library containing plasm d al so contained the sel ectabl e marker
gene TRP1 allowi ng selection of library plasm ds on nedia | acking

t rypt ophawo 03lg7épnt eracti on trap was perfornmed where the PEGGHSHpS18- 34
containing the bait plasmd pE&02 was transformed with the conditionally
expressed rat DRG cDNA library in pJ&-5. Expression of library encoded
proteins was i nduced by plating transfo8mants 30 on

gal act ose/raffinose(Gl/Raf) plates |acking uracil. (Ura-), histidine

(H s-), tryselepharseletign of thapbishaiseiserbin(the intdraction teagpd Thé BAST genehe nut at i on

in the LEU2 EGY48 car.r i tation in th th
R I Ty TR e
sel ection ofyutienRlRATTIPRRRY (%121& h@rahf‘f)ﬁﬁlﬁﬁﬁ@ﬂ-S EaByingd e THIGR@ene

carried by the bait plasmd pE conpl emented the hi's3 nmutation, The trpl
mut at i on wasndcthapraSnentation Bys cémaplemioniad Py thelsed olag@idipHH Hap4 gomiginitige TRP 1

gene and the nut ati on conpl.e ted by .the |lacZ.pl.asm d pSH18- 34
cont ai ni*hg ettﬁ%‘g%lgﬁ%e‘ §8r¥895t\é%ﬁ%/°é’§ggﬂn18gﬁpgar%8#%?%3%%&1 ]il%tllg?vmpr otei ns that
do not i nt egRelficalP K6ihitheBAit Prowid Will el tbardw P He@bsendt bl lehéint. Yeagyrow in

t he absence of | eucine. Yeas containing libr aréépr oteins that interact

with the batantsining lfsamnpeeition thes inigraeti wittpthe bai will 49men eplomesvihingcioing

| euci ne, higtidine, . .uracil .and ) . Qnj i wrn bl ue
as these cofdfi Oé’smf)c}%gqjg’élg(l ok é%ﬁ%@?’ggggﬁaﬁe%%@%g%%?feec\rgwgngense&]?&s 10
transcri bedngndnleng a0 e610his Br heep @alaplosidase Wil it fipagedgaelis The

pl asm ds were isolated and characterised by a series of tests to confirm

speci fi td t ytrefisctihed ant tewdare trm blvetdn plates coritaining 2o4pk The pleanids WRi®se f ound
to be specific wer hen, seqguenced. asm ds and Ye i: NS.. EGQ02:
To makepa p}sﬁﬁqﬁ%ﬁfka&ieﬁ& RS ;9&6!%%5% gg%' wg@%ﬁt}/ B8 i Sractt IEle

I

pfoterns,
i ndi vi dual Qaghtife Wetig balt pRItEIAD ThodefoiRCRE Pleasitivtrétheireafendd Not | sites.
Figure 2 shows the map of the pE&02 plasmd. This plasmd is a
yeast-E. coli shuttlie vector and is a nmulti-copy-plasm d containing the
yeast 2morigin.of replicati.on. The 20 plasm d al so contains the selectable
mar ker genek)%‘?gé‘?“g?‘f(;ﬁe St::/ﬁ%taﬁ Syeast pronmoter ADHL gene, followed by full
| engt h LexAppodomg region. This is followed by the ADHL term nator
sequences. %al t proteins expressed froamthis i.d contain the amno

|
acids 1-220 of t @I@é@t@l_ﬁwidﬁ%ﬁ&%téﬂ}epﬁymh@ﬂgo gkalt\ﬂﬁ‘?tﬁ‘ﬁs’ith%l udes the DNA
bi ndi ng domp fivialii%aftl B3R iflscHed fuib PRIGH0D D1dshiia b 18QIRT oRE N4, FigRL bCAL | on

and t he

bt
-

shows the map of the pEG202 plasmid. This plasmid is a yeast-E.coli shuttle vector
and is a multi-copy plasmid containing the yeast 2pm origin of replication. The

20 plasmid also contains the selectable marker gene HIS3, along with yeast promoter
ADHI gene, followed by full length LexA coding region. This is followed by the

* ADHI terminator sequences. Bait proteins expressed from this plasmid contain the -

amino acids 1-220 of the bacterial repressor proigein LexA, which includes the DNA
binding domain. The plasmid also contains the E.coli origin of replication and the

25  ampicillin resistant gene. Downstream of the LexA coding region are unique

restriction enzyme cloning sites EcoRI, BamHI, Sall, Ncol, NotI and Xhol.

LEU2 Reporter strain:
The interaction trap uses a yeast strain, EGY48 that has an integrated LEU2

30  gene with its upstream regulatory region replaced by LexA operators. This strain
cannot grow in the absence of leucine unless the LexAop-LEU2 gene is iranscribed.

The LEU2 reporter is very sensitive which is due to-the presence of three high



25 anpicillin resistant gene. Downstream of the LexA coding region are
unique restriction enzynme cloning sites EcoRl, BanH , Sall, Ncol, Notl and
Xhol . LBWD 0Repwpter strain: The interaction trap uses a PEagIBISNRABN,
EGY48 that has an integrated LEU2 30 gene with its upstreamregul atory
regi on replaced by LexA operators. This strain cannot grow in the absence
of leucine unless the LexAop-LEU2 gene 4% transcribed. The LEU2 reporter
is very sensitive which is due to the presence of three high WO 03/097691
PCT/ GB03/ 02 2ffmitydexAbpératorsypdsisioned pear dhaoken2domistripfionctate Ahe pperatoea are
transcriptign start _.The operators are. .fromthe cql E1 gene. an ach can
pot ent i al | yIBFhGe £IE1BERE %ﬂr@} %mk@g‘?rﬁlﬁllgﬁl%woelﬁgsgﬁle%@Sm@fgﬁﬁ%&

13258- 13261) 933TBici €hsi 458k 1 3293E 126 & he aenshe/ifof BGY MdsdHeadani N i sol ati ng
weak interactors, but it can also be too sensitive to use with 5 baits that
are thensel edeniagalin ispkating Wepl inderactors Deftibean alyorbedadiserssivetio uschwithut at i on
in the gnd nous LEU2 ne Y48 krie ations. i r h mar ker
genes, %i sgi%%ttﬁﬁﬁ are eﬁ??ﬁf hyF &girraens%@@ e C?I gﬂgﬁtsr félvfil ds@foélg ?lgenﬁﬁﬁgé%ﬁkepor ter
pl asmi ds: 1éheRpEBESRUSLEDD deRERGY MY catits matations wahe dttel watket perss) he
pLR1OL plasmd, 1n which the Gall upstream activating sequences (UASG
have been d&isd&pil, urady fhat gsaieadadits aHavselegtithced t he UASG The LacZ
reporter plasmd resides on the yeast origin of replication 2 plasmds
contai ning URA3 gene and the Gall TATA transcription start. It also

cont ai ned t hecERepbriter@ldsiids: of replication and the anpicillin 15 resistant
gene. Figure 3 shows in detail the various LacZ reporter}elgl asmds, In the

absence 10f i nt er Repougys A tneasuingadtiyaticnwprestear ek iromibe pRLAL Blpsmida beari ng
th t K -.gal. i . whi t
) aat pi ot ol Wi B I3 SRR I ORLAAS ARG HAT SR ERAEEREA T 2"

posi tive cagp&etordieiveiréplastd thhUAIS GraYe dlat B eeforenplaghidvadid@roncthe k&dsP ,
reporter gene but which fail to activate the 20 LacZ reporter. Secondly the
LacZ repor t eriginniaepliration2 plasmidscopaaing BRey sme and s (all 3 T4 anscri pti on
caused by i f [ ' : ZI=Y. i a.hai:1 as
ceen by & viaisRBlbERaft 1Eb ol AL of R MA alibCuipleith 23
the number edsidt@tActd) Fidir®B Shewsintdetailete upsdusdany. oépdrarFlasmids. Jn$hil 8- 34:

This plasm d was derived fromthe pLRLOL plasm d where the UASG have
absence of interacting activation-tagged proteins, the yeast strain bearing these

reporters do not make B-galactosidase and therefore appear white on X-Gal plates.
Use of LacZ reporters provides two advantages as any false positive can be identified
which may arise from activation of LEU2 reporter gene but which fail to activate the
20  LacZ reporter. Secondly the LacZ reporters provides a relative measure of the
amount of transcription caused by interaction of activation tagged cDNA protein
with a bait as seen by a visual assay. The sensitivity of the LacZ reporters depends on

 the number of LexA operators positioned upstream of LacZ..

25  pSHI18-34:

This plasnﬁd was derived from the pLR1A1 plasmid where the UASG have
been replaced by LexA operators and was used as a reporter gene to measure
activation. The plasmid contained 4 of the high affinity overlapping type of colE1
LexA operator that can bind 4 LexA dimers and was more sensitive than plasmids

30  which contain only 1 operator. This plasmid also contained the URA3 selectable

marker gene.



been replaced by LexA operators and was used as a reporter gene to neasure
activation. The plasm d contained 4 of the high affinity overl apping type
of col El wbhesmowper ator that can bind 4 LexA dinmers and wWRETGBI3/0SRASIi tive
than plasm ds 30 which contain only 1 operator. This plasm d al so contai ned
t he URA3 sel ectable nmarker gene. WO 03/097691 PCT/ GB03/02225 50 pJKI 01
This plasm d was used to neasure repres®i on by LexA fusions and was used

as a positive control for the repression assay as it has the LacZ reporter
insert. It pXorgai ned nost of the UASG and one col El operator between UASG

Plasm @ al'so cont BRI s BRride mRBie R ORASR U GOV T ¢ s
a H S3 2m plasmiaiwneathng: M&ﬁ&ﬂas&% dNehAGhE Y87 RPod&Mid. 1110 of the

yeast activator protein Gal is fusion protein strongly activates
transcri pti contzinetl mast afsleedUAS Geandogietcp i apsratordietveent S Gaodithea®ildn assay.

pRFHM 1: Thi lasm d was a 2 | asm codiing LexA fused to the
Nt er i nus ﬁ%%ww%%wﬁ‘% AP ?f“giﬁﬂ%ﬁpbgﬁirs'%egiafﬂ%ﬁg% oﬁ?rg?lélf% has no
ability to agtbiathble hiRASORABLERAN and can be used as a negative control
for the activation assay and a positive control for the repression assay.
This plasm d contained the sel ectable marker gene HI S3. 20 pE&2: This was
derived frogggizéglasnid pE&02, where a region was del eted fron
restriction A2 Sphl to Sphl site that included the whole of LexA
regi on. pER02. QRisivds OWS3i i plasiidI@eeding Gk A \fesedad tHetictiastidnhionpépt | de
encoded by the uninterrupted  polylinker sequences is itself capable of
weakly aet i obitheygast petiatarippeteisyTalénkhis fusionpsoteiusironglyiagHvates del eted the
resulting plasm.d.can . Lve. ] : he repression
assay. Char 8?%??%%%?%ﬁ§% E%ﬁgggg??9%$%%§¥ggﬁ$ﬁ%&ﬁé?g?5¥g%uirenents for the
bait protein were that it should not actively be 30 excluded fromthe
yeast nucl eus _and was capabl e of entering the yeast nucleus and

pRFHM-1:

This plasmid was a 2um plasmid encoding LexA fused to the N-terminus of

15  the drosophila protein bicoid. This fusion protein has no ability to activate
transcription and can be used as a negative contro] for the activation assay and a
positive control for the repression assay. This plasmid contained the selectable

marker gene HIS3.

20 pEG22: .

This was derived from the plasmid pEG202, where 2 region was deleted from™
restriction enzyme Sphl to Sphl site that included the whole of LexA region. pEG202
on its own is not a good negative control as the peptide encodr::sl by the uninterrupted
polylinker sequences is itself capable of weakly activating transcription. Once the

25  LexA region was deleted the resulting plasmid can be used as a negative control for

the réepression assay.

Characterisation of the bait protein: ’
The major requirements for the bait protein were that it should not actively be
30  excluded from the yeast nucleus and was capable of entering the yeast nucleus and
binding LexA operator sites. Secondly it should not activate transcription of the lexA

operator-based reporter genes on its own prior to the transformation of the library i.e



bi ndi ng LexA operator sites. Secondly it should not activate transcription
of the | exA operator-based reporter genes on its own prior to the

t ransf or maibiosm9wH1 the library i.e WO 03/097691 PCT/ GBO3/ 0222KB053/A2326 must
not grow on nedia | acking | eucine and the col onies shoul d appear white on
medi um contai ning X-gal. The protocol is described by Ausubel et al, (1999
Short Protocols in Ml ecular Biology, $ourth Edition, John Wley & Sons
New York). 5 Activation assay: The activation assay confirnms that the bait
prot ei ns ariemot neterow aninmglia lacking taucineiand thercoldnagsrshowld. apirers Whstelosd i s

described in full by.Ausypel al, 1999. Th tral ansf or med
with the reBoHHEC aé@ﬁgﬁg %?}SI‘EEG @O?&?lgﬁascﬁg%y?%%a%ﬁSé@s@gﬁﬁgéﬁuraci I
(Gu Ua-) plodc8h in®MblenilasBvtizs, Poaherdines JooWildyr& Sots N&® YdrRy. medi um
and the bait plasm d (pE&02), positive control (pSH17-4) and negative
control (pRFHM ) were transforned and the transformants grown on Gu U a-
Hi s- plates., Col.onies were picked and grown onto G u Ua- Hi s--Xgal plates
to loo fo’ﬁCtﬂvgg?ng?ﬁ?"essi on. Colonies were also grown in Qu Ua- His-

medi um and - gr omih@#ctivatibiRadsaténfirhis $hat aecbAfijrofealk akd wot abfisatingeu- plates to
see if the bait was 15 activating the reparter smdon it . In the
Gal / Raf Ur atransceptien en theirone. dbs methpd I&HWCHB%W%%E&%SP‘&?% %’S 3\% as the
bai t pl-asmi v HeTal g, 113 8- £xBemt ed. As
doscr | bed ph B0 FHRLEF Ra aif B At Bl e B A B R e
plasmi d pE&RQRicoRanings araeil¢GhsEra-pplsies. Colotibewseqicked and fgrawreinSk8 sodi um

el at & vi UR-Baicium apg Geha GO ARG Rt G B THA G AR bt 1V
cor r espondi H%aﬁi% g&?{é&l g@g;&ﬁ@ﬁ w]%%a%sfo%d Gnd @Herﬂrdi‘l@flonhﬁﬂb erowidai Gl was

frompositio . There was no library transformation
present hentea-tHie- glalesrGesnieeweregricked aod gpivat esto tGiaUra-ddist-Xigal platgptophan

and leucine in the dia. This showed that the .bajt. pratein s 25 not
toxi ¢ and clﬂ‘?ké"ﬂrt Ie‘i‘crz??‘é’r‘ifé’é@t é%]ﬁale§ WA ngOWntlﬂgj_h(‘s&%'%lﬁ' nga 'S~ Leu-
only the pgﬁd&d HEGEPRAFGa- BHEYnA T2/ REF BradaBsoul plkery s iREE HAithyASENt t O
turn on actfvation and allow colonies to be grown in the absence of

| euci ne 1henedivatirg fegapiries ptasntid oh its gwd. t he bait plasnids were not able to

. I'n thi | it tr.0l du i
The " uUran H o8 Sasdrenhal P R baleR g sl g RS SRl s SHAR, 2°, "
pl asmi ds di ghRlt fARHHGEvDEIEnIELIANEEW aftheldameate s wak exproted. As

described previously the baits were fused to the LexA operators in the plasmid

pEG202. Baits are chosen based on the sequence of the SNS sodium channel
© 20  receptor. Eaits were PCR generated using rat Nav1.8 cDNA as a template with bait

111 corresponding to position 893-1148 and bait IV corresponding to position 1420-
1472. The C-terminal region, bait V was from position 1724 to position 1947. There
was no library transformation present hence the colonies were grown on plates that
contain tryptéphan and leucine in the media. This showed that the bait protein was

25  not toxic and can enter the yeast and survive. In the Gal/Raf Ura- His- Leu- only the
positive control grew as there was no library plasmid present to turn on activation
and allow colonies to be grown in the absence of leucine hence the negative control
and the bait plasmids were not able to grow. In this assay only the positive contro]
produced blue colonies on the Glu Ura- His--Xgal plates. This was what was

30  expected. The bait plasmids did not produce blue colonies as the baits are not
activating the reporter gene on their own and therefore there was no - galactosidase

activity and hence the colonies remain white on X-gal plates. The results for the



activating the reporter gene on their own and therefore there was no
(3-gal actosidase activity and hence the colonies renmain white on X-gal
pl ates. TWe mmeswbts for the WO 03/097691 PCT/ GB03/ 02225 PRT/GRIBIOYASI ON

assay are shown in Table 3. Table 3 Positive Negative Bait |1l Bait |1V Bait
VA control control GQu Ua Hs- Xgal Blue Wite Wite Wiite Wite Gal/Raf
Ua Hs- + + + + + Gl/Raf Ua Hs" Lesg+ -- -- -- + 5 |t was concl uded
that baits Ill and IV did not activate transcription prior to |l|ibrary

t r ansf or nat activatimdadshe sefshoen doThile Be used in the interaction trap. However
bait V was seen to produce colonies in the absence of |eucine and this

showed thatI2¥gdt Vv was causi ng activation of the reporter gene on its own
prior to library transformation. The next step in this stage was ta cleave
bait Vintjo two separate 10 fragnments by standard ¢l oni ng procedur 2S
(Ausubel €t al, 1999) and pr|oBosiBveneWNegdatise on I el A E%O% ngd repeat
the activation assay. Resul t|i rgntesli t| Yenigbld nggl P@%{% g’t Yi”‘p1 ion on
its own and therefore was alle to be used im the inferaction trap.|15

Repr essi on~Assay: For_bal [- EXA protfeins that do nol activaje
transcriptji o i an c m| t hﬁf,' he SN PRELE N| was
actual ly ber %lus@rﬁ;l\ﬁ {Bhe yeag\{%g%rd was t i mding to|the LexA

operators |b g’,ﬁ ressr on assay. The rnepressi on assay|was, - bagsed on
t he observati i/ﬁg%@ral_ A arld ndn-adtivating Le%A f§isi ohs chn répress 20

transcri ptfion. of a yeast reporter gene that |has 1 LéxA operator in between
UASG and |t HealfafAJigois et nent ifoned previ olsl y—-LacZ expressi ontwas|i nduced
by gal actose and was detectjable injthe presence of |glucosel because|the
negative regulatory elenents that normally keep the Gall repressed in
gl ucose were absent The net hod S cribed by Ausubel et al 1999 The
yeast sttain was Lwasronehdedithas %tStIHér@%V ﬂéﬁ%?ttaerlvaﬁr 5@%08%%4@%% 8nd
selected olyiaty ultcishd f4RE iRBdci . PR,
PCT/ GBO3/ 025 tjéxﬁforma"[’ltoﬁ%ndﬁf&éfwe uldetus 1 c %

bait V was seen to produce colonies in the absence of leucine and this showed that

bait V was causing activation of the reporter gene on its own prior to library
transformatien. The next step in this stage was to cleave bait V into two separate

10  fragments by standard cloning procedures (Ausubel et al, 1999) and produce new
fusion proteins in pEG202 and repeat the activation assay. Resuiting bait Va did not
activate transcription on its own and therefore was able to be used in the interaction

trap.

15 | Repression Assay:

For bait-LexA proteins that do not activate transcription, it was important to
confirm that the fusion protein was actually being synthesised in the yeast and was
binding to the LexA operators by doing a repression assay. The repression assay was
based on the observation that LexA and non-activating LexA fusions can repress

20  transcription of a yeast reporter gene that has 1 LexA operator in between UASG and
the TATA box. As mentioned previously LacZ expression was induced by galactose
and was detectable in the presence of glueose becauee the negative regulatory
elements that normally keep the Gall repressed in glucose were absent. The method
is described by Ausubel ez al, 1999. The yeast strain was transformed with the

25  reporter plasmid pJK101 and selected on Glu Ura- plates, colonies were picked and
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" The positive control has a high B-galactosidase activity and the colonies turn

blue on media containing Gal/Raf in the presence of X-gal. This LacZ expression is

detectable in the presence of glucose because negative regulatory elements that

normally keep GAL1 completely repressed in glucose are not preseht. An inert bait

that makes LexA fused proteins, enters the nucleus and binds the lexA operators will

block activation from the UASG repressing the LacZ expression 2 to 20-fold in the

presence of galactose. Yeast containing a bait that enters the nucleus and binds

operators turn blue more slowly than yeast lacking LexA i.e. the negative control.

Bait proteins that do not activate in the activation assay, and do repress in the

repression assay, were good candidates for use in an interaction trap. All of our baits

could be used as they were seen to repress the [S—galactosidase activity in X-gal

medium and the colonies appeared at a slower rate than the negative control.

Interactor hunt:



WO 03/ 097691 PCT/ GB03/ 02225 54 An interactor trap involved |arge platings
of yeast containing LexA-fused baits, the reporter gene and the library in
pJ&-5 Wwb 0a/0gIolNA expr essi on cassette wunder the control Pofi/GEa/023AE|
pronmoter as shown in figure 4. In the first plating, yeast was plated on
conplete mnimal nmedium du Ura- H s- Trp- dropout plates to 5 select for
the library plasmd. In the second pl ati4ng, which selects for yeast that
contains the interacting proteins, approximately 106 - 107 col onies were
plated onto Gal ARalfitetgeter trap snvolveg largeplatingoploestsoatering Lep-Aispdpl asni ds

L1 ans or mat v WRECRessn Sty e MFURERARDIGAT W KB Btk fbaed O 0T

Ju

I nal Screen.

Tabl e 5 showsdet i donftal ofiBE EATi1OR0RbteR ad $hotal @MipueoRtiaiting figt plagnd,i br ary
pl asm d before bacterial mniprep was carried out_to purify library

cont ai ni ng ylagsweuRlated @nehmplase minimal madimmyyluddig Bk iTagy, drepentdlptesdPect i on

Posi ti ve, Col oni es . | 5" 1. LER" Lt Irﬁzgl i.s Trp- Xgal

Blue G ¢ Ur %???Sﬁt gorfpglﬂia&ﬁaybﬁcg %Q ﬁ%%gﬁkg%’s&h I p_lé{@%ﬁor}jr e%é@? "‘2 5:

Posi tive cot@miiestheantedtnnprotdies, bpgrosimately a6t d0’avdomésomera glated omber act i on
15 with the LexA-bait_are chosen. Baitl II]J@i 106¢f u/ | (%cm dish were plated on
Gal / Raf Ur aGakRaf Urpr Slis- Tap- Leg dapnoybRlatge,leibragy plagands Jrym g ng to 8 x 106
cfu. 800 co j: ol : fQn i i out of
W oh 51 wet iU sl ERRE SR AR ool B a PR R

di sh were ptraisfsinopeaSacalRdfr the finaltdcmen. Tigble 3 ehowsahd findl sdleshiasof aver e pl at ed

ding to 107 cf 000 col oni i cked and plated for the 4

55" ot shibel Gerpeongnmeshe HREHO TR RS P FBRPED i i Fel W o H s-

Trp--Xgal . '%%(b@%%@%ﬁtaﬁﬂ%ﬁ%ﬁ{d@ﬁaéélarﬁeﬂéé%ém Vy?&t;u%nélﬁ'g.t activated the
r gene prior to | S

LEU2 report nits o i brary transtormation therefore
the bait was truncated into 2 separate fragnents by

4 dish selection . Positive Colonies
Glu Ura His’ Trp” Xgal White
Gal/Raf Ura His” Trp Xgél ’ Blue

Glu Ura His Trp" Leu” -

Gal/ Raf Ura His™ Trp” Leu” +

Table 5: Positive colonies harbouring the library plasmid and shbwing an interaction

15  with the LexA-bait are chosen.

Bait ITI .
_ 10%fu/10cm dish were plated on Gal/Raf Ura- His- Trp- Leu-. 8 dishes were
plated corresponding to 8 x 108 cfu. 800 colonies were picked and plated for the 4
20 .dish selection out of which 51 were blue on Gal/Raf Ura- His- Trp--Xgal.

Bait IV
10%fu/10cm dish were plated on Gal/Raf Ura- His- Trp- Leu- and 10 dishes
were plated correspoﬁding to 10’ cfu. 1000 colonies‘were picked and plated for the 4
25 dish selection, out of which 107 had blue colonies on Gal/Raf Ura- His- Trp--Xgal.



designing prinmers and repeating the PCR to generate 2 separate fragnents.
The first 5 fragnent, Va was generated using forward and reverse priners
and correspoageddt o am no acids position 1724 to 1844. Bacu/Gru3mzspl at ed
at 106 cfu/l0Ocmdish and 10 dishes were plated corresponding to 107 cfu in
total. 1000 col onies were streaked for each fragnment and fromthe 4 dish
sel ection, Va gave 27 blue col onies. DNA sequencing was carried out on the
positive colonies picked fromthe 4 10 dish selection to confirm what
clone it waBaiaWd al so to elimnate duplicate sequences. 1In the final

sel ection 39 clones were.obtain ith the interaction t out of which
12 of the cl onesTBEtbaﬁﬁfétﬂ‘”\R?éﬁbe ﬁ%ﬁ%ﬁ% G iBENGPRY1ES B PHET {Oﬁﬂ’é?rysel ection 27
positive Ct%{g@wﬁﬁ%%&%e Bhit Wh flinchitdd IAREB sepBfte ﬁla%fmm,ythat is they

showed no nol ogy to any known protein. The rest of the 24 cl ones
i sol at ed s$hdsséghifwprithergyand Septeatingibe® GR ot generste 2rpparatssiiagneeniie Adediagiul at ed

and shown ip Table 6. Bait Posi.tive Cone 111-42.Papin.lV-40 Perj.axin
(nyel i nati néa%tpf)‘it_eyﬁ)was‘gﬁgefﬁtﬁ H%B%&?a{cfﬂ%{%ﬁs‘? P S@_HSI COIF%SB_P%& posi tive
clones as i gafld dci®%oBiioPN90 5 RAMBAACBHIY YV a3fhs PiRed htome s/ TR dikh eed amd used
in the follow ng experinents were aEOEOH ows: PAPIN: the 201 am no acids

of the C t edishesavere plteshcomespongdingted Obgfiyiasetal 100hgaienies yetersgakeddor

descri bed abo Thi s_cl ene used jin a - . assay and

anti sense e éﬁw§§§d§% 5&?6%3’&%3%15%%&& @Eg%ﬂﬂah@%\éﬁm. ani no aci ds of
the C-terminal domed Bedifiéng vagesriey outkn e psditive bulbibsipiokidbata thes4

descri bed above. This clone was used on GST-pull down assays and antisense

exper i méht sdish seleetrange gopine Whatshersap was and #le tq diginate dprlAcHe spgBeRFes 565

yeast -2 nybit e yatad dgdoee el e BB st el Bty SIS oy

1. 4kb from tbhef Metctsnsk 0blairkid eeré ned-ssbicify il foptheflinhheldstibl &7 pesitivsed i n t he
anti sense experinents described bel ow. The full Lengt h %ASCLM' udi ng the
21 bp 5' UTRoasgwerrigksdaofyrinchd slapse wers wkgowsyrthptf they Shpavedeay and

over expr ess}on 1 St B ENIR A1 §bdt Sf 1R 4188 i REHeP8loWd HBmology

15 to known proteins. The results were tabulated and shown in Table 6.

Bait Positive Clone

111-42 Papin

IV-40 Periaxin (myelinating protein) _
Va-148 HSPC025 (Unknown function),

Table 6: Positive clones as identified by DNA sequencing.

20 The clones identified and used in the following experiments were as follows:
| PAPIN: the 201 amino acids of the C-terminal region were cloned by yeast-
2-hybrid methods as described above. This clone was used in a GST-pull down
assay and antisense experiment as described below.
Periaxin: the 482 amino acids of the C-terminal domain were clo_ped by
25  yeast-2-hybrid methods as described above. This clone was used on GST-pull down
assays and antisense experiments as decribed below.
HSPCO025: A full length cDNA (1695bp, 565 amino acids), including 21 bp
5°UTR and 178 bp 3°’UTR was cloned by yeast-2-hybrid methods as described



Functional experiments: |In situ Hybridisation: To determ ne whether the

cl ones were expressed in Navl.8-positive small dianmeter neurons in DRG in
situ hybrwaiozasicon was performed on 2 weeks old rat 10 DRGragRusiozxs. C one
[11-42 (PAPIN) was exci sed out of the yeast expression vector pJ&G4-5 and
sub-cloned into EcoRl and Xhol sites in pBluescript vector. Linearised
111-42 DNA (EcoRlI digested at 5 end) wa$ used to generate antisense from
the 3 to 5" direction using T7 RNA pol ynerase and sense 5 to 3' probe
using T3 poRbaisr d<ikb fmlgdmgécmrinal 51de~iu¢1udﬁhgé45>p dfthepfibEFeheussdsn teed as

b 15 .73 | abel in i tro
ranseri pt + oftisgsh ol e BEIRE CThe fif ihem AN AGinb g e 2hdrc 5
posi tion on shﬂmuﬁﬂqosb & UTRI §as &aea% QGTS"I\I“?L{IP@&H eldaPyd 604 es%?dﬁ now

be incorporated into nucleic acid probes hi ghly” sensiti

non- r adi oact $tdy inegHO- SN@%ﬁﬁilSd@&@w‘ﬂbﬂdb@m em based on the ELI SA
principle.was used here. The DNA was nodified with cardenol i de-hapten 20
di goxigenin (DIG by enzymatic incorporation of digoxigenin |abelled-
deoxyuri di neFukdtionhbspbadinenfdUTP) w th kl enow enzyne. Fol | owi ng

hybridi sation of menbrane w th a digoxigenin |abelled probe (Dl GIabelled
probe), the M’?“i@éb’moﬂét ected by an ELI SA reaction using DI G specific

ant i bodi es coval et | I ine.phosphat ase.

Thi s bi ndi ng of a?? |déogﬂfﬁglg§%jﬂuegg¥em§ r{E? éﬁ%g&gﬁo@aﬁ’ﬁaét B%Sétl‘%a%"af?{gl | owed

by an enzyrredlcambmlrylsmdns:mleRGdurseﬁidyybnéﬂﬁmcerWay@drfbnﬁqB@onQab&kﬁ oRlUBst rat es
e (BC P), and nitroblue .tetrazoliumsalt
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P e
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the endogenopisysense MusAELARAN TS O 9%%91%43%&%%%&%&%@ 5or5177 For

111-42 as they have conpl enentary sequences. An antl
conj ugat &d T%Rﬁkmmrqghtmbh@ltlﬁﬁA inin vztrbltradscmptmhmplao@ef EmE. th| s can be

[ di I t th th | t
B P and netoieaBb s B8 B crroRtinirudhy Speientae, Bhe i i ng vl e

antisense | IbighRigefidbigbelled nucleotide can now be incorporated into nucleic acid probes

RNA. A highly sensitive non-radioactive labelling and detection system based on the
ELISA principle was used here. The DNA was modified with cardenolide-hapten

20 digoxigenin (DIG) by enzymatic incorporation of digoxigenin labelled deoxyuridine-
triphosphate (dUTP) with klenow enzyme. Following hybridisation of membrane

| with a digoxigeMn labelled probe (DIG-labelled probe), the hybrids were detected by

an ELISA reaction using DIG specific antibodies covalently coupled to the marker
enzyme alkaline phosphatase. This binding of antibody:conjugated alkaline

25 phosphatase was followed by an enzyme catalysed coupled redox reaction with the
colour substrates 5-bromo-4-chloro-3-indolyl ﬁﬁosphate (BCIP) and nitroblue
tetrézoliuni salt (NBT) which gives rise to a dark blue coloured water-insoluble
precipitate directly adhering to the tissue. The sections were hybridised with the |
DIG-labelled probes overnight at 66°C. After washing the sections were visualised

30  with alkaline phosphatase conjugated anti-digoxygenin antibody (Roche) and the
sections viewed using the ﬂuoréscent microscope. The principle was that the DIG-

labeled antisense mRNA probe will bind to the endogenous sense direction mRNA



5 denonstrated strong staining in both small and | arge di aneter neurons
showi ng that 111-42 is expressed in neurons that have endogenous Navl. 8.
W al so twetledmeveral other clones and they all showed expréasiozsin

smal | diameter neurons. | munohi stochem stry: 10 | nmmunohi stochem stry
studies were carried out to see if the protein of the clones isolated
actually were expressed in the small disneter neurones. Cryosectioned

ti ssues are fixed in paraforml dehyde and prinmary anti body applied

fol | owed byfoa IHel@msdhﬂyyhaarakzbmphbmeamiy sdymencest Ao asti-DigmeibodPeonjagated (| V- 40)
staining was_s oth int neter. and i he, | arge,_di aneter
neurons. Th¥® aé]é"r]iné HSPi@taé‘?]WBEB‘E]‘aBQ\H?Pé% this GAx B‘Fg'gég‘? theet er Br ophy
(Uni versi t ym‘?éro%@i&@ﬁﬁ oWing M 1ouritedRABadiboh W:ﬂhocﬂe O 1tsFETP-dnd REB T RenBe

pol ycl onal anti y a ong with 1/10 dilution of anti-peripherin nonoclonal
anti body waHI-4Pptdbedlid notZhoweky positlve steiningwhidd antisensBRE:42 prolx00 di | ut| on of

secondary anti bod r.abbi t. conjugated with FITC

peri axi rg an@lelﬁ‘/”??@%@filsﬁfm%ﬁa@fn%ﬂ %n%]i’?gie 11%3@‘%8 SRR ISR MﬁOW@% red was
used 20 forpap iPHPrdsBed iﬁ'ﬂéﬁfo@@ﬂ%ﬁaﬁ SHOSERRS NGRS 8 URRG1SY tbdlesdibiae fil ter
to view the peri axin sections and a green filter to vicew the peripherin
ant i body. Fotber elhessrand theysall showied sxpression inamafeliampeteriauramsi ch acts as a.
positive control in this study-was expressed in the small dianeter
neurones as expected. Periaxin has been shown to express in Schwann cells

during nyel ipdlhdshisiodMentifiti rmed that periaxin was not 25 expressed in
axons but in the cells surrounding the axons i.e. Schwann cells. W also

saw somi0 per i axi HetBeHptaghanste#hdicaare g ot imeseat the prnteined thethese
results 1 ngofaliSobabhenshy SUILBIALA R dSGhAt flmbidr higoygast -hybrid system

was actual | y éexpresse neur o ere I's expressed i.e. snall

di anet er ne@f@@@&}on@tlé‘ms srefiked il parhfsihaldbieydewnd priatarpéntitody apglieds on
Navl.8 in vivo, antisense was expressed in an, expression vecSor i.n the 3

to 5 direcfaligwed byrigeqprdaryamid iy @Pé?%ﬁ%&f’@&’%%ﬁ@ﬁ‘ég‘@ staining
PCT/ GBO3/ 02825 s%fﬁﬁag'tl{'lglc{hé]&iﬁ%ﬁhlaﬁfeh He4hR8i t&%ﬁﬁgﬁiﬂlﬁﬁ:ﬁ%&ﬂaf ter. DNA

sequenci ng was con i rection o t he ression as
wel | asiso astébodhevasheiifdont PwfessarfretartBropip @ﬁﬁvemty/mdmbumg]x @ieher at ed.

The cl ones were m.croinjected indivi duaII rin e._.of. thi.s net hod
was t hat thé”é@?léﬂ‘étt“éhoéamltlof’sﬂa’ﬂp pelyrpiopal %RR&JWIP& WE 12&9 4ifjtionat
endogenous  3an56: HHRGhARRITR b8y HaE el &5 P Wk 8ld SEQHMRs B'FAt DRG.

1/2Q0 dilution of secondary antibody, anti-rabbit IgG conjugated with FITC was used

for periaxin and 1/50 dilution of anti-mouse IgG conjugated with texas red was used

20  for peripherin. Fluorescese microscope was used with a blue filter to view the
periiaxin sections and a green filter to view the peripherin antibody. From the results
it was seen that peripherin which acts as a,pc‘)sitive control in this study-was
expréssed in the small diameter neurones as expected. Periaxin has been shown to
express in Schwann cells during myelination. We confirmed that periaxin was not

25  expressed in axons but in the cells surrounding the axons i.e. Schwann cells. We also
saw some periaxin staining in small and large diameter neurones. These results
indicate that beriaxin protein isolated in the yeast-hybrid system was actually

expressed in neurones where Nav1.8 is expressed i.e. small diameter neurones.

30 Antisense:
To test the function of the clones on Nav1.8 in vivo, antisense was expressed

in an expression vector in the 3” to 5’ direction along with GFP and microinjected



inhibit appropriate protein production. The list in Table 7 shows the total
nunber of cells recorded for each pool ed/i ndividual antisense and the
nunber ofwoaBlogzebhat did not exhibit Navl. 8/ SNS current. PRurdBss/ozf25cel | s
Nunber wi thout Mean current ANTI SENSE recorded Navl.8 Current density /GFP
current density 111-42 9 f 0.248 VA-148 12 3 0.381 1V-40 11 0 0.39 10
Table 7. Results of the different antis®nse m croinjections into the

nucl eus, of cultured DRG neurones. The nean peak sodiumcurrent is also
shown and tine maddi of DIRGBmeurensay descritkl hetmnafearDN Arscguencigredstdpnato conpar ed

to GFP nmean cwrent density. It n be seen that all cl ones.show

si gni fi cantcﬂa“g‘f“@éﬁ% d’S?Ft’@Hz?ﬁHéel EER Reltie- T eml‘f‘é t?)Feé?stg‘ﬁ%’.be@Fr thenti sense

ol i gonucl eotd HesedauRidnaRklor xS gtitnatbd. amdlcldiRY ket ﬁiﬁﬁ’éi_ﬁﬁ%ﬂe@@ndividuallzyh

El ectrophysi ol ogy:” 20 A stably transformed CHO cell line (CHO SNSZ2 cell s)

t hat expr es$espuztiple NftHis Sethodtveisthdt the gesexsjados do Sidisection Atveidl with the
cDNA vect or, .GEP- A148: i ncl udi ng_t.he PCCR5, cl-one A148 | pof ecti on.
CHO SNS 22 |"%fA reé‘ﬂ%eg‘B}lizsenf"r 3’%%‘1&188@%1 the icﬂlére%o{@mé gf%gﬁ@? sodi um
channel ¢ DNAniblh@préiRiafOproftay SrodtionS TEY lenik Table el shews KifstbtalpiEb&Toft hey
express high anount of full length SNS 25 sodi um channel nmRNA. The -

CHO SNS22 cedlls redonded fios eachymoolad/ingividualantingnse gpé the npmbepphgellsdat di

(G bcoBRL) wi,th, 2.5% f bovine serum and 1ng/m Geneticin G418 sul phate.
One day priB?tef(gl%ftﬁivﬁeéﬁ#ﬁézﬁ%e@él s were subcultured and plated in 35mm

di sh WO 03/097691 PCT/ GB03/ 02225 59 containing F-12 nediumwi th 0.5% fetal

bovine serumand Ing/m G418 Prior to tr _ , - 35mm di sh
were rinsed twice with seriwmberaf cells p Nusaheuwithont 1lg MeapqartgRls i xed with
5i of Li pofeANASENSEG bdoBRrgcozded i neulaxled Catrentr opmdersifyd&tur e for 30

mn. The mixture was adddd to the prefrinsed cells anduni dengbut d at 37C
for 2 hours| TPV | i pof ectlam ne gni xture was repl aced wi thoR432

VA-148 12 ‘ 3 0.381
IV-40 11 0 0.39

10

Table 7: A Results of the different antisense microinjections into the nucleus of
cultured DRG neurones.
The mean peak sodium current is also shown and the last column measures
15  the mean current density as compared to GFP mean current density. It can be seen
that all 3 clones show significant effects on channel expression, as the presence of

antisense oligonucleotides down regulates functional Nav1.8 expression.

Electrophysiology:

20 A stably transformed CHO cell line (CHO-SNS22 cells) that expresses rat
Nay1.8 protein in the cytosol was transfected with the cDNA vector GFP-A148,
(including the HSPC025 clone A148) by lipofection. CHO-SNS 22 cells are stably
transfected cell line 'With'rat SNS sodium channel cDNA. They do not have SNS
sodium channel current however they express high amount of full length SNS

25  sodium channel mRNA. :

The CHO-SNS22 cell line was kept in Nutrient Mixture F-12 (Ham) medium
(GibcoBRL) with 2.5% fetal bovine serum and 1mg/ml Geneticin G418 sulphate.

One day prior to transfection, cells were subcultured and plated in 35mm dish



mediumwith 0.5% fetal bovine serumand Ing/m (418 after 2 hours. Menbrane
currents were recorded from CHO SNS 22 cells using the whol e- cell

pat ch- cl awp oseeteni que. The extracel lular recording sol uti eoTasisaned t he
following (in M): NaCd (140), TEA G (10) HEPES (10), CaCl2 (2.1), MCl2
10 (2.12), 4-am nopyridine (4-AP) (0.5), KCl (7.5), tetrodotoxin (TTX) (250
nM. The solution was buffered to pH 792-3 wth the addition of NaOH The
intracellular solution contained the following (in mV: CsCl (145), EGTA
Na (3), HEREStdidiyF- lmé‘dﬂm With RBP4 fd%Aj(BIoQin(e]seﬂdr) andI’EAg/ml (14]18)Pmrdowas
buffered to pH_ 7. 2-3 he ddi tion For g from

neur ons thetrf&é“f‘?cggélqe FH’r3 l%o‘ﬁer\?ﬁéls‘? @Vl‘i%wg 'tl %%CI was

reduced to k&l &gﬁlﬁ [)l]'ﬁu dition
of 20M CdClgigpgth) e i n racéqa‘lv&\l:gI IFLI rec I ng nso &lﬁ on, gfgé/o'ﬁ%g]b&?%gﬂ@c' was

repl aced byrocaftenipbitivy B0 @i, aﬁﬁdnhWram AddRd(tMif)e Iﬁﬂdeé‘dEcel]:S(ahdltl on al so
cont ai ned 500M GTP L|o Chem cal s were either ~Anal aR (B%Sg Merk Ltd.)
or suppli edinybabedyared7°Criard bettrs N Adinefectapine mpsieavag 18piace iR Erky. 20

Lt tervor t  hELE RSO R b cen O Rt BRL AN HpTRS00] o, Dorset

UK) . hee P +om R oronRe I ol ogl ca Bot ol ph C aydon
Bucks, UK). A NMVR@brine QiiretdordhiRcaRled dtons CEHNENSIR eils esidgtervdude-

t et rodot oXi n-sensi tive Na+curr ent er so obser vat,ion) which
el i minated selpatell-¢l Wéé%ﬂﬂ%g)érhﬁﬁx‘if% Hular Wégmﬁ?ﬁme?)@omﬂteﬂéhe) Hen e

extracel | ul 90 @@nrcu tan es@y@g@ﬂ@%ﬁgg@gﬁg@ggﬁ {ynvipeiy; transfect ed

cel |l s under t ectrodes abri c edfromthln wal |
gl SSE g api | (2ar2)¢$aﬁm@aaﬁxe1@-;¥)r2@a§ydﬂgl (5@3&’&?01[39){&@'&@ (§aMXKehte, UK),
an ad an access res ance - 3. ; iLl h r, di

sol uti on, R@&B?%HWQ% ‘\'/é-‘rr%d Wd&g']@ﬁ W&EE?‘P %ﬁefgﬁ%dﬁaéggB%%éﬂt’%ﬁ&& .

anpl i fier éegeﬂ“orl Qi E%ndjﬂﬁ%ﬁh i} ycsc,%14§gsﬁf)3TAFM§3g ]HEPEQQP@)S 30 were

generated and dat a sto usi ng pd anp6 sof t war e
| nst r ument saClyy (lrml)nlg,[gdmz @.2mng,. T%Ola(lsammebuﬁemért@plﬁél 233 awthtb@ mv.

Vol t age-cl a ot i ncor porated a ne v to -110 nV, and
the cell g&%ﬁ %gﬁ%(:)lﬁi @f’fsfﬁ%glgﬂ %ﬁﬂ“d?]’lf%‘%@ﬁ ’%‘é%lg%% @’%ﬁﬁgvas to nore
depol ar i zedgpod %F&ég?ltlﬁtt NAC1 #ds FRlubdiPo4s il viidh egidvalent @épla3theldOE I n 10 nV
i ncrenents. xperinments were performed at roomtenperature. In 4 from
a total of ZBACHDufENBeadditieh bf20uM(ai@e the thevintracellhkar GEpr Iytign, 10%

of the CsC1 was replaced by CsF, the MgCl, replaced by 3mM ATP (Mg) and the

solution also contained 500pM GTP (Li). Chemicals were either ‘AnalaR’ (BDH,

Merk 1td.) or supphed by Sigma. Chemicals were either ‘AnalaR’ (BDH, Merk Ltd.,

20  Lutterworth, Lelcestershlre UK.), or supplied by Sigma (Poole, Dorset, UK). TTX

was obtained from Alomone labs (TCS Biologicals, Botolph Claydon, ‘Bucks, UK).

A minority of CHO-SNS 22 cells generate an endogenous tetrodotoxin-sensitive
(TTX-s) Na" current (personal observation) which was eliminated from all
recordings by including 250 nM TTX in the extracellular media. No inward cﬁrrents
25  were recorded in non-transfected cells under these circumstances.
Electrodes were fabricated from thin-wall glass capillaries (GC150TF-10;
Harvard apparatus, Edenbridge, Kent, UK), and had an accesé resistance of 2-3 MQ
‘when filled with recording solution. Recordings were made using an Axopatch 200B
patch-clamp amplifier (Axon Instruments, Foster City, CA, USA). Pulse protocols
30  were generated and data stored to disk using pClamp6 Software (qun Instruments),
running on a PC. CHO-SNS 22 cells were held at -90 mV. Voltage-clamp protocols

incorporated a negative pre-pulse to —110 mV, and the cell was subsequently stepped



5 length clone, TTX-resistant (TTX-r) inward currents were recorded (Figure
5). The current had characteristics of a Navl.8 sodium current expressed
in a het ewoloagosst system and could not be di stingui shedPCra@BoBhz226ur r ent
enabl ed by pll, that is known to be a sodiumcurrent. In control GFP-only
transfected cells, 1 in 43 cells generated a current (P = 10 0.041, Fisher
exact test), inplying that Al48 can conéori bute to the functional

expression of Navl.8. Discussion: The yeast two-hybrid systemtakes

advant age ofo ravicatepolariced patastiatd fot 5Omal(ul b abhalwatuered +&ATV), fralemMwo

di screte no| ecul ar domai ns, a DNA binding domain and a transcriptional
activati on BSHESRShat can be exchanged fromone transcription factor to
anot her and st |y gbalifehtitd Sifortee «WOnDisfigeritiydonal n bi nds Lo a
specific pronoter sequence and the transcriptional activation donain
directs the RNA Ipélipmes tsal of P2 CHHPISAIS 22cells smansfectod withdheiohh< ¥8afitlgene.

There are several 20 iatjo east. two-hybrid syst i\ch.can be
di stingui ShEHgWIQ%{I‘ﬁ%{qS*StaQQ@T@%-r By aplapreg %.rﬁggcoﬁegﬁgigu\é%d : ggl g (1989
Nat ure 340: .gd&n R48 Lhdrhdtsiistide BPANGLY BB 86dilMeuriefexptestddin adictdpslogsust act or' s
when they reported protein-protein interactions by show n<I:; the interaction
of two pr ot eystem,dndeouldmwes b distnguished HeonDis dyrrent gbledRUPAL thitdS t he ot her
to an activation, domain,. The sed yeast transcription factor Gal4d for 25
both the Dl\gn‘?)vlvﬂﬂdlﬁega Wr‘fuﬁf‘fﬁ transcriptional activation domai n. Because
of its strong trRessFdl IRPOGAY tragdfeatéd selBNiresiiadie ponsated peasaitgh =of Gald
in yeast, this mnethod. gives high sensitivity with high background. Gyuris
et al. (@998.088| Fislrs-exactgeast)goaylyimgdhatiAdd8ioan sontEbrisdo Herfanstiogalaal 4 DNA

bi ndi ng domain to t erial repressor LexA and (al4 transcriptional
activation m%shont%%@gééri al activation 30 donmain,B42. This was based on
the system devel oped by Ma and Ptashne (1987 Cell 51: 113-119) where they
generated a _new class of yeast activators (B42) encoding E. coli genomc
DNA fragmeniXdsqussien t o t he codi ng sequence of the DNA WO 03/ 097691

PCT/ GB03/ 02225 i.nding gﬁ% j : exA
fusion protein cgﬂ?tegr:e%?lrtfg&th e ﬁgﬁf%ﬁgfﬁ%@?ﬁ%@@ﬁ%ﬁg%ﬁcﬁgg?%uSed to
t he DNA1bi ndétingatate iich lpdve lhex AisciBiremokcildr ddroainB4DNADindh@domainyndeaker

transcriptional activity conpare . to Gal activation domain..Due to its
bact or | &l ofGFHPIREA SRHBHEROREAE8t 2B BF HOEGH Fam 5o Ranscriphon ficor
to another and still retain function. The DNA binding domain binds to a specific

promoter sequence and the transcriptional activation domain directs the RNA
polymerase II complex to transcribe the downstream gene. There are several

ib variations of yeast two-hybrid systemé which can be distinguished by their utilization
of each dofnains. Fields and Song (1989 Nature 340: 245-246) first demonstrated the
use of transcription factors when they reported protéin-protein interactions by

* showing the interaction of two proteins if one was fused to the DNA binding domain

and the other to an activation domaiﬁ. They used yeast transcription factor Gal4 for

25  both the DNA binding domain and transcriptional activation domain. Because of its
strong transcriptional activity and endogenous expression of Gal4 in yeast, this
method gives high sensitivity with high background. Gyuris ez al. (1993 Cell 75:
791-803) modified this method altering Gal4 DNA binding domain to the bacterial
repressor LexA and Gal4 tranécriptional activation domain to bacterial activation

30 domain'B42. This was based on the system developed by Ma and Ptashne (1987
Cell 51: 113-119) where they generated a new class of yeast activators (B42)
encoding E.coli genomic DNA fragments fused to the coding sequence of the DNA-



5 the LexA operators hence giving a systemwi th |ow sensitivity. In
addition to Gal4 and B42, the Herpes sinplex virus protein VP16 is, also
used as awOroangwmpi pti onal activation donmain in conbi nati @QTWiRB/ 026 4
(Fearon et al., 1992 PNAS USA 89: 7958-7962) or Lex'A (Vojtek et al., 1993
Cel | 74: 205-214) DNA binding domain, which does not have a nuclear

| ocal i sation signal. The VP16 activatioél domain is 10 fused to a nuclear

| ocalisation signal. Due to its higher transcriptional activity, than Gl4
and B42, t hbindystdomsaimbf Ghl4uThey deo yaRetateda bexA Ksion proteimasamtaimiag theyhest

sensitivity ano the different yeast - I d st ens. 0 r to

m nimse t héewéggﬁega"(ﬁé’a@i’%ﬁ?gfl?ﬂﬁ# g“ﬁ‘é‘ézfofvﬁ)‘ﬁ W"&’F’E@%’% OmagR Otg@&&‘t ® | east
sensitive Sg&ih%_mb B2XAns PNAVEY WURE tHRsRplioantheBdidy Edmaptes td @hi4onal
activation domain. 15 The senSitivity of 'the yeast” two-hybrid systems also
depends | 0 P aﬁpmtlbﬁ demainVbst teifsbatwialigdginwe eudogenas ygashpwicipheinfde enzynes
require or. the biosynthesis . of an amn cid such a ¢ or URA3
genes and tﬂ“_ee ﬂ;%?pef%‘Prs 25 MERRY ﬁtﬁmp‘?”gl?j e (S)]Jllﬁ(‘)/ﬁ?{‘ %u%ﬁlﬁadsn tk%:‘%%r CAT
(chl or anphenj & BU2 266 Hkkpds smsIEe g Proteil WP M@ issdoast@bd gtramsckptional or growt h
on a particul ar nedia has marked advant a‘ges of 20 providi ng a selection for

cDNdA t hat Fa@b@éondlpmagbinicaglbw&%wh@ Gald esaran gl-al SZRNAS Ui 89 whi ch
produce co ORI _€%. L NL,engd 1 bR dSRGh
reporter geﬁggg’g%@ﬁq‘gﬁ&(ﬁ(—éﬂ %ﬁﬁ%}el'l’ T(é)% g%@?ﬁt@éﬁgﬁbﬁ%bg{% dtoer r’egi on.
The yeast sihici dbedRotBad,a duédBlocilatiansipndl €DV RLH adhvatigedemaintih it s

upstreamregul atory region replaced by six LexA operators. This was a ver
fsensiclti Ve adused tapauelssr lpealisaionesignsht BHe yitsdaghertransraiptippiliagivigehey at or s Y
used to LexA, £ j j bait V, so
we truncat eﬁﬁ%%%“ih %H?’rﬁi%%ﬁ\%%s‘g%gl? %1%%%?%%6?@3?1 ?.elﬁggg\gé tﬂggiégg%% reporter, we
chose the plsassitidtynoitif-tBd difordrtiysashavgo-hylgitt systexnd. bpedettomsninpssthei oned
upstream of Lathas1 conpared.to. (t)t her {))VI as &%such a é)JKéeOS an%[ pRB 1840
\3/2: (r:]g ?%yrﬁh%fé?tzt% %ﬁ&o%ﬁlée%mlﬂ Eﬂlfé?ra s E;taﬁ ﬁ?gj“?)‘.’ PRET 4 age 30 of
: . I ositives ich can
arise by aw‘éaﬁdolﬂgg@ﬁﬁlgﬁgdge%et bf/‘cr%:ﬁ%rcll?%gﬁ{(’)f Ogvedgk 'aggt Pvators to Leu2
pr ;)_m)t terlsi hThEs egﬁeabﬁa’tiqdmﬁtlﬁwwstm-hé)ﬁdcbe'awm iatsd dggendn e reiorterst ai | t o
activate e LacZ reporter. This WO 03/097691 PCT/ (B03/.02225. 62, neans our
syst em ut i | MY SYHeTHBE MOIRRITT $ETSe Pt E?nzé'i}ketsé‘?ﬂu&egécgﬁﬁ%gmfég SIS
sensitive i gl i bPtr i { } | ex. As
oy ,Qingﬁpﬁjtl%d QRIRBls IS5 ANSgs bPUlé@I?%en@&ﬁﬂd’tﬁé b@Rr (RERZFGONPI ex

descri bed above Is a nenber of a 120ctn fam |y of proteins
which produce colour such as LacZ or CAT (chloramphenicol acetyl transferase).

Using selectable markers for growth on a particular media has marked advantages of

20 providinga selection for cDNA that encode interacting proteins rather than a visual
assay which produce coloured colonies. The intensity of the expression of each
reporter gene depends on the number of operators on the promoter region. The yeast
strain we used, EGY48, has an integrated LEUZ gene with its upstream regulatory
region replaced by six LexA operators. This was a very sensitive assay and can be

25 activated by weak transcription activators fused to LexA. In our case we found this to
be happening with bait V, so we truncated bait V into two separate fragments. For a
second reporter, we chose the plasmid pSH18-34‘ as this has eight LexA operators
positioned upstream of LacZ as compared to other plasmids such as pJK103 and
pRB1840 which only have two and one LexA operator respectively. The advantagé

30  of using two reporter genes was to rule out possible false positives which can arise
by activation of Leu2 gene by binding of weak activators to Leu2 promoters. These

false positives can be identified as they will fail to activate the LacZ reporter. This



whi ch have been identified as major substrates of tyrosine kinase
phosphorylation 5 enriched at adherens junctions (Reynolds et al, 1992
Oncogene WO 0343892445) . NPRAP/ 8-catenin al so interacts w PoTEBsagb®si n and
(3-catenin (Lu et al, 2002 J Neurosci Res 67(5): 618-624). PAPIN has 6 PDZ
domai ns and nmay act as a scaffolding protein connecting conponents of
epithelial junctions with p0071. The eRact function of NPRAP/8-catenin and
p0071 is not known but since they are 10 localised at cell-cell junctions
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only had the | ast 210aa whi ch.contained the .2 PDZ d in.i t i nal
of PAPIN a_rﬁ*}athP ding H’IP%& WWQ{H&WP%G%F ﬂggplﬁ’c?ﬁar%}‘%é%{r‘r’glﬁ?"bth%bﬂﬁIlglr%:{ (r)nr Sa
pai n that '%aﬁpﬁlﬁﬁt@&%ﬂ)ﬁ?ﬂ@)ﬁ-@a&% 711s ARARBWL TRk sinfPGkg aRt | on
threshol d (hyperalgesia) arises through actions of inflammatory mediators.
Hyper al gesi acalised atedik-cdlhjnnetiphs suggepta theyayay play oirale ag compensnts dficaises. 25

Engl and et al_(1996 J._ Physiol 49 Pt 2).429-440) - | d
Neur osci  Le§qllJupaions 159 diog’btsf? fg’hé‘@i’?eh‘% &Rt @I?H%Q@E"dfﬁ(@te l?tﬁrté‘cﬁ(lﬁﬁﬁ(ojaigrrrgrgt ory
medi at ors  pHOHAGkABGH SNk Jér&@f_ag Jand ﬁﬁﬁ&ﬁl%‘fe@e&%nﬁﬁﬁﬁi%ﬂoﬁ@nﬂ@r oduce

¥

hyperal gesia through cAVP-‘dependent protein kinase A {PKA) phosphorylation
of the TTXr Adammmsbss poyPesisicel genegirodurodteratte withPSEBOFBAPEVANd has shown

i ougn oy obBPRTkMRES Eitefei ottty She 0BRERS o f. 193 shgger oo 1o
sensitisati . f atg 1 2BV S i FYT | d et
o 1008 o B0y MRS hpcRaImE RN (G ¢ ©
Neur osci  10gr #98®@03bchidhy Bidphg &Res Colriie 256x¢H6e4H ) amd NPRNRVG-c8einin and

i nfl ammatory and _neuroglgt hic pain models. They ) .
p0071 bind to PAPIN. As both the PDZ containing proteins and the armadillo repeat

containing protein are localised at cell-cell junctions, their interaction may be

. important for the maintenance of the cell-cell junctions. Our isolated clone for

20 PAPIN only had the last 210aa which contained the 2 PDZ domain in the C terminal

of PAPIN and it is likely that Nav1.8 binds to this region. |
Inflammatory pain that is characterised by a decrease in mechanical

nociception threshold (hyperalgesia) arises through actions of inflammatory
mediators. Hyperalgesia can occur through two pathways involving protein Kinases.

25  England et al (1996 J Physiol 495 (Pt 2) 429-440) and Gold et a! (1996 Neurosci Lett
212: 83-86) both independently showed that the inflammatory mediators
prostaglandin E2 (PGEZ), serotonin and adenosine produce hyperalgesia through
cAMP-dependent protein kinase A (PKA) phbsphorylation of the TTXr channels.
Cesare et al, 1999 (Neuron 23 617-624) has shown that bradykinin induced

30  sensitisation of nociceptive heat receptors is through protein kinase C (PKC). PKA
and PKC mediate nociceptive sensitisation by modulating the activity of TTXr

sodium currents (Gold et al, 1996).



investigated the level of MRNA Navl.8 in DRG after treatnment with
inflammatory stinmuli such as Freund's adjuvant which invol ves a range of

i nf | anmatwow3newbat ors 5 or NG- which acts directly on seR€orGBoa®2R26NEesS to
exert hyperalgesic effect (Lewin et al, 1994 Eur J Neurosci 6: 1903-1912).
They found 72 hours after Freund's adjuvant was injected into the footpad
there was no change in the expression o063 Navl.8 nRNA in L4 and L5 DRG

al t hough there was profound hyperalgesia. In the presence of NG- there was
a smal | i ncr ease Okuserenddy @087 Md Givlldfedossal:. 1964203) mivestigatedithe DRG al t hough

t he nRNA expression di.d not alter. They concl uded that was not
necessary fG?PrFF?éoerfg}I%‘élszﬁng%rYSKmo? lﬁﬁﬁ’&mﬂ@#f hEYd Navl . 8 RNA
was not up- ﬁ&&%@@dﬂmb fevREof MRRIANaL 1B iR Dot tredindin®ith ThGmBhRey f ound

that in neuropathic states such as spinal nerve |igature .and

st r ept ozot ostimutlisattess Erenat's adjastant wbintisnvadvesld redgend fanflémemetomamediatioan
regul ati on of |, 8 .leyels. They 15 copcluded that .Naul .8 was not
necessary f&F %@Wﬁ%%?%ﬁ?ﬁ‘ EW?ﬁyél.eu@@ﬁ p%eggjly??a%ﬁflﬁﬁﬂﬁdﬁﬁﬁ‘gﬁ on is
to nyelinat g; penysy Einby Reurdfd 6t Po0- PIMDY EThek Fil TIEHINEs AR W& dlsr ansni ssi on,
but it has also got a role in providing trophic support for

spi nal , not ordpwerveas injedtediRgo Heafootped therewpane phangs irf theskprepdehel fied as  a

protein of gyelinating: wa | in a,.sc :
cyt oskel et o @'aa/i é&%@%%@% @%hds gl\%llotu ﬁﬁléheF %ﬁgppfr?%ﬁlél rIa i%éﬁ%rra igesizIn fae
nyel i nati on prégehdeTNGF @lerélvas 4 89411 Newdaed inlBembA9d a&88ihted Ndea . 8poteihe naj or

integral nenbrane protein of peripheral nervous system nyelin eriaxin is
det ect aPe am DELy pljh Hpesnrpiongdid n@tralt%swagwwdeééw%%ﬁw

agh
(Seherer et ot occAS5, REVE] QBRI b#Kay F20NR T bopdF i eegarent al |y

regul at ed nucl eocy m stribution o rraxin in mbr yoni c

Schwann cel kSRNS wiendtupgtgrateirepaiphbel frflamandhig sthsaTheypaled fiund tHat a
have suggested that_ the nucl eocytoplasmc dis

éﬂrﬂ{ but i on o%éfebVer al proteins
that under gdnaeppaiBicHtatessaeh aptina npve licplugs gyl dipplogptocinghipbeligpitdhat
(Pedraza et ;,!%Met : P ﬁ??gg f ropriate
bi ndi ng par tl%gﬁé&gl?gd e gé@ﬁvé&%udro%ﬁrgg@?ﬁ%lcﬁﬁ%\ﬂ%ge S Ynegggbgﬁétgﬁe stinul us
for the 15r arshdaddd that NiviLs pes hatxienes3fryffondavelopnrucdfalledymarmyel i nat i ng
processes as they 'nsheatlﬂ t he axon.. Shermann et a J Biol Chem

275: 4537-4540) GHYEsR celisprmasy ‘&%?FIOPésr*Qé’PY‘W&a‘Bfneﬁepf&ggsg%%%ﬁo PP Fibr yoni ¢
o cp ATy STAUEBL a5 Bl G oA eH 03 0210
becones avaishpidrefaatspinhbemo®kieurones and DRG neurones. Periaxin was first identified as
a protein of myelinating Schwann cells in a screen for novel cytoskeleton-associated
20 proteins with a role in peripheral nerve myelination (Gillespie et al, 1994 Neuron 12,
497-508). Like PO, the major integral membrane protein of peripheral nervous
system myelin, periaxin is detectable at early stages of peripheral nervous system
development (Scherer et al, 1995 Development 121: 4265-4273). The
developmentally regulated nucleocytoplasmic redistribution of L-periaxin in
25  embryonic Schwann cells is the first such example for a PDZ domain protein. Data
have suggested that the nucleocytoplasmic distribution of several proteins that
undergo active nuclear uptake is affected by cell-cell contact (Pedraza et al, 1997
Neuron 18: 579-589). The appearance of appropriate binding partners at the cell
surface of Schwann cells may be the stimulus for the translocation of L-periaxin
30 from the nucleus to myelinating processes as fhey ensheath the axon. Shermann et al,

(2000, J Biol Chem 275: 4537-4540) suggest that nuclear targeting of L—periaxin in

embryonic Schwann cells may sequester the PDZ domain from inappropriate



cortex of the maturing nyelin-form ng Schwann cells. It has been shown t hat
the stinmulus that influences nul eocytoplasmc distribution is cell-cell
contact (wotisaswbli et al, 1996 PNAS USA 93: 10779-10784), PCh@RYB/0O22%i n, a
LI M dormai n protein which 5 also shuttles between the nucleus and the focal
contacts, does so in response to cell- substrate-interaction (Nix et al,
2001 J Biol Chem 276: 34759-34767). PD&4domains are known to be invol ved
in protein-protein interaction but in our case we found that Navl.8 does
not bi nd t ointdisctiBRZ irihoeitopmimpetii treicnrres ligand beoines evailablerss thii etlinot

contain this region. Further eri.nents have.to_be done,to see  which
r egi oln of Il@%%fébﬁ rﬁat%Jlﬁgg ma«?ﬁfl(%@lﬂagdi%méﬂ}ai ]égla% ‘?ePisgawBEtEa?metlh

peri axi n 0eReniORKOHIAEhEE mulcllibARRiE Bkrition 2000 NatioARncPBorba 63 1)
have shown that m ce asse Ine conpact PNS nyelin but it is unstable,

| eadi ng to dleb§ed PNASIGSA 8Ad] (789418784 havibayxintbiM demaingyetsii whisl wi t h

t he painful. conditiqns cauysed peripheral nerve.danage. O ni mal s
were seeh t S‘Elgglﬁtitl%"a’eé‘%‘_?eéﬁg? Q‘éctf ralnﬁ er@:ﬁ&g ) gl Gk F%ﬂj SR ngg{soecvezlre _
clinical 15gphenetyBecWid (NiRBEARDDER! BRI CReyD78: 3ot gsMRPDIyqutahgesi a

whi ch can be reversed by intrathecal adm nistration of a sel ective NVDA
recept or antrgonwsto be Gviolvsd pi prodein-groteig dptaraction buthis oihease Medgurddhal ned t he

peri pher al ry of periaxin ficit mce t. t g nyelin
Cheat h vas Ser e ced ndfinGifr 07 dofishn (HiSRall £ 450 Lo AR e SRy
However at EdtRIALIS r&B86S FaptherBXberimants hake toedose thesew ahiGtregenefext ensi vel y
denyel i nated. They found t hat saphenous nerves (sensory) were

hyper nyd i nperésckitbihe Nava8 tinds tor Stgdiss aarried opihsith peraximaspe oAk Migs: e

normal . The mage, i,s f;d Qsoht i Mhighgk L HBE R oMREctNO

di fference g%l sqlneﬁ}l&(ﬁ)‘é{}\lﬂ%@&?%%@é@éﬂ%{e S?S%?%S%nd??oﬁ bet wgie?% c\:NI | d-type
and peri axi pNSehyélinesiit itrth afstabldedding 0 demyolieatioh aad teflesltichatieurs that t he

anti sense expression vector mcroinjection hat .25 seen to duce the

peak of theawggsasintediwita e PTG RES et PERRD ﬁwa?gw_e TEEAIMET 1. A
met hod of | gﬁ%%s{%%rg%e% M@é@i Q{t%rggfvg?:ien%&ﬁ%&fiﬁﬂio%%ﬂ‘é%@@@ﬂﬁbal

(VGSO), whi conpri ng I nto contact a test conpound,
a VGSC and phénotypenmitiembétinsioadallquiyniarad shesmbklrypechl gastwwiEoPLay bper i axi n and

HSPCO25 under conditions where the, VGSC and t i,ndi ng partner(s) are
capabl e of FfbiefﬁeﬂQyén%hﬁfﬁb@mlﬁlsfrﬁ%o%%eﬁi‘?ﬁt%‘? M‘é rf"éegﬁ’r@{} YU¥a: * and

Gillespie et al found that the when they examined the peripheral nerves of periaxin

. deficit mice to check whether the myelin sheath was affected, the demyelination was
not apparent at 6 weeks. However at 6 months sensory, motor and autonomic nerves
20  were extensively demyelinated. They fqund that saphenous nerves (sensory) were
hypermyelinated but that C-fibres bundles that are unmyelinatéd were normal. The
damagg is confined to the myelin sheath and there was no difference seen in the
number of L5 dorsal root ganglion between wild-type and periaxin deficient mice.
Periaxin is one of a triplicate for the antisense expression vector microinjections that

25  was seen to reduce the peak of the sodium current.



(b) measuring an activity of the VGSC, wherein a change in the activity of
the VGSCrelative to the activity in the absence of the test conpound

i ndi cat eswDhawdtehe test conpound is a nodul ator of said YGBGB02/02225net hod
according to claim1l wherein said activity is the ability of the VGSCto
forma conplex with the binding partner(s). 3. A nmethod according to claim
1 wherein said activity is the ability & the VGSC to nediate a sodi um
current across a nenbrane. 4. A nethod according to any one of the

precedi ng clains wherein a decrease iCGLAIME activity of the VGSC indicates
that the test conpound is an inhibitor of said VGSC. 5. A nethod according
to any one of the preceding clainms wherein said VGSC is a channel

associ ated with %%%Bé%?l&ﬁtlﬂﬁig‘am@dul&toFSfE'QQIta%%(‘gﬁfeG'sE]&iuhPclﬁﬁﬂelone of the
precedi ng clains wherein said’channel is expressed in sensory neurons. 7.
A net hod ac¥G8Chgvhich olettiochc®mphisesei n sai d channel is sensory neur on
specific (SN ). 03/097691 PCT/ GB03/.022 hod ording to
any one of %ﬂ%‘&ﬁﬁ&%?%ﬁaﬁsa SPEPRYY a(}] (gggﬁﬂ%lme PP tlrbd%% oxi n

resi stant. ?artrﬁerﬁ?élémh B6:15 T AP TNG pérPaxa ¥ dOMSPOH2 ThrdefBonbitichs Gvhekethei n sai d
VGSC is selected fromthe Nav 1.8, Nav 1.9 and Nav 1.3 sodi um channel s.

10. A net hoabei(é@m@thn@mctmweﬁmr(é) Bt caeblenidesning g cempiersndheeabsensed d VGSC
has an am &%a@ltd seguecp rrprl sing: (a) the Nav 1.8 am no acid sequence
of SEQID SL§Pme 6; (b) a species or allelic variant of (a);
(c) a vari a(ﬁ) of n{eaéurh@vanru@uaﬁ bB@SNC?S(%\ﬂEBrﬂﬂ aabhitkedn theentieity dethsi t y

t hereto; w(é)sd‘%)afra gnent of an (a & %) wher ei.n_sai d VGSC ret ai ns
the ability relefivsita dhaagtivdy thae ab%@neq:@fetae gsheamepang indigaigsdhafithpap) N,
periaxin or ng to claim10 wherein said VGSC
retains thetggg%élqdé}a@ggﬁ%%%gsggw%current across a nmenbrane. 12. A
met hod according to any one of the preceding clainms wherein said PAPIN

2. A method according to claim 1 wherein said activity is the ability of the

VGSC to form a complex with the binding partner(s).

3. A method according to claim 1 wherein said activity is the ability of the

VGSC to mediate a sodium current across a membrane.

4. A method éccording to any one of the preceding claims wherein a decrease in
the activity of the VGSC indicates that the test compound is an inhibitor of said
VGSC.

5. A method according to any one of the preceding claims wherein said VGSC

is a channel associated with responses to pain.

6. A method according to any one of the preceding claims wherein said channel

is expressed in sensory neurons.

7. A method according to claim 6 wherein said channel is sensory neuron

specific (SNS).



has an am no acid sequence conprising: (a) the am no acid sequence of SEQ
ID NO. 6; (b) a species or allelic variant of (a); (c) a variant of (a)
havi ng atwbDe#a®®7670% ami no acid identity thereto; or (d) &chrGapawm2sof any
of (a) to (c); wherein said PAPIN retains the ability to bind a VGSC. 13. A
met hod according to claim 12 wherein said PAPIN has a sequence conprising
am no acids 2566 to 2766 of SEQ ID NO 6614. A nethod according to any one
of the preceding clains wherein said periaxin has an am no acid sequence
conpri sing: g a) tAhme&njdruacca'ding ts enyemncef the pSEciih$cNins Fherdd LRV IRE6E 1
PCT/GB03/02225 7 (b) a species or allelic variant of (a); (c) a variant
of (a) havi AP ‘Ptéé’éltresfl "am no acid identity thereto; or (d) a fragment
of any of (a) to (c); wherein 'said periaxin retains the ability to bind a
VGSC. 15. A method according to claim 14 wherein said periaxin has a
sequence c@errlsdln@ﬂwtﬂlaaoordmgdea@jDQnet@fdaﬁﬁ 1ctb68E®rblﬁ>sN@V@SC:iﬁ A net hod

according to n |n said HSPCO25 has an
ani no acid §8%ﬁ%ﬂg@nbg“ﬁ&& llgrﬁav(]g I?‘i‘l@] rlﬂrgsrﬁﬁ’ aé’@ﬁ]ﬁence of SEQ ID NO
10; (f) a species or allelic variant of (a); (g) a variant of (a) having
at least 70% amno acid identity-thereto; or h) a fragnent of any of (a)
to (c); wherldin sanwthddRcopgingde anyeng biethe prece lyg thyihs wgeram\m GbE. A

nmet hod according to aaecx one of the ?lrhecedl ng clains wherein at |east one
of said bi nd?® égﬁ‘m‘) ¢ SSAUPICe FORPFISINE, ot b bi ndi ng part ner protein or a

species or (@ | elthéNwnigdthinb AekieeduendSof FEQEDNNT: 26£SEQIIDINOOG;any one of
t he precedi (g)cl aims wherein said VGSC and said binding partner(s) are

provi ded in (B) celdspasias ewallelicapriantof tdnt acted with a test conpound. 19.
A method acqgy di ng 1.0, AW PR&Y a1t PO GHTANRiE S TR MG thebdth tbrVESC

(d)  afragment of any of (a) to (c),
wherein said VGSC retains the ability to bind binding partner selected from one or
more of PAPIN, periaxin or HSPC025.

11. A method according to claim 10 wherein said VGSC petains the ability to

mediate a sodium current across a membrane.

12. A method according to any one of the preceding claims wherein said PAPIN
has an amino acid sequence comprising:

(2) the amino acid sequence of SEQ ID NO: 6;

(b) a species; or allelic variant of (a);

() avariant of (a) having at least 70% amino acid identity thereto; or

(d) afragment of any of (a) to (c);
wherein said PAPIN retains the ability to bind a VGSC.

13. A method according to claim 12 wherein said PAPIN has a sequence

comprising amino acids 2566 to 2766 of SEQ ID NO: 6

14. A method according to any one of the preceding claims wherein said periaxin
has an amino'acid sequence comprising: ;

(a) the amino acid sequence of SEQ ID NO: §;



is provided in a cell in which the functional expression of said channel
has been enhanced by increasing the |level of one or nore binding partners
as definewoiog/ogicai m 1 in the cell. 20. A method accordi ngCrGERApP218e Of
the preceding clains wherein said VGSC is provided in a cell which
conprises a pl 1 peptide capable of binding said VGSC. WO 03/097691

PCT/ GB03/ 02225 68 21. A nethod accordigrg to claim1 conprising the steps
of (i) providing a cell in which the functional activity of an SNS sodi um
channel has (rbeena@%hm@mdlléncdanamtﬁs(ﬁ)mg the concentrati on of one or nore
of PAPI N, per| axin and HSPCC25 in the cel cont ct| n the channel in
the cell vmthobheatwteﬁ%l%‘ﬁagafalﬁ%ﬁ”@ﬁt%ﬂ}lﬂ?ré%ﬂédﬁl? ivity of the

channel . 22. aim1 conprising the steps of : (i)
bringing int é&on% cgm %ZVQ@' gl 9)rrftéhannel a binding partner selected
from one owhererresaafpd?i%&iﬂ\tetapsrthaxbmt}andbiﬁﬂ?m. and a putative nodul at or

conpound under conditions where the SNS sodi um channel and the bindi ng
partner, in the absence of nodul ator, are capable of form ng a conpl ex;

and (ii) n‘egﬁur ' ﬂ%eth@@ac&?cﬁﬁ%ﬁ) Qind mﬁé&irpéﬁl@[gerfaﬁm&é sbQIemBd | ON caused

by said nodul ator conpound A et hod according to claim1 conprising
t he steps otonfprisidg amiporagidsP0? te b3R3aaftSEM TSN :Sodi um channel , a bi ndi ng
partner selected from one or nore of PAPIN, periaxin and HSPCO25, and a
put ati ve nodul at or conpound under conditions where the SNS sodi um channel

and the bingsng RahiREd acdoRlihf® arRSRIE eheQiredBAHY Ahis wirkén eai@abl e of
forming a conplex: (ii) exposing the SNS.sodi umchannel to a stinmulus such

as to produHSPé:O%uastammpraendtseqmnosgompmm)rane in which the SNS sodi um
channel is pr and (. i gree of inhibition of the
current causegs)oglefé‘?lﬂo i Gr eB?“%?W @2 A met hod according to any
one of the prqgegdmlégloalamljwﬂaﬁe@f@pnpr| Si ng t he step of fornul ating
said test conpoun har maceut i cal corrp05| ion. A nmet hod accordi ng

to claim24 fuel hem@é@é(ﬂ)&ﬁﬂ’@géﬁ}?ﬁﬁl@f eINHg asi léentﬂﬁﬂ}?mt&atqron to an
i ndi vi dual for(hs h%r egttonteang, o?Ea)Q@'(cB

wherein said HSPCO25 retains the ability to bind a VGSC.

17. A method according to any one of the preceding claims wherein at least one
of said binding partner(s) is a full length binding partner protein or a species or

allelic V_an'ant thereof.

18. A method according to any one of the preceding claims wherein said VGSC
and said binding partner(s) are provided inia cell and said cell is contacted with a test

compound.

19. - A method according to any one of the preceding claims wherein said VGSC
is provided in a cell in which the functional expression of said channel has been
enhanced by tncreasing the level of one or more binding partners as defined in claim

1 in the cell.

20. A method according to any one of the preceding claims wherein said VGSC
is provided in a cell which comprises a p11 peptide capable of binding said VGSC.



26. A conpound identified by a nethod of any one of clainms 1 to 25. WO

03/ 097691 PCT/ GB03/02225 69 27. A nethod of enhancing the functional

expr essi owoaB/ogr6ynl t age gated sodi um channel (VGSC) in aPrceldBoor2h net hod
conprises the step of increasing the level of one or nore binding
partner(s) as defined in claim1l. 28. A nethod according to claim27
wherein said VGSC is as defined in anyé6dne of clains 5 to 11. 29. A nethod
according to claim 27 or 28 wherein said binding partner(s) are as defined
in any one 2f clAmthoiicterding to3BimA qeptpmisihgdbesiepi ofty t o any one of cl ains

27 to 29 rein sai,d VGSC.is.a, sensol. euro echid c £S ium
channel amSMe P YIdEgi at)"eﬁi ip, hich tB% ?‘m@?a@ )acmﬁpyeosipc?ﬁm S?%%N@é PI N,
peri axi n anfls BeR(Hhancedby ifcrBRitg G lbndeaRaidbEoQine ¥ Bives 6f PAPEN,VGSC and a
bi ndi ng partner selected”™ fromone or nore of PAPIN, periaxin and HSPCO25

wher ei n saiprivG8@nd HARG02§an the dslindi ng partner is expressed fromone or
nore het erol.ogous expressi on vectors .. Wt hin i ....32. Use of a
corpound i d&ht i 5@ %Cﬁ%ﬁ‘eﬁglﬁwﬁl eﬁ%wgggh%?gtgoalp(égﬁ% afﬂg 25 in the

manuf act ur qiipf  aneRdisamRMYctvitPs! tiBekdnakl. ng the functional expression of a
vol tage gateéed sodium channel. 33. Use of an inhibitor of PAPIN, periaxin

and/ or HSPCO25 activity or expression in the manufacture of a nedi canent

for nodul ating the functio SSion. e gated sodi um
channel . BAiszseR%eé%?‘fﬁcﬁ%r@c?tgﬁg%?ﬁrﬁ%@n%hs%@ﬁg@ﬁﬁgsai d nedi canment is for
produci ng @nal gasiging Bfo cddtet ac ENSdbdignt chanhd] abiddingPartoer sBkcteidramin sai d

medi canent 1s for relleving chroni cﬁ‘%ai n. WO 03/097691 PCT/ GB03/ 02225 70
36. Use accaedirmerre of BAY Nerigrinand HP GH25; gpdaspuipiivednedwaipeontpiulis or i s

selected fy At i R Gk GattRert REREAPI N,
periaxin anlaﬁg%e aen‘%gas?\\{sﬁ%ensec% Ele%llfdrtg%fﬁedl F%at heé’ sequence
encodi ng t hgsBARIImoduistoraxiercapabdé of folBRAGEmmMplex; and

(i)  measuring the degree of inhibition of complex formation caused by said

modulator compound.

23. A method according to claim 1 comprising the steps of:

(i) . bringing into contact an SNS sodium channel, a binding partner selected from
one or more of PAPIN, periaxin and HSPC025, and a putative modulator compound
under conditions where the SNS sodium channel and the binding partner, in the
absence of modulator, are capable of forming a complex;

(i1) | exposing the SNS sodium channel to a stimulus such as to produce a sodium
current across a membrane in which the SNS sodium channel is present; and

(iii)  measuring the degree of inhibition of the current caused by said modulator

compound.

24. A method according to any one of the preceding claims further compr'i;ing

the step of formulating said test compound as a pharmaceutical composition.

25. A method according to claim 24 further comprising administering said

formulation to an individual for the treatment of pain.

26. A compound identified by a method of any one of claims 1 to 25.



37. A method of treating a disorder or condition associated with the

activity of a voltage gated sodi um channel, said method conprising

adm ni st ewprg/oew9rn i ndi vidual in need thereof a conpounaCiramBwiotized by a

met hod of any one of clains 1 to 25 or an inhibitor of PAPIN, periaxin

and/ or HSPCO25 activity or expression.
. ‘ 69

27. A method of enhancing the functional expression of a voltage gated sodium
channel (VGSC) in a cell which method comprises the step of increasing the level of

one or more binding partner(s) as defined in claim 1.

28. A method according to claim 27 wherein said VGSC is as defined in any one

of claims 5 to 11.

29. A method according to claim 27 or 28 wherein said binding partner(s) are as

defined in any one of claims 12 to 16.

30. A method according to any one of claims 27 to 29 wherein said VGSC is a
sensory neuron specific (SNS) sodium channel and wherein said binding partner(s)

are one or more of PAPIN, periaxin and HSPCO025.

31. - Ahostcell capable of expressing a VGSC and a binding partner selected
from one or more of PAPIN, periaxin and HSPC025 wherein said VGSC and/or said
binding partner is expressed from one or more heterologous expression vectors

within said cell.

32. Uée of a compound identified by.a method of any one of claims 1 to 25 in the
manufacture of a medicament for modulating the functional expression of a voltage

gated sodium channel.

33.  Use of an inhibitor of PAPIN, periaxin and/or HSPC025 activity or
expression in the manufacture of a medicament for modulating the functional

expression of a voltage gated sodium channel.

34.  Use according to claim 32 or 33 wherein said medicament is for producing

analgesia.

35.  Use according to claim 32, 33 or 34 wherein said medicament is for relieving

chronic pain.
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36.  Use according to any one of claims 32 to 35 wherein said inhibitor is selected
from an antibody or fragment thereof specific to the PAPIN, periaxin and/or
HSPCO025 and antisense cDNA directed to the sequence encoding the PAPIN,
periaxin and/or HSPCO025.

37. A method of treating a disorder or condition associated with the activity of a
voltage gated sodium channel, said method comprising administering to an
individual in need thereof a compound identified by a method of any one of claims 1

to 25 or an inhibitor of PAPIN, periaxin and/or HSPC025 activity or expression.



