= WD 02/38607 1 2 9 AUG 2005 PCT/ GB01/ 04935 A "BACH' G PROTEI N COUPLED
RECEPTOR @%_YPEPTI DE AND POLYNUCLEOTI DE ENCODI NG THI S RECEPTORUELHED Thi s
i nvent i on""e24B&Y to new y identified nucleic acids, polypegrichesesnsoded

by themand to their production and use. Mre particularly, the nucleic
aci ds and pol ypeptides 5 of the presentjinvention relate to a G protein
coupl ed receptor (GPCR), hereinafter referred to as "EACH GPCR', and

menbers of the purinoceptor fam |y of GPCRs. The invention also relates to
i nhi biting or “adt4yHt QREN HQUEHLIP RE(SHPTORR POLY PARTIDEAND
pol ypepti des. BACK GLEOTIREWNCOPINGTHISIRECEREORany nedi cal |y

o signifi caﬂhLEi ol ogi cal processes are nediated by proteins participating in
signal tr uction pat hways that involve G proteins and/or second
nmessengers, for exanple, cAWP (Lefkowi tz, Nature, 1991, 351: 353-354).
These proteins are referred to as proteins participating in pathways with
G proteins or ThippGeptiotslats'to nSeteideniicl esled adide p6lypepli®istacidaipyde the
GPC rece%ors U@?. as&hose 15 for adrenergi c agents and dopam ne
(Kobi | ka, g0 apd To ieir groducgipn,and wgey Mosg particwarly, the Jmacleic pois, and polypeptis
Kobi | ka Bfile : SC g Xe . ' - 656; ow, J.R, et al.,
Nat ur e, 198-8,pr§%tg$ ﬁiyggtp%ﬂ;%?&%ap(g}g% (Za%eh%&ﬁﬁtlae%gg eggog ,(ngﬁécg%rpnﬁﬁﬁ eins, for
exanpl e, refptrod phad TAEE @ CRYenyimaykdras ethe aondkpep Radile HF erass. TRO
actuator . prot.ei nllssb flotr aﬁgﬁle, pr otein kinase A and protein kinase C
(Si non, [OR &S0 gelates W INQPing qrapgiivatingsthe actipngf sud) nugteic asidsmpie, in one
form of sgbBmaptidgsansduction, the effect of hornone binding is activation
of the enzyne adenyl ate cyclase inside the cell. Enzynme activation by
hor nones .i s dependent on the presence of the nucleotide, GIP. GIP al so

i nfl uences bi nding. A G protein connects the hornmone receptor to
adenyl at — G protein is 25 shown to exchange GIP for bound GDP when
~activated by a hornone receptor. The GIP carrying formthen binds to

activated adenyl ate cyclase. Hydrolysis of GIP to GDP, catalysed by the
G priftei n it sélis wellssiablishedKbat@aanyanedivaliyosigificinablogitalgnbiaseesies m  Thus,

~the WO 'Oﬁ{eagﬁ&l?b}zprotéins participating in signal transduction pathwéys that involve G-proteins

and/or second messengers, for example, cAMP (Lefkowitz, N&ture, 1991, 351: 353-354).
These proteins are referred to as proteins participating in pathways with G-proteins or

) “PPG proteins”. Some examples of these proteins include the GPC receptors, such as those

15  for adrenergic agents and dopamine (Kobilka, B. K., et al., Proc. Natl Acad. Sci., USA,
1987, 84: 46-50; Kobilka B. K., et al., Science, 1987, 238: 650-656; Bunzow, J R, etal,
Nature, 1988, 336: 783-787), G-proteins themselves, effector proteiﬁs, for éxample,
phospholipase C, adenyl cyclase, and phosphodiesterase, and actuator proteins, for
example, protein kinase A and protein kinase C (Simon, M. L, et al., Science, 1991, 252:

20 802-8). | | | |

For example, in one form of signal transduction, the effect of hormone binding is
activation of the enzyme adenylate cyclase inside the cell. Enzyme activation by hormones
is dependent on the presence of the nucleotide, GTP. GTP also influences hormone
binding. A G-protein connects the hormone receptor to adenyléte cyclase. G¥protein is

25  shown to exchange GTP for bound GDP when activated by a hormone reéeptor. The GTP
carrying form then binds to activated adenylate cyclase. Hydrolysis of GTP to GDP,

catalysed by the G-protein itself, returns the G-protein to its basal, inactive form. Thus, the




Z 9 AUG 2005 PCT/ GB01/0493 G protein serves a dual role, as an
ilnterkmeﬂi ate thatI rel ﬁysdt he si gna:c fLom recelptorhto (raTLf ectogg Aﬁﬁ‘?nn‘jls a -
clock t s the duration of the signal. The nenbr n-gene
superfama\?/?/ﬁég?%gppr otein coupled receptors (GPCRs) has b?&ﬁ’@"ﬁ?‘ﬁé‘eri sed
as having seven putative transnmenbrane domains. The domains are 5 believed - -
to represent transnenbrane a-helices cénnect ed by extracel lul ar or
cytoplasm c |loops. Gprotein coupled receptors include a wi de range of

bi ol ogi c&lprytesctearves ardrbptlgras an iswohediste it rdme, the sigakl, fragn esdeptol &ct or  and
neur or ecept ors. prqtein coupl ed receptors (also known as. 7TM receptors)
have beeﬁgecgcﬁa? ?Sgar"rqg‘gﬂt?’égcq Lie YT tl}?@é’zthaeé\’f@r?l-conserved hydr ophobi c
stretches of about 20 to 30 10 am no acids, connecting at |east eight

di vergent hydrophilic | oops. The Gprotein famly of coupled receptors

i ncl udes dopaffheimembeaptpootsingtne superfanilpoN@yrett @pdoupledregptdrs €GP ERE)
treating ychoti c and nelﬂro,l o%i cal disorders. O her exanples of nmenbers of
this famh@eeil RRaradierised 3¢ hayiag seyen puipttvedrangmerghrage demiams. Loy &oresigs are

endothel i, ' Wl hol i n serotonin,.

i st s neer B W e RO Rah e S SRS roE LS IR BRR B Sk fuic

endot hel ieaps. di-pfoesig abusied ﬁH&ﬁ%@fbein&Ludé hadaPanBs of BRI AH Ly RA% receptors,
cytomegal ovi rus receptors. st G protein coupled recepfors have single
conser vedichys heimeney wissldgresvth facéeraind nstroreaspiors. st two extracel | ul ar | oops
whi ch form di sul.phi de bonds that are believed to stabilise functional
protein structure. The 7 transnenbrane regions are designated as TML, 20
TM2, TMB, TMAG-pEbein dovbledanebpldd (alIdVBndvas ad EENI rb&dpkdrSphRQ tebn Si gnal

t ransducti on. Phosphorylation and |ipidation (pamtylation or

f ar nesy| gerastrised agipslidingdheesserereonsemgd hydnonkehie sisetghes| ofbewtd@ue B0on of
SO P i.R: 160 : . j ou receptor.s contain
po'?g1 n(ﬁ a’gr{ﬁ[&)ﬁgglgﬁ’or y gcg}ngﬁa‘f g?%%{e)és@% %@geﬁgﬁﬁhﬁfr@ 188 Sogi‘géﬁﬁP rgﬁ?lugé nfyand/ or

t he car bobepupled meoepors noludsedesamhinérdueptoss which blded neefdfte/dugsSised fas t he

a 25 adrenoreceptaqr, cghospﬂ)oryL tion by protein kinase A and/or specific
r ecept or UAHRE PECHORE ARG REUCI08I3HEISPIdgESs £xampley pf megmbersgidhip daraidy or s,

the |i gapgRE Mk 99 it tifsteafo & ' | :rd%q p lieved to
conpri se h)l/lgr’oph?% c slocI?et%’ fa%)o?gr?gg‘?hgreg%{e%fgx?d lglf%) el ri%%ﬁ%ﬁleeﬂ recept or
t r ans me nionsmasnigoacetylsholinhesesatokim bistming thrormbing kdkeid, foylidOstiRI3B6H7 3 2 9

AUG 125005hor§1%£é,cﬁ%?)g1%/s,0§1%§élelial differentiation gene-1, rhodopsins, odorant, and

cytomegalovirus receptors.

Most G-protein coupled receptors have single conserved cysteine residues in each
of the first two extracellular loops which form disulphide bonds that are believed to
stabilise functional protein structure. The 7 transmembrane regions are designated as TM1,

20 M2, T™M3, TM4, TMS5, TM6, and TM7. TM3 has been implicated in signal transduction.

Phosphorylation and lipidation (pamitylation or farnesylation) of cysteine residues
- can influence signal transduction of some G-protein coupled receptors. Most G-protein
coupled receptors contain potential phosphorylation sites within the third cytoplasmic loop
and/or the carboxy terminus. For several G-protein coupled receptors, such as the p -
25  adrenoreceptor, phosphorylation by protein kinase A and/or specific receptor kinases
mediates receptor desensitization. For some receptors, the ligand binding sites of G-
protein coupled receptors are believed to comprise hydrophilic sockets formed by several

G-protein coupled receptor transmembrane domains, the sockets being surrounded by




hydr ophobi ¢ resi dues of the G protein coupled receptors. The hydrophilic

side of each G protein coupled receptor transnenbrane helix is thought to

face i nvvarVg %9/986®9rm a polar ligand binding site. TM3 has be&h AUigs cat ed

in several %-pro ein coupl ed receptors as having a |igand BTGBt e,

such as the TM3 aspartate residue. TMb serines, a TM6 5 asparagi ne and TMo

or TM7 phenyl al ani nes or tyrosines are aBso inplicated in |igand binding.

G protein coupled receptors can be intracellularly coupled by

het er ot ri dgdiophébic PEsdik BS tHe@G b by | | nel s

and transgigrt.grs (see, Johnson@k%u?wgnrg%?kdr%g@%,h%%%ga?cl%{i&%f%@@i).

Di f f er ent POPpREPEPIAd secspivn tiansmpmbraae dakix & thyughOtosfaberinvak @ apd fornCbclr

l_,effectorsng?ndmlggl at e var, 3&%-? bi o] ogi cal, functions in a cell.

Phosphor yl 1N o‘r“géf}?o@}@ besrounpliated n seyerl §i-idieie 6oppled recepterstasr s has

been 1 defbyih 8diaid BIMIHENGE! Aith MREINISILL AL LG L OB ALLRD. O Protein

coupling of some G protein coupled receptors. protein co %ﬁ eceptors

are f oundasnaraginreandEMeior g hphényialasinenonttdsaies Besilso iicateden Ba&id 15

years, neg{%lld}/n 350 therapeutic agents targeting 7 15 transnenbrane (7 TM

receptors ave been successful | y introduced onto the market. Thus,

G protein coupled receptors have an established, proven history as

therapeutic targets. Clearly there is a need for identification and

char act eri zat i Gnprotein gourhed receptortanrts intacetulaep cplyd By heletotiimeRs ELENt i ng,

anel i or at %l%geixﬁrt correcti ng ﬂéSf unctions Ol[x dj seases, including, but not

limted t&ONRYOCEMSHE MiGRelUdr $ieymes,1an chanaglsand tapsosigrsaiseadohmon ¢i r al

i nfectiong, mabt.ird anky 10 fal : 3 V- . H Ve 2: in;

cancers; diabetes, ogggilto;??gr%?g?lg%@(gﬁ ﬁﬁ)égeﬂ%\{sstﬁﬁ%ffs Sﬁeﬁ?rﬁ%@ 'S

di seakke: sthrdpteauiticulaelifectoremrmodwhieuneipus biygtanfinefiondiReddiensi on;

erectile 191¥0$5f nc}ion; urj n% .retenti og' net abol i ¢ bone di seases such as

ost eopor i 8] SPand aélgflé)(gcﬁgé‘? "‘sr,esﬁﬂ’ﬁ? AeCpretelt soapledyreremiars Aps beshar ct i on:

ul cers; aigbitifisd & dndbPofisat hHHARRLP} Iabibs of &F ) vel

di sease; irritable bgf/\ﬁgl 25 syndr gpngd;é%\{eggja%?%g{gmréé%‘%g%ggﬁ%m%ﬁa

psychot i cPraiein eruples] weensels. Giprotaiie reypled reckptdisrage fonxd &t Sumseik Z0RNEE, .

mani ¢ dep LLOR:, ANY] de ia, sever ntal  retardation and

dyski nesi %@?ﬁgﬁ%ﬁng&% nFﬂﬁ&PBgﬁg YAts 26T S P PRe iscieantrdaieats 2

syndrione. traastheAUean2Q0 T MY cBRoA30 € HRE] 6B ﬁ§o%§% aﬂ?eftd' ng to a
e a DO

first aspect of the present invention, we provi ypepti de
conprising the am no acid sequence shown in SEQ ID NO. 3 or SEQ ID NO

Thus, G-protein coupled receptors have an established, proven history as

therapeutic targets. Clearly there is a need for identification and characterization of further
receptors which can play a role in preventing, ameliorating or correcting dysfunctions or
diseases, including, but not limited to, infections such as bacterial, fungal, protozoan and
20  viral infections, particularly infections caused by HIV-1 or HIV-2; pain; cancers; diabetes,
obesity; anorexia; bulimia; asthma; Parkinson's disease; thrombosis; acute heart failure;
hypotension; hypertension; erectile dysfunction: urinary retention; metabolic bone
diseases such as osteoporisis and osteo petrosis; angina pectoris; myocardial infarction;
ulcers; asthma; allergies; rheumatoid arthritis; inflammatory bowel disease; irritable bowel
25  syndrome benign prostatic hypertrophy; and psychotic and neurological disorders,
including anxiety, schizophrenia, manic depression, delirium, dementia, severe mental

retardation and dyskinesias, such as Hunfington’s disease or Gilles dela Tourett's

syndrome.




5, or a honol ogue, variant or derivative thereof. There is provided,
according to a second aspect of the present invention, a nucleic acid
capabl e of encoding a pol ypeptide according to the first aspddt Aliff 200hhe

i nvent i onWO 2(38¢08r abl y, the nucleic acid conprises the nucber/GBagndss
sequence shown in SEQID No. 1, SEQID No.2 SEQID NO 4, SEQID NG 10 or
a honol ogue, variant or derivative thejeof. 10 W provide, according to a
third aspect of the present invention, a polypeptide conprising a fragment
of a poly ehﬁ)ti de according to the first aspect of the invention.

Prefer ablgj,——lg-é?ﬁ a fragnment containing polypeptide conprises one or nore
regi ons which are honol ogous between SEQ ID No. 3 and SEQ ID No. 5, or

whi ch conprises one or nore regions which are heterol ogous between SEQ I D
No. 3 and SEQ A®@onNbng %o a fifst Aspeat 6itthe presestjimedntiof, whpropideseRA CHhGEOR on,

there is ovi ded a nuclejc acid cagpabl e f encadin ol i.d
accor di ngIE)OEXPePH € PRSI D Amipe ag! ge‘ﬂ?\l}é‘?ﬁ o5 m\@%ﬁ%&@é grg%ﬂ@ﬁﬂ@: to a

fifth aSpﬁﬁ{a‘Hﬁme%uQr B0t off YT OfercBrVECt or  conprising a nucleic acid
according to the séconhd or Fourt aspect of the invention. The present

invention, in a sixth aspect, provides a host cell conprising a nucleic 20
acid according_.to the s,g&gnd or, fourth aspect of the invention, or vector
according to tHEre BBPYdeS gecqrding 1 gecsondanpachat the presenidpesntionad paeleicof t he

present i LIOR of j | I ' 5 j al
conpri si nagla n %}?eiocgggdglga%%%m%ﬁﬁggg 8@0trﬂlé1§g§g[%nqg&oér§ ‘%ctn?? W ggég@fg?@ of the WO
02/ 38607 Bef2radlnitie 200éc RGT/cOBOLsEAES hutlnicenid sequance shovee irSEQADANAi ng t o

the fift ;Avent| Preterably, the transgeni.c non-hunman
ani mal i gﬁfﬁg&efgﬁgg@ggng’ %%839 Iébgli&ﬁr %L‘%@B{Ogﬁ% VRSB U Yy ent i on,
we provi dgerbise of a pol ypeptide according to the first or third aspect of
the invention in a nmethod of 5 identifying conpound which is capabl e of

interacting specifically with a G protein coupled receptor. W provide,
nvention, use of a.trans. geni.e non-

- according to nint h.aspect. of the | ,
humar]igani mal a & Bridy a’E‘bor‘ithﬂg_t% gr\&é‘ﬁl #rpget Rt dhe W?ﬂ@@ﬂ@%ﬁﬂ?ﬁeﬁ“_ € met hod
of i dent idopiphi@ing a AL BEa PBlypBptice Lamakl Lo e fiRdt a6 IMAe AResHdd cal ly
with a Gprotein coupled receptor. 10 There is provided, in accordance with
a tenth aspect of the present invention, a
Preferably, such a fragment containing polypeptide comprises one or more regions
which are homologous between SEQ ID No. 3 and SEQ ID No. 5, or which comprises one

or more regions which are heterologous between SEQ ID No. 3 and SEQ ID No. 5.

15 As a fourth aspect of the present invention, there is provided a nucleic acid capable

of encoding a polypeptide according to the third aspect of the invention.

We provide, according to a fifth aspect of the present invention, a vector

comprising a nucleic acid according to the second or fourth aspect of the invention.

The present invention, in a sixth aspect, provides a host cell comprising a nucleic
20  acid according to the second or fourth aspect of the invention, or vector according to the

fifth aspect of the invention.

In a seventh aspect of the present invention, there is provided a transgenic non-

human animal comprisinga nucleic acid according to the second or fourth aspect of the




met hod for identifying an antagoni st of a BACH GPCR, the nethod conprising
contacting a cell which expresses BACH receptor with a candi date conpound
and deterr’qy@i n/g whet her the level of cyclic AMP (cAMP) in saiddAUEedls i s

| overed as"2 %é&@7t of said contacti ng. 15 As an el event h pspegby/efsd he
invention, we provide a nethod for identifying a conpound capabl e of

| oneri ng the endogenous | evel of cyclic AMP in a cell which nethod
conprises contacting a cell which expresses a BACH GPCR with a candi date
conmpound 1,0 whet he h evel ~of cyclic AMP (CAMP) in said
cell is ﬁ%ﬁ%gggbg&?%ascﬁﬂdlﬁ {Osté? ﬁﬁg(?ﬁlfeﬂ:?{%.m‘?é‘}“%é’éﬁ?fgr%ﬁy,tﬂ@ﬁ a twel fth
aspect of ttahegehivvntindtan MEmpr Q\WiHeus@ method for identifying a conmpound
capabl e of binding to a BACH GPCR pol ypepti de, the method conpri sing
contacting a BACH GPCR pol ypeptide with a candi date conpound and

determ ni ng ] e candj date c ound hinds to the BACH GPCR
pol ypepti de. \\?@%%&?E/?gd@,anaeé%}g#&m‘?ﬁt ?gt PSP IRERE AL BIOVids use g€ ai nvent i on,

there i s polypesiid adcordmeGo MROHRE tocdd : d. acgordinng to any of
the eighth ?g Iflwel f(t:%r asgggcts of Oﬁlﬁgﬁa}s%é\?gﬁ{@gﬁ@ve%&g%%%g@d%% 9 AUG 2005

PCT/ GBO1/ tlen8E g eusrpnung whickistaapaltile efitterastpeaspedticiliewik as@ potéipvent i on,
we provide @I{oﬁ@%ﬂ&d capabl e of binding specifically to a pol ypeptide
accordi ng ? e rIrst or third aspect of the invention. There is
provi ded, according to a fifteenth aspect of the present invention, use of
a 5 polypeptide according to the first or third aspect of the invention,
or part ther eolVe BPvilengrepusing tood ninticaspeiofighetiavdrtiion S@eQTd Odnsfauls hén-aspect
of the in i . hereof , .in a thod for producing antibodies.
V& provi d}eﬁ?rﬂgaﬂc%g?ng ?%%:B?cgﬁ%{osﬁ%g £ %Veem}hasggﬁé’gt%heo‘m?‘ﬁ@nﬁﬁ édesthod afidantifying an '
anti body campaintevidéh bicagiblg oﬁn@&a&hrgaépwﬁwﬁwﬁﬂ5@@%&&9?03@8%%8 (Lo the
ereof’; or a

first or third aspect of the 10 invention, or part t

pol ypepti de encoded by a nucleic acid according to the second or fourth

aspecip of the A Laon. . or-_ part .theregf: . As a seventeenth_aspect of the

pr eseltnot i nventT%E\r%:éE% @?ge?’sm%?%ovrfl%fgﬁ vggl Dicamaseesiof the pressn isicntiom a

conpri si ngethng farmiderifyingraa apfagbhiet 604 BA@'}DQ}PC@{,P&'M&EQ&E ridfHE b faRg, 4 ©

the first or, third aspect of the invention, or part thereof; a“po ypep%ide
a cell which expresses BACH receptor with a candidate compound and determining

whether the level of cyclic AMP (cAMP) in said cell is lowered as a result of said
contacting.

15 As an eleventh aspect of the invention, we provide a method for identifying a
compound capable of lowering the endogenous level of cyclic AMP in a cell which
method comprises contacting a cell which expresses a BACH GPCR with a candidate

compound and determining whether the level of cyclic AMP (cAMP) in said cell is

lowered as a result of said contacting.

20 According to a twelfth aspect of the invention, we provide a method for identifying
a compound capable of binding to a BACH GPCR polypeptide, the method comprising
contacting a BACH GPCR polypeptide with a candidate compound and determining
whether the candidate compound binds to the BACH GPCR polypeptide.

We provide, according to a thirteenth aspect of the invention, there is provided a

25  compound identified by a method according to any of the eighth to twelfth aspects of the

invention.



15 encoded by a nucleic acid according to the second or fourth aspect of
the invention, or part thereof; a vector according to the fifth aspect of
the invention; a cell according to the sixth aspect of the gQM§ngon; a
conpound veg@pisgénNg to the thirteenth or fourteenth aspect pef/dfg/o4935

i nvention; and an anti body according to the sixteenth aspect of the

i nvention, together wwth a pharmaceutically acceptable carrier or diluent.
20 W provide, according to a eighteen@h aspect of the present invention, a
vacci ne conposition conprising any one or nore of the follow ng: a

pol ypepti de aAcaordinggodotriteentlf aspstt ofithd priesaht &spaiidn, ofe proeideawentpoond or
part thereof; pol.ypept j de _encoded by a nucleic acjd according to_the
Second oF PRI ﬁl@%&ecgﬁﬂaﬂw # ﬁvlé(ﬁ@pt&aiacmrdw@rw theeIFLF T aSRKE g the
accordi ngtaidhe fifth aspect of the invention; a cell according to the

si xth aspect of the 25 invention; a conpound according to the thirteenth or
fourteenth aspect of the invention; and an antibody according. to the

si xteenth aspect of the inventjon. 2_9 AUG 2005 WO 02/ 38607 PCT/ GB01/ 04935
7 According t bh¥R Inpieuidsdracronliniiora Biteantivaspee s fee prevan iR GRLORESHPHY de a

di agnpst | I - di I D#sb [ i sing any
ono o mbaip e pflop B RSESLlr BUARERG B IchiTaf o LRR TR EPL °

t hi rd aspetdic adidtabeordingeo thasecomt opfautth takgceof the énveatiypaptpacteha@sediled by a
nucleic acid _according to,.the second or fourth aspect of the 5 invention,
or part Fﬁ@P@%ﬂﬂ”ﬁdW%EgﬁwﬁK@E§rding to the fifth aspect of the invention; a
cell according to the sixth aspect of the invention; a conpound according
to the thirteenth or fourteenth aspect of the invention; and an anti body
accordi ng to Weeprsvidtemabdilispsipecdixieénthhepect ofthaprasant iidéerpiony adentiadg or di ng
to a twentieth_aspect of the invention, a nethod of freatin 10 a_patient
Suf fer | nEPRPIG A Ras seaifigaly 19 5 PRPGRIITS seRtdede S it P {rigraspeosatiie Gper,

whi cfp mef DM 0BPHAE BRrREEH S1§dpRbe bRcJABE bPAlueRlc A3d 3HRGRP 1SThe0f BACH
GPCR. There 1s provided, 1n accoré%nce wth a tmenty-#lrst aspect of the
present scconckort fourth aspetkohibd in¥entioradripag therpaffi ent suffering from a di sease
associated with reduced activity of a BACH GPCR, which nethod conpri ses
adm nistering to the patient an 15 agonist of BACH GPCR. Preferably, the

BACH GPCR CONRE h36verfedif AMPERIIIHR HVdn thvchforS SRAE NCKoSewR i n SEQ I D NO
3 or SEQID NO 5. According to a twenty-second aspect of the present

i nvent i opharmecsyitiosl apmpmsitionitotprising any @at iongoamadf the fpllewingt 2 nglyaemidsease in
a pati engc’cor\mrixgcé& e I%rirr)srtio§ Slrcf ebs%egttoefgheo fnvention, or part thereof; a polypeptide
15 encoded by a nucleic acid according to the second or fourth aspect of the invention, or part
thereof; a vector according to the fifth aspect of the invention; a cell according to the sixth
aspect of the invention; a compound according to the thirteenth or fourteenth aspect of the
invention; and an antibody according to the sixteenth aspect of the invention, together with

a pharmaceutically acceptable carrier or diluent.

20 We provide, according to a eighteenth aspect of the present invention, a vaccine
composition comprising any one or more of the following: a polypeptide according to the
first or third aspect of the invention, or part thereof; a polypeptide encoded by a nucleic
acid according to the second or fourth aspect of the invention, or part thereof; a vector
according to the fifth aspect of the invention; a cell according to the sixth aspect of the

25 inventi-on; a compound according to the thirteenth or fourteenth aspect of the invention;

and an antibody according to the sixteenth aspect of the invention.




20 adm nistering any one or nore of the followng to the patient: a

pol ypeptide according to the first or third aspect of the iz\ge @&t or
part ther%\?(})' a (POl ypepti de encoded by a nucleic acid according-t he
second or DF38h 7aspect of the invention, or part thereof; PLT/GBICI0@I3S
according to the fifth aspect of the invention; a cell according to the
si xth aspect of the invention; a conpound according to the thirteenth or
fourteenth aspect of the 25 invention; and an anti body according to the

si xteenth aspe fri t invention; a rmaceut i cal. conpositjon according
to the sevent ee%trcl%(f%dlang}gcafl IB‘Feq?Wgh ?W@h‘{)tji}g‘h?reé‘ﬁﬁ IVengaR sy hBroxide ¢ gigstio t he
ei ght eent hit#smediteadé of ARckRERE 18R di ' B UG
2005 PCT/ GBA / 04935 Ther 6 i lr|¢1;ﬂ;yovi ddé%, s it %?ir%%’oona N’Iﬁ‘%??’? %if&é‘%‘%’pect
of the pragehpeptideascoding tarthe Agent thixlgspect iofi thednpeltivpest paaethaeefrdi ng to

the first_or third as t of the invention, or part thereof; a polypeptide
encoded b%}&é{P?BS‘éFSP%Od%g‘fUJ HESHE ARG 2CerTEmg te dreoisaorst orrfourth laspeskqfebe " of t he

i nvents oninveritidabt pdh BT a ded6CiRh dﬂ%@rté e dobf ¢Lof the 5
invention; a cell %CCQI‘ di nggato t he srl xt agpggPtag?écpﬁlce&lFﬁls/\te)eﬁlﬁlglgﬁa;ceg
conpound #eewting feghe sixth awpethifithe anehtiar; afcompoesd hitopdineed thefthittbenth or

i nventiong._an n..antibody according to th si xteenth aspect of the

i nventio nfoug‘sgnéﬁlﬁij}’eeﬁ{ O‘?tgﬁe){%"seé‘ PRy %%%%50& aqcpphingrivrine sixtespihmspsat akihe of

di sease. Méemiopvi de, according to a twenty-fourth aspect of the present

invention, use of a 10 polypeptide according to the first or third aspect
of the invention, or part thereof; a polypeptide encoded by a nucleic acid

according to t secaond or _fourth aspect of t Jdnvention, or part_
thereof; a »vec{t?‘%rp rg\é@g’racﬁcﬂ 18 Ot%té"ef@?&‘ﬁsﬁ%%égﬁledm?ﬁ@ni Hipsthod of tregtinge| |
accoridi nga pariehhenffericfrait ReGeasd asbGateB GBI 4Py ; g9 to the
thirteenth or fourteenth aspect of fahe inven??cgg;a%g%pgﬂgg%ﬁigfgg?k

accor di ngVRigh mshod sansiren admpdstering to the patient av entagonist SfBACHeGRERpar at i on

of a pharmaceutical conposition for the treatnent or prophylaxis of a
di sease. As a twenty-fifth aspect of the present invention, there is

provi ded non- Hlianis proeitedeiniaccRahiBRl witlch Br s} B 285kct Bfﬂ’{%?ﬁ‘esteﬁ’ce transgenic
ani mal canprises an altered BACH gene. Preferably, t:he alteration is

sel ect ed PrEMopRmstadPitisatng epatensisuferingfrom adiserse 2G08ia@M, with redtedi on i n

BACH r esul bl #8of Bl 14 i ptroduction. of an expogenous gene
having a ﬁdcﬁgg{?gé&?gcﬁ%%%’ép %%b%peft}éordg;%w&l%f a‘%ﬁﬁ’d%?ﬁ%ﬁ”éﬁ?l?ﬁ?nf # o BACH,
i nt r dductagonisbéf BACEKGHEROUS gene from anot her species into BACH, and a
conbi nation of

Preferably, the BACH GPCR comprises a polypeptide having the sequence shown
in SEQ ID NO: 3 or SEQ ID NO: 5.

According to a twenty-second aspect of the present invention, we provide a method

for treating and/or preventing a disease in a patient, which comprises the step of

20 administering any one or more of the following to the patient: a polypeptide according to
the first or third aspect of the invention, or part thereof: a polypeptide encoded by a
nucleic acid according to the second or fourth aspect of the invention, or part thereof: a
vector according to the fifth aspect of the invention; a cell according to the sixth aspect of
the invention; a compound according to the thirteenth or fourteenth aspect of the -

25 invention; and an antiBody according to the sixteenth aspect of the invention; a
pharmaceutical composition according to the seventeenth aspect of the invention; and a

vaccine according to the eighteenth aspect of the invention, to the subject.




any of these. W provide, according to a twenty-sixth aspect of the present
i nvention, a non- 25 human transgenic ani mal having a functionally

di srupted endogenous BACH gene, in which the transgenic ani rgd Agppgesises in
its genonmew@on3gsapr esses a transgene encodi ng a het erol ogedsEG#Feys0t ei n.
WD 02/ 38607 9 2 9 AUG 2005 PCT/ GBOL1/ 04935 The present invention, in a
twenty-seventh aspect, provides a nuclei,c acid construct for functionally
di srupting a BACH gene in a host cell, tghe nucl ei ¢ acid construct
conprising: (a). a non-homl ogous replacenent portion; (b) a first honol ogy
region | ocat edhergds PROYifieds acchmlingio-aeplyodird @speshplibe pesseniooyenton, an he

ont i 13 RAOYnBAE 2 BRI Ac GBI R PEMEAGH M b URELAG

identity t e sequen €co ogy Tegion
| ocat ed dpwntiereddia pdlypdpeidaencddedbl agmidkid & awereid to thekédodd or fhigthsecond
honol ogy regi on having, a nucl eotide sequence with substantial identity to

a second BREH of drreinyerfipanewpart hereodcoyrst@Aacserdinato thedifdneweriafithy a

| ocation I i LSt . sequence in _a naturall.

ocour 11 ng HEAESEN At ek [ s heBr Bl g FOEREE aeirPolRb i didpioe. o
the presetik thifteeithiod fourentRaOydcH6f the RARAASS; anfl @h aRFIREHYCARErdn BB GPCR

pol ypeptide, the nmethod conprising culturing a host cell according to the

si xt h asp8sieeh asprst phijie invesHonraidageohivr tiseona methodhpEeaimentdrei ¢ aci d

encodi ng Eﬁﬁgj - pol.ypeptide is expressed. 15 There is provided,
accordi ngBrt0 a tl\%gﬁls-g%fahth aspect of the present invention, a nethod of

detecting the presence of a nucleic acid according to the second or fourth

aspect of the_invention in a sanple, the nethod conprising contacting the
sanpl e with at Meggevideqiseording teiadwaniydioprtb Bepepheiche pessenidayqntions e ofai d

nucl gy ' ' [ ' : sence gf the nucleic
i o150 (U RBECl ARhARE AT the My P et Gitd USRI S5 Moty

i nvent i onpolgpaptitibencated byatnecleicwid becopdiag enthe sebnad op Gueppedefacor di ng
to the first or third._as gct of the jnvention in a sanple, the nethod

conpri si ngVeyitact P%ﬂ’l‘?ﬁg Gafrstas agearAngdo Metdifbeppect of dles wivartiang acal

Si Xt eent Nacgsieied tothe S dSRUANEHRANAUAIAPA LRI 2B & Hienti6t

presence of the pol ypefgtl de. 25 As a thirty-first aspe o] e present

i nvent i onfouttentle aspecpeidhe tydntionyetded anfibody according to the sixteenth aspect of the
15 invention, for the preparation of a pharmaceutical composition for the treatment or

prophylaxis of a disease.

As a twenty-fifth aspect of the present invention, there is provided non-human
transgenic animal, characterized in that the transgenic animal comprises an altered BACH
gene. Preferably, the alteration is selected from the group consisting of: a deletion of

20 BACH, a mutation in BACH resulting in loss of function, introduction of an exogenous
gene having a nucleotide sequence with targeted or random mutations into BACH,
introduction of an exogenous gene from another species into BACH, and a combination of

any of these.

We provide, according to a twenty-sixth aspect of the present invention, a non-
25  human fransgenic animal having a functionally disrupted endogenous BACH gene, in
which the transgenic animal comprises in its genome and expresses a transgene encoding a

heterologous BACH protein.




di agnosi s of a disease or syndrone caused by or associated with increased,
decreased or otherw se abnornmal expression of BACH GPCR, th? nﬁﬁéhod
conprising the steps of. (a) detecting the level or pattern i XPtressi on
of BACH 03864 ani mal suffering or 2 9 AUG 2005 WD 02/ B8BOB01/04935

PCT/ GBOL/ 04935 10 suspected to be suffering fromsuch a disease; and (b)
conmparing the level or pattern of expregsion with that of a normal animal.
I n one enbodi nent, the disease is selected fromthe group consisting of.

trigemnal ne | gl i in ain associ ated with toothache,
irritable bomwhgﬂ%ﬁggr@w% a?}lr ae%ngy '8%58%’11358 g pr&’@ﬁ%%ﬁﬁ? eI4FIH cRBE Bt at ed
wi t h cancéor fudtidnetly disteptimnaBRICEB geneie b BOSt dellf BEtHLRT adil %/ dsg;&&pt i ons,

m graine and skin sensitivity associated with mgraine, a ?o yni a,

t oot hache CORBHFHEH(2) feptivmalesys sethaccawpupatitmr(b) adirstdotmodogyaegionn or

t , ' by t t t h), pai
e 1o danaeld GRS OIS0 RS s BrarHdomaiss arbient - ¢ he

di seas® i sasiap anteldofidossqubseeghitinteRRAISHER Y &f a fird WIROHIRne SYRLEX! Sad
trenpr, Parkinson'.s, benign essential trenor, c%orea, ’

dyski nesi a5, >

epi | epsy Z%d‘ 55019 hamelogy ssielespré downsireaimef thiinonhmelagoke reptarament,
degener at i,gn: ar i -8 furt Qer e i ment, the disease is
sel ect ed ? ?@lr?]ﬂt fos ggérdggg% (?Ig&jngg)ls% Py h&V%HDd’rIVl-CﬂcJ%ggE%‘I'HP%YVHB substagial j ¢

fibrosis, idtyiﬁalrta@tsiemdeBAdllBgeneM@@n@&Qh@%cﬁﬁ&B@Rf?:i%en éeahéxgc%%gvihg%, and
w |1 be de

obesity. d ot her enbadi nents of the invention sCribed in

hese an
further d&cémm @%Wweamféhe BestBRGH e TRUTHE IDRAMIINGE A@ulimgure 1 is a

di agr g sBQW-RELsEeA S s of analysis of the hunman BACH pol ypeptide (SEQ
ID NO 3) usigng t he HM\%gsn%'r uctural prediction software of pfam

(http://ww. sanger. ac. uk/ Sof t war e/ Pf aml search. shtml ). Figure 2 is a diagram
showi ng an expressi.on profile for human BACH GPCR generated by reverse
transcri pti on- PSS & WiRRIYeIglkih @speshof the PrsRyt Invedtiopy 3860dvidd a frogestUG

1005  PCT{fBeIHE3IPBACH GPCR polypeptide, the method comprising culturing a host cell
according to the sixth aspect of the invention under conditions in which a nucleic acid

encoding a BACH GPCR polypeptide is expressed.

15 There is provided, according to a twenty-ninth aspect of the present invention, a
method of detecting the presence of a nucleic acid according to the second or fourth aspect
of the invention in a sample, the method comprising contacting the sample with at least

one nucleic acid probe which is specific for said nucleic acid and monitoring said sample

for the presence of the nucleic acid.

20 We provide, according to a thirtieth aspect of the present invention, a method of
detecting the presence of a polypeptide according to the first or third aspect of the
invention in a sample, the method comprising contacting the sample with an antibody

according to the sixteenth aspect of the invention and monitoring said sample for the

presence of the polypeptide.

25 As a thirty-first aspect of the present invention, there is provided a method of
diagnosis of a disease or syndrome caused by or associated with increased, decreased or
otherwise abnormal expression of BACH GPCR, the method comprising the steps of: (a)

detecting the level or pattern of expression of BACH GPCR in an animal suffering or



Figure 3 shows a erstriction map of vector pTK3IBLM\L used in the
construction of transgenic BACH knock-out mce. Figure 4 shows the
structure of an allele of BACH in which the transnmenbrane rZerAthéﬂﬂ&re

repl aced Mo @/dsex7Z reporter gene and a sel ect abl e marker; Eﬁ?ﬂ;,ﬁn &gsout
nouse may be prepared conprising this allele using the net escrlbed |n
the Exanples. Figure 5 shows the structgre of awild type allele of BACH.
Figure 6 show secti ons of dorsal root g gI i on taken from BACH knockout

m ce. Panel A g f%a gni f| cation; Panel B: 200 x nmagnification; Panel C
400 x rragr?FSPF%té‘il fQRe sufigying fere quady 7 diseasenando@ eoma&rmwgalavebomtuem efhd open
arrows i.n press LacZ. Figure 7 shows BACH GPCR
expr essi o%ké%%sgoe&r:g/ot?%h%%%8g8n£l%h%r§éhand panel s: BACH expression in dorsal
root ganglia; Right hand panel s: BACH expression in trigem nal ganglia. 15
Figure 8 shows_Rotarod active performance of BACH knockout m ce. Panel A
shows per f or maHE@HEMRPERER, the disaane @cﬁeb&tﬁdgfrmmb groty eensistinglof) trigBainal B

shows pe n C und trial Li ght grey
are qu‘tgtﬁélgﬁh S?Of?&agﬁea(ﬁ? tp‘éﬁn Agséf: %lﬁg @6 eﬁ?ﬁﬂ’ éyq;l)om@ enot ype,
whi t e bar Barreit’s @ebeptiaggs, glaumﬁ@tpﬁﬁﬁassoéia@ﬂlﬁlth édn@@r aaba%%@aﬂ%gs Figure 9

shows resylts of a paw pressure test. X axis: mce having -/- gendtype,
m ce havi %‘P@F in 6@%’(5 HE V infeelionsaniggine and gleln(sm}quemy\asaoqmed wiithhmligzaing,

W awaf g PRie A R e (i e Bl S 5D iRy heesaat0r 12

Sequence traurna)ng&'va cOMPLIGsBN QrausdABY %943%%%1%&@0& ﬁ% V’t%dhfh% £ DNA
sequence o%hhurmn OSEH SEQ ID NO 2 shows an open readl’’ g frame ?ved
from SEQ PihRepnal cosger PIBUINO, 3 shows the anmino aci d sequence .of human

BACH. SEQ ID NO 4 shows the open reading frame of a 5 cDNA for Muse BACH
SEQ ID NO 5 shows the am no acid sequence of Mouse BACH SEQ ID NO 6

showsl he nucI Bi anoglvireendedinemt gho HliseaBACkE1E¢ta@ frERT thvicup c'oﬁsxsﬁrllg)@ied into a

pTOPG Echg) nor v?ct or,ta gr oduce an expression construct. The
ementia, dysleXia, dyskinesias, tremor, Parkinson’s, benign essential tremor, chorea,

epilepsy and ballismus, for example occurring through stroke, trauma, degeneration or

malignancy.

In a further embodiment, the disease is selected from the group consisting of: dry-

15 eye disorders, cystic fibrosis, hyperactive bladder, hypercholesterolaemia, dislipdaemias

and obesity.

These and other embodiments of the invention will be described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 is a diagram showing the results of analysis of the human BACH
polypeptide (SEQ ID NO: 3) using the HMM structural prediction software of pfam

(http://www.sanger.ac.uk/Software/Pfam/search.shtml).

Figure 2 is a diagram showing an expression profile for human BACH GPCR

generated by reverse transcription-polymerase chain reaction (RT-PCR).




expression construct produces a pol ypeptide having an am no acid sequence
shown in SEQID NO 7. SEQID NGO 8 shows the nucleic acid sequence of a
BACH fragr@nt 10 which is cloned into a pcDNA 3.1 A Myc/ Hi s Vectidr 2005
produce anV@¥pP¥8%i on construct. The expression construct RIVCEBOASIE

pol ypepti de having an am no acid sequence shown in SEQ ID NGO 9. A genomc
sequence of nmouse BACH is shown in the ggction headed "EACH Genomic
Sequence” (SEQ ID NO 10). Such a sequence may be used to prepare BACH 15

knock out i ' d in th . .DETAI LED DESCRI PTI ON
SAcH GPR Our Taaener ooy o sl Bat il By RARIVAT: st sonebvpiona

Recept or (oERERgenicBAQHKnbeltbat micn or phan purinoceptor type G protein
coupl ed receptor, which we refer to as 20 BACH GPCR, as well as honol ogues,
variants or derivatives thereof. BACH is structurally related to other

tei f the. i | ed 1y, h by th | t
b “sequenci ng TS o 0 YBRARPEEUAIEY ereBlh ikt Rertmimee coNA
sequence adgi®isQrd Rplickd by 6 WY AePs &z RR2Ad h e e h’la g%; g%&;ﬁ@ﬁ&ﬂ—\QESZ

nucl eotide nunbers 23 to 800) encodinhg a pol ypeptide am no

aci ds ShoWPusemaELe pPrspred @mpssingthBAdeld ssifgtbanhettodsdpscribetiamnthesapi ens
chrorrt)sorr?)(é%@]_F 3.3. WD 02/38607 13 ldentities and Simlarities to BA CH 2
9 AUG 200 ‘GBOL/ 04935 The ami no acid sequence of BACH has about 35 %
identity and 57 %simlarity (using BLAST) in 309 amino acid residues with
human P2Y PURI NOCEPTOR 9 (P2Y9) (Accession # U90322. 1, Bohni, S. K.,

Khitin, L. M, PHigike Dslipwsthg seuettes of aNwild typBiatleleof BASI#N ssi on 21- FEB- 1997;
rel at ed accessi on nunbers: NP_005287.1, AAC51301, U66578, AAB62087, U90323,
and AAB62088). The nucl eotide sequence of BACH (SEQ ID NO 1) has about 99%

i dentity (usinBiguRlASIgw bevtiBALoNdskARbbARNERS HkESHYLEA EREARROYTRKS Hono
sapi ens E?T estis CDNA fr,o%cesm on # AL042117 O tenwael der, et
al . submi t t &f! B 1@ xpRageificatio bBo%00 1 magpifichiéombreel GAOHIX(1BEQIfidNon. 1)
is a t %. & i i ide residues.too .th nynous Hono
sapi glgj; E%‘%%%??n%%@gcgg{lér %t%gtg({! 8@5@&%0%8%8H?%%8@§°§f%?1§§%8 86 ot

express LacZ.

Figure 7 shows BACH GPCR expression in sensory neurons. Left hand panels:

BACH expression in dorsal root ganglia; Right hand panels: BACH expression in

. trigeminal ganglia.

15 Figure 8 shows Rotarod active performance of BACH knockout mice. Panel A
shows performance of mice with outbred background (three trials), Panel B shows
performance of mice with inbred background (four trials). Light grey bars: mice having -/-

genotype, dark grey bars: mice having +/- genotype, white bars: mice having +/+genotype.

Y axis: time in seconds.

20 Figure 9 shows results of a paw pressure test. X axis: mice having -/- genotype,
mice having +/- genotype, mice having +/+ genotype. Y axis: withdrawal response (0 =no

withdrawal, 1 = slow withdrawal of the paw, 2 = medium withdrawal of the paw, 3 = fast

withdrawal of the paw).




AA769338 NCI -CGAP NO 1) is also about 98%identical in 159 nucleotides to
the anonynous Honb sapiens EST B-cell, chronic |ynphotic | eukem a cDNA

cl one (Accession # A1492234 NClI - CGAP e BACH pol ypepti de (SE@9|A@GW5 3)
using thewddz/kdeds structural prediction software of pfam per/epo1/0s93s
(http://wtivw sanger. ac. uk/ Sof t war e/ Pf am search. shtnl) confirns ]t(ha " BACH
peptide is a GPCR of the 7TM1 structural class (see Figure 1). The nouse
honol ogue of the human BACH GPCR has bedén cloned, and its nucleic acid
sequence and ami no acid sequence are shown as SEQ ID NO 4 and SEQ ID 20
NGO 5 respectiSegh¥nce istingpuse BACH GPCR cDNA of SEQ ID NO 4 shows 84%
identity with the human BACH GPCR (SEQ I D NO 2) sequence, while the am no
acid sequence (SEQ ID NO 5) of nouse BACH GPCR shows. 80% identity and 85%
simlarity wgpohp®E: BAGEWSRER ' nee of
nouse BACH i s ar:xs)o di scl osed (Sgé@%ge%g&l%g@%%ﬁ%%%g@an qrﬁmqqeltjgégBACI-l GPCR
ar e t her eshowe ameptrercading franteadeayived diint $EQFIDANOPT 08 BQrIDON . [3ethowReleept or s

bCr! CabL/ SR8 sr g rora e e BT HALEh SO HBRS S (e PERE FRoRINGTEBRERS & DA
det ectss @K §5B0sOB ABACEH@ TN N Y! 9%@%@%@%&@9@%@& A6{se_Neart,

brain and liver. An expression profi own I'n Figure 2.
Usi ng BACBACDNBEES IBNY: (xlpwithe fudleic seidrsetudnie ofia BayCIE&Bgarhiawhitiices by
BLASTN, i cfen'([ii.tti esxgﬁ{)]g f@ﬁn in cDNA derived fromlibraries originating
from B- cet 18R Qikehp bYFLOT T KRIHCE an CAREEEQ erfsupii 299234) |

ger m nal &gREQon Bors@hict frOE6RS %'p@&fgipﬁfg BR3584An ARMotRRE defuedBSAERR PN #
t hat B or

AL042117). This indicates is expressed In these norma
abnor mal YEQIDMNO: AcTBRIMYIO; 8 shhw's BaCkiohit geEd pequiass ofuBACIH fragmdst,

robgs, .,bodi es,, .10 ex i ect.ors and |ligands are useful for
8et e?t% i oﬁ?ﬁl‘%ﬁ lziéza%lseldéfltoﬁ'%cgﬁﬁéﬁt P‘%Nbcz{%{ﬁé’ Clog I RrOHUGE AN FPLESFOBLOBTEEE| at ed
W th overThe edpdedion 8oktabNSOIRes @pRIYREHili @ hRin BA IhineReR duiltestorhth ot her

tissues. As shown in the anpl es, expression data for BACH may al so be
obt ai ned BR WBNOsP. a knock out nmouse for BACH, in which a lacZ reporter
gene is integrated into the 15 endogenous BACH gene, and staining for
expression of (3-gal actoci dase. Sites of

A genomic sequence of mouse BACH is shown in the section headed “BACH

Genomic Sequence” (SEQ ID NO: 10). Such a sequence may be used to prepare BACH

15  knock out mice as described below and in the Examples.

DETAILED DESCRIPTION

BACH GPCR

Our invention relates in general to a novel G-Protein Coupled Receptor (GPCR), in
particular, an orphan purinoceptor type G-protein coupled receptor, which we refer to as

20 BACH GPCR, as well as homologues, variants or derivatives thereof.

BACH is structurally related to other proteins of the G-protein coupled receptor
family, as shown by the results of sequencing the amplified cDNA products encoding
human BACH. The ¢cDNA sequence of SEQ ID NO: 1 contains an open reading flame
(SEQ ID NO: 2, nucleotide numbers 23 to 800) encoding a polypeptide of 372 amino

25 ecids shown in SEQ ID NO: 3. Human BACH is found to map to Homo sapiens
chromosome 12p13.3.




endogenous BACH pronoter activity drive expression of the reporter and are
visual i sed, for exanple histochemcally; resulting in blue cells in sites
of expression. This pattern faithfully represents the express?.l oAUGmeI ern
of the end¥o@mos®7BACH transcripts. Staining patterns of g&é %\49 g t he
expression of BACH are shown in the Figures. 20 The above | ac repor
staining, Northern blot analysis and RT-PCR experinents show that BACH IS
expressed in the following tissues: Braifm, nore specifically surface of

t he cerebel |l um i.nal caol umn, nore specifically Substancia gel ati nosa
(caudal / sacr al M%Pé’%)‘mdlé’éﬁzélé’f”’ﬁb@ﬁ glia, nore specifically neurones of
the A-S fibre and Cfibre class; Trigemnal ganglion and trigem nal

nucl eus and Cr nerve 8; Eye, nore specifically 25 cells of the

-conj uctiva; Ur ?ﬁ*&raymapéa@eaequmﬂof@%@as abb@n@ﬁlé@ 1d8kiity, anriaﬁ‘?t%euhmdty

Mings: salv s e sian 389 datifl 408 s 08G wif i PRSP R GROE S o) or e
speci fi caI(Ayc@elsm#W S BYRRCH.K. VKhitin, 0M 10§ anwldnd'ﬁ'&rﬁé&'l\f'w 2198&2\“ and

rectum (crz%gt s): and_Fat and pericardi um sufrounding the art
2005 WO getyomy -KEBHAS; sz@msmnmmsmgamm@1pAan:t51ee1 of the

pr esent o) rwi se i ndicated, conventional
t echni quegy{;oﬁp%’h‘gﬁlwg%ér)%frﬁg@gu?“g&r‘g%%é%g@ m crobi ol ogy, reconbi nant DNA

and i munol ogy, which are within the capabilities of a person of ordinary
skill in 5 the _art. Such techniques are explained in the literature. See,
for exarrpl e, J.Th Anplestide Sﬁﬂueane of BACESERIIND: 1 Niasiahtuisg9% aRatityNasiegul ar

Cl oni ng: dition, oks 1-3, d Sprin

Har bor Labor at t62r égé@@ usu i%I%gé)ié]dthl\}lJjE ¢ gryongpiouy klgmio sapiens gg& t%“EI]rSGDNg
suppl ementi®m @Hceemm PMO?&Q(DIIEOW&nNQéI&@rU bedl.sBhRltRE Yo Gelibark, 2@%EB‘3W%6
John %II\IA%Y & sSons, @%% B. Roe, J. Crabtree, and

1996, ! TERETHOrG P Qsi;faﬂﬂen& lﬁgme%%nds@tkcairmaﬁ mpedetidd odsidugd toey &

-Sons; J. Me Rehakodd M;gfg tu di zati

Pri nci pl es “and %Jfﬁgcti 8123& egs ES versi fen%lﬁae%%lp"]@lkI ?}g{){?ﬁgﬁcei@ﬂ é)or) ,

1984, Qi WB%N@@WN@SH}SB a/PsoFﬁbaﬁt 989@hdeﬁﬂ5519ﬁqb9 nhékofdB$Siheand, D.

M J. Lilley and E. Dahl %J'g 92, Met hods of Enzynol ogy: DNA Structure

Part A %S‘fﬁ} UF SIOYSIRSS 9@]081‘56}’“@\%1%@1?%@@ cDN£sbopaol ogy,

Acadeni ¢ BX@eSsioAQI49D R NENeseADS orated by

r ef erenceeﬁBACIq GPCR POLYPEPTI DES As@[ﬁggc}}o Ena{ﬁﬁé er md’@dﬁfn@@‘k

pol ypkbt i HMV] siruchra mgediction saffware of pfam
(hitp://www.sanger.ac.uk/Software/Pfam/search.shtm]) confirms that BACH peptide is a

GPCR of the 7TM-1 structural class (see Figure 1).

The mouse homologue of the human BACH GPCR has been cloned, and its
nucleic acid sequence and amino acid sequence are shown as SEQ ID NO: 4 and SEQ ID
20  NO: 5 respectively. The mouse BACH GPCR c¢DNA of SEQ ID NO: 4 shows 84%
identity with the human BACH GPCR (SEQ ID NO: 2) sequence, while the amino acid
sequence (SEQ ID NO: 5) of mouse BACH GPCR shows 80% identity and 85% similarity

with human BACH GPCR (SEQ ID NO: 3). A genomic sequence of mouse BACH is also
disclosed (SEQ ID NO: 10).

25 Human and mouse BACH GPCR are therefore members of a lar-ge family of G
Protein Coupled Receptors (GPCRs).




pol ypeptide conprising the am no acid sequence shown in SEQ ID No. 3 or SEQ
ID NO 5, or a honol ogue, variant or derivative thereof. Preferably, the
pol ypepti de conprises or 20 is a honol ogue, variant or deri ‘ﬂtAUG,eZQSf t he

[

sequence % i-n SEQ ID NO 3. "Pol ypeptide" refers to an epti de or
protein corrpw?%}g?ﬁng two or nore amno acids joined to eacﬁ%ﬁq{g}?mﬁ%}’pepti de

bonds or nodified peptide bonds, i.e., peptide isosteres. "Polypeptide"
refers to both short chains, commonly déferred to as peptides,

ol i gopeptides or oligoners, and to |onger chains, generally referred to as
proteins. Pol yhppiskidasProfle fBACHt ai n ami no acids other than the 20
gene-encoded am no acids. "Pol ypeptides"” include am no acid sequences

nodi fied either by natural processes, such as post-transl ational

processi ng, oPobyn&hsstieal reﬁ@t(ﬁnf('PGRt)iaﬁﬂah?ﬁﬁtﬁUH SUSRCHUISNIA RO 02/ 38607 16

2 9 AUG 2005 PCT/ GB01/04935 well known in the art. Such nodifications are
vel | desé&xpmesion of BASIH ta wyisg abendancaiprimmagesplich gibantpbiagr apHser.asn wel | as

in a vol ugi nat i ure. Mdif.i catiyons n r eina
pol ypept ReSH pERRALPBACH BEERE Shanisorietitih olne HACHETENa GBI e
and the a0:noocearcAnth®Kyhad BSTdaia soliiced'by BLRAS TAPRASHIRL 62 Hhdd intdtangane
type of 5 nodification may be present in the same or varying degrees at

several §pfved from dibgariesorigingting Sjom Besellnfrom chaonjc venphwicypdpetiide nay

contain . ifications. 2ol tides ranched as a
resul t OKR g%ls%%r???h% ?%?‘ﬂ & a%&ﬁ%@%ﬁ‘@%@?ﬁl%f}#w%@%% %attﬁ%’ﬁt

br anchi ngAcceysidn £ AT04D1¢ e A haradibitadeReB ACYE sk pRRSMING RAdsE 8SrmE Y ' €S Ul t
from postirans] ati on natural processes or macf/ be made by synthetic nethods.

10 Modi f Apaermahissugs [Argerdinglyythe BAGH pelypeptidesrnuckipagiis psybiestantihpdies,
amdagio I V] .coval ent. aftachnment. of a hene
noi 'et??/, g%gﬁgg(ﬁlt‘%ghr%%&ng%}mgg ¥ea‘%];%%l£ ed(?? EilCt ég’oc?}awj’(ﬂse%?%gm i(\%& T ve,

coval ent agtysafohdisassesfassclateal whtloovdri, pinderd end ¥idrivR] expr@¥MneTB AtHachment of

phosphot i inositol, cross-inking, cyclization, disulfide bond formation,
denet hyl Qﬁl&;’rﬁlt&ﬁcr@@i%ﬁlﬁrd’ﬁs‘@é\/al ent cross-inks, formation of cystine, 15
formati on of pyroglutamate, fornylation, gamma-carboxyl ation,

gl ycosyl ation, GPI anchor formation, hydroxylation, iodination,

met hyl ation, Agshewoyh die Exampios] eigiréssion dapr fo 8 YH ingaypdl Qs esitaigied by use
Franar or SR A BTG AU 1A GH. BB AR A BG ceest it Bl telio te,
and Vol couRRenquISA P Sl ot ilg (¥ prdson of B AESoe R SRS o and
Conpany, efdegerxos B ACEORomotkr Whti vty drive expression of the reporter and are visualised,

for example histochemically, resulting in blue cells in sites of expression. This pattern

faithfully represents the expression pattern of the endogenous BACH transcripts. Staining

patterns of lacZ showing the expression of BACH are shown in the Figures.

20 The above lacZ reporter staining, Northern blot analysis and RT-PCR experiments
show that BACH is expressed in the following tissues: Brain, more specifically surface of
the cerebellum; Spinal column, more specifically Substancia gelatinosa (caudal/sacral
areas); Dorsal root ganglia, more specifically neurones of the A-§ fibre and C fibre class;
Trigeminal ganglion and trigeminal nucleus and Cranial nerve 8; Eye, more specifically

25 cells of the conjuctiva; Urinary bladder; Gall bladder; Tongue; Skin, particularly around
hair follicles and in the nasal region; pleura and surface of lungs; Salivary glands, regions
of submaxillary salivary glands; Gut , more specifically oesophagus, stomach, villi of the

small intestine, colon and rectum (crypts); and Fat and pericardium surrounding the heart.




Posttransl ati onal Protein Mdifications: Perspectives and Prospects, pgs.
1-12 in Posttransl ational Coval ent Mdification of Proteins, B. C
Johnson, Ed., Academic Press, New York, 1983; Seifter et al. /3 Mfaligsis
for proteiwiompdssdhy cati ons and nonprotein cofactors", Met hr‘gdﬁ‘%ml %1_990)
182: 626-646 and Rattan et alL, "Protein Synthesis: 25 Postt BYHER
Modi fications and Agi ng”, Ann NY Acad Scii (1992) 663:48-62. The terns
"variant", "honol ogue", "derivative" or 1 ragment” in relation to the
present inyention_include any substitution of, variation of, nodification
of, repla WD%EMPLGEF@H on of or addition of one (or nore) am no acid
fromor to a sequence. Unless the context admts otherw se, references to
"EACH' and "EACH GPCR' include references 30 to such variants, honol ogues,

derivatives anQhtmpagmesbstheihrEANVUE . UG 2005,
PCT/ GBOL/ 04935 Preferably, s applnived O?‘?”%%%&:%}%%gé?%g@ﬂ%ﬁ? "@?ﬁa{‘ﬁﬁl’ aci d

sequence RAYeEpemRl teskiniques 9f cheorisyp meflenddribjolbay infigrodtold %&écoﬁhﬁnaﬁ@ e
activity hown as.. SEQ ID NQ. 3 or SEQ NGO 5. In :
parti cul arBTNI%L Elgd %géggn‘%ﬂg}ﬁ ae ‘@‘6@/‘85&5 Gagabifies of g panson efsydiparyt skilbtr uct ur e
and/ or5 f uthetario Sugh Rvhalhng drbexsss Ay i ¢.sequence has. GPCR.5
activity. Wth respect tlt 0 _sreq)l{}!;encgJi ihg@%tlﬁ%ﬁ%{ sg%’qgﬁ %f%rj?’t y??mWQgERFF'abI y
there i s &tiHisesanddoManigsisel $0eMotatlar GoningastaBb oyl ebab! y at

| east 85% g: pr rabl t. |l east 90% sequence identity. More
prefer abl/%/dl::Ei }ég’rn%%ela?’ ?‘ggﬁ)rlﬁéﬁrh%ﬁé%ﬁ%r@? &sPyAntubeb s M. e0aq1%986qménce

i dent i ty. peHodsesupplefentd; $-20E PRIBSS I erived.fro ino acids
whi ch ar e%(allél el idgpvari at i oﬁs’of t he SB%%W%%%’ %802?%’ 8h'a9§ﬂ8’ ?M%@ 10
Wher e 1 ef BHER e 5P, hise Yok, Nh¥.); BeBeptloCrabtres \antlyd. Kuthn' DOSY, GON.L Bol@ehi Vi ty"

of ajqgrec h. CR. t hese r re intended to refer to the
et abol | cﬁﬁgqﬁ%%’%%ﬁsé%gﬂ@ﬁ%ﬂ%ﬁﬁ ‘i’ﬁ@’@%ﬁ%%%ﬁ%@@ anchlemesi K B.
simi| ar ddoOve. 1988, fuSituyidishricas P @SlPriBESC ORI Ykl 88 bl 1

are anti1geni’c and

decreased undesi.rable side effects. A so include
i rmunogegf'r g'agg?‘fi\f?ﬁ?i 12958405?’%’@‘%46 Seebptiord Prcaiop) AprobcHiOPCRrastdndi Dy, 15

and net hagsy.afill J bhTyi these activifies, are known in the
art, and are dﬁ%ﬁ%%%ﬁ%gﬁg?ﬁt’e %e\g\ﬁ%se TPRIOREL é&%uﬁﬁ‘fﬂ?‘re&"‘%éd

her ei n a Sydédesis vod Physicdetnaheds @DNA QARG ih@n@&rﬁbﬁ,%,nggé&%.& PR QTR No
aci d1§equ2tce i_n V\Atch onﬁ or .nore nucl eotides or am no amd resi dues,
respecti v ﬂgﬁsegx?xéera {588 Ay herpin inegpomgteddiyirearenicenser ti on" or "addition" is
that change in a nucleotide or am no 20 acid sequence which has resulted in

the addition of one or nore nucl eotides or am no acid
BACH GPCR POLYPEPTIDES

As used here, the term “BACH GPCR polypeptide” is intended to refer to a
polypeptide comprising the amino acid sequence shown in SEQ ID No. 3 or SEQ ID NO:
5, or a homologue, variant or derivative thereof, Preferably, the polypeptide comprises or

20  is a homologue, variant or derivative of the sequence shown in SEQ ID NO: 3.

“Polypeptide” refers to any peptide or protein comprising two or more amino acids
Joined to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres.
“Polypeptide” refers to both short chains, commonly referred to as peptides, oligopeptides

or oligomers, and to longer chains, generally referred to as proteins. Polypeptides may

25  contain amino acids other than the 20 gene-encoded amino acids.

Polypeptides” include amino acid sequences modified either by natural processes,

such as post-translational processing, or by chemical modification techniques which are



resi dues, respectively, as conpared to the naturally occurring substance.
As used herein "substitution" results fromthe replacement of one or nore
nucl eoti des or amno acids by different nucl e(ﬁtl des or anmi ng%fhﬁégﬂsﬂﬁa I
respecti CH pol ypeptides according to the present inv uay al so
havg del gﬁ%ﬁ%"%é 25 insertions or substitutions of amino BET@ROE4Hdbes
whi ch produce a silent change and result in a functionally equivalent amno -
aci d sequence. Deliberate am no acid st}gsti tutions may be made on the basis
of simlarity in polarity, charge, solubility, PydLophob! gl ty, . ol e
hydrophi licjty, and/or the anphipathic nature of the residues. For exa ,
nggat Pvel Y}’&f LE%%W’QIBG{‘%%’L Cgé’i“?fgh?%’@lnﬁ aes wehdeseribecuia nsigriexig ud aziglgrgam d d

osi tivel gt =Y ! k : 05 P .0 aci ds
el ude | e R e AP M L Aok oA Rk Vg EBor R e
groups haviragysherelinr pojsoepipdy, iichiding el peptidé bakuoee, Heusihng acids@deuci ne,
val i ne, glycine, alanine, asparagine, glutamne, serine, threonine,

phenyl al aﬁl}glﬂ%?ndaﬁl?a ARG8T FrEDOXTb FRsBYINia i Wil bepprectatad hatstheragmbtypemde, f or

i . i i in the.same block in
The Bocons BED nidy Bo e AP S b R BT S bR SRR ARl e

be subst ifolypentideoAlseae lgivehipeiypeplidd AT coNair malyor B8 o thydiRehins: ,
unchar gedCST M NQ Pol ar - chargedD E KR AROVATICH F WY BACH pol ypepti des

of the invention may further conprise heterol ogous am no acid sequences,

i-cal | t 3 ] - ' referably the N-termnus,
Horer ol ogous Seqhensns gl andich S T BN ot Th Aok il R Y B eyl
ext r acel Iwithar withotiebrandifing & it blgnoﬁl&!d(}iﬂd&)sgdcﬁa&leycli%?%%_éﬁﬁ&sbmigﬁ%eglim?;08 ](c)us
I i.ncl ude sequences that increase the’ i nmunog
f ﬁguﬁgfiﬁga”%ﬁr%%ﬁﬁ n?mﬁaé%fq u?ﬁeaﬁa?f@ff brrnads byfsyathetic mathadgent i fi cat i on,

extr agt i oodRiehiBhs Ql'éfd:dfeia@&&iaﬁ@n,o.{cy}a%%np p&potsgﬁgl%n é%%%%trf(?ré ngﬁ%}ﬁr ol ogous

sequence that is particularly preferred I's ap aning-acid "s¢ nce such

as pol yhiaiachaieneoividvii dosalpnteftackankyt diattennd majety, Bopbnthiatinémer sequence

of at | e%ﬁéleo]t%e or nucleotide derivative, covalent attachment of a lipid or lipid derivative,
covalent attachment of phosphotidylinositol, cross-inking, cyclization, disulfide bond
formation, demethylation, formation of covalent cross-inks, formation of cystine,

15  formation of pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI
anchor formation, hydroxylation, iodination, methylation, myristoylation, oxidation,
proteolytic processing, phosphorylation, prenylation, racemization, selenoylation,
sulfation, transfer-RNA mediated addition of amino acids to proteins such as arginylation,
and ubiquitination. See, for instance, Proteins - Structure and Molecular Properties, 2nd

20 Ed,T.E. Creighton, W. H. Freeman and Company, New York, 1993 and Wold, F.,
Posttranslational Protein Modifications: Perspectives and Prospects, pgs. 1-12in
Posttranslational Covalent Modification of Proteins, B. C. Johnson, Ed., Academic Press,
New York, 1983; Seifter et al., “Analysis for protein modifications and nonprotein
cofactors”, Meth Enzymol (1990) 182:626-646 and Rattan et aL, “Protein Synthesis:

25  Posttranslational Modifications and Aging”, dnn NY Acad Sci (1992) 663:48-62.

The terms “variant”, “homologue”, “derivative” or “fragment” in relation to the
present invention include aﬁy substitution of, variation of, modification of, replacement of,
deletion of or addition of one (or more) amino acid from or to a sequence. Unless the
context admits otherwise, references to “BACH” and “BACH GPCR” include references

30 . tosuch variants, homologues, derivatives and fragments of BACH.




15 amino acids, preferably at |east 17 am no acids but fewer than 50 am no
acids is especi ally preferred. The BACH GPCR pol ypeptides may be in the
formof the "mature" protein or may be a part of a larger prp§ejp ggch as
a fusion WweWeigde7 It is often advantageous to include an additional "am no
aci d sequence which contains secretory or | eader sequences,PCHl“E’)BOZ(f“933
sequences, sequences which aid in purification such as nultiple histidine
residues, or an additional sequence forystability during reconbi nant
production. BACH poI ypeptides of the invention are advantageously nade by

by Synt ot ¢ meaneTUy dorenoreRE s S iseR b o Ry

t echni quesactieity, tkorewhefombBKhdviROatNesss S agiCht AFUS‘Q
Pol ypepti gqeéq? of the |nve1r31}tq:lon@dly asso be préglﬁ%ggdhggg ion pro({wrfni for
exanpl e t L NPk er 2BRIIBNOaH nm@rtlldularathedmn Elcmnqibg&”&bvérslﬂdmﬂt}pﬁvﬁhel n

t & St xH s, GAL4 (DNA bi ndi
na or ¢ r dngertie A B R B R sfralied s b cotkoes b2 GECRay
al so bé cantieiny. 8¥iith kexpbeich eﬁcﬂﬂ@ﬁtﬂ?l(ﬁ | $m B9y, }Q@fe b ﬁht&%tlé“&elg?ét@%%,

fusi on protein partner and the protein sequence Gf inte to a
renoval ofqrg §Feéﬁabbfr%t1@ﬁsh7%éqmerﬁ:wsferdﬂz lat hsst@S%) roehmdrepreRy-A0¢ asSlehd .
t he function of e protein

Pr ef er abl in w hj nd

of inter e>sgt /2%&&%}?168 ggergA%ﬁBBq @fﬁ%batql%lh?r%’fs & HES§ fv eI PregAD b’eatllﬁash

subst ant i @IS%; sttheé REnfigr ThesERédns a1 LRoMA

alteration hand o? man fron§1 t he nat &k@s ﬁ&%@gggﬁ #e‘?lvreﬁffr:?sgno%rﬁ% "€d
conposi ti 6‘ hééi’o"’é?&ﬂ%’éc varetioss phitha RACH, GPER hasleheeid siyaaged or renpoved
fromits ori g| nal environnent, or both. For exanple, a polynucleotide,

nucl ei c acid or a polypeptide naturally present in a living aninal is not

"isol &@ed, " butWhdre rafaramce tmha/dmltl@@"fﬂedé})to%k/ ’Coxa‘%éiog{capét% 1%@?%1* ge
state’ is

separatedfromtwg\ i)’em%tS materials of its 15 natur

i sol at ed™CeRYET fYR 3 theeeiterrap aterintendediol tefen tmiheenetiimlisrder st ood
that the BALhLIGRER d{:@% carriers .or.diluents which
will not I nterfggre ﬂ\?‘\ﬁht&tﬁ&{ ﬂfe I nt en %oeéggof’plggfédg’fg YHHEACHY e ORITaPro¥ed | | be
regar ded agfiviiigssirahtsealctiyities ofithtdetreassdnaldysiemid dee @fffeétmuh@ih%mdb@a dray al so
be in a rﬁbstantlallrgwpurlfle d for in which case it wl generaT

conpri se PIHEBIG mmyogenis aghwiss af the rBAﬁHmwmrnEK@nplhanf GPOR a‘cumty,

exampi®, S&PemeHR3% of as%gyﬁngan& BEarRifPihg thesk %cﬁ%%es RIERALA 10 Iax% a%d%%m GPCR
polypeptlde of the inventro
described in detail elsewhere mm this document.

As used herein a “deletion” is defined as a change in either nucleotide or amino
acid sequence in which one or more nucleotides or amino acid residues, respectively, are
absent. As used herein an “insertion” or “addition” is that change in a nucleotide or amino

20  acid sequence which has resulted in the addition of one or more nucleotides or amino acid
residues, respectively, as compared to the naturally occurring substance. As used herein

« o ) .
substitution” results from the replacement of one or more nucleotides or amino acids by

different nucleotides or amino acids, respectively.

BACH polypeptides according to the present invention may also have deletions,
25  insertions or substitutions of amino acid residues which produce a silent change and result
in a functionally equivalent amino acid sequence. Deliberate amino acid substitutions may
be made on the basis of similarity in polarity, charge, solubility, hydrophobicity,
hydrophilicity, and/or the amphipathic nature of the residues. For example, negatively

charged amino acids.include‘aspartic acid and glutamic acid; positively charged amino




The present invention also relates to peptides conprising a portion of a
BACH pol ypeptide according to the invention. Thus, fragnents of BACH GPCR
and its honol ogues, variants or derivatives are included. Theg g\gpltzbugegl of
t he prese i tion 25 nmay be between 2 and 200 am no aci referably
bet ween 4%%%§@am no acids in |ength. The peptide may b(lggilé;ﬁ%\}@ﬂnf’r om a
BACH GPCR pol ypepti de as disclosed here, for exanple by digestion with a
sui tabl e enzyme, such as trypsin. Alternatively the peptide, fragnent, etc
may be made by reconbi nant neans, or synthesised synthetically, W 02/ 38607

20 2 9 Al 05 B0, 04935 The term ".peptjde” includes the various
synt het i (l:JC:El 5@%3?0&%&%1%@%%@%?*% !W1?$%C18%\§{t%1 ugg@ﬁgeé;spojarﬁ@@g 8I¥Werso D
pepti des. HhbigRRRACE dREhiRGHARIRRGAGEN leudfd, QoM URaM vAY Bhvcice, dafifs)
epi tope. The peptide may be immunogenic in vivo. Pref er abf the pepti‘de is
capabl e ofaspaieries, Ehutaine; adrins Hyeemnd, pbeliyéaanine, wind dyroSinBy al i gni ng BACH
GPCR sequences fromdifferent species, it is possible to determ ne which
regions of the ami no acid sequence are conserved between different species
("honol ogous r e@ne&sadive ﬁiﬂ)@t_iWﬁbﬁMﬁ?gé Hade Bf é’;fa@gﬂ(‘f‘@ r&ingtﬂh{e 1EB1ow,
speci es ("heterol ogous regions"). The BACH pol ypepti des according to the

i nvent Pon Avaipotapids éf Bressapsridedlsia the $@ose cplemo endiprefbrablyr inebpeintkslidedn alic

| east part,.o honol ogous regi.on. A honmol ogous regi on shows a high degree
of honol oé&}‘f%%"?%Bﬁma‘/tog %§§ t“?‘iﬁ)fggﬁ%’@ioé]%‘?r' For exanple, the honol ogous

regi on may shp¥ =7+ ~8006—npro-—pref erabl y at
| east 90% ev Al u%mferabwgn‘ﬁt’l#east 95% i dentli®¥ Bt the anjno acid

| evel using the tests descrlibed above. Peptides wlileN conprisel a sequence
whi ch corresppnds to a 15, hobadhogowdamgedii on nay heC§SEM i n t hef apeutic
strategies asfexplained in flurther detail below [Ayigernatively} the BACH
GPCR pepti de y conprise a SPSIHENGargdd Ch CorrespoRds 1o at NMeast part of
a heterol ogous region. A hetlerol ogous™ regi on shovv:,,K\g\uw degree of

honol o bet st t—two—spectes—BACH-GPERR ]WGH—DES AND
NUCLEI ?:yACI DS SRGUA Z “%Wﬂd A FY Y et | dels, BACH

nucl eoti des and BACH nucleic acids, nethods of p'rodhcti on, uses of these,
etc, as descri BadCHBolyHehhi®s of #8d RlvknifinSh ¢ Ehrhbbiss 105 Is anfil§ terms
" BACH pol ynucl eot i derh' ﬁBACH nucl eot de” %ﬁl "BACH ucl%?cwgg?[d:'anﬁgg

acid sequences, typically at the N-terminus or C-terminus, preferably the N-terminus.

Heterologous sequences may include sequences that affect intra or extracellular protein

10 targeting (such as leader sequences). Heterologous sequences may also include sequences
that increase the immunogenicity of the polypeptide of the invention and/or which
facilitate identification, extraction and/or purification of the polypeptides. Another
heterologous sequence that is particularly preferred is a polyamino acid sequence such as
polyhistidine which is prgferably N-terminal. A polyhistidine sequence of at least 10

15 amino acids, preferably at least 17 amino acids but fewer than 50 amino acids is especially

preferred.

The BACH GPCR polypeptides may be in the form of the “mature” protein or may
be a part of a larger protein such as a fusion protein. It is often advantageous to include an
additional amino acid sequence which contains secretory or leader sequences, pro-

20  sequences, sequences which aid in purification such as multiple histidine residues, or an

additional sequence for stability during recombinant production.

BACH polypeptides of the invention are advantageously made by recombinant

“means, using known techniques. However they may also be made by synthetic means




may be used interchangeably, and are intended to refer to a

pol ynucl eoti de/ nucl eic acid 25 conprising a nucleic acid sequence as shown
in SEQIDNG 1, SEQID NGO 2, SEQID NO 4, SEQ ID NO 10’29”\%‘2005

honol ogue, woanizgday or derivative thereof. Preferably, the _

pol ynucl eoti de/ nucl ei ¢ acid conprises or is a honol ogue, varGTAFBOYp3s
derivative of the WO 02/38607 21 2 9 AUG 2005 PCT/ GBO 1/04935 nucleic acid
sequence SEQID NO | or SEQ ID NO 2, mpst preferably, SEQID NO 2. The
ternms "EACH pol ynucl eoti de", "EACH nucl eotide"” and "EACH nucl ei c acid"

shoul d  beusingescEhigaes el kR6®h kb ﬂéhéd'& %ﬁ&ﬁl%ﬁ& g’sosloﬂdg)% s%gﬁmg% qu)gfp%\RBA

CH
sequences, for exanple, the nouse B genom c sequence EIQSSEQ
| D NO: 10) of the Thieaon enaymlsy e mrbdaceidnt dnsitiprotins) Griedempleny éldah ex@dtthn

bl . di I tid d/ tid f th
o esent i noRap i ipn gXaRepl g BB P pentiecrs meisle AR GRranstorase
pol ynucl eotg | £} J: i .nucl eot.i de equence .capabl e
of encodi ng %g%%é%f€%%# I?@?%g@%ﬂeﬁ%ﬁl&ﬁ%m&@{eacftn&%%‘i% lgﬁ%@m%ﬁ’n SEQ

I D NO B ogal8E@iddSe NOmdy, alar becd oMby tacli¥d® d fdteoBiticARih Y@ idehananl - 10
Preferably, the BACH GPCR p(gl ynucl eoti des and %gcl g}ftlg aéai dgetcl:orrgrl seetgé

nucl eot i del*SEBRLIRIPHHSE BRES PreiaRraRRce Obinltress b altev comgial of fugiohhe ani no

aci d sequepegis i - -2 ol vari.ant or derivative
t hereof . "Pol §n5ggllwg%(%éigase@ﬁgéhera bﬁ?%?‘ép%?%%ﬁ@%& @P%%%E‘P@b‘i Pk ng
pol ydeoxr i loderdhefirictien ofthieqhotenyoftigteramaduén@d RNA or DNA or nodified RNA

or 15 DNA. "Pol ynucl eoti des” include, without Iimtation single- and
doubl e-stranded DNA, DNA that is a m xture of single- and doubl e-stranded

regi ons, singl . nd_R h iS mxture of.

si ngl e- and dgﬁ%ﬁg?g{@gg‘%g?e?ég?%g@n 1%%'%%?8g€\i’sia§%a83ﬁi9ﬂt%qt%§‘n%5and

RNA t W& nigym kreinteinded to wfferdn ditetation byrttechahyl pF eah lfiom dRuheal sié.anged or a
doubl e- stranded regions. |In addition,

m xture Of“ifoil%g £ and.t A g .

"pol ynucl edt] BRGSO Y OFRRGS QC WIS i RflEs, Hdgh bern dengad wiregoRMA or  DNA
or both RNAmmng 1 Ehdrorngdnt) . @,e%a I.nglydes DNAS. or  RNAs
cont ai ni ng one SE%Hn‘gre mr)%i finéd&%gggg‘a} an %ﬁ@oﬁh‘jﬁ&&é&%ﬁ@ﬁleﬁf@kﬁ%ﬁ%s

nodi fi ed fROLYPSPEEE natuiallyrpresent imtaléving ewismh s not “Iortddj aslit thagas i ncl ude, for

exanpl e, trityl s.and unusual. bases such as inosine. A variety of
nodi fi cat H{c‘)’l#;s&(‘ﬁ%égg%g“ﬁh E%"d e 8T Shiide pRparated, frem the spgpistingapaterials oDis

embr adés alaanalGedtt ¥s “iSslanaRlas ¢iad dovn N eIBbPROAER! | y modified forms of
pol ynucl eotides as typically found in nature, as well as the chem cal forns
of DNA and RNA characteristic

It will however be understood that the BACH GPCR protein may be mixed with
carriers or diluents which will not interfere with the intended purpose of the protein and
still be regarded as substantially isolated. A polypeptide of the invention may also be in a
substantially purified form, in which case it will generally comprise the protein in a
20 preparation in which more than 90%, for example, 95%, 98% or 99% of the protein in the
preparation is a BACH GPCR polypeptide of the invention.

The present invention also relates to peptides comprising a portion of a BACH
polypeptide according to the invention. Thus, fragments of BACH GPCR and its
homologues, variants or derivatives are included. The peptides of the present invention

25 may be between 2 and 200 amino acids, preferably between 4 and 40 amino acids in
length. The peptide may be derived from a BACH GPCR polypeptide as disclosed here,
for example by digestion with a suitable enzyme, such as trypsin. Alternatively the

peptide, fragment, etc may be made by recombinant means, or synthesised synthetically,




of viruses and cells. "Pol ynucl eotide" al so enbraces relatively short

pol ynucl eoti des, often referred to as oligonucleotides. 2 9 AUG 2005 WO
02/ 38607 PCT/ GBOL1/ 01935 22 It will be understood by the ski%ézﬂ @ﬁ son t hat
nuner ousygYsh&gs i de sequences can encode the sane pol ypeptid % L resul t
of the degeneracy of the genetic code. As used herein, tHEHeBW Mt eotide
sequence" refers to nucl eoti de sequences, oligonucleotide sequences,

pol ynucl eoti de sequences and vari ants,ydonol ogues, fragments 5 and
derivatives thereof (such as portions thereof). The nucl eoti de sequence may

be DNA k€ oy theti nbi t 1 gin which b
doubl o- ot r andby® S DS Mo R bV rflre B Grrsbant oy PR nSenda tor
ant i sensertsuclandh ftrogORRiOM Eﬁﬂﬁsi@ﬁféﬁide mjﬁ?%etaﬁra?}igér{ﬁé 8okl ateadRRCce My

be prepared by use of reconbinant techni ques exanpl e, reconbi nant
DNA) . 102 Prestepiepsy The peptidermey beighmonoghaicsieqienBeferablyrtae PhjaideThe t er ns

"variant’, h | pque", ‘derivative. qr "fragnent" in relation to the
T4 able%??@?wglrﬁggaw %‘Hf?@gieﬁﬁ’f Y% of, variation of, nodification

present TAVeEntT o
of , replacenent of, deletion of or addition of one (or nore) nucleic acids
fromor to the sequence of a BACH nucleotide sequence. Unless the context
adni t ot her wB3 aligning BrdH 6P GRosequamtds famd differdnBAiIdiSPER possiblaice
referencge?er}n? s‘%ﬁfé var.i an%Hs honol o%ejes, derivatives and fragnments of
BACH. Protarani JachigeipRLof the A Aqid stqugreess csered hebwss ditorsnl pept i de
havi ng Gpelles @bbinvldopus BeedRrahhy I 26 VAR of the
GPCR shown as@SEQ I [%)bNo ggf o)? SEV(‘Q)E?%I@ .O ﬁ%flérgﬁ%%eggﬁ@%?’%ﬁ%qt%é@ﬁésy

" honol oduBeterologons eggirns % 0 cover identity with 20 respect to structure

and/ or function such that the resultant nucl eoti de sequence encodes a

pol ypepti de which has GPCR activity. Wth respect to sequence identity

(i.e. siml arTHeyBACIDpaif?HpﬁHéé/?écBﬁﬁﬁg tothdinve ARG m?a?%ﬁerfﬁ&f‘éacd?ﬁ i&rabl y at

| east. 75% nore preferably at | east 85% nore preterably at Teast 90%
sequéncSeflirdae Mych ogsTesPeids teftdbasy patief @ homokgohergion. #5Bomotogeuguegionr abl y

vari ot onarof PPANERET REN e PR Fofteiedit roRtRE e 2 0 ALG
2005 homologous region may show at least 70%, preferably at least 80%, more preferably at
least 90%, even more preferably at least 95% identity at the amino acid level using the
tests described above. Peptides which comprise a sequence which corresponds to a
15 homologous region may be used in therapeutic strategies as explained in further detail
below. Alternatively, the BACH GPCR peptide may comprise a sequence which
corresponds to at least part of a heterologous region. A heterologous region shows a low

degree of homology between at least two species.
BACH GPCR POLYNUCLEOTIDES AND NUCLEIC ACIDS

20 This invention encompasses BACH polynucleotides, BACH nucleotides and
BACH nucleic acids, methods of production, uses of these, etc, as described in further

detail elsewhere in this document.

The terms “BACH polynucleotide”, “BACH nucleotide” and “BACH nucleic acid”
may be used interchéngeably, and are intended to refer to a polynucleotide/nucleic acid
25  comprising a nucleic acid séqﬁence as shown in SEQ ID NO: 1, SEQ ID NO: 2, SEQID
NO: 4, SEQID NO: 10,0ra homologue, variant or derivative thereof. Preferably, the

- polynucleotide/nucleic acid comprises or is a homologue, variant or derivative of the




PCT/ GBO / 04935 For some purposes, it may be necessary to utilise or
investigate control regions of BACH Such control regions include
pronoters, enhancers and |ocus control regions. By a contr@B gegj@gn we
mean a nudveow3sei d sequence or structure which is capable é?JpgaHkating
t he expression of a coding sequence which is operatively linked to 1t. For
exanpl e, control regions are useful in generating transgenic aninals
expressi ng BACH. Furthernore, control ré&dions may be used to generate
expression constructs for BACH Control regions fromdifferent individuals

in a populmtietracithseqhenceSENIENQQT: T §r S%g’lgc N%A %C}'Hb#ﬁz?éf@&bgpl%%ggf?ﬁ’

whi ch nayéﬁg ect the expression |evel sis<d
further detiittrmselBaWeH ngbvucteotde’l, SBAGH pasitativle” ned i BACIDAUBACHLIS should

straightf : arni i n nunber _of ways. For exanpl e,

t he codi nge\@g%étﬁggg% @Hﬁé%c%%%ﬁggtﬁéﬂmadfgeélﬁP‘é%B&%ﬁ?%{ﬁ{lceéyfoécr eening

a cDNA ||Manpleymemgmemmg@ﬁoﬁ&t@%@u&é@%&%@elcmﬁ@;ﬁfw 18).probe. 5
ate genom'c

sequences nmay be obtai ned by screening an appropri 15 library,
or by primer extension as known in the art. Database searching of genone

dat abases may empl oyed uch 5' sequences which are particularly of
inter eit i ncl ﬂﬁé&ggﬁn}%%iaﬂ%l E&?ﬁﬁ@.mﬁ*ﬁ& %nug@@iaéwsseﬁa@cs@a@%bémﬁued by
eye, or Wehdbds )Glp&pftides aRIYE £heiR %Egp ' FURIR e motifs

whi ch i ndi cat eﬂgﬁh%éélr)éeﬁsleﬁce of p?%l:?mt g)? r{?ﬁegﬂnggﬂgdr%gf"g%ﬁe s. 20

Fur t her noPelyPetifae s, BAGH KERER prlyudieotiten dud hedeiofacBAGHNYiS £htclasidd
sequences t rganisns.. By ali.gning BACH GPCR sequences from
di ff erent Sésc{x)lggaleeésg?a@% O?EE%ggggg%P%lyP@m&&cBng@gm RmOAgIbIrguBIceshewain no
aci d sequéBQHEDANG: 6enSBYY HU N®3\0e R hoinbiRENarBRES &SivafhichefgRser ved

regi OP&B,%\ e likely to contain control regions tor the gene 1 n question

(i.e. craflp St ACHAARC R nebimuglentiddsand agcleivomids @mmise dimcleotidd her e,
for exanp .G sequence (SEQ.1D NO 10), may be enpl oyed
for this %ﬁ“ﬁ%s? reEl.a p %ﬁ?t ﬁer %@%@?@@%P@B{i@gg Fhreo?ﬁ“c’i‘f’t‘?@%‘? SrgHitE Shevmiy e
obt ai ned G8EQAY NOabddarahomblogds vafiager deni e YisdrA6F, appr opri at e probes

generated from the nouse and human BACH sequences. The genone of the
pufferfish (Takifugu rubripes) WO 02/38607 24 2 9 AUG 2005 PCT/GA /04935

non- coding. . 1 egian ek EOer B R A RB88BRY nan genom ¢ BaGH
sequence Payggoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or
15 DNA. “Polynucleotides” include, without limitation single- and double-stranded DNA,
DNA that is a mixture of single- and double-stranded regions, single- and dduble-stranded
RNA, and RNA that is mixture of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, more typically, double-
stranded or a mixture of single- and double-stranded regions. In addition, “polynucleotide”
20  refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The
term polynucleotide also includes DNAs or RNAs containing one or more modified Bases
and DNAs or RNAs with backbones modified for stability or for other reasons.
“Modified” bases include, for example, tritylated bases and unusual bases such as inosine.
A variety of modifications has been made to DNA and RNA; thus, “polynucleotide”
25  embraces chemically, enzymatically or metabolically modified forms of polynucleotides

as typically found in nature, as well as the chemical forms of DNA and RNA characteristic

of viruses and cells. “Polynucleotide” also embraces relatively short polynucleotides, often

referred to as oligonucleotides.




SEQ I D NO 10, nouse BACH genom c sequence) may be used to identify
conserved regions containing control regions. 5 Deletion studies may al so
be conducted to identify pronoter and/or enhancer regions f8rAUBAM. The
identity v oDseas i ve control regions may be confirned by %ﬁ&éﬂ X {n ol ogy
experinments, in which the candi date sequences are linked to a repor er gene
and the expression of the reporter detected. 10 BACH GPCR ASSCOCI ATED

Dl SEASES According to the nethods and cpwositions described here BACH
GPCR is wuseful for treating and diagnosing a range of di seases

demonstrate hefiqyiiinel ufidpRdbd URREd b sb{?ﬂi%t ﬁ‘gﬂéﬂ%ﬂén&é}é ncé’s?o%?’ 3
Accordingly, in a specific enbodi nent, CH, agent s |ch Ind to,

agoni se ogncade thg cmns oBACH dremg ahresulseﬂhe degelnem:y of thdigagetisenda. d| sease Whl ch
maps to this |locus, chronmosomal band, region, armor the sane chronosone.
Furthernore, we denonstrate an expression pattern of BACH in transgenic
mce, and ideqnt}dy Hehdn pcﬁ@ﬂe%’xyﬂﬁéleg ileséégner{@eﬁ?efery?@ﬁﬁcl &fgecs@@%&%:sr ol e for
BACH in sensing pain, rmalntalning ance and I'n secre I on

agent s wholighninilewdideeqaamoes, $>elynn012@t1dﬁﬁquﬁmb§ﬁld3/hﬂalnﬂﬁly01hﬁogl&@Cfratgmdnltseat or

di agngse a .di sease i.n ich there is a disorder _in any of these
Accor di ndi eﬁlYﬁtWﬁ%ﬂ@FP\éwBléﬁ%ﬁ% pFflophtcranile hbF BHclcaercammore ey BEONAE t o

di agnose A torf gﬁc?glyoﬁgxthgﬁ@%@émﬁﬁ}%ﬁ{ @gﬁ*vdhp«ﬁqtrp%g ?d]&gtgderg @ﬁandte em nal

neural gi a, pai n assocl a |rr| abl e bowel
syndr one s1r%r stmrtdeé v&edm ogphresguting thHeasanse anfisente aemder 2badinatibis t(harleﬁﬁr

di abetic eur(I‘)Ii)/n i es Her es WD 02/ 386%J 25 2 9 AUG 2005 PCT/ GB01/ 04935

i nfection PRiids AN ncﬁf’&ﬂé?er@e% By pse ofdpeambipantyPNAJeRANGUeY wit h

m gr ai ne, (forakhagkniondtRRhBaE, neuroma (whether caused by anputation,
nerve transaction or traum), ‘nerve conpression (caused by tumpurs,

entrapnent or crush), pain due to damage of the spinal cord or brain. 5 1In
anot enbodi e used jo di se or treat, by any
msang‘aas desc E@qulﬁAE*f%mdélB%éWE © SCHBTREt fmgan %@@%em a, dyskinesi as,
trenmor, Parkinson's, benign essential trenor, chorea, epilepsy or

bal I'i snus, for exanple occurring through
The terms “variant”, “homologue”, “derivative” or “fragment” in relation to the

present invention include any substitution of, variation of, modification of, replacement of,
deletion of or addition of one (or more) nucleic acids from or to the sequence of a BACH
nucleotide sequence. Unless the context admits otherwise, references to “BACH” and

15  “BACH GPCR?” include references to such variants, homologues, derivatives and
fragments of BACH.

Preferably, the resultant nucleotide sequence encodes a polypeptide having GPCR
activity, preferably having at least the same activity of the GPCR shown as SEQ ID NO: 3
or SEQ ID NO: 5. Preferably, the term “homologue” is intended to cover identity with
20  respect to structure and/or function such that the resultant nucleotide sequence encodes a
polypeptide which has GPCR activity. With respect to sequence identity (i.e. similarity),
preferably there is at least 70%, more preferably at least 75%, more preferably at least
85%, more preferably at least 90% sequence identity. More preferably there is at least
95%, more preferably at least 98%, sequence identity. These terms also encompass allelic

25  variations of the sequences.




stroke, trauma, degeneration or malignancy. In a further enbodi nent, BACH
GPCR may be used to diagnose or treat, by any 10 neans as descri bed in
this docu eye disorders, cystic fibrosis, hyperacti V8 MG8er ,

hyper chol en@f)é??/a? Qém a, dislipdaenias and obesity. As noted mbDeBsL/@AGH GPCR
may be used to di agnose and/ or treat any of these specific diseases ( EACH
associ at ed di seases") using any of the hods and conpositions descri bed
here. 15 In particular, we specifically &hvi sage the use of nucleic acids,
vectors conpri CR nucl ei ¢ aci ds, pol ypeptides, including

honol ogues, var‘%\&{{s Qﬁ”%{g;‘ig\’/aﬁ ves ther eof , phar maceut i cal conpositions,
host cells, and transgenic aninmals conprising BACH GPCR nucleic acids

and/ or pol ypeptides, for the treatment or diagnosis of the specific

‘di seases |i st ed%UIS6E PUBRIChet gy de negeseany isialgise thvestégasé cammwpagias of

capabl e of bi nd| to BACH GP: refe ably

ant agoni st%’ggﬁ gh@}@@%@%{.‘%ﬁ% Ud?gf)qr@ t%’ﬂ?ﬁ%‘i?ﬁ%a"@ggﬁ %Oan) ’ieSWé‘Fl%at he
endogenouscolntmbﬂegmh Wy et aAlMEleidacid §Rlubnce o Bk RIS BARHBACKF GPCR,  as
wel | a s of making or identifying these, in diagnoSis or treatnent

of the pé&?‘? %m@it§%§§ﬁr§sﬁ?@%9f@ﬁ@@n&b@werlcelwiudarstqpcmtmly hwkedl teitude  t he
use of any of these conpounds, conpositions, nolecules, etc, in the
production of 25 vaccines for treatnment or prevention of the specific

di seases. V% alFoo ekiunplepsentehlagsI08s dré usdfillis obQrat the
specific diseases_in_an_indivi %l WO 02/ 3 607r xgﬁzgg%% gg‘bg

PCT/ GBOL/ GABESSINE Bi(cld- Burth qrm@éﬁgéomfscdmg@stmay blewsed fty genrhite @xpressidher

specific b r..di agnosabl.e b BACH GPCR ar e knovvn
in the ar ?0 ﬁ%ﬁ%%zfroghﬁlg’ g%t(r:@lrgéamgﬁgﬁnségﬁfg?%n lﬁlq“ﬁlss‘nm%ﬂ?n may b pr oad
aspect of sequenced/eritiewify rBAG&ddﬂ%Smﬂyrﬁ&@ﬁlsﬁisSﬁﬁﬁﬁsn gf'tqféé@%eaﬂ re@ioDlevel

i nf ec ons %(lr;#a,@% .bac erlg ng];fldn pr ot ozoan an r al ecti ons,
partl rqf% I§ ghdescribed ng ndetailbelow.H V- 2: pain: cancers: di abetes,
obesi ty, anorexia; bulima; asthma; Parkinson's di sease; thronbosis; acute
heart failure; hypotension; hypertension; erectile dysfunction;. urinary
retention; netaddoitifcatomef dorﬁ&ﬁs%or&wﬂBmH%itﬁ@g}ﬁferaﬁj ahdnf ﬁtb%‘éamed
petrosis; Jangi na pe ris; ocardial infarction; ulcers; ast

al l ergi es?® ﬁeﬁmxﬁ%ﬁr& FRvarksamele, thercodingsediopcooiBA GH susde oblainedt abl e

bowel ~ syndioaiRy beaham, lafy%ﬁe%hin‘g a dDIPR TP 'Eléfm%ﬁ'i’lﬁrr%%? hOtu'SS B cDNA

neur ol ogi cal disorders, i ncl uding anxi ety’ 1'Z0
sequence as a probe 5’ sequences may be obtained by screening an appropnate genomic

15  library, or by primer extension as known in the art. Database searching of genome
databases may also be employed. Such 5° sequences which are particularly of interest
include non-coding regions. The 5’ regions may be examined by eye, or with the aid of

computer programs, to identify sequence motifs which indicate the presence of promoter

and/or enhancer regions.

20 Furthermore, sequence alignments may be conducted of BACH nucleic acid
sequences from two or more organisms. By aligning BACH GPCR sequences from
different species, it is possible to determine which regions of the amino acid sequence are
conserved between different species. Such conserved regions are likely to contain control
regions for the gene in question (i.e., BACH). The mouse and human genomic sequences

25  asdisclosed here, for example, a mouse BACH genomic sequence (SEQ ID NO: 10), méy
be emplbyed for this purpose. Furthermore, BACH homologues from other organisms may
be obtained using standard methods of screening using appropriate probes generated from

the mouse and human BACH sequences. The genome of the pufferfish (Takifugu rubripes)




mani ¢ depression, delirium denentia, severe nental retardation and
dyski nesi as, such as Huntington's disease or Glles dela Tourett's
syndrome. PAIN AND SENSITIVITY 15 As shown in the Exanpl es %rgdA imgr es,
BACH is exgy@ssqd i n the nervous system of mce. Altoget hgﬁ (}taBLE@OFr gsence
of LacZ staining in the Dorsal root ganglia, the spinal ¢ ¥ Ha
trigem nal ganglion and trigem nal nucleus indicates a very strong
potential role for BACH in pain and setsi ti vi ty (Julius and Basbaum
20011). This is consistent with the | ower response of the BACH nutant to

t he paw pregslsp be soenasto iddntifhy Boalldsimlogeponserissaefitlies’ ebhaodingst s

such as the.tail. flick . Simlarly, the expression in_the viscera such
as in the B ﬂ%efi: ?%Bé@t%w\%ﬂs%wﬁw grnomig HACH seqigpedie-&ind sacs

such as t bagde I , ' es is
strongly lrgg(rgn'qni Scé%(t),%ig?us??é%lg rg%gcosr?hgéa}#t%)erpn?lgk“g%qg\%?gi C%%fﬁeéol ved in
" st r et chi regions oonteinsmgecaltropeeigionsensitivity in these organs and as well as
neuropat hic/inflamatory pain 25 (Burnstock 2001, Cockayne et al 2000,
Sousl ova et al, 2000). Exam nation of the expression pattern and anal gesi a

phenotypi c datg.1afioh BiS e t,aRt G b NG %% for w_{hat BACH
is therefore a %a{rué%t for pgtaésﬁmeaﬁ%n? ?%Catg(ltl ﬂrr)glrﬁlt %gﬁéﬁégﬁﬁgp@a&e&% 2005
PCT/ GBOL1/ 84@85fwafBA€CHgeni nal neuralgia as well as nigraine. Accordingly,

t her apeuti c agents devel oped using the methods and conpositions descri bed
here may be used as anal gesics. Such therapeutic agents nmay conprise

BN o N R e A

agents identified may be used In gemen

neur opat h¢xperimefts amrelioh heanaddiditecequenceadra linkberea rpatt@esene ahd fie:

t herapeutics nma nong ot her cgndi tions be used to treat Trigem nal

neur al gi ac,exp{)qsg]oégfgqe rﬁg? Frdsiecied associated with toothache, irritable bowel
syndronme, Barrett's oesophagus, glauconm, pain associated with cancer,

di abeti c neuropathies, Herpes infections, HV infections, mgraine 10 and
ski n HensBACH 6P CR dsspaagsipidIshasisgr ai ne, al | odyni a, toot hache, neuroma
(whet her caused by anputation, nerve transaction or trauma), nerve
conpression (caused by tunours, entrapnment or crush) and pain due to

damage of the sgicidingot MEh&IsHNA- coipobRichaleRAbad heredp SORPEAEGNGE Of

trigem nal neuralgia, in which paroxysmal pain radiates over one, or two
di vi si onsuseful fordreating end dirgnesing/eranghef disedsas.ni ¢ division is

We demonstrate here that human BACH maps to Homo sapiens chromosome
12p13.3. Accordingly, in a specific embodiment, BACH, and agents which bind to,
15  agonise or antagonise BACH may be used to treat or diagnose a disease which maps to

this locus, chromosomal band, region, arm or the same chromosome.

Furthermore, we demonstrate an expression pattern of BACH in transgenic mice,
and identify the phenotypes of such mice. These indicate a role for BACH in sensing pain,

maintaining balance and in secretion. BACH and agents which bind to, agonise or

20  antagonise BACH may be used to treat or diagnose a disease in which there is a disorder

in any of these.

Accordingly, in one embodiment of the invention, BACH GPCR may be used to
diagnose or treat, by any means as described in this document, trigeminal neuralgia,
orofacial pain, pain associated with toothache, irritable bowel syndrome, Barrett’s

+25 . oesophagus, glaucoma, pain associated with cancer, diabetic neuropathies, Herpes:




15 rarely affected. Drug treatnment is usually effective but if it fails
surgical treatnent is used. None of these surgical treat ments has proved
satisfactory. No specific drug has been devel opped yet. Skimy §U|§|V|ty
appears arwog@2Bsse7 mej ority of mgraine sufferers. Burstein ? 1/(99?" i shed
a study show ng that 79 percent of 44 mgraine patients had extrene $kin 20
sensitivity. Burstein describes the extrene effects of mgraine sufferers
are unable to undertake day to day task® such as brushing hair, wearrings
or eyeglasses, or shaving beards because of the extreme pain. In mgraine

series of infgtiomaHI¥linfteos, mignaitdRdSeSehiiti GanHsbORtd vh'&?m?%' ?ihQSt em and
sensitised in a kind of dom no effect

t he thala @ --becoge

sensi ti sedHOAyRigdpot 50}’2’5116%%9’& (Bthethsr gausedby emphtatiomatesvd rksadtiva dtub of a
-CO ter ted tq the t.he-r |t can be
sklmnusenmrt t?%u \\%&? kner% F&}# g?%’tat% WCRSt rapmegggxécrggh) P3HR g%%cia(gxpa}ge

substancesafftlnmmﬁaﬂteoﬁmr&),ratﬁnd from bl ood vessels and nerve endings in the
brain. This oversensitizes the trigem nal ganglion. Wen oversensitized,
t he ganglion WO 02/38607 28 2 9 AUG 2005 PCT/ GBOL/ 04935 interprets nornal

pressuge insidg 0 1.gr ai ne. Because the
tri gemSnaI gang?%%ﬁhgljeéélhnﬂ%o G%QUQ%WM% %‘;Wn%igg?ﬁsﬁpéirﬁ@ byeny s the
target of noeans endescribagliaithie dbcugsnt, %&h@ﬁhabti%&ﬁ ny@h‘ﬂ@él?t s, RGP E ik dh's

sensory neurons connect ed to the dura. drugs "are often etfective, but
only if t&RBISNEScRURIdrEIYr, ehares, GPHEPSYeH@aﬁlhmub,efgr esxmple Dheurdug tiwengi t i sed

tri gem nals, ganghign nd signals to the nucleus caudalis, at
the top ofS rt hé spllﬁna corljaﬁo[b8 ahg%"rllcyt rigem nal ganglion, this group of

nerves is connect ed to the skin, particularly near the eye, where the nost
dramatic skin i tivi ound in mgraine sufferers. In rats, once

t
the trigeni naI tftea ﬁ“‘%’&gnﬁ?ﬁta BACEHGPRE mawb¢ wses to dliagabssor torat,dy dngur ,

t he nugl e aaLa if the .10 tr mn.al gangl i on
(s cal red by g rugéér?‘ierdig‘ﬂ‘é‘%ﬁs?%ﬁéw T R P

exper i menbladfigohypedtiodestsolabatia, hiyglipdacsias biid visesfigur ons i n the nucl eus
caudalis interpret soft touches on the skin as pain. Although current
m graine drugs often work if taken qui ckIy after the headache S onset,

that is inmpossial In@tefd%ol@@fwAéwﬁPci%%{j 6 8 rdt’ci%ﬁogean Fe Ya‘?ff{g%&*?y

headaches while asl eep. Accordin e| n
current aprecificslisdage “BéCtPﬁeswplml dnmscsﬁ) ugifik apnodf the rﬁthdsﬂze,rayldcl uster, are

only effe e tf t ing the firsts hour after an attack has begun
An |rrport§<§nltl¥(fsnton8tda %ﬁg?’ﬁee conpri ses

15 In particular, we specifically envisage the use of nucleic acids, vectors comprising
BACH GPCR nucleic acids, polypeptides, including homologues, variants or derivatives
thereof, pharmaceutical compositions, host cells, and transgenic animals comprising
BACH GPCR nucleic acids and/or polypeptides, for the treatment or diagnosis of the
specific diseases listed above. Furthermore, we envisage the use of compounds capable of

20  interacting with or binding to BACH GPCR, preferably antagonists of a BACH GPCR,
preferably a compound capable of lowering the endogenous level of cyclic AMP in a cell,
antibodies BACH BACH GPCR, as well as methods of making or identifying these, in
diagnosis or treatment of the specific diseases mentioned above. In particular, we include
the use of any of these compounds, compositions, molecules, etc, in the production of

25 vaccines for treatment or prevention of the specific diseases. We also disclose diagnostic

kits for the detection of the specific diseases in an individual.




secondary neurons. The Burnstein study therefore shows that skin
sensitivity has a clear origin in the hypervigilance of oversensitized
nerve cells. (Burstein, R et al, 2000 a) and b') 20 MOTI ON RBLAGED);

DI SORDERSw&NR/3BEYENTI A Accordi ng to an enbodi nent of the ipéﬁ@#ﬁ@ﬂw3§ACH IS
involved in control of balance. As shown in the Exanples, I's
expressed in cranial nerve nunber 8 (vestibul ocochlear nerve) and the
cerebel lum BACH negative mce are seen2ko have disorders in balance and
notion. Accordingly, the nethods and conpositions described 25 here nay be
used to identi fiy.tBop {Sik: I.ch. se 0
treat nnvenenth%?sordg?ggaggg?gﬂhgg$gkégﬁﬁggg?§§§%%Qﬁ5QI|sd%%%?gmggbk

bal ance. WOIR2NGBBRDY2%e2f B AKIE GIODR aRHHGBGL/R408 anfurd 4166 ameabed he

met hods anﬁ cgngositigaf descri bed here may be used to identify agonists
and ant agShFYPLCoR tAEPFURFREh nay be used in the treatnent and managenent
of denentia related disorders. Such disorders include denentia, dyslexia,
dyski nesias, trenor, Parkinson's, benign essential trenor, chorea,
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as deri vedFFioRs S aSagictial, funrgaberoapanand virt mdestions pattequdaylyadhfectonsahi ch
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per f or man8EIBICtQn; BRAY Eetefing, hiodig boug dispases sush g8 pateopgrisissandfosteee br ai n

pur i nes MauRshe 8l kol e RASS MBI ek oxelne i LIBI Gl Aphance

rewar d behavi our.” Purinoceptors are gener y excl ave %een
shownl® o amtiitis; inflanmenateteleec] diisendee inmbabie baweltsghdroserteufaptpraqistd tter in the
CNS, glutamate ,15 ndoza- Fer nandez. et .al .. 2000) .. SECRETI ON RELATED

> SorpERsT R anEe ped DR BARe AL OSR RG] 4 e Relbive aSED-SHEABeRBat mont
and managenRMepRsighyddiand ISREHRS Sev Y Sldnti fd ' ' adder,
hyper chol est eroFaem’ a’?/ di sl i pdaem a’se‘z,and o%esf%té}a&gdf%%ﬁw&%@p&
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PAIN AND SENSITIVITY

15 As shown in the Examples and Figures, BACH is expressed in the nervous system
of mice. Altogether, the presence of LacZ staining in the Dorsal root ganglia, the spinal
cord and the trigeminal ganglion and trigeminal nucleus indicates a very strong potential

role for BACH in pain and sensitivity (Julius and Basbaum, 2001%).

This is consistent with the lower response of the BACH mutant to the paw-pressure
20  test the hypoalgesic responses seen in other tests such as the tail flick test. Similarly, the
expression in the viscera such as in the tubes of the digestive system (oesphagus, gut,
stomach) and sacs such as the bladder and gall bladder, lungs, salivary glands and eyes is
strongly reminiscent of the expression pattern of P2X3 which is involved in “stretching”
or visceral pain sensitivity in these organs and as well as neuropathic/inflammatory pain

25  (Burnstock 2001, Cockayne et al 2000, Souslova et al, 2000).

Examination of the expression pattern and analgesia phenotypic data of the mutant

mice lacking BACH therefore show that BACH is therefore a target for potential treatment




Sequence identity with respect to any of the sequences presented here can
be determned by a sinple "eyeball" conparison (i.e. a strict conparison)
of any one or nore of the sequences w th another sequence t e .Ufl] t hat
ot her sequ&PdeRi3$ras, for exanple, at |east 70% sequence id ./iﬁ()/ 9gﬁhe
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rarely affected. Drug treatment is usually effective but if it fails surgical treatment is used.

None of thgse surgical treatments has proved satisfactory. No specific drug has been

developped yet.

Skin sensitivity appears among the majority of migraine sufferers. Burstein et al
published a study showing that 79 percent of 44 migraine patients had extreme skin
20  sensitivity. Burstein describes the extreme effects of migraine sufferers are unable to

undertake day to day tasks such as brushing hair, wearrings or eyeglasses, or shaving

beards because of the extreme pain.

In migraine series of neuronal clusters --in the sensory ganglions, the brainstem
and the thalamus --become sensitised in a kind of domino effect. If the sensitised cluster, a
25 group of nerve cells that acts like the hub of a computer network, happens to be connected
to the skin, the-result can be skin sensitivity. The problem starts with the release of
inflammatory substances from the dura, and from blood vessels and nerve endings in the

brain. This oversensitizes the trigeminal ganglion. When oversensitized, the ganglion




system High gap penalties will of course produce optimsed alignnments with
fewer gaps. Most alignnent prograns allow the gap penalties to be

nodi fied. However, it is preferred to use the default val ugg pspemsusi ng
such sof Woemssdoor sequence conparisons. For exanple, WO Opép886ifosdds 2 9 AUG
2005 PC 1:: GBOLl/04935 when using the GCG Wsconsin Bestfit package the
default gap penalty for am no acid sequences is -12 for a gap and -4 for
each extension. Calculation of naxi nuM®b honol ogy therefore firstly
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used is itRgnBLOBINEZ BRIk &s - Intr i€, &%@%tfi&@ﬁﬁfal gaﬁgﬁgnthgﬁ gctgjﬁggi-&ééu' te of

programs. GCG Wsconsin prograns general use Elther t def aul t
val ues aruckus catdalis Sgmaydhourahp avdlewcanddliseeinfins wpgiwredghtleven Etlpr ef erred to

use .the  .public defaul.t val yes for the ackage, or in the case of other
sof tHar BRI 156 RaH Y Aot B S RECRNER: ot SHEASE00G! JI¢ ¢ he
BLAST al §9édithBinalso RIARJafeRat h%ér%eﬁﬁfi?@ﬁ%&&% if ke AtlElR @UALs iNRIg#aSort The

BLAST al gorithmis described in detai t ] ]
ht t p: / / viekehaepi the skipg ey pERASTIGIghsuraet migning drughofhn work Hodeepopuidkdd herei n

by refey . r neters.,are defined as,.follqws,,can be
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match wth an EXPECT val ue of at [east about 7, preferably at |east
15  migraine therapies, which work on the primary cluster, are only effective if taken during
the firsts hour after an attack has begun. An important target therefore comprises

secondary neurons.

The Burnstein study therefore shows that skin sensitivity has a clear origin in the

hypervigilance of oversensitized nerve cells. (Burstein, R. et al, 2000 a') and b")
20  MoTION RELATED DISORDERS AND DEMENTIA

According to an embodiment of the invention, BACH is involved in control of
balance. As shown in the Examples, BACH is expressed in cranial nerve number 8
(vestibulocochlear nerve) and the cerebellum. BACH negative mice are seen to have
disorders in balance and motion. Accordingly, the methods and compositions described
25  here may be used to identify agonists and antagonists of BACH which may be used to

treat movement disorders, motion related disorders and disorders of balance.



2 9 AUG 2005 WO 02/38607 PCT/ GB01/ 04935 32 about 9 and nost preferably 10
or nore. The default threshold for EXPECT in BLAST searching is usually
10. BLAST (Basic Local Alignment Search Tool) is the heuristi SRR &

al gori t hmwerpkssped by t he prograns bl astp, blastn, bl astx,laé.gbg&t/{;fg @nd
thlastx; these prograns 5 ascribe significance to their findings using the
statistical nethods of Karlin and Altschul (Karlin and Altschul 1990,
Proc. Natl. Acad Sci. USA 87:2264-68; Ka2%in and Altschul, 1993, Proc.
Natl. Acad. Sci. USA 90:5873-7; see

http: // www. ncbi Furiergon, Wﬂl@&%i&ﬁﬁnﬂgsﬁfo% Zi?s\efifaet?i Rerd Mg%@%gé: %)giﬁgtta‘g The

BLAST prograns are tailored for sequence simlarity searching npl e
to identi f%gowsr?@ﬁr@p@@e%t&qf BAgHevick equydraned fahe AeahRatss 9En@EmBASH C

issues in g l.ari rching of .seguence databases, see Al tschul et al
(1994) N Steftid felarSERISTRD sen %ﬁ@ﬁﬁrwclsgmemw@géw@mmma@, at

htt p: / / wwwitengdy] Parkinsoh R, BaND&sE oW s:: bl astp - conpares
an ampo acid .!query sequencge ﬁ{;aliﬁgldg]tnregl%;r)’r&olte}ee%hé%lggsgfj%ﬁﬁjguﬁﬁ‘gbgg§§ar{5ﬁ§st n -
conpar &s #CAuEnssiodsh guekey reenactepenaghiomst malighaadyeot i de 15 sequence

dat abase; blastx - conpares the six-frame conceptual translation products
of a nucleotide query sequence (both strands) against a protein sequence

dat abase; t bl asbtRer diS@RBAHESBACH RlSiHA ; Wit SR AN e %‘;i?qﬁget: p%gl%%(eg“ de

sequence dat abase dynam caIIY tranSlated 1n all srx t ot h
strands) ; Pelnes tsemorcepisasieall ofiwhichxcan bakeused badefeat i penedfexpreniealigot i de
query Squ&% lLﬁﬁ’ai nst the six-frane translations of a 20 nucl eoti de
sequence databasé. BLAST uses the followi ng search paraneters: H STOGRAM -
Di splay a histogram of scores for each search; default is yes. (See
paranmeter H in_the BLAST Manual ). DESCRI PTIONS - Restricts the nunber of
short descri pt iRysxis hasedeen shyvn Rehave qheorves cerelmlat prbctind @isI5dLs: al

speci fd edjg LOFL ] 0 descri.ptians. . (See paranmeter V in the

manua{ page). 5 %k %%é%@é]f& %:f tger 3%5 58?3%’“" mhﬁmg gerebsliardvtict thae

stati sti cadvessenaffeataleaemingoeadobkilll ahd HRAREHbIMEBF s8H0A% LIS carned
skills. In other areas of the brain purines have been shown to increase dopamine levels and
thereby enhance reward behaviour. Purinoceptors are generally excitatory but have been

shown to inhibit the release of the main excitatory neurotransmitter in the CNS, glutamate
15 (Mendoza-Fernandez et al. 2000").

SECRETION RELATED DISORDERS

Therapeutic agents developed to BACH may be used in the treatment and
management of dry-eye disorders, cystic fibrosis, hyperactive bladder,

hypercholesterolaemia, dislipdaemias and obesity.

20 CALCULATION OF SEQUENCE HOMOLOGY

Sequence identity with respect to any of the sequences presented here can be
determined by a simple “eyeball” comparison (i.e. a strict comparison) of any one or more
of the sequences with another sequence to see if that other sequence has, for example, at

least 70% sequence identity to the sequence(s).




dat abase sequences; the default value is 10, such that 10 matches are
expected to be found nerely by chance, according to the stochastic nodel

of Karlin and Al tschul (1990). If the statistical significancgEggeyibed to
a match i . er than the EXPECT threshold, the 5 match i n be
reported%L%ﬁ%EXPECT t hreshol ds are nore stringent, Iea]d)?‘ﬁ)é%%mgfs’e\/\er
chance matches being reported. Fractional values are acceptable. (See
parameter E in the BLAST Manual ). CUT8¥F - Cutoff score for reporting
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ALI GNMENTS - Restricts database s_eauences to the nunber specifred for which
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nor e dat . hi;s h en to satisfy the statjstical

o oni 11 c Snous SO sl bodeg DPEEut S RE L Nue il BEIS. oni y
the mat ches3sysand BaSTh@AwelRakast 990 AMiSiké BRI 4051490).f i cance are report ed.
(See paraneter B in the BLAST Manual ). 20 MATRI X - Specify an alternate

scoring matrix for BLASTP, BLASTX, TBLASTN and TBLASTX. The default matrix

is BLOSUMG2 i i 92).. The valid alternative choices

i ncl ude: PAN&M@&%%&ag%%ﬁég‘hétﬁ% og"%ﬁéﬁfﬁw SRS L EHF iy matri ces

are avai hhgled withrthBbBSTMquare ahd wcngnﬁxkteaci&mdﬂb&@eh@@isidﬁ@ct%yécLoﬁgﬁ&A TNEN ]
searc

requests returns an error response. 25 STRAND - Restrict a AS
to jUst B tRefPTIsEPASineAMine A4A & e ofhseseqyencenedesdup dndare. This is edledi ct a

b0t ¢ om ST and By hasauat PARERY, boh biiabntFAiaRng poBE il b\ eFe
PCT/ GBO1t)&tB8Y skbit ikRber dfasdtdwebf segnents of the query sequence that have

| ow conpositional conplexity, as determ ned by the SEG program of Wotton
& Federhen (1993) Conmputers and Chemi stry 17:149-163, or segnents

consisting of Ashosi 4854 055l B PR S08RA . 8 SBLEGR o0 by Lhe X0
consideration that, for example, in an otherwise identical pair of sequences, one insertion or
15 deletion will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a global alignment is
performed. Consequently, most sequence comparison methods are designed to produce
optimal alignments that take into consideration possible insertions and deletions without
penalising unduly the overall homology score. This is achieved by inserting “gaps” in the

20  sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs
in the alignment so that, for the same number of identical amino acids, a sequence alignment
with as few gaps as possible - reflecting higher relatedness between the two compared
sequences - will achieve a higher score than one with many gaps. “Affine gap costs” are

25  typically used that charge a relatively high cost for the existence of a gap and a smaller
pengl"gy for each subsequent residue in the gap;. This is the most commonly used gap scoring
system. High gap penalties will of course produce optimised alignments with fewer gaps.
Most alignment programs allow the gap penalties to be modified. However, it is preferred to

use the default values when using such software for sequence comparisons. For example,




5 Chem stry 17:191-201, or, for BLASTN, by the DUST program of Tatusov and
Li pman (see http://ww. ncbi.nlmnih.gov). Filtering can elimnate
statistically significant but biologically uninteresting redofiG20fom the
bl ast out pY@0¥#6e7 , hits agai nst common acidic-, basic- opEIBIIAGIsI Ch
regions), leaving the nore biologically interesting regions of the query
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query sequence gor i)ts transl ation products), not to database sequences.
Def aul t f SFRERSERG 114 Tpsaceerrand -BIoASate eX&eionor ot her prograns. 15 It is not
‘unusual for nothing at -all to be masked by SEG XNU, or both, when
applied to sequences in SWSS-PROT, so filtering should not be expected to

al ways yield &halcelation bf meuintune VinlongologyntheRitie GiadgTeqiRE HRIVI8SuAbE oPRSKed
in their enti rghg, indi cating that the statistical significance of any
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20 N H\QBA | fhens:t 0 besshown jn the.output, In
addi %ng'tc %rryg% gg%essﬂghfhgﬁ(@{ré ﬁt’%@u@sﬁ%ﬁé’.‘ Bﬁ%@tpaﬁi&%e é‘bﬁeﬁﬂgé’gquence
conpar i soRéisensinfOiSddg Degterak Boall, 1984 Nidl€ic BlofBRess 430033179 ?‘f}dtaﬁlgl@s BFovi ded

at http: //%()gcbiebgl m ni h. gov/ BLAST. I n sone enbodi nents © pr esent

i nvention? A 31 RRIOAMSequsaee (aventridensdnetide, iyt srequotliméted tiemhd ty. WO

02 35507 55 ARSI 241503005 ERILSTRN 4808 AUED 30 o,

i nvention alsq enco Sses nuc
hybri di si MpltBiot.Jd)3séH))end dlse GENESMOBRE heviteiof co@barddtyr th6ROBBMIBIOAST and

deri i reof, . t e conplenent of any of the above. 5
H§[)|r ‘B ;;Fﬁgﬂs‘r?éﬁﬁga@hepg%&’g@y B@yga{}@weémémgéﬁéﬂéﬂrel el d089 il dpages s wi t h

a conpl esrgafbtﬁg(y).strand t hrough base pairing” (Coonbs J (1994) Dictionary
of Bi otechnol ogy, Stockton Press, New York NY) as well as the process of
anplification as carried out in polynerase chain reaction technol ogi es as

g e R Rl Ao L i e
alignment process itself is typically not based on an all-or-nothing pair comparison.
Instead, a scaled similarity score matrix is generally used that assigns scores to each
15  pairwise comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUMG62 matrix - the default matrix for the
BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied. It is preferred to use the

public default values for the GCG package, or in the case of other software, the default
20  mairix, such as BLOSUMSG62.

Advantageously, the BLAST algorithm is employed, with parameters set to default
values. The BLAST algorithm is described in detail at

http://www.ncbi.nih.gov/BLAST/blast_help.html, which is incorporated herein by

reference. The search parameters are defined as follows, can be advantageously set to the

25  defined default parameters.

Advantageously, “substantial identity” when assessed by BLAST equates to
sequences which match with an EXPECT value of at least about 7, preferably at least
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honol ogo r [ [ gl n over
T et o g B T a O R B e ot

| east 40,se@0hinp id@Mally 16ore 20 conti guous nucl eotides. Preferred nucl eotide
sequences of the invention will conprise regions honologous to SEQ I D NO
1, 2, 4 or 10, preferably at least 70% 80% or 90% and nore preferably at
| east 95% ho #nllgffe : T Y I\

hybri di zabl e'r'r%n]g‘g%g%]f%%g% TJ’? ﬁaeloé]h C eél'? ?gée%ggggggﬁ%@%&tseg%macsé%%ﬁgggégﬁfs used
under corumhfloyeddywhe ppogramabletp, blasineblzstd etbbatn) and ehlafktx;tthee iprogearhs on i s
found to 25 hybridize to the.pyobe at | evel significantly above
backgrourfiCTIbFREHECANGR (o RFT FRARESHISHE § sﬁtaﬂa@caie@@rods@égegl@ 3l Aixbyl

e ot RaAEAHRNCRR AL PERNNProd Nar HPRRISE:, U0k $1e6LEMK Alin SRIATL N

| i brary bei ng screene is event, backgroun ies a
02/ 38607 1363 2Proc ANKBL. 206 SECUSEB0IIYTE985¢esi gnal generated by interaction

bet th b d, - i fi b ft l'ib which i
oo veen e RSk S0 1ok TRl LS DL TR bR 98 Lhe sty whiia 75
Interactl ﬁ?ggﬁ% GFM@HodlfBr $daBed R @Rk Acar fi’iﬁg' 1o %Qaét’g%llé tgfdgehﬁ'ﬁ/er action nmay

be neasured, for exanple, by radiolabélling The pr . Wth 32P. 5
Al so 10nclhodwdognies to mquény ssquspee.dfor altiscpsasreof basivissites ansianileritysehebirigod

sequences_ that .are capabl f -hybri dj zi t 0.t he nugl i.de sequences

pr esent e HEFET ﬂaatﬁl?ﬁgf" Seﬁéﬁﬁ&f‘il 8%@@?%%#%]"%%@5&183 Bélﬁg;lpmal stringency.

Hybridi zati on conditions are based on the nelting tenperature (Tm of the
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15  sequence database; blastx - compares the six-frame conceptual translation products of a
nucleotide query sequence (both strands) against a protein sequence database; tblastn -
compares a protein query sequence against a nucleotide sequence database dynamically
translated in all six reading frames (both strands); tblastx - compares the six-frame
translations of a nucleotide query sequence against the six-frame translations of a

20  nucleotide sequence database.
BLAST uses the following search parameters:

HISTOGRAM - Display a histogram of scores for each search; default is yes. (See
parameter H in the BLAST Manual).

DESCRIPTIONS - Restricts the number of short descriptions of matching
25  sequences reported to the number specified; default limit is 100 descriptions. (See

parameter V in the manual page).




10C to 20C below Tm and | ow stringency at about 20C to 25C below Tm As

w Il be 15 understood by those of skill in the art, a maxi mum stringency
hybridi zation can be used to identify or detect. identical a8dUedilide
sequences WAiop@sean internmediate (or [ow) stringency hybridiakefes be
used to identify or detect simlar or related nucl eotide sequences. Th a
preferred enbodi nent, the present invenL%Pn covers nucl eoti de sequences
that can hybridise to one or nore of t BACH GPCR nucl eoti de sequences of
the present 20 invention under stringent conditions (e.g. 65C and 0. 1xSSC {
1xSSC = 0. 15 MIREFECTo Thestatutisg 3ianificance thyeshalddpr repheing rhatchasiaghiast | de

f ' 1.0, ;S d - , h ds of the duplex,
o ther 1 noreae Py e e DaRRRE iR 10 R B Baeudtea e hrbedontd

i nvent i on.méMBigTe dhhfcd) Wed@Oink 48 HREANGRSE: MBS IoP LB iSRRG @9@? 1R De.
understood that the conplenentary sequence of that nucleotide sequence is

al so i ncl Stéaticel signHicanes osribediven piatahhie greates énh theWERECAthrefhsid phe s ent
i nvent & on o] asse cl eot.i uences that are capabl e of
ybr 1t o1 A f LA TR LR BB CESRBRER eietpore sirngent ipdmade s

pr esent ed fhe¢r@hAncedhatcBEYbeiR Abd Fradffn V@il ' - tehe
present invention encorrpaséeggw\;i\% 02/ ?53607n 3?41%%8&%5{%&@8%@, &Béﬁ}{\ég%iefﬁQ%

nucl eot i dé) hedtleneEdMamab. are conpl ementary to sequences that are capabl e
of hybridising to the sequence of the present invention. These types of
nucl eoti de sequences are exanples of variant nucl eotide sequences. In this

respect, the t@UTOVRLICHS - nt ar
: e R AR D 2 98BI

to sequences that are capabl e of % € sequences
pr esent ed VHBE & Geleubted Soabihg EXREET erluet(brs abeven HSBs amntportedfonapiasises

sequ es C I tary to sequences that. are capahl e of

hydri di si %%;qrﬁg}rlﬁfggrn?% ﬁﬁ?ﬁ&@"& gﬁléﬂff%ﬁ%e ?Séﬂ.gedsa@ Ehe %iﬁ%é%é“%h pxgaudbey 15
M NaCl,  BsoBibbd Nedlaniet ISR Rayifth 4 sdrk e@allth e COTOPF RIS EBIRREET HEES ENt ed
herein. CLONI NG OF BACH GPCR AND OGUES 10 The present invention also

enconpass¥UFAP SRIF JEINgER K3dg T Havenghencomatphasheitgrepotial. ($ee meguences

present ed , g Lve thereof,lIf the .sequence is
conpl emantsgls g&t%pés?pgaﬁn%%q?ﬂfec? g fsg%gﬁfé%%%ﬁl‘“@%‘&éﬁ%ge 8he Hgmﬁgg‘éi as a
probe to mdeagedfugingEXBEGTe similar GPCR sequences in other organi sns etc.

The present invention thus enables the cloning of BACH GPCR, its honol ogues
15 and other structurally or functionally related genes from human and

ot herjsspeci es 3UEBNAIENTS - Restricts database sequences to the number specified for which
high-scoring segment pairs (HSPs) are reported; the default limit is 50. If more database
sequences than this happen to satisfy the statistical significance threshold for reporting
(see EXPECT and CUTOFF below), only the matches ascribed the greatest statistical
significance are reported. (See parameter B in the BLAST Manual).

20 MATRIX - Specify an alternate scoring matrix for BLASTP, BLASTX,
TBLASTN and TBLASTX. The default matrix is BLOSUM62 (Henikoff & Henikoff,
1992). The valid alternative choices include: PAM40, PAM120, PAM250 and
IDENTITY. No alternate scoring matrices are available for BLASTN; specifying the
MATRIX directive in BLASTN requests returns an ertor response. -

25 STRAND - Restrict a TBLASTN search to just the top or bottom strand of the
database sequences; or restrict a BLASTN, BLASTX or TBLASTX search to just reading

o

frames on the top or bottom strand of the query sequence.




nouse, pig, sheep, etc to be acconplished. Polynucl eotides of the
i nvention, which are identical or sufficiently identical to a nucleotide
sequence contained in SEQID NO 1, SEQID NO 2, SEQ I D NO7J4AU@ry@ nouse

BACH genoryg ofagstence (SEQ ID NO 10), or a fragnment ther glpr e used
as hybridi zation probes for cDNA and genom ¢ DNA as 20 app% /?%ﬁé“p 0

isolate partial or full-length cDNAs and genom ¢ cl ones encodi ng BACH GPCR
fromappropriate libraries. Such probesigay al so be used to isolate cDNA
and genom c clones of other genes (including genes encodi ng honol ogues and

ort hol ogues frm egi nce si.dlarity,
preferably high se%geg\g%% Oﬁ% LY ?sf‘é}tﬁ%’g@ %}%5"%%%@—?%%%%2%&COWBF]inaf@ati on
scr eeni ng colplmitntsaiecbrabtdeiche §EZoprog Lo IWes e & kddeywent(@99)ose of skill
in the art_and are descrjbed_in, for exanple, Sanbrook et al (supra).

Typi cal | y Gousnuéss aubCheniselddsl49ul@3apr segmsntsipoasistingnisher-peariedizdysinternal

i denti cal , efe % J i-cal . nor ref I %.J dentical , .even
nore pref é?pgg{sygsé%&g%l%%@@gg&gé’ r%grgmﬁgg 12‘@5‘5% g%f%@%ﬁb&%eﬁs&gﬂt i cal
to thas OfCHeh@sthyeIfEISﬁlﬂlOI,Eh&‘opBQlAw%&ﬁ@bmwrb%raﬁpmétﬁﬁw%d'Iﬁﬁﬁﬁan 15

nucl eoti des. Preferably, such probes will have at |east 30 nucl eotides and

may have ateehéaZivwg.nchivdmewihicesy Filtering wolcliminatpstatigicaliy signiflvest Wtl | range

bet ween 1 Q. | i nore.particularly.about 300 nucl eoti des.
51 one. SRUBHFARpEsEE L8R rolPhR BRL Y PR iR b RRataaie

pol ypept i desicd siprolttiengcHegvngp kesimte b BloRGI@Hy i11@rsERE fdoishsifiey t han
human, conprises the steps of screening an appropriate |ibrary under

st ri ngent IHYBSEEHCEREE PYﬁﬁlab]gcfﬁHi;R@Ftﬁ%m@ﬁChwg@gﬁlaﬁéiat sepjedBendsdvi ng the SEQ I D
NO 1, SEQID NO 2, SEQID NO 4 or a nouse BACH genom c sequence (SEQ ID
NGO 10), or a fragnent thereof and isolating 10 partial or full-length cDNA

and géhom ¢ cl Goescaapiédtyseqgersaifounbby afdatenbiaas Seqbancred usibd6he letter
hybri di zat j gn te(é‘?ni ques are wel] known to those of skill in the art,
Stringent NhybPRGFEICSERER -2+ o 2pd thedetier ‘3 tamaeteinvel y

condi ti ong.d4adek (@ garzn;@%&' >0 tion at 42 degrees C. in a solution
conpri si ng?dH%O%sf(déﬁam e, 5%?&19?150 mMv NaCl, 15nMtrisodiumcitrate), 50
nmM sodi um phosphate (pH7.6), 5XDenhardt's 15 solution, 10% dextran

sul phate, and m cr.ogran nj. denat ured, sheared, sal non sperm DNA,

fol | owed by m?ﬂfeﬁ’&gﬁﬁgﬂ%’ ia‘P{'Ré"rc‘(sjtc’i‘t ¢ guaryseguegee g’éé@ﬁ%@%‘é@?@é&ﬁ@ not to

Funct i onaljahese%ediRhc&ADFAWFRRring is DUST for BLASTN, SEG for other programs.

15 It is not unusual for nothing at .all to be masked by SEG, XNU, or both, when
applied to sequences in SWISS-PROT, so filtering should not be expected to always yield
an effect. Furthermore, in some cases, sequences are masked in their entirety, indicating
that the statistical significance of any matches reported against the unfiltered query

sequence should be suspect.

20 NCBI-gi - Causes NCBI gi identifiers to be shown in the output, in addition to the

accession and/or locus name.

Most preferably, sequence comparisons are conducted using the simple BLAST
search algorithm provided at http://www.ncbi.nlm.nih.gov/BLAST. In some embodiments

of the present invention, no gap penalties are used when determining sequence identity.




The cl oned putative BACH GPCR pol ynucl eoti des may be verified by sequence
anal ysis or functional assays. For exanple, the putative BACH GPCR or

honol ogue may 20 be assayed for receptor activity as follo @g
transcri ptwofoe/essnt i neari zed plasmd tenplates encoding th é@%&f 53 tor
cDNAs of the invention are synthesized in vitro with RNA PALES
accordance with standard procedures. In vitro transcripts are suspended in
water at a final concentration of 0.2 nggyr . Ovarian | obes are renoved
fromadult femal e toads, Stage V defollicul ated oocytes are obtained, and
RNA 25 tr aggskippas1énNO ng/ oocyte) are injected in a 50 nl bolus using a

m croinjection apparatus. Two el ectrode voltage clanps are used to neasure
the currents fromindividual Xenopus oocytes in response to agonist

-exposur e. Recoh@ s are made in Ca2+ free Barth's nediumat room
t enper ature ¥ ?FSBU@VQWWQ@}BOmP%SCBeuﬂgﬁdietSquesatrhakm\mpabﬂa gfands

and ti ssuedyeghising%b § { as. described in further
detail bel 3& \?\B%oz/][ﬁsgégu &rsg‘ie%!?ﬁe{g&sbglﬁl dfs%‘?em BA \@%é& therepfaRito2005
PCT/ GB01/ Guogsnplement dfantt of tHesbgse. usef ul ther apeutics for treating BACH

GPCR associ ated diseases, it is useful to determ ne the expression profile
of BACH (whether wild-type or a particular nutant). Thus, nethods known in

the arg may be or s, 5 t| and cel | pes (as
vel | ag the dev dﬁg%ﬂ?gﬁ{%{l e§]}°E b\ﬁn‘%@%l %}i\%ﬁ!}dl fﬁl%%%bomsmf aexanpl e,
traditi onatbmgtemeataey,tsmmd Modﬁh%b@pﬁﬁn@’ﬁw%&QQ@Mﬁﬁma@fﬁ Fe-
transcri pt PCF%YRE@ may al so be errgl oyed to assay expression of the
BACH gen Qiechingta t & §§?$SNFWV%°Y#€1W epswelbas fhepeqmmoﬁ*agnpltfe:aeﬁmaesm on
profile ofa,%@%

o e R e e A A e SordiB Eheliirog chice o

Northern analysis i's | aboratory techniqu

a transc rquDvdﬂTslea(I;P@rﬁePé}Rchmm b\ @botabery Wbk Cbﬁi Sprin@Hasbdr 2Rak ed
nucl e%l de,lse to a menbrane on which RNAs froma particular cell

type or t i e ‘ﬁ "been bound. (Sanbrook, supra, ch. 7 and Ausubel, F. M

et al. supra, ch. 4 and 16.) Anal ogous conputer techniques ("el ectronic

Nor t her ns") ap%Iégl ng BLAST may be used to search for 15 identical or

rel ated nol ecub¥sriflizatherc tenstitictes miabwedeﬂshesmeﬂmngser@?é}%%(nm 6@ khIEREQ
SIS has advant ages in

Chat t ney iR B CRLTRE Y A 1 Berket Sk Bl BBE g b Miormler Giing
addi tion, Tedimlqieﬁlwéﬂhwi $h Biizynlogy; WBIUEE! A SRBME PLAN SBf BIRGY EW§ k0

determ ne et h ny, particular match is categorized
confer a eﬁned stringency” as explained below.

15 Nucleotide sequences of the invention capable of selectively hybridising to the
nucleotide sequences presented herein, or to their complement, will be generally at least 70%,
preferably at least 75%, more preferably at least 85 or 90% and even more preferably at least
95% or 98% homologous to the corresponding nucleotide sequences presented herein over a
region of at least 20, preferably at least 25 or 30, for instance at Jeast 40, 60 or 100 or more

20 contiguous nucleotides. Preferred nucleotide sequences of the invention will comprise
regions homologous to SEQ IDNO: 1,2, 4 or 10, preferably at least 70%, 80% or 90% and

more preferably at least 95% homologous to one of the sequences.

The term “selectively hybridizable” means that the nucleotide sequence used as a
probe is used under conditions where a target nucleotide sequence of the invention ie found to
25  hybridize to the probe at a level significantly above background. The background
hybridization may occur because of other nucleotide sequences present, for example, in the

cDNA or genomic DNA library being screened. In this event, background implies a level of




as exact or honol ogous. 20 The pol ynucl eoti des and pol ypepti des of the
present invention, including the probes described above, nmay be enpl oyed
as research reagents and nmaterials for discovery of treatngptggay

di agnost i i mal and human di sease, as explained in f r ai
elsemhereﬁﬁwbﬁﬁﬁg docunent. EXPRESSI ON OF BACH GPCR PCLYPE%&%@%@”'g&Tn
order to express a biologically active BACH GPCR, the nucl eotide sequences
encodi ng BACH GPCR or honol ogues, variapds, or derivatives thereof are
inserted into WD 02/ 38607 40 2 9 AUG 2005 PCT/ GBOLl/ 04935 appropri ate

expr essi Ofo¥eeLAlated bfinterfot ' A -4l nts for
the transcri {:Il%oane an%lr%?ansﬁg{e%eﬁ Oq}&l%}ﬁgéjl nserte% g&gg?%g&ggea%bggégﬁﬁw hods
whi ch ar elibvetyl wiictoisriessahdrhidsfelds lprdftrablyiless thae 180 foldneintael ad the sgaesicr uct
expressi on veqtorg (of0) tajning seﬁiﬁnces encodi ng BACH GPCR. and apgg?priate
5 t r anscr IRAHARPOsERYES Wiy the dgrellANAC St minsiby Qaisrastionmay ke measibes 9Tncl ude
invitro aﬁ%ﬁém.%nﬂl% hques, nphetic techniques, and in vivo
genetic r%){:o |’n¥1t| on ét#cﬁgpgucb%h(? 'uvéfsﬂya%'e descri bed in Sanbrook, J. et
al. (1989; Mol ecular Coning, A Laboratory Manual, ch. 4, 8, and 16-17,
Col d ring Harbor, Press, Plajnview, N Y.) and Ausubel, F. M et al. (1995
and periodic st a|1{é<f%§§?§?ﬂtg9ﬁk%moppr05#5dm%ent WYRBIQEATE BRoleefids SARESSs ch. o,
13, and 1@ Jlobn,Wd @fﬂlﬁtiﬁ%ﬁg Tol\éﬁgva\xg'égtide'!egu ceﬁﬁ%x\é?trnlt&f NerGh BYEY €SS on
vect or/ host systens may be utTlize 0 contaln amd express sequences
encodi ng ®AGHioBPCRintdinessitate ticiaxienal bisingaoy. Hebridizat drecbriditiongiaty teeedami sns
such as bacteria transforned w.th recqonbinant bacteriophage, plasmd, or
cosni d eﬂ&%@&f?ﬁ%ﬁ B it ci¢ P SMGIERP RN a5 daneht BEregandn
vectors; gpseel 19@?@@3@&&%1 12 TGS GeWiridhel] B35 §Lor S
(e.g., baculov%gus’; pl ant cé%? sysﬁghg F§%%£¥%?¥%§Kﬁép{%ﬁéF?ggﬁgxﬁgession
vect dils ( E32g Academik iPréssyBan Digai @A) iandi sor{fGad\viidfined “soingency”ras s@plainedi r us
(TMW)) or \ivith bacterial expression vectors (e.g., Ti or pBR322 plasm ds);
or ani mi'®% | systems. The invention is not limted by the host cel

enpl oyed. The "control elenents” or "regul atory sequences" are those
non-transl ated regions 20 of the vector (i.e., enhancers, pronoters, and
5' and 3' unt rMasilnauadtr_h@hcz,nsfpioahy@bcurmambamtTw-iﬂC (56€tbebt thel Tan opthet ei ns

to carry out tl[u,%nscri ption and trans| ation. Such elengents pay vary in
their st rRABPDhLIGRFIEERPY Pfcfﬁaoy? > e e H Crivglom T dntgeredinte strngapsy4 abagst

utilized, jgoc 15 20°C below Tm; and low stringency at about 20°C to 25°C below Tm. As will be

15 understood by those of skill in the art, a maximum stringency hybridization can be used to
identify or detect identical nucleotide sequences while an intermediate (or low) stringency

hybridization can be used to identify or detect similar or related nucleotide sequences.

In a preferred embodiment, the present invention covers nucleotide sequences that
can hybridise to one or more of the BACH GPCR nucleotide sequences of the present
20 invention under stringent conditions (e.g. 65°C and 0.1xSSC {1xSSC =0.15 M Na(l, 0.015
M Na; Citrate pH 7.0). Where the nucleotide sequence of the invention is double-stranded,
both strands of the duplex, either individually or in combination, are encompassed by the
present invention. Where the nucleotide sequence is single-stranded, it is to be understood
that the complementary sequence of that nucleotide sequence is also included within the

25  scope of the present invention.

The present invention also encompasses nucleotide sequences that are capable of
hybridising to the sequences that are complementary to the sequences presented herein, or

‘any fragment or derivative thereof. Likewise, the present invention encompasses




any nunber of suitable transcription and translation elenents, including
constitutive and inducible pronoters, may be used. For exanple, when
cloning in bacterial systens, 25 inducible pronoters such as;$ hgs jpgbrid

| acZ pr onovenz/sdeot he BLUESCRI PT phagemid (Stratagene, La }1’?1](2%0 ﬁg i.f.) or
PSPORT1 plasnid (G BCO'BRL), and the like, may be used. The BEEHSFr us
pol yhedrin pronoter may be used in insect cells. Pronbters or enhancers
derived fromthe genones of plant cells {®.g., heat shock, RUBISCO and
storage protein genes) or fromplant viruses (e.g., viral pronoters or

| ead /04935 gy .he. cl oned
o the vectar fotp it are dinfe Ry e Y B bR idfinegencs

or from melmitd deqnencerafislesprasant frehiomTese fybed df HuslebRESSTAENceh GredeNer at e a
cell Iine tha% cgnt ains multiple copies of the sequence ‘encodi ng BACH
GPCR,  vectCPUPIFS Ok yardipt nuclentids seanencesyIniseis tespertyihe Fera vapipntd pnécammsses

Sel et abl qolfRHk otk BoRBRARI Al 15 Y5L B, o, IUTRSE 101 EXPE ESSi on vect or s

may be sel eCted dependi ng”~ upon e inten

exanpl &, whieleotidy Peueuas présersd héreBACKfeABHRheW R aBE eml Qhrikite | nduct i on
of antibodiesih vectors which direct high |evel expression of fusion
proteins R %Frséesrsgaﬂ?qcﬁsg'@f?qeicéﬁlﬂme%@r}’ﬁg&ﬂue@@é thay erst eapgble o€l ude, but
are not | 'h%zti@igin QndBpd

e s 107 B CRSRAP AT Y bpeP EOARERs G R B RSRE, (RReE ERTSM Rackack™"®

GPCR may 1§)15/Nageitett pH7c0}) betheantRbtidssdgnaiiRs pekdhtseryemces for the
am no-term nal Met and the subsequent 7 residues of O0-gal actosidase so
that a hybrid protein is produced, pIN vectors (Van Heeke, G and S. M

Schust er @L%g*?‘)‘ce“‘"%?_kﬂ@?,@{ng}@gf%ﬁgg@éﬁgog)’ and the like. pGEX vectors

(Promega, Madi son, o express foreign pol ypeptides
15 as fusion proteins with glutathione S-transferase (GST). In general,
eins are soluble and can easily be purified fromlysed

such I(gsi on pr E
cel | s''by adsor glF BFESERt gy ertionAlwrracamprissenualesiide s¢qiehossabiatiaye el uti on i n

t he presepg@pRinchf8€ t@iHd j ' in such ., syste e

desi gned to ?ncleuggﬁﬁeglaﬁs?%@ntg ﬁkﬁge elglﬁédq%?afo ggg}gﬁra%ergro&dgag@vgﬁﬁe&g%gb

sites so thesequdnee & emeplemehippetpta Magrodnt itrerfelsdn thatseheerce 8RB dsdir9m t he
Saccharonyces cerevisiae, a nunber of

GST noi et t .20, W.LI . t he yea
vectors cgl}???tit%}dﬁﬁ ltyo?ﬁc{ (qu"&ﬁ W}%lar é%%?ﬁﬁé?f&eéumtmrms,m%@h as al pha
factor, alcohol oxidase, and PGH may be used. For reviews, see Ausubel
(supra) and Grant et al. (1987; Methods Enzynol. 153:516-544).

: The present invention thus enables the cloning of BACH GPCR, its homologues

15 and other structurally or functionally related genes from human and other species such as
mouse, pig, sheep, etc to be accomplished. Polynucleotides of the invention, which are
identical or sufficiently identical to a nucleotide sequence contained in SEQID NO: 1,
SEQ ID NO: 2, SEQ ID NO: 4 or a mouse BACH genomic sequence (SEQ ID NO: 10), or

‘a fragment thereof, may be used as hybridization probes for cDNA and genomic DNA as

20  appropriate, to isolate partial or full-length cDNAs and genomic clones encoding BACH
GPCR from appropriate libraries. Such probes may also be used to isolate cDNA and
genomic clones of other genes (including genes encoding homologues and orthologues
from species other than human) that have sequence similarity, preferably high sequence
similarity, to the BACH GPCR gene. Hybridization screening, cloning and sequencing

25  techniques are known to those of skill in the art and are described in, for example,

Sambrook et al (supra).

Typically nucleotide sequences suitable for use as probes are 70% identical,

preferably 80% identical, more preferably 90% identical, even more preferably 95% -




In cases where plant expression vectors are used, the expression of
sequences 25 encodi ng BACH GPCR may be driven by any of a nunber of
pronoters. For exanple, viral pronoters such as the 35S and2139,§{§p[0g5noters
of Caw $9§M3;ed alone or in conbination with the one%% uﬁ§) I sequence
fron1TNV§a¥ akanatsu, N. (1987) EMBO J. 6:307-311.) AltefnA{GRB{NI3Sp1 ant
pronmoters such as the small subunit of RUBI SCO or heat shock pronoters may
be used. (Coruzzi, G et al. (1984) E J. 3:1671-1680; Broglie, WO

02/ 38607 42 2 9 AUG 2005 PCT/ GB01/049 R et at. (1984) Science
224:838-843;, and Wnjer, J. et _al. (1991) Results Probl. Ce i ffer.

17: 85- 1osdephq§é% thg g e refeiest dka PERbeS rgﬁmsaléaewm FORBFiSS %%%aSEH P%C?Wldﬁ?r ect
DNA tra t] : = i f i hni ques are
describegﬁﬁﬁﬁgg’%%m e@xgﬁﬁggﬁgggﬁF%&ggggwgﬁﬁggFggﬁgﬁg?y§%g%?&?gr exanpl e,
Hobbs, SnueleotMdes.rBartidularky prieferted MeéWea wiillirbdge teardemols Ocind SO0 encleoddes,

Technol ogy (1992) McGaw H I, New York, NY.; pp. 191-196.). An insect
syst em nEprapagcparly deept 880 auplepeitdesBACH GPCR. For exanpl e, in one such
system Autographa californica nucl ear pol yhedrosis virus (AcNPV) is used
as a vector to express foreign genes in Spodoptera frugiperda cells or in

Trichopl usi a s vaembddmEfngtessaiangRyrickotidenddaitd PERHEGPCRe cl oned into
a non-essential region of the virus, such as the polyhedrin gene, and
pl aced uRelypertists: ingludgrg homologies aad prtholopwrsdiam speosiscitear dhap hymaer t i on of

BACH GP %ﬁiées '%I’Fé‘é?lg;gs &fﬁ@re?ﬂl%'eaﬁ‘riéféﬂgﬁg&@‘?ib%;{}gﬁhﬁé&%tﬁr%n%ﬁgﬁﬁ%émﬁeconbi nant

virus | ac g coat otern. I'nan iruses y used to
i nfect, tedditomnpitiea ldbelléd prgbprivdag drel SBQ OD N L I8H) 1B INO1 BISEGRID tNOYH ch

BACH GPCR may 15 be_expressed. (Engel hard, E. K et al. (1994) Prqc, Nat.

Acad. ScPra 9@%&@@9@ KRR PRt Dept a fagmeptbapolgmdjrglaing, as ed
exprassi : E i ld I : i i S used

e e oD e ol BBy RO e Pt
an adenoSuclubytridizesion itghnignés aravadllldtiosm todhgeexX skitlanshesart.yringert he | at e

pronoter_ and, tripartite |eader_.seqyence. Insertion ifn.a non-essentjial 20
 “or . EhyBElIBHOBIEORHEO0] FERS GEOEA NG ob 8RB CLOERRSRATS A0 BTBER r us
whi ch i sjapaRineat 49225%@& esail mﬁﬁmoﬁf’ﬁ;ﬁidg? sonf pehedidosksseld so mfrogan,
J. and T. Shenk (1984) Proc. Natl. Acad. Sci. 81:3655-3659.) in addition,
transcri plaCorl Sentidriswtien citatd), s mi sodivusphosphratomddXo), G¥DerRBWit enhancer ,

ey Pﬁe ugtﬁgti(t)r(ﬂ 1095 GERRS sgf}()ggt%,s a ﬂl?crggarmrlrli élef}la{}f%é&, shgaefle Silmon sperm

DNA, followed by washing the filters in 0.1XSSC at about 65 degrees C.

Functional Assay for BACH GPCR

The cloned putative BACH GPCR polynucleotides may be verified by sequence
analysis or functional assays. For example, the putative BACH GPCR or homologue may
20  be assayed for receptor activity as follows. Capped RNA transcripts from linearized
plasmid templates encoding the BACH receptor cDNAs of the invention are synthesized
in vitro with RNA polymerases in accordance with standard procedures. In vifro
transcripts are suspended in water at a final concentration of 0.2 mg/ml. Ovarian lobes are
removed from adult female toads, Stage V defolliculated oocytes are obtained, and RNA
25  ftranscripts (10 ng/oocyte) are injected in a 50 nl bolus using a microinjection apparatus.
Two electrode voltage clamps are used to measure the currents from individual Xenopus
oocytes in response to agonist exposure. Recordings are made in Ca®* free Barth’s
medium at room temperature. The Xenopus system may also be used to screen known

ligands and tissue/cell extracts for activating ligands, as described in further detail below.




25 Thus, for exanple, the BACH receptors of the present invention are
expressed in either human enbryoni c ki dney 293 (HEK293) cells or adherent
dhfr CHO cells. To nmaximze receptor expression, typically ablpp’ m@nd 3

unt r ansl atwed ot/egoens (UTRs) are renoved fron1the receptor (£gﬁ¥§%6 I to
insertion into a pCDN or pCDNA3 vector. The cells are trans

i ndi vidual receptor cDNAs by |ipofectin and selected in the WO 02/38607 43
2 9 AUG 2005 PCT/ GBOL/ 04935 presence of 3200 ng/ml (418. After 3 weeks of
sel ection, individual clones are picked and expanded for further analysis.
HEK293 or CHO depiessionadrsdiegdoeBAGHGPCRe vector al one serve as negative
controls. To isolate cell lines stably expressing the individual receptors,
about 24 clones are typically selected and anal yzed by Northern bl ot

anal ysi s. Recep order ndRiigs$gramsefid einenpdutiys fetreatiadRa 1 GRoRULss5Q%:-af t he
(A18-resi stant cl ones naI zed. Human artificial chronmosones (HACs) may
al so be eﬁﬁ?ﬁﬁ?@dt Bdsai t%@ teqmipg e expressing prafllepf BRAH fahetbemwibdtyperdrai ned

and expre b 6 .kh to nst ruct ed
and del i vgg‘g%u%?gﬁ%%{% ?r%?onrll lﬁllfo\@r 33%6 HEH b(elqsﬁggow%é%rmm &Eﬁ%ﬁr} Soni ¢
am no jpol yxsmnesancbcellxtg@es:{aewellfagrthé Sereb@ntnit4l sﬁb!gEQQﬁ%mhlﬁA@Pﬁ%'eR fessed,

| n|t| ati OEB |gna 34 y.al so be used to achieve nore efficient translation

seque L3 ‘G@ROHSUNQ@CW@@Y bmmnddetedh%ewrﬁ-| nitiation

codon and e ences enc GPCR
and its i E?I?S?g? %gﬁi)@{e n?gﬁ maé/”atlsfogfzemén ence eé‘(plr‘??glgpt gg&%‘f‘@ﬁ}{

appr opr i ageneexpn@sasi. dMore eeristtive methodifdi Het@ﬁﬁimﬁg e %ﬁpﬂe%b&g@ahl@éf BACH
transl ati onga r ol | nal s may be needed. However, in 15 cases where
only codi H§ “@8323\%5%1’” 80 PRy e PWBIRBE arf.5 | nserted, exogenous

transl ational control signals including the ATGinitiation codon should be
provided. Furthernore, the initiation codon should be in the correct

readi Hy frame Norfbmslmlysisrlaaidt@tatony teélnﬁdpﬁe el it BetbdtIRE presdc@GEAOUS

transl ati gpal t t d be of
both nat uFARerft I Rkl anvohias Bt hyriditipner sddbelebarpisay b EngDiahhanced
by the i ngickibkaR f wBRHIDCLS ﬁoﬁapﬁﬁé%ﬁéﬁlﬁrf&nf e Bpﬁssgigh%\'fe k?{J,eﬁBoﬁ&Jtt' system

used, such as those described in the ter ure (1994)
Resul ts Prggbrogpspprapph. fleand 2eubdsF 160 e’9 al. supraddi 4 bnd116.3 Anakigoae! I ‘strain

may be ch k of the inserted
sequences of t%rq%?}g%g us %eétgo%&gg‘gﬂnﬁ Bﬁﬁ‘geﬁfﬁ%g. a%Ps wipdrta seargiorsych
25 notfi f i dahdicner pflated moméﬂulé@%ﬁ)hhdé‘oﬁd&ia%ﬁses%tch 3 GeRBinK b'tht EFESEQ
acetyl ati é’” car boxyl ation
atabase (Incyte Pharmaceuticals). This type of analysis has advantages in that they may
be faster than multiple membrane-based hybridizations. In addition, the sensitivity of the

computer search can be modified to determine whether any particular match is categorized

as exact or homologous.

20 The polynucleotides and polypeptides of the present invention, including the
probes described above, may be employed as research reagents and materials for discovery

of treatments and diagnostics to animal and human disease, as explained in further detail

elsewhere in this document.
EXPRESSION OF BACH GPCR POLYPEPTIDES

25 In order to express a biologically active BACH GPCR, the nucleotide sequences

encoding BACH GPCR or homologues, variants, or derivatives thereof are inserted into




gl ycosyl ati on, phosphorylation, |ipidation, and acyl ati on.

Post-transl ational processing which cleaves a "prepro” formof the protein
may al so be used to facilitate correct insertion, folding, %@@r
function. vgeff%{q’gnt host cells which have specific cellular izgrqgr_y and
characteri'sti Chani sns for post-translational activitie®QEGB0104350 WO
02/ 38607 44 2 9 AUG 2005 PCT/ GBOLl/ 04935 HelLa, MDCK, HEK293, and WL.38), are
avai l able fromthe American Type Cul turey Col l ection (ATCC, Bethesda, Ml.)
and may be chosen to ensure the correct nodification and processing of the
foreign protein, For long term, high yield production of reconbi nant
proteins, SUEHTEICKRFESERORCID L presiaryiugh Coifne bemspe sy lments s the
capabl e Oftrﬁ{s%ﬁ’or@%rtﬁ%ﬂaﬂ& i%%%d%@?in?%ecﬁdeﬁ@éforned usi ng expressi on
vectors which y contain viral origins o eplication and/ or endogenous
expression elements and a sel ectabl e marker gene on the sanme or on a
separate vecto Fol | og. Eg the introduction, of the vector, cells may be

r .
al | oned to growieHods arg wel nogte theseskilied i thepsiAra uprst tocengich g
switched t I b 0. of mprker is to
confer r eséia< t%%\l?g%gﬁgﬁg?ﬁ%%?@qﬁ%g E%%%Zl %%Cglgg %ﬁé?:éeIli S“T@V\E‘Eﬁ% %@v{? II?f'iraqémd
recovery ofamselfiptomnahamchiranstatienslfaohtry! dxmpests sThidse mettode dutedt mefences.

Resi stant cl ones tahly transfornmed cells may be proliferated using
tissue cul fte&?réﬂlpé%tﬁﬂk\'%dé 1G58y TFEhelic dechpique agd it vivp ganetwecernbipation

sel ecti on SR EIRIdIRY aRUNSALIR SHEHANAL 114 ANTI HOTRAICAHL: ‘t‘h@lﬁ%‘ﬁnw These

i nclude, but are n [Tmte erpes sinpl'éx virus e ki nase
genes (W glaboratddy Mumadl, ch 498, 2nd Tél17, ChlR20ri 37 aboti Preds Pilsiaview, N.Y.) and

phosphori bpsyltransferas ne Lowy, I. et al. (1980) | 1. 22:817-23),
whi ch can %‘é%gﬁlpgo%(?{ 'i?lnﬁt9% aaﬁ PS%?&EéPP@?me?té;s%gﬁnit vEqtgeolgnsiyolecular
ant | magababilday, @l b3.0kiT6, SR 6 I6nd RELSYEICR pgn be used as the

basis for selection. For exanple, dhfr confers redistance to nethotrexate
(Wgler, M et al. 20 (1980) Proc. Natl. Acad. Sci. 77:3567-70); npt

confers resistapce.to the am.nogl ycasi des. neo in.and G 418,
(Col ber e- Gar api ,vaﬂeté/tOfgf{pr(eisi%‘l?e%‘?r%W?.Sysﬁnéq rf‘g%g?)}lti.ﬁﬁe%)t? CORG AT eFpresy at
conf er resieghdRefericddi PACH GPCRNTAAY iRNASH BLDAE MbFlifiRd & YhitfRRshakAse,
respectively (Mirry, sugr a). Additional selectable genes have been

qr

descri bed,suflbpas eacaeri sansforpied Wil rshombinantleactasiopbagepplasinid, ve cosmidIBNAN

pl ace of t . hl ich allows ceIIs.touiI_i.ze€5 histinol in
Dl ce of roCRsaBREEetofl yolst Ran-thnfeh Gin ¥R Borgian ooy 16l e yEeiiay | |
Ac adl. 15Sci infeﬁ&ﬁ&ﬂﬁfrlﬁﬂs gxphasehtveytord (3. Useullindé)s plahecdlBiyk b thasfogaédned
opularity with such |
Pop yw1\’é¥‘|1 virus expression vectors (e.g., cauliflower mosaic virus (CaMV) or tobacco mosaic
virus (TMV)) or with bacterial expression vectors (e.g., Ti or pBR322 plasmids); or

animal cell systems. The invention is not limited by the host cell employed.

The “control elements™ or “regulatory; sequences” are those non-translated regions

20  of'the vector (i.e., enhancers, promoters, and 5’ and 3’ untranslated regions) which interact
with host cellular proteins to carry out transcription and translation. Such elements may
vary in their strength and specificity. Depending on the vector system and host utilized,
any number of suitable transcription and translation elements, including constitutive and
inducible promoters, may be used. For example, when cloning in bacterial systems,

25  inducible promoters such as the hybrid lacZ promoter of the BLUESCRIPT phagemid
(Stratagene, La Jolla, Calif.) or PSPORT1 plasmid (GIBCO/BRL), and the like, may be
used. The baculovirus polyhedrin promoter may be used in insect cells. Promoters or

enhancers derived from the genomes of plant cells (e.g., heat shock, RUBISCO, and

storage protein genes) or from plant viruses (e.g., viral promoters or leader sequences)




mar kers as ant hocyani ns, .(3-glucuronidase and its substrate GJS, and

| uci ferase and its substrate luciferin: These markers can be used not only
to identify transformants, but also to quantify the anount ZF AtG 2005i ent or
stabl e proVBit¥3Rpressi on attributable to a specific 30 vecper/GRyHhH.LI
(Rhodes, C. A et al. (1995) Methods Mol. Biol. 55:121-131.) WO 02/ 38607 45
2 9 AUG 2005 PCT/ GBOL/ 04935 Although the presence/ absence of marker gene
expressi on suggests that the gene of interest is also present, the
presence and eﬁﬁres_ion of the gene may need to be confirmed. For exanple,
if the sedleh¥e %?Fé@‘&f%tjlesf&eﬁqr-ép@@m@a iprsenlt sydtewist piomadersokamaganatian

sequence, f . - LNi ng. sequ es encodi ng BACH GPCR can be
5 ident i f ig‘g‘faﬁﬁ&é R e G O B LA X Gsai P et vl ing

mar ker gertbatcantaine mydtipteembpias of sdRauMdeRndod (ﬁ"@ﬁ | CR
under the @trf{ﬁgﬁ‘?f a Si ngl e . pr ormqitler. Exprggg?%%?of t ggﬁgﬁs%gdgcg;e in

response t Grydie WBH edth ananpsepriaty sel¢atatile maderexpr essi on of t he

tandem gene as well. Alternatively, host cells which contain the nucleic
aci d sequence encoding BACH 10 GPCR and express BACH GPCR may be

i denti fi ed by &n bavterdlysysemp] D8@HMEST dePRIoL YediblQ Ioled deBed 18, art.
These procedures include, but are not Ilﬁn‘ited %o, Weﬁcﬁﬁide&%{fm

hybri di zat’Pehdiedse prred; far BACEE SRECRorFor pramplaswhsn laegehpiagtitts offB0Hi ncl ude

menbr ane, i i t.echnol.ogi es for, the detection and/or

quanti fi cgﬁé c;wn&llg?l Qe%%:ﬁogﬁz&ggﬁﬁ%g‘ro%ﬁgﬁl gé’@%ﬂ@ﬁ@é‘&.ﬁgﬁ@tm%\‘%sence of

pol ynucl eespresicesfifasionprewine dhd grdAe FFE &AlaPbe ggd‘.a?ﬁ&dvecg%‘s e DNA or
ntsor

DNA- RNA h)ébri di zation, or arrgl i fication using probes or fragnme
f r agment s PBFarpBPY HBEFS B Mt uagenal By celhclan@RERd eXpreksiom vantord s@lidsi T i cat i on

basedjgas ' 1 e: 0l L,gonucl eoti des o ' rs based on the

seque}1(():es?%gﬂgwgh%ﬁ%%ﬁq&hlgé!tt}%cieq’tl?%fﬁﬁl%?(ﬁ%bé%%& AR PONA or RNA

encodi ng Bga BRORe 2Otk in driretwitlofeqnendes €6 the hRindIRLAR 0 NGt aRdpoeasuri ng

t he expres%i on of BA(%!}e GPgR usi ng ei ther polyclonal or nonocl onal

ant i bodi eSOSHBERt T EesiBies Of B-glasiesidrse go that Rﬁmbmd proteings motucelxsivpvesorsf

such techpy .hel =i i 0s0rb says. (ELI SAs),
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A two- si t PGEXDROLkD(Rrbriogs Adadison) WRISAY Mb bé ddddo g%ﬁesé f&?&#% @%%&Q@%gs a25
. bu

reacti e to.two non-interfering epitopes on BACH GPCR is pre
(0]

conpet ti ?ﬁgﬂJSIBP RERTRgS yeenglutathions.S diapslsiase (G Bk de gammtalpsuvhrfusians pycseins € wel |
descri bedark BolibR z@aﬁtoanfe%ily be purified from lysed cells by adsorption to glutathione

-agarose
beads followed by elution in the presence of free glutathione. Proteins made in such

systems may be designed to include heparin, thrombin, or factor XA protease cleavage

sites so that the cloned polypeptide of interest can be released from the GST moiety at
20 will

In the yeast Saccharomyces cerevisiae, a number of vectors containing constitutive
or inducible promoters, such as alpha factor, alcohol oxidase, and PGH, may be used. For

reviews, see Ausubel (supra) and Grant et al. (1987; Methods Enzymol. 153:516-544).

In cases where plant expression vectors are used, the expression of sequences
25  encoding BACH GPCR may be driven by any of a number of promoters. For example,
viral promoters such as the 35S and 19S promoters of CaMV may be used alone or in
combination with the omega leader sequence from TMYV. (Takamatsu, N. (1987) EMBO J.
6:307-311.) Alternatively, plant promoters such as the small subunit of RUBISCO or heat
shock promoters may be used. (Coruzzi, G. et al. (1984) EMBO 7. 3:1671-1680; Broglie,




exanple, in Hanpton, R et al. (1990; Serol ogical Methods, a Laboratory
Manual , Section 1V, APS Press, St Paul, Mnn.) and in Maddox, D. E et al.
(1983; J. Exp. Med. 158:1211- 1216). WD 02/38607 46 2 9 AUG g@g\ﬁ Z@ET/L
801/ 04935 }é!f/ggmvari ety of | abels and conjugation technique @ own by
those skilled 1’ the art and may be used in various nucl ePETERY AR ami no
acid assays. Means for producing | abel ed hybridizati on or PCR probes for
detecting sequences related to pol ynuckeoti des encodi ng BACH GPCR i ncl ude
ol i gol abeling, nick translation, end 5 | abeling, or PCR anplification using
a | abel edRnUC Qb8 Eceidcb ehAR5EA5Y and WeniSS JUTDE R0 1T REGA I BEE PR or
any fragnents theréof, may be cIonecplnto & vector for the 'production of
an nRNA pbofie. 1 B85 08¢ dthesescanstudts omnbé intrbtheced ito plant celtnedicdcaDINA
avai l abl e, and may be used to synthesize RNA probes in vitro by addition of
an appr OH?I?SE‘PIE‘WOBBF@H%?%%&@EF@HT%% on.-pych ipchripgesaig desgpibpéén a

nucl eot i de - qAayY, I i gt
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( Kal anaz oMcGyhwe Hi)l,Y dertoroiged Schdade andTedhhslopy (899d) MéGrawBIINE s Eatk, Cor p.

(d evel an%, Chi o) . &Lgtabl e reporter nolecules or labels which may be used
for ease DfYdBP-EP o} ncl ude radionuclides, enzynmes, fluorescent,

chem | um nescent, or chronogenic agents, as well as substrates, cofactors,

inhibitors, 15 magnetic particles, and the |ike. Host cells transforned

wi th nucl eot i dAnsesguesystesn srag atbortg WSACH &IPEIss BACH 6P CRI RateanplRgRT one

condi tions sui tablﬁ for the Zz}gr essi on and recovery of the protein from

cel | cul MsRSYSaReAWPSTB M Blittce aupparpalyhedeasis vigg (AeNPVRds Usd asdcat ed i n
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Q her  considorshill gR®rigl oPBAUTEOPER WRI ﬂén&&%ﬂ&ﬁ?ﬁ%&ﬂb %ﬁﬁ@@ﬁ’ﬁ%{e

nucl eoti de sequences encodi ng a pol ypeptide whi ch w
puri f i caticepmbmanttvins latkieg peaspedteis. TBurshopbinkht datseomay sloin betwsed vy domai ns

i st ar nebtey g EaREIP b Bt g B QB P e DR R B T ey

metalls  pPhod:@ressAl. qBABdIRGd! BaK. élal. qroeyPréd. Sak. AdOScil 9Tbb4 Bzer)

In mammalian host cells, a number of viral-based expression systems may be
utilized. In cases where an adenovirus is used as an expression vector, sequences encoding
BACH GPCR may be ligated into an adenovirus transcription/translation complex
consisting of the late promoter and tripartite leader sequence. Insertion in a non-essential

20 EIl or E3 region of the viral genome may be used to obtain a viable virus which is capable
of expressing BACH GPCR in infected host cells. (Logan, J. and T. Shenk (1984) Proc.
Natl. Acad. Sci. 81:3655-3659.) In addition, transcription enhancers, such as the Rous

sarcoma virus (RSV) enhancer, may be used to increase expression in mammalian host

cells.

25 Thus, for example, the BACH receptors of the present invention are expressed in
either human embryonic kidney 293 (HEK293) cells or adherent dhfr CHO cells. To
maximize receptor expression, typically all 5° and 3’ untranslated regions (UTRs) are
removed from the receptor cDNA prior to insertion into a pCDN or pCDNA3 vector. The

- cells are transfected with individual receptor cDNAs by lipofectin and selected in the




i mmunogl obul in, and the domain utilized in the FLAGS extension/affinity
purification. system (Inmmunex Corp., Seattle, Wash.). The inclusion of

cl eavabl e |inker sequences, 30 such as those specific for Factor XA or

ent eroki nase (lnvitrogen, San Diego, Calif.), between thev\%%@;i g@ti on
dormai n and_t he BACH GPCR encodi ng sequence nmay be used to 32 07 47 2
9 AUG 2005YOBH86@501/ 04935 facilitate purificati on. One sudiCTé&BNEdEIsON
vector provides for expression of a fusion protein containing BACH GPCR
and a nucleic acid encoding 6 histidine4gsesidues preceding a thioredoxin
or an enterokinase cl eavage site. The histidine residues facilitate

purificati 'Erm' J t i ffinity. chromat ography (1. .
descri bed p?%seg&lf%)_r at ﬁhé}j&le(g%f%ﬁ%e( %%gef%s Btf)etle.%ﬁ%dpglﬁfﬁ“lagc.lo%s aﬁ%@‘l‘\’/iﬁé%nd

whi | e t he exphiicakorasBeChRdysig SIEN 19 orfTI0I @RS trahsIRAMISHIPtheRMElbf ¥iohd BACH
GPCR fromthe fusion protein. A discussion of vectors which contain fusion

prot ei ns iS8TY§AS WERtYeicAnKpls| T isplatg celkblines|stablyl @sessiDRMh« et vidudl teceptors,

or oduct | ot e AR e i R sl el et Bl Rty Reeidee
t echni GuesnRNMBrakd fdretllydetdctfdin aboutHn%, GFeH® Gzﬁcscresﬁéhfféléges?aiaélévﬁéd. Protein

synthesis nmay be perforned by manual techniques or by automati
Aut omat ed synthesis may be achi eved, for exanple, using the Applied

[ ' hesi ' I , [ f f
BACH CPR, may ALETht e BirCERlERe: (VSCH Rt HERD rePHEn s s Folte « ne

full | engtfragrichtsrodIB¢ Al than EnEFNARE TR Rpfesbaaah ¥RpeRMiasA COUELSIE 6261 S,
probes, antibodi es, expression vectors and |igands are useful as (and for

the produd?il B enysustedond deliyersd dimepnventiinahdrlivenyosgthod@ipbsondse m
Symp. 17: ti6hi Pl ﬁ‘f:d? i I 20 being a uni que conbi nati on of
a receptoﬁ%ﬁl%{?g@u a &grg%%ggﬁe{’élsg&%s)?%rmgﬁ% lfggg)oggﬁ'ecti ve |layer with

i mmobi |i zed anti bodies or receptors such as a BACH G protein coupled

recepaﬁr, and ?&Ptr, nsducer for transmtting the values neasured. One group
of stth bi osemPEFECHLAtORFigRIls My alsodiegisediid ashiavs more sEitient trandatinm ¢fc al
propertiesg Bes S5 i [ .1he receptor wth
the surr ouﬁ%iier?g Smedi %ﬁ]g%én@ﬁ%gﬁ% gsu%cﬁ Séélgﬁﬁﬁggéeegt%tﬁ%/’f%glﬁ%tmni %’ﬁg’& and
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additional transcriptional or translational control signals may be needed. However, in

15  cases where only coding sequence, or a fragment theredf, is inserted, exogenous
translational control signals including the ATG initiation codon should be provided.
Furthermore, the initiation codon should be in the correct reading frame to ensure
translation of the entire insert. Exogenous translational elements and initiation codons may
be of various origins, both natural and synthetic. The efficiency of expression may be

20  enhanced by the inc.iusion of enhancers appropriate for the particular cell system used,
such as those described in the litczcture. (S harf, D. et al. (1994) Results Probl. Cell
Differ. 20:125-162.) . |

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

- machinery and characteristic mechanisms for post-translational activities (e.g., CHO,




BACH | i gands, for exanple, nucleotides such as purines or purine anal ogues,
or anal ogues of these ligands. The construction of such biosensors is well
known in the art. WO 02/38607 48 2 9 AUG 2005 PCT/GBOl/O49§§SIEgﬁ cel

| i nes expressing BACH receptor nmay be used as reporter syst A 05

det ecti on P %¥3%8hds such as ATP via receptor-pronoted for rariGro1foss

[3BH inositol phosphates or other second nessengers (VWatt et al., 1998, J
Bi ol Chem May 29;273(22):14053-8). Recgptor-ligand biosensors are also
described in Hoffrman et al., 5 2000, Proc Natl Acad Sci USA Cct 10;
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2000 Jul; m@pngceﬁlmf?thyfore@armmmmm ts for biosensors are described in,
for exarrpl e, US 5,492,840. 10 SCREENI NG ASSAYS The BACH GPCR pol ypepti de of
the present invention, including honDIogues variants, and derivatives,
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be nat ural,engg%str é*gs Szsilnd I gan%%d&o%ge%%tabmgr? ura%g un |donal
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hand and which can inhibit the function o I n
general , &adricevery 8h Gelkﬁwhlgb ﬁil@{essﬁdbeewnqsb dgpadtrbduced tsﬁmeacmul&c:sasta[td

hyl di.t t ia,
or of aci Zf%?%?%gf B Bt S B et P B sBea®mar ore,

Barrett' saﬁp}opﬁgemagwsn tgeaUcoma, pain assom ated with cancer, diabetic
neuropat hies, Herpes infections, HV infections, mgraine and skin
sensitivity associ ated with migraine, allodynia, toothache, neuronma

(uetNer, cau oA AR E15s R ORSOES B e LNl 8
15 These include, but are not limited to, the herpes simplex virus thymidine kinase genes
(Wigler, M. et al. (1977) Cell 11:223-32) and adenine phosphoribosyltransferase genes
(Lowy, L et al. (1980) Cell 22:817-23), which can be employed in tk” or apr cells,
respectively. Also, antimetabolite, antibiotic, or herbicide resistance can be used as the
basis for selection. For example, dhfr confers resistance to methotrexate (Wigler, M. et al.
20 (1980) Proc. Natl. Acad. Sci. 77:3567-70); npt confers resistance to the aminogl}"cosides
neomycin and G-418 (Colbere-Garapin, F et al (1681) J. Mol. Biol. 150:1-14); and als or
pat confer resistance to chlorsulfuron and pu.osphinotricin acetyltransferase, respectively
(Murry, supra). Additional selectable genes have been described, for example, trpB, which
allows cells to utilize indole in place of tryptophan, or hisD, which allows cells to utilize
25 histinol in place of histidine. (Hartman, S. C. and R. C. Mulligan (1988) Proc. Natl. Acad.
Sci. 85:8047-51.) Recently, the use of visible markers has gained popularity with such
markers as anthocyanins, .B-glucuronidase and its substrate GUS, and luciferase and its
substrate Iuciferin: These markers can be used not only to identify transformants, but also
to quantify the amount of transient or stable protein expression attributable to a specific

30 y_ectpr system. (Rhodes, C. A. et al. (1995) Methods Mol. Biol. 55:121-131.)




of the spinal cord.or brain; denentia, dyslexia, dyskinesias, trenor,

Par ki nson's, benign WO 02/ 38607 49 2 9 AUG 2005 PCT/ (B01/ 04935 essenti a
trenmor, chorea, epilepsy and ballisnmus, for exanple occurringstgh @?g
stroke, twawidBssedegenerati on or malignancy; or dry-eye disorders St
fibrosis, hyperactive bladder, hyperchol esterol aem a, dis”ﬂﬁﬂﬁ@ﬂV%Q and
obesity. Rational design of candi date conpounds likely to be able to
interact with BACH 5 GPCR protein nay Hé based upon structural studies of
t he nol ecul ar shapes of a pol ypeptide according to the invention. One neans

for determ ni ngAltiuugh thé preSenicalBIencd of Matlder SORExbiSsioh BT zeRE YL HSodns of
physical structure determ nation, e.g., X-ray crystallography or
t wo- di mendfiSFesHis RreteRhitfurrgsent ardexpiredsiqnrad vhedgeng mayareee tabe tanfirnidch

am no aci ' S; e regi ons. For_ a detailed

descri pti gﬁr?gggé%g 44 e@ﬁ@cgég%oﬁ’% g%@ﬁb&‘ﬁﬁ%ﬁe withinga garkepgeneel | and
Johnson ( s8q@nc&nansfonmeCralBtoahlaagh@RitendS RISy BAEESGPMRA YK AN
alternati vg t_g agti onal desifgn uses a screeni ng procedure ichinvolves in

generaf pr Y dprispreeianarken senpifinsition xplternativele aBAGker @ne Rl be
pol ypepti : : Lnhyvention face thereof. Such cells
! e, cQrieg i GfidemRAEPERL LKA e BAC PRl b medgivol ks voste

expr essi ngrdrheter, Exppdssion (06 theatirkeNBMB (A RBp SRR LS iiuBS ot ele%ﬁﬁ’% ﬁ§u§ﬁ§
receptor) .ar.e then contacted with a test conpound to observe binding, or

sti mul at i $HIGAES SXRresION G4 thertandep grensiasivedll. r esponse. For exanpl e, Xenopus
oocytes may be injected with BACH nRNA or pol ypeptide, and currents
i nduced by exposure to test conpounds neasured by use of voltage cl anps

measured, as dederidivelyi hodt velldwhicHebataln the Buabic AWMACLGuentl thOREAPBR CIT
m cr og(?ym %gﬁ{rlq?\? assays, may be enpl oyed to assay BACH receptor ~ activity.
Act i vA i o PTG apdexpeesy B A GH\CRIR susy dreddentified dyerngeietysyfgirecmsiurasdubta tb n

ext rusi ong, in BEONN f g fr ell. The acid is largely
as a resul tog%? §$§% IlIi1 ncr eégﬂei?fé R rrr(gtfcé ggfﬁsingmé%t’ |%% ey nPt}eléfHﬁ?c‘e‘iﬂ” bg\yﬁgﬁ‘ét e

i nt racel | DNeA-RN4 habtidingtiprsaneé peoteifittodabiycdiangemohday &hhidBedRHich include
surroundi ng tbhe cel,l .are vgr sr%%l but are detectable by, for exgirrp?e, t he
CYTOSENSAEE LS pPRILHOSE & IP{QW thnglogizs for the detegtion pedipoquratificatom off . ) .

The CYT@@}@%iidsortﬂg&gm%Q@gllcgs_of detecting the activation of a receptor
which is coupled to an enérgy utilizing intracellular signaling pathway

such as the G protein coupled receptor of the present invention.

15 The presence of polynucleotide sequences encoding BACH GPCR can be detected
by DNA--DNA or DNA-RNA hybridization or amplification using probes or fragments or
fragments of polynucleotides encoding BACH GPCR. Nucleic acid amplification based
assays involve the use of oligonucleotides or oligomers based on the sequences encoding

BACH GPCR to detect transformants containing DNA or RNA encoding BACH GPCR.

20 A variety of protocols for detecting and measuring the expression of BACH
GPCR, using either polyclonal or monoclonal antibodies specific for the protein, are
known in the art. Examples of such techniques include enzyme-linked immunosorbent
assays (ELISAs), radioimmunoassays (RIAs), and fluorescence activated cell sorting
(FACS). A two-site, monoclonal-based immunoassay utilizing monoclonal antibodies

25  reactive to two non-interfering epitopes on BACH GPCR is preferred, but a competitive
binding assay may be employed. These and other assays are well described in the art, for
example, in Hampton, R. et al. (1990; Serological Methods, a Laboratory Manual, Section

IV, APS Press, St Paul, Minn.) and in Maddox, D. E. et al. (1983; J. Exp. Med. 158:1211-
1216).
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candi date conpound individually with the BACH receptor, a library or bank
of candi date |igands nay advantageously be produced and scre?egngﬂ? 05Thus,
for exarrp%oz%sg@nk of over 200 putative receptor |igands has e_e%q

assenbl ed for reeni ng. The bank conprises: transnittersPCROMBAESSand
chenoki nes known to act via a 5 hunman seven transnenbrane (7TM receptor;
natural |y occurring conpounds which may4g be putative agonists for a human
7TM receptor, non-nmanmalian, biologically active peptides for which a

manmmal i an counj &f; ; \A A 1f:1.ed; . t found
in nature, butAmiggﬁgréég?%g%rglsﬁ%lcpg’?éﬁcgﬁgmvﬁﬂ%q& ﬁi%gomﬁgﬁgﬁ%% ﬂP‘%‘%ds.
Thi s bantheiag and ethytte wed éevaridus nuelerpicat arfdumiko @il dssg@nkiansdi Ng bot h

functional (i..e. | gi,um..10 cAMP, 1 crophysjoneter, oocyte

el ectr oph@rgﬁﬁql%gﬁ,ﬁ’g}@a%‘}’ m@%am%%@yobsg foredetectisg seausarssgelatsddys as

descri bed,( : il ﬁe@pﬁﬁ Qe er of

manmal i anpdrlg%%gog?g %I%i%g?lg ofgtwhl o 13 %‘éﬁ%@%ﬁbﬁ?@%&ygg&ﬂﬁ%%{&ﬁat e

acti véi i nigbélingaodP CRagonifebfiorousinga tibeled tnudigolidg @tbriiaiveRg @i ssglencdnus,
active | i%n%s hc&%ﬁt}g?@%r eceptors may. not be included within the |igands
banks as YXeH{EE t + & ang fragmentsghsreot maypeclpned iptoceysctr forrthe he

i nventi onyd ] i i i .

i or ophy ST o meRGT sABNANALRY. SSER SRR st Rldith K€ pit hes SOMmercialy o

agai nst tdvadaide,extimamt se used to sanhesize RIMA probeslin ganoby adkitisraets t hat produce

positive functjonal .responses can he _sequentially subfractionated, with
the fractiPBHYPT @%Aa%‘gg%fés%gl &8 dr'y BePTeioeand Jabsled aycleciides idessg | i gand

is ig@ at inqlﬁng' ' Yy I%”y%;'- [.£S i.n HEK 293
cel | Zlghavxgg%egg% Ss howné {dcl)l(a ggegggléﬁygﬁﬁ%ﬁ%gg |50na +1§ﬁ¥ g{@%:at%li%\[}élﬁi %‘%HS‘F C and
cal ci um rwbvidedby Pbarnzacty &rUmsP(Kasrazcat Mich.RPrombgdb(Nadison, Yie.)saideeni ng.

t echni qu herefore jpclu t.he e of cells which _express_the BACH GPCR
recept gr e%w% ﬁfﬂc erp}ﬂ?Lﬁprogé%Vﬁlﬁn%@Hﬂ§?‘t§91%ﬁ@°é@f Bwloesiss on fabelsdyieles, CHO
or HEK293n£ehd §eed iffr @s6 B8 HEBLHYH iBALIR AR RSB é%ésuh%re%tor 25

intracel lul'ar cal ci um changes caused by receptor Ivation. Tn this
t echni queheBdrminasernt, orejirgraoganin agentsdaswvelhacsitisiates mofasiragnhib#orsecept or

ol ti . re i-nvention. A second nessenger response, e.g.,
OIS e S e LS O ever T e

signal t ction, or changes in calciumlevel, is then
nmeasured to determ ne whether the potential conpound activates or inhibits

the receptor. WD 02/38607 51
Host cells transformed with nucleotide sequences encoding BACH GPCR may be

cultured under conditions suitable for the expression and recovery of the protein from cell
culture. The protein produced by a transformed cell may be located in the cell membrane,
secreted or contained intracellularly depending on the sequence and/or the vector used. As

20  will be understood by those of skill in the art, expression vectors containing
polynucleotides which encode BACH GPCR may be designed to contain signal sequences
which direct secretion of BACH GPCR through a prokaryotic or eukaryotic cell
membrane. Other constructions may be used to join sequences encoding BACH GPCR to
nucleotide sequences encoding a polypeptide domain which will facilitate purification of

25  soluble proteins. Such purification facilitating domains include, but are not limited to,
metal chelating peptides such as histidine-tryptophan modules that allow purification on
immobilized metals, protein A domains that allow purification on immobilized
immunoglobulin, and the domain utilized in the FLAGS extension/affinity purification
system (Immunex Corp., Seattle, Wash.). The inclusion of cleavable linker sequences,

30 such as those specific for Factor XA or enterokinase (Invitrogen, San Diego, Calif.),

between the purification domain and the BACH GPCR encoding sequence may be used to




2 9 AUG 2005 PCT/ GBOL/ 04935 I n such experinents, basal calciumlevels in
the HEK 293 cells in receptor- transfected or vector control cells are
observed to be in the nornmal, 100 nMto 200 nM range. HEK ?ﬁS L@ezgdSS

expr essi ngwdaHs§gfICR or reconbi nant BACH GPCR are | oaded w 4 ra°2 and
in a single day nore than 150 sel ected |igands or tissue/ cePFTEBAEBS are
5 eval uated for agoni st induced calciumnobilization. Simlarly, HEK 293
cells expressing BACH GPCR or reconbi naAf BACH GPCR are eval uated for the
stimulation or inhibition of cAWP production using standard cAWMP

quant i t at i Beilise aysficatigonDse sugir epeesiong/eator Fﬁiv@ddd Fort SxPREEBA L FuSAVP
fluctuation %ne t est ed }%&C}{&gﬁg control cells to determne if the
response | O GRIBAPEE iieaéldétfn@éffw geid gpeasking hbistidimepesidues 10 Anot her
met hod | NVRkyRIn SEREGE! f . i.nhibitars-by .def.erm ni ng. ..
i nhi biti onﬁoy st'glsfrul at !ii(%%ng 5%%\ r el%{ggtc%? E’%Bedgﬁg’?gby @%@“%W&ﬁb‘?sg Bolitase at e
cycl ase aprifiatian bmimmeﬂizedelh@dafﬂiﬂ@c\hﬁﬁnﬁb@ﬁﬁﬁﬁgl\/ﬁm&%e%il{v@ﬂ yptic

he receptor on the

cell w.th the,recept this invention to express

cel | sdrf a}gcoé?fhwﬁ & g‘eﬁ”&g Pf%fﬁméfwé@eﬂ 263-283 hivdrile the entatckiyone slesvaga stibie
presence ; oDl S Al oR.  The anmount  of . CAMP
accunul at icﬁcgﬂﬁiags Z'E ﬁ%ﬁﬂn@ gg g;rlggﬂé ?#‘Cﬁ ?’ﬁpdolg grﬁ’ th @F f‘éﬁﬁ?‘h@&?f-ﬁ%f‘% a’tsﬁ‘&isélopr?é
recept or, &atprs which contaitbfisionroeiisds phivididia KrbeD | B¥eAIS(1953. DNA Cell

receptor-nedj gted,c , or adenylate cyclase, activity wll be reduced or
i ncr easedrBal Lg%‘ﬁg}'%hod for detecting agonists or antagonists for the

receptor of the present invention is the yeast based technol ogy as
described in U S. Pat. No. 5,482,835, 20 incorporated by reference herein.
Where the candiftagreensonpBaiis GRGR pragttei prsduced npedHly 64 ketoniibdn® PRIdBSH Y,

G ol 16°1 i B o esenta Bl Sk sols Bt ochimasmn Odewifine 541 2 ng
Lranst or i me D ar oohage et aroaehg e By o PSR BERACn 11 om
the |ibr aﬂ%ﬁgéfque&mbsdmtemﬁmMdmatalwhtliekiamagaﬁhcmhag@ O exRRPHES ikid

Cobi oh  pi BB MO8 PR A peus Satearen deunn %ﬂéér‘é{%”é&éaf?;ge;%%ﬁage
%BEL?E; coandl dat o Commounda aed Bl e e ' copibif it rd %‘ﬁaec%?ﬁ%i b de

or pepli d&%BFUNhe i nvention are enriched by selection strategies 2 9
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BIOSENSORS

The BACH polypeptides, nucleic acids, probes, antibodies, expression vectors and

ligands are useful as (and for the production of) biosensors.

According to Aizawa (1988), Anal. Chem. Symp. 17: 683, a biosensor is defined as
20  being a unique combination of a receptor for molecular recognition, for example a
selective layer with immobilized antibodies or reéeptors such as a BACH G-protein
coupled receptor, and a transducer for transmitting the values measured. One group of
such biosensors will detect the change which is caused in the optical properties of a
surface layer due to the interaction of the receptor with the surrounding medium. Among
25 such techniques may be mentioned especially ellipso-metry and surface plasmon
resonance. Biosensors incorporating BACH may be used to detect the presence or level of
BACH ligands, for example, nucleotides such as purines or purine analogues, or analogues

of these ligands. The construction of such biosensors is well known in the art,




based on affinity interaction. The successful candi date agents are then
characterised. Phage display has advantages over standard affinity |igand
screeni ng technol ogi es. The phage surface displays the candz' ?% z@gent in
a three di .onal configuration, nore closely resenbling its naturally
occurring conformation. This allows for nmore specific and gCFﬁG&HHP”éNi nity
bi ndi ng for screening purposes.. Another nethod of screening a library of
conmpounds utilises eukaryotic or prokaé4§otic host cells which are stably
transforned with reconbi nant DNA nol ecul es expressing a library of
conpounds. Sucfth@ekbs lingd &:Rfssi A @bl f for
standard bi ndi ng- partner ais}gasiisng%%gﬁélgg Eolgéfrl e e%ﬁg%rﬁgtggﬁlségﬁg%e

246: 243- 24gtectind! ligawhi skh atATA via (4ep0)-pRmated RatiatioAod B H]SwisitolUSA 87;

4007-4011_ whi ch deserib it th detect cel | ul .
Compet 11 11S%REE S TR P BRenes 0TRR 6Tl S S RRECHERING Expr csti ng the
|ibrary oo.005RopNEIa8 EREQHSN AHld BloskiloNAE SloWeldiddARek R o ANt | bOdy

known to bind to a BACH pol ypeptide of the presen |nvenr?| on, such”as 125l -
ant i body, 2@d Peoa et Asadptiel Sut Beak);87@anti 1420, Optipaiund ot bivsbisoed Ng

ffinit th indi Pt i s bei d.. The bound and
Free | abePBHAETRAGST Bl Do et o Gaker Bt 51 PUOSBieeo T imeRC G HRRe (0
assess t herotts 8 Rherlfrb@ididas Jh& , for%;(%ﬁgg%'f Ellg?]«%lrgﬁ éf" 159 %oclh%m'isj?)ﬂzer sely

proportional to the anount of |abelled anti tot

pol ypept i Bec 253§(56)126238-H% med Sursiotee elyR0gOekloLEel] Bén! 2960 Jhlcn 05 BY) eyl at-7apound
fromfreeghi ndin 20. partners .to.assess the degree of binding. This

separ at i oﬁelg?%%’lggﬁf gmg?}bs%saﬂr? Qeﬁcﬁs%ff%foa eﬁ?@@@dfj&é@%%%s adhesion to
filters followed by washing, adhesion to plastic followng by washing, or
centrifugation of the cell nmenbranes. Still another approach is to use

sol ubil | ZSEREENINGAISSAXE or sol ubilized purified polypeptide or peptides,
for exanple extracted fromtransfornmed eukaryotic or prokaryotic 25 host
cells. This allows for a "nolecular” binding assay with the advantages of

i ncreased speThd BAICH GPORp&@ppdptidy Ofﬂle?i'@s‘aﬁﬁh%ntﬁﬁgi&imﬂ _dh%l&%@%l ves an

t hroughput. Another technique for candidate conpound screening I
appr oach Viiaats, ansrdayivatiyes wisthennasurghputecembisent, npyfherempdoyedinpaomrdsingavi ng

0. 1o 0BG BB Beigne it il A PR b R ABRR e et

| nt er nat i srizhtidiadfeahtagayists) 6EBACH. Thus, WOlyPeHREa &4 tHCAmEmbEAdy /150564 H#Bd
Labs.)., publi sh%d on._.Sep enb(lar 13 .
IS’ "o assess the binding of small molecule substrates and ligands in, for example, cells, cell-
free preparations, chemical libraries, and natural product mixtures. These substrates and
ligands may be natural substrates and ligands or may be structural or functional mimetics.

See Coligan et al., Current Protocols in Immunology 1(2):Chapter 5 (1991).

BACH GPCR polypeptides are responsible for many biological functions,

20  including many pathologies. Accordingly, it is desirous to find compounds and drugs
which stimulate BACH GPCR on the one hand and which can inhibit the function of
BACH GPCR on the other hand. In general, agonists and antagonists are employed for
therapeutic and prophylactic purposes for such conditions as trigeminal neuralgia,
orofacial pain, pain associated with toothache, irritable bowel syndrome, Barrett’s

25  oesophagus, glaucoma, pain associated with cancer, diabetic neuropathies, Herpes
infections, HIV infections, migraine and skin sensitivity associated with migraine,
allodynia, toothache, neuroma (whether caused by amputation, nerve transaction or
trauma), nerve compression (caused by tumours, entrapment or crush), pain due to damage

- of the spinal cord or brain; dementia, dyslexia, dyskinesias, tremor, Parkinson’s, benign




1984. First, large nunbers of different small peptide test conmpounds are
synthesi zed on a solid substrate, e.g., plastic pins or sone other
appropriate surface; see Fodor et al. (1991). 5 Then all theipigs@re
reacted wWwb 03@8debi | i zed pol ypeptide of the invention and washed. The next
step invol ves detecting bound pol ypeptide. Compounds whi ch HGHGBYEH93S
specifically with the polypeptide will thus be identified. Ligand binding
assays provide a direct nmethod for ascerPaining receptor pharnacol ogy and
are adaptable to a high throughput format. The purified ligand for a 10
recept or rfasentel tremom tladued, egilemsyhing fbaﬁi@ﬁmb,ffbﬁ@@ﬁiéﬂé/bédmﬁ Jofgmol )

for bindi r{%ﬁl stgdi es. .A det e{,n‘i nation is then made that the process of

r adi ol abel TG % OeBSHGHOR PRMAHEHANCY 1 diFteye flisgrdets, eystic Ifibgesiy hyperactile it s
Teceptor. pvhsRiay hd1l il Y31 % - lon H and other nodul ators such
as nucl eoti des ’gr?gag%(%l%:ér%n&?g Hl{l%%gall&)géﬁsrfuéﬁa%dse\lifgﬁ%bl e signal to noise ratio
for both nmenbrane and whol e cell receptor sources. For these assays,
specific 15 regégtpor cgi nding is defined as total associated radioactivity
m nus the radi pafidesien ok Sansidate pomponnds likselg e be olfle amirparaesaitoBATH abel ed

conpet § ng ARCRBE e MES i , I n e co ting ligand is used
to define resi gga?l no@%ﬁ%@%%ﬁéﬁ S%‘%Zesé’ggwgo ‘gla $ P%/Oftaaest bi ndi ng
of a candipdepeptilsrasoendihgvth ehieintemithe On8 GRahofor HBRNERNLS Hf'cﬁrsit?&n%%gct
receptor is,det e%:t eq@b\é means of a |abel directly or |ng| rectly

associ at ed i YRR QMERREATHAS i agisisahwirusture determinatimy eignoiragi ng conpet i t i on
with a | ghelfdoa8rPst il ' e assays t est whether the
candi dat e ?gr?po%.ng}?f.es lﬁ?t?slmﬁlﬁgwgggﬁ%%{aﬁc ﬂ‘éersg%e%ﬁ%‘?‘ilé%\g‘ing‘i‘ﬂc@fas the
recept or, Whishragnide aeidtresidues fotne nlaphir @phithéttreoib®s. FbPg deglibs ahea 1’1&901‘ he
recepfpr at; t.hehr t{sluifatcesh Lnhi bitors of activation are generafly assayed
in the prBosHR ST deiGiRHRaeM e, cgndlundeliemtidehnson (3276)Wicon by t he
agoni st by';ys?ﬁzotgb@ppgggﬁ@gﬁcp{esg R§e s &3¢l dat e conpound is observed. Further,
the assays may sinply conprise the steps of mixing a candidate conpound
with a solution containing a BACH GPCR pol ypeptide to forma m xture,
measuri ng BACH activity in the mxture, and conparing the BACH GPCR
activity of tﬁg?lr%g&ntaﬁ?(%totr Yignal destam fges aieregming geeep iz whioh AUGHZOS

PCT/ GBOL/ £s488# piddeic Rt e CINA wHR] ' i hodi.es to th tein
may al so be used to%?gﬁﬁﬁgure asgvays ?ég%g{%g%:‘?leﬁlgrg??éore%l@cepug? 8@ ed
conpoundsPIENt inyEnpeber theisyrfact thBACH SuckCalsiRNAdand siFdh @hindle) yegd] S. For

examke, BFbngzzﬁbenEycol?’zgcgl?&%gprxﬂéjs%%n%qhé ?erceptor (or cell membrane containing the

expressed receptor) are then contacted with a test compound to observe binding, or

stimulation or inhibition of a functional response. For example, Xenopus oocytes may be
injected with BACH mRNA or polypeptide, and currents induced by exposure to test

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

20  elsewhere.

Furthermore, microphysiometric assays may be employed to assay BACH receptor
activity. Activation of a wide variety of secondary messenger systems results in extrusion
of small amounts of acid from a cell. The acid formed is largely as a result of the increased
metabolic activity required to fuel the intracellular signalling process. The pH changes in

25  the media surrounding the cell are very small but are detectable by, for example, the
CYTOSENSOR microphysiometer (Molecular Devices Ltd., Menlo Park, Calif)). The
CYTOSENSOR is thus capable of detecting the activation of a receptor which is coupled

to an energy utilizing intracellular signaling pathway such as the G-protein coupled

receptor of the present invention.




measuring secreted or cell associated |evels of BACH GPCR protein. using
nonocl onal 5 and pol ycl onal anti bodi es by standard net hods known in the
art, and this can be used to discover agents which may inQ@bA%;&EEenhance
t he produg;i n $f BACH GPCR (al so call ed antagonist or agoni st,

respectiv PV?B?(%n1suitably mani pul ated cells or tissues. BEHGBAEHI3Pet hods
for conducting screening assays are well understood in the art. Exanples of
potential BACH GPCR ant agoni sts includecanti bodies or, in sone 10 cases,
nucl eoti des and their anal ogues, including purines and purine anal ogues,

ol i gonucl eoti des_or, prot.ei ns whi are closely . related to the Iligand of the
BACH GPCR, e. §‘.S§ea§ 015‘l Feéaﬁﬁﬁﬁcwngﬁétq sogrynd gidigdually with heB A€ HMsretioni nd

to the reggploy o%kgq d_ia_ﬁaidat%lligﬁﬁcﬁs @ﬁ;{/%&ﬁ&{%ﬁ%ﬁ@({)ﬁé&é# gx%tdué aAGEIuhLy of the

receptor is prevented. e present re also provides a

conpound dapstidrexeafphd, adiank of dber 200 pufatieakdcgpion ligaRRGas bedrypeahblde fand/ or
peptide of the p[rﬁs%nt invention. The term "conpound” refers to a chem cal
conpound (HERNREIThG baRl GOmPHEFS oiransgyRerpdwrmenss ansh dirmekings snowe i exiivia a
macr onpl e i ' [ = tlde [ .organic

ol cout ) g Sl an BBl O B B P ORI S oS By
plants, bepgativeagoaisistr abparahi7dM asdeytofaitimhaamaliee|dislodically s&H@S, Or
even an inél)prﬁiggn' c&&‘l. ment or 20 nol ecule. Preferably the compound is an

anti body. P 16} & nfERdaRcpURiSFPas! ik net YA dremiienilienh andsampewniismay be
packaged. hiMiGundintahfeMuliiil aciHRTR SGLBRM B thkndbn H3GL iphls. This
i denti fying agoni sts, antagonists, ligands, Treceptors, S ISaE es,
enzymes, bank.is fised tBACHetHERepaptymiopkneles ligands oushebeta fidvitiohal (flecdagiem, or
enhan]c(g tQE roductjon of BACH GPCR po ptides. The screening kit 25

es:
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conpr y TRACT ISP, 98P YR El5EiraRNYSION8Ya eice asTRIs SIS TS) @8 WelldSpr essi ng a
BACH GPCRnaRbYRaps hél@eschisdd i deap Qé%g‘? |
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ANI MALS 2 AUG 2005 .. PCT/ BO .1/ 04935 T resent. i nventjion further
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r econbi nasét bBAKIHIAGKthidItheli B8 battions idaifRAto Qhte IR MHBHEKE theABACE evat ed
or reduced |l evels conpared to the normal expression |evel. “I'ncluded are 5

t r anskfeni Ecemerrfithe {TVEREPR isridtekisnetionpllyiéreenaddusiog celkpresANBNCt | onal BACH

receptor. microphysiometer, ooyte electrophysiology, etc., functional screens) against tissue extracts
to identify natural ligands. Extracts that produce positive functional responses can be
sequentially subfractionated, with the fractions being assayed as described here, until an

activating ligand is isolated and identified.

20 7TM receptors which are expressed in HEK 293 cells have been shown to be
coupled functionally to activation of PLC and calcium mobilization and/or cAMP
stimuation or inhibition. One screening technique therefore includes the use of cells which
express the BACH GPCR receptor of this invention (for example, transfected Xenopus
oocytes, CHO or HEK 293 cells) in a system which méasures extracellular pH or

25  intracellular calcium changes caused by receptor activation. In this technique, compounds
may be contacted with cells expressing the receptor polypeptide of the present invention.
A second messenger response, €.g., signal transduction, pH changes, or changes in
calcium level, is then measured to determine whether the potential compound activates or

inhibits the receptor.




The BACH knockouts may arise as a result of functional disruption of the
BACH gene or any portion of that gene, including one or nore | oss of
function -nutations, including a deletion or replacenent, o§ H@@ @@CH
gene. The watassens i ncl ude single point nmutations, and nag ;@ﬁﬁg codi ng
or non-codi ng regions of BACH 10 Preferably, such a transg f HMH%? is a
non- human manmal, such as a pig, a sheep or a rodent. Mst preferably the
transgenic aninmal is a nouse or a rat. SGth transgenic animals may be used
in screening procedures to identify agonists and/or antagoni sts of BACH
GPCR, as wel | ak suchewperithents tHaeilrcabiifirh (&Y iashd HERTTB MR i&fec%ltéﬁases in
vivo. 15 ce ich are null for BACH nmay be used for various purposes. For
exanpl e, %lgﬁfslcvgeélrﬁrcveaw ReiEoliogHe arenbsenyed o emigitherorethltO0hMdeboThent i n

t he produchheh ik LN assays to_identify agonists
and/ or ant a%?éir s% 552?5%16\3(? ° @gﬁégg%ﬁf&w ?%§&§g-@\éﬁ aketleaded
potential W ¢ dandandistaieddy gordthes 160 - ' if.dt
produi§s aé,gg%si oﬁJﬁo i cal ,respoynse. in the g%g%%g%@s %ﬂ%ﬁwgﬁ%&rﬁe%gptors.
Thi's mdy BE2HEEGHPT F8MEY inspcad apleium arobilipatiore Similerly, GTEK LOARSUEHiEcsai el

as discu , i he animal for a particular
response. %ﬁﬁﬁgﬁp‘a‘ﬁ?&q’%@g%ﬁ%?@@ 8&@5‘?@{ t F@eﬁé&%%ﬁ@dnﬂlmmhi s

assay, prefeAMR prakptiosesing sehase NP @inTREG a‘%ﬁ#shﬁg&ﬂgt:s(&%sggﬁ changes
to di sease, res;cstance; lltered inflammatory responses; altered Efhour
suscept abicﬂcflﬁp.l IAnYERL g &AMP ElusBiatipn expstested imeotasonrardedatd dnemancifange i n
25 eat.i ng r&pbA 9funicie§h aROEa ] Iafaqy Lght. a change in bone density; a
change in ﬁ%dy tenpcgr ature; d|Sjﬁljescu |rle.llg\§;é§$ﬁrf%rﬁ,cepéﬁadotropi n secretion;
nasal and bronchial secretion; vasoconstriction; |oss of nenory; anxiety;
hyporehl exia or, hyperreflexia, pain or stress responses. WO 02/38607 56 2
9 AUG?@005 PCT e/r&“g{%%&ﬁvgk’&éw&émngéu reeeptartihtg bidiCHy ldeterindnihg ani mal s

may be usethibifioh OF SihalatiBh R _to.determne whether the potential
~drug (a cancliildgte Iigarri%llegrIa g?%%:p%gﬁ yq%ir%%iég?%cgmm’é/@ﬁd%ﬁéﬁt%ﬂ?%such

assays caACqyEuaiiniuSuelia metioist mvolveg trandfedting are@ﬁ@fgbﬁé Al GRArAL gee thi &M the
t ransgeni ﬁl'%ivgﬁ'gio e{égej neered to be deficient in BACH receptor %ﬁoducti on
r

and a second Trecept or  BreEpHFEranos onihe el sunfacs. Khrooail is shdi exposmibto

i dent i fi egoteAMntdggaieiSn e SRGHRULE S, YL inelfod TSl and second
receptor preparations, will blgl(é siml arm!ezfjlE al 'l F@g%%‘%:efl oréjct}fpatm‘?uﬁfo he
sour fr C@Hmiullﬁiﬂfmﬂ thepbnessneed, Ififbe petesind lagtagbdist binds the receptor, and

thus inhibits receptor binding, the levels of receptor-mediated cAMP, or adenylate cyclase,
activity will be reduced or increased.

Another method for detecting agonists or antagonists for the receptor of the present
invention is the yeast based technology as described in U.S. Pat. No. 5,482,835,
20  incorporated by reference herein. ‘

Where the candidate compounds are proteins, in particular antibodies or peptides,
libraries of candidate compounds may be screened using phage display techniques. Phage
display is a protocol of molecular screening which utilises recombinant bacteriophage.
The technology involves transforming bacteriophage with a gene that encodes one

25  compound from the library of candidate compounds, such that each phage or phagemid
oXpresses a particular candidate compound. The transformed bacteriophage (which
preferably is tethered to a solid support) expresses the appropriate candidate compound
and displays it on their phage coat. Specific candidate compounds which are capable of

binding to a polypeptide or peptide of the invention are enriched by selection strategies



brain tissue froma transgenic animal (such as descri bed above and bel ow)
is used in an assay, conparable brain tissue froma normal (wld type)
animal is used as the source of 10 the second receptor prepaggti ?2 5Each of
the recepfar, B%&Qarati ons is incubated with a Iigand known o% o to BACH
receptors’ 2b6 lone and in the presence of the candi dat ePCT/CHAHA?
conpound. Preferably, the candidate |ligand or conpound wll be exam ned at
several different concentrations. The extent to which binding by the known
ligand is displaced by the test 15 conpound is determ ned for both the

i mal o mhgFeban dguat: e T Siscppilsradie peiirs ten mseetshossed ¢ o
i sol at e NPyt hasTRIVREEANG RePGh daiﬁ?ﬁtﬁhig@ﬁ@s&%&}éﬁ}éﬁ%@%&f&@b;he

assays. A preferréd, transgenic aninal I's the nouse
| abel ed ughagg sarfgce dieplays tho ppatiddit egeit fha Hirewldingnaissal yconfighiationandd

include, without limtation, 20 radjoactive, .enzymatjc, fluorescent or
chent | uni Hevtersembfs fhgeialSinsiinine topiratisn Jerd Flegs et e ss issnd
descr iedpigher i Binﬁﬁigafoksﬁgaﬁﬁ%PuEUEésh?r more, antagoni sts of BACH GPCR
receptor may be identified by adninrstering candi date conmpounds, etc, to

wld type ani mals expressing functional BACH and aninmals identified which

exhi bit any of th‘i%S‘Ehe otypi ¢ characteristics 25 assqciated wiith reduced or
abol i shed expr@8Qi5HMEHO TEERBR RoIbrary ok £pmpounds Ui ises FulkatyREEI ST f or

gener at i NgoRARHUAER cLNERBAEHE @Bl TR fed!f Rk Ll RGhidh LVAAGEHE! al |

bel ow. Transgeénic gene constructs e I ntroduce nto the germTine of
an ani ma¢xpressimgladitaatyr freogmoundmSnmin tbellsFeithee kavipble or fixed dérns euebabisglopi es

ncor por aRBOIATY U GBRONE 1 Soa A FEFF € ) Dy cLrin a4 Pl

t echriioquegwidki A, E0980PPRIY NBPAdAATSRE. USA 87 4bENIGEN ivﬂ;i&?&ééaﬁﬂ@ge&mv@ﬁ' s of

the invention are produced by introducing transgenes into the gernline of
t he non- hngthadsie dagct celldatyespanass. Competitivetdssysatre paticulasy dsefal, opreenthal

stages ca used tg introduce transgenes. D ff.eren t ho re used
dependi ng&gl)1 E%f( %gss"tl%glg l&;ara eo\%e?%‘}?ﬁ]éﬂc{é ag‘cf C‘?rﬁ%c_té%e?fﬂpfl&?fiﬁdn‘ggg Qg%eﬁggl . The
speci fi ¢ dntibedpkn®in enindnb BEA CHYdIFRpRAGE thE Brebdtt SndA¥iBAL dieR a8 1%L
sel ected for gener al ﬁ%OOd heal th, "good enbryo yiel ds, good pronucl ear
vi si bi | i t3ptibady.iad adapsgepleaeh 4o o gandigatoderopound Wihasabssling affmdgite fen, t he
hapl qtsy Pepih§ing c5n@BLitibf Heifi@fileQured. The bound and free labelled binding partners for

the polypeptide are then separated to assess the degree of binding. The amount of test

sample bound is inversely proportional to the amount of labelled antibody binding to the

polypeptide.

Any one of numerous techniques can be used to separate bound from free binding
20  partners to assess the degree of binding. This separation step could typically involve a
procedure such as adhesion to filters followed by washing, adhesion to plastic following

by washing, or centrifugation of the cell membranes.

Still another approach is to use solubilized, unpurified or solubilized purified
polypeptide or peptides, for example extracted from transformed eukar};o'tic or prokaryotic
25  host cells. This allows for a “molecular” binding assay with the advantages of increased

specificity, the ability to automate, and high drug test throughput.

Another technique for candidate compound screening involves an approach which

provides high throughput screening for new compounds having suitable binding affinity,




10 Introduction of the transgene into the enbryo can be acconplished by any
means known in the art such as, for exanple, mcroinjection,

el ectroporation, or lipofection. For exanple, the BACH receptor transgene
can be introduced into a manmal by m croinjection of the construct into the
pronuclei of the fertilized mammal i an egg(s) to cause one ¥ Ad#igs copi es
of the comed odisdsot 0 be retained in the cells of the devel opiRgrb?/o4935
mammal (s). Fol l'owing introduction of the transgene construct into the
fertilized egg, the egg may be incubated in vitro for varying anounts of
time, or reinplanted into the surrogaté3host, or both. In vitro incubation
to maturity is within the scope of this invention. One common nethod in to

i ncubate the t@fégj'ol’}ﬁy%l tlae ¥F tHeGnicfioR Al s desdrinladis defORE Mbﬁg%&%l] Phiag:

species, and th npl ant theminto the surrogate host e progeny of
the tr ansgpphccaabh yon#d ﬁédﬁéﬁéﬁﬂ(@mnymseaimrﬁehﬁnﬁabﬂ; B publishet lva Septremben t® of

the constr out her he segnent _of ti s | f one or
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into the geROSRsRbte, é#é? ésﬁ@?ﬁﬁ%?k&n@ﬂ@k %Sam irfatd SurRRSSLOFE r%fﬁffg?é(}h')sh
per manent transgeni ¢ ines carryi e transdeni ca

const r 6ict .Th2s alflilee pins eermsacéd with ﬂslgbmzechpmlype;the o€ theravenios anah wakledassayed
pcorporation

after bir for, the. or. he construct jntq the genone of the
of f spri ngﬂﬁrnﬁ‘tesrt%’lnyo Vteﬁfigte%fggati?u g lté(E Ié@"HBH Ve I86135tng a probe
cor r espon@hagfidlytiigh %ﬁﬁlﬁﬁ&@@ﬂ%ﬁb Béhcfeﬁ ifdd1e  desired reconbi nant

protein product or a segnent thereof onto chronosomal material from2 9 AUG
2005 WO 02/ 38607 PCT/ GBOL/ 04935 58 the progeny. Those mamral i an progeny
found to contaiin_at, l.east one cogégof t he C%Pﬁi ruct in their genome are

grown to mat ur L§ARIRIRAING ASyAys BoNide adtirephmet ASPBHRING JGERET | s
essenti al Iy xaﬁﬁ@ofog&raaalawa@bta@mb@Irggmtm&@hgut%hﬁa The ﬁ?fﬁ?é&ﬂ 1%98 fafa\/e' Op' ng

into a conplete organism Generally, the zygote wil be compri sed
egg caft aurmentyrgtaﬁ r@dwlab@bdé@imgéuspmﬁc Mmtyaiﬁ@-ﬂ%@ Ca(mnndilb fqrévlind}ng by the

uct o mistiths ARG L R AR nSP S o OB et s Aol SR

result in tl@e adtiahy of megl@gamdmpaab fs Rlceptth d8EH0ddnditibink T&r&mfetﬂdrﬁ NplRBAd
devel oping into a functioning orgenl sm Cenerally, a euploid zygote is

pr ef er r ed Other moqulaters sie @ nuglpetidesi ase optimizadth estabdish alveor gignalfto noise
chronoso than, one wi t ect to the euploid
nunber o;n; ?théﬂ?g#ﬁarﬁ?%l% a@%éﬁ?v\ﬁlﬁ% hC%le1 |r€ %gcor S%%?S ?8? &‘8? rated: SR Sddi tion to
simil|af biredeptir dbﬁiduﬁg)ﬂ&ieﬁﬁédihsi totud assb&“ﬁ&d@@dlomeﬁy alings 9o Yalidactingy

measured in the presence of an excess of unlabeled competing ligand. Where possible,

more than one competing ligand is used to define residual nonspecific binding.

The assays may simply test binding of a candidate compound wherein adherence to
the cells bearing the receptor is detected by means of a label directly or indirectly
20  associated with the candidate compound or in an assay involving competition with a
labeled competitor. Further, these assays may test whether the candidate compound results
in a signal generated by activation of the receptor, using detection systems appropriate to
the cells bearing the receptor at their surfaces. Inhibitors of activation are generally
assayed in the presence of a known agonist and the effect on activation by the agonist by

25  the presence of the candidate compound is observed.

Further, the assays may simply comprise the Steps of mixing a candidate
compound with a solution containing a BACH GPCR polypeptide to form a mixture,
~ measuring BACH GPCR activity in the mixture, and comparing the BACH GPCR activity

of the mixture to a standard.




anount (e.g., volume) of exogenous genetic material which can be added to
the nucleus of the zygote or to the genetic material which forns apart of
the zygote nucleus. If no 15 genetic material is renoved, then the anount
of exogenous genetic material which can be added is |imted %%a g; anount
whi ch wi | Whe2/sbeor bed wi t hout being physically disruptivec %ﬁggﬁ,@ Ly, the
vol ume of exogenous genetic material inserted will not exceeg abouf™ 10
picoliters. The physical effects of addition nust not be so great as to
physically destroy the viability of thé4zygot e. The biological limt of

t he nunber and variety of DNA 20 sequences w |l vary dependi ng upon the
particul ar zygdibe fERCRICOMNA qirotelrearebeangibndies to e pRitéia niBt £5d Hd usaligh Wi | |
be readil arent t ne skilled.in rt, because the genetic

mat eri al , %P%pégﬁﬁﬁ?fayﬁ ﬁé%‘i?%%@ﬁ? gﬁfg{aggecﬂg{r@qug@ opthermredyasioniof BAGCH y got e

] _ _ | )  9=1h . o H
nust be IiPAiPOEHRI®A la¥d pAR&RIE cQfs. ]f&‘ %}i]a%ﬂlé" %n?éLQSK%&F 6"% ?rﬁ?gﬁ}“‘%ﬁ(groror gani sm

differentiation and devel opnent o e ‘zygote rnto-a

25 The numis@surdlg scopiedorotll aireciatedrisydnef BANH GRCRSprokicHkiag foaskleshit 0 t he
zygotecis ependent on the -total anount of exogenous genetic naterial
added Sanda'\?\ﬁgp‘ﬁy Qn%lﬁgﬁg%ﬁﬁﬁw SWF&’E& &BOWR & thedss pred thisemsrbsrused foon t o
occur. TheRE&dr &gty wRRNMA BhEHV cnfi biofttidaQ gk

numer ous copi es g%e utilized, for exa?r%c[eggéjfi{ogg log@%ﬁ{c(g%?géﬁﬁq Xg{lﬁg

t r ansgeneagiagetistec egonist, wspretively) frosusuitablyaharmimdaedpylld & Honst SQAddd As
regards eg}%/S 607 §9t2 9 AUG 2005 PCTV/ﬁQj;nglg{eMgBS' the present invention,
there wil {3 FPTSQnACng SSICPIIRE 25557 P &P Btoqehia thaat. functi oni ng copy
of each of the inserted exogenous DNA sequences to enhance the phenotypic

expression of the exogenous DNA sequences. Any technique which allows for
the addition oExahplegebpeirutiad BgdildtGRCRatwpomsts imtlwle antibodibebs irg@nat i ¢

mat erjl n be .utilized.so |o as.it (.S not destructive to the cell,

nucl eiéf nér’r%sr’élrlll_ e Véegtaﬁgttheé&??‘&%ﬂfﬁs’é‘é‘fm P&PUBRESTEAPUIES 3RAl08teEr es. The

ex0genousoligatlestidgior prabings khidh BE 810881 ir@hiel td ﬂ&qg&ﬁ@ or&feqaz&@ﬁ d@x%llke' ¢
of cells and ce

.genetic material by mcroinjection. MZcCroinjectio 1ul ar
st ruct ur e$8+ 3 TRgBRAt efifhe figands eristall piedecates whidi biptl anthetreamptorduade nopl i shed

usi ng st ) Ve L surrogate 10 host is anesthetized,
and the gang?t;%s? rg&%ﬁg%#ﬁ%%ﬁg%{tg O? erSQﬁ'pg%c‘f PreyRiiedh mher of embryos

inplanted into a particular host will vary by species, but wll usually be
conparable to the nunber of off spring the species naturally produces.
Transgeni ¢ of f 5P PI§EFTS invepdons therederatadsomsevidess cdrapaudeapahle bbbintling  pr esence

and/ ofs  specifically to a BACH polypeptide and/or peptide of the present invention.

The term “compound” refers to a chemical compound (naturally occurring or
synthesised), such as a biological macromolecule (e.g., nucleic acid, protein, non-peptide,
or organic molecule), or an extract made from biological materials such as bacteria, plants,

fungi, or animal (particularly mammalian) cells or tissues, or even an inorganic element or

20 molecule. Preferably the compound is an antibody.

The materials necessary for such screening to be conducted may be packaged into
a screening kit. Such a screening kit is useful for identifying agonists, antagonists, ligands,
receptors, substrates, enzymes, etc. for BACH GPCR polypeptidés or compounds which
decrease or enbance the production of BACH GPCR polypeptides. The screening kit
25 comprises: (a) a BACH GPCR polypeptide; (b) a recombinant cell expressing a BACH
GPCR polypeptide; (c) a cell membrane expressing a BACH GPCR polypeptide; or (d)
antibody to a BACH GPCR polypeptide. The screening kit may optionally comprise

instructions for use.




expression of the transgene by any suitable nmethod. Screening is often
acconpl i shed by 15 Southern blot or Northern blot analysis, using a probe
that is conplenentary to at |least a portion of the transgenﬁ. Mﬁf@ern bl ot
anal ysi s ugig@/g&7ant i body against the protein encoded by t é a %ene
may be enployed as an alternative or additional nethod for PEEBEWIHGST or
the presence of the transgene product. Typically, DNA is prepared fromtai
ti ssue and anal yzed by Sout hern anal ysi sS®r PCR for the transgene.
Alternatively, the 20 tissues or cells believed to express the transgene at
t he hi ghesRANS@INICakaaMast ed for the presence and expression of the
transgene using Southern analysis or PCR, although any tissues or cel
types nmay be used for this analysis. Alternative or additional nethods for

eval uating the pge : nectransgene include, wthout limtation,
sui t abl e bi ochem cgﬁ%gggérg{?ghgﬁgﬁ[hﬁge RAFESes HARsgenoAniRaly sapabli efal assays,

hi st ol ogi cedpressiag matufrairorpeddn b B ANEH r tivities, flaw
cytometric analysis, and the |ike. Ana:€§ﬁ/js(|:}§’ o %Ke Bglgebgarhaé)s;o ﬁ‘?bvaﬁge,@éef ul
to detect & e%c?fég‘%‘ﬁ?@é leyels epmnparesio demromuad duression tohel, BloaRld ags Wel | as

t o evaluatnkhg;eld; ransgenge, on the levels of various types of
bl ood cel gust; aé? ’%%‘&gfr%‘isbqa%é*ﬁléﬂé?ﬁo%%n%’gl.cg\ﬁ@fmﬁme@ﬁu@@l@awmﬁ 120§ For.
PCT/ GBO / CHdgerkowt nidyerkes ans el j : aj,ned. by mating
the transgenic . animl wit h,aha 1s,ui t abl e ggrﬂ{}iﬁg?%lﬁg?&%vpoﬁnoﬁﬁbéﬁ{ gglne or
fertilizat?d HOHP“étngata%‘?a%dﬁC@@@g AR bE miorekbss 6f fumctifrembr2668¢ @RlEdiaRk Ml -
Wher e mat idaitivh b rel erformed,, the partner nmay of nmay not
be transgeni ¢ and! rl&g Eggﬁg%téggﬁige e‘i’{.hq @utailaﬂwe single peiryt newatiarisn t he

5 sane -or aadma[yft@gemodﬁmgamgmdh;grregghgofglAtGH_nati vely, the partner may be
a parental line. Were in vitro fertilization is used, the fertilized

enbryo may be inplanted into a surrogate host or incubated in vitro, or
bot h. 18Jsi ng ei PhgerBRL bR, .0geny .may be evaluated for the presence
of the transgene us??uj net%%%gsggrgelgg?lin}bl%bs %B%B?masawl, Sugh 88 8pid. at e

met hods. $tFeRivearedansgenitoprefoiabiy the BraBsea i RaPRGOhAANGE o Mt Cthge present
i nventi OntrX‘fils" incléide e>ﬁ30 enous genetic material. As set oul above, the

exogenous geﬁgl_tlilc@nﬁﬁ 2| 5P 10 sciesnggnrasestuesstio didemtifit sgonixes andBA sequence
whi ch r esailtagoniists 5NBARTIOCPCH Q8 wRfl 42+ g&%otr @gﬁ@gg&%g{%@%ﬁt g{gﬁ isatsons h

enbodi nents the sequence will be attac
el ement, &Y0- a pronoter, which preferably allows the expression of 15 the

transgene product in a specific type of cell.

15 Mice which are null for BACH may be used for various purposes. For example,
transgenic animals that have been engineered to be deficient in the production of BACH
GPCR may be used in assays to identify agonists and/or antagonists of BACH GPCR. One
assay is designed to-evaluate a potential drug (aa candidate ligand or compound) to
determine if it produces a physiological response in the absence of BACH GPCR

20

receptors.' This may be accomplished by administering the drug to a transgenic animal as
discussed above, and then assaying the animal for a particular response. Although any
physiological parameter could be measured in this assay, preferred responses include one
or more of the following: changes to disease resistance; altered inflammatory responses;
altered tumour susceptability: a change in blood pressure; neovascularization; a change in
25. eating behavior; a change in body weight; a change in bone density; a change in body
temperature; insulin secretion; gonadotropin secretion; nasal and bronchial secretion;

vasoconstriction; loss of memory; anxiety:; hyporeflexia or hyperreflexia; pain or stress
responses.




Retroviral infection can also be used to introduce transgene into a

non- human animal. The devel opi ng non- human enbryo can be cultured in vitro
to the bl astocyst stage. During this time, the blastoneres ¢ Ee targets
for retroviral infection (Jaenich, R (1976) PNAS 73:1260-1&E2W.2@5ficient
i nfectionOf"S#87 bl ast omeres is obtai ned by enzymatic 20 tREHEREM93D
renove the zona pellucida (Manipul ati ng the Mouse Enbryo, Hogan eds. (Cold
Spring Harbor Laboratory Press, Cold Spwi ng Harbor, 1986). The viral vector
systemused to introduce the transgene is typically a replication-defective

retrovirus cayLyi : X .7- 6931,
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generally w segregate | pring ron, Tt

possi bl e Hrainitistuedthme ttansgesdeatmal (uch iddesatidd dbone ahy bélot) auised i
retroviral infecti 0@ gf .the m dgestation enbryo (Jahner et al. (1982
supra). ASE; euparpkle fraif Yigperque ool (pild Avrsd aeimal ds Bepdasitesougcerdie
enbr ygnaliy,SiLB Lniar b A=) I I ' ' ation
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DNA  tr anrsR8itdigerentf cditekiteltiogyi r us- nedi at ed transducti on. Such transformed
ES cells can 10 thereafter be conmbined with bl astocysts froma non-hunman
animal. The ES cells thereafter colonize the enbryo and contribute to the

germline of e resulti hi perj c .ani mal .. For. r.eview.see Jaenisch, R
(1988) Sci enc%fﬁ?@ﬁ&?ﬁ%ﬁi‘n {Q’% Willfén‘i&élﬁﬁ}ﬁ‘é‘%g{lmfgﬁ?ﬁéni c ani mal s,
wher @5t heofnpainsdie deteraftiodebr béth thdBsBEIEIC R reb¥pthAMicBHaAnaiTiehad BACH
gene, preferably as described above, as nodels 15 for  BACH receptor

funct i on demyedlremiternseanic aHmalfanay bhiasedde asteyedirestly athotissses may be of
Funct ] o Rl 9ol d e OF it BSATINRIASE HIRAG: Befigheet o
assays. A preferred transgenic animal is the mouse. The ligand may be labeled using any
means compatible with binding assays. This would include, without limitation,
20  radioactive, enzymatic, fluorescent or chemiluminescent labeling (as well as other

labelling techniques as described in further detail above).

Furthermore, antagonists of BACH GPCR récéptor may be identified by
administering candidate compounds, etc, to wild type animals expressing functional
BACH, and animals identified which exhibit any of the phenotypic characteristics

25  associated with reduced or abolished expression of BACH receptor function.

Detailed methods for .generating non-human transgenic animal are described in
further detail below. Transgenic gene constructs can be introduced into the germ line of an

animal to make a transgenic mammal. For example, one or several copies of the construct




targeted or random nutations, introduction of an exogenous gene from

anot her species, or a conbination thereof. The transgenic ani mals nay be
ei ther honozygous or heterozygous for the alteration. The agiinkissgnd
cells deriwed.sdhes efrom are useful for screening 20 biol ogical Ig active
agents that may nodul ate BACH receptor function. The screerﬁcﬁﬁéG HOHHBds are
of particular use for determning the specificity and action of potenti al

t herapi es for BACH associ ated di seases Pricl uding trigemninal neural gia,
orofacial pain, pain associated with toothache, irritable bowel syndroneg,
Barrett' s eaystspheyperatayl iatecthagenomxao e aasoeliah @ﬁﬁb\yotlky faad tral‘iis'g@ﬁgt ic
neur opat hite%ﬂ. Herpes infections, HV infections, Z5 mgraine and skin
sensitivi tif Ygtiated with ni grai ne, allodynia, toothache, neuroma

(whet her caused by amputation, nerve transaction or trauma), nerve
conpression (caused by tunours, entrapnent or crush), pain due to damage
of the spinal &oamlexampdesi mbodﬁﬁmnﬂiednan%i&i‘dn%uMﬂ%iogﬁTe h{ iR
Par ki nson' s, b{jeni gg gssential tremor, chorea, epilepsy or ballisnus, for
exanpl e olCHPFUTET OH g rBsgenes aerihe ghogdine phthe ann-dwin@A animali gnancy;

dry-eye diEgm 5 i1 Caif) I hyperactive bl adder, 2 9 AUG 2005 WO
027 38607 PCT/I@{&%%%H%&‘J th@%%@?’@hO&%%&fﬁZ PRSI Le ugedsio ipgedieas and

obesi ty. WhesgamisnBifferantemethofddre asedddpefi@ihg b thd MYRIAQLIE ﬁlg&g Jfh& of BACH
receptors i heart, spleen and |iver Functy on. = Anot her aspect

i n normal braj 1, .
of the i n%ﬁ’ﬁ%ﬂ et %\‘ginghFép%’ﬂf‘? Hne(gjeafiany moimbal e taniramice Hay invgnion are
functi onakdiyct&l ene, ;but ich also carries inits
genome, and é%%%ﬁ%g@?‘??@?@%%&%ﬁ%&&?‘ﬁ& &0 é’f%ﬁ&bﬁ‘é’g’%ﬁﬁ@iﬂﬁr otein

(i.e., a Bagsofshgeadoeprductspeiines) In Adafoer alMploty}R i#RsFRlfdSt Acipuse and
t he heterol ogous BACH is a human BACH. An animal, or cell |ines 8eri ved
from such an animl of the invention, which has been reconstituted with

humani0BACH, camtaustatofif {rgﬁg%g' t J4nhibit. . human BACH in vivo
and in vitro. For exanple, a stlfrlr%?ﬁagﬂlt%%gfor%r}gad]cbeesacg?lﬁﬂléﬁeﬁé PHBEGH human
10 BACH clppvireindberiu suctease drtegamble, miiroffection, dtedtlopbialiSn, driligbh&tBh SRgNCe
and absen&%m%flem%%g%ﬂt to be tested ah}r%q t he response in the aninmal, or
cell line, can’be fesEPonfransgens caniedntrpdhsrdinte amamemalddCH i n vivo or
in vitro minoibRciistest ihbicegstArs BE HR il E5RONSE. I n _the presence
of the agent conpared to the respon em?ur?%?%gﬂgggglrl\lggggﬁn%@aﬁﬁgﬁ&?t‘#he
present |SYENRICHH TBPI§ $opies of theohgiruch taBRGidtaGRERn dis ¢elis @ thel devB gy ¢ non-

15 hygan gaj (o1 : nock-out" or a "EACH null"). Such an ani mal
is one whic e(?p?‘élsl@% ‘O\Kg&?“ecg‘% P¥ H’c‘}%ﬁ_ﬂéﬁn@ﬁeﬁ%& inje thy fersiliapdranithe as a
resul t ofeggmayriskigeuiniied BAGHo GIGRrERE 8ffioGnts SAURICS: LI DA ShyR{Sd or
del eted. The engo enous . )

surrogate host, or both. /n vifro incubation to maturity is within the scope of this invention.

One common method in to incubate the embryos in vitro for about 1-7 days, depending on

the species, and then reimplant them into the surrogate host.

20 The progeny of the transgenically manipulated embryos can be tested for the
presence of the construct by Southern blot analysis of the segment of tissue. If one or more
copies of the exogenous cloned construct remains stably integrated into the genome of

such transgenic embryos, it is possible to establish permanent transgenic mammal lines

carrying the transgenically added construct.

The litters of transgenically altered mammals can be assayed after birth for the
incorporation of the construct into the genome of the offspring. Preferably, this assay is
accomplished by hybridizing a probe corresponding to the DNA sequence coding for the

desired recombinant protein product or a segment thereof onto chromosomal material from




BACH GPCR genom ¢ sequence may be replaced by a null allele, which may
conprise non-functional portions of the wild-type BACH sequence. For
exanpl e, the endogenous 20 BACH GPCR genomi c sequence may be g g aged by an
allele of8ﬁﬁ8? nprising a disrupting sequence which may conprise
het er ol ogous §éﬁences, for exanple, reporter sequences aR8T&BIEBI98Et abl e
mar kers. Preferably, the endogenous BACH GPCR genom ¢ sequence in a BACH
knock-out nouse is replaced by an allel ggof BACH in which one or nore,
preferably all, of the transnmenbrane sequences is replaced by such a

di sruptin se n and a neo in
Feal ot anc RS ERSE mB R o ey FRIA R RANERER 0008 <EE7 e Bppstr
f unct i onald theid gatoupd &d geovptd maturaymouse BACH genom ¢ sequence shown in

SEQ I D NO 10. Preferably, such an ani nal expresses no GPCR activity. Mre
preferably, the ,animal. expresses no activity of the BACH GPCR shown as

SEQ ID NO. 3 . 607 63.2.9 AUG 2005 . PCT/.GBQL/ 04935 5.
BACH GPCR knodk a2 umastoiot Wis HrnROR A syeh/E s s treialane: foraaiot o 4 HEH 1 as
descr i bedcdliwhioh ish@palslebattvddepiowintd asBapidié Sred@ser GRhéANy Ohe i%i?zﬁge will

e

constructjon of a BACH knock-out nouse is disclosed in Exanp bel ow.
The préesept CORRFBSAE PHAN 83&ePIRIRING Trucieys formed) either astuchllyoorsartificially, diy the

functiona ' [ ene in_a ho cell. The nucl.eic, acid
const r uct Hé%r%ﬁ??‘gdéggﬁ {%d @glr?ggl% ﬁbqgg%rgﬁt%ﬁ g?@ﬁﬁeﬁétew&ﬂtk‘e %W?Wc Byust ¥9 r st
honol ogy eregivdich e attethllynshiRasll.cl Beesiich REIPIPY OS] BRILRCGHRSIL of
portion, the first homol ogy regl on having a nucl eotide seduence” wt

subst ant i Widergpag Jiffgrentatiory evBlRpingjiatee Bugiemeeg organtne \Geaesdlyond

honol ogy i I f non-honmpl ogous repl acement
portion, f‘ﬁglgﬁgﬁﬁgfsﬁ%ﬁ%’f‘gg;ﬂ% a?le |l(c9)1rc11 Z&gvfﬁsgorbéalﬂg‘gltg%} #’ﬁé‘u ﬁﬁ%ﬁce Wi th
substidnt i eromdentdstsiould nat s&y bydnBACHhgeRewits REpeN 6thel gl Gie MMBRAGE gene
sequence havi.ng.a | o a&}i on downstream of the first BACH gene sequence in a
naturally"%%‘&ﬂgf*i"ﬁbwgﬁc? FotAMEaCHeHeid: Additionally, the first and
second honol ogy regions are of sufficient I ength for honol ogous
reconbi nati on between the nucleic acid construct and an endogenous BACH
gene in a hostlneditiontiesintike bidogicel w@insideratichsiphyeicsl Onésalsmpserided i nto
t he host cel lt In a pr feér ed enbodi nent, the non- honol ogous repl acenment
portion cERPFL & %ol I@ﬁe})‘? OGO P S5aF i emateHploviieh 5py be Addedtiotle nyclguz ofind a
PoSi L[ Ve §Ebagid ONoRPEaREL AEARSALIfoAL hah 3P kie JACIAHAIGSARROMY CI N
phosphot ransf erase gene operatively |1 nked tpo a regultatory elenent(s).

15 genetic material is removed, then the amount of exogenous genetic material which can be

added is limited by the amount which will be absorbed without being physically
disruptive. Generally, the volume of exogenous genetic material inserted will not exceed
about 10 picoliters. The physical effects of addition must not be so great as to physically
destroy the viability of the zygote. The biological limit of the number and variety of DNA
20  sequences will vary depending upon the particular zygote and functions of the exogenous
genetic material and will be readily apparent to one skilled in the art, because the genetic
material, including the exogenous genetic material, of the resulting zygote must be
biologically capable of initiating and maintaining the differentiation and development of

the zygote into a functional organism.

25 The number of copies of the transgene constructs which are added to the zygote is
dependent upon the total amount of exogengus genetic material added and will be the
amount which enables the genetic transformation to occur. Theoretically only one copy is
required; however, generally, numerous copies are utilized, for example, 1,000-20,000

- copies of the transgene construct, in order to insure that one copy is functional. As regards




Preferably, the first and second BACH gene sequences are derived from SEQ
ID 20 No. 1, SEQID No.2 or SEQID NO 4, or a nouse BACH genonic sequence
(SEQ ID NO 10), or a honol ogue, variant or derivative thereﬂg. Erﬁ:ﬂserabl Y,
the constr Qprises a structure depicted in Figure 4. A t/W rZ spect
of the invention pertains to reconbi nant vectors into whi chlPGFE@BOvises®i C
acid construct of the invention has been incorporated. Yet another aspect
of the 25 invention pertains to host celdos into which the nucleic acid
construct of the invention has been introduced to thereby allow honol ogous
r econbi natth® preb@it WeRAtibh Qi I nd_an endogenous BACH
gene of the host cell, r’glsli};éﬁ%lgéﬁﬁeﬁ% %ﬁgta?%ﬁ%e%h?\gf}ggﬁr% 4B he
endogenousBRTDHIngopy of hachhafshe oBkitedarwgoens ieaBesaslehhifatihe nor mal |y
expresses, ;BACH .from t he. éi ver, brain, spleen or heart,. or a pluripotent
cel |, suctPeSpir S3Bi55:19 0bthe expgsnobn BN Pesauamen, 01935 as a mouse enbryoni c
stemcell. Further devel opnent of an enbryonic stemcell into which the
nucl eic acid construct has been introduced and honol ogously reconbi ned with
the endogenous /BACEtigeqe whio ulles's forttha AR 6f tO BRHERGuLEIHIRE ni) a{lqg ells
that are _d cendatnt fromthe enbryonic stemcell and thus carry the BACH
gene df sr &ﬁ?%{?rgef‘ﬁ 1GmAFEa}L CaphrgHiiZedse langss itianotdestryctiviedo BQiell endear

di srupt i omdnibrhmied o JE t and bred to .produc

ani mal s havi n? t he oé%&meﬁg%ﬁg Cgl?@ ?{f%%k (I)lgﬁ? Snéugh%ss i?}ﬁﬁ(%gegﬂﬂs egetimassria
Such i celtpmicréndiallp gnsortediinto theamoky@gerietiv nfagsrial b nBACjaeng. di sruption. A
BACH GPCR 1ef i.ci(gént tfr aﬁsg‘%gi ]él?ni mal may be generated as foll ows:

Const ruct i'on OF “BARGPIEEH ?‘% gr §HuciEEes o knoovmvand ineseBAaithgamoni ¢ ¢l ones
are isolated froma nouse |large insert PAC |ibrary obtained from HGWP

(H nxton, UK) using the human open reading frame cDNA sequence (SEQ I D NO
1) as a probe Bsimplastetionsragcoreplishiedusing s@lﬂ&arﬁsﬁtmcﬁﬂUﬁwlanﬁle SeAGEhgenom c
cl oneg, arﬁosttkilse%%r@gg,ridcticg@]gnagﬁﬁ}gd in the region of the B CH gene"usi ng
smal | ol i gonucT SOtT te “pfEbes HIEY S iR dseded sitihe quiskict. Ahgousbeyefioni ¢ BACH
sequence ethbrylos iﬁpﬁh&ﬁ@ﬁko%a@g@liﬂ:ﬁd@ﬂﬂ@ar 39% é@i’{s' D& WENRLG hg Cus 1s
partially sequenced to enable the design o?l th) bgous arnb X38%clone into
t he t ar ge$mRRrdle fothe mmbenaf ofepBaCHiegpaces miaally pgldacesexon gene. A 5'
honol ogous arm and a 3' honol ogous armare anplified by PCR and t he
fragnment cloned into the targeting vector. Any suitable size may be chosen

for the | engthTransgenic offspring of the surrogate host may be screened for the presence and/or

expression of the transgene by any suitable method. Screening is often accomplished by

15 Southern blot or Northern blot analysis, using a probe that is complementary to at least a
portion of the transgene. Western blot analysis using an antibody against the protein
encoded by the transgene may be employed as an alternative or additional method for
screening for the presence of the transgene product. Typically, DNA is prepared from tail
tissue and analyzed by Southern analysis or PCR for the transgene. Alternatively, the

20  tissues or cells believed to express the transgene at the highest levels are tested for the
presence and expression of the transgene using Southern analysis or PCR, although any

tissues or cell types may be used for this analysis.

Alternative or additional methods for evaluating the presence of the transgene
include, without limitation, suitable biochemical assays such as enzyme and/or
25  immunological assays, histological stains for particular marker or enzyme activities, flow
cytometric analysis, and the like. Analysis of the blood may also be useful to detect the
presence of the transgene product in the blood, as well as to evaluate the effect of the

transgene on the levels of various types of blood cells and other blood constituents.




20 of these arns to enabl e honol ogous reconbi nation; for exanple, the 5
armmay be between 1 kb and to 2 kb, for exanple 1.15 kb, while the 3' arm
may be about 4 kb in size. The position of these arns is Ch?ﬁe@,@?ﬁ%
functionally disrupt the BACH gene by deleting the seven tran rane
spanni ng VOJPE%97 A targeting vector is prepared where thRCT/GBPEYE3S BACH
sequence is replaced wth non-honol ogous sequences conposed of an 25
endogenous gene expression reporter (arggn frame fusion with lacZ) upstream
of a selection cassette conposed of a self pronoted neonycin

phosphot r ansf -in.the sa .ent.ation as the BACH gene. WO
02/ 38607 65 T?%lﬁggne}f:{;ﬁg% t%ﬁ%%%ﬁaﬁ%?éﬂbaﬁr%@f%%?y BALRG B9 RSB AUG 2005
PCT/ GBO1/ fi4Q3bwiBraryieiat patem) eyl is vy RRSliARSn Kﬁg@g@aﬁd/&%éﬂn gbtginey! t ur ed
on a neonycin resistant enbryonal fibroblast feeder |ayer grown in

Dul becco' SomukR TransgemEs gnissal nWlierenmaténgpitle mpatteat invia be p@%riedathe @attherSer um
10% new b | f ru 2 mmglutamne, 5 non-.essential. amno acids, 100 M
2o mer oot Do RERaY naFh BhnstaRey ot Bhdont niers B adhio Al g apiiam the
changesd dabdeyoramiff&@nt@idssed, 6r BOHACHltEMaEGIE %ﬁaﬁﬁ&%ﬂ@%@garéﬂ‘ép@legs

\t
cells are_transfected wth 5 g of Ilnea}rlzed plasmd by el ectroporation (25
F capaci t Whew in yitep Fodlizasion &9 usedthh fertiizédodrhlowb mpydiedotplayted atd on t he

transf ect | I |t ured.for days in, nedi cont ai ni ng 200 g/ m
neonyci n. &%Ogﬁgil%g%)er%%(ﬁlc%ﬁée IIS ME 6%89&81 ﬁglﬂggﬁlé%r,m ‘5%@@? Pﬁoﬁe%g‘&ﬁg’eexpanded
bef or e bedvaiatedrfocthebréenfT the trapehé hiing HRNRIs UBsHBEE RboNOBPLBGPUS

reconbi nati on had occurred between the endogenous BACH gene and the

t ar get i ngRPPEPSIateBethofly.om 200 pi cked clones 7 targets are identified. These
cl ones where expanded to allow replicas to be frozen and sufficient high
quality DNA to be prepared for -~ Southern blot confirmation of the targeting

eventlQusi ng exTigstralsgéiic anighals priod@dedsn addorddhse REth the pedseRdatchiPheEadur es
(Russ et al, 2000) Ceneration of BACH GPCR Defi ci ent F/I ce C57BL/6 feral e and

mal e mi celngide FHAZEROERPIBHaBEEERL s st eutiaboyathaiexngedos graptc meferigbwilht i on.
10-12 celil3ehdif %oﬁﬂﬁéﬁg be la%iﬁéas{?@.lén% %glﬁc%qegﬁ{s igg%efér%%xatﬁon%%d % %ﬁéﬁe Fi ve

bl astocysts are 1 nplanted in't er us a pseu gna
chi meri ¢ @RER r@@pureFinthen, iofsusthémbodinentyahesedqaerkR0Mlagoattichéd todi cat i ng
cells descendent fromt Efeletgl%{ﬂget ed clone). This male chinera is mated with

femal e arfBROREPLORR cOREO -k Which pesferabivariavs the exprassiacdtby
the agoutthe GRRgekOhJaudiie Bty BERFRMIYRI N respectively.

Retroviral infection can also be used to introduce transgene into a non-human
animal. The developing non-human embryo can be cultured in vitro to the blastocyst stage.
During this time, the blastomeres can be targets for retroviral infection (Jaenich, R. (1976)
PNAS 73:1260-1264). Efficient infection of the blastomeres is obtained by enzymatic

20  treatment to remove the zona pellucida (Manipulating the Mouse Embryo, Hogan eds.
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1986). The viral vector
system used to introduce the transgene is typically a replication-defective retrovirus
carrying the transgene (Jahner et al. (1985) PNAS 82:6927-6931; Van der Putten et al.
(1985) PNAS 82:6148-6152). Transfection is easily and efficiently obtained by culturing

25 the blastomeres on a monolayer of virus-producing cells (Van der Putten, supra; Stewart et
al. (1987) EMBO J. 6:383-388). Alternatively, infection can be performed at a later stage.
Virus or virus-producing cells can be injected into the blastocoele (Jahner et al. (1982)
Nature 298:623-628). Most of the founders will be mosaic for the transgene since
incorporation occurs only in a subset of the cells which formed the transgenic non-human

30 animal. Further, the founder may contain various retroviral insertions of the transgene at




ANTI BODI ES The present invention further provides for antibodi es which bind
to a BACH 25 polypeptide, fragment, honol ogue, variant or derivative
thereof. Particularly BACH expression, and in particular in diagnhosing a
BACH GPCR associ ated di sease. Cther preferred antibodies i 218IAU8620&5hose

whi ch havaV@R¥#&ptutic activity, i.e., which are may be WO 2S8B6MGoH6 2 9 -
AUG 2005 PCT/ GBO /04935 used in a therapeutic nanner to treat, nanage or
prevent any BACH GPCR associ ated di sea§ For the purposes of this
invention, the term "anti body", unless Sem fied to the contrary, includes
but is not t1| mted to, polyclonal, nonoclonal, chimeric, single chain, Fab
5 f r agmentdfferaRt Posiighe it the geaeme stidhgeacrlll vall pegregitoim thelnfEspsing.Such

fragnents ol e antibadj es whic tain their binding
et ity ol L ARIER S B SaRien il i ip B A, 2 el
‘as singl e rethwiinal mfdctiba &if efe hdpkEYhtior é&ﬁblg/a (PhREEt RS (P0%D) s hﬁﬁr synt hetic
proteins which conprise the antigen-binding site of thé antibody. The

ant i bodi es and fragnents thereof may be humani sed antibodies, for exanple
as descri bed i‘ urt her not ant i hodi th fully urran
vari abl e regi onstjn? eﬁ gr ? Fe&bﬁ’éﬁfﬁ%gen? Hﬁfoélﬁcaifﬂﬂ 18t ea"smg’%’é’é‘?'ll%ﬁﬂc?

Pat ent5 No§ES) ES/&SH@&E aRdndl 974, p?e&im?m taBbs embi%ls gﬁﬁ&ed'\ﬁk}&wﬁdf%ﬁgfh

anti bodies, i.e., those which inhibi bi ol og ctivit
especi al | 9mbf>@ﬁéﬁv?éx§ ef ok (1&g hasre @92éﬁél-166,d3m¢b§atet als (1984} Nmﬁe 86906y~ be

produced t )Y | nisatio using a
phage di sg?’aﬁ (FSQ%?%%} ﬁ%g’ﬁq@pﬁ% gg? ga?é) Wsopﬁéagﬂgé@&\?qﬂf%entl on
may be usézR:#e5-dés)eTamsaenes aht b@mlmykmc&@ﬁmt&%celwpm anti body
may be caPrabI e of b| ndi ng specifically to the BACH GPCR protein or

honol ogue TARSTERERE 9F by seteovius-edigied tiaasdughion. Soch trensformetbES rcells cam sel ec_t ed
”am.mio ( et}ﬁraaftgp%s&mlslgp@ With bq{t)s% sts%%m %Or - &4 S ‘)Hbﬁlé%{%ﬁ(fé Ie{seﬁ er

an | mmunogent ¢ conpositl on conpri |ng

present i enlemitt the. enihpeaﬂdl nmtﬁbuﬁeh@tﬁtog?ehnslﬁx@@f @8 reV@tih® eBiméd 4aMt PoymBY be
used to increase og ?I cal response. Such adjuvants include, but are

not |i it &Y 6Seerpe 1882 Seienefe?40:H68n1444- al umi ni um hydr oxi de, and
surface active substances such as IysoIeC|th|n pl uroni ¢ pol yol s,

pol yani ons, peptides, oil enulsions, 25 keyhole |inpet henocyanin, and
di ni tr ophenol . WBGHB( Bavidel iondainmei transgeide hiinal)trhere the transgenic animal is

characterized by having an altered BACH gene, preferably as described above, as models

15 for BACH receptor function. Alterations to the gene include deletions or other loss of
function mutations, introduction of an exogenous gene having a nucleotide sequence with
targeted or random mutations, introduction of an exogenous gene from another species, or
a combination thereof. The transgenic animals may be either homozygous or heterozygous
for the alteration. The animals and cells derived therefrom are useful for screening

20  biologically active agents that may modulate BACH receptor function. The screening
methods are of particular use for determining the specificity and action of potential
therapies for BACH associated diseases including trigeminal neuralgia, orofacial pain,
pain associated with toothache, irritable bowel syndrome, Barrett’s oesophagus, glaucoma,
pain associated with cancer, diabetic neuropathies, Herpes infections, HIV infections,

25  migraine and skin sensitivity associated with migraine, allodynia, toothache, neuroma
(whether caused by amputation, nerve transaction or trauma), nerve compression (caused
by tumours, entrapment or crush), pain due to damage of the spinal cord or brain;
dementia, dyslexia, dyskinesias, tremor, Parkinson’s, benign essential tremor, chorea,
epilepsy or ballismus, for example occurring through stroke, trauma, degeneration or

30 . malignancy; dry-eye disorders, cystic fibrosis, hyperactive bladder,



Corynebacterium parvum are potentially useful human adjuvants which may be
enployed if purified the substance am no acid sequence is admnistered to
i mrunol ogically :conprom sed. individuals for the purpose of stinulating
system ¢ defence. 2 9 AUG 2005 WD 02/38607 PCT/ GBOL/ 049358 AUB&805m f r om

t he i murweedssni mal is collected and treated accordi ng t opdgnQBEY /04935
procedures. If serum containing polyclonal antibodies to an epitope

obtai nable froma pol ypeptide of the present invention contains antibodies
to other antigens, the polyclonal ant i%odi es can be purified by

i mrunoaffinity chromatography. Techni ques for producing 5 and processing
pol ycl onaiyparshplssierlzamaiakdishipraemiastadabesityl Thoeaulerals dratisefubas aambdebcb«ih es may

be made, .the | rovi des am nqQ.aci equ nces ft i.nvention
or fragmslm’%Stl ﬁgfee@?e ﬂé%?‘g:rﬂ) TP 1%%%%@%% 5RE B?n-use as
i rmunogens in aninmals or humans. Mnocl onal antlbodles di rect ed agai nst

epi t opes obtai nable froma pol ypeptide or 10 peptide of the present
i nventi on can Ancberzspeat afileyinpemidn pectainy tccm&axsdgiehﬂcexdnhmmhﬁlmm]rat haviiea

gener al t hodol ogy for in nocl.onal bodjes by hybridomas is well
known. 1Ay g%{‘fpg%fh%g@gﬂ%‘s fepe P}“n ich él?o l&‘é“bels é%itéaewlec and

fusi op, Qs'%ﬁre@ée%oa Qan%Eﬂ@éncoHﬁﬁhd‘ﬁéﬂé&%ﬁ)Ig%H§?A@{ o”cé?ﬁb ﬂgxtna?lgtlf%; B
| ynphocytes w th oncogeni c DNA, or ansfectl e| n-Barr virus.

Panel s ofspeae)dirofeahblythe boiia ss prodscad thghetamﬂogﬁﬁs @AﬁIH iephtuiapes can be
screened various pro i es for isotyp nd .epitope affinity.
Monocl onﬁ‘ggﬁt 8’66‘8}%@ %‘%?Q@eﬁ rdéﬁ‘é‘?cg@‘)‘iﬁ‘sslu%a%?FV“@EEﬁWFd%‘@W&H%C‘ﬁmE}? B3 des
for the yREQHUER R WiBMMURAY AT, %Eﬁ'b@ﬁséﬂﬁo &%hﬁﬂ %b & nhibh e ﬁﬁlh“
culture. These include, but are not limte oma tec

ori gi nal IBAQHSe mﬂoemildby vidos filoe exaample, Adtingilas thag l’hgﬁﬁesl‘dagnaﬂmgzwugﬂﬁumﬁﬂ )

t he io chn the n B-.ce i do 20 techni ( bor et al
(1083 1 TRREET b g mibii5re B gl of sYBlac B B HeehcopuEhaetce of an

80: 2026- %@é’rﬁ)to 86 tkstddeandBie i’eépéxhsfé(?ﬁrlhetﬁﬁrhﬁll Gﬂ@éll(l% Barfbe Aleasurdd %Qxciggﬂtal

Anti bodi es and Cancer_Therapy, pp. 77 -96, Alan R Liss, Inc. 25

speci fi c teat pgbitcheman BaGH duivive or invigdgan b@rdenuﬁ@d]hasqduetpomedectrwed for the
duct | trizhod
P o hurmn RPhss O Ble B M OBl compitE 1oRe [eSbike g SRR BB D i Hebph "o

specificity and b| oI ogical activity can be used (Murrison et al (1984)

Proc Natl Acad _Sci 81:6851-6855; Neuberger et al (1984) Nature 312: 604-608;
Takeda et The present invention also provides for a BACH GPCR deficient transgenic non- -

15  human animal (a “BACH GPCR knock-out” or a “BACH null”). Such an animal is one
which expresses lowered or no BACH GPCR activity, preferably as a result of an
endogenous BACH GPCR genomic sequence being disrupted or deleted. The endogenous
BACH GPCR genomic sequence may be replaced by a null allele, which may comprise
non-functional portions of the wild-type BACH sequence. For example, the endogenous

20 BACH GPCR genomic sequence may be replaced by an allele of BACH comprising a
disrupting sequence which may comprise heterologous sequences, for example, reporter
sequences and/or selectable markers. Preferably, the endogenous BACH GPCR genomic
sequence in a BACH knock-out mouse is replaced by an allele of BACH in which one or
more, preferably all, of the transmembrane sequences is replaced by such a disrupting

25 sequence, preferably a lacZ sequence and a neomycin resistance sequence. Preferably, the
genomic BACH sequence which is functionally disrupted comprises a mouse BACH

genomic sequence shown in SEQ ID NO: 10.

Preferably, such an animal expresses no GPCR activity. More preferably, the

-animal expresses no activity of the BACH GPCR shown as SEQ ID NO: 3 or SEQ ID NO:



al (1985) Nature 314:452-454). Alternatively, techniques described for the
production of single chain antibodies (US Patent No. 4,946,779) can be
adapted to produce the substance 2 9 AUG 2005 WO 02/38607 PCT/ GBOL/ 04935
68 Antibodi es, both nmonocl onal and pol ycl onal, which are dir&t#8d2Mai nst
epi topes Y¥BOP%Abl e from a pol ypeptide or peptide of the masepdissnsent i on
are particularly useful in diagnosis, and those which are neutralising are
useful in passive immnotherapy. anoclé%nal anti bodies, in particular, may
be used to raise anti-idiotype antibodies. Anti 5 idiotype antibodies are

i mmunogl obuly ﬁg carry an "internal inmage" of the substance and/or
agent agai %g‘@%% #‘BP%‘E%WB FayDegeurratd byreginns maws mewnriaitks arg as

ant i -i di otdeseribeah RRAH AStaBHRIH WWE,Ld S&rdbdeddiot

anti bodi es may al so beruseaful in t éecrﬁ-écfo&&gcﬁ%t[o%%@%e% yc%nsotfoat%&‘)@#oduced
‘by i nduci rigockrovi mougsris disctasedin Bxdrisle Dybelolvacyt e 10 popul ation or by
screeni ng reconbi nant i munogl obulin libraries or panels of highly specific
bi ndi ng reagents as disclosed in Olandi et al (1989, Proc Natl Acad Sci

86: 3833- 3837)y ' : . i.n 1991; tur 49:.293- 299).
Anti body frag %%%e?%?%%g%th@agygéﬁééﬁé ré rbulgll’?gcl aﬁbdl%?rggg&ffgf %{“ﬁgoﬁﬁp'ypept i de
or pept i désmptingzd BAQFE ggreniaradtosticel-Ohe @uEBRIa6id coHSPuc ESAPREsSa) dYidnude, but

are not limted 15 tg, the F(ab')2 fragments which can be prodiuced by
pepsi n di &8&10?%8“6?6 FEMSHE PYUHAY: b)r?oﬁ@gmréola@drqgm Ipedied rpsjreemt of themarh can
be gener atgd, } l L i .0f . the F(ab/ fragnents.
Al ternatively, Ogﬁfgg(%drgg]seg?@]ﬂ})?%bga??ﬁg Qﬁn%%f/h%gze%%hg%‘?ﬂ%?é’ﬁglteétzldeaﬁeﬂg‘wc? api d
and easy ivdtnwbstataliidentity tawfict BorGH gEﬁéJsefqﬁa@&EﬂidSc{\&i seforldorbl88sy RYion
specifici :I%C &qu%e \ég et -oﬁl (1989 ci ence 256:1275-128 1). 20 Techni ques
for the prERFIoSRSEraR o e niimolageysyspinresinant pertiopgthe sprond hoguwbngy7s)
can aj@o iR hOcIRHRIGE 1S : i.n:ant i jes to I ti des of
this i nveﬁ%lon. A 20, ct ransggﬁﬁdg?n)y@e@g{raﬁ% ﬁ%épggﬂgaanﬁeg%fﬁﬁb% 'nﬁg ot her
marmal s, AegHehes, theesgcord B&XH gerse segnente ilavﬁngratlbdm'd? %wlnzﬁb@nabﬂmeﬁelﬁscri bed
~anti bodi e loyed to isplate or to, identi cl ones 25 expressing
t he pol yp?&%ggger Seetg%e%é/ r‘f‘Fy’aPH%‘?%B?‘i}‘ﬁfé‘gﬁ srflogensys M@Hi%?e-mwg@{tbﬁhy.
Ant i bodi efiragad BslonBAGHFSRepRLY BRI sHER 3 - LI eat
BACH associ at ed di seases:_ | ng udi ng: tSri géénfﬂeéll’{hﬁ%ﬁ?gﬁl‘g@?&%f%?%‘g‘.n%{‘&gai n,
pai n assoffticer thapushiasyd posgruct and an endogenous BACH gene in a host cell when the

15 nucleic acid molecule is introduced into the host cell. In a preferred embodiment, the non-
homologous replacement portion comprises an expression reporter, preferably including
lacZ and a positive selection expression cassette, preferably including a neomycin

phosphotransferase gene operatively linked to a regulatory element(s).

Preferably, the first and second BACH gene sequences are derived from SEQID
20 No. 1, SEQID No.2 or SEQ ID NO: 4, or amouse BACH genomic sequence (SEQ ID NO:

10), or a homologue, variant or derivative thereof. preferably, the construct comprises a

structure depicted in Figure 4.

Another aspect of the invention pertains to recombinant vectors into which the
nucleic acid construct of the invention has been incorporated. Yet another aspect of the
25 invention pertains to host cells into which the nucleic acid construct of the invention has
been introduced to thereby allow homologous recombination between the nucleic acid
construct and an endogenous BACH gene of the host cell, resulting in functional
disruption of the endogenous BACH gene. The host cell can be a mammalian cell that

- normally expresses BACH from the liver, brain, spleen or heart, or a pluripotent cell, such




2 9 AUG 2005 PCT/GBO /04935 wth toothache, irritable bowel syndrone,
Barrett's oesophagus, glaucoma, pain associated wth cancer, diabetic
neur opat hi es, Herpes infections, HV infections, mgraine and skin
sensitivity associated with mgraine, allodynia, toothache, 768ekliGoigs

(whet her wauesdsdry anputation, nerve transaction or traunper/giRidess
conpression (caused by tunours, 5 entrapnent or crush), pain due to danage
of the spinal cord or brain; denentia, % sl exia, dyskinesias, trenor,

Par ki nson's, benign essential trenor, chorea, epilepsy and ballisnus, for
exanmpl e occurring through stroke, trauma, degeneration or nalignancy; and
dry-eye & aopdkerambryguie plensf ¢abl burtker deyplopment afanismbupenic stem cell into

hyper chol est er.ol aem. .di sli i and , obesi .10 GNOST] C _ASSAYS
e o Rl ARTHE aoif B PRI 2% o BRP Rl B B AT AN S
pol ypept i gheen{@env® BAGH fnenhrQuites a tiAsdeaRidnRRdas efilned hhvias célneheods for
use in di agnosli s as di agnost| C reagents or 1 n eneti c anal ySI s. Nucleic

aci ds confgsesndantafrgmithe eRbryapigistam e¢ll and/thus darsy thg BACEAeHe dRoptingdhei ¢

aci d i ngl udi ng_hoyml o , vard agt nd 15 derivat,ve as wel

oot boht ol Pahtad UREAR1ER a8 SRR B By ALY B e e BB Be 0 v
provi de f gectedaidwred to\ﬁbﬂ@étanﬁfxalBﬁgfingﬂwBRm %&m%srﬂ@t@dr?ﬂn%ﬂ%hﬁﬁc%ﬁ@ t he
use of such a natural variant in diagnosis of BACH associ at ed di sease.

BACH pol yesapieilsischmgige rarcthge be dradsterhomoeygasity tiorthp B € geae fligrunsieal |
which may or may not reflect differences in the amno acid |evel.
Preferably, such BACH variants or nutants are such that they include

changes in theAgyACH GRCH defivieht trii@penie bnintdd ehayhegirhé@feds Foll@ng onmpasses
BACH pol ynor phi snms whi ch occur in non-coding regions, for exanple,

expression control  r.egi h ronot.er.s and enhancers. Pol ynor phi sns
in BACH i ncl ud o éﬁ”@f’?%ﬁggg?ﬁﬁ@% a'%ﬁtf'@g (f’ei ¢ acids, insertions 25 of
one or nore nucleic acids, inversions, etc. Preferably, BACH pol ynorphi snms
conprj.se sin nu i de pol ynorphi s 9 AUG 2005 WO 7
T ASbr/ 0303e B s e Bl PR B P Rty B AN e 5 £ e A G
sequencesotthintd!GorPHOMIP (Hiakn| BRElusinphbé hehaf Udibreadiag fhn@ cINNAL ei n)
bet ween individuals in a gl)opul ation.. ) . .

sequence (SEQ ID NO: 1) as a probe using standard techniques. The isolated murine

BACH genomic clones are then restriction mapped in the region of the BACH gene using

small oligonucleotide probes and standard techniques. A mouse genomic BACH sequence

15  is depicted as SEQ ID NO: 10.

The murine genomic locus is partially sequenced to enable the design of
homologous arms to clone into the targeting vector. The murine BACH gene is a single
exon gene. A 5’ homologous arm and a 3’ homologous arm are amplified by PCR and the
fragment cloned into the targeting vector. Any suitable size may be chosen for the length

20  of these arms to enable homologous recombination; for example, the 5’ arm may be

between 1 kb and to 2 kb, for example 1.15 kb, while the 3° arm may be about 4 kb in size.

The position of these arms is chosen to functionally disrupt the BACH gene by
deleting the seven transmembrane spanning regions. A targeting vector is prepared where
the deleted BACH sequence is replaced with non-homologous sequences composed of an

25  endogenous gene expression reporter (an in frame fusion with lacZ) upstream of a
selection cassette composed of a self promoted neomycin phosphotransferase (neo) gene

in the same orientation as the BACH gene.



Di fferences in sequences may be reflected in different physical properties,
and techniques for detecting these may rely on detection of changes in
physical properties. For exanple, 5 single nucleotide pol ym)r@g({@ms may be
detected as restriction fragnent |length polynorphisms (i.e.Z fl8hence in
suscept i biWQ 03/3887 di gestion by a restriction enzyne). Fur tPreareBrid.io3NPS
may affect the mgration or nobility of a nucleic acid fragnent or protein
fragnent in a gel. Non-codi ng pol ynorphi.gsns in BACH nay be identified by
sequenci ng non-coding 10 regions of BACH For exanple, control regions of

t he BACH gene, .such as enhancers pronmopt ers y be sequenced to identify
pol ynor phi sms. 77 eéf?@é’f’gégmgvﬁ’éﬁ?%ﬂ’-’% R gg?syrmrphi sms on the

expression | evel of BACH nay be determ ned by constructing transgenic nce
(as descri bed bel ow%wcfonﬁgiei%gg t he nmut ant BACH sequences, or by
.generating exp YO E6HsE vangigdiafiann dOP bhare silbured o anegawein n each
case, the | i b . ok ant j.body
Voot ern Sta e R e O oo MR TR s IR o

of expr essippiemént@AGih 209eFethl GACBerupg | 19MDREbeIBcaA Rrithos MMl ghmiedul at e

the leyel of expression, wether by up-regulation_ or down-regulation of
BACH | 8veln8n-eseniipl dmigp peide.ni0g M emeicapiopihanal @ad 500 r/ml leakémiatinbibitonyt ant

or pol ynorphi s i . ons codi egion o ACH, preferahly in nt r ol
Feal on’ of [lAs Melfhufs Aangel g e 6 Ok benifisr e ef ks RN | <
capabl e okelfngetraidfeded Wethl BYEHf eariedPplaSIdUY AbctBAGHLLA (85 L0 IaRiEMe The
invention also provides for a set of two or nmore of such rru#ant or

vari ants &nrd ff §ﬁi§$)p2\4 bewrs fpllesving abicyropamatioothe ignpletipdoelihars ralturEi dor 9

i nvention ,al so pr.ovides for M}}e&g/%ﬁ of such variants or p sns or

.pol hj
sets of v SPYS4R Ledfyn C%ta}nd%_ _ @F@Wm&cﬂﬂmﬁ%ﬁd}‘d‘éﬁilwg %(r:r‘ie%ﬁ)ﬁiﬁ?ﬁt i ons,
in whigh eipRBSES ah®esthmRePBsthid sy aktael by Q»@}i %Yiaéxlnﬂi, R GPRMRA Of BACH

The invention also provides for ransgen ani nmal tonprising a variant
or nut ant hemologbysmscpmbimtion h8haieurmed dEaveahlily eralopenus BriCHgepe bydihephi sm

2 9 AUG 2005 .. WO 02/ 38607 PCT/ 4935 71 Detectiopn of a mytated form of
the BAGH CPRNTRBIHEL JaPm AN RIFH omly SrREeTOR T Ro R Hencs Wesnost | c
t ool that egrRdatd dllbﬂep?@is‘ 0B FrRLAARPSIBcRA Bl hRARS DNA o %H?geﬁﬁ%e'rd%} Ity

to a disease which results from under-expression, "over-express
al tered expitberaibet confipnatioraricthe targeting eyant usingextsrinale’ rmd 8¢ iportes,all usig BACH

GPCR ﬁsgggt%&%?g}o%g&ﬂgs fIQxfEtsre%l, 5&%}9“95) may be detected at the DNA | evel

by a vari

Generation of BACH GPCR Deficient Mice

C57BL/6 female and male mice are mated and blastocysts are isolated at 3.5 days
of gestation. 10-12 cells from a chosen clone are injected per blastocyst and 7-8
blastocysts are implanted in the uterus of a pseudopregnant F1 female. Five chimeric pups
20  are born of which one male is 100% agouti (indicating cells descendent from the targeted
clone). This male chimera is mated with female and MF1 and 129 mice, and germline

transmission is determined by the agouti coat color and by PCR genotyping respectively.

ANTIBODIES

The present invention further provides for antibodies which bind to a BACH
25  polypeptide, fragment, homologue, variant or derivative thereof, Particularly BACH
expression, and in particular in diagnosing a BACH GPCR associated disease. Other

- preferred antibodies include those which have therapeutic activity, i.e., which are may be




t echni ques. For exanple, DNA may be isolated froma patient and the DNA
pol ynor phism pattern of BACH determ ned. The identified pattern is
conpared to controls of patients known to be suffering froma di sease
associ ated with over-, under- or abnormal expression 10 of BACHG fgdients
expressi ngoaz/gmoet i ¢ pol ynor phi sm pattern associ ated w t h @BAWR@ASsHRCI at ed
di sease may then be identified. Genetic analysis of the BACH GPCR gene nay
be conducted by any techni que known in the art. For exanple, individuals
may be screened by determ ni ng DNA seééence of a BACH allele, by RFLP or
SNP anal ysis, etc. Patients nmay be identified as having a genetic

pr edi spodbadiinn tepapeatidinppnsrdo fsaonhudgecr pidvintBby BACTH GPCR assomdaed , or
abnormal .expression of BACH by detecting the presence of a DNA

pol ynor pﬁlisg in the gene sequence for BACH or any sequence controlling its
expression. Patients so identified can then be treated to prevent the
occurrence of BACH associated di sease, or nore aggressively in the early
st ages of BACHoths poipmisescbidiiis eavsetidm thepemy Eatibody?, inledspecifeicutiieence or
devel opment of .t he, di.sease. ..BACH ass? d di seases 20 jncl ude any_qone of

ci,at .
tri gem nSPUUREGIaYdes bubisdiol dmdied fe, nelygional, menasiqnal, shimgricn singl§chaiahEab
irritabl k ' : : 4+ 40 ci ated
Wl oangap RS Rt BAEAERS pRAICEL by 3 FARSORANNT [indhf SO Bpp B BRR0C. O
m gr ai nefragrderskofwheleshtibodi¢sywhictsmtain tieardindingdactivity firnaarged substyrivie kv,
t oot hach eur, , et her caused by _anputatjon, _nerve ftransaction or
trauma), F @Bf@d %@pﬁz&l@p@ﬁw( isa‘ﬁéﬁ%f lg E}%n%rg{boalﬁ% fsﬁgY?gﬁFIO@rPTQTGleraﬁéh) ,
pai n dueoiher daRee RbtellRSyIHEH B3hp Qe _Qﬁtié?eﬁ-adiﬁ‘ding gllﬂ(?fi'f th anolyS¥hé&

dyski nesias, " trenor, Parkinson's, benign essent trenor, chorea,
epi | epsyanitbadigahnd Sagruents theraok mapbe humerised antidpodias, dorpxamiplecs describediim,

degener at.,0 i gnancy; stic flbrosis and . hyper.actjve bl adder. WO
A PR T I SR I NN e AT M P
di scl osefragmits), foplexihiple] AaRbdribed af USPattint NoR 31348807 nd 68781 8 LR ¥EOr phi sm
_pattern associ ated with BACH associ ated di sease. The kit includes DNA

sanpl e cbe vedtNewratizingsaiivadisddes these vadelinkibit any biolgeivet aativipiof BeYGHhi sm
pattern, Lch. i -0 C rol _sanples to determne a patient's
suscept i %rlwlfé:sﬁ%l@t60@%&8&1@5@%@%&{l(gsaargliq&%rgg%&lCR]’ ts for diagnosis of a BACH
associ at ed di sease conprising BACH pol ypeptide and/or an anti body agai nst

such a pol ypeptide_ (or fragnment of it) are _also provided.
Antibodies may be produced by standard techniques, such as by immunisation or

15 by using a phage display library.

A polypeptide or peptide of the present invention may be used to develop an
antibody by known techniques. Such an antibody may be capable of binding specifically
to the BACH GPCR protein or homologue, fragment, etc.

If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat,

20 . horse, etc.) may be immunised with an immunogenic composition comprising a
polypeptide or peptide of the present invention. Depending on the host species, various
adjuvants may be used to increase immunological response. Such adjuvants include, but
are not limited to, Freund’s, mineral gels such as aluminium hydroxide, and surface active
substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,

25  keyhole limpet hemocyanin, and dinitrophenol. BCG (Bacilli Calmette-Guerin) and
Corynebacterium parvum are potentially useful human adjuvants which may be employed
if purified the substance amino acid sequence is administered to immunologically

.compromised individuals for the purpose of stimulating systemic defence.




Nucl ei ¢ acids for diagnosis may be obtained froma subject's cells, such as
from blood, urine, saliva, tissue biopsy or autopsy material. In a
preferred enbodi ment, the 10 DNA is obtained from bl ood cell s, obtained from
a finger prick of the patient with the blood collected on I3y BBnt paper .
In a furt N ¥BE¥%rred enbodi ment, the blood is coll ect ed Pm/GB1/04935

Ampli Card. TM (University of Sheffield, Departnent of Medicine and

Phar macol ogy, Royal Hal | anshire Hospi tal,y; Sheffield, England S 10 2JF). The
DNA may be used directly for detection or may be anplified enzymatically by

15 using PCR og,_other apmplification.technique ior to anal ysis.

O i gonucl eot i dge%ﬁﬁm tggﬂ@n{%éstedtaﬁ £ ¢} C@éé@ﬁ ?rFQ?e‘%)BCFC%‘sP%Fﬁ ¥n99A 1 egi on
wi t hi n t hgrgemgss. ¢f sdridh@oRekniAR ol &SRB t ' action
anplifi ca?f on ofsthse tar get “slggé‘é cg)sna{s a(E:) |Set\%/’e é%ﬁ%%%&g%ﬁr%g al so be
‘used as t eoybepitils df thespresdrdinveatibn oontaifib entibogles o etieMAigeag qhepsiedofialom t he
tenpl ate t hen be_.anal yzed usjng restriction enzynes to 20 determ ne
t he genet ?1&%95%’%? ﬁpgﬂéeggéél@munp ﬁt“%@ chipmatqaranhys becieinues fermodusingby
provi de azgenetisingorfas it JR ! Lol

fragnents Ieﬂgt hsIn y ﬂ%e ideﬂri\@telpé% %A&%wgné}t&:dﬁg%@lﬂgmﬁ%t% glrr1 %Igﬁoggpﬁayor
conj unct i bamate trminyeremnsirolpraddesSino aeit Beduendes of ®e fnvdatieobiyfapnPtss 5)
anal ysi s ng?/ gﬁqﬁ"rﬁ' 3yed. tBel etions and insertions can be detected by a
change i n"§t% SRS 13 APPLREY Aine aeid Spignes fof ise@s HpmMnRgsAS ivaninals §br mal
genotype. hRaift nutations can be identified by hybridizing anplified DNA to
| abel ed BACH GPCR nucl eoti de sequences. Perfectly matched sequences can be
di stingui shed from m smat ched dupl exes by RNase digestion or by

di f f i lting te t DNA se di ff al'so b
detected by aMOBPSionghANPRdSE diEsian AGHRY FE RSB P PRIOISTI DR FORSHIR i n
gel s, 100 t herfide OF tRQEsAOIRRABEEA A Be %a%%@@%g eb':y’ge%gﬁ 494 %%Sa}rt The

denaturing agents, or by direct DNA sequen ) . ers e
Sci ence grgBd nEtimdphogy f ondrdenpd snigiodsp dyihfybriddmeasisi veikkmomsn. al so be

) 0§
reveal ed nygl Lof ecti on.assays, such,as se and, Slprotection or
the ohem DrOlsR085ey R Se A1RRERT be e ¥ ocTbRSEnnad ALY BT LS
(1985) 85teckdQitesd4bt as ditedmRhiFrmandOsH phoBfteswith'oA¥o&hiObNgoRYC! eot i des
probes conprising the BACH GPCR nucl eoti de sequence or ragnent's t hereof

can be cowdisfastipeavithoEpsbeiaRarm eirey. Presls o wonenionagantibodiey prodywad ppainst
t atyi | J oK .and h .
app! oo re b pr BN sRnlEel S50 Bolites; K7 KR B P AuCiGRE i

nmol ecul ar genetics including gene

in

Monoclonal antibodies may be prepared using any technique which provides for
the production of antibody molecules by continuous cell lines in culture. These include,
but are not limited to, the hybridoma technique originally described by Koehler and
Milstein (1975 Nature 256:495-497), the trioma technique, the human B-cell hybridoma

20  technique (Kosbor et a/ (1983) Immunol Today 4:72; Cote et al (1983) Proc Natl Acad Sci
80:2026-2030) and the EBV-hybridoma technique (Cole et al., Moroclonal Antibodies
and Cancer Therapy, pp. 77-96, Alan R. Liss, Inc., 1985).

In addition, techniques developed for the production of “chimeric antibodies”, the
splicing of mouse antibody genes to human antibody genes to obtain a molecule with
25  appropriate antigen specificity and biological activity can be used (Morrison et af (1984)
" Proc Natl Acad Sci 81 :6851-6855; Neuberger et al (1984) Nature 312:604-608; Takeda et
al (1985) Nature 314:452-454). Alternatively, techniques described for the production of
single chain antibodies (US Patent No. 4,946,779) can be adapted to produce the substance

specific single chain antibodies. -




“expression, genetic |inkage, and genetic variability. (See for exanple:

M Chee et al., 10 Science, Vol 274, pp 610-613 (1996)). Single strand
conformati on pol ynorphi sm (SSCP) may be used to detect differences in

el ectrophoretic nobility between nmutant and wild type nucl iScAlaciltls (Orita
et al. (1 c Natl. Acad. Sci USA: 86: 2766, see also 93)
Mut at Resaﬁg%%5%95-144; and Hayashi (1992) Genet Anal Techggggﬁﬁ§& 979).
Si ngl e-stranded DNA 15 fragnents of sanple and control BACH nucleic acids
may be denatured and allowed to renatup®. The secondary structure of

si ngl e-stranded nucl ei c acids varies according to sequence, the resulting
alteration in ghabddieqbottembaodiomil bhd Yoloclafdlewhicharelairectd aghigsh gﬁtkfpés a

si ngl e base phan%e. The DNA fragnments may be | abel ed or detected with

| abel ed pPBBEable Irpb2a palyprpiide enpeptide plthg sreaentinyensionarnhpardedary usefitig RNA

(rather t i } 4 ructure | ensitive to
a change ?%ggéegggﬁ‘)é%dcggs%g&p%gfl é@f@%&%@%@%{ﬁ%p ggs%ﬁeeﬁg{&%rjmg}ge{rggét hod
utilizes Minetioshlphekodiegliy phsichiar, sepebeAised eoticaandit idandieantibodies.qoupl ex
nol ecul es, on the basis of changes in el ectrophoretic nobility (Keen et al.
(1991)° Tr Eiefzpryibedies sy imprunqglehptias whichpersys “dntemal imagel oé the substance
di agnosi n LI D4 tibll.ity 5.t 0 CH. associ at ed di seases,
for ex anp?nec?&:ta%%%%gl nat algle(%rpg g?%?n 15%8%1516& g?&ﬁ'é i S I%Qraﬁaﬁué%%rg’éi%é% W th
t oot hacheantibodlet aRl ndvawial the yRAT ¥ antBadibwhé astiRbaphiaghise beusfeiona, pain
associ ated with cancer, diabetic neuropathies, Herpes infections, HYV
i nfecti ongl,engrai ne and skin sensitivity associated with m grai ne,
al | odyni a, toothache, neuronma (whether caused by anputation, nerve
transaction or trauma), nerve conpression (caused by 30 tumours; entrapnent
or crush), pai Antibelitéomdpahgdeqioduted bpindating s tiverprbdwdtion ifl iEdiinbRocy¥D
02/ 38607 74 % 9 AU? 2005 | PCT/ GBQ1/ 04935 dysl exi a, dyski nesi as, _trenor,
Par ki h&onPeRulsioniog Ry sereepingecambinwyt imawae@abuliplipwpisy onprnelspfihighlyus, ' f or
exanple o IHAON; ] . J i a2 dry-
T e S N D A U e
di sl i pdaeB83A, andWimidreS iahg Milstdin € (196 5;8¥atareBIOBACHLIBCR pol ypepti des and
nucl eic acids may be detected in a sanple. Thus, infections and di seases
as |isted above can be di agnosed by nethods conprising determning froma
sanpl e deri vedafg ! Ik 168 i | evel
o The BACH GRS o R RS R Lo e poppRAE

peptide may also be generated. For example, such fragments include, but are not limited

15  to, the F(ab’); fragments which can be produced by pepsin digestion of the antibody
molecule and the Fab fragments which can be generated by reducing the disulfide bridges
of the F(ab’), fragments. Alternatively, Fab expression libraries may be constructed to
allow rapid and easy identification of monoclonal Fab fragments with the desired

specificity (Huse WD ef al (1989) Science 256:1275-128 1).

20 Techniques for the production of single chain antibodies (U.S. Pat. No. 4,946,778)
can also be adapted to produce single chain antibodies to polypeptides of this invention.
Also, transgenic mice, or other organisms including other mammals, may be used to

express humanized antibodies.

The above-described antibodies may be employed to isolate or to identify clones

25  expressing the polypeptide or to jaurify the polypeptides by affinity chromatography.

Antibodies against BACH GPCR polypeptides may also be employed to treat

s..--BACH associated diseases. including: trigeminal neuralgia, orofacial pain, pain associated



may conprise a cell or tissue sanple froman organi smsuffering or
suspected to be 10 suffering froma di sease associated with increased,
reduced or otherw se abnormal BACH GPCR expression, inC|ugi£%U€%ﬁ%ial or
tenporal changes in level or pattern of expression. The | I attern
of expresVOR/BIHVBACH in an organi smsuffering fromor suspeaieBoir@oshe
suffering fromsuch a disease may be usefully conpared with the | evel or
pattern of expression in a normnal orgaﬁésn1as a nmeans of diagnosis of

di sease. 15 In general therefore, the invention includes a nethod of
detecting the presence of a nucleic acid conprising a BACH GPCR nucl ei c
acid in gwé@&a&é?cft?y "Péa?#%ea@tw%@Y&lﬂk@m@aﬁﬁqr@tt’wompa@gweal@ucm paincasep@atad d
probe whi ¢h egilf j: Is of| . i.t.ori sai d sanpl e
For the procuansRafibofe fdiomie, BESirais A1 il Toidfies 3 600 obe
may speci fénsithity dssovthtedwitheniBAGH, GPER N4 cbethachaChedrons g@haﬁéﬁdaaébdociy it,
and 20 bindi ng between the two detected; the presence of the conplex itself
may al so B@PH% 1QRTEVE URRFAS B QrdTalMmay, e YhGRSRRIP B Te(§ @b P &3 Semoursret hod of

det ect4 ng : ti ontactin cel |
sanpl 6 w Eh it O RSP ot dHFES ta R bR YRR SR p el PESh e Bor  ng
sai d sanphpskimsiaseemnoe Parkisonfs, bditgpedsyeNtictr, chbtes, ﬁmbepsp enyBaligahdy be
achi eved %&mni toring. the presence of a conplex forned between the 25

ant i body xpmpleRacys s thpegh sirol tenwe: drgensration ednpdgisaceed driteye
| t] : ? f i i ndi ng.-bet t
ot ) b5, SRoRRR, Eitic MHhD IS bera bt RS iR BRI B, BREREE e

energy trabesitgr), surface plasnon resonance, etc. Decreased or increased
expression can be neasured at the RNA | evel using any of the nethods well
known in the art for the quantitation of polynucleotides, such as, for WO

02/ 38(P7 ﬁ?A@N&lﬁé@s% Q8 PCT/ GB01/ 04935 exanple, PCR, RT-PCR, RNase
protection, Northern gl otting and ot her hybridization nethods. Assay

t echni ques that can be used to deternmine levels of a protein, such as a
BACH GPCR, in g sanple. derived froma ho are well-known to those of skill
inthe art. S@Eﬁ lﬁngini nr?i.'*PHS]&EeS itq]g%el}g;go gd’r%{ ﬁﬁﬁ%ﬁ%@&%?ondw and

conpet i ti yQypigtdes Qaslaﬁé'{ﬁé(sshony?ﬁ%@ers,r‘véiaﬁis d?i[}ﬁ%%tr?s}eg t}ﬁ?g%fg%r%eﬁﬁﬁéﬁosig he

present invention relates to a diagnostic se or
- suscept i bad diagnostic scagBpiSiar isgaetianealyds. dbadeic @tids bordplemeatary if ectdpable,of f or

exanpl e, i gem nal | O arof.gci.al, pain, in associatedq with
t oot hac he%‘yblrgﬁﬁl?%gq %%P@gwﬁ}%ﬁﬂ?ﬁﬁgwlé‘g{“g&m@%%ﬁﬁa‘@ﬁ‘?,ﬂtsﬁn ucoma, pain
assocjsat ederiViaties) (ACREN adlhiaidRlics aBAHSINACH RlypdiifSe also useful in such

assays.

We provide for a natural variant of BACH polypeptide or nucleic acid, and the use
of such a natural variant in diagnosis of BACH associated disease. BACH polymorphisms
may include differences at the nucleic acid level, which may or may not reflect differences

20  inthe amino acid level. Preferably, such BACH variants or mutants are such that they
include changes in the amino acid level. However, the invention also encompasses BACH
polymorphisms which occur in non-coding regions, for example, expression control

regions such as promoters and enhancers.

Polymorphisms in BACH include deletions of one or more nucleic acids, insertions
25 of one or more nucleic acids, inversions, etc. Preferably, BACH polymorphisms comprise

single nucleotide polymorphisms.



10 infections, HV infections, migraine and skin sensitivity associated
with mgraine, allodynia, toothache, neuroma (whether caused by
anputation, nerve transaction or traunma), nerve conpression (caused by
tumours, entrapment or crush), pain due to damage of the spd héb 26r d or
brai n; daventssp7 dysl exi a, dyskinesias, trenor, ParKki nson'mr/donligoss
essential trenor, chorea, epilepsy and ballisnus, for exanple occurring

t hrough stroke, 15 traumm, degeneration,0or nalignancy; dry-eye disorders,
cystic fibrosis, hyperactive bl adder, ﬁ@percholesterolaenia, di sl i pdaem as

and obesity. The di agnost] kiﬁ conpri ses _a BACH GPCR pol ynucl eotide or a
fragment ther Qlym(’&%\%ﬂiﬂ“é%é 9%9(&4@8@@1@’ SR DAHESCYEeTBATH tBPCR

I ti : f .. . ' . BACH_GP
Pol Ypopt i st Ao R RS i & e B s o B Tr B et

i nvent i onDéfezermks in segherdish mafydie refidutedBshifferehtistysichl gapé@ss, addecEgdUENce i s
specifically targeted to and can hybridize with a particular |ocation on

an i ndi vi Buastesinghessirantsinap detagiieroalhangss in physical pinpsriies BTIaX@ROR, | s

foundsto i - chr o 2 h i of rel evant
sequences Tae BbISOIR EARh ARG REP B URed T Rketricioh RUBRPRORAE an

i npor t ant pdlymstphisies(i.endiffereledt sngeptisiie 16 ditesneeby Wirdshig@ARnAReoHC! at ed

di sease. e a sequence has been mapped to a precise chronosomal ‘| ocation;
the 2 9 gogre, Wik amaysHeeet tenigntionor 9aBiliy ofleyuicleid acibErgment oof t he

sequence 9p.the > can be correlated with genetic map data. Such
data are #}ofnd,aégéﬁggg e, in V. MKusick, Mendelian heritance in Man

(avai l able on line through Johns Hopkins University Wl ch Medical Library).
The relati onﬁgilg) b(?t vveeg{ genes and_di seases that have been mapped to the
sanme chr onsoniP-8041ag pelyniehisKe in BACH mry b 1dentified byiseaveagias anaicoding

(coi nper i&BREPBARNY Fot @J{Arﬁpl@d&cﬁl%mefri{gﬁ RE e }?égfle%éxfe 61136 € Berk AGg CDNA

f
or genom c_ sequence between affected unaf I"hdi vi dulg}s can al so
be det er rirpdterd fay bru¢quencrd toddatie pobthdrphismsel hereffdet ofafuch hivecadifiget ed

Lo be 10 ARRRE b AR o 0} A H Y WIS O FASRAPELT]
VETLCDS Wi oA Gt e, fLOSHR L  FASIOIAEA OR300 O
act i vi t y.generating expression constructs and transfection into cell lines. In each case, the
15 expression level of BACH is detected, by RT-PCR or antibody Western staining, to
determine the effect of the mutation in the control of expression of BACH. Useful BACH
polymorphisms are those which modulate the level of expression, wiether by up-regulation

or down-regulation of BACH levels.

Accordingly, this invention provides for a variant or mutant or polymorphism in a
20 non-coding region of BACH, preferably in a control region of BACH, preferably in a
promoter and/or enhancer of BACH, which is capable of modulating the level of
expression of BACH in an organism. The invention also provides for a set of two or more
of such mutants or variants or polymorphisms, preferably non-coding polymorphisms. The
invention also provides for the use of such variants or polymorphisms or sets of variants to
25 identify nucleic acid and/or amino acid positions, in which changes to such positions
affect the level of expression of BACH. The invention also provides for a transgenic _

animal comprising a variant or mutant or polymorphism of BACH, preferably, a non-

coding polymorphism.




If the activity of BACH GPCR is in excess, several approaches are

avail able. One 15 approach conprises adm nistering to a subject an

i nhi bitor conpound (antagonist) as herei nabove descri bed aﬁgum? a
pharmaceutically acceptable carrier in an amount effectiv bi t
activati oNW®92/36¥cki ng bi nding of |igands to the BACH GPCRPCAEIGHI/01935
inhibiting a second signal, and thereby alleviating the abnormal condition.
I n anot her approach, soluble forms of BAgH GPCR pol ypeptides still capable
of 20 binding the ligand in conpetition w th endogenous BACH GPCR nay be
adm ni st er ed. i cal enbodi ts of.,sych co itors conprise fragnents of
t he BACH GPCR ?C;%‘BES?F&%&E‘% %WP%“’&R%@@%SB%%?%%&%@% of the
gene encodiy§ein@RHGHEIRE6idBAGh P&l 411H)1 ' "Fa%H

bl ocki ng tgchni q_ues.%nown s&c%? tec O%?%&egd@gt?hﬁgﬁdg%ﬂgg@ég Og?sdé%?‘f’esense
sequences 0r giscersibilitytte anlidehse whichreduitd fiom sepataretsjorpdntmb:giasied or See; for
exanpl e, Connor, JNeu 91)..56:560 in 2 9 AUG 2005 WD 02/ 38607
T CBOL/ G198 SR MO hE Bo HHiBguals comiing ERSEIonn it e BAGHSIP Gone
Expr essi 0Bend el iifs SontRNG %e%@t% TR

ol i gonucl got i des vlvr\?c% for r@nql%erlﬁ?%?éhﬂﬁ%ég W )rﬂhet e@%ﬂ% Hycag‘ﬁ%g@’ osfuppl i ed.
See, for échnighes, Lee et al., Nucleic Acids Res (1979) 6:3073; Cooney et

al ., Science (1988) 241:456; Dervan et al., Science (1991) 251:1360. These -
oligoners can 5 be adm ni stered per se or the relevant oligoners can be
expressed in VEN¥POe le {HRAL LRI Ll e .

under - expr essi on o)%a AeCH @mwaﬁgaﬁéyé%@%% '%1}5/11,11:%2 g\;lgéra]!gﬁtp‘a %&%ﬁ&]@%%n are

al so avai pattire of BACHhgeteuninkd chiridbstéfed mttoins sbwpared té Corarotdib] Reitnta

t her apeut | cal Igotbeff i v& amunt of a con&%&qd whi ch activates BACH GPCR,
i.e., an %0 CEFETE TR 8 CahBRreAsse Hate Q¥E5-obRdRf-194 anamnal expression

phar meg eubf BAUH/ PaGERR eapeSsifdh béftic doByrh ﬁlgavpa%{ng&yég@i?%& ggpéﬁg@g'

condition. Alternatively, gene therapy nay be ‘enp
endogenoudsspriaigd discase way tRAGE idraifiedy Geimticraphlysiaof ted3 ASH GPCReeseihjagct .

For exanp ide of the .Jinv ion Jbe. engj neered for

expr essi ohglcor%l%1 g@t‘l;%he %’S’f@t‘% ?%hﬁg%lg ?%18 Ve ﬂi‘eezf‘f EI oF F’éﬁmr@é’dPg‘WIJ]“gg mg B ussed
above. Theréeied bYidermenng ERGA 66qUAES6f aUBAOFPMIe‘lé}%ﬁ P §057p %ﬁ'a@éig etc..
i ntroduced 15 into, a packaging cell transduced wi'th a retroviral " pllasmd

vect or cohttisns Yy heidentifedas hrying paeygtispredispositiontfer pdissrsanssopitedtwitn such

that ¢ i . : . arss tn s
the'ghe BFCHEPLIBCPEL AORIRL SRHERPn A RCHP B ilitiafefr B ™
subj ect f polymogihisee in thg geab baquence/for B ATH oe%RY &uGEAR RhtrbllidghRle¥peRibfe i n

Patients so identified can then be treated to prevent the occurrence of BACH
associated disease, or more aggressively in the early stages of BACH associated disease to
preverit the further occurrence or development of the disease. BACH associated diseases

20  include any one of trigeminal neuralgia, orofacial pain, pain associated with toothache,
irritable bowel syndrome, Barrett’s oesophagus, glaucoma, pain associated with cancer,
diabetic neuropathies, Hefpes infections, HIV infections, migraine and skin sensitivity
associated with migraine, allodynia, toothache, neuroma (whether caused by amputation,
nerve transaction or trauma), nerve compression (caused by tumours, entrapment or

25  crush), pain due to damage of the spinal cord or brain; dementia, dyslexia, dy.;Ski,nesias,
tremor, Parkinson’s, benign essential tremor, chorea, epilepsy and ballismus, for example

occurring through stroke, trauma, degeneration or malignancy; cystic fibrosis and

hyperactive bladder.




vivo. For overview of gene therapy, see Chapter 20, Gene Therapy and ot her
Mol ecul ar 20 CGeneti c-based Therapeutic Approaches, (and references cited
therein) in Human Mol ecul ar CGenetics, T Strachan and A P Read, BICS
Scientific Publishers Ltd (1996). FORMULATI ON AND ADM NI STRAFI/AUA 7885pt i des,
such as tW® ®6Belll e f orm of BACH GPCR pol ypepti des, and agpor/cBs1/6408s

ant agoni st peptides or small nolecules, may be fornulated in conbi nation
with a suitable 25 pharnmaceuti cal carri?. Such formul ati ons conprise a
therapeutically effective amount of the& pol ypeptide or conpound, and a

phar maceuti cal hv1 acceptabl e cgg rier, or excipient. Such carriers include
but are not |i ¢ BEESEg Inenfipp durthsy disgloges asldif fasdhe identifiention ofapatientlyl ycer ol |

i i st r S BORRALHORG PR £ ciabPhIH A A AL S, TGl RERES o1
further rBNA esnple colimting estns aed mpasktsr 2et&rmAkiag208mcti O B3R

PCT/ GBOL1/ 04935 78 and kits conprising one or nore containers filled with
one or noP¥E} Heh isiBsenrapared wrconprpbsantriesdasistorminst pasiepts fuscepiibility t he

i nvent4 on I: nd f e _present. i nvention may be
enpl oysed o %Egaﬁ?éélﬁgﬁgﬁsﬁ%ﬁgﬁgﬁorﬁ 2%18%1? ﬂg? %&%83“2’3? qucilﬁ%s%gomi’f@%%eut ic
conpoundsBARPpafesptidd ahdloran ertitytaesingt sagiith @bﬁ?éﬁ{ﬁd@q@r ahofb® of it) are
pharmaceut.ical conpositions include injection, typically %y i ntravenous

i nj ecti onSEPREKeAn| ection routes, such as subcutaneous, intranuscul ar, or
intraperitoneal, can be used. Alternative neans for systemc

adm ni stration include transnmucosal and transdermal adm nistration using
penetrants sucKuasichiclds fepdibgnosis rhasbelbltaiasd Gonos sj&RTs @RS SLELR Fom! N
addition,, if pro eraili 10 fornulated in enteric or encapsul at ed

for mul at i 9R&S g’IS \é?ﬂ'tﬁﬁ‘é‘f IRPTYRT awiRpsymaderisd Ingyeiered emhgdinngtthat i on of

t hesejco t opi cal i7ze, 40 the  farm of

sal VZISG,: ngﬁgig ?bggr}/eg aﬂgﬁg b?(ﬂoed %Pig@aﬁgq{gos%gggg ﬁé% Orfé%euﬁlg&t ggbékheds on the
choi ce ofblpeptillteicdtdusbsabent mber. hdaturttetr patfiren] erthbalimah) e Wod e

formul ation, the nature.qf hject's, condition, and the 15 judgnent of
the atten®! 8%933&%@?1@?@}%@ %{eés‘&’o%fagEﬁelﬁmefﬁPﬁMﬂwﬂw%nge of
0.1- 100 RHdtgla@floSy Mogst HalVirae féé}tdsﬁftéls)éﬁeﬁiafdzﬁg 1@&‘@&13@261 age, however,

i .
are to be expecte in view of the variety of ¢ ounds ai labl e and the
differing efficiencies of various -routes of adm nistration. For exanple,

oral adm nistrgti woul d be ect ed requi re hi gher_ dosages than
admi ni strati onﬂBc é?ﬁ%gﬁé‘a%ﬁﬁﬁﬁcﬁxs?fo‘f??w%%l eLmay e a?‘?ﬁ’cfﬁgseéz%%@}’i’@
levells camitpPCRlovsitReampiifltatRinabddifhics PRI foGRhlysRUDIPSSuiQd@ PN AT zat i on,

as is well )
primers that target the specific polymorphic DNA region within the genes of interest may

be prepared so that in the PCR reaction amplification of the target sequences is achieved.

RNA or cDNA may also be used as templates in similar fashion. The amplified DNA
sequences from the template DNA may then be analyzed using restriction enzymes to

20 determine the genetic polymorphisms present in the amplified sequences and thereby
provide a genetic polymorphism profile of the patient. Restriction fragments lengths may
be identified by gel anélysis. Alternatively, or in conjunction, techniques such as. SNP

(single nucleotide polymorphisms) analysis may be employed.

Deletions and insertions can be detected by a change in size of the amplified
25 product in comparison to the normal genotype. Point mutations can be identified by
hybridizing amplified DNA to labeled BACH GPCR nucleotide sequences. Perfectly
matched sequences can be distinguished from mismatched duplexes by RNase digestion or
. by differences in melting temperatures. DNA sequence differences may also be detected

by alte_r_ati_ons in elegtxophoretic mobility of DNA fragments in gels, with or without




understood in the art. 2 9 AUG 2005 WD 02/38607 PCT/ GB01/ 04935 79

Pol ypepti des used in treatnent can al so be generated endogenously in the
subject, in treatnment nodalities often referred to as "gene therapy" as
descri bed above. Thus, for exanple, cells froma subject mdl B¥yi neer ed
with a poWMhOI86%t i de, such as a DNA or RNA, to encode a POMYGRIILS ex
vivo, and for exanple, by the use of a retroviral plasmd 5 vector. The
cells are then introduced into the subjg@t. PHARMACEUTI CAL COMPCSI TI ONS The
present invention also provides a pharmacCeutical conposition conprising

adm ni ster ffectlve apount t he olypeptlde

th |
pol ynucl eéftef1 allng %%5‘?%0 {)y\?}ggq ‘6?6%%% Cofet e{i?rf'éé1 mClN§Gent i on and
opt i onal | y1g85yhsy: R gkt Mhah e@ﬁfsg@&ﬁ@ h&aRBhd they ?lsé?lbé P&l %%leBéeg”t S

(i ncludi ng conbi nati ons 't her eof armaceut |1 cal conpositions nma
for human Pmte@tmnrmisa}{ssagh ap RNwngeramd Smi'otea:emeor thaciemiedl deavaegantktivdd. See

il Puent . GiPR et R N E s HE Qo SR M s Fopmcler imbodimens, an
t her apgut 'aﬁa%%@olx@frﬁcl’é‘%{lhem@m do ﬁﬁ?gﬁ%@@?ﬁ?ﬁ@ljﬁ@ﬁu &tgélg ﬂueq'{cg F b ek

descri bed, for exanple, in Rem ngt maceut ces
Publ i shi néragolen(SAherRof @arh%noustad:tt&d to @8 ct effivdert bareein®bf e.ghaensieut i cal

carrier, ent can be selected w regard to _the |ntended
route of &Hﬁ?tﬁq %’3??’ fﬁ? g%fl};? s &repwsﬁ%%%tm%gwe&eaﬁr@l rplicapidity and

phar maceutchit B¢ uscdQhRASIcS £DSidiRY T G¥R the
carrier, exci p}lsént or §|Iuentlagny su?{lszlgﬁrﬁélgfur%%gre?ggl&qﬁag %é%@f(‘s

sus pendl ngxprgesien, gpnetisdinkiage and gandtis) varibilinpi(Besfongxagplat I@/B(ﬁheeZéi al.,
Preseryatives ze nd even flavoring agents may be pr ovi ded
in théy ‘éflg'lzr% L???Z%Ppcéﬁlp%@@%@) Exanpl es of preservatives include

sodi um benzoate sorbic acid and esters of p-hydroxybenzoic acid.

Ant i oxi dants and suspendl ng agents may be also wused. There may be
di fferent conp&#iglé mm@mPﬁlefqmrpbamr(SSCB)apmmbemedm debeet 25

di fferent By f .exanpl e rmaceutica

conposi t | gﬁﬁ% nc%%yn a%éﬁs‘ é%?)retﬁ\}%%y%a?{%[% exggtu?ag};}ﬂ?'\g&gﬁrpp&uﬁ ICd%qlﬁllsv(é}rgﬁl
using a aemln{wﬂﬂmo@ﬂ\lehy ARadIBOEFHA: JERINGB, sdeQlso @Wh%%@ﬁu&t ragal spray
or aerosol _for_inhalation or ingestable sof ution, or WO

02/ 38607 PeAeEdhtppnsiddaxssht (1992) Genet Anal Tech Appl 9:73-79). Smgle-stranded DNA
15  fragments of sample and control BACH nucleic acids may be denatured and allowed to

renature. The secondary structure of single-stranded nucleic acids varies according to
sequence, the resulting alteration in electrophoretic mobility enables the detection of even
a single base change. The DNA fragments may be labeled or detected with labeled probes.
The sensitivity of the assay may be enhanced by using RNA (rather than DNA), in which

20  the secondary structure is more sensitive to a change in sequence. In a preferred
embodiment, the subject method utilizes heteroduplex analysis to separate double stranded
heteroduplex molecules on the basis of changes in electrophoretic mobility (Keen et al.
(1991) Trends Genet 7:5).

The diagnostic assays offer a process for diagnosing or determining a susceptibility
25  to BACH associated diseases, for example, trigeminal neuralgia, orofacial pain, pain
associated with toothache, irritable bowel syndrome, Barrett’s oesophagus, glaucoma, pain
associated with cancer, diabetic neuropathies, Herpes infections, HIV infections, migraine
and skin sensitivity associated with migraine, allodynia, toothache, neuroma (whether
caused by amputation, nerve transaction or trauma), nerve compression (caused by

-30. tumours, entrapment or crush), pain due to damage of the spinal cord or'brain; dementia, -




parenterally in which the conposition is fornulated by an injectable form
for delivery, by, for exanple, an intravenous, intranuscular or

subcut aneous route. Alternatively, the fornulation my be designed to be
delivered by both routes. Where the agent is to be del i ver et A&l |y

t hrough We0286G7r oi nt estinal nucosa, 5 it should be abl eptg/,gmiBigisst abl e
during transit though the gastrointestinal tract; for exanple, it should be
resistant to proteol ytic degradati on, able at acid pH and resistant to
the detergent effects of bile. Were agéropriate, t he pharnaceuti cal

conposi tions can be adm ni stered by inhalation, in the formof a

supposi t §¥§ieEe. dyskipgsios, tegpor d2arkipsomis.cheaignsssanspl semen cloarea, Bpilepstyani on,

cream Ol n#i i of a skin patch, orally in the
cream Okl 6F oL B ARNBon 8 Blord, TR pRBb Lt
capsul es ep¢ disordeBsctit Hibrosid, bpperative Bladidai ibbiicBoMbtb bl %6h lifHdGemBE 1N the
formof elixirs, solutions or suspensions containing flavouring or

col ouri n@n‘é@@?ﬁtg-, or they can be injected parenterally, for exanple

i ntravenously, intranmuscularly or subcutaneously. For parenteral
adm ni stration, 15 the conpositions nmay be best used in the formof a

sterie aqueoUhe pristiide@T BACHIGPER polgRbadd? 208 hatleRURRIsINSESs ddiQiteEMaP! €
enough salts or nonosaccharides to nmake the solution isot'onic wth bl ood.

For bucc&mple. Euis) infestigns arrhliseases ag listed alivve cambodiagnensd bymeathduls

adm ni st t s.ar lL.ozenges .which.can he fornulated in
a conve%ﬁﬁ néé g %}%ﬁ%@h{%&{},&%g% Y§¢ ﬁ@pg%s%%ﬁ&ﬁpnﬁn@ﬁé{eFW%qron
rel ates imrasetleheithitios BAGH GPAR polypéptide e BRAi1E &P Te SFQ0A EThd sagh i@ mal
whi ch cog{%ri ses .inoculating the mmmmal with the BACH GPCR pol ypeptide, or

a fragneRty CABPEST 2 celljeqiisstie sampls tem e organispouiffesing oo suspectedtd b4 nune

r espppsegiicd et Sahd a0 @, BAGH 15t  seases including 25
trigem ngl rﬁe&ra gl a, oro%gc(?%igdtpéﬁ% Sal ﬁ%gg%g%§§§§%§sf%%9§%#§&@

i rritabl GPERwpressiondinoheljingBepatial dr'tsmpeab¢itagersin 1ete U partern pRésprasiaci at ed
W th can;.z.gr gdaabeaiti C eur opat hi gs, Herpes infections, HV infections,

m gr ai ne I AniFvelqrPatiemqfiexpresyion o BAGH dyeampreanisinguiicHas frem erdyapested to

t oot hachgs syfRl8 Trork YRG! {8fsedi8 i wi 5 WO
02/ 38607 PCT/ GBO1/ 04635 81 (ransacti tsoRIR o Hipalia Sk Tovel B b B
(caused éxpressionung, nosmel argamism asr means bf diagadsis ofiiscak@ damage of t he spi nal
cord or brain; denentia, dyslexia, dyskinesias, trenor, Parkinson's,
beni gn essential trenor, chorea, epilepsy and ballisnmus, for exanple

15 In general therefore, the invention includes a method of detecting the presence of a
nucleic acid comprising a BACH GPCR nucleic acid in a sample, by contacting the
sample with at least one nucleic acid probe which is specific for said nucleic acid and
monitoring said sample for the presence of the nucleic acid. For example, the nucleic acid
probe may specifically bind to the BACH GPCR nucleic acid, or a portion of it, and

20  binding between the two detected; the presence of the complex itself may also be detected.
Furthermore, the invention encompasses a method of detecting the presence of a BACH
GPCR polypeptide by contacting a cell sample with an antibody capable of binding the
polypeptide and monitoring said sample for the presence of the polypeptide. This may
conveniently be achieved by monitoring the presence of a complex formed between the

25  antibody and the polypeptide, or monitoring the binding between the polypeptide and the
antibody. Methods of detecting binding between two entities are known in the art, and

include FRET (fluorescence resonance energy transfer), surface plasmon resonance, etc.

‘Decreased or increased expression can be measured at the RNA level using any of

- the' methods well known in-the art for the quantitation of polynucleotides, such as, for



occurring through stroke, trauma, degeneration or nalignancy; dry-eye

di sorders, cystic 5 fibrosis, hyperactive bl adder, hyperchol esterol aem a,

di sli pdaem as and obesity. Yet another enbodi nent of the inv5£%uﬁﬁwéelates
to a method of inducing inmmunological response in a mamral i npri ses
del i veri ngv@OBX6f GPCR  pol ypeptide via a vector directingPetpcREMi®Es of a
BACH GPCR pol ynucl eotide in vivo in order to induce such an i mmunol ogi cal
response to produce antibody to protect -gaid 10 aninmal from di seases. A
further enbodi nent of the invention relates to an i munol ogi cal /vacci ne

formul ati i b Lh i ntroduced i Li.an host,
| nduces. et ARIRGROSE G R SRR OB A A InE God ORERD epseretion
Dol ypept | deeiiber Sidy tédiniRTBRS Lhi BOLRAMD HESASInA IR TR ROLYRERL de or

BACH GPCR gene. The vaccine 15 fornulation nmay onprrse a suitable
carrier. $iHed GHR BaaHaepERIgOIed fepn b diestrary whid-khowk enthdesvor skill ihestomach,

it is preferably admni.stered parenterally (inc]uding. subcutaneous,

i nt rarmscglu(é ?szl%fnreg\?gﬁ&@?ée Waﬂfql%nﬁﬁqsaﬁt gompshitixedishing assaysniyestarens
sui tabse mt@a@g@@g@@LIgA@sgﬁﬁ;rati on include aqueous and non-agueous
sterile injection solutions which nmay contain anti-oxidants, 20 buffers,

bacteriostats and sol utes which render the fornulation instonic wth the

bl ood of the aﬁcipi ent.; ar%d agueous glrild non-a&geogs sterile suspensions
whi ch may i ncl ud&P e§ﬁl§r}d§}ﬁ?ﬂ g - %&eﬁtt%a 2gnpsticldifon g disgesstas susasatibibifitelaat i ons
may be pr BIETH askobitediseadOBRCIAing M ik fec oS | e,

seal ed anpoul es and vial s quc malfgbe 1g68§§§?flog a l?’ggl & g{l?alﬁ g‘g}ﬁgiggadi tion
requi ri ngowAgalipain, adiai assematod withatosthechie] aritablptiosvet syndreme] Baredi’at el y 25

prior to .+ The vaccine fornul ation.may al sQ i nclude adjuvant systens for

enhanci ng Hfsﬁjgha%uﬁﬂ%ﬁ%cé) St ErASEC! tﬁg “f‘@r‘%ﬁ?eéftq?%hﬁlc Jgiepaidies; Heipss wat er

syst el afidedions HIBYEesHonkNQkRaink And B8n @éﬁsiﬁv?t?%sﬁ%%ﬁﬁ%iew% ioflgRend on the
y determ Re

specific activit¥ of the vaccine and can be readi y routine
exper i mentidyair, topthaghe, Jespma fwhethernaasAdyRnROTGBOI¢ 04 83hsavticrbnes nay be

pr epar ed 0 nal fdes or peptides of the resent

e e T e BB N U L

pol ypept i ofeths ypinal copept bekéx;sJeniatiacdyislekid, ka5 ttetlor, PAkkRONR, tigNe
skilled in the art. -L%BI cally, such 5 vaccines are prepared as 1njectables,
ei t her asSTFYR! HewOr FPEs cRitersy 3pd hallismus, fersixpriplegyaenrring through stroke,

15  trauma, degeneration or malignancy; dry-eye disorders, cystic fibrosis, hyperactive

bladder, hypercholesterolaemia, dislipdaemias and obesity.

The diagnostic kit comprises a BACH GPCR polynucleotide or a fragment thereof:

a complementary nucleotide sequence; a BACH GPCR polypeptide or a fragment thereof,
or an antibody to a BACH GPCR polypeptide.

20 CHROMOSOME ASSAYS

The nucleotide sequences of the present invention are also valuable for
chromosome identification. The sequence is specifically targeted to and can hybridize with
a particular location on an individual human chromosome. As described above, human

BACH GPCR is found to map to Homo sapiens chromosome 12p13.3.

25 The mapping of relevant sequences to chromosomes according to the present
invention is an important first step in correlating those sequences with gene associated

; « disease. Once a sequence has been mapped to a precise chromosomal location, the =« -




suitable for solution in, or suspension in, liquid prior to injection may
al so be prepared. The preparation may also be enmulsified, or the protein
encapsul ated in |iposonmes. The active inmunogenic ingredigﬂézw?@@ of ten
m xed with excipients which are pharmaceutically accept abl %patible
wi th t he Vi@ 03/38607 ngr edi ent. Suitabl e excipients 10 are, fPor/cBoaopss,

wat er, saline, dextrose, glycerol, ethanol, or the |ike and conbi nations
thereof. In addition, if desired, the %Qccine may contain mnor amounts of
auxiliary substances such as wetting or emulsifying agents, pH buffering

agents, apd/or adjuv s which enhance the effectiveness of the vaccine.
Exanpl engYSI‘ﬁLPWéHﬁ %nt&)ﬁ ?Weﬁ’%\eymb@efgf%‘qué@ﬁ%’é Fﬁ@?rﬁhée.db‘ﬁltth EFEUABIP i i t ed
(t e - Dy R B e Bounth B R D s S RSB M

f ef er r ed(dvailale owlind/DRyyghNhos Hypins AierdityaValeh MBicslagbtt-amirhy | - L-

al ani ne-2-(1'-2'-di pal m toyl - sn-gl ycer o- 3- hydr oxyphosphor yl oxy) - et hyl ani ne
(CGP  19tehaienship pelwesn gepesandidiseasss)that have beenmanpedde theovdns chzomegoaial

conpaonent.s;: ! rﬂag]] : j - | el i Di. . trehal ose
di nygjgl a%%mg?r%é @%b?&je\/\néﬁeas e g? g}rlll%[é(3 %Bfl% %ﬁ}{r&%&%? Riﬁ{r\c\éé’ f@i}? éslgaﬂglaéi ‘&r'fween 80
enmul si ongedesl). t her exanpl es of adjuvants and ot her agents include al um num
hydr oxi de, al um num phosphat e, al um num potassi um sulfate (alum,
berylliumsulfate, silica, kaolin, carbon, water-in-oil enulsions,

oil -in-water -4 j i i xin, lipid X
Corynebacteri ﬁﬁn%%gf}e%réﬁs i?ﬂ#lgg? &Slrfg%ﬁ%@é@?‘ﬁ%ﬁﬁ%‘}é’gﬁEﬁ’)“rz%é‘%ecg‘?dﬁoagl pertussis,
pol yr i bomatfeeted intheidusle dawnisalbgidai@trainel dfia mtatidry Babe&ived imsoms drailli of A,
saponin, . liposones,..l evani sol e, DEAE-dextran, blocked copol yners or other
synt het i e &ret mdé‘fld“%%gw D4 L, R mdividuals then the putaidomnis 1jkelyite be
variQus §oULe88ve i%ht%ﬁlm'is%a Jerck WO 02/38607 83 2 9 AUG 2005

PCT/ GBBOX / 04935 Adj uvant 65 (l\/%rck and Conpany, Inc., Rahway, N.J.) or
Freund's Inconpl ete Adjuvant and Conpl ete Adjuvant (D fco Laboratories,
Detroit, Mchigan). Typicall adj uvants such as Anphigen (oil-in-water),
Al hydr ogBROTEYLAG ﬁﬁﬁ%ﬁlif%gé&’&c%Tﬂé’Dﬁi xture of Anphigen and Al hydrogel
are used.. Only alum num 5 hydroxide is approved for human use. The
proportion of inmmunogen and adjuvant can be varied over a broad range so

| ong as bot h Bhie ipreatiempravides inpesbedsvof tmatingirsabrieomabeendpfions relbtedito both

hydroxi dg, a0 and insufficient amounts of BACH GPCR activity.

If the activity of BACH GPCR is in excess, several approaches are available. One
15  approach comprises administering to a subject an inhibitor compound (antagonist) as
hereinabove described along with a pharmaceutically'acceptable carrier in an amount
effective to inhibit activation by blocking binding of ligands to the BACH GPCR, or by

inhibiting a second signal, and thereby alleviating the abnormal condition.

In another approach, soluble forms of BACH GPCR polypeptides still capable of
20  binding the ligand in competition with endogenous BACH GPCR may be administered.
Typical embodiments of such competitors comprise fragments of the BACH GPCR
polypeptide.

In still another approach, expression of the gene encoding endogenous BACH
GPCR can be inhibited using expression blocking techniques. Knox}vn such techniques
25  involve the use of antisense sequences, either internally generated or separately

- administered. See; for example, O’Connor, J Neurochem (1991) 56:560 in




present in an anmount of about 0.5% of the vaccine m xture (A1203 basis).
Conveniently, the vaccines are fornmulated to contain a final concentration
of immunogen in the range of 10 fromO0.2 to 200 g/ m, preferpg)IAM[;EZUgo 50

g/ m, WDSR’E@% /ferably 15 g/m . After fornulation, the vaccine may %e

i ncor por at #%’ a sterile container which is then seal e®PCIEBHIEIId at a
| ow tenperature, for exanple 4C, or it may be freeze-dried. Lyophilisation
permts long-termstorage in a stabiliseggd form The vaccines are
conventional ly adm ni stered parenterally, by injection, for 15 exanple,

ei ther su FETaTTelN | i tér,giga% It Eonal - or, tions which are
sui tabl e ?(ﬁgirébot her ﬁérr%%gcgesg? adm nlgs rgittél/%r?éle%}é‘% Eg%l%ésdé)%égﬁ %Fﬁ%?%ﬁd, in
sone caseRatar Ela. (FAB8)uAlatrhatively, Btipomitppaided whickFornt frislé hélnRaklvifitadess and
carriers may, i ncl ude,  for exanp|e pol yal kyl ene glycols or triglycerides;
‘such supp8%’%lp%?qpé’ eﬁi’!ﬁpeb rESRRRIE: kecFhal Ny ?’és‘ileiﬂo’?ﬂSa(il?ﬂ%@IiQYé;ge@ﬂﬁyeet

i ngredi enty i4); f120. 8Y % ef | Ve 1 264,02 % al 20

formul ati %lh’ssa!%]l%?&f e géﬁ'4gg’r%l?‘/%§et]eaqnb S’g}é‘if @Egﬁp?géh]t?gbazges%8%%%gﬁﬁ%

phar met eubé adhinistaddpeofc omthaidlolant bREINNES carbbdé:iRessERANESH UM St ear at e,
sodi um saccharine, cellul ose, magnesium carbonate, and the |ike. These

conpositions take the formof solutions, suspensions, tablets, pills,

capsul es, sust gj r .at | r powder s and. co i % to 95%
of active i nor oo Sente BERE ALY BY RERe Ol AP e R A CE ki £ on
25 is | yoptd its aeivity} feveta) apjtiohdies dreéccivadhblEEYndeppr6aAtkigrdéed prior to
adm ni strati a suspension. Reconstitution is preferably

on, e.9g. as._, . ;
ef fect ed PHRIKNIIRNE {38 BPjoshatherapeutically aifechvommot pf eRomporeBwhichpsul es,
tabl ets agdiRjek! r | ] N ! . t.L.en . be .provided with
an enteri ?:@gg?tg i?\%égo%g?%%é%'%’géﬂ %8%%%%%%?%‘?%8?%9%% O‘L"gmlﬁﬁéﬁ}{i‘ t "L,
cel | ulseplranatigically etdeptabbecandat @tthereby hiddaite tigyr abmpenaaspaRey! met hyl

cel I ul ose, 11:The {?egl ypeptjdes of the invention may be fornulated into the
vacci ne aSTtHEAtYEY gt therapy may b crwplosied toratieni theandogenavs appdustion e t s

i ncl ude t PRCALGHCAIGY tHedRlesRhlca)d {?%Q@&ka%.t ﬁorfe&glglg%@ﬁbg%%g@dre%fth@e

peptide) and which are formed with 1 norganic ac exanpl e,
hydr ochl oiventin phn bpkogineerad fatsxpessisn oha mptjeation dedédive setedvimbvat@l As,

oxal i c, artaric and. el eic. Salts formed with the free carboxyl groups
may al so (%lgc‘}é gerc% %’é)(y eﬁ‘ %?ﬁe?ﬁoxg?lgeéﬁfeémﬁ’%§‘é%gt‘§lﬁ‘b‘ﬁa‘é§_}enfhﬁrls Hafpneintodaeedm
pot asKl UnintcedPasKapifg defll tfanbdice® fwithed fetrbvit Jrydliavkdes conﬁélﬂir%"iﬁ@AO.r gani c
bases as isopropylam ne, trinethylamne, 2-ethylamno ethariol, histidine
and pr ocafnsading a polypeptide of the present invention such that the packaging cell now produces
infectious viral particles containing the gene of interest. These producer cells may be
administered to a subject for engineering cells in vivo and expression of the polypeptide in
vivo. For overview of gene therapy, see Chapter 20, Gene Therapy and other Molecular
20  Genetic-based Therapeutic Approaches, (and references cited therein) in Human

Molecular Genetics, T Strachan and A P Read, BIOS Scientific Publishers Ltd (1996).

FORMULATION AND ADMINISTRATION

Peptides, such as the soluble form of BACH GPCR polypeptides, and agonists and
antagonist peptides or small molecules, may be formulated in combination with a suitable
25  pharmaceutical carrier. Such formulations comprise a therapeutically effective amount of
the polypeptide or compound, and a pharmaceutically acceptable carrier or excipient. Such
carriers include but are not limited to, saline, buffered saline, dextrose, water, glycerol,
ethanol, and combinations thereof. F ormulation should suit the mode of administration,

+ . and is well within the skill of the art. The invention further relates to pharmaceutical packs




ADM NI STRATI ON Typi cally, a physician will determ ne the actual dosage
which wll be nost suitable for an individual subject and it wll vary
with the age, weight and response of the 15 particul ar pati e?rsbt AUGE;@E dosages
bel ow are exenpl ary of the average case. There can, of courtse] 5

i ndi vi duaWoimass@mnces where hi gher or | ower dosage ranges arer/GBni/tRds The
phar maceuti cal and vaccine conpositions of the present invention may be
adm ni stered by direct injection. The (‘,}yrposi tion may be fornul ated for
parenteral, mucosal, intranuscular, intravenous, subcutaneous, intraocular
or transdermal 20 adm nistration. Typically, each protein may bhe

admi ni st e?@ggfétcoﬁlp%’é’é e of mpus eomiaingts lsd With aup rdagrewéipingregicatseranl v
from0. 1 0 afdeBidthed EREGoBAGLAAR nLi@R O 1 Lo 1 my/kg body weight. The
term "adm ni sterec} I ncludes esllvery y viral or non-viral techniques.
Viral delivery mechanisns include but are not limted to adenoviral
vectors, adeno-associated viral 25 (AAVf) vect os, herpes viral vectors,
retroviral veckdyeeptidenendothen coppovpisof thearesertinwsationmaykeamnniayedNon- vi r al
del i very ' TN PEol! i.ate I f on, L] ones,
i mmunol i p%@gé]rr%gl,l %H@Bg%g%: I ﬁh O]g%t ?%‘ﬁ?@%n%%’a%f’gﬁg{;‘%ﬁ%%%ﬁﬁ? fdergp ?‘%ais) and
conbi nati ons thereof. WO 02/38607 85 2 9 AUG 2005 PCT/ GBA /04935 The

routes for such delivery mechanisns jnclude but are not limted to nucosal,
nasal 7 oral, st deans olfysieris adrainisttipn of theinharmacentieal gpmpegitons out es.
The term;; 1 IS | AJmt. .0_delivery by a
nmucosal rn(%?}tq gé, mj%télﬁﬁ’:&g%pgbyg@?%}g ﬁ%ussalﬁjegtgé%y tg%r 1§-%rc %%rb\doqegr s%cﬁﬁgl ation or
as an i ngebtwheaus,dhithinostula, & ipRaenitaleal, chobé assthalerdalé ¥eins fos by an

injectable form , such as, 'fqﬂ exanple, an intravenous, .intramuscul ar or
subcut ane¥sisMiGininisiRbon iehydedrmnsapcesakand eansdermah administrating usinge and ti e

of admi nk%hé@grjté)ghcg&s%ﬂggalltéj& H190; U IR Sther ggtje%}‘sfﬁpédd‘i&oﬂ]f ;{rﬁgﬁr f esent

invention and an additional entity such as nt are sué
neced$ar yonoaletedtin entetit of kecapsatataé fayaiaions soralcdinguidatidinmay alkd bshi | st t he

pol ypepti de .and,t.he .adj uva may be adm nistered at the sanme ponent in tine
o Bt t oS Bl AR SRR o {h pRPHRARALHS0 P (iR ARy priorpire; mdhe

pol ypept ifden a8 sfvesdbhdisy, @8l ahd FR 1ARd to a different site fromthe adjuvant.
The pol ypeptide and adj uvant may even be delivered in the sane delivery

vehicle - and the polypeptide and the antigen may be coupled and/or
uncoupl ed and/ﬁ{e &%Qgé }a%gcla L‘%uﬁ’géj Bel:pee%dsa gr? %%rchgpcgoo%%leggde, the route of

administration, the nature of the formulation, the nature of the subject’s condition, and the

15 judgment of the attending practitioner. Suitable dosages, however, are in the range of 0.1-
100 pg/kg of subject. Wide variations in the needed dosage, however, are to be expected
in view of the variety of compounds available and the differing efficiencies of various
routes of administration. For example, oral administration would be expected to require
higher dosages than administration by intravenous injection. Variations in these dosage

20 levels can be adjusted using standard empirical routines for optimization, as is well

understood in the art.



15 The pol ypeptide, polynucl eotide, peptide, nucleotide, antibody of the
invention and optionally an adjuvant may be adm ni stered separ ately or
co-adm nistered to the host subject as a single dose or in EE doses
The vacci ne conposition and pharnaceuti cal conpositions of t /%

i nventi on W38 adni ni stered by a nunber of different rourt:erﬂ}l}mmhums

i njection (which includes 20 parenteral, subcutaneous and intramuscul ar

i njection) intranasal, nucosal, oral, |%ra- vagi nal , urethral or ocul ar
adm ni stration. The vacci nes and phar macéuti cal conpositions of the present

i nvention may entionally adm ni red parenterally i nj ection,
for exanple, ?PH’BFF% ‘gﬁ’et&?ng’?n tqgp afsﬁﬁ%eﬁ?ﬂ%ré@ﬁﬁﬂqi%en@éﬁh’ {1 thagubject,
formul ati gpgeMhketmadgitRYb ) AL

i ncl ude supp85| tories and Eﬁk@%ﬁd%aseﬁgnor aﬁ%?lozrisrr% I‘['%jonsbo%‘i;: 1S, 10T
“supposi totxaapletqeﬁdﬁbnomakbjmtmmb@rbe anptheessd Wit 5 poByudlestidedauchizon XA €,

pol yal kyl cols or tri cherldes such: supp05|tor|es may be formed
from ni xt %E\g‘é g 8% oderdi RP&YR%E e PV aubivr eggnplegbynbeusn ot ROy EEplADd35

acti ves | NGEQe. ThE oblls kb AREIREAheg¥hd Qutdpe maYbe 1 96to 2% Oral

formul ati ons include such nornal y enpl oy exci pients as, for exanple,
phar maceuti cal grades of mannitol, |actose, starch, magnesi um stearate,
sodi um saccharine, cellul ose, magnesium carbonate, and the |ike. These
conposi ti HéRFIé&JEU?%“f‘gi)WQF‘Té%%tl ons, suspensions, 5 tablets, pills,
capsul es, sustained release formulations or powders and contain 10%to 95%
of active ingredient, preferably 25%to 70% Where the vaccine conposition
is |yophilisedhe pfeeeﬂtymvﬂmnbna}sd pravided @pharmyicdiicaleoaipobition cBhpHEingr t o
adm ni stra as a si,on. Reconstitution |sggr ef erably

i on
of fect od PIMBARYES %wr@ow of fherpoliaepdpnolinkelsetideout Mouse
Construct 1d@fve3fb@'dr§ﬁﬂ€od fgﬁé-ﬂsg \4 %{‘ﬁ?l e es are
i sol at ed jf;)érijgm a nouse | ar g-eglafly nse?t eF‘nAC eﬁl?g/rg{l/d&gtg al %ﬁ ror‘#ﬁg\?gg)

( Hi nxtbn, aqgrptablsicagiarndilusnhemexsipdents Gacudpgfcombinatibitheseguence (SEQ I D NO
1) as a probe using standard techniques. 15 A genom c sequence of nouse
BACH GPCR is shown in SEQ ID NO 10. The isolated nurine BACH genomn c
clones are themhd a@édti?;ﬁl EORRRRSidnd hdieve FoE Bk of PERE g
smal | ol i gonucl eoti de probes and s% andaérygoet gcﬁ%@quesa&&ﬁl %gyl ari"éd({'
veterinary medicine and will typically comprise any one or more of a pharmaceutically

acceptable diluent, carrier, or excipient. Acceptable carriers or diluents for therapeutic use
are well known in the pharmaceutical art, and are described, for example, in Remington’s
15 Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit. 1985). The choice of
pharmaceutical carrier, excipient or diluent can be selected with regard to the intended
route of administration and standard pharmaceutical practice. The pharmaceutical
compositions may comprise as - or in addition to - the carrier, excipient or diluent any

suitable binder(s), lubricant(s), suspending agent(s), coating agent(s), solubilising agent(s).

20 Preservatives, stabilizers, dyes and even flavoring agents may be provided in the
pharmaceutical composition. Examples of preservatives include sodium benzoate, sorbic
acid and esters of p-hydroxybenzoic acid. Antioxidants and suspending agents may be also

used.

There may be different composition/formulation requirements dependent on the
25  different delivery systems. By way of example, the pharmaceutical composition of the
present invention may be formulated to be delivered using a a mini-pump or by a mucosal

-~ route, for example, as a nasal spray or aerosol for inhalation or ingestable solution, or



nmurine genomc locus is partially sequenced to enable the design of

honol ogous arns to clone into the targeting vector'. The nurine BACH gene
is a single exon gene. A 1.15 kb 20 5 honol ogous arm and aﬁ 2&8@@?' mat el y
4 kb 3" honol ogous armare anplified by PCR and the fragne % |2 cl oned
into the wargssdong vector. Each of the priners used to anppdf/gBoi/h@sarns is
synthesized to contain the recognition site for a rare-cutting restriction
enzynme, positioned at the 5 end of e ol i gonucl eoti de. The
incorporation of restriction sites into~  the arns during PCR anplification
facilitates cloning of the resultant fragnents into the 25 standard .

t ar get i ngPayaieraly imwhichdhe eqmpnsitiasris dpmulatad by pn jnjedwhlafors, dondaliyews si t es

for each y ?&yer@?lgkﬁ? 8£ E&grealqlgl\?\?%s,?.{%ggggwl&h Bt sﬁé%/ﬁr{se%uﬂogﬁeq ?ﬂegr&?&gsf E)Hv%is St ed

in the sequenceé ning e used areas

S' ar nF Xhtmulatied fRy Spelesignél wfbeAtiverdd By Adth . WO 02/ 38607
PCT/ (BO1/ 0-4935 87 and 3" arnR Fsel. The fragnents are cloned in to the

vect or known as pTK3I BLMNL depicted in Figure 3. In addition to the arm

primer pairs (g arnk/5 . ar apnd 3' carnF/ 3 ar ripers .specific to
Phe BAcH | ocus™arE i ageus BLP G ea Bhordhy Bialiah ustiasBRplesuBR e,
probe 55 pit sKeRIld BR4BIS td Fenidifrtableldnrial tradsiPihbhsh MefhstAnRBRdl iMc@ fehort
200- 300bp fragnent of non- repetitive genoniC external to and extending

beyond eatamaierit sheuld hegesiSenitth groteolstia Hygradation, stalde pbacgépHandaesistant tn

i sol at ed IV rgetad, cl ones; a nouse genotyping priner pair (+/-F
and +/-R)tB€vhlgtt8We§§ %f%%cvs% cgltiatfﬂfeérenti ation between wild-type, heterozygote and
honbzygouse mice; and lastly, a target screening prinmer (5 scr) which
anneal s 10 upstream of the beginning of the 5 armregion, and which
produces a t ar Yaereaapprprisis dhef pharmacepkipal sepipopitionsrarbepsiminigteongd by a pri mer

specific : he o f V. r Thj . | ¢ ner -.only be
derived f%@%%%ﬁ%f glt%gg ﬁ%&f%?%) Oggﬁ&&sorﬁggga}ey ’ tt?gie&aglgslﬁﬁgeof Ogglr?g%qgng% teration
has do@cursobdicancteam| oivemédter ddgfig govadet,itgruselof a gkingratdhy ofally ge tiedfoeldfs from

the background of .clones, containing randomy integrated copies of the
vect or . nt%eﬁ centagying-eXGipgpts 8331 aystireh pplaetpssy or di papspiss on Ve Fitheralong o

arm R "B3GH admi 36 ith BR3FB3, ordh M ¥orm of elixirs, solutions or suspensions

containing flavouring or colouring agents, or they can be injected parenterally, for
example intravenously, intramuscularly or subcutaneously. For parenteral administration,
15  the compositions may be best used in the form of a sterile aqueous solution which may
contain other substances, for example enough salts or monosaccharides to make the
solution isotonic with blood. For buccal or sublingual administration the compositions
may be administered in the form of tablets or lozenges which can be formulated in a

conventional manner.
20  VACCINES

Another embodiment of the invention relates to a method for inducing an
immunological response in a mammal which comprises inoculating the mammal with the
BACH GPCR polypeptide, or a fragment thereof, adequate to produce antibody and/or T
cell immune response to protect said animal from BACH associated diseases including

25  trigeminal neuralgié, orofacial pain, pain associated with toothache, irritable bowel
syndrome, Barrett’s oesophagus, glaucoma, pain associated with cancer, diabetic
neuropathies, Herpes infections, HIV infections, migraine and skin sensitivity associated

.- with migraine, allodynia, toothache, neuroma (whether caused by amputation, nerve = .




mBach 3' pr F nmBach 3 pr R nBach +/-F nBach +/-R 15
GAGCTGAGGATGTAATCCTAGCACTTG CCTTCCTTACTAAACTGIGGGGCACTC
.GGGTCACCACAACTGTATGAAAGAGTC  AAACTCGAGAGGAAAGCTGAGAATCACT 1['\656\%05
AAAA%TAGT CAGGGCACTGGAGCACAGAG

TTT GGTGGECTGGEGTACTTGGAC PCT/GB01/04935
AAAGGCCGGCCACCACCTTCTGCTTTCTCTTACCTTC  AGGTTCGCAGACATGCTTGTAGGATAG
GGGCCACTTTGTGAAAATGGCAGACTC  GCTCACCGAAGTACCCTCAGAAAGCAC
CCCTTCTGCACACTAGAGCTGGAGITG Tabl e 1. BACH Primer Sequences The position of
t he honol : ' S .] I.Srupt e BACH qge by.

del eting ?I%gsaggé%%f tt§ar an ’nlg%ér g?{{é&s% %%%‘g&%ldée\ré&gi‘%‘R?B“A&%Q%P&é%t %&Vg@t Bt s
prepar ed dhetoeddnige of et spthaBAGH @ ¢aaN@andnsial BRlerRE dyMitddidd0ReMeA Ol ogous
sequences onposed of an epdogenous gene expression reporter (a frane

i ndependeR?ﬁ‘F‘E?QP(§an%352@“}3&Ezwoaﬁpf@amlbpsymaﬂmlﬁnfcu‘%g@ptee conposed

of pronot ' phot r.a erase (neo). gene in the.sape orientation
as the BA%%JSIZW% S%Ugaé’zudb % %ﬁf@@%&"‘ﬁiﬁ’%@é&%ﬁé?%d%&ém nati on
of the5 vetibosisi hyperichiee bladdes hgssrendeddrolabRis @fs{_jﬁ@éenii%é{ﬁ gelgyates an
allele for BACHwth the structure depicted in Figure 4. For conparison,

the structure of a wld-type allele for BACHis showin in Figure 5. The

sequence of th ' ] nt.i sed.in this strate to prepare the
transgenic BAdzeﬁ%clie?ggf%%%‘et Olggledgg‘?ng'to@&ela%s fona Qeg'ﬁ’gé’rfé‘?‘i“"é%t i on bel ow.
Regi ons cionmesgogidalngsponsd iea Ml wiadecaiRtaddferiby aBOHdGPERNOt ed t hat
the entire 7tmregion has heen renoved in the knockou allele (Figure 4).

The si't esPPISPERINE Vi YorioEHIsRI NG PEPTRSsi RfecP ACH: GP SRamwkynvsldotidasevivo on
confirmt gll‘cﬁe?f&riﬁ@lfcte s glgﬁﬁltnhﬂ&og{caf J%gpc;[n@é g)e}%rlo@&eca%ﬂggéyu&)t pr%?elcp g pout hern

anal ysi s
10  animal from diseases.

A further embodiment of the invention relates to an immunolo gical/vaccine
formulation (composition) which, when introduced into a mammalian host, induces an
immunological response in that mammal to a BACH GPCR polypeptide wherein the
composition comprises a BACH GPCR polypeptide or BACH GPCR gene. The vaccine

15  formulation may further comprise a suitable carrier.

Since the BACH GPCR polypeptide may be broken down in the stomach, it is
preferably administered parenterally (including subcutaneous, intramuscular, intravenous,
intradermal etc. injection). Formulations suitable for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,

20  buffers, bacteriostats and solutes which render the formulation instonic with the blood of
the recipient; and aqueous' and non-aqueous sterile suspensions which may include
suspending agents or thickening agents. The formulations may be presented in unit-dose or
multi-dose containers, for example, sealed ampoules and vials and may be stored in a
freeze-dried condition requiring only the addition of the sterile liquid carrier immediately

25 prior to use. The vaccine formulation may also include adjuvant systems for enhancing the
immunogenicity of the formulation, such as oil-in water systems and other systems known
in the art. The dosage will depend on the specific activity of the vaccine and can be readily

determined by routine experimentation.




putative clones. 10 Once the 5 and 3' honology arns are cloned into the
targeting vector, a large highly pure DNA preparation is nmade using
standard nol ecul ar bi ol ogy techniques. 20 ..g of the freshly epar ed
endotoxin free DNA is restricted with another rare-cutting ngemﬁrz%@ti on
enzyne, PW& 0238¢0¢sent at a unique site in the vector backbeog/dpeimess the
anplicillin resistance gene and the bacterial origin of replication. The

| ineari zed DNA is 15 then precipitated and resuspended in 100 p.| of
Phosphate Buffered Saline, ready for e€l“ectroporation. Transfection and
Anal ysis of Enmjyryonal Stem Cells Enbryonal stemcells (Evans and Kauf man,
19811) are cul %ﬁCH@S@FPYab%@GHVéaﬁVOW%%W?P@WPQWIOTWW%%% f eeder
| ayer growa.d.piulfecco’ s Mdified Eagl es medi um 20 suppl enmented with 20%
Fetal Calt Serum Yo new- born calf serum 2 nmM glutam ne, non-essenti al
am no acids, 100 M 2-nercapt oet hanol and 500 u/m | eukem a inhibitory
factor. Medium,is changed daily and ES cells are sub-cultured every three
days. 5x106 ES heduepaalionof YassErsphich oantein aroingmunogenitepalypeptide(seemi d by

o oot 1 opabBHER dofiife ERRAALMENSE kAN (e Bpictin i uf DT 181 poai om
cont aisni neceifles 42g bréparsioas/iajedtablek Qibsr AMNRuR §H8EbrAsYrRudRn¥Bhe; sBli@k®Rfms

replicated, and exgg,nde,d bef ore _bei_na. screened by PCR (using primers 5'scr
and DR1, HéableerspBuipn igperappansiondediquidprédrdn éajestiopniniy: hlsh deptepgrsds

PCT] CBOL/ DSaLE B iaenass ek AE e b PR CAR AR Bneera e i om

200 pi ckeattivt mnasndpenir pgtelianteare bfteminifddedith Frapenelvaiies aar e expanded to
allow replicas to be froze angl suffjcient high quality DNA to be prepared

for Sout HURHPIEBEC rﬂCP?RFa@F&H gempatible with &g aedivevegredign Nyitabheexcinierts nal

5 a 3' P d L Y I i r.d.procedures
(Russ? 5 B R Rl e SR oh B e Bl i e HLQOBE Tl o
and nal e theéreef. are mat ed and bl astocysts are isolated at 3.5 days of

gestation. 10-12 cells froma chosen clone are injected per blastocyst and
7-8 Dblastocysts are inplanted in the uterus of a pseudopregnant Fl fenale.

LT RUARAR R Dl R S S 10,55 10
femal e arfdbNmEkessurhiaEovetting or emulsifinglagerss, pH buffering agents, and/or adjuvants
which enhance the effectiveness of the vaccine. Examples of adjuvants which may be
15  effective include but are not limited to: aluminum hydrdxide, N-acetyl-muramyl-L-
threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine
(CGP 11637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-
alanine-2-(1°-2’-dipalmitoyl-sn-glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP
19835A, referred to as MTP-PE), and RIBI, which contains three components extracted
20  from bacteria, monophosphoryl lipid A, trehalose dimycolate and cell wall skeleton

(MPLATDM+CWS) in a 2% squalene/Tween 80 emulsion.

Further examples of adjuvants and other agents include aluminum hydroxide,
aluminum phosphate, aluminum potassium sulfate (alum), beryllium sulfate, silica, kaolin,
carbon, water-in-oil emulsions, oil-in-water emulsions, muramyl dipeptide, bacterial

25  endotoxin, lipid X, Corynebacterium parvum (Propionobacterium acnes), Bordetella
pertussis, polyribonucleotides, sodium alginate, lanolin, lysolecithin, vitamin A, saponin,
liposomes, levamisole, DEAE-dextran, blocked copolymers or other synthetic adjuvants.

Such adjuvants are available commercially from various sources, for example, Merck




transmission is determ ned by the agouti coat col our and by PCR genotypi ng
respectively. Genotyping is carried out by PCR on lysed tail clips, using
the primers +/-F and +/- Rwith a third, neo specific priner_(nheo240F 15
GTCGTGACCCATGGCGATGCCTGCTTG) . This mul ti pl ex PCR al | ows arrpwaUgaZﬂ%on from
the wild-tYBE2P¥Us (if present) frompriners +/-F and +/ - RQIGBALY4a3243 bp
band. The site for +/-F is deleted in the knockout mce, so this
anplification will fail. However, the ngo240F prinmer will anplify a 404 bp
band fromthe targeted |ocus, in conbination wth the +/-R primer which

anneal s to i just inside the 3'_ arm WJld- e | es. 20, wi | |

oxni bi 1 o AT 63 Il and ComRerbe o RATE A o PSP S P Bt st
243 bp  andd€ddite A EDIRUTDANG SIS TR MibhibadNiow only the target
specific 404 bp band. "LacZ Staining The X gal staining of dissected tissues

is performed in the followi ng manner. Representative tissue slices are nmade
of large organ Wiol e smal | organs, and 25 tubes are, sliced en, so
fixative and SUAPIF 1R fisllds Ardugdtolie- e calyRmesLGHginR . pes
(phosphat eyybtdxide) a8 Salitie)of WnpiEBRY 8adA8Sdr el ) idhSues are

pl aced in yfi xact%?.ve (PBS cc())nt ai l?\i %gyZ% for rrétclggge%%‘g?@?lg%%g%rrﬁal dehyde,

0. 02% AP4dydmeide ingrprRyedtdihumadesgychol ate 0.23mM) for 30-45 ninutes.

Following three 5 mnute 2 9 AUG 2005 WD 02/ 38607 PCT/ GBOLl/ 04935 90 washes
in PBS, tissues are placed in Xgal staining solution (4mM K Ferrocyani de,

AmVKFer ri cyani dge p%@@d%éﬁimémégn%naﬁhjdﬂ?ﬁ%ﬁz ef@ﬁe&gvg}%ﬁﬁ‘?ﬁ?ﬁ‘ grg%dehyde

Ti ssues are PBS washed 3 tines, postfixed 4 hours In
PBS was hedonggsibeth ausfroessnsinaffagtive amposts e dramainples alimimate hiytlfoxidégah bst ai ned

tissues, r.ated tis a X.gnbedded, .and 7 section sectjons

cut, coung g%&alflﬁgém\,a“{lﬁgﬁ%uﬁﬁﬁé@@?# iVAC(HBE K erﬁ)Asz l?‘?é\?#'é?ﬂ“é{f*mﬁﬂb”

Neur ol ogi cled vateimks ag Mfielatdeo Bonapta ARSR0neentrdRoh bitSudcden GRHE rhh B

schedul e &rlights-on at 6 am wth free access to food and water. ce
0

(n=12)0 ofirom Q2do 26Q ¢xg/mh geaferdblyod 1 Hbpg/nd, wbst praferabhel Supmit t ed to
behavi oural testing during the norning, between 10h and 13h to avoid any
differential circadian effect on the test results. Exanple 2. Expression of

Reconbi nant  BAGHdPr il 58 HRWIcOARImBAGE tnkrpBrd AP s@AR dditfaifer SichTive
systens are used for expression.
then sealed and stored at a low temperature, for example 4°C, or it may be freeze-dried.

Lyophilisation permits long-term storage in a stabilised form.

The vaccines are conventionally administered parenterally, by injection, for
15 example, either subcutaneously or intramuscularly. Additional formulations which are
suitable for other modes of administration include suppositories and, in some cases, oral
formulations. For suppositories, traditional binders and carriers may include, for example,
polyalkylene glycols or triglycerides; such suppositories may be formed from mixtures
containing the active ingredient in the range of 0.5% to 10%, preferably 1% to 2%. Oral
-20  formulations include such hormally employed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stearafe, sodium saccharine, cellulose,
magnesium carbonate, and the like. These compositions take the form of solutions,
suspensions, tablets, pills, capsules, sustained release formulations or powders and contain
10% to 95% of active ingredient, preferably 25% to 70%. Where the vaccine composition
25  islyophilised, the lyophilised material may be reconstituted prior to administration, e.g. as

a suspension. Reconstitution is preferably effected in buffer



15 pTOPO- Echo Donor Based Construct A polynucl eotide having the sequence
shown in SEQID NO 6 is obtained from the nouse BACH nucleic acid
sequence (SEQ ID NO 5). The SEQID NO 6 polynucleotide is cloned into a
pTOPO- Echo Donor vector nodule (lInvitrogen pUniV5/ H s Cat# BETAEGLAID) .

Tr ansf ect manoamBsd7he resul ting construct into a host strai npaf@pd@okdiducti on
of expression (according to the manufacturer's instructions) yields a
fusion protein having the sequence of SEQ ID NO 7. The fusion pol ypeptide
SEQID NO 7 contains a Ctermnal V5 t% (residues 379 to 392) and His
tag (residues 393 to 398) to aid detection and purification. 2 9 AUG 2005
WO 02/ 38607 PCTapB04Y, atda5 andpills poroiiaAl a8imihistrija tdi sspaBiaatmarbe ptavide] with

pol ynucl eoti de .having the sequence sh in SEQ | . 8.Js lified by
BOR i g 2 FIECHF PO AOBETSHRE G D oA R A ARG R A EACETCC
and 5 TT %A@m,@ %%‘% ' orate new restriction
sites, Bgﬁﬁﬂlﬁ%gr%g Ego | at tﬁg@%—pr ne” an lé}}-?g%llrpﬂggegnds of BACH. This is
then digested and ligated into simlarly digested pcDNA 3. 1A Myc/Hi s
(I'nvitrogen Cat# V800-20) t i.ncorporate a novel Kozak consensus sequence
(residues 1 tolrge BPIYSE??%% O%@e igyengiongpay by formgplatadgntoihe gaecineasdieytraffor
expr essi o,y i i : j hi gh
oVl oxprasRrs FRngB RN S poecrtad RN Lt D EOPRAHGL 18 AAREES VR 0

t he cont r ke ahirtolgroupyofihe peptite) bnd whizhdrafdrned evith ipotgaprpiciddeuuh bd) 1

term nal c tag (,single underl.ing) d H's tag (double underline) to aid
det ect i ong%ﬁ?f’lfrg}y%f?@gwcb?{p ARNOFIE 26198 0Tt sugh preeakef! SEFlAS ?F@Flff’pfﬁﬁilﬁde has
a_Sequencirta§H aNdmaleiSialts Rokdd With the acf'e@tcﬁ 5&9{-: %rf&ﬂg?%x}a/&ﬁ&%%}[e‘d@ﬁyé&‘ﬁ mCel | s

20 The expression vector is introduced to the I pofection (using
Fugene- 6 npbrgamicRusbesucBas# ot 8xdmpld,38)iunBqiokassinan simmmdniamgca¢iatl er ferric

transfectjon aof, these cells is achieved. |n transien expression the cells
are ti(gnsb%dg?’élgesoﬁn P %@FP‘S??%%@WOQWP&L@@H&&BW % ﬁ‘m\?’écﬁ'ﬁﬁw 180

resul ts i ghandi/tastidihe YL pfRaineexpressi on of the the protein. In a stable
transfection, the vector, which includes a selectable marker for neonycin
resi stance becones stably

ADMINISTRATION

Typically, a physician will determine the actual dosage which will be most suitable
for an individual subject and it will vary with the age, weight and response of the
15 particular patient. The dosages below are exemplary of the average case. There can, of

course, be individual instances where higher or lower dosage ranges are merited.

The pharmaceutical and vaccine compositions of the present invention may be
administered by direct injection. The composition may be formulated for parenteral,
mucosal, intramuscular, intravenous, subcutaneous, intraocular or transdermal

20  administration. Typically; each protein may be administered at a dose of from 0.01 to 30
mg/kg body weight, preferably from 0.1 to 10 mg/kg, more preferably from 0.1 to 1 mg/kg
body weight.

The term “administered” includes delivery by viral or non-viral techniques. Viral
delivery mechanisms include but are not limited to adenoviral vectors, adeno-associated viral
25 (AAYV) vectos, herpes viral vectors, retroviral vectors, lentiviral vectors, and baculoviral
vectors. Non-viral delivery mechanisms include lipid mediated transfection, liposomes,

- immunoliposomes, lipofectin; ¢ationic. facial amphiphiles (CFAs) and combinations thereof.




integrated into the genonme of the host cell resulting in a long lived cell
line wwth a high expression |evel of BACH Cells expressing reconbi nant
BACH are used for assay devel opnent, antibody 25 producti o& ﬂ@g 851 her
purposes as described. 2 9 AUG 2005 WD 02/ 38607 PCT/ GB01/ 049357gnl

Expr essi oWQ p2/86#er Host Cel |l s The reconbi nant/fusi on cl oneP3EBIDIND 6 i s
reconbi ned into a pBAD- Thio-E fector (Invitrogen Cat# ET 100-01) for high
| evel bacterial expression under control 5of the araBAD pronoter, using a
Cre/ Lox nedi ated reconbi nati on system § The reconbi nant/fusion cl one SEQ

ID NO 6 is reconpined jnto a | ueBag 4. | nvi trQqgen Cat# ET31Q-01),
using a CréfrgEe H?%géJ&ﬂY%féf ﬁ’é‘tsméﬁmjvget mf‘?ﬂiﬁmg é%&?]%?ﬁ%ali nasa(],
reconbi natyi j o kil i Reconbi nation into
MaxBac (Itﬁbﬁ{?dég{et%ag%%%ﬂ%%%%ﬁ%gﬁﬁ %lﬁégéel?g%g%r ession in SF9 and ot her
insect cell lines. 10 The reconbinant/fusion clone SEQID NO 6 is

recombined intg pcDNA 3. 1-E (] nvitrogen Cat# ET400-01), using a Cre/Lox
medi at ed r econBingdebradsyaistesed rigeludegbut iy eetdimitsdde delives by raygosproute,

(Chi nese t | C: ly . under the
control oﬁ%%k %Fv’oé%rg)c{)%rsoatqgéljﬁgg&ngf@ @E{%%?ﬂ%ﬂ%%na nlﬁ%%%)lléegﬁﬁ%o nocl onal
and po$ yclparatera rbith aeices dsltvieshisrtgadt injdctable3B&h, fichheifor atenplraaduced.

Anti - Pepti de Antibodi es The peptide CRYRDLEVRL, corresponding to am no

aci ds 165intrayepgus; Fdramyseulan Qiybsutangos 5atspept i de, i s synt hesi sed. The
synthethic peptide is injected into sheep to 20 rai se pol ycl onal
anti-peptide antibodi es. The anti bodies are purified by standard net hods,

and are found Thelérftl“dosaddfiGHtqredit micsind thatWhs biey sndaimé sf adidinEtlabén af&rsS .
Injection into rabpits resul t_a ia rabbit anti-peptide antibodies, which are
found to obigxpmrisathy nolyeptide phthogsessphinyension and anpdditianalentipesuch ay  AUG

2005 VIO 0243980 ard Sth @R thOAQRSsary thodWiBbf oFle!infh GRAY &AL ScSy A h@ENS

10  whilst the polypeptide and the adjuvant may be administered at the same moment in time
and at the same site, there may be advantages in administering the polypeptide at a
different time and to a different site from the adjuvant. The polypeptide and adjuvant may
even be delivered in the same delivery vehicle - and the polypeptide and the antigen may

be coupled and/or uncoupled and/or genetically coupled and/or uncoupled.

15 The polypeptide, polynucleotide, peptide, nucleotide, antibody of the invention and
optionally an adjuvant may be administered separately or co-administered to the host

subject as a single dose or in multiple doses.

The vaccine composition and pharmaceutical compositions of the present invention
may be administered by a number of different routes such as injection (which includes
20  parenteral, subcutaneous and intramuscular injection) intranasal, mucosal, oral, intra-

vaginal, urethral or ocular administration.

The vaccines and pharmaceutical compositions of the present invention may be
conventionally administered parenterally, by injection, for example, either subcutaneously
or intramuscula—rly. Additional formulations which are suitable for other modes of

25  administration include suppositories and, in some cases, oral formulations. For
. suppositories, traditional binders and carriers may include, for example, polyalkylene

. glycols ortriglycerides; such suppositories may be formed from mixtures containing the ..



Conpl ete cells expressing a BACH fusion protein, as described above, are
used as a source of BACH epitopes in the inmunisation. Injection of such
cells into sheep results in antibodies which are found to bind to BACH
protein in Western blots and ELI SA 5 assays. Conplete cel | s24rd6d(8o

i nj ect ed WOt0a/38m0ce and rabbits for production of anti-BACRCEGBIbo™ies from
t hese organi sns. Conplete cells which express the BACH protein in its
native formare also used as antigens %or i njection of sheep, mce and
rabbits for the production of polyclonall antibodies. 10 Partially Purified

Antigens Crude fractions of cells expressing BACH a native or fusion
prot ei n #CHVeEgEdientELbE saeers Qcﬁ%’éqlgéér@ai’gﬁﬁef’W@’%T@’[&tﬁg{“@g@qnﬁrot ein and

e . | BRI ot
A b e R s e R R PR S S

assays. Shaditl, llactosengtach,imagretium stearatedsodadi sdcsharbisy béliuloge, anbhesiim BACH
anti bodi es which react. to BACH protein. Purified Antigens The BACH protein
i s produc@Ebanate; angl the kel hess pRmBposizons takedthe formofisEitions.FHsREISWBScr i bed

above 5 Bﬁ@g"‘%{}?.hg !CQ gtu?espwsitafiﬁe?%eféﬁgé@nﬁmaiﬁg% (?/r éﬁ%@%@%&%&@( 1 O%St.b 3G/t he

appr opri i'cat1 oh procedure.” For ex arose’ resins are

used to ffatfive idGretilet, pogfgablyf 2686 en7@e0WicRsthe Whcogcesgmssitiontibe f usi on
protein is cleaved usi nq, specifi¢c proteases to yield the native protein.
HiS

Bot h t he Yerjulésgdphe yyoppilisae mefraial My Rerpeqnstitutaddsivs i aipiRii@iions @S#§éd t o
rai se anty Les : i l ; i ng sheep, rabbits, mce
and goat S@E}%ﬁg@g %%to?%g[g?%lgfs rr e $a§§ﬁ~‘%‘fefcgedr1g§gﬁg{.o BACH protein. WO 02/ 38607
94 2 9 AUG 2005 PCT/ GBOLl/ 04935 Exanpl e 4. Expression of BACH in the Dorsal
Root Ganglion and the Trigem nal Ganglion BACH expression is detected in

t he dorsi—-&%ﬂt—ESgangl ion and the trigemnal ganglion, as shown in Figures
6 and 7. 5 The trigemnal nerve is the sensory supply to the face, the
greater part of the scalp, the teeth, the oral and nasal cavities, the
dur alfmat tRxanspsld 1t TeamsgewioBA CH Kodkk+-@as Meusel t gi ves the notor supply to
the masticatory muscles, and contains proprioceptive fibers fromthe

masticatory ang,REQRaR o BACH L F0F:RE 1308, f asci al nuscles. The

Murine BACH genomic clones are isolated from a mouse large insert PAC library
obtained from HGMP (Hinxton, UK) using the human open reading frame cDNA
sequence (SEQ ID NO: 1) as a probe using standard techniques.

15 A genomic sequence of mouse BACH GPCR is shown in SEQ ID NO: 10.

The isolated murine BACH genomic clones are then restriction mapped in the
region of the BACH gene using small oligonucleotide probes and standard techniques. The
murine genomic locus is partially sequenced to enable the design of homologous arms to
clone into the targeting vector'. The murine BACH gene is a single exon gene. A 1.15kb

20 5’ homologous arm and an approximately 4 kb 3’ homologous arm are amplified by PCR
and the fragments are cloned into the targeting vector. Each of the primers used to amplify
the arms is synthesized to contain the recognition site for a rare-cutting restriction enzyme,
positioned at the 5 end of each oligonucleotide. The incorporation of restriction sites into
the arms during PCR amplification facilitates cloning of the resultant fragments into the

25  standard targeting vector, as the vector contains mutually compatible unique sites for each
enzyme. In the case of BACH,; the primers are designed as listed in the sequence table

-~ below: The cloning enzymes used are as follows: 5°armF Xhol, 5’armR Spel, 3’armF Ascl



ophtal mi ¢ nerve, where nobst of the staining was observed, is wholly

sensory. It supplies 10 the eyeball, lacrimal gland and conjunctiva, part
of the nasal nucosa and the skin of the nose, eyelids, forgﬂg?@Szﬁ part
of the scalp. Fibres joining the trigemnal fromthe facial er ent

and arise ¥ r‘)@{é’f@ fromfacial nusculature, a mnority bei n(IVeRITI0&2IPL | Ve,
the mpjority pain. Lac Z expression is observed on the dorsal surface of
the ganglion itself (therefore 15 not @n the notor division of the

gangl i on), vvi th an extension towards the opthal mc and mandi bul ar/ maxillary

di vi si d h hal di
o 1 ary oy RRt Teh e R et ATt PG ioothd RasPpBEE on,

conj ucti vaizplh&ﬁd@Fig@ﬁe gland, all are <consistent with the trigem nal
ganglion's enervation processes. They also favour a role for 20 BACH in
‘pain/sensitivity of the face. Therefore, BACH nutants have nodified

itivit f f R I , X ]
Exan nat | on of T RARUGR FEe PR Hhnt oR thardhis G Rk iy e Oﬁmlaneés the
nmut ant  msp&ifidevihé BACHBASIs lafe @sd @és@fedff&r th@ RIIRRihE hultpbﬁ%t forobe

trigem nal neuralgla as well as sone type m gr al aC|a pain is a
conseqRen®EmSt pairy GéprFAupriand é’lpgﬁ“/é prRh twwmpziffy 25hpa260330fep fraginantrefdiont es
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sur gi cal anﬁys%ﬁta@% M€Y 08 88 Go1ed plaBRld BARXER cldes; b hRAY é[lgéﬁot}l' ing! Sed

None of these sur treat ment s hasgtproved sati sfactory.

drug has BEBIT a@:/g*r/ (ﬁ)’é@ﬁ yeR) witichrpilo/ssiiff@rmpiatios ibetwesh VBkEHpenhettd:rezygote

Vesti bul o & t 0 _observed in,cra nerve nunber 8
(vesti bul g@%gﬁig@g)o %argnclgt %l‘cg a@%’h@?@ﬁf“ﬁ“’&fﬁ%ﬁ“@ BRI qﬁ%@?@@ ptors are
i Peron T Saanee e ioAr SRR I P Rl ST

af f erent flzgﬁ
Lesi ons t &-2€RAED E’rei}é"hﬁﬂ?ag%%t iaRsEnerspecifipio the St and of byeetoe (DR BV hisl

lost ns | anpfficltacodlut BEdd fbGbhA DA e LRl the B TaRRR, ©
behavi our al(cermmcm hemdccmeedamm the sdentifitatemod@oaeddy @fetddodel I Glofagheon of

sliding down an |n ned plane), and this was nuch worse when the mce
where sub £lpmey, penfainitg raporplydptegisicsisapioy of recwaes. t he chequer ed
pattern agg&qgt@ped t headrablddetAdhi Rk agpl e 6. Expression of BACH in the
Cer ebel | Utach 5 prR CCTTCCTTACTARACTGTGGGGCACTC

mBach 5' scr GGGTCACCACAACTGTATGAAAGAGTC

mBach 5'arm F AAACTCGAGAGGAAAGCTGAGAATCACTGCCTTGAG

mBach 5 arm R AAAACTAGTCGATAGTCAGGGCACTGGAGCACAGAG

mBach 3 armF TTTGGCGCGCCTGAGGGAGGTGGGCTGGGTACTTGGAC

mBach 3'am R AAAGGCCGGCCACCACCTTCTGCTTTCTCTTACCTTC

mBach 3' prF AGGTTCGCAGACATGCTTGTAGGATAG

mBach 3' prR GGGGCACTTTGTGAAAATGGCAGACTC

mBach +/-F GCTCACCGAACTACCCTCAGAAAGCAC

mBach +/-R CCCTTCTGCACACTAGAGCTGGAGTTG

15 Table 1. BACH Primer Sequences

The position of the homology arms is chosen to functionally disrupt the BACH
gene by deleting the seven transmembrane spanning regions. A targeting vector is
prepared where the deleted BACH sequence is replaced with non-homologous sequences
composed of an endogenous gene expression reporter (a frame independent fusion with

20  lacZ) upstream of a selection cassette composed of promoted neomycin

phosphotransferase (neo) gene in the same orientation as the BACH gene.



LacZ staining in cerebellumof the -/- mce was detected in a distinct

| ayer of the 15 cerebellum The cerebellumlinks sonme of the major sensory
and notor areas of the CNS. Indeed its main function is for notor |earning
and reflex nodification. The output of the cerebellumis affodG Jeptirely
to areas WO @¥B86dirai n t hat control novenment. Consequently, pctisBonoissod
tests that show the -/- mce have inproved notor |earning and function

woul d al nost certainly have altered si gQaI ling in the cerebellum This is
supported by the 20 observation of discfeet staining in the cerebellum
Application of PPADS, the 51% antagonists to mce resulted in

aggr essi venessReFRPYREN phthe yedpriniibs Brurne\genpame ahthergrreetiagusigsaerates

A Uhough i SelPfor it CLIe bR B9GuEIahag: LIRBLSE rIPYGRRol 58585 200s
WO 02/ 3860Fa Rild/@EROAIDAA3BACH iExowiein Fighe 3l Tié seqibndd ¢falle Sairploesorhicom

BACH Knock-Qut M ce_ Anal ysis of blood sanples taken from nutant BACH

ani mal s s PR uspd Idiss tp pyaprredhe sepsagnist B AgHImockone meuse Fifieictedupl ed
wth the ' ' ' : in f around the
heart rray%e??}% geo%gg&sg?lb?]hgg%&@-gpregp gx?dr\lhgtrl {h%g&jig{e e?,%aggontg% " of
therapeutics to treat hyperchol esterol aem a, dislipdaem as, obesity or

drugs to affect energy regulation. Finally, by conparing with the role and
| ocal i sation oft sbwm?v@no pighe eptire g'tm region hay egoiremeved igi thekeogkesksi on on
t he conj ugl : eg a ential.targets
for devel g%%%?‘%?ﬁé%&a ?258{%3 r pﬁéy}z&(ﬁi ;%(r)er {g‘gBJ sflg ngts g %&%81619 }S Brgeélst%)s,

hyper act i venflinatel esrredt ypegration efthe targediy constticlusidesvtidasn andlyabesi ty.
Exanple 8. Mptor Control and Bal ance in BACH Knock- Qut Mouse BACH protein
has a rol BMPUVSRIPRS- co- ordi nati on and bal ance that can be denonstrated by
their performance on the Rotarod apparatus. Mtor co-ordination and bal ance
are nmeasured by performance on the rotarod. W 15 use an accel erating

Rot arBH (Ugo Bascd the I iand 8hhomelogy aens are clorddniarbe Rogetings/et®6&hrgeVe al so

.use the farod t sess notor |learning by repeating.the task over several
days. M E@gﬁiy&“ﬁ? @E@%%@a{%’i’@nm %B?ln&,%?%%@ﬁ?cé’k%t ogY teﬁﬁ%‘SH%St ah#er at e
from4 to i i i eed: . the mce
of pan or o G SRRy pRparddndbfondi e NG Rel RN SR MORRE e Shting 1°

r ot at i on) restrigtion emaynagt, Pivelcpresemeatraursguensiteds timneech® Haokbonedictweenrthé s
recorded. Mce,are .l eft on the Rotarod, af.t.er the. fjrs ssi ve rqtat.ion and
al Towed 1 BOPETHB o ARSS &t 2B thoRecteel Srigihiof relisgtien e PERAAONAGS M co
are giyenthdn bfdciifited and resuspended in 100 pl of Phosphate Buffered Saline, ready for

electroporation.

Transfection and Analysis of Embryonal Stem Cells

Embryonal stem cells (Evans and Kaufman, 1981") are cultured on a neomycin
resistant embryonal fibroblast feeder layer grown in Dulbecco’s Modified Eagles medium
20  supplemented with 20% Fetal Calf Serum, 10% new-bom calf serum, 2 mM glutamine,
non-essential amino acids, 100 pM 2-mercaptoethanol and 500 w/ml leukemia inhibitory
factor. Medium is changed daily and ES cells are sub-cultured every three days. 5x10° ES
cells are transfected with 20 pg of linearized plasmid by electroporation (25 puF
capacitance and 400 Volts).

25 24 hours following electroporation the transfected cells are cultured for 9 days in
medium containing 200 pg/ml neomycin. Clones are picked into 96 well plates, replicated
.~ and expanded before being screened by PCR (using primers 5°scr and DR1, as described

i+ - above) to identify clones in which homologous recombination had occurred between the



on three consecutive days. Rotarod testing reveals better performance in
mutants than wild type animals in both the outbred and i nbred background
(p=0.08). The outbred nmutants al so shown better W 02/ 38607 7A UG 2005
PCT/ GBO1/ 04935 notor |earning abilities (Figure 8A) (P<0.00%). er,
this was N 0BT ved in inbred aninmals (Figure 8B). Exanpca/@Bondissal
Ability, Anxiety and Mbility in BACH Knock-Qut Muse Tests for visual
ability, anxiety and nobility in a BACHggnock-out nouse are 5 conducted
using a visual cliff test. The Visual cliff was devel oped by Fox (19651)

and provi ne r f ar visual ability. |1 . evaluates the abilit

of b o BobsBEE BACH SnditSRe kbR et o 00 Rkl Rs Ul ard 1Y e
for the aridmifie OTHERY @l8E allxp@sHeaRo fan@w%ﬁﬂc?as{A&tﬁ@&wanh%uﬁciéﬁ?ﬁ%gf e of
anxiety. 10 A Perspex box is built with a horizontal plane connect to a

‘vertical diuslityddNg. 6/e prepanidafok Santhemhblotcaifiemaitorboiihe tpgdtingreveaasant that es
the vertical drqp-out, sheet of clear, rspex. i s placed across the top
hori zont alexte{’i"?lg , a’%‘i%’ eW@P?FgPISWFCfI ?%geﬁcﬁb?fgbﬂﬁ’ ?ﬁh‘ésr‘%g standapdprogpdyyey (Russ

appear gncet gf 280®! i ff, but in fact the Perspex provides a solid horizontal
surface. Each nouse is given 10 trials. on the visual cliff. Atrial

consists of plaging the n the centre "ridge' and noting the tine
t aken fromthea%ﬁe?fgfo’ﬁodrmﬁa creph g€ (1 atency) and recording the
si de on which the nouse stepped. The result is considered positive when
the ani mal cho to._wal k on the chequered "safe" side and avoids the
cliff and negaﬁ%ygg‘?IP?le%&m@E@n&ﬁ?é?“W@é@ﬂﬁf‘ocﬁtﬁéfe 1501??3[1&]: 351488 box
s turned of kbt 1649 IRYBRS, AMfleR cloHE bSBIhipAbASBLYEAna IR s 15 done

to elimnate the variable of 20 the position vVer. e platform
i s cl eanedlastacyste aredanpiiarded imgthe Um0 BBE0OJoREnant Befatial@divectdgeric pups

| at encyposi ti venegat i,ve -1-79.25 31.2978 . 7.35 9 7.35%. +/-71.82
24. 5088 1 BOHAE Which %%eo}glaiﬂ%g‘?%/a 2EqT Gegisdisz oslls Aespgpdent hpmsbaiaraed o
Resul ts otldBéHhidmbRIReheiis Hatedohith ferkf8 bind MF1 and 129 mice, and germline

transmission is determined by the agouti coat colour and by PCR genotyping respectively.

Genotyping is carried out by PCR on lysed tail clips, using the primers +/-F and +/-

R with a third, neo specific primer (neo240F

15 GTCGTGACCCATGGCGATGCCTGCTTG). This multiplex PCR allows amplification
from the wild-type locus (if present) from primers +/-F and +/-R giving a 243 bp band.
The site for +/-F is deleted in the knockout mice, so this amplification will fail. However,
the neo240F primer will amplify a 404 bp band from the targeted locus, in combination
with the +/-R primer which anneals to a region just inside the 3’ arm. Wild-type samples

20  will exhibit a single 243 bp band, heterozygous DNA samples yield two bands at 243 bp
and 404 bp, and the homozygous samples will show only the target specific 404 bp band.

LacZ Staining
The X gal staining of dissected tissues is performed in the following manner.

. Representative tissue slices are made of large organs. Whole small organs and
25  tubes are sliced opén, so fixative and stain will penetrate. Tissues are rinsed thoroughly in
PBS (phosphate buffered saline) to remove blood or gut contents. Tissues are placed in
. fixative (PBS containing 2% formaldehyde, 0.2% glutaraldehyde, 0.02% NP40, lmM
+:MgCl2, Sodium deoxycholate 0.23mM) for 30-45 minutes: Following three 5 miniite: - -



_genot ypeaverage | atency_positivenegative -/-51.5111.7872.98. 79%27. 148. 65%
+/-23.8211. 22759. 69259. 6% +/ +18. 055. 437510. 492510. 4% Tabl e 3: Results

of BACH (inbred) visual cliff tests 2 9 AUG 2005 PCT/ GB01/ anlﬁ&ﬁi Lat ency
ranges from1l second to 7 mn and there is a trend t owar ds

| at ency i WOrMBsGITs (P=0.059). WId type and nutant ani nmal SP(pBGiaor/mmss
relatively well on the 5 task, with consistent positive results. In

het er ozygous ani mal s however, results e only positive in 55% of the
trials, which is consistent with the kild of results observed with blind
mce (Fox 196“;} éTabI e 2). However, there are at least two alternative
expl anat i Bashes HiS@CSPrQ‘BI@P%fl inggal vigining sebtion (AgMéKhBerreayeride, we d| d not

renove t hes

navi gat o, TSRS SRt ech Gos BRRA R oL IEND s R ARG TGRS

during tRBYiasirld BCthmésf pbétfiked Hir @l ks 18 496 fh@aldEhRRZ PBS Radhel apalh or
alternatively trying to escape the hand of the observer regardl ess of the

cliff whibedore sigedgegn|78%estheanadnt o the ridge. Al though we did not find any
significant difference between genotypes in the |oconotor behavi our
recorded in the arena or the struggle during handling during the Shirpa

screed, this criiddntig\ieeAkiardadsideddSaRaisaSues ki Hax ealbel8ed 88N 7iHom t he
above Tables 2 and 3, BACH nutants have a |onger |atency peri od in the

vi sual clseetion segtionsh covnisetaiged withi0lld % §afeanm Gel0 wieh i ndi cates anong
other conditions a novenent rel ated di sorder. BACH nutants al so denonstrate

retropul si on (Bwblonen/kagiarslsicallléstngs accentuated when placed in the
visual cliff arena believed to be due to the hallucination of 20 falling

forward. This indicates that |oss of functional BACH results in novenent

di sorders andgské Resk@snded a9 2AWEHR00H damlg&/s%ﬁ&% BigHtEBM 4885 99
Exanpl e 10. Tests for Sensitivity to External "Stimuli and Pain (Anal gesia

Tes'lt3 i nlg) wigh frgpamqesato drodend wmsé\/hcpéwﬁr),e@s]med Fexss, 43adn tovk months alde seeﬂ
7
test 201 n n B fFock o BT ReSY ol il BEHED: Fo ARRT Basbic and 5

i nf | amataagdiffaemtial circadian effect on the test results.
Example 2. Expression of Recombinant BACH Protein

Recombinant BACH is expressed and purified. Two systems are used for

expression.

15 pTOPO-Echo Donor Based Construct

A polynucleotide having the sequence shown in SEQ ID NO: 6 is obtained from
the mouse BACH nucleic acid sequence (SEQ ID NO: 5). The SEQ ID NO: 6
polynucleotide is cloned into a pTOPO-Echo Donor vector module (Invitrogen
pUniV5/His Cat# ET001-10). Transfection of the resulting construct into a host strain and
20  induction of expression (according to the manufacturer’s instructions) yields a fusion

protein having the sequence of SEQ ID NO: 7.

“The fusion polypeptide SEQ ID NO: 7 contains a C terminal V5 tag (residues 379
to 392) and His tag (residues 393 to 398) to aid detection and purification.




Skin sensitivity is assessed by applying pressure on the hindpaw with a
sharpened dowel rod whilst the animal is resting on a grid. Responses are
graded as follow. 0O = no vvithdravval; 1 =slow wi thdrawal of thelpas 2 =
medi um wi t hdrawal of the paw, 3 = fast wthdrawal of the paw. 10 Figure 9
shows resufV'P928860f he paw pressure test. Using the paw presROBGBesL9BACH
mutants are seen to be |less sensitive to pressure and pain than their

wi | d-type counterparts. Exanple 11. Tesgg for Sensitivity to External
Stimuli and Pain (Analgesia Testing) in BACH Knock-Qut Muse: Tail Flick

Test A tail fI i.C erformed using a Tail-Flick Anal gesia
Meter. This é&%%{éﬁ?ycgﬁgﬁadgﬁgﬁs ’eszéy to use nethod to determ ne pain
sensitivity accurat ely and reproducibly in rodents (D Anour and Smith,
1941). The i nst runent .has shut er- controlled | a heat source. The
lanp is | ocat ed BWI?%@G V1P8I1% SFAPFREG;S E@Wa 1 %génl%cﬁﬁf i AgPiRcd Mbnment .
Tail fli c@oﬁugﬁﬁgbﬁdomclé&ﬁegﬁ tic detection circuitry, which |eaves
the user's hands free‘to animal . The animal is restrained in a

venti | at e@MMEAM@MG@&GA@GABGE@A@@@AAC&ﬂGT@@ agrdoove on top of the
equi prE beamto the tail through, opening
of the shaﬁﬁw&ﬁb"&&ﬁ%@b&ﬁsﬁ@&%& AldiGhio ipReRROTate NS FFRIICIARI |

flick itsskal BaxﬂPH affl EcBRI heges ﬂr glfa Cgﬁﬁﬁ@ﬁ?é &f ﬁRgﬁ% %h!?stﬂtﬁﬂ?]tdcﬁ%&gdo '

detects the tail notion causmgt to s u

cl ose. Thend bgaied nﬁmmlaalwshgbstﬁdtMABﬁe\ Myulme(lr@nﬁjgeﬂg:aaﬂhv%@eom mal '
25 reactign is reco rd g(% V\g 02/ 38607 100 9 ,AUG 2005 _PCT/ GBO1/ 04935
Responses "OP B AROY FanSs fORS P Eeseqience el 19 2 Af 8EQ IBHIOs 8katiae ehed

wi | d- typeeﬁﬂﬁﬂmp?ov?dIB%@oﬁébtﬁ&lswﬁqﬂn%nﬁh'ﬂ?in%H?d to different heat settings
to produce an increase in tail tenperature no greater than 55C. Using the

tail flick test BACH nutants are shown to be less sensitive to heat 5

i nduc pain t nthlrvvlld arts and w.t their tails
afterﬁg | onger l?ﬁeﬁ%?u P& OB C}" gg‘ﬂfr}égl? V’E’IFF@‘pFFé%Pné%Eﬂ@\ﬁ@éﬁﬁﬂé 12.
Tests for ofhenmitinyiliay ct0 liEXS, %&@Hh@&d)rﬁwl bfﬁié@nﬁzaﬁram()é?% g% é‘fulﬁﬁlt' ng) in
BACH Knock- Qut Mouse: Formalin Test The formalin test measures the response

to a noxi B‘ﬂgp"é?ﬂillﬁ@t"ﬁﬂb@éem}l@d\t{é@ta@r@mg]& underling nahdpdis tag\(deoblenmderflingDio of a
1% f or nmal 51@ d%%chI)ﬁ ekl b&nﬁéyt%ﬁt ’Fﬁie }egﬁl%)ang pri%esfsegl Elsﬁna Igo?ypeptlde has a sequence

shown in SEQ ID NO: 9.

15 Introduction of Construct into Cells

The expression vector is introduced to the cells by lipofection (using Fugene-6
from Roche, Cat# 1 814 433).

Both transient and stable transfection of these cells is achieved. In transient
expression the cells are transfected by lipofection using a large amount of vector which
20  results in a short-lived fast expression of the the protein. In a stable transfection, the
vector, which includes a selectable marker for neomycin resistance becomes stably

integrated into the genome of the host cell resulting in a long lived cell line with a high

expression level of BACH.

Cells expressing recombinant BACH are used for assay development, antibody

25 production, and other purposes as described.




needl e subcut aneously into the dorsal surface of one hindpaw. Licking and
biting the hindpaw is quantitated as cunul ati ve nunber of seconds engaged
in the behaviours. A rating scale is used: 1= the formalir} i&i@gz(b d paw
rests lightly on the floor bearing | ess weight; 2= the inj&c Bﬁwis

el evat ed; wB=s288567 i nj ected paw i s |licked, bitten or shaken.pchcBywppases of
responses are seen in the formalin test. Phase 1 begins inmmediately after
injection and | asts about 10 mins, reprgsenting the acute burst of activity
frompain fibres. Phase two begins abgt 20 mns after injection and
continues for about one hour. This phase appears to represent responses to
ti ssue damage BPHSFiQlin§ hartiiesifatlory hyperal gesia. 20 Using the formalin
test BACH nutants are shown to be | ess sensitive to inflammtory pain and
show a reduced severity of response in the formalin test when conpared to

wild type ani nidiegecomignaixiision slonSELY BBE07 6PTRcoRbined49®5: pRADEK:aH e 13.
Tests f I tivity~t I . | | i Paij Anal i t] i
Eoons Krod S Y8 B e Sl b B B B SRR BB ot

neasur e RaBADNVesbRk dinea Pl sx HRBiatdda cdimbingtion shi@se hairs are a set of
very fine gauge calibrated wires. Wthdrawal threshold to 5 nmechani cal

stinmulation is neasured. The animal stands on an el evated platformin which
the syrface is-a_wde.ga W re N on_Frey. hai.r, is .insert from
o owt - up. t hrearerri et RSB TRe: S meathib e PR R ESE | he
hi ndpaw. (Avittdpe€he# HT310101), WBHs @ CreARRNAI Y Hdostbittiohts§stBaavay from

the hair, generally followed by raising the paw, |icking the paw, and or
vocal i satsHbiequeves sdvaribizationiintedragtovirug pxpgbssian Systegst Raeambisatian intee i ni num

onsecut 1yt M tForc e ki) K oig PR b FRbhaTSER Anl iafibb et i o

are seen lings.have a hi gher mechanical withdrawal threshold denonstrating
that they are |l ess sensitive to the stinuli. Exanple 14. Tests for '
Sensitivity to External Stinmuli and Pain (Anal gesia Testing) in 15 BACH

KnockpQut Mousg r{;{omms@%%g% 88 d:%i&%@h&%ﬁ%‘& ihfd JpfyLkadger and

by measuring the equency o ion "and e volune ‘o raid

r el eased.(Idvitssgen CathET4P0-01 ) usirigsa Sreplitk inediatditttorhbinatintoOsystin, bt lgher
notility. BACH mut ant S‘qﬁ@"@ Eé(poacti ve bl adder urinating |ess often but
r el easi nd®%! PETESIONS)| -Roh i lipesedtamster (Ayapy) ellsrandgpthen mammaliag ggll, t hat

BACH pl ay$e& uh@Lr8he control of the cmv promoter.
Example 3. Anti-BACH Antibodies

15 Monoclonal and polyclonal antibodies which react with BACH protein are
produced.

Anti-Peptide Antibodies

The peptide CRYRDLEVRL, corresponding to amino acids 165-174 of the full-
length BACH polypeptide, is synthesised. The synthethic peptide is injected into sheep to
20  raise polyclonal anti-peptide antibodies. The antibodies are purified by standard methods,

and are found to bind to BACH protein in Western blots and ELISA assays.

Injection into rabbits results in rabbit anti-peptide antibodies, which are found to

bind to BACH protein in Western blots and ELISA assays.




20 in erectile dysfunction and the control of nmotor fibres in the prostate.
Exanpl e 15. Identification of BACH Regul atory El enments During evol ution
genes undergo sequence di vergence. Sequences that affect the LHJE bd5on of a
gene tend to be better conserved and these include not only @8 | 3
sequences WBUW2/38i020 pronoter control el ement and enhancers. PBYGB01/04935
identification of honol ogues and 25 orthol ogues of BACH in nmultiple species
and conparison of the pronoter regions ggéch control elements and enhancers
are |ocated. WD 02/38607 102 2 9 AUG 20 PCT/ GB01/ 04935 To find hunan
BACH control el t d enhancers we conpare the pronoter regions from
human BACH to tﬁgg%r PIAGISAS BFUZKEH from the pufferfish (Takifugu
rubri pes) using Blast type alignnments. Conserved patches of sequence are
the critical elenments that control the level, the timng and the |ocation
of BACH gene 5 ‘eXppisiasedls exXpigrung p B R fustnratain os Seesibed aboye; areased ehen

 gene 5 EXPPIESSTSK . ! Poessbedhoie yearel e
anner M St PAGH ArE nd b iR, Lok RN, LAFRLSh RN

of BACH geinenth@lieswhich agnfbund kd bigdwe B ACH @tdiéians Westdin dhtEMIFELI8gsoci at ed
di seases. Simlar nutations are generated 1 n the pronoter sequences and

used to 10°PS8AY8csmplets celismrealso Byecisd inta misaend srbbits ferpredegtiog e anéBsk@dsi on
in cell |ié?1‘?i??(%sfr6m9%ﬂr§ani5%§.e- Pol ynor phi sns that are shown to have a
e e

functi onal ect are then-us in diagnostic screens for BACH specific

di seases conditions outlined. REFERENCES Berchtold S, Qgilvie AL, Bogdan C,
Muhl - Zurbes P, Qgilyvie Alé chuler G_ 15 Steinkasserer A Human nonocyte
derived dendri t$¢mpletq el k‘gﬁt‘éswr%ﬁ&hq RBASH moieim Hyityoafive farme preciso used agl |

as ect o- nugkegt.i : fi. 42 458( 3) ;. stock G
Puri ne- rretﬁﬁ g?%é @?gﬁiﬁtﬁoﬁﬁ%ﬁbgcﬁ %ﬁ%a@ﬁgcfé? %%géé%gé%?gﬁo.ly@é%ds

Phar macol #@&&bodi2001 Apr; 22(4):182-8. Burstein, R, Cutrer, F.M and
Yarnitsky, D., (2000 a) The Devel opnent of 20 CutaneousAl |l odynia During a
M graijpe Attacks,Ghipirealrelu,dgensge for the Sequential Recruitment of Spinal
and Supraspinal Nociceptive Nerons in Mgraine, Brain, 123(8), 1703-1709.
Burstein, R, Yarnitsky, D., Goor-Aryeh, I., Ransil, B.J. and Bajwa, Z.,

(2000 b) Crude fractions of cells expressing BACH as a native or fusion protein are made.
Membrane fractions are found to include BACH protein and are used to inject sheep for
production of anti-BACH antibodies. These antibodies are found to react to BACH protein
in Western blots and ELISA assays. Similarly, injection of mice and rabbits results in anti-

15 BACH antibodies which react to BACH protein. |

Purified Antigens

The BACH protein is produced in its native form or as a fusion by the methods
described above. BACH protein is purified using affinity chromatography, using the
appropriate purification procedure. For example, nickel agarose resins are used to purify

20  His-tagged fusion proteins. If necessary, the fusion protein is cleaved using specific
proteases to yield the native protein. Both the tagged polypeptide and the purified cleaved
product are used to raise antibodies in a variety of species including sheep, rabbits, mice

and goats. These antibodies are found to react to BACH protein.



An Associ ati on Between M grai ne and Cutaneous Allodynia, Ann. Neurol. 47
(5) 614- 25 624. 2 9 AUG 2005 WD 02/ 38607 103 PCT/ GB01/ 04935 Cockayne DA,
Ham [ ton SG Zhu QW Dunn PM Zhong Y, Novakovic S, Malnberg AB, Cain G
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Kauf man MH. Establishnment in culture of pluripotential cells from nouse
enbryos. Nature. 1981 Jul 9; 292(5819):Ig -6. Foster CJ, Prosser DM Agans
JM Zhai Y, Smth MD, Lachow cz JE, Zhang FL, Gustafson E, Monsma FJ Jr,
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Mol ecul ar A dentification and characterization of the platelet ADP 10
receptor é’Pé 'bd by thienopyridine antithronbotic drugs. J Cin Invest.
2001 Jun; 107(12):1591-8. Junblatt JE, Junblatt MM Regul ation of ocul ar
muci n secretion by P2Y2 nucleotide receptors in rabbit and human

conj unctiva. ERPpU exfRessionliddgteSed;in Hec3Jorsa teot@angdlionkmddke BikeminhlRobert s
DJ. The quant.i tatiye neasurenent o_g not or incoordination in naive mce
usi ng and® 811’&55%4?}‘(511?%{?&‘?@0&3@1 68) J Pharm Pharnac 20, 302-304. Kapl an
MH, Smth DI, Sundick RS. ldentification of a G protein coupled receptor

i nduced in activated T cells. J Imunol. 1993 Jul 15;151(2):628-36.. Leon C,
Hechl ér B, FrelltridentioIngrva,is tiesden@ry Guppipimnthe fads) thieigedutdy, pakied¥ithis scalf) M

Cazenave JP et C fective platel et aggregatio nd i ncreased

resi st ancti’eit%?%ﬁa%ﬂ@ggﬁl&?sﬁfﬁﬂtfqﬁe idt‘:‘rﬁj?‘?‘it%anggl?e‘ﬁ?ﬁ‘g?glrmwd Fse&s- J din

| nvest. 1999 Dec; 104(12): 1731-7. Li Q Schachter JB, Harden TK, N chol as
RA. The 6H1 orphan receptor, clained to be the p2y5 receptor, does not

medi at e nucl eoltigiiees ghomotardupmy tmtheneasieatger mAscless apbomeains BiopeibesptBieophys
E(é-sl- / %m@%%g%%bté% lma%géaztgg(azx)d:p%ggefb 3(/) ’chezex?ra&%%rzagg ?’ascm m%%él%ss 6[%?3
ophtalmic nerve, where most of the staining was observed, is wholly sensory. It supplies
10 the eyeball, lacrimal gland and conjunctiva, part of the nasal mucosa and the skin of the
nose, eyelids, forehead and part of the scalp. Fibres joining the trigeminal from the facial
are afferent and arise largely from facial musculature, a minority being proprioceptive, the

majority pain.

Lac Z expression is observed on the dorsal surface of the ganglion itself (therefore
15 not on the motor division of the ganglion), with an extension towards the opthalmic and

mandibular/maxillary divisions. No staining is observed in the opthalmic, mandibular and

maxillary nerves themselves.

Staining in the tongue, the nasal region, the conjuctiva, harderian gland, all are
consistent with the trigeminal ganglion’s inervation processes. They also favour a role for
20 BACH in pain/sensitivity of the face. Therefore, BACH mutants have modified sensitivity

of the face, sense of smell, of taste, or audition.

Examination of the expression pattern and analgesia phenotypic data of the mutant
mice show that BACH is a target for potential treatment of trigeminal neuralgia as well as
some type of migraine. Orofacial pain is a consequence of trigeminal neuralgia, in which

25  paroxysmal pain radiates over one, or two divisions of the trigeminal nerve. The opthalmic

. division is rarely.affected. Drug treatment is usually effective but if it fails surgical
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P2Y purinoceptor:
- because the chequered pattern accentuated the hallucination.

Example 6. Expression of BACH in the Cerebellum

LacZ staining in cerebellum of the -/- mice was detected in a distinct layer of the

15  cerebellum. The cerebellum links some of the major sensory and motor areas of the CNS.
Indeed its main function is for motor learning and reflex modification. The output of the
cerebellum is almost entirely to areas of the brain that control movement. Consequently,
the rotarod tests that show the -/- mice have improved motor leaming and function would
almost certainly have altered signalling in the cerebellum. This is supported by the

20  observation of discreet staining in the cerebellum. Application of PPADS, the P2
antagonists to mice resulted in aggressiveness, hyporeactivity and immobility indicating
that these receptors may be involved in age related impaired movement disorders.

Although it is believed that P2X receptors are also involved.
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employed as potential targets for developing drug relating fo dry-eye disorders, cystic

10  fibrosis, hyperactive bladder, hypercholesterolaemia, dislipdaemias and obesity.
Example 8. Motor Control and Balance in BACH Knock-Out Mouse

BACH protein has a role in motor co-ordination and balance that can be

demonstrated by their performance on the Rotarod apparatus.

Mator co-ordination and balance are measured by performance on the rotarod. We
15  use an accelerating Rotarod (Ugo Basile, Linton instruments, Jones and Roberts 1968%).

We also use the Rotarod to assess motor learning by repeating the task over several days.

Mice are placed on the Rotarod, which accelerates at a constant rate from 4 to 40
rpm in 5 in. As the Rotarod reaches higher speed, the mice often grip the Rotarod and
hang on for a full rotation (i.e. passive rotation). The time at which the mouse makes one

20  full rotation is recorded. Mice are left on the Rotarod after the first passive rotation and
allowed to perform the rest of the test until they drop from the rod. Mice are given 3 trials

on three consecutive days.

Rotarod testing reveals better performance in mutants than wild type animals in

both the outbred and inbred background (p=0.08). The outbred mutants also shown better
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10 A Perspex box is built with a horizontal plane connected to a vertical drop of 0.5m.
A black and white chequerboard pattern accentuates the vertical drop-out. A sheet of clear
Perspex is placed across the top horizontal cliff, extending over the top, thus there is the

visual appearance of a cliff, but in fact the Perspex provides a solid horizontal surface.

Each mouse is given 10 trials on the visual cliff. A trial consists of placing the
15 mouse on the centre ‘ridge’ and noting the time taken from the animal to move off the
‘ridge’ (latency) and recording the side on which the mouse stepped. The result is
considered positive when the animal chooses to walk on the chequered “safe” side and
avoids the cliff and negative result for the other way round. After 5 trials the box is turned
through 180 degrees and a further 5 trials given. This is done to eliminate the variable of

20  the position of the observer. The platform is cleaned between each animal.
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20

Latency ranges from 1 second to 7 min and there is a trend towards a longer

latency in mutants (P=0.059). Wild type and mutant animals perform relatively well on the

task, with consistent positive results. In heterozygous animals however, results are only

positive in 55% of the trials, which is consistent with the kind of results observed with

blind mice (Fox, 1965") (Table 2). However, there are at least two alternative explanations

for this: Firstly, to avoid impairing other tasks, we did not remove the vibrissaes in our

mice, and mice are known to use these to navigate. Secondly, we observe that some mice

seem somewhat “nervous” during the visual cliff test, displaying either freezing behaviour

or alternatively trying to escape the hand of the observer regardless of the cliff whilst

being lowered onto the ridge. Although we did not find any significant difference between

genotypes in the locomotor behaviour recorded in the arena or the struggle during

handling during the Shirpa screen, this could have affected the responses.

As can be seen from the above Tables 2 and 3, BACH mutants have a longer

latency period in the visual cliff test when compared to wild type mice, which indicates

among other conditions a movement related disorder.

BACH mutants also demonstrate retropulsion (walking backwards). This is

accentuated when placed in the visual cliff arena believed to be due to the hallucination of

falling forward. This indicates that loss of functional BACH results in movement disorders

and dyskinesias.
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215 2%9 tests. The tests in this and the following four Examples assess both neuropathic and

5  inflammatory pain.

Skin sensitivity is assessed by applying pressure on the hindpaw with a sharpened
dowel rod whilst the animal is resting on a grid. Responses are graded as follow: 0 = no
withdrawal; 1 =slow withdrawal of the paw; 2 = medium withdrawal of the paw; 3 = fast

withdrawal of the paw.

10 Figure 9 shows results of the paw pressure test. Using the paw pressure test BACH

mutants are seen to be less sensitive to pressure and pain than their wild-type counterparts.

Example 11. Tests for Sensitivity to External Stimuli and Pain (Analgesia Testing) in
BACH Knock-Out Mouse: Tail Flick Test

A tail flick analgesia test is performed using a Tail-Flick Analgesia Meter. This
15 equipment provides an easy to use method to determine pain sensitivity accurately and
reproducibly in rodents (D'Amour and Smith, 1941). The instrument has a shutter-
controlled lamp as a heat source. The lamp is located below the animal to provide a less
confining environment. Tail flick is detected by the automatic detection circuitry, which
leaves the user’s hands free to handle the animal. The animal is restrained in a ventilated

20  tube and its tail placed on a sensing groove on top of the equipment.

Activation of an intense light beam to the tail through opening of the shutter results
in discomfort at some point when the animal will flick its tail out of the beam. In the
automatic mode a photo-detector detects the tail motion causing the clock to stop and the

shutter to close. The total time elapsed between the shutter opening and the animal’s

25  reaction is recorded.
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period of exposure to the heat source.

Example 12. Tests for Sensitivity to External Stimuli and Pain (Analgesia Testing) in
BACH Knock-Out Mouse: Formalin Test

The formalin test measures the response to a noxious substances injected into a

10 hind paw. A volume of 20pl of a 1% formalin solution is injected through a fine gauge
needle subcutaneously into the dorsal surface of one hindpaw. Licking and biting the

hindpaw is quantitated as cumulative number of seconds engaged in the behaviours. A

rating scale is used: 1= the formalin injected paw rests lightly on the floor bearing less

weight; 2= the injected paw is elevated; 3= the injected paw is licked, bitten or shaken.

15 Two phases of responses are seen in the formalin test. Phase 1 begins immediately
after injection and lasts about 10 mins, representing the acute burst of activity from pain
fibres. Phase two begins about 20 mins after injection and continues for about one hour.
This phase appears to represent responses to tissue damage, including inflammatory

hyperalgesia.

20 Using the formalin test BACH mutants are shown to be less sensitive to
inflammatory pain and show a reduced severity of response in the formalin test when

compared to wild type animals.
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cgct gaat a ccttt accaat g. cadg..
cggagagcaghg%%ggﬁéﬁ%gS%ééde@%%§@§9§aﬁépggg§ﬁ%@ég%@@ﬁﬁ@ﬁ treghp t@agcctgcca
ct ct gggt aemeRhAG6S JaRGIAMAQs nRAGEEE RS GnRY93LHEISS a*/g%@%g%p%ﬁé@%@% -

<211> 488 15 <212> PRT <213> Mus nusculus <400> 5 | _
Pro G u Ghe sarface isw widg genge Wirg niash. TspVorR Brey Hairtie ikbriGfrodrtgldsiyupG n Tr p

Ser Ala L s, Leu G.y Tyr Ser Val Ser 20 Q0 25 H.s Ser Phe Thr
Phe Gy i@ nERbiesil tlihest, o ke ths g Etiriageiof th Tatoay. At {meshold, fhey @ n
H's G n Groubetespbds Ayalibking s awawaii ffonk &1 HO generally followed by raising the

paw, licking the paw, and or vocalisation. Mechanical withdrawal threshold is defined as

10 the minimum gauge wire stimulus that elicits withdrawal reactions in two out of three

consecutive trials.

In the Von Frey hair test for touch, mutant BACH mice are seen to have a higher

mechanical withdrawal threshold demonstrating that they are less sensitive to the stimuli.

Example 14. Tests for Sensitivity to External Stimuli and Pain (Analgesia Testing) in
15 BACH Knock-Out Mouse: Urogenital Function

BACH is expressed in the bladder and by measuring the frequency of micturation
and the volume of fluid released. Loss of this protein is shown to result in abnormal
bladder motility. BACH mutants have hypoactive bladder urinating less often but
releasing a larger volume and suffer urinary retention. It is likely that BACH plays arole

20 in erectile dysfunction and the control of motor fibres in the prostate.
Example 15. Identification of BACH Regulatory Elements

During evolution genes undergo sequence divergence. Sequences that affect the
function of a gene tend to be better conserved and these include not only c;oding sequences
but also promoter control element and enhancers. By identification of homologues and

25  orthologues of BACH in multiple species and comparison of the promoter regions such

- control elements and enhancers are located.




30 50 55 60 Leu Arg Ser Adn Pro Thr Cys Pro Cys Leu Ala Ser Ala Cys Leu Ay
65 70 75 80 Thr Qu Ser Val Leu Pro Pro Ay Tyr Hs Pro Ay Ay Qu Ser H's
35 85 90 95 Ala Leu Thr Leu Leu Phe Pro Thr Met Pro G n Thr Asn Phe Ser Ser
100 105 110 40 H's Leu Asp Met Met Phe Ala Asn Ser Ser Al a2AspcTon; Thr Ser

Thr 115 We®238097 45 Asn Ser Ser Val Leu G n Cys Pro Asp Tﬁcfb{iﬁof%&;.ﬁr H s
Arg Leu 130 135 140 His Met Val Val Tyr Ser Leu Val Leu

Pro Leu Asn 145 150 155 160 Ala Leu Ala Leu Trp Val Phe Leu Arg VaI Leu
Arg Val H's Ser Val 50 165 170 175 Val02Ser Vval Tyr Met Cys Asn Leu Al a
Ala' Ser Asp Leu Leu Phe Thr 180 185 190 55 Leu Ser Leu Pro Leu Arg Leu

Ser Tyr Tyr ATa fiddhudhdh BASH¢tiBl Blemt8B 220Q@nRAReRRee & nﬂe&# Cys
An Thr Ser Ay Ala Ile Phe A n Met Asn 210 215 220. 2 AUG 2005 WD

02/ 38607 TERIPR homge BAGH tahe prymotﬂryem of 4 Ckefromitbe pufferish Leu 11 e Asn
Val 225 5.A AI s Pro Leu Ar

H?s Leu ﬁﬁ‘gkljr%ﬁ ey ei)rz ‘gsmgzﬁgsé ¥He ﬁ%%mf%ﬁ’t Onﬂ?%ecipﬂ%gogsgﬁu@% aighe Ay VaI
Trp Ala lkeitcdlleRnlets theitoRtsl thd ®VeBaRe Bififthg and the location of BACH gene

5  expression.

Human populations and disease cohorts are then screened for polymorphisms and
in the control regions identified in this manner. Mutations, such as SNPs, in these regions
will affect the control of BACH gene expression and will cause conditions such as BACH
associated diseases. Similar mutations are generated in the promoter sequences and used to

10  assess their effect on either BACH or a reporter gene expression in cell lines or transgenic
mice. Polymorphisms that are shown to have a functional effect are then used in diagnostic

screens for BACH specific diseases conditions outlined.
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<400> 6 atgttagcca acagctcctc aaccaacagt tctgttctcc cgtgtcctga ctaccgacct
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acccaccgcct gcact t ggt ggt ct acagct t ggt gct ggct gccgggcet ccccct caac120
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tcttccttcacacagt gt ccccaggattccgeccct aagggcaatt cgggagcet cggt aagl140
cctat ccctaaccctctcctcggtctcgattctagccat cat caccat caccattgall97 20 <210> 7
<211> 398 <212Ddo@RPGABrblst NyuecutsoF, 26tkel M5 BR2IM, BloVel ING Gibson R,

Johnson C; Kellerman D, Konstan MW, Milgram L, Mundahl J, Retsch-Bogort G,
Rodman D, Williams-Warren J, Wilmott RW, Zeitlin P, Ramsey B. Safety of aerosolized

INS 365 in patients with mild to moderate cystic fibrosis: results of a phase I multi-center
10 study. Pediatr Pulmonol. 2001 Aug;32(2):122-8.

Pintor J, Diaz-Hernandez M, Gualix J, Gomez-Villafuertes R, Hernando F, Miras-
Portugal MT. Diadenosine polyphosphate receptors. from rat and guinea-pig brain to
human nervous system. Pharmacol Ther. 2000 Aug-Sep;87(2-3):103-15.

Rogers DC, Fisher EM, Brown SD, Peters J, Hunter AJ, Martin JE. Behavioral and
15  functional analysis of mbuse phenotype: SHIRPA, a proposed protocol for comprehensive
phenotype assessment. Mamm Genome (1997) 8(10), 711-713.

Russ AP, Sigrid W, Colledge WH, Aparicio SAJR, Carlton MBL, Pearce JJ,
Barton SC, Surani MA, Ryan K, Nehls MC, Wilson V and Evans MJ. 2000.
Eomesodermin is required for trophoblast development and mesoderm formation in the

20 mouse embryo. Nature 404(6773):95-9.

Souslova V, Cesare P, Ding Y, Akopian AN, Stanfa L, Suzuki R, Carpenter K,
Dickenson A, Boyce S, Hill R, Nebenuis-Oosthuizen D, Smith AJ, Kidd EJ, Wood JN.
Warm-coding deficits and aberrant inflammatory pain in mice lacking P2X3 receptors.
Nature. 2000 Oct 26;407(6807):1015-7.

2




<222> 379-392 30<223> C termnal V5 tag <220> <221> BINDING <222> 393-398
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Ay
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Met
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20
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Leu Se

Thr

dn

Ahgod | epdydued U Leu Ay Lys

Leu Asp Ser
GB0027170.0
2000-11-07

<150>
<151>

<150>
<151>

Us

<160> 9
<170>

<210> 1
<211>
<212>
<213>

<400> 1

ctcccaatec
ccecgtgtect
ggctgecggyg
gcacteggtg
ctcgetgecce
gtgcecagacg
gctcatcaac
gcggececgce
cgtgeecgee
cctatgctte
gctggecgag
agtcttctgg
gcgcectectg
gctggeggte
tcgegtgege
ccegetggtyg
tcegeaccgyg
aaggtccgcee
accctecgac
aacacacatg
tacagggtgt
cttagcaacg
ggaaatggcet
atgcagagag
gcattaaact
gccacagggg
tgttcatctc
gcttcecectg

<210> 2
<211>
<212>
<213>

<400> 2

Ser

60/248,411

2000-11-14

1668
DNA
Homo sapiens

cactttggea
gactaccgac
ctececcctcea
gtgagcgtgt
gttcgtctet
acgggcgceca
gtggaccget
gtggcgegge
gcececgegtge
gagagcttca
gcgctgggcet
acgctggcge
ctggctaace
tacgggectge
ggggtgctga
tactacttta
gccaggacct
gtcaccaccg
tcececactete
ccattgeget
acacacaaga
cagaagagta
tctttaaact
cccaccegtg
gctaaaagct
cctgagagcet
ctgacttctg
ctcaccactg

1119
DNA
Homo sapiens

Hs Hs H s
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cgatgttage
ctacccaccg
acgcgctage
acatgtgtaa
cctactacge
tctteccagat
acgccgecat
tgctctgect
acaggccctce
gcgacgagcet
tectgetgec
gcceecgacge
tegtecatcett
tgcggagcaa
tggtgatggt
gcgecgaggyg
cggccaccaa
acgccaccag
tgtcttectt
gtcegtgecece
aggtgggctg
caaagtgtag
gtgagcacge
cagagggcag
ggttagatgg
gaagagcacce
tctaggctca
aggcctaata

Phe

Ile Phe Leu Leu Cys Phe Val
245 250 255 25 Tyr Ay L\e}g}é_eu Arg Ser
Ala Arg 260 265 270 Asp Arg

Ala 30 275 28.0 285 Asn Cys Val
HF ¥y Phe
s . Arg_Al a Ar Ser,
RO AP S P eS
R 9q.Asp a Ser An dy
S R té%r Phe Thr

Arg

Leu Leu

Cys Pro dn
Ile Pro Asn
Hs Hs H s

Pro

caacagctce
cctgeacttg
cctetgggtce
cctggeggec
actgcaccac
gaacatgtac
cgtgcacceg
gggcgtgtgg
gcgttgecge
gtggaaaggce
cctggcggey
cacgcagagc
cctgetgtge
gctggtggeyg
gctgctggcece
cttecegecaac
cgggacgcegyg
gccggatgee
cacacagtgt
gactcccaac
ggcacttgga
aagccagggc
agagcacccce
aagaggacga
aacagaaaat
aggtttggtg
tggatgccac
caagagttcc

d u Val

Trp Thr
220 02886@ N Ser G n Arg Arg Arg Lys Thr Val
225 230 235 240 Vval

Gy Val

Arg Leu Cys Phe
Gy Arg Leu Leu Pro Leu Val
Leu Leu Pro Leu Al a
Leu Ala Arg

A dusdl

Arg Leypdsogpd@isofy @ Asn
Pro Tyr Asn Ser Thr

Lys Leu Val
Leu Met Val
Leu Asp Pro Leu Val
290 295 300 35 Arg Asn Thr

165

Val
Al a Thr

170
180
15

Ala Ala Ser

Met Val

Tyr

Leu Arg Gy Leu Ay

305,310 315 320 Ala Thr Asn Ay Thr Arg

SrTAFY 325 330 335 40 Val Thr Thr Asp Al a

340 345 350 Arg Pro Ser Asp

tcaaccaaca
gtggtctaca
ttcctgegeg
agcgacctgce
tggcecttece
ggcagctgea
ctgcgactge
gcgctcatcc
taccgggacc
aggctgctgce
gtggtctact
cageggegge
ttegtgeect
gccagegtge
ggcgccaact
accctgegeg
gcggegeteg
gccagtcagg
ccccaggatt
gcctcectegtt
cctttgggtyg
ccagggaagg
ttctecageg
aatgecctttg
gggcattctg
gacaaagcta
cccettteat
aaaaaaaa

gttctgttct
gcttggtget
cgctgegegt
tcttcaccet
ccgacctect
tcttcctgat
gccacctgeg
tggtgtttgc
tcgaggtgeg
ccctegtget
cgtecgggecyg
ggaagaccgt
acaacagcac
ctgceegega
gcgtgcetgga
gcectgggcecac
cgcaatccga
ggctgctceg
ccgecctcetg
ctgggaggct
gcaattccag
cagtgctgct
gtgggaagtg
ggtgggcagg
gatctaaacc

ctgagatgce

ttcggecetag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1668

45 355 360 365 Asp Ser Al a
370 375 380 50 Pro Leu
385 390 395 <210> 8

<211>




55 <212> DNA <213> Mus nuscul us <220> <221> M SC SI GNAL WD 02/ 38607 2 9
AUG 2005 PCT/ GB01/04935 113 <222> 1-5 <223> Kozak consensus signal <400>
8 5agacgat gt t agccaacagct cct caaccaacagttctgttctcccgt gt cct gact ?goﬁg 2005

gacct acccacc cct 8cact t ggt ggt ct acagct t ggt gct ggct gccgggcet ccccc

t caacgcgct %68t gggt ctt cct gcgegeget gegegt geact cggt ggt gag@gIBOB01/04935

t gt acat gt gt aacct ggcggccagcgacctgectcttcaccctct cgect geccegttcgt c240
tctcctactacgcact gcaccact ggccctt ccccgacciget gt gccagacgacgggcg300

10ccat ctt ccagat gaacat gt acggcagct gcat ctt cct gat gct cat caacgt ggacc360

gct acgccg%@e{&%ggaa%sgg@&%gggéoqggac :ac i%%@ %C% C&Cgt& g ca 60

ggct gct ct gectH4dgeat gt gﬂ%@t&fctc@:g: 90%% 120
t gcacaggceehegeats geegsiate 0aaacet <§c93a ge %Tc 8 180
t cagcgacgaget gg6aaagasaaast galgessd egidetost gg 6@@5&9 240
15gct t &ct getyogead ggegg@g:gt;g@i&&ﬁ@&&gb@@ﬁ@@@@ﬁ@b@&é&bg@%@6&&&@@0 300
cgcgccccgatgematge agaysicays gosnt ¢ oaagactgh gfg eeheeiaget ggetald2@c 360
acct cgt catgétiqmtga:ttgpgmqg@gtcgmactmacmcgm gocggisetacgggesdtly 420

t gct cakdyet fepgagetficgt etige otgfdgatey cgtguyegggguge84@e 480
tggt gcggag’ fot % égcwaéﬁg@tgt g@q ga@ce,q: etcggxtggacgtaaet@@@c 540
5525 L e D
t

ssggggsszgg e Q%E i %%'égm e
CUCt gt ot Col i £aea A0 GIACRE 5£ &Qc Ztgﬁ 6 840
cacagl §gcggeaet f0agteiagagaaneet @gaaamea @ 200

25at ct gaat;aatgga(ga@acmgg@mtcaatm@e@&cﬁﬁcea}gbgaat% g L@ag caggacctcg 960
gccaccaacg ggacgcgggce ggcgctegeg caatccgaaa ggtccgecgt caccaccgac 1020
gecaccaggc cggatgecge cagtcagggg ctgctccgac ccteccgactce ccactctcetg 1080

20 tettecttea cacagtgtee ccaggattec gecctetga 1119

<210> 3
<211> 372
<212> PRT
<213> Homo sapiens

<400> 3
Met Leu Ala Asn Ser Ser Ser Thr Asn Ser Ser Val Leu Pro Cys Pro
1 5 10 15

30 Asp Tyr Arg Pro Thr His Arg Leu His Leu Val Val Tyr Ser Leu Val
20 25 30

Leu Ala Ala Gly Leu Pro Leu Asn Ala Leu Ala Leu Trp Val Phe Leu
35 40 45
35
Arg Ala Leu Arg Val His Ser Val Val Ser Val Tyr Met Cys Asn Leu
50 55 60

Ala Ala Ser Asp Leu Leu Phe Thr Leu Ser Leu Pro Val Arg Leu Ser
40 65 70 75 80

Tyr Tyr Ala Leu His His Trp Pro Phe Pro Asp Leu Leu Cys Gln Thr
85 20 95

45 Thr Gly Ala Ile Phe Gln Met Asn Met Tyr GlyASer Cys Ile Phe Leu
100 105 110

Met Leu Ile Asn Val Asp Arg Tyr Ala BAla Ile Val His Pro Leu Arg
115 120 125
50
Leu Arg His Leu Arg Arg Pro Arg Val Ala Arg Leu Leu Cys Leu Gly
130 135 140

Val Trp Ala Leu Ile Leu Val Phe Ala Val Pro Ala Ala Arg Val His
55 145 150 155 160

.. Arg Pro Ser Arg.Cys Arg Tyr Arg Asp Leu Glu Val Arg Leu Cys Phe
165 170 175



<211> 411
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Hs Pro L 115 1
= Pro el £, 118,120,
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10

15

20

30

35
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Cys Pro
LWO 0Zz8B60720
Phe Leu 5
Met Cys Asn Leu
Pro Val
Leu Leu

151

Arg Le

<212> PRT 30 <213> Mus nuscul us <220>
Myc tag <220>

<221> BI NDI NG <222>
<221> BINDI NG <222> 406-411 40
<223> His tag <400> 9 Met Leu Ala Asn Ser Ser Ser Thr Asn Ser Ser Val

Leu

0 15 45 Asp Tyr Arg Pro Thr His Arg Leu H$ Aleilval Val

0 35 40 45 Arg Ala Lea Arg Val
50 55 60 55 Ala A
65 70 75 80 Ty

u Ser

Cys G n Thr

25 30 Leu Ala Ala Gy Leu Pro Leu Asn kg
Hi s Ser Val
Se= Asp Leu Leu Phe Thr
hw Ala Leu H's H's Trp Pro Phe

Val

85 90 95 2 9 AUG 2005 WD 02/ 38607
PCT/ GBO1/ B4085" PP4SerTRFP Gl BPa TPelPhéld Arovest ASh Mst Ly Vadl y Ser Cys
Il e Phe Leu 100 10510 5 Met Leu Il &8Asn Val

200
Tyr Ser Ser Gly Arg Val Phe Trp Thr Leu Ala
210 215
Gln Ser Gln Arg Arg Arg Lys Thr Val Arg Leu
225 230 235
Val Ile Phe Leu Leu Cys Phe Val Pro Tyr Asn
245 250
Tyr Gly Leu Leu Arg Ser Lys Leu Val Ala Ala
260 265
Asp Arg Val Arg Gly Val Leu Met Val Met Val
275 280
Asn Cys Val Leu Asp Pro Leu Val Tyr Tyr Phe
290 295
Arg Asn Thr Leu Arg Gly Leu Gly Thr Pro His
305 310 315
Ala Thr Asn Gly Thr Arg Ala Ala Leu Ala Gln
325 330
Val Thr Thr Asp Ala Thr Arg Pro Asp Ala Ala
' 340 345
Arg Pro Ser Asp Ser His Ser Leu Ser Ser Phe
355 360
Asp Ser Ala Leu
370
<210> 4
<211> 1467
<212> DNA _
<213> Mus musculus
<400> 4
atggatggtg aaagatggcc tgaagagcct ttgaggccaa
tggtcagcca agtgtttagg ctacggttct gtttctcata
tcecacteca ggtctccact goctgaagaag ttgecageace
agtcatctge ccctgaggtc acagcccacg tgeccatgte
acagagtctg tattgccacc aggctaccac cctggaggtg
ttgttcccta cgatgecctca gactaattte tettcccacce
tecttecageca acacgactte taccaacagc tctgtgctec
acacatcgtt tgcatatggt ggtctacage ctggtattgg
gctctggcte tectgggtcett cctgegtgta ctgcgcgtac
atgtgcaacc tggcagccag cgacttgcetc ttcaccctgt
tactatgcac agcaccactg gecttttcca ggettectgt
‘ttccagatga -acatgtacgg cagctgtcte tttctgatge
. -geggccateg tgcaccceget gagactgcge cacctacgge
ctctgectgg gegtgtggge totcatcectg ctgticgetg

Asp Arg
Ar

]L2e§1 &Py LP%% ﬁétg Lléllil SPrIBGHeu A apﬁ[l%

205

Arg Pro
220

Asp

Leu Leu Ala

Ser Thr Leu

Val Pro

270

Ser

Leu Ala

285

Leu

Ser Ala Glu

300

Arg Ala Arg

Ser Glu Arg

Ser Gln Gly

350
Thr Gln
365

Cys

gaaaggactc
gctttacttt
aagggcttcc
ttgcttctge
aaagtcatge
tggacatgat
agtgccctga
cgactggtct
actcagtggt
cacttcccct
gccagacgtc
tcatcaacgt
ggceccegtgt
tgcecegeege

Pro Ar
Va? Val

Ala Thr

Leu
240

Asn

Ala
255

Val

Ala Arg

Gly Ala

Gly Phe

Thr Ser

320
Ser Ala
335

Leu Leu

Pro Gln

aagaggccag
tggcttgecet
agccttggee
ttgcetgggyg
tctgaccttg
gtttgccaat
ctatcgagat
ccctctcaac
gagcgtgtac
gcgectcectee
gggcgceecatce
ggaccgctat
ggcacggcgg
ccgcgtgeac

GEdYoka Leu
Ser Val

Leu Ser

fyr Ala Ala Ile Val
g Val

Ala Arg

60

120
180
240
300
360
420
480
540
600
660
720
780
840




130
145
Phe
Leu
Al a
Pro
Leu
Tyr
Leu
Leu
Pro
Arg
Asn
Thr
Arg
365
375

135
150
15
Val
Val
Asp
Leu
Asn
Val
Met
Leu
d
d
Thr
Pro

140 Val Trp Ala Leu Ile Leu Val Phe Ala Val Pro Ala Ala Arg Val Hi s
155 160 Arg Pro Ser Arg Cys Arg Tyr Arg Asp Leu Qu Val Arg Leu Cys
165 170 175 A u Ser Phe Ser Asp Qu Leu Trp Lys Gy ﬁ% éﬁ@ Leu Pro
1@8015190 20 Leu Leu Ala Gu Ala Leu Ay Phe Leu U Sleu Ala
Vi 16¥9%00 205 25 Tyr Ser Ser Gy Arg Val Phe TrppdhGBogmess a Arg
Ala Thr 210 215 220 Gn Ser An Arg Arg Arg Lys Thr Val Arg Leu
Ala Asn Leu 225 230 235 240 Vajpd | e Phe Leu Leu Cys Phe Val Pro
Ser Thr Leu Ala Val 30 245 . 250 255 Tyr Gly Leu Leu Arg Ser Lys

Ala@cﬁg@ccﬁeracyééaéaﬁcg ébél agtSc @ 265 2 AS AI‘ Val A y val
Vaht Mabroalyohbdbgelly Al %g 25 ?é o3 7 0 Va%O eu ASp
Vakgdtyecdy ﬁ:gE&@;c%@E igc Tf‘i
Letcdadcgcdrct Pignddics aﬁd’@c&dz@ggb\égga \,[:yt 'Egcc ng% 8

ThicargtAl agétgrgeet AtacBhtntSesctGebcdy gg&-&rgéka'i tgft 3Q1§ 5 Val
Eggﬂcaa%rtg@\t@a@a@ FapattaoAbacSenatd Bo&labgked glgegctga4@ 3450850 50

SeFaskept et IriggcSes tanFasSerycSetaRheatthra@ gytCys RPaotidagt 3556860 -

55 As C@éﬁgﬁ%tE%iFa@CaCFﬂWé‘-t Q238 gtIBErIFrD cAbtmaGtac Frpodrtgtlr o IBea 370

3f9

15

20

30

35

40

45

50

55

ctaccaatg gggctgcagg cgtgctcacce gaactaccct Cagaaagcac ccaaaacact 1380
gggcaggatg ccacaagtca ggttctacte cagcctgeca ctctgggtac accccecggac 1440

aactgctcec aggattcgge tctcetga 1467
<210> 5

<211> 488

<212> PRT

<213> Mus musculus

<400> 5
Met Asp Gly Glu Arg Trp Pro Glu Glu Pro Leu Arg Pro Arg Lys Asp
1 5 10 15

Ser Arg Gly Gln Trp Ser Ala Lys Cys Leu Gly Tyr Gly Ser Val Ser
20 25 30

His Ser Phe Thr Phe Gly Leu Pro Ser His Ser Arg Ser Pro Leu Leu
35 40 45

Lys Lys Leu Gln His Gln Gly Leu Pro Ala Leu Ala Ser His Leu Pro
50 55 60

Leu Arg Ser Gln Pro Thr Cys Pfo Cys Leu Ala Ser Ala Cys Leu Gly
65 70 75 80

Thr Glu Ser Val Leu Pro Pro Gly Tyr His Pro Gly Gly Glu Ser His
85 80 95

Ala Leu Thr Leu Leu Phe Pro Thr Met Pro Gln Thr Asn Phe Ser Ser
100 105 110

His Leu Asp Met Met Phe Ala Asn Ser Ser Ala Asn Thr Thr Ser Thr
115 120 125

Asn Ser Ser Val Leu Gln Cys Pro Asp Tyr Arg Asp Thr His Arg Leu
130 135 140

His Met Val Val Tyr Ser Leu Val Leu Ala Thr Gly Leu Pro Leu Asn
145 150 155 160

Ala Leu Ala Leu Trp Val Phe Leu Arg Val Leu Arg Val His Ser Val
165 170 175

Val Ser Val Tyf Met Cys Asn Leu Ala Ala Ser Asp Leu Leu Phe Thr
180 185 190

Leu Ser Leu Pro Leu Arg Leu Ser Tyr Tyr Ala Gln His His Trp Pro
195 200 205

Phg Pro Gly Phe_Leu,Cys,Gln Thr Ser Gly Ala Ile Phe Gln Meﬁ Asn
210 : © 215 o 220




GQu Ser Arg Ay Pro Phe Au @n Lys Leu Ile Ser Qu Qu Asp Leu 385 390
395 400 Asn Met His Thr Ay Hs Hs Hs His Hs Hs W 02/38?0% ééﬁ 405 410
2 9 AUG 2005 PCT/ GB01/ 04935 WD 02/ 38607 116 MOUSE BACH CE AUsEtHENCE
(SEQ ID NO 10) 2 9 AUG 2005 PCT/ @B01/04935 The genom ¢ sequence of nouse
BACH i s swem/dsed7ow (SEQ I D NO 10); this corresponds to poecHoinies
genom ¢ contig used to prepare BACH knockout m ce. Regions correspondi ng
to the priners are annotated. 5 Where the term "a nouse BACH genonic
sequence” is used in this docunent, i t 1!%houl d be understood as a reference
to this sequence. Sequence Range: 1 to 8482 10 10 20 30 40 50 60 70 80
GAATTCTACCTGCGCTAAACACAATTCTTGGTCCTCCTGCCTCAGCTTCCAAATGCTAGATTGCAGAGGTGCACC
ATCAC Met Tyr Gly Ser Cys Leu Phe Leu Met Leu Ile Asn Val Asp Arg Tyr

CTTAAGATGERCGOGAT TTGTGTTAACARACCAGGAGGACGCAGTOGAAGGT TTACGAT CRAACGT CTCCACGTGG

TAGTG90 100,11Q,120 ,130_140 150,16Q 15 .
ATAGORACCTACH TACET Fiin ﬁM%&%&%ﬁé@%TTTA@@TTAC

AATAT
TATCCTTCGARGAM GEEAMAT AdJ CUGAGRCECAAET (IR T T ST GG THIdT BRI TAMTGTGTAATG
TTATA 170 180 190 264 210 220 230 24Gs 270

GAGTGGAT GAGT GGAAGGAT GGAT GGAAGGAAGAGT GGGT CTTGGAAACAGGECT GCTAAGGGAAATAAGGCAGAC
ATTGG 2Mla Val Pro Ala Ala Arg Val His Ser Pro Ser His Cys Thr Tyr Lys
CTCACCTACTCACCT BBETACCTACCTTCCTTETCACCCAGAACCT TTGRECGACGATTCCCTTTATTCCGTCTG
TAACC 250 260 270 280 290 300 310 3%

g@@%@é@@’@&&ﬁé&%m T%@&T@%@W@EMGA@GTTACCA

DM v s i e L

TGGCGGAAGGGEGT GCCACGEECAGTAGTGCTTCATGAGTATAGCACTGT TTGACATAATGAAAAAATTCTGITTCT
GGACR0 Leu Leu Pro Leu Ala Ala Val Val Tyr Ser Ser Gly Arg Val Phe Trp

325 330 335
Thr Leu Ala Arg Pro Asp Ala Thr Gln Ser Gln Arg Arg Arg Lys Thr
340 345 350

25

Val Arg Leu Leu Leu Ala Asn Leu Ile Ile Phe Leu Leu Cys Phe Val

355 360 365

Pro Tyr Asn Ser Thr Leu Ala Val Tyr Gly Leu Leu Arg Ala Asn Leu

30 370 375 380

Val Lys Asn Ser Ile Gln Asp Arg Asp Gln Val Arg Gly Val Leu Met
385 380 395 400

35 Ile Met Val Leu Leu Ala Gly Ala Asn Cys Val Leu Asp Pro Leu Val
405 410 415

Tyr Tyr Phe Ser Ala Glu Gly Phe Arg Asn Thr Leu Arg Asn Leu Gly

420 425 430
40
Ala Pro Leu Asn Thr Arg Pro Leu Ala Thr Asn Gly Ala Ala Gly Val
435 440 445
Leu Thr Glu Leu Pro Ser Glu Ser Thr Gln Asn Thr Gly Gln Asp Ala
45 450 455 460

Thr Ser Gln Val Leu Leu Gln Pro Ala Thr Leu Gly Thr Pro Pro Asp
465 470 475 480

50 Asn Cys Ser Gln Asp Ser Ala Leu
. 485

<210> 6
<211> 1197
55 <212> DNA
<213> Mus musculus

<400> 6 ' :
atgttagcca acagctcctc aaccaacagt tctgttctece cgtgtcctga ctaccgacct 60




ACCCCT TCCCCACGGT GCCCGTCAT CACGAAGTACT CATATCGT GACAAACTGTATTACT TTTTTAAGACAAAGA
CCTGT 30 410 420 430 440 450 460 470 480
CGACTTGTGGTAAGAATTATGTATTAATGACATGGAGTTATTAGACTCTTTTAAAAATTA'ZI'@T@@%%%BGCTAGAG
GGATG

GCTGAACACCK P PRS0 AT ACAT AAT TACT GTACCT CAAT AAT CTGAGAAAAT TTTTAARATABTGEESCATCTC
CCTAC 490 500 510 520 530 540 550 560 35

GCTCAGCAGCTAAGAGCACT CACTGCTCTTCCAGAGAACACAGGT TTTCOCCAGOCTCTGTGTCCAGTGTGTCAG
TAACT

R R e e A
Sctr e s e B0 oo oot Rt TCAOAAATAT

ACATA 40 tactacgcac tgcaccactg geccttccce gacctectat gecagacgac £

GGT CGAGGT GEEEARBACCIAACAIGCAGIE TG GACA L GAGT BOGEE d T aoT LT L AAGIKGT TTATA
TGTAT 650 #60c&:itdg 68f2a608ycX00cgalgd@h cacctgegge ggeccccgegt ggegeggetg 420
ATGAAAACAATTAICFAAT GRAAGTISCCHARAAGICGES HEACALE L T d ACEGETALIAET JAT CGIHGCAATAG
GCAGG aggceectege gttgecegcta ccgggacctce gaggtgegee tatgettega gagcttcagce 540
TACTTTBGTFAQ?*WTTRG@??@%EEEEE?¥WT@GﬁC@@ﬁ@@F@m@@@mﬂﬁﬁ@@ﬁﬁiﬁﬁﬁ@ﬁAIACGﬁmGTTATC
CGTCC'Y 45 CF30FIFEGC 7T CTBIIE 79980 CHTD t8OTICHy tettetggac gotggegege 660

GGATAT CT T | G A AR X IR CT I C T T CHT AT ARG F T COACATTAGA TICASTACT CTBAGAGATC
TGT gtcatcttce tgctgtgc cgtgccctac aacagcacge tggcggtcta cgggctgetg 780

cgga .
TTCCTATA CARCETCCET G2 CTCTCT
e R i e

TTCAAGGAT AGEAGAL CT AGA ACT NN A AR AL BACATACAAC

AACAA gccaccagge cggatgccege cagtcagggg ctgetccgac cctecgactc ccactctctg 1080
AAGT TCCTATCOTCTAGA FETETCRCT TG EGACATGACTR R R 6J 30 TEah EGE ok EGITAaGT GIGGH TGT TG
TTGTT%§ 9 CALRS CFOB ANO- D BE 60T LRETITBOLE 04e86c ktZa@d8@co06:816a 920 9R(B7940
950 9
CAACAAAAGA OﬁAGAi'&AGAGTTAAGAGCACTTGTTGCTCTTGCAGGGGATCTGGGTTCAGTTGCTAGCACCCA
‘CGTGG
GTTGTTTTCf%:%ﬁiTmﬁﬁrgmgg&gmwwmcmwwmAmmmmcmTcmm
GCACC2% 970 980 990 1000 1010 1020 1030 1040
CTGCTCTCATEIECTGTGATTCCAGT TTCAAGT CTTTTGATGCCCTCTTCTGGCTTCCAAAGGCACCAGGTACAC
ACATG <221> BINDING
GACGAGAGT AELAGACATFAAGGT CAAAGT TCAGAAAACT ACGGGAGAAGACCGAAGGT TTCCGTGGTCCATGT G
TGTAC, 105623360 40Pemiw80VE09® 1100 1110 1120 10
ATGCATATCCATACATTCATGCAAAATACT CATAAACATAAAATTAAAAAGACTAGGT ATTTTAAAACAAAATAT
CTCTT
TACGTATAGEIATGT AN ALGTTTTATGAGTATTTGTATTTTAATTTTTCTGATCCATAAAATTTTGT TTTATA
GAGAA 1130Q,45840 §15Q-.4160 1170 1180 1190 1200
AAAATIAAAATAAGT AAAAAT GATGT TAGAGAT TAT GGAGACACCT GCAT CTCCGCAT CCCCAGCT GAGACAAAG
AGATC <400> 7

Met Leu Ala Asn Ser Ser Ser Thr Asn Ser Ser Val Leu Pro Cys Pro

1 5 10 15

40 Asp Tyr Arg Pro Thr His Arg Leu His Leu Val Val Tyr Ser Leu Val
20 25 30
Leu Ala Ala Gly Leu Pro Leu Asn Ala Leu Ala Leu Trp Val Phe Leu
35 40 45

45

Arg Ala Leu Arg Val His Ser Vval Val Ser Val Tyr Met Cys Asn Leu

50 55 ' . 60

Ala Ala Ser Asp Leu Leu Phe Thr Leu Ser Leu Pro Val Arg Leu Serx

50 65 70 75 80

Tyr Tyr Ala Leu His His Trp Pro Phe Pro Asp Leu Leu Cys Gln Thr
85 90 95

55 Thr Gly Ala Ile Phe Gln Met Asn Met Tyr Gly Ser Cys Ile Phe Leu
100 105 110

Met Leu .Ile:Asn Val Asp Arg Tyr Ala Ala Ile Val His Pro Leu Arg
115 : 120 _ 125




15
TTTTAATTTTATTCATTTTTACTACAATCTCTAATACCT CTGT GGACGT AGAGGCGTAGGGGTCGACTCTGTTTC
TCTAG 1210 1220 1230 1240 1250 1260 1270 1280

ACAGCAACT CTGGAAATTGGACCAGT TAGCCT GGGCAGCAT GGTTAGATTGTGTCTCTAGAAGANENARGT AAAA
TAAAA WO 02/38607 PCT/GB01/04935
TGTCGTTGAGACCTTTAACCT GGT CAAT CGGACCCGT CGTACCAAT CTAACACAGAGATCTTCTTTTTTCATTTT
ATTTT 20 >5'prF 1 1290 1300 1310 13@@30 1340 1350 1360

TTTAAAAAGT AAAGACAGAGCT GAGGATGTAATCCTA T GGGAGATTTGEGGCAGGAGGCT CAGGAGTTCA
AGGCC 25 AA

ATTTTTCATTT GTgTCC&CjJ}T%CTACATTACISATCGEGAACCCT AAACCCCGT CCTCCGAGTCCTCAAGTTC
GG 30 1370 FRaiEP £4907au 302 tFgoLeyn Leu Cys Leu Gly

AACCT CAACTACATAGCAAGT TTTATACCARCCT AGGT CATATGAGALT AT GT CT AAAAAAAAGGGCAAAGGCTA

AGITAS ValT Ala Leu Tle Leu Val Phe Ala Val Pr

TTGGAGTTGAEGTATOGTTCAARAT ATGGT T GOATCCAGT ATAGECT AT ARAGET T r i ToccaTTToCEAT

TCAAT 1450 1460 1470 1480 1490 1500 1510 1520

TATTCACT CEAACAGATATIAGAMHT EEECHET BEGOGEGACERERCRIT AGAGAGCE GSERECT TCATGGECTTCC

TGCAT 165 170 175

ATAAGPGAGATTGTCTATATGTTTAACACGCACGCGCACT CCGCCCCGAT CT CTCCACCGEGGAAGT ACCGAAGS

ACGTA 35°158¢r Fhg0Sers86p 13601 es 7ap 1580 Gly 390 A$0Geu Pro Leu Val

GCTGTGAGTTGTCTACCT GRPAGT TGT TCT COGAT GAGAACT GATTTCT CAT AREGAGT GOCCCACAGT TTAGTA

AGGAA

CGACA &@%@%&&T%ﬁé&%@ﬁ%@ﬁ%@ PrACTEACBEGGTGTCAAATCAT

TCCTT <5'prR 40 1610 1620 1640 1650 166G 1670 1680

G T T ACA G GHGACT SaACAAPOQLT ICANGGRACT G R TCAAGLT GG DA COO00GT TGCAT
210 215 220

CCAAATGTCCTCT GTGACCCT CT TCGGGACGGT TCCGT CACCAAGAGT TGGACACCCAGCT CT GRGAGCAACGTA

GAGT@045 Glg9®er] %00 ZrplArd 726 LvE3Cht 7] A7S(et768: Leu Ala Asn Leu

ATGTOCT GEAECGCAGGTATTTACAEBATGATTCATAACAGT AGEAAAAT TACAGT TAT AAAGT AGCAAT TAAAT

TTTAT

TACAGGAC&?&{E&&E%T%&A%@%&X?A@FAX&A?F g@f@&ﬁeﬁﬂ}ﬁ FHFCATCGTTAATTTA

AAATAs>5' scr >5' arnfF 5 1 1770 1780 1800 1 1810 1820 1830 1840

%mm&%& %Q%GEQ@%@%H AGASACET PAQ%AKE?‘QQCC' TGAGECCTCC

260
CCACCACCOCAGT GGTGTTGACAT ACTTTCTCAGT G OGT AATCCT TTCRACT (T AGT GACGGAACT COGRAGG

GICGI 55 2885891 86D A&®70611880 I130@e1900 %84 0/a1904&h Leu Ala Gly Ala
30 275 280 285

Asn Cys Val Leu Asp Pro Leu Val Tyr Tyr Phe Ser Ala Glu Gly Phe
290 295 300

35 Arg Asn Thr Leu Arg Gly Leu Gly Thr Pro His Arg Ala Arg Thr Ser
305 310 315 320

Ala Thr Asn Gly Thr Arg Ala Ala Leu Ala Gln Ser Glu Arg Ser Ala

325 330 335
40

Val Thr Thr Asp Ala Thr Arg Pro Asp Ala Ala Ser Gln Gly Leu Leu
340 345 350

Arg Pro Ser Asp Ser His Ser Leu Ser Ser Phe Thr Gln Cys Pro Gln
45 355 360 365

Asp Ser Ala Leu Arg Ala Ile Arg Glu Leu Gly Lys Pro Ile Pro Asn
370 375 380

50 Pro Leu Leu Gly Leu Asp Ser Ser His His His His His His
385 390 ‘ 395

<210> 8
<211> 1241
55 <212> DpNA
<213> Mus musculus

<220>
<221> MISC_SIGNAL




CCTTTCTAACAGGAATGCTAAAGT GT TCTTAACGT GCCTCTGECCAAGCCT GATGGTAAGT GACT TGGAATCACA
CCGGT

GGAAAGATTGT CCTTACGAT TTCACAAGAAT TGCACGGAGACCGGT TCCGACT. ACCATTCAﬂ' %%TAGT GI
GGCCA 19%% %%50 1960 1970 1980 1990 2000 60

GGTACATT ¥ AGGT GAGGAGAT GGT TAGGT CACT CAAGCT GAAT GTAGCT E3TCBUTBTBAGCAAA
CCCAG

CCATGTAAGAGTAAAATATCCACT CCTCTACCAAT CCAGIGAGTI TCGACT TACATCGACCCAGAGAGACTCGTTT
GGGTC 2010 2020 2030 2040 2050 2060 2070 2080

CCCACAAGCEAEPACET GAAT GCGAT GAACCGGACT GGATGATAT TGTCCTGGACT TGCGCTCTGAACTTTATTC
CTTAG 65%223> Kozak consensus signal

GGGTGI TCCCTCTTCCACTTACCCTACT TGECCTGACCTACTATAACAGGACCT GAACGCGAGACT TGAAATAAG
GAATC WO B29¢B860F 118 5 2 9 AUG 2005 PCT/ GBO1/ 04935 2090 2100 2110 2120
2130 23_40 a234ER LB Rgccaacage tectcaacca acagttctgt tctecegtgt cctgactacce 60

ATAAGGT CGEAGHCTEAC FCORCIECAGATGAGAREAAGT GRTCT ARCEETIREECCAGTEAGR.cECTAPT TGCGGT
GAATGT tcaacgeget agccctctgg gtcttectge gcgcgctgcg cgtgcactcg gtggtgagcg 180

CTTA 21 g@% 8 é cc g gccag acgacgggcg

g;éATTTE cacct gcggcggccc cg ggcgg'AC-ﬁ CAG
ggCtgctct t t tcct

A TT ccc gc gg_ cgctca tcc gﬁ-tt cgt M@%%%QCCTGTC

CGATC 10 Eé’éﬂ:gg&ﬁo g223@g228039228@ct233099c?& Qc thctggcc a ggcgctg 600

ACCTTET AAGSAGTCAGT AACCATEEE GAAGEATCTTC
ATCGTA cgcgccecga cgccacgcag agccagcggc ggcggaagac cgtgcgcctc ctgctggcta 720
TGGAAGAT TECTCABTRCAT FESTARAT ACCTTREGT COSRCEaSET AAMIATTCIGGEEGICBASET TSI AGAAGT
AGCAT 233?%@;&@9%Sea%@et?mgmgzmtzam cg&tcgegtyg cgeggggtge 840

[0

ATGT
AGA ccga gggc tccgc aacaccctgc gcggcctggg cactccgcac cgggccagga 960
te

TACAGGTTT&"E,&@T@&%A%CC&C N FETRRCEITTTREY TTAAG
TCTCG 24191:%2&&@439t @@c%ﬁ %%%%@%ﬁj% a§§§§tcca Ef‘?;—
AAATCTTCTW gm%A@%g&GT giar %J égga@@géee@m

CTGCARR0 atctgaatat gcataccggt catcatcacc atcaccattg a 1241
TTTAGAAGACTCCGGTGTTTCCATCCGT TCACCGT TTCGGT TCTGAGTACGT AT AT CGGACGGCCCCTGGGAACT
GACGT 249300 2510 2520 2530 2540 2550 2560
TCI:ACISACCj%@CA‘I;%%CAATGTAGGATAGAGAGGAACTATAAAATGCCTGCTTGTTATGGATGGTGAAAGATG
GCCT
ACGTgCOTGcfAzéééGTK‘éfG”i“rsAcdi&%CTATCTCTCCTTGATATTTTACGGACGAACAATACCTACCACTTTCTAC
CGGAC 25 Mp-G E R WP> MBACH CDS > 2570 2580 2590 2600 2610 2620 2630
2640 <221> BINDING :
<222> 391-400
35 <223> C terminal Myc tag

<220>

<221> BINDING

<222> 406-411
40 <223> His tag

<400> S
Met Leu Alz Asn Ser Ser Ser Thr Asn Ser Ser Val Leu Pro Cys Pro
1 5 : 10 15
45
Asp Tyr Arg Pro Thr His Arg Leu His Leu Val Val Tyr Ser Leu Val
20 25 30
Leu Ala Alz Gly Leu Pro Leu Asn Ala Leu Ala Leu Trp Val Phe ILeu
50 35 40 45

Arg Ala Leu Arg Val His Ser Val Val Ser Val Tyr Met Cys Asn Leu
50 55 60

55 Ala Ala Ser Asp Leu Leu Phe Thr Leu Ser Leu Pro Val Arg Leu Ser
65 70 15 80

Tyr Tyr Alz Leu His His Trp Pro Phe Pro Asp Leu Leu Cys Gln Thr
. 85 S0 ' 95




AAGAGCCTTTGAGGCCAAGAAAGGACT CAAGAGGCCAGT GGTCAGCCAAGT GTTTAGGRCTACGGT TCTGTTTCTC
ATAGC 30

TTCTCGGAAACT CCGGTTCTTTCCT GAGT TCT CCGGT CACCAGT CGGT TCACAAAT CCGAT GOCAAGACAAAGAG
TATCG EEPLRPRKDSRGQWSAKCLGY GS VS H SIMwikdilicos >
2650 2660 WBTD38680 2690 2700 2710 2720 35 PCT/GB01/04935
TTTACTTTTGGCTTGCCT TCCCACT CCAGGT CTCCACT GCTGAAGAAGT TGCAGCACCAAGGECT TCCAGCCTTG
GCCAG

AAAT GAAAACCGAACGGAAGGGT GAGGT CCAGAGGT GACRACT TCTTCAACGT CGTGGTTCCOG  AAGGT CGGAA
CCGGTC FTFGLPSHSRSPLLKKLQHQGLPALAS> NMBACH CDS >
40 2730 2740 2750 2760 2770 2780 2790 2800

TCATCT é&éﬁﬂﬁx?ﬁgf&%é%ﬁéﬁfxﬁﬁtﬁggbeT¢bTéerﬁaafﬂazﬁyx#mﬁﬁﬁCTGWATTGCC
ACCAG 0 110

TGO H LB L B0 F 10 PETAS ACTT BT Eay (B b NBAGH CDS >

2810 2820 2830 2840 2850 2860 2870 2880
GCTACCACCEI CRAGHGAAAGTLAT Gkd CESAGGT VAT TEL TELCTACGATCERT GAGAGTAATTTCTCTTCCC
ACCTG 130 135 140
CGAT G GBGACCTCCACT TTCAGT ACGAGACT GGAACAACAAGGGAT GCT ACGGAGT CTGAT TAAAGAGAAGEG
TGGAC G YaH TPPGG EeS HeALpu Fal EheFARa Vall PrQATaNalE Sr@VeiLLEis50 MBACH CDS
> <5 ar R143 2890 2900 291652920 2930 2940 2HH01 2960 55 160

AT
A AT A A A GACEACT T CTACCACAGETCTGTGCTCCAGTCOOCTGACTATORA
CTGT ACT ACAAACGGT TAAGAAGTEGGT T GT GCT GAAGATAST T GT CGAGACACGAGET CACGGGACT GATAGCT
CTATG D Nle el Mhe Ber ANcTu -E.e§‘ T NLgs %l krgQLguPLeQ grcRL uT\?al MBACH CDS >
60 >7tmregion 1 2840 2980 2990 30§P< 3010 1 3020 3038 3040
P_CATCGTTTGCATATGGTGGTCTACAGCCT GGTATTGGOGACT GGTCTCCCTCTCAACGCT CTGGCTCTCTGEG
TCTTCED Leu Leu Ala Glu Ala Leu Gly Phe Leu Leu Pro Leu Ala Ala Val Val
TGTAGCAAACGT ATAGCECCAGAT GTCGGACCATAACCGCT GACCAGAGRRAGAGT TGOGAGACCGAGAGACCCA

GAAGG65S HRLHMVVY .5 LVLATGLPLNALALWY PP W
02/ 38607 Tlirg Ser Ser Gly Arg val Phe Trp Thr Leu Ala Arg Pro Asp Ala Thr

210 215 220
25
Gln Ser Gln Arg Arg Arg Lys Thr Val Arg Leu Leu Leu Ala Asn Leu
225 230 235 240
Val Ile Phe Leu Leu Cys Phe Val Pro Tyr Asn Ser Thr Leu Ala Val
30 245 250 255

Tyr Gly Leu Leu Arg Ser Lys Leu Val Ala Ala Ser Val Pro Ala Arg
260 265 270

35 Asp Arg Val Arg Gly Val Leu Met Val Met Val Leu Leu Ala Gly Ala
275 280 285

Asn Cys Val Leu Asp Pro Leu Val Tyr Tyr Phe Ser Ala Glu Gly Phe

290 295 300
40
Arg Asn Thr Leu Arg Gly Leu Gly Thr Pro His Arg Ala Arg Thr Ser
305 310 315 320
Ala Thr Asn Gly Thr Arg Ala Ala Leu Ala Gln Ser Glu Arg Ser Ala
45 325 330 335

Val Thr Thr Asp Ala Thr Arg Pro Asp Ala Ala Ser Gln Gly Leu Leu
340 345 350

50 Arg Pro Ser Asp Ser His Ser Leu Ser Ser Phe Thr Gln Cys Pro Gln
355 . 360 . 365

Asp Ser Ala Leu Glu Phe Cys Arg Tyr Pro Ala Gln Trp Arg Pro Leu

370 375 380
55

Glu Ser Arg Gly Pro Phe Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
385 390 395 400

Asn Met His Thr Gly His His His His His His




2 9 AUG 2005 PCT/ GBOL/ 04935 MBACH CDS > 3050 3060 3070 3080 3090 3100
3110 3120
TGINHNXGIUHN%GCMH&HG@&H@AOWGWUM&?&&M&O@&%%JGﬁ@TG&G:
TGTCA 5 79 AUG 2005
ACGCACAT GALS A 5T GAGT CACCACT CGCACAT GT ACACGT TGGACCGT CGGT CRET GBI OABAAGT GGG
"ACAGT LRVLRVHSVVSVYMCNLAASDLLTFEFTL S> MBACH CDS >
3130 3140 3150 3160 3170 3180 3190 3200715L0
CTTCCCCTGCGCCTCTCCTACTATGCACAGCACCACTGGECCT TTTCCAGGCT TCCTGT GCCAGACGT CGRGCGCC
ATCTT 405 410
GAAGGGGACGCGGAGAGGAT GATACGT GT CGT GGT GACCGGAAAAGGT CCGAAGGACACGGT CT GCAGCCCGCGG
TAGBA LPLRLSYYAQHHWPFPGFLCQTSGAI F> MACH CDS >
15 3210 3220 3230 3240 3250 3260 3270 3280
CCAGATGAACATGTACGGCAGCTGTCTCTTTCTGATGCTCATCAACGT GGACCGCTATGCGGCCATCGTGCACCC
GCTGA ‘

GGTCTACTTGTACAT GOCGTCGACAGAGAAAGACT ACGAGTAGT TGCACCT GGOGATACGCCGGTAGCACGT GGG
CGACTQMNMYGSCLFLMLI NVDRYAAI VHPL> 20 MBACH CDS >
3290 3300 3310 3320 3330 3340 3350 3360

GACT GCGCCACCT ACGGCGGCCCCGT GT GGCACGECGGECT CTGCCT GGGECGT GTGAGCTCTCATCCTGCTGTTCG
CTGIG

CTGACGCGGT GGAT GCCGCCGEEECACACCGT GCCACCGAGACGRACCCGCACACCCGAGAGT AGGACGACAAGC
GACAC RLRHLRRPRVARRLCLGVWALI LLFA\V>25 NMBACH CDS
> 3370 3380 3390 3400 3410 3420 3430 3440

CCCGCCGCCCGCGT GCACAGCCCGT CCCACT GCACGTACAAGAACAT CACT GTGCGCCTGTGCTTCGAGAGCTTC
AGCGA

GGGCEECEEECECACGT GTCEEECAGRGT GACGT GCATGT TCT TGTAGT GACACGCGGACACGAAGCTCTCGAAG
TCGCCT 30 PAARVHSPSHCTYKNI TVRLCFESFSD MACH CDS
> 3450 3460 3470 3480 3490 3500 3510 3520

TGAACT GTGGAAGGGCAGECT GCTGCCECTCCTGCT GCTGGCCGAGATACTAGGCT TTCTGCTGCCCCTGRCGRC
TGTCG 35 '

ACTTGACACCT TCCCGT CCGACGACGGCGAGGACGACGACCGGECTCTAT GAT CCGAAAGACGACGGGGACCGCCG
ACAGC ELWKGRLLPLLLLAEI LGFLL 'PLAAYV> MACHCDS >
3530 3540 3550 3560 3570 3580 3590 3600




40
TCTATTCGTCTGGCAGAGT CTTCT GGACACT GGOGAGGCCCGACGCCACT CAGAGCCAACGGCGACGGAAGACCG
TGOGC

AGAT AAGCAGACCGT CTCAGAAGACCT GTGACCGCT COGGGCT GOGGT GAGT CTCGGT TGO & TeTaac
ACGCG V WOBE'RV FWTLARPDATQSQRRRK T \PRGBYBAGS CDS >
45 3610 3620 3630 3640 3650 3660 3670 3680 50

CTCCTGCTGROCPAT CTCATCATCTTCCTGCTGTGCT TCRT GOOCTATAACT CCACGCTGCTGTATATGRGT TG

CTACG 11
GAGGACGACCGGT TAGAGT AGT AGAAGGACGACACGAAGCACGGEGATAT TGAGGT GCGACCGACATATACCCAAC
GATGCC L L L ANL FLLCFVPYNSTLAVYGLLR MACHCDS >

0590 3100 AL A O AR I 058 oo s

COGGT TGAACCACTTCTTGT CAT AAGT CCT GROGCT AGT OCACGUGCCCCACGACT ACTATTACCACGACGACCG
GCCGC 55 A N L g €1geRpmiq seguencr opmguse RAGH isshpwn befow (SEQ ADBIO: MBaibis CDS >

Comncraost ST A SR AR el e RASE RoedkericrisdRasiemsr aoac

CCCCG corresponding to the primers are annotated. .

GGTTGACGCACGACCT AGGT GACCAPAT GAT GAAGT CACGGCT CCCAAAGGCAT TGT GGGAAGCGT TGGACCCGC
GGGGC 60ANCVLDPLVYYFSAEGFRNTLRNLGAP> MBACH CDS
3272/8;3 07 gg_l_?e’i@ll /rgg‘gotgﬁ? @%@9&1&@?&%%%9 s c?u%%cés’%%%se tﬁ‘u%ocument\/\?
CTGAAT ACCAIEOCHT Tl TtA O AN C¥Beiehdd JoARISSEah (Sad SACCGAACT ACCCTCAGAAAGCACCCAAAAC
ACTGG

GACTTATGG] CCBGAAACCGAT GGT TACCCOGACGT COBCACGAGT GRCTTGATGEGAGT CTTTCGTGRGT TTTG
TGACC L N°TRP P T ING* A GVLTELPSESTQNTG MBACH CDS >
WO 02488607 121 2 9 AUG 2005 3 10 5o o o 50

GAATTCTACCTGCGCTAAACACAATTCTTGGTCCTCCTGCCTCAGCTTCCAAATGCTAGATTGCAGAGGTGCACCATCAC
CTTAAGATGGACGCGATTTGTGTTAAGAACCAGGAGGACGGAGTCGAAGGTTTACGATCTAACGTCTCCACGTGGTAGTG

90 100 110 120 130 140 150 160
15 ATAGGAACGTACTTAGGGTTTATAAGGCTCTGGGTTCCACCCCTTACCAGCACTGARARRARAT TTACACATTACAATAT
TATCCTTGCATGAATCCCAAATATTCCGAGACCCARAGGTGGGGAATGGTCGTGACTTTTTTTTARATCTCTAATGTTATE

170 180 130 200 210 220 230 240
GAGTGGATGAGTGGAAGGATGGATGGAAGGAAGAGTGGGTCTTGGAAACAGGCTGCTAAGGGAAATAAGGCAGACATTGG
20 CTCACCTACTCACCTTCCTACCTACCTTCCTTCTCACCCAGAACCTTTGTCCGACGATTCCCTT TATTCCGTCTGTAACT

250 260 270 280 290 300 310 320
ATAAACACTACCACTCCGTCACTCTGAGGCATCTAGAATAGACATCAGAGACGGAAAGTAGAAAAGAGGTTACCAGAGGC
TATTTGTGATGGTGAGGCAGTGAGACTCCGTAGAT CTTATCTGTAGTCTCTGCCTTTCATCT TTTCTCCAATGGTCTCCG

25 4
330 340 350 360 370 380 390 400
TGGGGAAGGGGTGCCACGGGCAGTAGTGCT TCATGAGTATAGCACTGTTTGACATAATGARRAAATTCTGTTTCTGGACA
ACCCCTTCCCCACGGTGCCCGTCATCACGAAGTACTCATATCGTGACAAACTGTATTACT T TTTTAAGACAAAGACCTGT
30 410 420 430 440 450 460 470 480

CGACTTGTGGTAAGAATTATGTATTAATGACATGGAGTTATTAGACTCTTTTAAAAATTATATAAGGGGCTAGAGGGATG
GCTGAACACCATTCTTAATACATAATTACTGTACCTCAATAATCTGAGAARATTTTTARATATATTCCCCGATCTCCCTAC

490 500 510 520 530 540 550 560
35 GCTCAGCAGCTARGAGCACTCACTGCTCT TCCAGAGARCACAGGTTTTCCCCAGCCTCTGTGTCCAGTGTGTCAGTAACT
’ CGAGTCGTCGATTCTCGTGAGTGACGAGAAGGTCTCTTGTGTCCARAAGGGGTCGGAGACACAGGTCACACAGTCATTGA

570 580 590 600 610 620 630 640
CCAGCTCCAGGGCTCCTGGAT TCTGGCCTCAGACACTGTACTCATGCCCARACCCACACACAGATTCACARATATACATA
40 GGTCGAGGTCCCGAGGACCTAAGACCGGAGTCTGTGACATGAGTACGGGTTTGEGTGTGTGTCTAAGTGTTTATATGTAT

650 660 670 680 690 700 710 720
ATGAARACAATTAATAATGARAGTCCGGGAAAAGCTGGGTGCACACCTTTAGTCCTAGCACT TATGGTGCAATAGGCAGS
TACTTTTGTTAATTATTACTTTCAGGCCCTTTTCGACCCACGTGTGGAAATCAGGATCGTGAATACCACGTTATCCGTCC

45
730 740 750 760 770 780 790 800
RAAGGATATCTTTGAGTTTGAAGACCCAGCCTTGGTTCATACTCAGT TCCAGACCAGATTGGACTACTCTGAGAGATCTGT
TTCCTATAGARACTCAAACTTCTGGGTCGGAACCAAGTATGAGTCAAGGTCTGGTCTARCCTGATGAGACTCTCTAGACA
50 810 820 830 840 850 860 870 880

- TTCAAGGATAGCAGATCTACACAGAGARACACTGTACTGAAAACACCARACAAGCAARACAACAACAGCAACARCAACAR
AAGTTCCTATCGTCTAGATGTGTCTCT TTGTGACATGACTTTTGTGGTTTGTTCGTTTTGT TG T TGTCGTTGTTGTTGTT




PCT/ GB01/ 04935 3930 3940 3950 3960 3970 3980 3990 4000
GCAGGATGCCACAAGT CAGGT TCTACT CCAGCCTGCCACT CTGEGT ACACCCCCGGACAACT GCTCCCAGGATTC
.GGCTC q AUG

CGTCCTA g@ CCAAGATGAGGT CGGACGGT GAGACCCATGT GGGGGECCTGT T CGAé@gHCCTAAG
CCGAG Q DE%6$L glv LLQPATLGTPPDNCS QDS A PH/GBNOHOBDS >
>3'arnF 1 4010 4020 4030 4040 4050 4060 14070 4080 10

TCTGAGAGGACGCAGT CTAAGT GAACGT AGACT TGT GCCT £CTCAGAGGCT TAGGGT GTACAT TTGAGGGAGGT
GGGCT

AGACTCT CCT GCGT CAGATTCACTFGSCATCTGAACACGEH GWgTCCGAATQ%CACA:gTAAACTCg%TCCA
CCCCA L *>xainaRlbasnrnckcadR9oOn AR oAkt ehc4dmOeak ég%@cﬁ%éi)rcﬂéﬁ@c i CCACGTGG
GEEHACTTGEWETmT@ﬁAA@AAﬁE@Em@Kﬂ&ﬁwmﬁKﬂﬁKHﬁ%MMii3%Mﬂ%&ﬂ%ﬂ&ﬁ%ﬁ&%%%ﬁ@%éﬁé@ﬁAGAG

TGCCA
'CCCATGQKCCE CACHPET T CCETTGT TCACRCAT TCEPFCCT TTEEPTCTC
ACCI;T 4 1 7 0 A c zg AT, CTTCTGGCTTCCAAAGGCACCAGGTACACACATG
CTGCTGACAGCTTTAGCTTCTGATTATCACACAGA G S AR R ARG EaGCA
TGCGC 1050 1060 1070 1080 1090 1100 1110 1120

St e e R
ATGGCTAAGAGCT GGIAGAT GGAGEAGAAGNHAGAT CTG] AGGT O CAGT CTGAGAGMIAAAGAT CTGETGAC

CTTGG AARATTAAAATAAGTAARAATGATGTTAGAGAT TATGGAGACACCTGCATCTCCGCATCCCCAGCTGAGACARAGAGATC
TACCGAPT CTCER e T O A FCTFCTAET ST CACA QBT OCACOACT GAGACT NCHATITGTABAGEACT G

GAACC 4330 4340,.4350 43 4370.4380 4390 4400_ _30

AT CAACTAGAGA AL R EETGA G T ANT AAAE TR ST RGO
CAGCC TGTCGTTGAGACCTTTAACCTGGTCAATCGGACCCGTCGTACCAATCTAACACAGAGATCTTCTTTTTTCATTTTATTTT
ACTTABPTGATGTGT CTGOGAGTAGACAGTAGAAGT TTTTATTTTGAGACCCGACCACCACCT T

GTCGG 4410 4420 4430 A4 4450 4460 4470 4480
CIXZA(JNTCITTCIJBCI}S;JF«ZAJ"[é;g:ﬂ(:fGg}{gT(FTAG};E%;AEIJ:I}}%CITTGI?}%SIJIII I é:lll/¥§¥§%Aﬁ(33

(;T(;NT :35 TTTAAAAAGTAAAGACAGAGCTGAGGATGTAATCCTAGCACTTGGGAGATTTGGGGCAGGAGGCTCAGGAGTTCAAGGCC
GCGT GRACGAEE T CAT T /A GG RO ATANRAT MG SR EECAN R X ACEAGEAAAACALAANTEAGT TCC
CACTA 40 4490 4 451Q_4520 4530 4540 4550 4560 '

GacCACTGT BT A GAT ARG ATANGACARATTTT AN LT ATEGACCA

GTCTAARAAAAAGGGCARAGGCTAAGTTA

AT

AJ¥TA(3 TTGGAGTTGATGTATCGTTCAAAATATGGTTGGATCCAGTATACTCTGATACAGATTTTTTTTCCCGTTTC TT
CCGGTRACACAGT GGT CGGGACCGAAGGGACAAGT CTACCCT CCATATTGT G TT CCAAATWAACCAT AT GGT
TT]VFC: 1450 1460 1470 1480 1490 1500 1510 1520

TATTCACTCTAACAGATATACAAATTGTGCGTGCGCGTGAGGCGGGGCTAGAGAGGTGGCCCCTTCATGGCTTCCTGCAT
ATAAGTGAGATTGTCTATATGTTTAACACGCACGCGCACTCCGCCCCGATCTCTCCACCGGGGAAGTACCGAAGGACGTA

35 1530 1540 1550 1560 1570 1580 1590 1600
GCTGTGGGTTGTCTACCTCTTAGTTGTTCTCGGATGCCAACTGAT TTCTCATAATGAGTGCCCCACAGTTTAGTAAGGAR
CGACACCCAACAGATGGAGAATCAACAAGAGCCTACGGTTGACTAAAGAGTATTACTCACGGGGTGTCAAATCATTCCTT

<5'prR
40 |
| 1610 1620 1630 1640 1650 1660 1670 1680
GGTTTACAGGAGACACTGGGAGRAGCCCTGCCAAGGCAGTGGTTCTCAACCTGTGGGTCGAGACCCCCGTTGCATCTCAG
CCAAATGTCCTCTGTGACCCTCTTCGGGACGGTTCCGTCACCAAGAGTTGGACACCCAGCTCTGGGGECAACGTAGAGTC

45 1690 1700 1710 1720 1730 1740 1750 1760
ATGTCCTGCACCGCAGGTATTTACATTATGATTCATAACAGTAGCAAAATTACAGTTATAAAGTAGCAATTAAATTTTAT
TACAGGACGTGGCGTCCATAAATGTAATACTAAGTATTGTCATCGT TTTAATGTCAATATTTCATCGTTAATTTAARATA

>5'scr >5'armF
50 i i
1770 1780 1790 1800 | 1810 1820 1830 1840
GGTGGTGGGGTCACCACAACTGTATGAAAGAGTCACAGCATTAGGAAAGCTGAGAATCACTGCCTTGAGGCCTCCCAGCA
CCACCACCCCAGTGGTGTTGACATACTTTCTCAGTGTCGTAATCCTTTCGACTCTTAGTGACGGAACTCCGGAGGGTCGT

55 1850 1860 1870 1880 1890 1900 1910 1920
CCTTTCTAACAGGAATGCTARAGTGTTCTTAACGTGCCTCTGGCCAAGGCTGATGGTAAGTGACTTGGAATCACACCGGT
GGARAGATTGTCCTTACGATTTCACAAGAATTGCACGGAGACCGGTTCCGACTACCATTCACTGAACCTTAGTGTGGCCA

1930 19490 13850 1960 1870 1980 1880 2000
60 GGTACATTCTCATTTTATAGGTGAGGAGATGGTTAGGTCACTCAAGCTGAATGTAGCTGGGTCTCTCTGAGCARACCCAG
CCATGTAAGAGTARAATATCCACTCCTCTACCAATCCAGTGAGTTCGACTTACATCGACCCAGAGAGACTCGTTTGGGTC

2010 2020 2030 2040 2050 2060 2070 2080
o CCCACAAGGGAGAAGGTGAATGGGATGAACCGGACTGGATGATATTGTCCTGGACTTGCGCTCTGAACTTTATTCCTTAG
-65__fvGGGTGTTCCCTCTTCCACTTACCCTACTTGGCCTGACCTACTATAACAGGACCTGAACGCGAGACTTGAAATAAGGAATC



4570 4580 4590 4600 4610 4620 4630 4640
TTCTGACCCATTTCCCAACTTGTAACAAT TTCGACT TGACACCT GGCAT GT GGT GGCT GGGGCAGGGCAGAGCCA
TGCTT AA

GACTGGGTAAAGGGT TGAACAT TGTTAAAGCT GAACT GTGGACCGT ACACCACCGACCCCGESaETilcaaTAC
GAA 45 46X 4804670 4680 4690 4700 4710 4720 PCT/GB01/04935
GGAGTCCCTCTCACTTGCTAGT TCTTGGTTCCTTTTCTAAGT CATCCTTTTCCCT TCTGCAGCTCTCGGGGCCTC
TTCCA

CCTCAGGGAGAGT GAACGAT CAAGAACCAAGGAAAAGAT T RAGT AGGAAAAGGGAAGACGT CGAGAGCCCCGRAG
AAGGT 4730 4740 4750 4760 4770 4780 4790 4800 50

TCCTGGATCTTTAABAZGT CAAGTGECACT TQRET CTCITFOCCACHGRGT TOGT JETCCTCAGOCCGCOOCCTTA

TATAG ATAAGGTCGCAGACTCACTCCAGGCAGAGAGAGGAAGTGCTCTACCGCTTTCCCCAGTCAGPCCTATTTGCGGTGAATGT
AGGA AGABATIATIACGECAGAETCAREEEA & AGCANGAGE A

ATATC 4810 4820 4830 4840 4850 4860 4870 4880A

T AT ACCAGH G O A L L L L T G A AR CT CECACT AT GRAGTTCT

TGATG 55  AcAATTAAAAGGAGATTACCTTACACTTCGECCACCCACCCTOTTCCGE
ATGTATCGTCTCAGACCGGAACT TCACAAAAACAAAACAACACAMAACT T e A AR AT AR T canca
ACTAG®0 4890 4990 491Zp64920 4930 4940280 4950224@60 2300 2310 2320

TOCT CAACT R AT A

GCTGG

AGGACCT TGAGT AAGAGBAT GT GAECCGACGEEAACT TEAT TGT GLGTET CTAGAGGACCCRAGACGEAGRATTTA
CGACA %497 A T498BAMAOETEN0EABA1AIcEAROr 8RR O 4R ACACACCTAGAT AAGGARARTGARATTCAGAGC
GATTAAAGCT B P S R R AR ATL T AR T A ARG T T T P R ST C T F P CT AT T ST T AL TCRREFICTTCAAGA

oot aaiibaiha S ety tircr
GACCCOND 02388 TErcct@2 @& rBCoAl AR D T¢ GBI EAARS AP0 Bc 206k cOtEE0n 20805090
5100 5110 5120

T GeAT TG A T AT AR A R AGA A T T CAMTCACAS

A(XETC: ACGTCCTGGACCCGTACTGTTACATCCTATCTCTCCTTGATATTTTACGGACG CAATACCTACCACTTTC
AACCCBAAACAGACACAT TATT GRACCAATACGTCTTTGAGT GA @rmw&hac

TCCAG 5 5130 5140 5150 5160 5170 5180 5190 5200 _____ MBACH CDS
C¥¥:§Z¥GIX:TCTFGIX:Ig;BCIX:TngggEA(FTC%Z[Q?“EA(FT?%%ACIETCI%%E%J:A(E:@E;%:TCJET%%%%IX:TCJ:EIETT"FCY\

ARGAGCCTTTGAGGCCAAGAAAGGACTCAAGAGGCCAGTGGTCAGCCARGT.

CGTAA 521(F 5926 3230 52340 k6250s526(: 5270 5280 x1&@ . ¢ Y G s \7'3 H s>
TCATACAT GEFRCEEETHFACAAGCCCAGCTGCAGTCAMPAR TPFATGAAATTTGTATCTTTTGAPAACCGCPCTCT
CTACA 2660 2670 2680
AGTABGTAC@A@%%&EGEI@EB@&EE@@%@E&@G@E ERADATSCHG TAMG AT AGAMAGETTTGSAGAGA
GATGT 5293»5BDAANSEIACERREHE RV TERALCHEBAGS 6 CARCCTCETGETTCCCERAAGGTCGGARCCGGTC
'TCKSCX:A«:C)\C?RCHTT1§3IfTTé?T(?T(?TCTFCTPT/QAC?TCﬁ%ggﬁgé%%;ﬁ?TﬂFrCIJ:E&:#(TCQ:TGXS@X:(FFCETTGR:Q?FCSFCIJ:T
CCCTT
40 2730 2740 2750 2760 2770 2780 2790 2800
TCATCTGCCCCTGAGETCACAGCCCACGTGCCCATGTCTTGCTTCTGCTTGCCTGGGGACAGAGTCTGTATTGCCACCAG
AGTAGACGGGGACTCCAGTGTCGGGTGCACGGGTACAGAACGAAGACGAACGGACCCCTGTCTCAGACATAACGGTGETC

HL P LRSS QPTOCUPOCZLAS S ACTILGTTESUVTIL P P>
MBACH CDS >

45

2810 2820 2830 2840 2850 2860 2870 2880
GCTACCACCCTGGAGGTGAAAGTCATGCTCTGACCT TGTTGTTCCCTACGATGCCTCAGACTAATTTCTCTTCCCACCTG
CGATGGTGGGACCTCCACTTTCAGTACGAGACTGGAACAACAAGGGATGCT ACGEAGTCTGATTARAGAGAAGGGTGGAC
G Y HP GGE S HAULTTILTILUPFUPTMZPGOTMWNTEFS S H IL>

50 MBACH CDS >

<5%armR
|
2890 2900 2910 2920 2930 2940 2950} 2960
55 GACATGATGTTTGCCAATTCTTCAGCCAACACGACTTCTACCAACAGCTCTGTGCTCCAGTGCCCTGACTATCGAGATAC
CTGTACTACAAACGGTTAAGAAGTCGGTTGTGCTGAAGATGGTTGTCGAGACACGAGGTCACGGGACTGATAGCTCTATG
D MM F A NS 8 A NTT S T N 8§ 8§ VvV L, g ¢ P D Y R D T
MBACH CDS >

60

>7tm_region
|
2970 2980 2990 3000 3010 | 3020 3030 3040
- ACATCGTTTGCATATGGTGGTCTACAGCCTGGTATTGGCGACTGGTCTCCCTCTCARCGCTCTGGCTCTCTGGGTCTTCC
TGTRGCAAACGTATACCACCAGATGTCGGACCATAACCGCTGACCAGAGGGAGAGT TGCGAGACCGAGAGACCCAGRAGG
65  H R L HMVV Y SLVUILATGTILPTILNBATELGATLTWV Fooo .




15
ACCGGTGGTGTGAAACGAAGAGACAGAGAATTGAGTAAGAGAGATAGGGEGEGTAGGACCCGGAGGAGGGAGAGGEGA
"GGGAA 20 5370 5380 5390 5400 5410 5420 5430 5440
CCCTCGATcc:wrgg(z;ggrﬁg(;STCCCCCTCCCTCTTWCTTCCCTCTCCTCCTCTGACCTTTA&ﬁA%‘ErﬂHﬂbCAGTCA
AACGT PCT/GB01/04935

- GGGAGCTAGGAGAGGAGGSAGGGEGEGAGGEGAGAARAGAAGGGAGAGGAGGAGACT GGAAATGGTAAAAACGT CAGT
TTGCA 5450 5460 5470 5480 5490 5500 5510745520
CAGTCCTCAAACTGTTTGGTCTCAAATCCCTTTGT GCAAGGAACGAGGUAGCCGACAGAGCTTTTGTTCTTTCCT
TTTCT MBACH CDS

GTCAGGAGT TTGACAAACCAGAGT T TAGGGAAACACGT TCCT TGACTCCCTCEECTGTCT Wwww
AAAGA 25 5530 53949 5553°8560 5570 5583085590 5600 3100 3110 3120

g%?f@;f" AT R AT CCARRTRCATGSACICARSSCACITIECA
$2$CG_?_‘T§CT 3 A TGA GCACAT.ETACACGTTGGACCGTCGGTCGCTGAACGAGAAGTGGGACAGT T

ATACTACGAGTGGTACAATAATTAATTTCGACTGTAMQ&J&T@TA?:C?‘T?AP@ICT%&&&A&@TAA
ATAGA 5610 5620 8630 5640 5650 S660 5670 5680 30

GTGAWAI@(@ CCATGAAACCCCFOBAAGCT TICOCT CTACACCCGGBAGAGGATZBAACACG
CGCCTCTCCTACTATGCACAGCACCACTGGCCTTTTCCAGGCTTCCTGTGCCAGACGTCGGGCGCCATCTT

CACTCrcaoc R e A AR S PR ET e e G

CTGCC 5690_5700 5710 5720 5730 5740 S#bek o0H0

>
ACA TGCT. AGCATTTAAATATAGT CT TGACCT CAGGATTCCT CTT
TGAGA 35 3240 3250 3260 3270 3280

T@Wﬁ&ﬁ&ﬁm&ﬁﬁﬁ Wﬁ%@@ﬁm GAA

ACTCT 40 5770 b780M5490: 580@ 5318 3
CTMEEHCTHGGT TCGECACTGATCACCCTGCT CATTGT>GGT C

TTGZAJOA\TT
AACAAATAA%EI&@@?&%@J}@E %ﬁ%@&%{%@% %%%%TGTTCGC@%% CCAG

GAATT 5850:'158@1(%(51&@@1‘@5&&@@@38&1&5@&@ CCCGCACACCCGAGAGTAGGACGACAAGCGAC
Cér GCGAGRARACGAAAT ACRCAGGRCEAGCOSGAATGIA T WCQAW%}AAGA\G
TGTA

MBACH CDS

CCAAGAGACCTCCTGI4T TTATSH CAAA C'l_T%:GCf\CAGTAGGTCCTCTCTTCTC
ACATG 45 M&&B@c@%&A%&QTg%gé%ég&%cM

A ¢_ GTGCGCCTGTGCTTCGAGAGCTTC gﬁrT(:rT
COAAGEECAGAT CCANECROABRA B GEARIITT GHCTIAGIALIA A CK A CAAGISL

CCCT P A ARV H S P S HCT Y K N T VRULCTFE S5 F S b>

TTCCTTCCT Geel AGAA

GGGAT 6010 602Q46030 6940 605046060 69703 6080,,,50
TTTAT. AT EEET T OREOACOEET R CEAGTTE eﬁﬁﬁﬁ{fﬁﬁ%&%ﬁwﬁs@eﬁé@@e&@ﬁo@%

CTFC¥\ ACTTGACACCTTCCCGTCCGACGACGGCGAGGACGACGACCGGCTCTATGATCCGAAAGACGACGGGGACCGCCGACAGC
AAATAGGTTCAFFC&TC%CECRA&@CGT@C@GA@G?%%%@G&CNCTGTWCTA@G&UUMUUT
GACTA 6090 6100 61106120 6130—6140—6

GTCATGTGTATGT CGTACACGCACTATGCGEET GT GT 6546ACAGTACAGAGAGATST TCCGARATGCCRGIGSTTTT

AGTT 5 TCTATTCGTCTGGCAGAGTCTTCTGGACACTGGCGAGGCCCGACGCCACTCAGAGCCAACGGCGACGGAAGACCGTGCGC

CAGT ACACAT A REEA BT O AR B A AR gT e T,

P DATGOTSO QT RTERIEKTV B>
TCAAT 60 MBACH CDS

>

45 3610 3620 3630 3640 3650 3660 3670 3680
CTCCTGCTGGCCAATCTCATCATCTTCCTGCTGTGCTTCGTGCCCTATAACTCCACGCTGGCTGTATATGGGTTGCTACG
GAGGACGACCGGTTAGAGTAGTAGAAGGACGACACGAAGCACGGGATATTGAGGTGCGACCGACATATACCCAACGATGC

L LLANIELTITITFTILULGCT FVUZPYNISTTILAVTYSGTIL L R>

MBACH CDS - >

50

3690 3700 3710 3720 3730 3740 3750 3760
GGCCAACTTGGTGAAGAACAGTATTCAGGACCGCGATCAGGTGCGCGEGGETGCTGATGATAATGGTGCTGCTGGCCGECS
CCGGTTGAACCACTTCTTGTCATAAGTCCTGGCGCTAGTCCACGCGCCCCACGACTACTATTACCACGACGACCGGCCGE

AN L VXN S I 0D RUDO OV VU RGV YV TILMTIMMVTYTILTILA G
55 MBACH CDS >

3770 3780 3790 3800 3810 3820 3830 3840
CCAACTGCGTGCTGGATCCACTGGTTTACTACTTCAGTGCCGAGGGTTTCCGTAACACCCTTCGCAACCTGGGCGCCCCG
GGTTGACGCACGACCTAGGTGACCAAATGATGAAGTCACGGCTCCCAAAGGCATTGTGGGAAGCGTTGGACCCGCGGGGC

60 AN CV LDUPLVY YT FSAETGTFH RINTTULT®RUINTILTG A P>
MBACH CDS >

>+/~F

. b , S :
65 3850 3860 3870 3880 | 3890  ..3900 3910 3920



6170 6180 .6190 6200 6210 6220 6230 6240
AGATTTGGGCCT OGT GTATCTGT TGGT GATTTGCAGGAGT AACAT GACCCCT GGT GGOCAAACT AGGGAAGT AAC

TTCCA
TCTAAACCCGGAGCACATAGACAACCACTAAACGT CCTCAT TGTACT GGGGACCACCGEGET 'IZ'I['{CA\UPCZ%T TCATTG

AAGGT 62380828%05270 6280 6290 6300 6310 6320 PCT/GB01/04935
TTCCTCAGT GATGGGCCACAGT CCAGATGCATAGAAGT CAGACCCTTACTACCAGATGCTTTAAAGCTGCTGTTA
GCATC

AAGGAGT CACT ACCCGGT GTCAGGT CTACGTATCTTCAGHETGGGAAT GATGGTCTACGAAAT TTCGACGACAAT

CGTAG WD 02/ 38607 123 2 9 AUG 2005 PCT/ GBOL/ 04935 6330 6340 6350 6360 6370
6380 6390 EABIFACCAGGCCTTTGGCTACCAATGGGGCTGCAGGCGTGCTCACCGAACTACCCTCAGAAAGCACCCARAACACTGG

T OO ARG T A A e e A A e e R AL T AR AT GTCA

GAACAG MBACH CDS >
GCAGGETTCCCGGAGAGAAGGAGI CGIGAGI TTCAGACACCT GIC

TTGITC 5 6410 6420 6430 6440 6450 6460 6470 6480

GCACTATAGGAACAGAGT TAAACAGAAT TTTCAAAAGGTAGGT GTGTGTGTGTGITGTGTGT TGT TGTGTGTGTGT
GIrGaGr

CGTGATATCCTTGICTCAATTTGI CTTAAAAGT TTTCCAT CCACACACACACACACACACAACAACACACACACA
CACCA 6490 6500 6510 6520 6530 6540 6550 6560 10

TGTGECACAGT TGGTAGAGT GT TTGCCTTGCATGCATAAAGCCCTGEGT TTGATCCCAAACCTGGTCTGGTATTG
TATCA

ACACCGT GTCAACCATCTCACAAACGGAACGTACGT ATTTCGEGACCCAAACTAGGEGT TTGGACCAGACCATAAC
ATAGI 6570 6580 6590 6600 6610 6620 6630 6640

TTCCAGCACCCAAGAAGT GGTACACCCTATTAATCCCAVCACT GT GACGGT GGAGGTAAGAAGT TCTCTGT CAGT
TTCAG 15

AAGGT CGTGGGT TCTTCACCATGTGGGATAAT TAGGGTBGT GACACT GCCACCTCCATTCTTCAAGAGACAGT CA
AP_GIC 20 6650 6660 6670 6680 6690 6700 6710 6720

ARGKGAGGECCVRSCT CATYYWCACVRAGAAGT TTMASACAGCCAT GCCTACW ARARAGACT GTCAGGAAGAGAR
MGAGA

TYCMCT CCGEKYSGAGTARRWGT GKYTCTTCAAAKTSTGT CGGTACCGATGWATYTYTCTGACAGTCCTTCTCTY
KCTCT 6730 6740 6750 6760 6770 6780 6790 6800

GAGAGAGAGAGAGAGAGAGAAGGEGAAAGT CATAGACAGGAAGAACAGAAGT TCTACGT TATCTTTAGCTATATAT
TTATA
CTCTCTCTCTCTCTCTCTCTTCCCTTTCAGTATCTGTCCTTCTTGTCTTCAAGATGCAATAGAAATCGATATATA
AATAT 25 6810 6820 6830 6840 6850 6860 6870 6880

TATTGAGT TCTGGGATACATAAGACCGT CTCAAAAAAAAGT TCCCAGAT GEGEECT CGAGAGATGGT TCAGT GGT T
AAGAG

ATAACTCAAGACCCTATGTATTCTGGCAGAGI TTTTTTTCAAGGGT CTACCCCGACCT CTCTACCAAGT CACCAA
TTCTC 6890 6900 6910 6920 6930 6940 6950 6960 30

CACTGACTGCTCTTCCAAAGGT CCTGAGT TCAATTTGCAGCAACCACATCACAT GGTGGTGECCCACGCCTCTAA
TCCCA




GTGACT GACGAGAAGGT TTCCAGGACT CAAGT TAAACGT CGT TGGT GTAGT GTACCACCACCGGGT GCGGAGATT
AGGGT 6970 6980 . 6990 7000 7010 7020 7030 7040
GTGCTTAGCAGGCAGAGGCAGGCAGATCTTTTGOGAGT TCAAGGCCAGAGT AGT T TACAVAGAJRAGRBECAGCOCAC
ACCAC 35

CACGAAT OGT o b GT COGT CT AGAAAACGCT CAAGT T COGGT CTCAT CAAAT GRATEBEARIST 0GGTG
TGGTG 40 7050 7060 7070 7080 7090 7100 7110 7120
ATGGTGAAACCCTCTTCTCAAAAGAGAGACAAAAACAACT F(AGGGAT CTGAGT CTGGT GTGCACGCCTGTAATC
CCAGC

TACCACT TTGECAGAMAGT TTTCITCTCTGL é{él;é’GT TEAACTCCGTACACT CAGACCACACET GCGGA%ATTAG

%gp\&_?_g @G_EMTJCJQEIQAAE% cFefhbr crbe ET%QQTA_EACCCCCGGACAACTGCTCCCAGGATTCG_E_I_Z%;CA c

AACAA O D A T v
AGACATCT AT GACTCCGACCT g :
TTGIT 45 7210 7220 7230 7240 7250 7260 7270 7280

AACT AGATAAACAAATACAT TGGAAAAAAGGT TGAACT AT GARGT GGT GGCCCACACCT T RATCOCAKCATTGG
(BA(XES 4010 4070 4030 4040 4050 4060 |407O 4080
TTGAT AT T ECICr T AFaTHACTTT ' O A OB OO BECT T S ANATTAGCETNETAACC
CTCCG 7 2 9 ﬁﬁ‘gfcigﬁqycw ECAF@%AWQZHXC$%6GGP§WTBWAATCCCACATGTAAACTCCCTCCACCCGA
AGAGGCAGGT GGATCTCTGT GAGT TGGGGRGCT TGCCT GRGCT ACAT GGACAGT CAGGGCTACAT GGAGGAACCCT
GTCTT —

TCTCOAPCCACCT AGAGACACT CAACCCCCGAACGGACCCGAT GTAECT GT CAGT CCCGATGTACCT CCTTGGGA

CAGAA 7370 7380 7390 7400 7410 7420 7430 7440
CAATTODCT G ATAACCE oA R T TP AT AT AT HRFEOTOA

ATCCC = 55  CCCATGAACCTGAAACTTTGTTGAGGTCGAGATCACACGTCTTCCCTTGTTCACACATTCGTTCCTTTTCTTCTCACGET
CTTTARBGGAACATATGGTGGGGGGGT TTTTTTTTCTTTCTTTTAACT CGAGAAAAT CCATGT CCATAACT CACT

TAGGG 60 7450 7#460 74704189480 71T 7500209510 ABROD 4220 4230 4240
A AT T A A AR T AT RN P e mterT
TCTTGEPAATTTTGTCGIACAT AGEGCGAT TETGT GGT ABAT TGAATANATAAGRET AAAAAGAT ACAT GAAGACT
GAAGG 7530 ATSADRAER ST G S H T GBS 7O C A8 CRGAEIQC TG QTG TCAGTCTGAGAGMTARAGATCTGGTGACCTTGG
TCCACCTCCC?%EE#&@RKaﬁﬁﬂﬁéﬁﬁﬁfﬂfﬁﬁ%ﬁﬁﬁﬁﬁﬁgﬂ?@Eﬁﬂﬂ@ﬂ?*??*@ﬁWT@Eﬁ*@%ﬁ?@%ﬁ?@ATG

TATTT 4340 4350 4360 4370 4380 4390

AGGT %Q%A@WE&@KEWA ERCEHTEPEATIARKSTE: @E@MM@MA&@%@@Q&GK
ATAAA 2 9 AUKGAZDUETCTHFr G380 TARETHAGBOT Ot 98B cAR4CECARATBTOCT 6 RECTEB OcE/ 640

ACTCaCoTCT A b T AT AT oAb aacA I roant Fhpaca i AGATCHIT AL

GTACT 35 GCGTGTACGACCCGGTCATGTAAGGGTGACATAACATAGGGTCGGAATGGACGACCGAARACACAAATGAGTTCCCACTA

L ¢ PATUL G T PP DNICS S QD S A

G

L
C
0

(W)

4490 4500 4510 4520 4530 4540 4550 4560
GGCCACTGTGTCACCAGCCCTGGCTTCCCTGTTCAGATGGGAGGTATAACACAAAGGTT TAWTTGCTATGGACCARATAG
CCGGTGACACAGTGGTCGGGACCGAAGGGACAAGTCTACCCT CCATATTGTGT TTCCARATWAACGATACCTGGTTTATC

40
4570 4580 4590 4600 4610 4620 4630 4640
TTCTGACCCATTTCCCAACTTGTAACAATTTCGACTTGACACCTGGCATGTGGTCGCTGGGGCAGGGCAGAGCCATGOTT
AAGACTGGGTAARGGGTTGAACAT TGTTAAAGCTGAACTGTGGACCGTACACCACCGACCCCETCCCGTCTCGGTACGAR
45 4650 4660 4670 4680 4690 4700 4710 4720

GGAGTCCCTCTCACTTGCTAGTTCTTGGTTCCTTTTCTAAGTCATCCTTTTCCCTTCTGCAGCTCTCGGGGCCTCTTCCA
CCTCAGGGAGAGTGAACGATCAAGARCCAAGGAAAAGATTCAGTAGGAARAGGGAAGACGTCGAGAGCCCCGGAGAAGGT

4730 4740 4750 4760 4770 4780 4790 4800
50 TCCTGGATCTTTAATATTCRAGTCTCACTTCCCTCTCTTTCCCACCCCGTTCCTTCTCCTCACCCCGCCCCCTTATATAG
AGGACCTAGARATTATAAGTTCAGAGTGAAGGGAGAGAARGGGTGGGGCARGGARGAGGAGTGGGGCGEGGGAATATATC

4810 4820 4830 4840 4850 4860 4870 4880
TACATAGCAGAGTCTGGCCTTGAACTCTTTTTGTTTTGTTCTGTTTTCARAGGCAAGAGTCCCACTATGTAGTTCT TGATG
55 ATGTATCGTCTCAGACCGGAACTTGAGAARAACAARACAAGACAAAAGTTCCGTTCTCAGCGTGATACATCARGAACTAC

4890 4900 4910 4920 4930 4940 4950 4960

TCCTGGARCT CATTCTGTACACTAGGCTGGCCTTGAACTARCACACAGAGATCTGCTGGCCTCTGCCTCCTAAATGCTGG

60 AGGACCTTGAGTRAAGACATGTGATCCGACCGGAACTTGATTGTGTGTCTCTAGACGACCGGAGACGGAGGATTTACGACE
4970 4980 4990 5000 5010 5020 5030 5040
GATTARAGCTGTCTGCCACTAAGACAGACTTTGGTCTTTTTGTTGTCTTTTTGTTTTGT TTTTGTTTTT TCARGACTGGG
CTAATTTCGACAGACGGTGATTCTGTCTGAAACCAGAARRACAACAGAAARACAARACARARACAAAARAGTTCTGACCS




TGACCGCAGATCTTGGTACGAACGT GTCAAT CATGAGT TATTTCTGAGCGATTGATTTGTCAGT CTAGAACACTT
CATGA <3'arnR 1 7690 7700 7710 7720 7730 7740 7750 7760

TAGTATCCAGT GGCGACCACAGCACAGGT GAACAAT GTCCACACCT GAAGACCT GAAGGT AAGCAGAAG
GTGGT
ATCATAGGT‘ESR&@:@?PZI;TGTCGTGTCCACTTGTTACAGGTGTGGACTTCTGGACTT(EAWW:!ECGTCTTC
CACCA >3'prF 1 7770 7780 7790 7800 7810 7820 7830 7840

GCTGGCAGT TAACGAAGCCOCT GAAAT TCT CCCAGOGAGST TCGCAGACAT GCT T GTAGGATAGAACT GTGGEGGG
ACCAG 15

CGACCGFCAATTCI;BIWTTAA%WC@E GFA%@A@CATC@I&TCFT%QACCCCC
TGGT C 20 ‘?GATZ'B@IQT&I&¥&TK.&Z&QGCZ[‘8&QICK&QQC§ a:-mzxcCAGGCTGGCTTCAAACTCACAGAGGTC

ANETCATYEAN

CXSTCé;:T(:r G CCAl CATGCTGGTGAGCCTCCGGTTTCAGCATT (rr
GTGTC 793 B4 ekl @?@c Zgggm
AT GGAGGCAGET GAGOLT AGRCT CAAAT T OCEAT CACAGET O A R P A T CoaG
AA 5210 5220 5230 5240 5250 5260 5270 5280

TA A IR e T AT S YE T A NG F T A AT A G S FET BT AAACTACTCEAGCTC

TTGCC 25 HO L6 8020 603t 8046 SOST B AT 8077 CBIFBBRCATAGAAAACT TTTGGCGAGAGAGATGT
CATTGAAGGCGGAGEAACGANIAGCACGERACCAAAANCAGECT GF GCAGGE ¢ AAAGAGKCTGCCALT TTCAC

A¢NA(;F TGGCCACCACACTTTGCTTCTCTGTCTCTTAACTCATTCTCTCTATCCCCCATCCTGGGCCTCCTCCCTCTCCCTCCCTT
GA@TC@%@@@W@@W@%@W@@@K@GW@@@%W@WMAGG
TTTCA <3' er 30 8 8150 8160

TTTAA GGGAGCTAGGAGAGGAGGSAGGGGGAGGGAGAARAGAAGGGAGAGGAGGAGACTGGAAATGGTAAAAACGTCAGTTTGCA
GITTCT TCGCCGT CT TCCCT CTTTGGEGT CTCGGGACGGEEEGAT GTGAGT GTACGAGACCCEEACEEEET

AAATT 3 5 oc?‘l@?zlo 82989 823056940 5500 5510 5520
GAGAGGGTC@@% Cecviuiviedsce A AR L T et

AGICT

CTCHECCAGAAT CCATT TTTATSECT CGT AASCCGT TGACET CCT CRGACT TCGFRCT TCTAGAAAAGAAGT TCCAG

TCAGA 82 %ﬁ% AT SHOA TS BUIG T GG ACR TGGR@ATACAGAAGCACACATTCCATTTATCT
%@g AT AR A R A T A R A A R P A R AP AT B P TGAT T

TGGGT 5610 5620 5630 5640 5650 5670 5680

CCCGPT CACGF@&QE@W@@A@TT?ATW@TW@@T@%M CHSEL €Ak AMCRARGCEACTAA
ACCCA 833 CRUAE oSS HGAR 3BT I8 ANAT SRR RU TGABEEGAGATGTGGGCCCTCTCCTACTTGTGCCTGCT

TCAATCTCCACTATEAAAAAGLAT TATCEAGT TAATAT ATCCCT LT CCCACOCCCACAAGAT GGCT, C}AAGT ATT

GIGAC ACACGGGGCATGCTAGCATTTARATATAGTCTTGACCTCAGGATTCCTCAAAGAGCCAGTCTCTGGATCACACTTTGAGA
35 TGTGCCCCGTACGATCGTARATTTATATCAGAACTGGAGTCCTAAGGAGT TTCTCGGTCAGAGACCTAGTGTGAAACTCT
5770 5780 5730 5800 5810 5820 5830 5840

TTGTTTATTCTARGGTATTAGAGTTCACATCTAACTTCCTCTAGGTTGGCACTGATCACCCTGCTCATTGTGGTCCTTAA

40 AACAAATAAGATTCCATAATCTCAAGTGTAGATTGAAGGAGATCCAACCGTGACTAGTGGGACGAGTARCACCAGGAATT
5850 5860 5870 5880 5890 5900 5810 5920
GGTTCTCTGGAGGACACAAATACTCAGGGCCAGGCGGAATGTTTCTGGAGAACCGTGTCATCCAGGAGAGAAGAGTGTAC
CCAAGAGRCCTCCTGTGTTTATGAGTCCCGGTCCGCCTTACAAAGACCTCTTGGCACAGTAGGTCCTCTCTTCTCACATG

45 5930 53840 5850 5860 5970 5980 5980 6000
ARGGAAGGARGGGGGAGATGGAAGGGCAGGAGGAGGAGCCTGTCT TAGTAAGCAGGGTAGCAAARAGGTTTTCTTCCCTA
TTCCTTCCTTCCCCCTCTACCTTCCCGTCCTCCTCCTCGGACAGAATCATTCGTCCCATCGTTTTTCCARAAGAAGGGAT

6010 6020 6030 6040 6050 6060 6070 6080
50 TTTATCCARGTAGGACTGGGTTGTGGGCAGGGCTGCASTTGTTGCTGTGACAT T T TTAGATCCTGACATTGAGAACTGAT
AAATAGGTTCATCCTGACCCAACACCCGTCCCGACGTCAACAACGACACTGTAARAATCTAGGACTGTARCTCTTGACTA

6090 6100 6110 6120 6130 6140 6150 6160
GTCATGTGTATGTCCTACACGCACTATGCCCCTGTGTCTCACAGTACAGAGAGATTTCCCARATGCCTCTGTTTTAGTTA
55 CAGTACACATACAGGATGTGCGTGATACGGGGACACAGAGTGTCATGTCTCTCTARAGGGTTTACGGAGACARAATCAAT

6170 6180 .6190 6200 6210 6220 6230 6240
AGATTTGGGCCTCGTGTATCTGTTGGTGATTTGCAGGAGTAACATGACCCCTGETGGCCAAACTAGGGAAGTAACTTCCA

60 TCTARRCCCGGAGCACATAGACAACCACTARACGTCCTCATTGTACTGGGGACCACCGGT T TGATCCCTTCATTGAAGGT
6250 6260 6270 6280 6290 6300 6310 6320
TTCCTCAGTGATGGGCCACAGTCCAGATGCATAGARGTCAGACCCTTACTACCAGATGCTTTARAGCTGCTGTTAGCATC
ARGGAGTCACTACCCGGTGTCAGGTCTACGTATCTTCAGT CTGGGAATGAT GGTCTACGAAATTTCGACGACAATCGTAG




45

AGTTAGAGGTGATACTTTTTCGTAATACCTCAATTATATAGGGACGAGGGT GGEGGTGT TCTACCGACTTCATAA

-CACTG 50 8410 8420 8430 8440 8450 8460 8470 8480
TAGAATTGTGTTTAGSAUATMET AGEEC

AGACQ_IQCT GG 15 3&HNACTACT CTGEEGT CTACAACAGGAGGAGT St S Py

TCTGTGGACAT CAGAGT TTGAT GAGACCCCAGAT GT TGTCCTCCT CAAT CTTAACACAAAT CGCGTACCATOCCG

GCTTA TC AG 2 9 AUG 2005 WO 02/38607 1gh PCT/ GBOL/ 04935 CLAIMS 1. A

nmet hod of identifying a nolecule suitable for the treatnent orgal I teyl ation

of pain, a notigg, relakeg di sogder, adisordeg, of nmotqp co-ordinati 0o @

di sorder of cirat@nc@ccecrctenenictareRhai® @%&@A@CA@C&%H&E&C@@A @%&Eﬁém

di sorder or S@SeiTEeIGercreirirOgeTIAL BT CAANTICT OftaTAdIEd i TREA R E @G ETTABAGTCTTGTC

' I Si I Ni | f candi date nolecule is
dysfuncti on, th%4ﬂgthpd conprising determining if a

: i def8npri HAY an &ffno acido
an agoni st g cfHth ok ﬁé@%@ broLide; é%)r TRES T TET TR TGTREFRCT GG
Sequence  shagttrniesSE RN a D N BT HEHE SHR R ZeR s ol
or a sequence having at |east 90% sequence |8}ént|ty erefo.” 2. e of" a
BACH pol ypept i dé4¥onpri Q-‘PQ@g an &b no aebzd sequennce shaaaw in SERol D Nk 3,
SEQ IEﬁﬂNKI TG ;EE%@@PAG? B COETFqADE (YTRARAG CESITCEE TS BRANCITA A CHERAT CIFGBATTE B st
90% sequencé\cﬁe ngtl G T hersteeca P& et G B PRI F Iy T 1762 A S R F AT AGT
suitable for thesioeatmeso or @bbeviakion of papn, agppion pelated . o
di sorder, argesoraicrr@bcTRstancoratidtdtaiicntrcréacctt@at@eicrftrToad @GR rrdac
denent gﬂ r eztAﬁ‘t;’éfﬂT?ﬁG?ﬁﬁTa%ZI‘C,CA%T%&“@F@WMGT@ITa&oearthmmtamwwcpaﬁm;smmdmg_w@f
urogeni tal function inclydi ng eGrG%:fti I eGgi%sfunctg on. 3. _A net o7loaccor |Ong
to O aim 1 mexddscddrydrt Yﬁ&A@ML@@MT@%@A%ﬁ&%ﬁA&ﬁ%ﬁéﬁ%ﬁ&&@@%&@MA
pol ypept i dervicucToeater sdpoTak8t@cRITrerdahalrbesTeedta bt GrniBrlyeEdh & chEcrafr R GRNES
or anfégoni st thereof. 4. A method according to aim1l, 2 or 3, in which
di dat e élg ' § §§ A&iésé cePT8%xpr e¥3P ng a SERCH pofigpept i @00 5.
can r@h&% GA&%G C%g TCATAG GG, AAG iy ﬁ TATATATTIAT?:
A met hod ac&efdcfech@rchdirtd Trfcﬂsﬁﬁﬁé%ﬁc T ﬁcﬁ;\ ﬁfxt ﬁﬁg ?ggATA‘I,EAS AT 4
AWP  (cAWP) or calciumlevels is detected. 6. A nethod according
‘or 5, 4 which 88ecr eas®0i n i rfebacel | sdsar cycdsse  AMRsdoevel ssgrs det egéed

to identify2arEs TR T TQEAGATGGGACTRERGAGATCETTIB A THOMTAAG S
Cloa= m 4 or >}gg,%I(ngn ﬁ@ﬁ%@g@ﬁg Feass T P IR A ST EACCRRATBRACRRF TE TS
i dent |3ny an agosms®st of &REH poleyppept i degao 6930 6940 6950 6960

CACTGACTGCTCTTCCAAAGGTCCTGAGTTCAATTTGCAGCAACCACATCACATGGTGGTGGCCCACGCCTCTAATCCCA
GTGACTGACGAGAAGGTTTCCAGGACTCAAGTTAAACGTCGTTGGTGTAGTGTACCACCACCGGGTGCGGAGATTAGGGT

6970 6980 | 6990 7000 7010 7020 7030 7040
. GTGCTTAGCAGGCAGAGGCAGGCAGATCTTTTGCGAGTTCAAGGCCAGAGTAGTTTACAWAGCCAGGCCAGCCACACCAC
35 CACGAATCGTCCGTCTCCGTCCGTCTAGAAAACGCTCAAGTTCCGGTCTCATCAAATGTWTCGGTCCGGTCGGTGTGGTG

7050 7060 7070 7080 7090 7100 7110 7120
ATGGTGAAACCCTCTTCTCAAAAGAGAGACAAAAACAACTTGAGGGATCTGAGTCTGGTGTGCACGCCTGTAATCCCAGC
TACCACTTTGGGAGAAGAGTTTTCTCTCTGTTTTTGTTGAACTCCCTAGACTCAGACCACACGTGCGGACATTAGGGTCG

40
7130 7140 7150 7160 7170 7180 7190 7200
TCTGTACATACTGAGGCTGGAGARCCACGCCTCGGAGGCCAGCCTTTGCAAGTGCCTAKGTATGATCTTTGGCACAACAA
AGACATGTATGACTCCGACCTCTTGGTGCGGAGCCTCCGGTCGGAAACGTTCACGGATMCATACTAGAAACCGTGTTGTT
45 7210 7220 7230 7240 7250 7260 7270 7280

AACTAGATAAACAAATACATTGGAAAAAAGGTTGAACTATGARGTGGTGGCCCACACCTTTAATCCCAKCATTGGGAGGC
TTGATCTATTTGTTTATGTAACCTTTTTTCCAACTTGATACTYCACCACCGGGTGTGGAAATTAGGGTMGTAACCCTCCG

7290 7300 7310 7320 7330 7340 7350 7360
50 AGAGGCAGGTGGATCTCTGTGAGTTGGGGGCTTGCCTGGGCTACATGGACAGTCAGGGCTACATGGAGGAACCCTGTCTT
TCTCCGTCCACCTAGAGACACTCAACCCCCGAACGGACCCGATGTACCTGTCAGTCCCGATGTACCTCCTTGGGACAGAA

7370 7380 7390 7400 7410 7420 7430 7440
GAAATTCCCTTGTATACCACCCCCCCAAAAAAAAAGAAAGAAAATTGAGCTCTTTTAGGTACAGGTATTGAGTGAATCCC
55 CTTTAAGGGAACATATGGTGGGGGGGTTTTTTTTTCTTTCTTTTAACTCGAGAAAATCCATGTCCATAACTCACTTAGGG

7450 7460 7470 7480 7490 7500 7510 7520
AGAACAATTAAAACAGCATGTATCACCTAACAGACCATATAACTTATTTATTCTAATTTTTGTATGTACTTCTGACTTCC
60 TCTTGTTAATTTTGTCGTACATAGTGGATTGTCTGGTATATTGAATAAATAAGATTAAAAACATACATGAAGACTGAAGG

7530 7540 7550 7560 7570 7580 7590 7600

TCCACCTCCCTAGGTAGAACGCAAGCCCCATGGGGGAGGGGATGCAAAGATTTTTGTTTGGTTGGTTCATTGATGTATTT

_AGGTGGAGGGATCCATCTTGCGTTCGGGGTACCCCCTCCCCTACGTTTCTAAAAACAAACCAACCAAGTAACTACATAAA




8. Use of a BACH pol ynucl eotide conprising a nucleic acid sequence shown in
SEQ IDNO 1, SEQID NGO 2, SEQID NG 4 or SEQ ID NO 10 or a sequence
having at least 2 9 AUG 2005 WO 02/38607 126 PCT/ GBOL/ 0493% @@O{?Qequence
identity thereto for the identification of a nolecule suitab or the
treat ment Od384% evi ati on of pain, a notion related di sor RET/GBOGIEEY der of
notor co- ordination, a disorder of balance, a denentia related disorder, a
secretion related disorder or a di songger of urogenital function including
erectile dysfunction. 9. A nethod of identifying an agonist or antagoni st
of a BACH pol ypepti dejsagonprizgigng amapi no ggid sequegce shown in %@ | D
NO 3, SEQrédocN@ncAacc2SEQTEEAMNITACTACOEAATRREATP NG A BaRIcAGr S eRUeNGE oANT at
| east 90RCBEGORALE TEHAACAACT T R A TOAGTI FEr TCTERE dratrca O EsiTOgh AL TicsicRr | NG a
candizdat e nol ecule to an animal and determ ning whether the aninal
exhibits a decrease in sensitivity to pain, a disorder in notor- <3 amR
coordi nation egsobal anggs an hhgr easeih,p bl oe%ochol esf,grol leypl or .;360
hypoact i \IBG'U‘ITQU‘GWCGMACMCMMA@&WChdi@Tt;ﬂaGﬂ:@‘me%TA}lGﬁGM@b@AlaA}wa@SG@ni mal
expr,ess e$TFATRETTCHITEF T BN TS FARFRPT rabgeTcIdeacircreiriott cacoctirogrctecdaai m 9
or J! , in which the animal is a Wl|d t;_/ e animal. 12. A method according to
Caim9, 10 or 11, in which the ani s a rodent, preferably a nouse.
13. A nmethod awoordi ngsd o anyr9f Cl aigeps 9 t 93142, |n78\é/5|i ch t;peg, det eggyiynati on
is de GOBIGARFTIANREMACPEGETsANARTCTesirccacTdmtcabAdactcTTescrmchréRcEdtadast , a
Von *Br ey “FRfiF ?FCT%GG%FFrTWWGTQGG\?F%%TGMTMGAI@QPCCTAMTTGACWENWGBTEor
providing an ingdi catigp, usefyl,in the diagnosis of or determ nation of
susceptl l&bAdGhAGAb@A.Q@dABGGA@Am&T&BGdG% g&j A@I'Agcirzagﬁmeée&é%gééé e @ﬁi@r

2r di ngtTasaTcrarcTidioratercaotadaat@noecacrehes@®nti@as Rl h&ERC E:,TGTa
sec Btion rel d dlsorder or a dlsorder of urogenital function including

Al 5

erectil e yysEEtiRn: pIb AR Atovi dnglee® 1 he F¥Chod 7@8?@§Z| sﬁﬁg) det e®%ng a
change i rZ;Aéd&ece@mge@céhmeﬂ@%&r;ecdﬁe gé@&EAGAﬁTGGm %Eg %X%G%g%ég “9 an
amp aC| d sequence shovvn in SEQID NO 3, SEQ

SE ce h88A°ng at8ok@ast Qﬁ%seqwme i dentd ty tdmeneto in
a sarrpl e ggg g ggg@% il WGTQ%FGTSFWFWTﬁ?G%hTﬁTﬁ@ﬁcé%ﬂGifon
useful in t | agnosi s st er i nat-on: cor EISTEFt TG MPETTSE T Pai n,

noti on relat'e:dt di sorder, a d| sorder of notor co-ordination, a 2 9 AUG 2005
VO 89/ 38607 1127 PCT/ GBOl/ 04935 .
8110 8120 8130 8140 8150 8160
GCCCCTCAAAGAAGCGGCAGAAGGGAGAAACCCAGAGCCCTGCCCCCTACACTCACATGCTCTGGGCCTGCCCCATTTAA
CGGGGAGTTTCTTCGCCGTCTTCCCTCTTTGGGTCTCGGGACGGGGGATGTGAGTGTACGAGACCCGGACGGGGTAAATT

35 8170 8180 8190 8200 8210 8220 8230 8240
GAGAGGGTCTTAGGTGAARATAAGAGCATTGGGCAACTCAGGAGGCTGAAGCAGGAAGATCTTTTCTTCAAGGTCAGTCT
CTCTCCCAGAATCCACTTTTATTCTCGTAACCCGTTGAGTCCTCCGACTTCGTCCTTCTAGAAAAGAAGTTCCAGTCAGA

8250 8260 8270 8280 8290 8300 8310 8320
40 GGGCAAGTGAGCAAGACTCTGTCTCAAAATAAACAGAGGGCTGAGGACAGTCCTTACCAACCATGTTTGCTGATTTGGGT
CCCGTTCACTCGTTCTGAGACAGAGT TTTATTTGTCTCCCGACTCCTGTCAGGAATGGTTGGTACAAACGACTARACCCA

8330 8340 8350 8360 8370 8380 8390 8400
TCARTCTCCACTATGAAARAGCATTATGGAGTTAATATATCCCTGCTCCCACCCCCACARGATGGCTGAACTATTGTGAC
45 AGTTAGAGGTGATACTTTTTCGTAATACCTCAAT TATATAGGGACGAGGGTGGGGETGTTCTACCGACTTCATAACACTG

8410 8420 8430 8440 8450 8460 8470 8480
AGACACCTGTAGTCTCAARCTACTCTGGGGTCTACAACAGGAGGAGT TAGAATTGTGTTTAGCGCATGGTAGGGCCGAAT

50 TCTGTGGACATCAGAGT TTGATGAGACCCCAGATGTTGTCCTCCTCAATCT TARCACAAATCGCGTACCATCCCGGCTTA

TC
AG




di sorder of bal ance, a denentia related disorder, a secretion related
di sorder or a disorder of urogenital function including erectile
dysfunction in an individual, the nethod conprising det eggi A@ 2®5
pol ymor phismin a BACH pol ynucl eotide conprising a nuclei aci d”sequence
shown in BEHB8RET 1, SEQ ID NO 2, SEZID NO 4 or SPOIVEBAEO4IY or a
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a BACH polypeptide in order to determine if the candidate molecule is an agonist or

antagonist thereof.

4, A method according to Claim 1, 2 or 3, in which candidate molecule is exposed to a

cell expressing a BACH polypeptide.

5. A method according to Claim 4, in which a change in intracellular cyclic AMP

(cAMP) or calcium levels is detected.

6. A method according to Claim 4 or 5, in which a decrease in intracellular cyclic

AMP levels is detected to identify an antagonist of BACH polypeptide.

7. A method according to Claim 4 or 5, in which an increase in cyclic AMP levels is

detected to identify an agonist of BACH polypeptide.

8. Use of a BACH polynucleotide comprising a nucleic acid sequence shown in SEQ
ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4 or SEQ ID NO: 10 or a sequence having at least
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14. A method for providing an indication useful in the diagnosis of or a determination
of susceptibility to pain, a motion related disorder, a disorder of motor co-ordination, a
disorder of balance, a dementia related disorder, a secretion related disorder or a disorder
of urogenital function including erectile dysfunction in an individual, the method
comprising detecting a change in the expression pattern or level of a BACH polypeptide
having an amino acid sequence shown in SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7 or
SEQ ID NO: 9 or a sequence having at least 90% sequence identity thereto in a sample

from the individual.

15. A method for providing an indication useful in the diagnosis of or a determination

of susceptibility to pain, a motion related disorder, a disorder of motor co-ordination, a
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disorder of balance, a dementia related disorder, a secretion related disorder or a disorder
of urogenital function including erectile dysfunction in an individual, the method
comprising detecting a polymorphism in a BACH polynucleotide comprising a nucleic
acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4 or SEQ ID NO: 10
or a sequence having at least 90% sequence identity thereto, in a sample from the

individual.

16. A method according to any preceding claim, in which the agonist or antagonist
comprises an immunoglobulin, preferably an antibody preferably capable of binding
specifically to a BACH polypeptide having an amino acid sequence shown in SEQ ID NO:
3, SEQ ID NO: 5, SEQ ID NO: 7 or SEQ ID NO: 9 or a sequence having at least 90%

sequence identity thereto.

17. A non-human animal which displays a decrease in sensitivity to pain, a disorder in
motor-coordination or balance, an increase in blood cholesterol level or a hypoactive
bladder when compared to a wild-type animal, the animal being a ;[ransgenic animal having
a functionally disrupted endogenous BACH gene, in which the BACH gene comprises a
nucleic acid sequence shown in SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID

NO: 10 or a sequence having at least 90% sequence identity thereto.

18. A non-human animal according to Claim 17, which has a deletion in a BACH gene

or a portion thereof.

19. A non-human animal according to Claim 17 or 18, in which the animal displays a
decrease in sensitivity to pain, a disorder in motor-coordination or balance, an increase in
blood cholesterol level or a hypoactive bladder when measured in a Paw Pressure Test, a

Tail-Flick Test, a Formalin Test, a Von Frey Hair Test, a Rotorod or a Visual Cliff Test.
20. A non-human animal according to any of Claims 17, 18 or 19 which is a mouse.

21. A non-human animal according to Claim 20, which comprises a functionally
disrupted BACH gene, preferably a deletion in a BACH gene, in which the BACH gene
comprises a nucleic acid sequence shown in SEQ ID NO: 4 or SEQ ID NO: 10 or a

sequence having at least 90% sequence identity thereto.
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22.  Anisolated cell or tissue from a non-human animal according to any of Claims 17

to 21.

23. Use of a non-human animal according to any of Claims 17 to 21, or an isolated cell
or tissue thereof according to Claim 22, in a method of identifying an agonist or antagonist
of a BACH polypeptide for the treatment or alleviation of pain, a motion related disorder, a
disorder of motor co-ordination, a disorder of balance, a dementia related disorder, a
secretion related disorder or a disorder of urogenital function including erectile
dysfunction, the BACH polypeptide comprising an amino acid sequence shown in SEQ ID
NO: 3, SEQ ID NO: 5, SEQ ID NO: 7 or SEQ ID NO: 9 or a sequence having at least 90%

sequence identity thereto.

24.  Use of a non-human animal according to any of Claims 17 to 21, or an isolated cell
or tissue thereof according to Claim 22 as a model for pain, a motion related disorder, a
disorder of motor co-ordination, a disorder of balance, a dementia related disorder, a
secretion related disorder or a disorder of urogenital function including erectile

dysfunction.

25. Use of an agonist or antagonist of a BACH polypeptide having an amino acid
sequence shown in SEQ ID NO: 3, SEQ ID NO: 5, SEQID NO: 7 or SEQID NO: 9 or a
sequence having at least 90% sequence identity thereto for the preparation of a
pharmaceutical composition for the treatment of pain, a motion related disorder, a disorder
of motor co-ordination, a disorder of balance, a dementia related disorder, a secretion
related disorder or a disorder of urogenital function including erectile dysfunction in an

individual,

26. A method or use according to any preceding claim, in which the pain, a motion
related disorder, a disorder of motor co-ordination, a disorder- of balance, a dementia
related disorder, a secretion related disorder or a disorder of urogenital function including
erectile dysfunction is respectively selected from the groups consisting of: trigeminal
neuralgia, orofacial pain, pain associated with toothache, irritable bowel syndrome,
Barrett’s oesophagus, glaucoma, pain associated with cancer, diabetic neuropathies,
Herpes infections, HIV infections, migraine and skin sensitivity associated with migraine,

allodynia, toothache, neuroma (whether caused by amputation, nerve transaction or
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trauma), nerve compression (caused by tumours, entrapment or crush), and pain due to
damage of the spinal cord or brain; dementia, dyslexia, dyskinesias, tremor, Parkinson’s,
benign essential tremor, chorea, epilepsy and ballismus, for example occurring through
stroke, trauma, degeneration or malignancy; dry-eye disorders, cystic fibrosis, hyperactive
bladder, hypercholesterolaemia, dislipdaemias and obesity; erectile function or control of

motor fibres in the prostate.



