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present invention rel aNﬁY { ! I HdGagkcon of novel

human 15 nucleic acid no %@u@%ﬁg@%ﬁ%ggpﬁgég% go &)Iglf){zlsdes encoded by

such nucl®ic acid nol eANRPOLYPERTEDESENCODING ASNONEROf , encodi ng

novel human ion channel s. .y 1y i.c aci d nol ecul es of

the invention relate to WNM@LEm%%d t hat encodes

proteins or polypeptides that SPINAKIORPANDBRAIINAlI cord and brain

ti ssues and di spl ay segquerce—henplegy—and—structural—hernslegy to the 20

vanilloid and TRP (transient receptor potential) famlies of cation channel

proteins. The proteins and pol ypeptides of the invention directed to this

novel hunmpn cation channel may be therapeutically valuable targets for

drug deliVvery i n Theapplieatioreclbinstbentfiirtapraiisesd epplidadion ithy Sevial Nal ci um

sodi um pot i r ot:her 1 oni ostatic dysfunction, such as central

nervous sys@%ﬁ#@@) flgﬁdg%fcalélggr, ﬁglagére degenerative 25 neur ol ogi cal

di sorders such as Al zhei ner's di sease or Parkinson's di sease, or other

di sorders such as chronic pain, anxie sion, stroke, cardiac

di sorders, e.g., arrhythma, di abeﬁemmm a, hypocal cem a,

hyper cal ciuria, 8defit MbbritionQtlatds @6 iis‘&ﬁti’cﬁf @dafeniicatietlofdve] human
stro-intestina

i munol ogjcal disorders, ga (@) tract disorders or, renal
or liver %jﬁlcs@& ;4 H@fecBﬂéﬁdeH@HeW@ﬁﬁﬁuﬁh%@?Pﬁ@di nt er nal
i oni ¢ envir anpRAiled, dr AdheRhfcSHBhts HIRAL! é}i&ba&g%%mn% ioRbhanhbli Mbreel | 's.
| on exchange with the external nmediumis regulated by a variety of neans,
the nost i npbeeitieallyothevpiclers agidmplecilsn of theamapbipn svlafe shanpyi hemangers. | on
35 channel s AR l@»f%ddgge téﬁ@oﬂo%ﬁeﬁ@dés%ﬁét?% g;tLPrggseaﬁe apBbeh play

an i nportant role in'ce 0o stasl s, ne an rotransmtter

rel ease, notandibrgin tigwigs endilisplag sequengedicamlogy angestwectral omoheypde dgagat i on
d ot herpyi I | - : 02/ 336
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of The proteins and polypeptides of the invention directed to this novel human cation

channel may be therapeutically valuable targets for drug delivery in the treatment of -
- human diseases that involve calcium, sodium, potassium or other ionic homeostatic

dysfunction, such as central nervous system (CNS) disorders, e.g., degenerative

25 neurological disorders such as Alzheimer’s disease or Parkinson’s disease, or other
disorders such as chronic pain, anxiety and depression, stroke, cardiac disorders, e.g.,
arrhythmia, diabetes, hypercalcemia, hypocalcemia, hypercalciuria, hypocalciuria, or
ion disorders associated with immunological disorders, gastro-intestinal (GI) tract
disorders or renal or liver disease.

30

2. BACKGROUND OF THE INVENTION

Control of the internal ionic environment is an extremely important function of

all living cells. Ton exchange with the external medium is regulated by a variety of
means, the most important of which are various transporters and ion channels. Ion

35 channels comprise a very large and diverse family of proteins which play an important
role in cell homeostasis, hormone and neurotransmitter release, motility, neuronal

action potential generation and propagation and other vital intra-~ and inter-cellular



5 therapeutic conpounds in the treatnent of disease. A nunber of proteins
have been described as formng ion channels, including the vanilloid and
TRP prot ev@o0t/gd2ild i es. These proteins have been shown to POREBIIBH3®S cati on
channel s of varying degrees of selectivity and with different, and in sone

cases unknoWincBHeNanus Thest CharrRRME Imp@ith} RAferd Rk 1RRNBloBmehitSE TRP fani Iy
of ion channels conprises a group of proteins 10 sonme of which are believed

to form s? oriBerspatticteomposnds inihg Commpnichistissases | Ainumber phproteinsdiave bser hat
operate to i nf. 0 : oy . 1 he

i I?\t racel | ul géésgt{%%dglg f%r?ﬁﬂg%?%cnl %ﬁlé%ﬁ%{hﬁ% 2{5 @ﬁﬁﬂe%ﬁﬁ:ﬁ? p&%@%fep 85:
661-67 1). |Thaseprdieihs baredethsioviERl funecticniacardsclmneele vprvaymgdiegiens sbne
form in nost,_ if. Nl A s (Zhu et al., supra at 661). In
it on, "anstachivitohq Bl uifBbiTind sh sSpEERseh A piin, HecopBih BudhamRt) | L0
(Phillips etgaging, FaO&2mpNe uhicoTRB fai6lj o642 ;chéhdelsocadbprizses a ghRPGf pRiudiss USA

93: 14146-1415 1 nd it .has bheen suggested . that .t he be, a. cooperative
i nteractibh Y& e‘%“%emgevfgﬁﬂ ??frrrbgg ehcgj,eraﬁ%(r?‘?;ﬂgmt{ﬁgé%%?]éi s ioh

Clont ributi )ngch_elgﬁﬁlﬂ@ﬂﬁt op?dll_ﬁtalﬂb hlsow Elmfiﬁﬂﬂslt of éﬂk&at:félltﬂﬁﬂ @a{jglﬁﬁdcglsaﬂlﬁ_ Bﬁl :thé(? 1o et

al ., supra)., e capsai cin receptor, also known as or_vanilloid.

recept or suHPEfE;%”Hl‘far Sté’@esﬁgé:a]lﬁé’é‘hmieé’éﬁﬁeédzh?Shg}lr’é%@é#dl Eh&PEEVEriBEd as a

Ca2+- per meallficRONhETRP idVéhahRdls aehapR8led! BAlonleStorth! iMGhaNt aF hot dieh@hsd to
the TRP fanmily of ion channels éCat erina ef al., 1997, Nature 389:
816- 824) . THEsHes (Hyret dlppiadhbelndn addibpe rinp@gtpietein.rienmeddtp-like grtpl,

nucl eoti dps BRI BB BRI ACISIDRBLSN: CbBIARGIlOIE b Y BEUSNRS have

indicated that VRlL contains s X transmenbrane domains Wt
hydr ophobi ¢ U4 %t 14t46hl Héil wershit hashesnenggeaied thas ghconm1a§ baadobpasttieh may

represent t i i t I [t i [Scl S

cont ai ni ng D ﬁ%e%%ﬁgﬁ%@%ﬁ :I(eﬁg)e%t% 'f%%lﬁgrlozégg%&;eﬁﬁgs %—Bgeeér%n){e% C%g %g)%gP g t he

prot ei n ( Catawanme sebundts to faups mubiim@R0a> thannels(Gile enalnetd).t hat VR1
resenbles the tipmand trpl proifeins jin topalggical .or.gani zati he
presence of mul tipgl?eecaﬁ%atlglﬁgcﬁgfor’aagi%qo “r"{ég‘é‘g??&?%’dﬁ?l f%%??ﬁ%sq@?%e )tS'equence
30 honol o2y haistbeémisahctdafdjm cantnd chakdveerized bha Canssmmetiblenen-geloaive i¢Cat er i na
et al, supra at . 820-821 weyer ., t Si of these.regions of honpl ogy,
There' i s aianis) B i yikheiREebi e ihe ThE furtyh BRchasmIORA Sina & Fo

TRP-r el at ed 1990 Nhiuge 33 1886:824). TiRHOVRS cIDAVE contging ah eferd RalinyRhniesofnot  a
st or e- oper at egj]( Ca2+ channel as sone of the T nd the

RP proteins a
expressi on o> HRElgHt _%?I??Ofi’élg FATRIPE 4O PrlEiis #WW‘BWSS%gCS(I@é(FeH na et
al ., supra ghdf&id &g VIR 0otk dk tl&%elﬁm@/dorﬁamﬂmﬁla-shoﬁ@Q@rﬁpﬁélﬁ@- Nat | .
Acad. Sci . USA 97: 3655-3660). 2 WD 02/ 44210 PCI/US01/ 45336  Human VR1
(al so knotwh Stigtabrhetveen trpasmpiphrane gigionsPRimd16 Yhighgnayagpresent the ion

permeation path. In addition, VR1 is disclosed as containing three ankyrin repeat

domains at the N-terminal end of the protein (Caterina et al., supra at 820). It has
been noted that VR1 resembles the trp and trpl proteins in topological organization,
the presence of multiple N-terminal ankyrin repeats and in amino acid sequence

30 homology within and adjacent to the sixth transmembrane domain (Caterina et al,
supra at 820-821). However, outside of these regions of homology, there is actually
very little sequence homology between VR1 and the TRP-related proteins. Moreover,
studies have indicated that VR1 is not a store-operated Ca>* channel as are some of
the TRP proteins and the expression of this protein is restricted to sensory neurons

35 (Caterina et al., supra at 821 and Figure 6 at 820; Mezey, E. et al., 2000, Proc. Natl.
Acad. Sci. USA 97: 3655-3660).



5 disclosed in PCT Patent Application WD 99/37675 and PCT Pat ent
Application WO 00/29577, which disclose nucleotide and am no acid
sequencew®or4f2mman VRL as well as anot her subtype, humaPCWBR01(4B30 known
inthe art as "hVR2", "VANThREP2", "VRRP","VLR' or "OTRPC2"). In addition,

PCT Patent  Appl ig@hin® WRAQaRAdWA M eI RSGYRIUCE COTRIE 18 ¥hs BEENO aci d
sequences_for 10 VAN LREP2 and Bolyrma& hic variants thereof. The VAN LREP2
;!

prot ei n squbtrdesed §ePCHdtagant App WAY16dA andPeT) B s\ ppppatinnsWih  be

essentially g i i j i 675. See
al so PCT Appli cas? ?ﬁh%d%ggﬁzgggg&m\%h%?gﬁh@%d:%% S%ﬁhg&?gbﬁ&%ggggﬁil , PCT
appl i cat i on wgll §0nREEP $ubtyped huGBn YRe(@lso dppivhdmthieont B32FFR2, A, which al so
di scl ose the: e a0 Ng,..aci. sequenges f Addi t i onal
menbers of t PYeM\%/g“m l?égf d a% 1n§/]io %Eagggﬁ%ghgﬁﬁéﬁéﬁﬁgvgégr%g% een
identified. AgplicetanmN@ 9987Mh65disclgsss notledinle ardemniid aGdGequwasesdboned from
the rat ' s otein was identjfied.as -inactivating
channel (3 TRLEEYT ol BSindli yariaiBbesg et SARUREE] miel S B G: g
expr essed nmakefoythiifl PORapglidnednh Wo987165vppearStdba\eserdtially figd sagRsgmvrerl as

sharing the Cgam&* transrrenbf,an,e and pore _alignments wth VRL but having

di fferent el@elosspiyEld|apglicationyyVE eYi7ods. Seriglsg PCdiArplication Q@ 1999, ~J.

Bi ol . Chem 9@7&3@%@9)@@@9&&%@ 953888 L, PCaPYpliSatidAOWeY@/22121NsHcat e
that SIC may be a chinera of VRL and a I’IEW|3/_-I dentified VR subtype, OTRPC4
(see, e.g., GBpatenbanplication 2346681 dbwhichodmw, disgesgrtbe mgl¢otide 6 gipime ackhs- 702
25 and Li Pﬂts%&ue\ﬁéese%rﬁk/‘k 2000, Cell 103: 525-535). Moreover, it has been
noted in the “art that, despite structural honol ogi es between nenbers of

the vanilloid fardditional segpelers ofghg vaniBoiddamily bf eationehirneld havealsopeesess
At dif T T .
"L 00 oot ALUREREE S andup SR SIBBSIRELIE S il 4 o

ions (Suzuki e p nne rotern that
has been i déndndyi dhisgrostmawangleatifier ata stetoh-ind3@ivatng skeguenSECh ampitagy

(<30% with.he vanilloid fam|y.is C.(epithelial.calciu channel ).
oo ot o ibfiiRE e fobaeled, Aot e B Boiri Bl b el RS 1o be
expr essed20 fiveheSIT was frathes desclibéddseshbringethe siae kiadsmeamiaagk idiepgee acent a of
the rabbit. _This pratej di.scl.ased as resenbling,the VRL and TRP

e abot  atknrerl VR B p e Gy SRS D laar L b (A Sy esence
of multi plhe dNFMa_wr maval. Eiﬂk)él’ﬂe?:l. 334 (N@agyzssﬁmmggﬂim%&m rdepmsmo@zsm,
sequence onol .ogl es wee . n t he - rel ate rotelns were
noted wi t hi ﬁn%}ﬁ%e tgféﬁ%ayt 3 sﬁa%ﬁ#wﬁ%%yaﬁl@tlf@@a%ﬁwm%m udi ng
the predi ct QOTRPOL 5ef&g.,st}6trﬁa% P& TOREBR RODA INuth NIRRTy St 6857023 WO

02/ 44210 PCT/ USQ1l/ 45336 . )
25 and Liedtke W. et al., 2000, Cell 103: 525-535). Moreover, it has been noted in the

art that, despite structural homologies between members of the vanilloid family,

respective proteins within the family may possess significant differences, e.g., in
conductance or permeability to various ions (Suzuki et al., supra at 6335).
Another cation channel protein that has been identified as sharing a relatively
30 low sequence homology (<30%) with the vanilloid family is ECaC (epithelial calcium
channel). This protein was initially cloned from rabbit kidney cells and found to be
expressed in the proximal small intestine, the kidney and the placenta of the rabbit.
This protein was disclosed as resembling the VR1 and TRP family of receptors in
predicted topological organization and the presence of multiple NH,-terminal ankyrin
35 repeats. In addition, amino acid sequence homologies between ECaC, VR1 and the
TRP-related proteins were noted within and adjacent to the sixth transmembrane

segment, including the predicted region for the ion permeation path (Hoenderop et al.,



March 1999, J. Biol. Chem 274 (No. 13): 8375-8378). However, it was al so
noted 5 that, despite these structural and sequence honol ogies, there is
act ual | y veO bow2sequence honol ogy bet ween t hese protei ns oRCHUSE/45836t he

si xth transmenbrane segnent, suggesti ng a distant evol utionary

rel ationshi FMQI‘EHQQ% UEB%IC@H&Heiﬁ (No, (gagﬁ’ﬂﬁgm)eﬁ{o@\iever $UREsB & n BT 7) -

More recentl uman honol ogue of hECa has been identified 10

ang di sclj)s ééata@esna@thfpge giruegoob and faairoee h@ﬁmloggfy ihetetis aethally e channel s
(ee i lor anlphimBERKESSALy tiksd bitRGHs qRIBL or I BSh LARmARRBE ! 200 r

prot ei n, CaFtgmbnts“dngeesting @nlistdrit edolitiomary actlatmnslm@emmng thésechamprett’ei n i s
structural | yH{ elncgqredett the Q%g VR1, and TRP ion 15 channel s. However,
CaTl is not R E b g 'n or calciumstore depletion, as would
be expect ed wi t h MB: xacuiltltyhmliﬁﬁanasmpmgus of E€aQebECHR) has besglestifigest i ng
t hat CaTl e of VRl or TRP ion nel s, (Peng et _al.
nugqust - 198 nd Shscfysi & ¥RgnTa SO cgtenSohomelons GiGITE o bREnAS SRk ) a
honol ogue ofbe(i@TH; ybﬁpmdeﬁmeﬁ@mamﬁﬂasﬁ&eam parRebak (sebMulledfet@Peng et
al ., Septenber 20% Biol. 20 Chem 275 (36): 28186- 28194) Fi naIIy, it
shoul d be nc086 (t}ﬁé)c“uc%\ﬁﬁ‘g ﬁ)e proteins descri bed above have cl ear

structural and sepiene@ePOROlAgERS: ;(refém)@amzm H%En flentifiS@RbAyraf 1 9- 6D at
668, Catering et al., supra, Fig. d Hoenderop et al., Fig. IB

at 8376), t Iwpdenvaneyhiskepiten i s@plpa\yallyane;atngtopb@ E@a‘ﬁsVBfl andsERR iax pr essi on,

el ectroph 'ﬂ%ﬂﬁ] r ri %&g&
non- sel GC%/? suc O%ﬁ\'@? @m 1% ng?St Eﬁ%ﬁeﬂ% 8% Int e&elﬁlltl ﬁl%% tdtéﬁlg%eéé
nol ecul es, whivaeldibsexpected Wlél ‘éRédmﬂ therT AR receptof sy réspeciivelys than dpggdesting are a

di ver se 0 04 el OhSl SN SAO0R] P3N o ShETRISBne 818, BTS00,

properties an unc I ons et al., supra a op e
supra at 8377BidnGhéiat 2 (Ne. 82): 312739 227(44631 Moré%ﬁ@ntly:amomoﬂ@uee\ﬁ/(]a‘ﬂ“li he

i 2000, PRBRA K elen SRR i e ehe Bty RS b ST KRR O e

pr esent im/e(rtteerlSQB@)t 9818@281@&) i solation and identification of novel 35
nucl ei c acid nDI roteji ns, and tld enc h

nucl ei ¢ acid rm fyeét 338?183}’8@’8?? tht W@ﬂ‘? Fhé gte’tnﬁ %’Ibegtaﬁ%‘fe% }%8’7 pat e
in the for rmstﬂu@ﬁara;rana Bét@%h@hon@flo%l@é@bnﬂﬁ%ﬂ anlce i 8 .6DVRT658,

speci ficall t enulelcaldm)ecul s. of the 4 02/ 24210
PET/ uso1/ 45y r?na etaf F?g 5b at 819, ang Hoenderop et al., Fig. 1B at §376), they

nevertheless display varying patterns of tissue expression, electrophysiological

25 properties and functions (e.g., selective vs. non-selective), such that it is
acknowledged in the art that these molecules, while distantly related from an
evolutionary standpoint, are a diverse group of proteins with significantly different
and distinct properties and functions (Suzuki et al., supra at 6335; Hoenderop et al.,
supra at 8377; and Caterina et al., supra at 822). For a review of the various members

30 of this complex family of proteins, see Harteneck et al., 2000, Trends Neurosci. 23:
159-166.

3. SUMMARY OF THE INVENTION

The present invention relates to the isolation and identification of novel

35 nucleic acid molecules and proteins and polypeptides encoded by such nucleic acid
molecules, or degenerate variants thereof, that participate in the formation or function

of novel human ion channels. More specifically, the nucleic acid molecules of the



invention are directed to a novel human gene, terned "hVR d", that encodes
proteins 5 or pol ypeptides involved in the formation or function of a novel
human catwom2/i4€ih@nnel . The novel hVRI d proteins of the i ne€nUBamsaicspl ay
sonme sequence honol ogy and structural honology to the TRP and vanilloid

fam Iy of cahi@fiosaaidflced tetatnorv@mmrgengltéﬁhéapth\fwrmnthﬁh@fﬁe@és 6@1@ ns
Wi th distinct distribution patterns, e.qg., tissue expression. R d

prot ei ns df ARelypeRtides ﬂl@wl‘éﬁdelnmhfgﬁﬁwawre@g@tm@fasrpﬂvlabhmmamcaé@nd and br ai n
tissues. AccREiNIThON h%ﬁ@ﬂﬂjr&%ﬂl o?ihetlg%du%}ig&tep'léé&esse Géilke human hVR d

cDNA and the am no ac ce of Its derive protein is
di scl osed. THomwledyNad shrastubd dnmiodaglydo g TRP tand)vaplloﬁéamdywépatwmhdmﬂelsand

hVR d. 2, Vm'b%'f'gfgkésgﬁ‘tr dlétp‘lCE Fﬁpﬁr?pt%\%ﬂglfpag%\gﬁ@ v?fd%% sl%ct%gs? Ré/IRL d, O%) of a

short nucleotl segnen e nole e enc
pr ot ei ns cortrssmmqu&ssgnt @ht heRd dvbteths oDNAsinsértivnare hngtﬂg&txptees&]l in@pinal
vanilloid receptor famly of ion channels. The

honol ogy
conposi tl%Oﬁscogfa (ﬁ?rgmltfﬁ‘é‘??tl on include nucleic acid nol ecul es (al so terned

herein as nucl el Accaediflg to) onetentbodirhéxe of W #vdntivada AW duan WVREIdCDACA d
nol ecul es, al udi ng reconbi nant _DNA nol_ecul es, cl onedld?enes or de ener at e

20 variants ap dregpinoggilseaugncg of g derayadexpressrdiaragm g disglased. T‘Hé? Dt ode
novel hVRLd.phs baddist¥iRign &Vagﬁfée%&wﬁ&mdq%damnp@h\ﬂﬁcﬁu{ffé@hﬁfﬁeagal nst

such gene products or conserved variants or fragments thereof
particul ar, abpaceghpRsd-1) oresnce ﬁ\é/l?s%%)ecﬁta shavtanelcaids W@Wﬂ%ﬁtﬁhﬁz$ énd aci d

nol ecul es15( f %ﬁé fe@t?ll%eq“hé enlIREE! 'p['lﬁé’iﬁ? w&\?ﬂgnﬂﬁg b SILEsARY ﬂlc?ﬂ?ﬂ%ﬁlsﬁéw(&r

nucleic 25 acid rise equences
nucl eoti de g@m @@ocﬁﬁlom@gymﬂmhumm @nﬂlcachcbchpxnr ﬁanalyscpﬁlp@ehmﬂsant s as

depicted in Fl G5y %?rﬁa%s %@n oft%?sgﬁgéﬂt%ﬁlﬁcluﬁaq&éel% 8&5 %&ﬁe{lm\éé‘” agﬁs and

honol ogs t her eof ; iPde sequences
hVRI d. 2 genéerpr&ddwoﬂn as mmleac plds e,cp,lgnﬁlesh\flé]sl dapi VR Ud.2 muelkiGacid2A and 2B,

respectively h encode ;3 ortions f t he

hVRI d. 1 or WE}I }’nc Lﬁﬁ%‘?% %E{S%Lajg@fs r %ﬁulﬁ ?‘Dne]d L%%%{)S Ogrﬁlggene’da hai ns and

i ndi vi dual0 evacimsts tl(ede)ofmsphmalﬂj' nk&maﬂguemnﬁﬁg eadigits, shargnddie noosldiVRIVRI d. 1 or
hVRI d. 2 nucl ei sequen cl gsed herei or .portions thereof, that

encode nut aﬁpé%ﬂﬁt“(rj?e eé’g Ci‘]t? gt Cﬁaﬁg)é’ﬁbeSBFSi‘fE@%‘gﬁlﬂst ‘fhchnﬁlpFOJ(;‘F{Sé)rpart of

one or nor e;oﬁieﬁéaeva@lgﬁaldﬁragmed@Itmragf or altered; (e) nucleotide sequences
t hat encode fusiaqn 35+C§ |ns con t he hVRI d.l or. hVR d. ene

rsi
product, or one ?P%mp% r?ént?eflﬁfg%"ﬂltflweﬁu‘ﬁb]ﬁlﬁ FB@%E@E‘
pol ypepti de ,méléaulw@ls@%ﬂeﬁ@d SCREIEINGS S‘hVRtlblnﬂcI%f&Ehmdh\'{Bledulés ef nde¥ésd d. 2 gene,

as well as cac{dgrgt)tﬁ%rg%msequences fl anki ng those genes, . 5
prise the following sequences: (a) the nucleotide sequences of the

human hVR1d.1 and hVR1d.2 splice variants as depicted in FIGS. 1A and 1B,
respectively, as well as allelic variants and homologs thereof; (b) nucleotide
sequences that encode the hVR1d.1 or hVR1d.2 gene product amino acid sequences
as depicted in FIGS. 2A and 2B, respectively; (c) nucleotide sequences that encode

30 portions of the hVR1d.1 or hVR1d.2 gene products corresponding to functional
domains and individual exons; (d) nucleotide sequences comprisiﬁg the novel
hVR1d.1 or hVR1d.2 nucleic acid sequences disclosed herein, or portions thereof, that
encode mutants of the corresponding gene product in which all or a part of one or
more of the domains is deleted or altered; (e) nucleotide sequences that encode fusion

35 proteins comprising the hVR1d.1 or hVR1d.2 gene product, or one or more of its
domainé, fused to a heterologous polypeptide; (f) nucleotide sequences within the

hVR1d.1 or hVR1d.2 gene, as well as chromosome sequences flanking those genes,



WO 02/ 44210 PCT/ USO01/ 45336 that can be utilized as part of the nethods of
the present invention for the diagnosis or 5 treatnent of human di sease;
and (g) mebzeLide sequences that hybridize to the above- PGRE801/4583H
sequences under highly or noderately stringent conditions. The nucleic

aci ds of t hehatvagbeiutifizédwsl pasteor theinethiods 6bthe bkdﬁbﬁﬁdvdn@on(f&Nﬁe andn@eeM

DNA nol e uI es of t hVR d genes: The i nyention al so

enconpasses HEHBH rog E‘H’E‘P’% ﬁFaSFh@MPE‘?IEO%Q& Saquefpeesr%g L??Pg]sze e gle@éo‘éﬁ)ov e;

i.e., prot eld@c@@a/sequea@émgei m@ﬁﬁj drfﬁ@dde?e& R{%ﬂﬁl‘géﬂd:ohmubﬁﬁ TN scl osed
he

hVRI d nucl ei ¢ acid nol ecul es, % and hVR d. nucl eic acid
nol ecul es, aAFHIsHE éhf‘e‘%ﬁ‘?llé%éﬁcmﬂiﬁ Bb%fﬁﬁph]a tted s eDBNAs prchgenomic BNg ef er r ed

embodi ment, bR ¥R RE AVRIIAS &t tion include the proteins encoded
by the am no a((::llh sequences 0 hhﬂgddigéﬂ%ﬁd hVRI d. 2 as depicted in FIGS. 2A

(SEQ I D 15 NO 2) Hrepre®nt SEQ@ N eticompesspegenievebdyctsoef themedéioneid! y

equi val enj, f riy tei

p?oduced (i/ Iﬁl@ggﬁnggl 1?1%%! abr?gfghfse %rb%eﬁ?s &laﬁﬁgﬁ eé; ? ﬁ]eag :e’u% i Q%dg)qunom in

the art. Ant@gwdstbsailmvﬁ@dmhdus a01fd mdsiecdié:éRb@ gbenb‘ﬁRaahd/and hy®id.2pr oduct s

di scl osed herein a S uded in ent .invention. Suc

ant agoni st s nélﬁge ﬁiff’so?eém%s1 E}n% %)e’flﬁgﬁsﬁ(ﬁjgl re lélﬁgr}j&sres SIS 12 ABIS E?‘fmdes

| ar ge nol ec lﬁlﬁ&)dnﬁ&d ﬁngml\/m]gmefelﬂl dgfekd mdelﬁgml 1ﬁ61t1dé hige protigh cheodedbyithel. 2f
roteins and tides o gnjsts o

Ito he inventi é@ﬁgﬁﬁweaa%? IJ]CMPE%P ‘%{éﬁ&%ﬁ eplgfﬁ@ lrtiiﬁsa ;}%t &%&19% and

ribozyme I"B)|N©l4l|) Qfid ZBF(SEQQIID?N@M)r &gpécﬁbélworqﬁﬁétﬁm@ﬁy EQRY A6 TRBnents or
constructs, that can be used to inhibit or enhance expression of the

di scl osed h\ARtiyatives thareqfe hesgPrefeins carbe Riod uqqﬁl@ygﬁ@g@bwammf@n@ PORY f ur t her

enconpasses Gkan g&;s%&hodﬂg{&gflﬂghe%pr ession vectors, that contain
the nucleic acid nol ecul es of the invention and can be used to express

t hose nucl eic aC|tﬂntﬁmlé@&magqmﬁfﬁ)%ﬁth@hygdﬁgﬁ%es apdéer geespiedudthdiselpsadn  al so
relates to %%%1 %ﬁe'ahs?o ﬁ@ﬂh@@ﬁl&ﬁ%gk@ﬁ 't18n a§géh0£nt§sg}?§§fs?iﬁldta%8n1%%lﬁ' ¢ acid

30 nol ecul e I nventi on ost or gani ave been
t ransf or 2 inglude, fommp&m@nlellmdmumnbrmblesula&andmsmb@ms@impateé ed in the

present | Vel gfine ki1 &ANRALARGANL B! S BRGALOHIAL LN hignsaen ¢

non- human a par ran non- numan nmanmmal s. The
present i nvehﬂtagnmﬂk annd ageinat st th@invenﬂlmdaiscamdlmie mpdsotidecsegudnoes, sinch 35

G eanost o O KRR D583 BB B il B RRL
i ncl udi ng bufongwatctd, ittt tadbd asediSinhibisor ehbtitce expgession e theelivldse@hVR 1d
neur ol ogi fﬁalnucle?cea%?c?mo? uch as Al zhei mer's or Parkinson's
The present invention further encompasses cloning vectors, including
expression vectors, that contain the nucleic acid molecules of the invention and can be
used to express those nucleic acid molecules in host organisms. The present invention
also relates to host cells engineered to contain and/or express the nucleic acid
30 molecules of the invention. Further, host organisms that have been transformed with
these nucleic acid molecules are also encompassed in the present invention, e.g.,
transgenic animals, particularly transgenic non-human animals, and particularly
transgenic non-human mammals.
The present invention also relates to methods and compositions for the
35 diagnosis of human disease involving cation, e.g., Ca**, sodium or potassium channel,
dysfunction or lack of other ionic homeostasis including but not limited to CNS

disorders, e.g., degenerative neurological diseases such as Alzheimer’s or Parkinson’s



6 WO 02/44210 PCT/ USO1/ 45336 disease, or other disorders such as chronic
pai n, anxiety and depression, cardiac 5 disorders, e.g., arrhythma, or

ot her di 30 dBsL16Uuch as di abetes, hypercal cem a, hypercaPCTURIIASIB | on

di sorders associated with inmunol ogi cal disorders, G tract disorders or
renal or |i vdiseash, 9eater diSoclbrsisathadshreniophing enxiétoanedeprpdsion, oBARGr | Ng
expressiop of. the hVRId gene in a patient sanple, or detecting.a mutation
in the ge e_él?%g?fﬁ’e@-%e%‘%éh%%aaar?lt&g‘ré??fg?fﬁé? Srﬁgabstq%ﬂlwmfc Bibct ed of
exhi bi ting igpefhRARR oddnWsohdns hdsOElated REHNHENR fogddl disBRIeRS BIscof the
invention can also be used as _diagnostic hybridization probes or as
priners for dsudes et remabapivesdisgases Sueh mgheds egmPHsgRicT cyamBle e iBas
allelic varighiQisn o the' A PLAEYN 9BhEG SamSICE REecHEE 8 Fhifaddh ik

expressi on o‘%tpt he Ig:ljgne.e SucL iagrﬁogt?c PaCnllwﬁa’nal ysecs %an. Lgeé qsled 15

di agnose i ndinvhelgenomewiftamaingel, denlwling 8 beinan.stspicted of eplibitingubmehany® d gene
mut ati on, &l o | at.] o j agnostic PCR
anal yses %gndéfdg gu%ﬁeL'SBPs{egﬁdl C?éé& g(f’]ggﬁ 1?@%’%%%?%%@%2&%31 églgg itﬁtg)%e%t o ion
channel di sodidgrostic Mdiridizsioapcbes wpasprimen $or diagrosde RGRnalysm ceidentfy
conpositi Onﬁ} %ﬁc{ t he 1[t .eat I’l].t of. ti.on channe] di rtdergtbarg altso i ncl uded
in the inve Y F BT AR R elCaVr?i‘Haé%‘Wp%rslietg?S gyc.}l & 3’58 e eg?c Pati ng
the | evel ofexpidsbidn of i@ gen8VRIchldidgmsti2 DCR\IRLL s, caf ®e &is@kiprdiggioss) and/ or
the level of, actjvjty. of. the respectjve gene, product —or polypeptjde. Such
net hods i ncl# ’é(}‘iuiabr‘}’/‘él}(%ﬁq%@fs aﬁi?%&ﬁt%d Wﬁﬁgtﬂa@mﬁ[@ﬁgggidﬁn%g‘“f%@n’ fﬂ{?%Fd gene
and/ or t hes agdriatibi, Yor eégul AEyéRcH SRIMediRiRetCPCRAMalyR® dah @RbMIBRkedPfo

di sorder that is nediated by a_defect in sone other gene. Such methods al so

i ncl ude scr caRRtHY HEYIHBYS susseptiie tq igB shimmek dsPgaSof 25 conpounds t hat

nmodul ate the expreegioasaff cddiSositidns Sheludnl Fhaddb@ical BnpGltions! fr @l the
pol ypepti des of the invention, e.g., assays that neasure hVR d i nRNA and/ or

gene  productreatnaeas|of jonothagsel ssordainarerpbsagneladedipdhesingentippR rcharathadsy,  such
as the abil ity Bfpoti ‘Sngﬁ‘%%aﬁbgefib‘f:ﬂl%&l&i ﬁhQ‘ﬂév@ng'h\VI@Ld,%&.,'HVl@lcﬁ?i bs. For

exanpl e, cellular “and non-ce ar assays are known that can be used to 30
i dentify 20npORhH2, gehatxpmssiomand/atithdleveleollaviyity efdherespettioe sgesprogeaduct ,
e.g., nodul gt - ACtd Vi t. i . uct.
Such’ cel - bad Bl S b el RE B SRR, aRUbe dCIRpARGR 01 O

engi neer ed deVR& genecabl/or thermesivity af the ¥R lelgene peodygeinfer fhedchatmhent bhaone

enbodi nent, suc t.hods .c rise.contacting a conmpound to a cell 35 that
expresses. a Sroter B megRRh £ ERa Pt PBefegBhe expr easi on. geno
product expressiSuth methogdretsquincldde kcregiingymeshodafod tiooidpatificagos bf s | evel to

the level 28 fcc}rrtlp%unds that modulate the expression of the nucleic acids and/or the activity of the

polypeptides of the invention, e.g., assays that measure hVR1d mRNA and/or gene
product levels, or assays that measure levels of hVR1d activity, such as the ability of
the gene products to allow Ca?* influx into cells.
For example, cellular and non-cellular assays are known that can be used to
30 identify compounds that interact with the hVR1d gene and/or gene product, e.g.,
modulate the activity of the gene and/or bind to the gene product. Such cell-based
assays of the invention utilize cells, cell lines, or engineered cells or cell lines that
express the gene product.
In one embodiment, such methods comprise contacting a compound to a cell
35 that expresses a hVR1d gene, measuring the level of gene expression, gene product
expression, or gene product activity, and comparing this level to the level of the

hVR1d gene expression, gene product expression, or gene product activity produced



hVRI d gene expression, gene product expression, or gene product activity
produced 7 WD 02/ 44210 PCT/ US01/ 45336 by the cell in the absence of the
conpound,w@uwk2that if the | evel obtained in the 5 preseneer/mlot/4se3econpound
differs fromthat obtained in its absence, a conpound that nodul ates the

expressi on ofy thdeeliRhg aBRAee 8Nee @bm P%@Xﬁﬂlﬁ%ﬁﬂﬁﬂe@&bﬁéﬁﬂeﬁ11’i’§het he gene
product has been identified. In an alternative enbodi nent, such nethods

conpri se adritAieaeeed thg cempewridiiae fram shasebtaingd ga s sbsenes, g.comporndieyeni ¢
| that
ani ma a nrg&iﬁ]ﬂﬁ@f evee?p&}/ﬁh%&f %19 ht\fl@'ase%?lg Sn@br the TWhiRBs BV %ltlglt‘}' bffiggene,

and measur i ene expression, gene product” expression,
or gene procgmﬁpmdtumvlnétsybeeﬂ'i@nh’éakured l evel is corrpared to the | evel of

VR d gene expr sl Qi Ganee BLAGN flnPXRUCHSRaR: o BlpdeNmipL AL activity
>cofrpoun PR evel

in a host that is not expose
obt ai ned whemwnigoenthasi hos oegqnm@ g ca ﬁrhsgmcmmmdjtlﬂt é}f};&essd a1 bWRiBat

obt ai ned en 15 the host osed o the c ound, ound t hat
ool ot os 8 iBagene 8 &Rt VR L frBE ol Betiiing A RES G G RRE
activity of éxyﬂsﬁogeg&eﬁmmucé@r&saﬁmb@egtne petetuet ddtiety. Thene@m@étuladél is

identified by these ods | ude therapeutic conpounds that can be used
as phar rrace V@qur@'im §CHE GERICHOTL |BPRR RHRCHERBICSSIAR (OB 881C 20 of

i on channel gb&@k ﬁ@t‘i\ﬁtyslﬂ%hro@tsthﬁi'\ig'n@t SPoSk&! 15, th@ccgnpoﬁegeﬁﬁ&ﬁéthme level
neur ol ogi cal di seases 'such as Al zhei mér's or Parkinson's di sease, or other

di sorders sudiained when tibestiaerposahiq e pompauribifieesdiern thas sbiined vehesor der s,
e 0. ant 1ytihas iOhorhiled OMRAMRANS U dbroufll BRF LSRR EAERMA, .

hypercaIC|ur|a Ion disorders a SOCIate |nnuno ogl ca

G tract di stfrthlfethéd gemand/asrthe sw@hesmomats‘ety cszthIhhi pmegeoducisthashedmon al so
relates to ap.ifRljated nucleic acid conprising a nucleic acid sequence

t hat encodes a pol ypepti de having the am no acid sequence of FIG 2A (SEQ
I D NO 2) or FI G ”ﬂB:c(o@ﬁQuhd:s Nentdfied oy theseemetbogd innkade tlefapehtic comnpdumids aci d

o 02 & SO RREERS SRR S R PR o

nucl ei c aci
under st r2Mgsrion clemael disorders gueh a3UCNE idisordees, €. gal eg@idra&w@fne&ioﬂbgldhl( SEQ I D

0D o FGAB(RER) RAG 2 an Sacecing. 2. IV, pobypepLy e, navi n0 an
rel ates t o aammﬁ@ ah;aﬂlstz bed GeprédsibnG GaTiat Fisogeld)@.g., Rilytintia aidthezequence
of PG 1A (R DN asilianeia. Iberdlemin hypereslciuria TR N
i sol at ed nu flers sk 38 osi hper yp
with immunological disorders, GI tract disorders or renal or liver disease.
25 The present invention also relates to an isolated nucleic acid comprising a
nucleic acid sequence that encodes a polypeptide having the amino acid sequence of
FIG. 2A (SEQ ID NO:2) or FIG. 2B (SEQ ID NO:4), or the complement of the
nucleic acid of said sequence(s) .
The present invention also relates to an isolated nucleic acid comprising a
30 nucleic acid sequence capable of hybridizing under stringent conditions to a nucleic
acid molecule of FIG 1A (SEQ ID NO:1) or FIG 1B (SEQ ID NO:3) and encoding a
hVR1d polypeptide having an activity of a naturally-occurring hVR1d protein.
The present invention also relates to an isolated nucleic acid comprising the
nucleic acid sequence of FIG. 1A (SEQ ID NO:1).
35 The present invention also relates to an isolated nucleic acid comprising the

nucleic acid sequence of FIG. 1B (SEQ ID NO:3).



nucl ei ¢ acid sequence of FIG |IB (SEQ ID NG 3). 8 WO 02/44210

PCT/ US01/ 45336 The present invention also relates to an isolated nucleic
acid of W@AMN2(BEQ 5 ID NO1) or FIG 1B (SEQ I D NG 3), wher@so/45Bs nucl ei c
acid is genonmc or cDNA. The present invention also relates to an isol ated

nuclei c acid of g pkésehBERnddd J}Qreﬂs}esCtB afli&812t81 ﬁtﬁ'ﬁ@c h&dNOFR) 1 AWRIERR 1S

RNA. The present invention also relates to an 1solated nucleic acid of FIG

1A (SEQ 2 DIRANO1l) csFIEI18 (BEQ BENO:D. Nbew)n themuelioracibingeneispraDNbel . 10
The present '”Vegfﬂggﬂes%hgﬂlgé cﬁltﬁ?oﬁeﬁau?s%'aﬁ?i il %E?%fﬁ R (2,1‘%“@ nto

any nucleic aci SCri erernt encoaes an
pol ypept i de IDsNOiInloe FIG 1B (SELQE NO:3), mhadbes RNeki d sequence that encodes a

het er ol ogous protgin or be t| de. .The. present nti.on_al.s

nucleic acid conp esﬁreseng b tfoé]iaésore agese[ggaﬂl ;l'arc%% ]%?10&%189?}8 ?g}@%@i@, on
mut ant of h\IBNOdL)oiFI(GllB (SEME]]ZENICDBI) farttentomprisibg h1dd. 2; or (c) the
conpl enent. of the_nucleic. acid s ces of .( i nvention
OO e O el ol ol oS eess O e Oy G e P
and/or 3, WHRERIidadidecRHBEERrEAhARALRTS Gn GVRIMI pFe8inSaPd %%p@dle REakept i de
deletions fromeither the C.termnus, or the N-term nus. The invention

further rel dbégmedoamurley) agidspqyense i enardesgihsterolagey paptein 5 pepidane, 2,

and/or 4, wherei nrﬁétﬁe&ia{ Ml%lﬂﬁdndﬁsogﬁ%%% HuelERY do?@éorﬁﬁ%ﬁg‘é h@élelé%ﬂo aci d
deletions fromeither the Gtermnus or the N-term nus. The invention

further rel #ea@eenegercoding @) @ d@létl@n Byt p%h\ﬁgléln@& paleletign mptans @fuence
di tant of
PR . o o AR R, SRl of Eneifle b seerlll S S BR 2 o (b

e ‘sequences or (b).
25 The invention Thmnmmonéulah@seltat@sm auisbleied macledt mirmt)i@uhg)f@EQJHD eic

acid seque e

substituti on%ﬁult gl(rftc?gll ?qvl%‘\/%iflgh%ﬁ&%oln 8% q%%n@éo%ﬂ:fnsg; e{lﬁ{%ﬂg 801%1&3% ei ¢ acid
sequences ofdelmbnmfroﬁbf)ltheﬂ'ﬁxe(tmrmMusmmtﬁaNttbmnnmsel ates to a reconbi nant
vect or conpri sing.a nucIE| the i nvent i 3

i nvention furt he?n} Cdpygon &g %F&OSEIVS i?tpe% gec'ﬁlﬁ gsﬁ@?l])el c acid
of the prEseNO:2 aMHGM ,Onhea¢ia tiat polgpeptids sapteﬂcte&d)nyprtshs @qne:gtat aindtoyacid

nucl eoti de s .ean qﬁalth@ transcr,i | onal and transl ati onal
regul atory i rPB’nelt Line, S oL dEYRSf the nucleic acid in-a

host cell. The i Wﬁv&ﬂloh%ﬁtﬁ@&elé@bﬁi@ﬁudlélc&&d%ﬁf;ﬁt%ﬁﬂg@rhu‘éﬁﬁ &fid conpri si ng
a nucleic acid 35 of the s ({1 i nvention o?eratsvelg associ at e%i with a
regul atory riGe1se6¢ p@@ ition mutant of hVR1d.1; (b) an addition mutant o

hVR1d.2; or (c) the complement of the nucleotide sequences of (a) or (b).

25 The invention further relates to a nucleic acid comprising a nucleic acid
sequence encoding (a) a substitution mutant of hVR1d.1; (b) a substitution mutant of
hVR1d.2; or (c) the complement of the nucleic acid sequences of (a) or (b).

The invention further relates to a recombinant vector comprising a nucleic acid
of the present invention.

30 The invention further relates to an expression vector comprising a nucleic acid
of the present invention operatively associated with a regulatory nucleotide sequence
containing transcriptional and translational regulatory information that controls
expression of the nucleic acid in a host cell.

The invention further relates to an expression vector comprising a nucleic acid

35 of the present invention operatively associated with a regulatory nucleotide sequence
containing transcriptional and translational regulatory information that controls

expression of the nucleic acid in a host cell.



containing transcriptional and translational regulatory information that
controls expression of the nucleic acid in a host cell. 9 WO 02/44210
PCT/ US01MB8364210rhe i nvention further relates to a del i vePgT/ASom5836
conprising an expression 5 vector described herein and a targeting neans.

The invention furthshvéiontr@shdrfeldted BIEHEIGREY Yor8fok BERPSHANS &S bxi8dston
containing a nucleic acid of the present invention The invention further

rel ates td aifcigedescribed hgreiarpgidndaigedngiwsenseel | containing a nucleic acid
descri bed herei n.ﬁi%%@éﬂt%ﬁ'funﬁemsqeﬂ&&i eWetiBal én%ﬁié%%‘d%& ﬁfcggfya&ﬂiﬂgalo

sequence containing transcriptional and”transl‘aticonal” regula
i nf or mat i on nuhkic acedof thelpsesextpnesngioon of the nucl eic aci d sequence in a

host cell. The i | On: r tes ta.. net | I ineered host
Corl contai ning Aenudlion RSt B SEerBuBvASBRLER o SRIRGRHEL
wi th a regulmtkicyacididésedbediieercinepumricdyassvciitad wigh b tapubtoriypiucieodde and
translatignpal reqgqulatory informtion that 15 controls expressi on of the
nucl of o ol deaisfie fou e rpsePioa and sl RoR o ey P R IRERARen ks o a
met hod of ‘waubhﬂglsaﬂ?ﬁ%%ﬂombmnaeiciadﬁi segOdHRE i h RBsticBe. St eps of (a)
culturing a host cell in, ar}‘lappr gpriate culture nediumto p{}oduc,e,an hVRI d
pol ypept i de; and (15)MYEWI0k Iﬁlberfﬂéteﬁmrhgeﬁ@P%]é@ﬁnEH’@?mfmésqCﬁ SARPBHS &r t her
relates to aueRidWed 8fschB&d E?eiﬁ%p@%ﬁb&yﬁ@doﬁ&%ﬁt\b@l?a?&u@é@é@?ﬂuékﬁﬁdé he steps

of. (a) culturing a genetically engineéred host cell containing a nucleic
aci d descri Beduanee epHaigpetempaaitipnakanddraasiationgl regulateryduiosmation ekl eot i de

sequence @%ﬁggﬂs@gg&gﬁ 6f 1Btk ABRac ﬂaélﬁe% %{)&Q@ﬁ. regul atory

information t ntrols expression o e nucleic acid sequenc.e in a
host cell in an &affisriopentiondudhdrielpies rpaingthodef prabihgean YR h/Polsipentidg pept i de;

[0 a met hod ‘L rSinEnte SRS RER' YAROHAEHngarcon [ ONEAL® Ry bt € 20 o2
pol ypept i de preducvRn hViR 11, golypephddR ahd ¢b)Asalatirg the hdR Idpelyipgpedpii val ent
dor vat1 e X oo GG B YL D i ud PRLRS S BB 3
pol ypept i 2{e.codiprifing therstepd ofo(e)f wultneing o geadtieally enginevbddiomdt odll comkdinigs a
SR BT T TR RN M L R
nucl ei ¢ aci de@ientdeomni@iRittansciyidvhhicihd tERslaticie iédubilordyunfoh@stidrethat €s to a
substantial lc%ngo I’s%x r%lséigr? 8% tih(éI %uggi%%gﬁidseagence in a host cell in an appropriate culture
medium to produce an hVR1d polypeptide; and (b) isolating the hVR 1d polypeptide.
25 The invention further relates to a method of making an hVR1d polypeptide,
wherein the hVR1d polypeptide is hVR1d1.1 or hVR1d.2 or a functionally equivalent
derivative thereof.
The invention further relates to a method of antibody preparation which is
specifically reactive with an epitope of an hVR1d polypeptide.
30 The invention further relates to a method of making a transgenic animal
comprising a nucleic acid of the present invention.
The invention further relates to a substantially pure polypeptide encoded by a
nucleic acid of the present invention.
The invention further relates to a substantially pure polypeptide encoded by
35 the nucleic acid sequence provided in the deposited clone.
The invention further relates to a substantially pure human hVR1d polypeptide
as depicted in FIGS. 2A (SEQ ID NO: 2) or 2B (SEQ ID NO: 4).

10



x 35 the nucleic acid sequence provided in the deposited clone. The
invention further relates to a substantially pure human hVRI d pol ypepti de
as depi ctved 022l GS. 2A (SEQ ID NO 2) or 2B (SEQ ID NO BJT/USQ/4883602/ 44210
PCT/ US01/ 45336 The invention further relates to a substantially pure

pol ypeptide whi CITHe%nV"énﬁ%n'f%%r&Qté@ t@@ﬂfb&féﬁhal%@ﬁol)ﬂ@éﬁf%%&&ﬁs% set
forth in FIGS. 2A (SEQ ID NGO 2) he invention

further rel deast9Q% I@pnftlgglatgrﬁhq)mivmpﬁd@@m ferthin AGSoRHEBL) NG 2) odB
present i nve(?fagqp Rpd4p second heterol ogous pol ypeptide. The invention
further rel a o a pharmaceutical preparation conprising a 10
t her apeuti cal | y %&ntan@enﬁmﬂwnirelaﬁas tdmﬁnsimlnmelptni aenpisitgrepgypepeide of
i nvention agﬁj har rra al | ?4 £S %p) abl e @P The invention further
relates to a t&st nl'iﬂve? ae%e[c ’ﬁcg 80&011?13 ?p[ ing a wld type or
mut ant hVRl d nucl®iednegitidn flkiee vdietes zaplmmm&@nc@lqﬁwaralmohmmﬁigaps of

a nucl eic acid pr esent. |nvent|§é and

p

contactin e sanp of
det ect i ngl%l alﬁ}ié”ﬁﬁcm@mﬂe,mﬂ%hq pAlwertide aﬁthﬁ RIS INETton ap resence

or absence g dﬁﬁdceatmql?tacc@ftab@e&urhék type or mutant hVR d nucleic acid. The
invention further_relafes to a test kit for detecting and/or qtuantltatlng a

wild type or mut arhe IpYmtign Seithes selates o 4 tesikitiondplecting sy orauapiitatee 8t eps of
contacti ng tvﬁﬁi trsyﬁ@Bf Sru¥ink HVRﬁd%HEI'eR%)ﬁ I%Iehli!@ iPh SAf %ﬁe édi'fﬁ?rfkriﬂgot'ﬂe s@pdof

detecting and/or 20 quantitating a pol ypeptide-antibody conplex as an
i ndi cati on cPntapéngthesemple with 2 aweein eeidnd dicopresamb inventéin; anduiptactingpe or

mutant hVyd %H}ﬂ)ﬁ:g Igltﬁﬁ%qhe el dés%%ﬂ&h@& Ldf'th%‘?{esén%% B S5seh O aﬂnd?@}ag@n{ or

i dentifying conpdunds ul ate vity conpri sing
contacting a)ftaezslldtypcrpnmuthnthRldahtletcraatd expresses a hVRI d gene; (b)

reasuring the | evsle Rl SARRR, £ B LOSL AN Dbl R 8 L@l £

conparing the le I'ne ne expressi
obtained in wllthtypbsenmemthth polylprppnﬂedn asatiplet bahpmshngthest@sef obtained in

(8] et SRR BB, Al P HRSHE S LRI e B FOPEF U,
to a net hay cfu@ﬂtlmd@g\a pblybaigidecimpiboddsoniplat as3h indidafial ef thyprddemetorvi ty
ol ypept | de: e ABLELAP A8 TP BrinHoR A B4 SHUBERGH- or  act ivity n
the cell; and ( C)THeGRRMioN Fuitihte réiedeto PREARIOAFEr idBntPingWobipolih® thavel of
modulate hVR1d activity comprising: (a)  contacting a test compound to a cell that
expresses a hVR1d gene; (b) measuring the level of hVR1d gene expression in the
25 cell;and (c) comparing the level obtained in (b) with the hVR1d gene expression
obtained in the absence of the compound; such that if the level obtained in (b) differs
from that obtained in the absence of the compound, a compound that modulates
hVR1d activity is identified.
The invention further relates to a method for identifying compounds that
30 modulate hVR1d activity comprising: (a)  contacting a test compound to a cell that
contains a hVR1d polypeptide; (b) measuring the level of hVR1d polypeptide or
activity in the cell; and (¢)  comparing the level obtained in (b) with the level of
hVR1d polypeptide or activity obtained in the absence of the compound; such that if
the level obtained in (b) differs from that obtained in the absence of the compound, a
35 compound that modulates hVR1d activity is identified.
The invention further relates to a method for identifying compounds that

regulate ion channel-related disorders, comprising: (a) contacting a test

11



hVRI d pol ypeptide or activity obtained in the absence of the conpound; such
that if the level obtained in (b) differs fromthat obtained in the
absence o¥ovhies2econpound, a 35 conpound that nodul at es hVRPAT/&SW/45836y | S
identified. The invention further relates to a nmethod for identifying

conmpounds th | Qi =l d. 4 2 i~S1.ngHy )
contacting a&%lgg%&%}iit%%g%%h%%ﬁlﬁc%s6%%%}6?1%%%%%Pg%ﬁr%oSﬁ@ﬂgxﬂt’h&aﬁg&)l( whi ch
expresse$ a nucl éptermaising wheth¢rehe tesseampaund emdutatesddR [ bjctivitydet er ni ni ng
whet her the test 3 LV Yo ' i further
ol ates to a ot Ao ot TR 1A% @M ARG thininihgEor VAT AR

channel - r el sagsthtelionamhdencd-relotep dissidegs cdmaprisimnt(@ct i ngoatabsg a tesonpound wit h

a nucl eic agj { resent_invention: and (.b) determ njing .whether the
t est corrpou%éc)i‘gp‘g{nedr‘g@?g n\l/l\ncslf’ﬁ ¥ eOfﬁE%P%IS%’té%‘feBg%%’ af’ﬁég)pr es%’ﬁ%mi‘m%nti on. 10
The invent i ohefher theesst cenpb@s] ineractwith dek deleid sed bf fhei preseaoirpaivas t hat
regul at e .i,.on chapnel. -rel.ated di sorders, c ri sin .:w,%a) contactjng a test
conpound 1\%ith_ a Cof MR ﬂlﬂeglgeiﬁt@t@c?ﬁpﬁt?‘g&ﬁﬁlgergg zfempa%iét eratively
associ ated réplutdte Rnltbhil-raatel AisordersemPAtinga@f ( b)codbesd 4 RGt expressi on
of the reporter gene  product. 15 The inventron further relates to a nethod

for identif§PRECEWNHEAGS! Pheall lysaig epnridipingchicportangene PRaraiiely asedriaer s
conpri si ng: wi@a IPPRT RedebiBebrd elefifth; a%)@ wou M ieif dedbrékldn &rqqit&paﬁé%gf%ﬁ% e

containing hVRI d transcripts; and ( tecting the trans
hVR1d transBfddget. The invention further relates to a method for nodul ating

ion channel -rela : .dl i | LS inj.stering to
t he subj ggt a thgﬁgﬁ%‘%%?%l%ﬁ?%gpfeeﬁ%%g %v%&gh%ﬁ&ﬁtldegﬁ@hgwgo po &lgdetpti de. The
i nvention f tagulaty ionshanred-related disetdeodcdnmprisiagd (@at i ngohantinhatese! - r el at ed

di sorders i i i e R tide .is d r

hVRI d. 2, or Q%IEP%@C‘?%%S%S/{ (geélﬁ ?’%/ag %(trh\(alalgl %ygfcﬁtgantsﬁlz?t&o%nfa@ dFFlleé:BP%vent i on
further rel tteegmntlatian nethe VR lartramsdiptat i ng i on channel -rel ated disorders
in a subject, wherein the hVR d | ypeptide.i.s hVR1d. 1 .or hVR1d. 2, or a
functional |y equ?@%f@ﬁ?gﬁ%ﬁ\rgﬁf fe&gegtﬁ&%%tgomﬁ%?‘ﬁ}%% igh, ghasop "ieiat%i?hurran.
The i nvendi disofderstihersubjebatedpiisingadminielin togButjde b ARytapeb oLy Si ng

adm nistering to a subject ffective anount of a delivery conplex of the
present BOC'WIé{ﬁtaWHpeqicﬁeh?ﬁVgﬂ?%?Ptlﬂﬁrther relates to a method for the

treatment of i onTa&aiealion further relates to a method for modulating ion channel-related
disorders in a subject, wherein the hVR1d polypeptide is hVR1d.1 or hVR1d.2, or a
functionally equivalent derivative thereof.

25 The invention further relates to a method for modulating ion channel-related
disorders in a subject, wherein the hVR 1d polypeptide is hVR1d.1 or hVR1d.2, or a
functionally equivalent derivative thereof wherein the subject is a human.

The invention further relates to a method of gene therapy, comprising
administering to a subject an effective amount of a delivery complex of the present

30 invention.

The invention further relates to a method for the treatment of ion channel-
related disorders, comprising modulating the activity of a hVR 1d polypeptide.

The invention further relates to a method for the treatment of ion channel-
related disorders, comprising modulating the activity of a hVR1d polypeptide,

35 wherein the hVR1d polypeptide is hVR1d.1 or hVR1d.2, or a functionally equivalent

derivative thereof.

12



rel ated disorders, conprising nodulating the activity of a hVR d

pol ypeptide. The invention further relates to a nethod for the treatnent
of i1on che@anzid2nel at ed di sorders, conprising nodul ati ng theT/@sew4sB3isy of a
hVRI d pol ypepti de, 35 wherein the hVRLld pol ypeptide is hVRId.1 or hVR d. 2,

or a functional | yrieguiMalRtrthd it ¥ SRl BPthe theanf¥nt BR{Athithel-
PCT/ USO1/ 45336 The invention further relates to a nethod for the treatment

of ion chanrelatd digirderecompisinganedulatingghe a¢tivatyred ad R Idplypeptidet i vity of a
hVRI d pol yp i.ge, h el : Ly, ' [ . d. 2,
or a functi g‘ﬁf:}# ;?/1 tté%ﬁ?@é??ﬁ{ﬁg@é&r&?{\%?ﬁgg1tcﬁ2]3;e%@’v(\%§?‘§e@# r %@y %@tﬂﬂ%@t

conpri ses adierivasteetheregf,avheedif ot method nomptises aflmanisterippameff¢diize amgoni zes or
ant agoni zes the acti vi of the hVR d pol ypeptide. .The J nt.i on f.urther
ol ates o tGeRGt R e ReotifS of aeorBees B R ot Ry EPU B o Gor s,
conpri si ng adm niHlicsihv&igioarfugthdraclhtey € ampiid fof the teamaofidnlhbknnedlecr eases
expressi o a hVRI gggene. The inventi.on fu&t her relates to a nethod for

of
the treat MerelaRd eprdeanmarisineadninigieng ap gHPEVe ARyt SF hePraRinAiter i ng

an effecti veds@fgagggtengesgoﬁgmgvmdtgaﬁé, decreases expression of a hVR d
gene in which the _conpound is an oligonucl eotide 15 encoding an anti sense

or ribozyne nol ecm%nY%%ontf&FtB@tr§laW g methaddfer thertecagipent of jomj ghppnel-
{ransl at 1 on. ol GOYAEL] QylrHSGhihRlcAhg Sn b BeaVEARg: bPS clrfaaphirent of

ion channel - related disorders, nmprising admnistering an effective
anount of a desrRpeaseaPIesion ofie bVEdd@eneiprikisk thercopipoyné WRInligenecleetidghi ch

the _COMPO:5a0 ok BAALEL AR, Ie A0IERORNELAR BOR) PANEIOK ahi DOZY e

nol ecul e at tar tran ipts an s translation, in which
t he conpoundnhitstragdlationuc| eotide that fornms a triple helix with the

pronoter of the i nhi bi t IRt ] Fon
further rel ates Pi(.)@“ aﬁﬁgﬁ&%ﬁ ﬂg?r T {eelgtt (E %ﬁeﬁr@@fgépgi%e%&%‘?%ﬁﬁgn% \ﬁ?[lg‘{lezlat ed
di sorders, cehpd disorderadronprisirgr ddngnateriaf bhe effeatevecammuunt obHd canpamdabaid t hat

25 increases expression .of ene. The invention.further relates to a
phar maceat | CHORU TP On of sPVATIE Pea HERE e o feetEopey e
di sor der s20 cqiepding iah @nésed ottt yinb aboledild that €8gedy hVRId trbdseripts Wi d
activity, mxed.wth a. pharnmaceuticall cceptabl e carrier.. The inyention
furt her r el 4B fansiglidm GBI o SRPRGPRA & 3 cliganueaida et fosp: ARIF at es
t he bi ol ogi cilixagith thetpyor@btehMRhe hVRAWREhS hitDinhitfts $a@RGipdbn. (a) conbining a
candi dat e nodul at or conpound with hVRI d havi ng the sequence set forth in
one or nore The invention further relates to a method for the treatment of ion channel-
related disorders, comprising administering an effective amount of a compound that
25 increases expression of a hVR1d gene.
The invention further relates to a pharmaceutical formulation for the treatment
of ion channel-related disorders, comprising a compound that activates or inhibits
hVR1d activity, mixed with a pharmaceutically acceptable carrier.
The invention further relates to a method of identifying a compound that
30 modulates the biological activity of hVR1d, comprising the steps of, (a) combining a
candidate modulator compound with hVR 1d having the sequence set forth in one or more
of SEQ ID NO:2 or SEQ ID NO:4; and measuring an effect of the candidate modulator
compound on the activity of hVR1d.

s The invention further relates to a method of identifying a compound that
3
modulates the biological activity of an ion channel, comprising the steps of, (2)
combining a candidate modulator compound with a host cell expressing hVR 1d having

the sequence as set forth in SEQ ID NO:2 or SEQ ID NO:4; and , (b) measuring an effect
13



of SEQID NO 2 or SEQ ID NO 4; and neasuring an effect of the candi date
nmodul at or conpound on the activity of hVRId. 35 The invention further

rel at es woaaethod of identifying a conpound that nodul REBESQIMS336

bi ol ogi cal activity of an ion channel, conprising the steps of, (a)

conbi ning a &%ﬁ@éﬁﬁlcﬁtéﬁ%&ﬂl%@Eorﬁﬁéﬁhﬁ%%%&tﬂi@ PR expRiskeEPR BESI Ng hVR d
having the sequence as set forth in SEQ ID NO'2 or SEQ ID NO 4; and, (b)
measuri ngd an ef f éblte inventivh G@thed 2¢0teRAD/ USOLhad 386demsifyinpen campduwhalt that

rodul o CCMBRHNE, 98 8 BEL P 1S, ARBSTRS VR . B SR b
bi ol ogi cal %ﬁh{iiﬁh&%n@&ulﬁb’ﬂﬂn%&itﬂhﬁﬂgﬂﬁh'ﬂgstté% c%h%ﬁ}ﬁngﬁzve&%} d&RABLhAEind

candi dat e nodul at or conpoun ost cell contarning a vector described
herein, whewlsreinhWR W is expocpded dyable ball; tahé, @ hdeasvaing, an(difechefahel camijdaen
effect of the candidate nodul ator conpound on the activity of the

expr essed, hVredHatencompound\oaibs asiivityof herexpeassaddsVR I-a net hod of screening
for a co und t i | at. P iC Y of
VR d, “compr i si ng SRR BladiUe Bl08 o RELBGE B A @Ehi thirks
herein; (b) cdpitde of Moiglding thé blobgpicxlacidty off HYRO, dodifrding e steps abs@nce of
a nodul ator conpound; (c) contacting the cell with the nodul ator 15
conpound; arifoyidingasdiast ¢allfleserited derin | (Bydetrminias thg higlogicalpgyiyy ph YRED
presence of . r.c und; I el Lffere he

activity of lh{]/% 8‘5@%&% ﬁfeg %?@gﬁrc%%ﬁomﬁ’e&%aﬁ?ﬁ% &18 ol %}ﬁ)%lﬁ]d{han &lh}r%gkt(8 he

absence ofg tddenprodd MAqH) dReraaning thd tidlogrhbscti®itiod HVRL H Mg tiefir@ehcendf thdie
conpound. The invention further relates to a conpound that nodul ates the
bi ol ogi cal aBeduiater compowrd; Hubaieinra/Riferense kRiweerf thedadsiyity had WERhdde the

descri bed herein, 4..DE PTI ON OF THE . EIl El 1A and. 1B.  Hu

R . 5 and o 3 Ly et dha 2 B Sgelie 3t nd PoBfict FoulddiRE |
start codon ihgiches dethdantink Bfe&toPthecdiiduhg. underlined. FIGS. 2A and 2B.
Human hVR d.| and hVR d.2 am no acid sequences, respectively, wth the six

t ransnmenbr ane dorflerisvention Sirtheatsdatesttp @ compgirdrih ufgdes therbielogical astiviind t he

pore | oop20 egi.on b i . AL gnnent of am np acid sequences for
VR d. 2w ¢ roreHeeR aas vl e ied B PSSR R Ve OrReca, - and
hECaC (using GCG pil eup program). FIG 4. Tissue expression profile of
hVRId. FIG 5. Tissue expression profile of the hVR d splice variant,

hVRI d. 4. DESCRIPTION OF THE FIGURES
FIGS. 1A and 1B. Human hVR1d.1 and hVR1d.2 nucleic acid sequences,
25 respectively. The putative start codon is bolded and the stop codon is underlined.
FIGS. 2A and 2B. Human hVR1d.1 and hVR1d.2 amino acid sequences,

respectively, with the six transmembrane domains in boldface, the ankyrin domains

underscored and the pore loop region boxed.
FIG. 3. Alignment of amino acid sequences for hVR1d.2 with the reported
vanilloid receptors hVR1, hVR2, OTRPC4, and hECaC (using GCG pileup program).
FIG. 4. Tissue expression profile of hVR1d.
FIG. 5. Tissue expression profile of the hVR1d splice variant, hVR1d.
FIG. 6. Tissue expression profile of the hVR1d splice variant, hVR1d.2, in

30

brain subregions.

35
5. DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the isolation and identification of novel

nucleic acid molecules, as well as novel proteins and polypeptides, for the formation

14



FIG 6. Tissue expression profile of the hVRd splice variant, hVR d.2, in
brai n subregions. 35 5. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nventi onwoe/aes to the isolation and identification of POVES01/45635 ei c
acid nol ecul es, as well as novel proteins and pol ypeptides, for the

formation 14 fMQuQB/oM&léi’ hﬁﬁ:-fgﬁ E&péﬂaﬂ&gg’ EMRIre SpHeftdanyy, tﬁé 11ﬁf@1\{tﬁln ﬂé}h‘ﬂ&rto'ao n

channel s. More specifical \}/ he i nvéention rel ates novel human
gene, hVALd,novpldiumancenediV R b tet inciydes twe ﬁlﬁf@@nt\ﬁahwmr@nwhwadi aafd

hVR d. 2, thq;vm%atﬁﬁéé&%%ﬁ@ A3 hed. 1 g V¥ gfﬁo@fn% Bodially,

bi ol ogi cal ly “active derivatiVves or fragnents there I nvo
f or mati on oractivenderivativesf ordedgiments tbﬁaﬂhm\@lve,dl ih theefoematinress ﬁlmtwﬂmf@a@bml I

o 20, oSG 49 ARALKAR RS el o MBS o RO LAY St

i nvention i rhMRJIﬂa?. wsled;saetx@ﬂcnhyatatﬁdadthmmﬂhng or reconbi nant| y pr oduced

human hV . cul es cul es,

cl oned ge es or g@lﬁﬁe’?&f‘é ?P‘&ﬁl‘%‘)&}?‘i’r‘g‘?sggftﬁ Pf??Fé“HHﬁﬁ%@W‘F Aethe

i nvention almerhlREbetlering @ra&cﬁﬂbmmtw@lhhcedqmmmmcm and hVRld 2 nucleic
reconbi nant | y: pr oduced hui}sln hVﬁlﬁd 1 a? QVRI d.2 proteins ort }cl) 9£pt| des.
15 More spedcid mgleryies, gig&dPddnolketies. slosed sens opdagdsrifrratsdhereoh spl i ce
variants of ok ﬁoﬁ@aﬁh@fmdehﬁoﬂ ag@ﬁichma 1s6[£t@§€ha‘tiﬁf51 _I}aaéc%rﬁ{geoﬂ eferred to

herein as hVR d.1 and R d.2 (see FIGS. 2 DNA
sequence cdﬁ@oammgarély medlmqeﬁélﬁman by Raldslearpbﬂ%l@@ prcr’f@nsor mimpfmld@m

mol ecul e £ COW?MS& stranhBﬁ B\éaloge éggﬁaféa HEINCL se ‘ﬁcéé,Q{f glncqi' ng

hVR1d.| and hVR ot el n are tical in antno aC| uence until
am no acid rvespefsef t;hleslVlhld gone of tt;mnmntlonvﬁdmselvammsalrquraﬁlt& hereimas acid C

term nal se Iy | sequence
of the hVR pr O%ﬁ@ﬂvﬁ%@.@?ﬁ%&é@%&%ﬁg%% %Hzi'ﬁgRg?e ﬁ)IQ’IAe %El%n{agc ul ar
\é\eil gEEa of TL lrentalfRia. aﬂd(tianghﬁfebazé\palp‘z)é' tyhfe@’tdnd@f wesmoldetle ammphreabtoblgg ?bout
nol ecu re

pol ypepti de was dgie?)ég%s "o 5 CQBIS n&xg&(\@l&%gﬁilﬁgﬁgt r%f s are
corr espontil rigeritical ihendne add sequeag wrtil atnifidiacid b&%idileﬂ 18y & whidnpoinucl eot i de 1
to nucl eoti 6 SEQ ID NO 1 ur A) . Pol eot.i de
cor r ospond 80| R QaPARR APENT BFEIAG SRR ST HER FitH o oot | de 1
to 30 nucl eacinifle aﬁa@teﬁ{unSE@qh&oN@f tHe KVR 04D §rat&ih. (sderFIQrSFJ?Arahg dB).
embodi ments, the "ﬂlreepsrg 1cteh rr]ﬁ/o ecuia? Qve(laé}l haeshs\?l%l(fl 1 ?l%ge{re%%)%% 3}pe§t1de was

determined to be about 81.3kDa. The predicted molecular weight of the hVR1d.2

25 (Figure 2B) polypeptide was determined to be about 84.3kDa.

Polynucleotides corresponding to the encoding region of the hVR1d.1 are from
nucleotide 1 to nucleotide 2160 of SEQ ID NO:1 (Figure 2A). Polynucleotides
corresponding to the encoding region of the hVR1d.2 are from nucleotide 1 to

30 nucleotide 2235 of SEQ ID NO:1 (Figure 2B).

In preferred embodiments, the present invention encompasses a polynucleotide
lacking the initiating start codon, in addition to, the resulting encoded polypeptide of
hVR1d.1. Specifically, the present invention encompasses the polynucleotide ‘
corresponding to nucleotides 4 thru 2160 of SEQ ID NO:1, and the polypeptide

35 corresponding to amino acids 2 thru 720 of SEQ ID NO:2. Also encompassed are

recombinant vectors comprising said encoding sequence, and host cells comprising

said vector.

15



| acking the initiating start codon, in addition to, the resulting encoded
pol ypeptide of hVR d.1l. Specifically, the present invention enconpasses

t he pol ymebzetide corresponding to nucleotides 4 thru 2R60USHI/SEY | D

NO 1, and the pol ypeptide 35 corresponding to amino acids 2 thru 720 of SEQ
ID N0 2. Also eNqH FRFEEEHerAbSlimeRE OB pRABAL ﬁﬂ@&fu@h%n s!;é"s' agg)lﬁﬂicﬂ:oﬁﬂéom ng
sequence, and host "cells conprising said vector.

PCT/ US01/%538&ingithp rimifietingsdant o, meatditiont ﬂmetherr%ﬁmb emnv@ﬂt pabypeptld@nbas ses

a pol ynucl e Ki the initiating start co tlonto t he
Bt 11'ng ertOUUEE- SrOBEHE die Brseh REBl o Spgr L IR PR AE S S sent
i nvention eng %H%%ﬁﬁ&%&%ol@&ﬁd’e@%cthgﬁiﬁ%f SERS 9 RRAAGN Bo tﬁ@t' des 4

thru 2235 of and the ypepti correspondf ng to am no acids
2 thru 745 cbnSiQuinghdathincddds 2tiro e SHQADNOr4e cAlSb encutpageti ao¢ s
conprising said encodi ng sequence, and hgst cells conBr|S|ng 10 said

vect or . &/ e THroFRRIng Veﬁpwé@ammmgsatdoemﬁ@namwn pHlgomprisiigy a
nodest eliffecfignol ogy to the human vanilloid receptor famly of ion
channel s, e.g., an approximately 41-47%identity and 49-57%simlarity to

the r eported VR1, Théptoteitd chirespbhBing tptiad VR Ed eDN AL FIG! Dxiowed alodest0- 33%
identity and 4 %simlari to th porte ca CaTl and CaT2
pr ot ei ns. ﬂ‘évqk)‘éﬁ @INRY §%ﬂi’ﬁg%€)é’§ VARO é‘{ﬁ?ﬁﬂgﬁr FE‘tYé]% ampﬂ? <-§n¥enti on
al so differ aphfoRithtes 4le4pp%tﬂ€nﬁ/tg@hﬂ l4915d% ﬁﬁlﬂaﬁtyotf) thORpEASNVRIISVRY dnldei r
patterns of tissue expression e hVR d proteins of the

i nventio n]hsa f@TRPGhpiotans, %%Wﬂrﬁﬁ%@%gggg’é%ﬁmw ead éhﬂz% Hpoglaritydeds |

such as the ;g rfeu%c%@lanawﬂa%)cmg;»eéhﬁ nucleus (CN), and anygdala (A)
of the brain (see proteins of the invention are

predicted to cont’J:afl‘“«rh\éRk2 DiNAaspqrenass aneerfoded proteins glthis ingention alsgldéffer _
ConSensuS anyr h ARTRLDuf 41 HE 358n Shan N il DR, AUEIn domins) i

the N-term sectton of the protverln, aracteri st struct ural
features of expresSiR- Fanixampia theanV Ryd pfotghaeitbe sveséen FGRhIPAmatedB) .

Speci ficall g!ﬂ] E I i

trans mentﬂ(ﬁﬁge Ealt&ﬂ%l i t}lsgl%[\%/ﬁ &ﬁoc e%)rfr oc(r%lg% ?C é%gﬁ%dagec?%h%S to

about am no (@N)danﬂla&nygd'a‘iMI(A)StheIMQs&)FIGf Apm about am no acid 439 to

about am no acid fr out amno acid 479 to

about ami no acid ﬂ?é“;@%?“’%é‘g ?fjlﬁ%\ﬁveﬁtﬁr? ér@@rei%flc&?&é’bc@ﬂ al%f‘?f‘no acid 502 to

about am no teatkwenBing GbMainSEQwel) ANGulligle;cohsepsasadn@itin domains (in the case of
hVR1d, three ankyrin domains) in the N-terminal section of the protein, characteristic

structural features of the TRP-vanilloid family of channels (see FIGS. 2A and 2B).
Specifically, the hVR1d.1 polypeptide was predicted to comprise six transmembrane

25

domains (TM1 to TM6) located from about amino acid 395 to about amino acid 415
(TM1; SEQ ID NO:9); from about amino acid 439 to about amino acid 463 (TM2; SEQ
ID NO:10); from about amino acid 479 to about amino acid 499 (TM3; SEQ ID NO:11);
30 from about amino acid 502 to about amino acid 520 (TM4; SEQ ID NO:12); from about
amino acid 545 to about amino acid 564 (TM5; SEQ ID NO:13); and/or from about
amino acid 607 to about amino acid 625 (TM6; SEQ ID NO:14) of SEQ ID NO:2 (Figure
2A). In this context, the term “about” may be construed to mean 1, 2, 3,4, 5,6,7, 8, 9,
or 10 amino acids beyond the N-Terminus and/or C-terminus of the above referenced
35 transmembrane domain polypeptides.

In preferred embodiments, the following transmembrane domain polypeptides are

encompassed by the present invention: MFFLSFCFYFFYNITLTLVSY (SEQ ID NO:9),

16



am no acid 545 to about ami no acid 564 (TMb; SEQ ID NGO 13); and/or from
about amno acid 607 to about amino acid 625 (TM6; SEQ ID NO 14) of SEQ

I D NO 2 Wogus€102A). In this context, the term "about" nMRGTHS0IGSHEL rued to
nmean 1, 2, 3, 4, 5, 6, 7, 8 9, or 10 am no acids beyond the N Term nus

and/or C-t erm@MQIfLIW)ﬁ\/I@WEEGﬁELE sed DXRO ﬁ@ﬁWFﬁ@?&‘@Dﬁll@WﬁﬂFAY

pol ypeptides. In preferred embodi ment s the foll'owin ransmenbr ane donai n
pol ypept i degSE: IBncdwpddsed YH;A@hELAﬂ\éAbGWANWnYYon(SEQ ID NO:12),

LLGrVEVL1 WA SORAGTKCHTIV GRS (5US TR0 Elronla (oRRHT SV YERRSY B G
NG 13}, “and or I PCRTTT VR Lot g Sles Pty gty sp gl 2 pisga® |

encodi ng t hdaeerpiohy plept ¢rdempasses aths ouser o/ ithesd. hVRaddr esasthembmwe nionin al so
enconpasses the use of .these hVR d.| transnmenbrane domai n, pol ypeptides as
i mmunogen ch REAYeBHdess iBERnegEpf %y@rsalﬁ@elaéwt@mées dessaiprbelecviisire herein. 10

i nvenfyl

The prese e

i ntervene bet vveen ac%htslﬁ %ﬁl%ﬁ cﬁneé#g %\/&?écfy O?ﬁ:%bﬁ&le rréﬁ%éggr}iei 8%5‘?6&11%.
Si nce t hese teggtenractasfthe p&ﬂic%ﬂﬂl\abl@lelsﬁanbinemﬁtahb domhiMk Sinte Mese regions are

intracellularly, they are particularly useful for designing antibodies

specific to sohient ﬁ@‘@ﬁ%hle eSiheh bR dH ol é%faﬁﬂbﬂaﬁb’ (Reyf ye pesticvdarhihvseddniost s or
agoni sts of &CQ%HP’IVRlalgd ]Odl "él é ecﬁ’ﬁg{o chr(i'l ¥egg0<$ L gl?chag.ﬁjtl n%Yesan lb%t n%éfhls as

act|V|ty Inp rre rrents -tra
domai n hﬂ%soradg@nﬁfsmaihmdbblﬁﬂlhlén h nlae/@fm ma modulate its
YRPREEEAI PLALTHKMGALQ (SEQ I D NO 15), RPS I'LS AV\FH (SEQ 20 1 D NO 16),

TRGFQSMGVY S\AGHTIW/I LHDVLKFLFVYI AFLLGFG\/AL (SEQ 1D NO 17), and/or

I d
encodi ng these paltyBHE TG SHPEICE " pPbi cH gy P Bl emtlsl AR <0°

enconpasses gdipeptifesof t hese hManﬂlﬂasseﬂtertwyansrrﬂsé)ran redOiRi N Zfention:

pol ypepti des as | nogeni ¢ and/ or antigenic epit s as descri bed
ol sevhor e heYBPREEESIERPEALAFKMGWEQHSROIDINGSIS) SR DHOSHD APIEL (VBRI ct ed

ani no Bci d é&ﬁpofﬁéﬁﬁﬁﬁ%@h?%@%@@i%ﬁ@@ﬁ%@?ﬂmSi‘%%ﬂi’

am no aci d 438:179 aa@eHEKEPKMNRDCSS YESESOANVE B PRD HE NOLNIODN I PP
am no acid 479 to about amno acid 499 (TM3; 30 SEQ ID NGO 11); from about

ami no aci d F6PNOol niynushiotidescanicadisg thegerpalypepkides abe also provided. The present

invention also encompasses the use of these hVR1d.1 intertransmembrane domain
25 polypeptides as immunogenic and/or antigenic epitopes as described elsewhere herein.
Specifically, the hVR1d.2 polypeptide was also predicted to comprise six
transmembrane domains (TM1 to TM6) located from about amino acid 395 to about
amino acid 415 (TM1; SEQ ID NO:9); from about amino acid 439 to about amino acid
463 (TM2; SEQ ID NO:10); from about amino acid 479 to about amino acid 499 (TM3;

30 SEQ ID NO:11); from about amino acid 502 to about amino acid 520 (TM4; SEQ ID
NO:12); from about amino acid 545 to about amino acid 564 (TMS5; SEQ ID NO:13);
and/or from about amino acid 607 to about amino acid 625 (TM6; SEQ ID NO:14) of
SEQ ID NO:4 (Figure 2B). In this context, the term “about” may be construed to mean
1,2,3,4,5,6,7,8,9, or 10 amino acids beyond the N-Terminus and/or C-terminus of

35
the above referenced transmembrane domain polypeptides.
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NO 12); from about am no acid 545 to about am no acid 564 (TMb; SEQ I D NO
13); and/or fromabout am no acid 607 to about amno acid 625 (TM6; SEQ I D
NO 14) VO oBEQIO D NGO 4 (Figure 2B). In this context, thePCBUSIIEBIBUL" may
be construed to nean 1, 2, 3, 4, 5 6, 7, 8 9, or 10 am no acids beyond
the N-Term nus aﬁl@ﬂeqfres@ni ﬁ"veﬂt{uﬁ%neémpgséesttheuﬁé)&\tﬁe g&&g&;ﬁﬂ@@%&gp@ﬁ&ﬂgm@r ane
domai n pol ypeptides.” 17 WO 02/44210 PCT/ US01/ 4533 resent invention
enconpasses thdenksm démeainearpbothepegye iloep mglcrredq:imwdtedgmt ﬁg&lesr?é\ ané 2B as
domai n and the ore .| oop regqgjon: dellneat §§<f ures ﬁA and 2B as
i munogeni ¢! nBSWHﬁP? gh 1&§HCFBﬁ@§”£§ P ﬂgﬁ”@¥§ ¥ e herein. Using
known methods of vy} Gy FRGIBEES Hete Rt 838{onBNnt BRRLRM0gy,
variants may be gene ate to I npr ve or er t echaracterlstlcs of "t he
p0|ypeptldESmﬁmﬁShh@kp@ﬁ&&ﬂ&dﬂdﬂﬁmmwebrdﬁﬂﬁhidﬁ&ﬁﬂﬂmucmmhhepobpqﬁubﬂbﬁo
acids can be deleted fromthe N 10 term nus or C—ternln(ﬁégf % roteln
V\A t hout s ﬂgéb%‘mem 1VEREONL {F OB iRsange.ORP OF ML ABIRO agife canhp drlsted

, r i ns
haV| ng heparl n bl nr8 |C2hg§%”é€]?w @%%ﬁc@g&%ﬁ@? Qetrsuéﬁﬁfe%{# ﬁ)gs , Jél?é'%ard'@tmﬁ. ?B@
am no-t er m n@kthoraof R@n&ﬁla@l rIeBid]iLKEISem 3168: 120842988 1119913 ereportganartane KGHi t ed
up to ten times higher 15 activity after deleting 8-10 am no acid residues
fromthe carHi@f)‘?ylSth@VWEﬁﬁﬁaréﬁ bmﬁhng asHvbeeven aftepelpting3, &or 27 aming-tr@iihol ogy

7:199-216 (1 ) £l g

{5 99210 (LAt BLARe” Bl 1REERSRoATRRRDGY 57 4 i b
occur ring; rd@hﬂt}’hftdf@éleﬁﬂgi@b%ml@a&(ﬁrealﬂdes ﬁiﬁﬂﬁﬂ{d@[t&)x?demﬁh@of tHi pidtein

268: 22105 22111 (1993)) conducted extensive nmutational 20 analysis of human

cyt oki ne | L-(Debelrpiey)., hsBivtachnelogy MP%@éﬁé@%))& o generate over 3,500
I ndl vi dual : L ! a %%e%?%{s 8]%1’1?)ft eVaI.X%IC%g Onst%{ﬁas%ﬂq,aﬁgflt? Qﬁ@&g% %1010 a!l ant

over the entire tTple m |ons wer e e ed

at every poSgtibig siilild?Goabihtdof HOSiairaly oarcfnermg}bﬁﬁ&mgam&recah@mct}m@hnd
"[most of the nolecule could be altered with [ittle 25 effect on either

[ bi ndi ng or deisilsys CaiBiak Gheit 948:22105-224¢1 (1)) carsiugier qrtensie meutaiéongl

Ceauencesa) bRl o Bidal s £7B, 246} RRUHRGREHARERSG K Gk PRvepagtyoed @
Fur t her mor e, in@vRial i - Gahedhhtd that @Ma%éﬂ 2IB0nGind BEid @hﬁfgbﬂﬁerfvﬁﬁﬁﬂtbh@: the &Rirgi NUS
or Ctermnus of a polypeptide results in nodification or |oss of one or

mor e bi ol ogllwgth plihe maleile. dﬂnlélmlebm@uab@iscmre sxaniped ateeyema@seble@tmm aqid

retained. For ., iLon va | an / or
o bind " antiosgired doinven bebighid bR T ol ARl RfastepR AR
when |es 525t hafect b€ effBdroMbidding or biological act1v1ty]." In fact, only 23 unique amino acid

sequences, out of more than 3,500 nucleotide sequences examined, produced a protein

that significantly differed in activity from wild-type. Furthermore, even if deleting
one or more amino acids from the N-terminus or C-terminus of a polypeptide results in
modification or loss of one or more biological functions, other biological activities may
30 still be retained. For example, the ability of a deletion variant to induce and/or to bind
antibodies which recognize the protein will likely be retained when less than the majority
of the residues of the protein are removed from the N-terminus or C-terminus. Whether
a particular polypeptide lacking N- or C-terminal residues of a protein retains such
25 immunogenic activities can readily be determined by routine methods described herein

and otherwise known in the art.

Alternatively, such N-terminus or C-terminus deletions of a polypeptide of the

present invention may, in fact, result in a significant increase in one or more of the
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of the residues of the protein are renoved fromthe N-term nus or

C-term nus. Whether a particular polypeptide |acking N~ or Cterm nal
resi dues Vo 0244210t ei n retai ns such inmunogeni c activiti eBCTERIW4SAI | y be
determ ned by routine nmethods described herein 35 and ot herwi se known in

the art. A ttﬁél@?fchl\/&ltﬁltlé b€ heNbolyeplidies). For @{4{@[5181 BlE® ﬂ:ﬁi Slvaper Hanp

pol ypepti de of resent invention may, fract resu t in"a si gnl ficant
i ncrease ¥n Wh@enadqﬁmr@g@vemqﬁlebntse msm&ﬁmlwﬂgsms@@gber a6 beihc al

activities gérntuﬂff RALY R fa('tqugﬁﬁﬂlﬁm's:%ffe&m I bltbchglbﬁﬁ!t)%%{; agtt Witydeiskclpf many

5 pol ypeptides are gove resen regu ins at either
one or bot h polypepfiddsiin liSuohan eqmwomc\}end(m&u bmdmgfte@tcbgmwhgmml t the

bi ol ogi cal pol e u atl n event
Ceca " by mateeofes HrBpnciflop i atRAgs bRERwik sl Mhssaodhiniils £

pr ot eol ytic rpgujmtegsciicngam@tf a p))lypéﬁ_isude tlb)po@lpepmdearhajngffédmrelyﬂmgeﬂlcwrm y domai n
of a pol y ti de é ep |de effeﬁtl vely be rendered 10

bi ol ogi ca l%glic VteH a}fba&) ﬁﬁw PP %t on event. In preferred
embodi nents, the mqiréfem@&nbbdlﬁfeﬁtsnmk foNG%id e N-gedaial BUR 10! depgiphi des are
enconpassed b the resent invention: M.-R720, S2-R720, F3- R720, 14-R720,

C5- R720, R6-AGYRSPUSs.atg orpompassed Py thepresens trvertion: Atb & 720y STR72Q7 50

R12- R720, L1338/ PR 7834 8R200, R6LR750 39 R P RIRPa0, %ZRRZ@Qﬂdﬁiﬁzd%ﬁ?ZO
V19- R720, A20- R?zo AZ1-R720, &R2-R720, &R3-R720, 'W4-R720, T25-

A26- R720. GRI287R02-R326, Ri>B72038514=R520, Tﬂédiﬁﬁ)z@w\&m?ﬂ}m@@zm&%?zo
5720, £30087 9016, A0 AERo 0, 7 TS LI e 3 20
E47- R720, Q&ZZIQ?A% -RIPY, F22R728592FRR700, IEELRRZ0,0L305R7 3% M3 1-KBR), L32R7 20,
o 720, Sy 70 6 FR B 00 ESEA R0 SO D20
V68- R720, RAVAR7TH0-RI20; RVR2R72QGPY2A 20, MBBZR AR Q144 BRRHA3-RTX R4B7 20,
i e T T i e
L89- R720, 20028/ PA4-F20; BE2R72C0G5KR2Q0, RIBRRZAL5SARZA2(R A9 -RKELH-GAR7 20,
6 K20, S 8 B s e N e R Rl 20
P109- R720, AIM0, R68MR720] RE9-R720, S’Rﬂ-RZZ(Rm,-Rtﬁd,%ﬁE?IQQO Mr3RR02D74H1L15-
R720, K 16-R7300 LT REg0: TG RIES0 e d9aiTaR r 730 St 800, Q7L R720.
R720, C82-R720, G83-R720, C84-R720, S85-R720, N86-R720, H87-R720, T88-
25 R720,1.89-R720, W90-R720, A91-R720, G92-R720, R93-R720, A94-R720, K95-
R720, G96-R720, S97-R720, R98-R720, G99-R720, P100-R720, P101-R720, V102-
R720, T103-R720, P104-R720, P105-R720, M106-R720, A107-R720, L.108-R720,
P109-R720, A110-R720, D111-R720, F112-R720, LL113-R720, M114-R720, H115-
R720,K116-R720,L117-R720, T118-R720, A119-R720, S120-R720, D121-R720,
30 T122-R720, G123-R720, K124-R720, T125-R720, C126-R720, L127-R720, M128-
R720, K129-R720, A130-R720, L131-R720, L132-R720, N133-R720, 1134-R720,
N135-R720, P136-R720, N137-R720, T138-R720, K139-R720, E140-R720, 1141-
R720, V142-R720, R143-R720, 1144-R720, L.145-R720, 1L146-R720, A147—R720,
F148-R720, A149-R720, E150-R720, E151-R720, N152-R720, D153-R720, 1154-
35 R720,L155-R720, G156-R720, R157-R720, F158-R720, I1159-R720, N160-R720,
A161-R720, E162-R720, Y163-R720, T164-R720, E165-R720, E166-R720, A167-
R720, Y168-R720, E169-R720, G170-R720, Q171-R720, T172-R720, A173-R720,
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30 T122-R720, G123-R720, K124-R720, T125-R720, 0126-R720, L127-R720, ML28-
R720, K129-R720, A130-R720, L131-R720, L132-R720, N133-R720, 1134-R720,
N135- R720y0 PA831R720, NI137-R720, T138-R720, K1l.39-Rr720, EREDURN25336141-
R720, V142-R720, R143-R720, 1144-R720, L145-R720, L146-R720, Al47-R720,

F148- R720, Al49- @bZﬁNlEﬁ@nB?ﬂ% Kl AR7 2R 7201528 1R/20, EPKPR7HY, 201801154 35
R720, L155-R720, GL56- R157- R720, F158-R720, 1159-R720, N160- R720,

Al61- R7200 BB, R?&bRNQe@lWB@ZO THRB-RF20 Dl@&!@% 207 D85-80 ARPOR 7201 67-
R720, Y168- Fﬂ?@/ U’géo(g?; gégm%%b Bﬁ&né@iﬂizﬁc@g}l RIE- R;;%%zﬁlé%ﬁno 19

WO 02/ 44210 P L174-Rr20, N175-R72 1176- R720, 'Al77-R720,
| 178- R720, [R729, R194:R7208D195-R720, V F9rER 726 201 97cR 820, W198-R 120851 96 R720,

A101. R720,  ASS Ry KRR o A0, Kigsmra iR g GGG Syt 70
N197- R720, AR®; RIADR7EOIZIRC20, YERORRIR Q2 18FVRORAZ0] -RE20.ER2ZRT720,

(200. Rr2010 GAORIZ PRGN 3015 B398 Refb<rafh el TR R0yBe Me81 g

\L%%? E;gg m RI2®R798, 3%22];;%@20 Ml%ﬁ?@gLZQTQRQZ% 20, R PR A28 30720,
T227- R720: 1%%% T?éé%] 2075828 é%%@’ &él{@%ﬂ%@%%%bﬁ%ﬁﬁ@é%z
V233- R720, ‘i’@% W239.RA83 237—%@20 4236- 730 1.2 BB R72 8710 37 R238; IR 720,
H239- R720, E240- R720_ﬁ2%41 R720. T242- R720, D243- R720, 1244-R720, T245 15

R720, S246- RIZE0-RE0 F2ROR)200R441-R720, 124248720 JPASEREN). RASOR 1 282 824%R7 20,

N252- R720y5 Neprdy, K148 37%541{5317721@72(#%8'?%% SERR Q753 4950/ 7y, [§559.R 12808
R720, V250, RYZ0: ST360- RI20, NS61. 120, AobS: R120. "E363. R720, Debd- K720,

F265- R720, RIBR-R720 N23eR/30 1a54- 1@%8195@@7251@6@5@?2@0 ADSTORTYRG258271-
Vo78. R720. 1995 0RY500 S B0 RIS A A AR RGOSR g, =0
RZS% R§§g5 2806 R 1208 B-2RG+ ?YZOEPW*W%D QA638R7 R 2269 BT BD, BZZ@-,RWQQ@WR?S(;_
R720, 1203 RoD: VBIGRRR,B2 T SRR GipMeR 1 Serietd Didprati g

A304- R72020 KEO38-R720, I2N3Ry2B/2ZR0- K31, 1 RE PR 72K3RB8RRZ20, XBOR RD2G2843 10 25

5317 R720, 1. NP IR0 BR300 B2k 3 L AR T B0 0. BRI,

R720, R324- RTZQ,R1IRYR2BZI0120RR293-R720, NBBLR 720,292 95LR 28, RP26-R72820293720,
R330-R20, i, K68 r 758395 &0, 1300 R756 a0 RT 6 10 -RIS0 a305 %7203
A304-R720, K305-R720, M306-R720, G307-R720, K308-R720, A309-R720, E310-
25 R720,1311-R720, 1.312-R720, K313-R720, Y314-R720, 1315-R720, L316-R720,
S317-R720, R318-R720, E319-R720, 1320-R720, K321-R720, E322-R720, K323-
R720, R324-R720, L325-R720, R326-R720, S327-R720, L328-R720, S329-R720,
R330-R720, K331-R720, F332-R720, T333-R720, D334-R720, W335-R720, A336-
R720, Y337-R720, G338-R720, P339-R720, V340-R720, S341-R720, S342-R720,
30 S343-R720, L344-R720, Y345-R720, D346-R720, L347-R720, T348-R720, N349-
R720, V350-R720, D351-R720, T352-R720, T353-R720, T354-R720, D355-R720,
N356-R720, S357-R720, V358-R720, L359-R720, E360-R720, 1361-R720, T362-
R720, V363-R720, Y364-R720, N365-R720, T366-R720, N367-R720, 1368-R720,
D369-R720, N370-R720, R371-R720, H372-R720, E373-R720, M374-R720, L375-
35 R720, T376-R720, L377-R720, E378-R720, P379-R720, L380-R720, H381-R720,
T382-R720, L383-R720, L384-R720, H385-R720, M386-R720, K387-R720, W388-
R720, K389-R720, K390-R720, F391-R720, A392-R720, K393-R720, H394-R720,
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R720, Y337-R720, G338-Rr720, P339-R720, V340-R720, S341-R720, S342-R720, 30
S343- R720, L344-R720, Y345-R720, D346-R720, L347-R720, T348-R720, N349-
R720, V3306 R¥2210 D351- R720, T352- R720, T353-R720, T354- R7POT/UBBI36338/20,
N356- R720, S357-R720, V358-R720, L359-R720, E360-R720, 1361-R720, T362-

R720, V363- 'T\Z?@S-RY@@%@%&@DO'\%@T R?Z@ L3B§‘51@72‘67§§99 K367 -FA08R 728086720,
D369- R720, N370- R720, "R371- 0, -R720,” MB74-Rr20, L375 35

R720, T375- R720, F4QrR724 256403587/& ﬁ#%mﬁ@,?l@m?&mo [Y3Q6-RYZD0N4OBRI2R7 20,
k720, K380 G0N Ehob s o LA R e R o R VRS S T 400, 20
VO 02/ 44210 RXCD; ¥403-RI30364 1 6vRIBO, FRET-RTED B4 FF-RY 20 FRAP-R720) E4RG K2R 20,
F408. R120.. AOL IR0 A RaS RS RT s A 520 R e P b Rt 141

1- R720, L41RR02D428/RY30,RV20-R'BH 4430200, 74311512RZ(20143\2411@20?K293 -R07 - R720,
na23. Rr 2010 METRRIE0. ISR Y36 B T A7 70 D 520, g Repagh Lo-

AA429- R720, |REBD; B420.R7DA3R44/RO20,ME23-R7 20, F444 38767 §945-RT20ABAGER 24D,
G435- R720, \M36-R720, 1 437- R720 8438 R720. L439- R720, L440- R720

441- R720, PAALREZGOVAGREI 2Rerdito-RA20, Ny FHRTI0.LSLHTB R0, PR TR 6453

1447- R720, AR RZ@&M%‘@W ﬁ@zo '#4%% ) GAGHRB7 288 R%ZAR?QR72§453-
R720, VA54-R720, K455- (A57- R720,1458-R720. A459- R720

| 460- R720, FM@Q:R@Q@%LA%@DRM@Z RQZ@,W?@72QRM§4W2@ P46P6R 7297 5866-5466 15

R720, D46y . 7 720,
Saoa. Rroo> 2% Rugp R s bR, Qligdm oy Ra bl Koo TR b am AR 2 o:
R720, V480- RAZ06- RMSMW -RY20FAST5-R720, WHAGBTRG B4 77RBA, HAZ6.R7RA8E4ATR7 20,
\V486- R720. " p720. 7 R720, 1,490 R7200 . S494 - Ri00 - WA92-
R720. F493- %’%’: 6%5@57@3%4@&@2501 %%%%ﬁg%}%@%ﬁ ég%ﬁé%d&% U720, 20
Y499- R720, RBRE-RTZY L ABBRI2R7YA88-K500, IRE2R72050B0RZH), SASDRIRI 204920505
R720. L506- , _R720 ey By “R720 _R720.
L512- R720, g@ Fz%ﬁ”?ﬁﬁ‘%‘%@%a ?é%glﬁ@ég&gﬁsﬁz%%é?‘%ﬁﬁﬁ‘%g’z 518.
R720, Y513 R7AZ9-RYEREI0040/20]E301-R720, Y RBLZR7RY, 2303 E528; RFGAHR7EHA3508720,
Q625- R720. 7 531 25
25 RT20, S20 FLale MBaLs T80 SR o b ati0 1038 KR Sh 7
| 538- R720, US39-RMIGStR4T287RG,14B5A0; RE2O.R7YDAR 5 FLR020,1v4 B-R726) Lﬁ§44'
R720, F545-RiZ0  Lbd6 R120. Fo4l-RI20. Vead: R720. Y549-R720,  1550-R720.
P9-R720.Y520-R740, Y521:R730, R522-R720, G533-R730, F524-R720.
Q525-R720, S526-R720, M527-R720, G528-R720, M529-R720, Y530-R720, S531-
25 R720, V532-R720, M533-R720, I534-R720, Q535-R720, K536-R720, V537-R720,
1538-R720, L539-R720, H540-R720, D541-R720, V542-R720, L543-R720, K544-
R720, F545-R720, L546-R720, FS47-R720, V548-R720, Y549-R720, 1550-R720,
A551-R720, F552-R720, 1.553-R720, L.554-R720, G555-R720, F556-R720, G557-
R720, V558-R720, A559-R720, L560-R720, A561-R720, S562-R720, L563-R720,
30 1564-R720, E565-R720, K566-R720, C567-R720, P568-R720, K569-R720, D570-
R720, N5S71-R720, K572-R720, D573-R720, C574-R720, S575-R720, S576-R720,
Y577-R720, G578-R720, S579-R720, F580-R720, S581-R720, D582-R720, A583-
R720, V584-R720, L585-R720, E586-R720, L587-R720, F588-R720, K589-R720,
1,590-R720, T591-R720, 1592-R720, G593-R720, L594-R720, G595-R720, D596-
35 R720, L597-R720, N598-R720, 1599-R720, Q600-R720, Q601-R720, N602-R720,
S603-R720, K604-R720, Y605-R720, P606-R720, 1607-R720, L608-R720, F609-
R720, L610-R720, F611-R720, L612-R720, L613-R720, I614-R720, T615-R720,
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A551- R720, F552-R720, L553-R720, L554-R720, Gb55-R720, F556-R720, G557-
R720, V558-R720, A559-R720, L560-R720, A561-R720, S562-R720, L563-R720, 30
1564- R720y0 B5681R720, K566- R720, C567- R720, P568-R720, KS5BOF/R3®(45339570-
R720, N571-R720, K572-R720, D573-R720, C574-R720, S575-R720, S576-R720,

Y577-R720,  Cogit-R7AS) V6374072087 B0 8- 1L PR 1 RT2 R 726582 0RK 250, FE2 BR7RE 206222583~
R720, V584-R720, L585- R720, E586- R720, L587- R720, F588- R720, K589- R720,

L590- R720° T80, RIZpR72EJA2AAR0, EERBRAZONGIGBI2 M 7-REDG 1628R 720596 35
5603 720, ReEa RN R as A 185 RER METR B eainto HiE-R b a63eeo:
R720, L610- B¥720, VFBG-R72020637-R120, R¥G38, R 1281 Y6RI RV 2063HRR 220, KK@1RTIR0, 21
Ot Ak I s T s S >
I\N/g gg: ggg, msm Razzm)mm,zca@mmo, Rﬁszgzng)z@@m?mm?mw]r_&?mzo,

Na36. R7 2010 VSR G0-63600 i rBe T Rea 623620, B S R 20 ok GER T2 86 -

i Foab, e e el R e et 100

oo0- Rr20,  ERbB-IRAP0 ROAS SE 2P AR 1R LED Ry ST 2ReNis . SREERIBO T

L662- R720, RE6%; REZIR7E6,.64%6 R0, WeHF-100 v 6886287 R679-RG 8T -HR&O0R 720

S668- R720, R669-R720, F670-R720, R671-R720, Mp72- R720,” (673- R720, E674-

R720, L675- RY0%)-Rea%2082R720cE633-R720, Rafs7R 7387 2685-R520. COSOR72Gd68%7 20,
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M@@\u\é@ DRy Pﬂ?@@/{?ﬂwﬁ%lﬂ%&m bﬂ%@MMtﬁZQ@-LMr '529%30
5 ML-H ML- A198, “N197,

MMM@”L\MIAW@S M- IGP@Bervcle\MQ'Tlﬂ'ﬁ,—Migilz‘lell 423, M’i L189,
W BezoMi gL sYpo ion BRI, Mg D G RS 75
I\/[L o1 14/ LTS3, Wil -Ft18oM1-v LIy MEBA LD, M1 PAOINVELELBIS, Mit-- E165,
w05 Mieipgesn-fos, Yeands, W 98y ooy PR p M steBipdl o "
-M1~G99 MLE-R936M1-3917; MUGOO N I M MAORI NG -ROA,-M1-4392, MI-1141,
T T TR e
M -MEL-LB2, M1-V81, TN AG3VIM D129, MVIG TR, 201-QW7; M1-B96, N -VI75, 1B
S Pt M M e el P g 20
M -NP10®5, M1-E64, M1-G63, M1-G62, M1-E61, M1-G60, M1-A59, M1-T58, M1-
E57, M1-G56, M1-G55, M1-D54, M1-G53, M1-152, M1-S51, M1-A50, M1-G49,
M1-Q48, M1-E47, M1-R46, M1-H45, M1-G44, M1-M43, M1-P42, M1-S41, M1-
25 T40,M1-D39, M1-S38, M1-A37, M1-K36, M1-Q35, M1-E34, M1-K33, M1-G32,
M1-V31, M1-T30, M1-H29, M1-S28, M1-G27, M1-A26, M1-T25, M1-W24, M1-
G23, M1-G22, M1-A21, M1-A20, M1-V19, M1-R18, M1-S17, M1-D16, M1-T15,
M1-E14, M1-L13, M1-R12, M1-G11, M1-G10, M1-G9, M1-R8, and/or M1-P7 of
SEQ ID NO:4. Polynucleotide sequences encoding these polypeptides are also
30 provided. The present invention also encompasses the use of these C-terminal
hVR1d.2 deletion polypeptides as immunogenic and/or antigenic epitopes as
described elsewhere herein.
In addition, the present invention provides the hVR1d clone corresponding to
SEQ ID NO:1, deposited at the American Type Culture Collection (ATCC), 10801
35 University Boulevard, Manassas, VA 20110-2209 on
ATCC Accession No.

and under

according to the terms of the Budapest Treaty.
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M-G9, M-R98, M-S97, M.-@6, M-K95, M-A94, M-R93, M.-G2, M- A91,
ML- W00, ML-L89, M -T88, ML-H87, ML-N86, ML-S85, ML-C84, M-G83, 20 M- C82,
ML- V81, MIOG8®©21M -L79, M.-Gr8, M.-Qr7, M-E76, Ml-V75, MET/DSd/4586- G73,
M -S72, M.-G7l, ML-S70, ML-R69, M.-V68, M.-S67, ML-P66, M -R65, M-E64,
M -G53, M-G62, MNythEFdmbddimeRQ of %1&5&t10%n5[§& aIMbOdl@arrec%d t@iﬁe hVRl@B5
ML- D54, M- G563, ML- |52 M -S51, ML- A50 - 48, E47, - R46,
ML- H45, lvi aaateinyandpalypratidos of thy m@nilonmdzaedm@ anwom@gsmms @38116 M - A37,

M - K36, : S28,
M-G7, M- Azééfno%-%glf’dﬂl- \5\%41’, it & o i3 ,lowﬁ%dy%fﬂ- g%%“ SV V19,
ML- R18, M- Skyeribwd-beliosy. M- T15, M -E14, ML-L13, M-R12, M-Gl1, M -GlO,
ML- 9, ML-R8, and/or ML-P7 of SEQ ID NO 4. Pol ynucl eoti de sequences

encodi ng these pol ypeptides are al so 30 provi ded. The present invention

al so enconpasses 3 heTHEeh VR 1d N€KH KICt CT MOI.EGVRES. CEWHIEEIII\I\GEN’DH])Npepti des

Sadi t1on A he. pr s VIRRY bATRG feifl bt PRES Bhen i tVRTEA G BYRIE Gt g 10
SEQ I D NO hovéﬂnﬂﬁarilﬁﬁzleié adifl enofetildsGRa ehydR ;ﬁ)tlainld o8 ngélﬂﬁl%s ﬁﬁo(v‘éﬁ@@
10801 35 Un rsi 1%;1 e ard, nas as, VA Zgllo 2 on, and under ATCC

Accessi on Faon urpgpeiop chaelt Aﬁﬂ}%}g thesgno
02/ 44210 PC’%@@M&&S&@ r@eﬁﬁ rdls?m;/%h{éese&&neé aﬁmrdcwﬁmdn%logml tHQTRP
anti bodies directed to the hVRI

roteins and E)o ypepti des t he
i nvention, d¥id vapilleihiamikies @&%%thnéﬁlspff’@tnstaﬁé‘fe §ﬂ%0%1§n@¢1eat ment of

human di s I Iow 5 1.
THE VR ot o ey B ol th foe 20130 80 Rho i B MR R &GID%%%W%%% B e o

aci ds of theomnlegies kave Slgngflcanhdﬂﬁecbnme%lncfuwmd§@h agcendugtaned atsiman nucl ei ¢
acid mol ecul fm&ib?ﬁtf&%&?a 1%1%&1?& iRl e\kﬁ%@%bgeéﬁ gﬂéﬁA}t IEQCH“EWI‘%]%& novel

formation a tion o novel hunman 10 ann
nucl ei ¢ aci ds thenait tiuabmmlms acld sydlegnlescamd tb@m@emseemndbdsbythos;ma]lecmieml ogy to

L1, T 2P OUHALRLO Bl L 5, A 590 b RSt

cation channe proterns
t hat prot20 remdgratpinayesygcduwdin  honol ogi es have signifi cant differences in

et o, sueh oongaREL ARSRe S mBE TS b en B0 b SR RS 1
aci d nol eculfeBowing sbdil&nbé@(@ltEEmed]adndé)bf ﬂlmﬂlﬂﬂirmm as shown in
FIGS. 1A or 1B, respectively; (b) any nucleic acid sequence that encodes the amino
acid sequence of hVR1d.1 or hVR1d.2 as shown in FIGS. 2A or 2B, respectively; (c)
25 any nucleic acid sequence that hybridizes to the complement of nucleic acid sequences
that encode the amino acid sequences of FIGS. 2A or 2B under highly stringent
conditions, e.g., hybridization to filter-bound DNA in 0.5 M NaHPOQOy, 7% sodium
dodecyl sulfate (SDS), 1 mM EDTA at 65°C, and washing in 0.1xSSC/0.1% SDS at
68°C (see, e.g., Ausubel F.M. et al., eds., 1989, Current Protocols in Molecular
30 Biology, Vol. I, Green Publishing Associates, Inc., and John Wiley & sons, Inc., New
York, at p. 2.10.3) or (d) any nucleic acid sequence that hybridizes to the complement
of nucleic acid sequences that encode the amino acid sequences of FIGS. 2A or 2B
under less stringent conditions, such as moderately stringent conditions, e.g., washing
in 0.2xSSC/0.1% SDS at 42°C (Ausubel et al., 1989, supra), and which encodes a
35 gene product functionally equivalent to a hVR1d gene product encoded by the
sequences depicted in FIGS. 2A or 2B. “Functionally equivalent” as used herein

refers to any protein capable of exhibiting a substantially similar in vivo or in vitro
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sharing these honol ogies can still represent diverse, distinct and uni que
nucl eic acids 20 and proteins, respectively. The hVRId nucleic acid
nol ecul eavoeD2/442¢0 i nventi on are those that conprise the fBCT/OMIAMG336
sequences: (a) the DNA sequence of hVRIdlI.l or hVRId.2 as shown in FIGS.

1A or 1B, regneRf @b YlVl(lla)Igfﬁ@?rdaﬁ% @héodag by IREVR I BuditidlaciankOe@ded he
am no acid sequence of VR1d. 2 as shown in FIGS. 2A or 2B,

respect i v| ydesqribpd dsreime-guien ehanngbfoamséepenisactionat hybri di zes to the
conpl ement of nuch g ns%d"ﬁ%tl ghF@ééﬁHG'ﬁ‘?RlﬁlﬂﬁéleE gf?ldrﬁofegﬁeagﬂ ‘HSVI@1 ﬁhc‘f guences

of FIGS. 2A or 2B u stringent conditions . hy I zation
to filter-bogn nmbiyealinreferfo MakinkeFOand/d6egedenate vadiools ©f hu@albfaatdeseqlal’@s 1 nmv

EDTA at 65C, SD bel
RO b N e e e e el L A
G een Publi stragmpnﬁsadudatfelsexahrpd:e, nuelsit a&MqWﬂces/th&t aode pomions ofNde  Yor K,
at p. 2.1 d) .a nucl ei ¢ ac d se nce th r|d es to the

conpl emanfb %QQMP@%%E?W%SB%W ’%Ct’toﬁ ?18}/02 nﬁm d sequences
of FIGS. 2A amﬁboaﬁnemmeﬁcﬂ £EBBR$Y hirdclgientidd ernt estEp nébld@fhual%ldﬁédﬁr ately
stringent conditi.ons, washi n i.n 0.2xSSC/ 0. 1%$DS at 42C %lfti}wbe' et

al ., 1989, <eptuping aﬁan%avpeﬁows 8g fans, ﬁ%‘?}%‘ﬂ&aﬁc af ecetssdha

equi val ent  tpdRixAYRhes SR QEHEhtsRIERASPR by pididn, 1ﬁ§19&§1@%ﬁ‘§}f)1@@iéte@ltﬁ%ﬂe' n
FIGS. 2A or 2B. "Functionally €quivalent” as used herein ers to any

protein capdBP® of exhibiting a substantially sinmlar in vivo or in vitro

32 VD 02/ 44210 PCIHSIMASAhvIaRtduticid P niienbVBr heaffeRhelids encoded

by the hVRI d nucl el ¢ aci d nol ecul es herein, e.g., 1on channel
formation orisqlaind nidaic aAsis,Lmeﬂ:rarbéy@NA mokesulesythat Hyyrtie nodérdiighlnci d

nmol ecul e” and/ or
degener at e var%&%%ﬁg‘gﬁ%ﬁet%‘% Sea%g§§c5ﬁ1 &38 t?hr{)eggh%f éi; . including
natural ly oq!relﬁerabl;gat\least abtiug 12J,rand1m<a‘ﬂq)rai¢ﬂahllyel$ lenkteabenf 18, Sugtecutiveagnent s

i nclude, for_exa i.c_acid seql t hat ~encode.portions of the 10
R G pr ot o e ABReCl PGy o FarRB R LD isnah (O SRAERBT TG . one
enbodi nrenm0 of s uCThem\FRle uadeic hﬁd@ncaeamhsfdfalgarmnéntmrmsd inelmdanndleicecesaci d
containing a conti intro tha ncodes
the fifth. dEeePRHN BRERb G D BUsE R crb e AL BB BEBPA hol udi ng
the predict ethcliy &id b@pence%fegdlmbugm@i) | stiprd. rmlchuﬁtbﬁdlaatﬁdrmo@ldamn@l niigl ecul es
of the i nverLE é}ﬂl ncl ude i sng d nucl ei c refe aﬁ DNA nol ecul es,
that hybri di bSO H SOHETr S5 B Iy 1 Reeripotances in
hybri di zat i ofhicRHéiducRISadi®@ndechRaste cﬁ:’é%hg@nucleotldes ("oligos"), highly
25 stringent conditions may include, e.g., washing in 6xSSC/0.05% sodium
pyrophosphate at 37°C (for 14-base oligos), 48°C (for 17-base oligos), 55°C (for 20-
base oligos), and 60°C (for 23-base oligos). The nucleic acid molecules of the
invention may encode or act as hVR1d antisense molecules useful, for example, in
hVR1d gene regulation or as antisense primers in amplification reactions of hVR1d
30 nucleic acid sequences. Further, such sequences may be used as part of ribozyme
and/or triple helix sequences, also useful for hVR1d gene regulation. Still further,
such molecules may be used as components of diagnostic methods whereby, for
example, the presence of a particular hVR1d allele or alternatively-spliced hVR1d
transcript responsible for causing or predisposing one to a disorder involving ion
35 channel dysfunction may be detected.
Moreover, due to the degeneracy of the genetic code, other DNA sequences
that encode substantially the amino acid sequences of hVR1d1.1 or hVR1d.2 may be
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preferably at |east about 12, and nore preferably at |east about 18,
consecutive nucleotides of the nucleic acid sequences of (a) through (d),
identifiadosuprad 20 The hVRI d nucl eic acid nol ecul es of PORUSOVSBI6 on al so
i ncl ude nucleic acids, preferably DNA nol ecul es, that hybridize to, and

are thereforgeg mbwké oPihe pid¥ent iHWGHBL S0Pk élo'ilﬁfguﬁﬂce% r@biok 8 hVR1QUIh
(d), supra. Such h br|d| zation conditions may strl ngent or

noder at el § sRYyneghdes; SashRNA spasacespelade nhﬁsqﬂh@%@ep fbrifizingdioch t he
| | hly 25
nucl ei ¢ aci dpgRl/RGY n%aeﬁ%&é%ﬁgmg hﬂe&gt_}z?&?hﬁ&e sﬁiﬁ%e[%t (@l}g@%%&dg%)g y

stringent conditions may Inclu : sodi um
pyr ophosphatenditio87,©r (Hiabwobdd basapableiog dlsf)r,idmﬁ@ upflerstiifecbhemdiiang bs) for55C

(for 20- bastﬁ%ﬁléée%g&;% f@l@ﬁ;@%ﬁc@oﬁé 23-base oligos). The nucleic acid

nol ecul es of encode or act as hVR d anti sense nol ecul es
useful , for exanpl'ypically, thb\bimdgmk:wmgdﬂ@ﬂthemvenumsmmd Sditsieatfedstrer s i n

a Iifica on re i ons..of hVRl nuc i.d, seqgyences he such
sgg uences %ﬂb BeS{7z ggeiall SBWC%EOIP&%%? tereleg?Lf’p‘in@er'@F“{‘:’?rbbéﬁd%aﬁEes
al so useful dhout $6/B0% @entl Haeslbat mrrnos‘sqotéfbramyre& &kt abost!S4Ve mb@qul es may

be used as co nents of diag nostl C rret s _wher eb for exa t he Y
presence of ¥ q@ﬁ?@i o the pu ‘?}Rlaﬁl dSeaEngessy %gﬁtseiﬁé’ﬁf |1ée(f“§/d%tﬁlfni]18%fhngfﬁ¢ﬁl d

transcript r@EUSTALWé&[thﬁ%ﬁig%féMt ﬁa&eﬁﬂé@ﬂgg@h&ﬁ QRETE, & adigQuder
involving ion 35 channel dysfunction nmay be detec ed Moreover, due to the

degener acy ofcidhRespardy ?@%6@'@ 468 EI99BNA sequences that encode

substantipdly the 33 WO
02/ 44210 PCT/ usof?‘%%%%g@ggglé‘é? %‘%‘}%@P%te?@o y%ﬁ%e&é@ézg?ra?ﬁr%&?? on for

t he cl oni ng thaéhveniperemsluda delfetipnaRaddiBonsoinspbssititdens. of S&f&&reIDNACEeqd%nces
i ncl ude t ho%@%ﬁ@e@treﬁng gcﬂlpaaﬁl)(?iflg{i P%Q agfdzrhgﬁgﬁlg id q—ﬁuﬂt\é@ﬁ AHEA&L, (Eh Al ds

of this invention un stringen erat 1 ons, t hat
woul d be carmbb@sdﬂhe $eynioer rcki fnnctg)naﬂgz! equlsalrsmrmaprc&iunthstthomﬁiemﬂbeﬂ(suprat he

degener acy net hVR d ei c acids of.the

i nventi on sﬁ@h ggiﬁ?cﬁl iﬁs ﬁo P n}@bagﬁ(ﬁﬂs g‘%@“%’?/se?raﬂlﬁé@é r??@m%%(il%gy at

t he nucl e idsidhesweikhin thIWRl@f)mtabls@quahcd edsdh realiointa ﬁﬁnﬂﬁ%g&;ﬂﬁ@l I )

honol o and e at. | east ut. 95% over 0 to the

nucl el o ach Progina: Bochmmis cabivpRACAVRET P DeRdy SR ety e ELUSTAL W

Regcar ch, 5?““‘*@“2‘2%‘%”? 0 T L A Tor o PR ot ae NRERE  lence
esear c te ucl ei ¢ acji d sequences

that may be Q% Q@hphwlatxﬁyﬁ&m%mi %Iﬁifortth%amﬁf}@ﬁw BT s durnrelned

addi tions or Fstdxahiple)nkpiieBi cHitdddQhRRS adli€ IneRIde A8partic acid and glutamic acid;

25 positively-charged amino acids include lysine, arginine and histidine; amino acids

with uncharged polar head groups having similar hydrophilicity values include the

following: leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine,

threonine, phenylalanine, tyrosine. A functionally equivalent hVR1d polypeptide can

include a polypeptide which displays the same type of biological activity (e.g., cation
30 channel) as the native hVR1d protein, but not necessarily to the same extent.

The nucleic acid molecules or sequences of the invention may be engineered
in order to alter the hVR1d coding sequence for a variety of ends including but not
limited to alterations that modify processing and expression of the gene product. For
example, mutations may be introduced using techniques which are well known in the

35 art, e.g., site-directed mutagenesis, to insert new restriction sites, to alter glycosylation
patterns, phosphorylation, etc. For example, in certain expression systems such as

yeast, host cells may over-glycosylate the gene product. When using such expression
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residues resulting in a nodified nucleic acid nolecule, i.e., nutated or
truncated, that encodes the sane or a functionally equival ent gene product
as t hose wiesvsd2beed supra. The gene product itself nay coRCEURIIASBIL i ons,
additions or substitutions of amno acid 20 residues within the hVR d
protein sequgkems, iMHa tberpe&ullablelta aBerSthé VR 10RBAME sedudie toRiREHSE Afy a
functional |y equi val ent hVR d pol ypeptide. Such am no acid substitutions
may be nedle Ninkebglyeesyiation Sﬁﬁsm larity in polarity, charge, solubility,
hydr ophobi ci ty, hydpombi bi6ddithen@ARAR 1 dldig ?JT%FHB LSnialith &, 2fa t he

resi dues invol vel}x For exanp & er,l neggl vel e-c ar P%l an\{&%é amggs i ncl ude
aspartic acimodified QVBtldmudemccﬂ H%h@d@atﬂd\teww@hdﬁg@m paoteimeengedidg i ncl ude
| ysi ne, argi d o] I d

o oups. havi i ishsf PEeithab S BTl o Bt e o bR\ AR, Rhviaa

| euci ne, i salveleid amdof/ﬁtleummnughttmt acoded apolypeptmlspaﬂa@ mmg bfia hh‘Rtid

serine, reoni ne henyl al ani ne,..tyr.osi.ne. ui.val ent

IR A pol YhaBtiie ok a Fremee a0k o epur aiiier bR SapdiogRafill 5eee y e
of bi ol ogi cal matdotide baueBeedthat bl H’etbrslt@gmrbteﬁsoxt ﬂf@udatlrheefuhMRl d
protein, but not necessarily o the sane extepn nucl e'l%lg‘?]'ﬁ nol ecul es

or sequenced BN HAY ?19%%1’9"?66 fRPnizin %H@?Y?é@ls’éﬂlocﬁﬁ? SEent t he
hVR d codi ngeg@aie Be®tteHeteRolbgbuseiriteRf se§idhe] sachadh®HVRUH phstéin chh Bkt ed to
alterations that nodify processing and expression of the gene product. For
exanpl e, nmutdedvedhawaniroBethe heterlogaus mpietiq Nuslernacid seauaracs RIGdIEREFION k nown
[ n the 35 Alfotefs & theinl Gt e ﬁ@mﬁyhﬁgﬁﬂgﬁ'mmp JaeletudiRus, kEffehbdt i on
sites, to al l'ycosylation “patterns at|on etc. FOr exanpl e,
in certain eugedisg h@nc@%hﬁmd,wqmﬁna@ eny@@mg mutaistl hyRIdsr Regpences

over-gl ycosy, tryRfien using such expression 34 WO

02/ 44210 Paéﬁgﬁgégggg%%%ﬁ%g#gh\{t nmay be preferable to alter the hVR d
codi ng sequence t"ﬂleleRidtam@elalayld msoldéulesrifalble gﬂvymzrwaatail&orbeyse(éss I n

anot her enb n ejc i nt -l

nodi fi ed hV ﬁﬁluzé 12 § g)roﬁra m%%h |ﬁglgtc§él\1‘$s Orageﬁe erljé) ogo@%\%' n

pr ot ei n- e2 adidit®n, ﬂmqmelmeadtds dmmmeermcfnuancbn upedisprimerAde BERI Ng to a

preferred enbodi Rl d. n I i i-.q of .the in i hat ncodes a
pol ypept i de q’rtlc O%Elte g P ’(§?la aé]g FB?@F’?]Om%ﬁﬁg‘&f?gg ?{er eof ,
i's linked, uwpkgtgerrupted by stop codons and in frane, a nucl eoti de

sequence that en eterolo ous ofein,or id The . fusi on

protein may be eﬁ&eﬁg\éﬁgg‘?‘@ SE% tgfl?:’rné(ﬁ Y?Jé Pﬁé&?é@l%%f%aéﬁ t he
hVRI d  sequeivrl®, etah@leBeS@élpﬂnﬁgtﬁﬂﬂleﬂ’éth@lﬁb BeRATESY ifRvitias eikike hVR d
protein can be cleaved fromthe "heterologous npiety. Nucleic acid

sequences2eieeHnRy prrmqsetmtq@vs PEEBPHBe Eiatedho iph hsrnebdysERFtiphc ML f ul |
l'ength hVR dheRdiaRE nfRMH 8NEI_SenSHGHEARS BRy then be utilized in the screening,

therapeutic and diagnostic systems described in Section 5.4., infra. Additionally, such
hVR1d gene sequences can be used to detect hVR1d gene regulatory (e.g., promoter)
defects which can affect ion channel function.

30 A cDNA of a mutant hVR1d gene may be isolated, for example, by using
PCR, a technique which is well known to those of skill in the art (see, e.g., U.S. Patent
No. 4,683,202). The first cDNA strand may be synthesized by hybridizing an oligo-
dT oligonucleotide to mRNA isolated from tissue known or suspected to be expressed
in an individual putatively carrying the mutant hVR1d allele, and by extending the

35 new strand with reverse transcriptase. The second strand of the cDNA is then
synthesized using an oligonucleotide that hybridizes specifically to the 5’ end of the

normal gene. Using these two primers, the product is then amplified via PCR, cloned
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encodi ng truncated hVRI d, sequences encodi ng nutated hVR d or sequences
encodi ng peptide fragnents of hVRI d. The hVR d nucl eic acid nol ecul es of
the i nvewo®or4£2an al so be used as hybridi zati on probes fpeT/@OBIAISAING hVRI d
cDNAs or genomic hVRId DNA. In 20 addition, the nucleic acids of the

invention c 5iﬂto%u‘1't§81@ VR&toP, rahH%ﬁb"]eéth {%Cﬁxxmehhéﬂce%mﬂs ﬂﬁéﬁg}ﬂﬁeth@dd weljate
hVRI d cDNAs and genomi ¢ DNA, g., fromother species. VR d gene

sequences’ ofknowa 1p et -i Bi cwaparmgstbe @:i\é%l segyenesyd h@mﬁﬁnéhVRlﬁ‘@ﬁ@G te ek
all el es. Such tﬁ@‘ﬁcﬁ' REH GHePe lﬁ‘ﬁltét t %&oﬂ&ﬂf@fbﬂﬂh Yid ‘6? hlge;g;&m@ff - 25

known or proposed t ave a gehoty to i on channe unction.
Mut ant al | elfeactmcbfrthﬁ mmtanahVBJléggmlaoﬂm@@mbsaswmtainhbn be utilized in the

screening, thera t rib
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reverse transcriptase. The second strand of the cDNA I's then esi zed
usi ng an ol itgembrpedisdrndisbiecta] b segnorcs asplysis precaing to gettinds we éinawef t he
normal gepe.;psd 4o these two priners, the product is then anplified via
PCR, cloned 35 WO 02/44210 PCT/US01/45336 into a suitable vector, and

subj ect ed t o DNA Aexpuding éo aneghey sinbodimrentsgin expensids libkary cad bermongirdoted he art .

By conparin < fot he
normal hVRI gltg{%ﬁéqgﬁq gﬁg&ﬁgﬁ%ﬁgﬂ%h@ ?g%‘?%ng bgl g?l@t%&?%ﬁl%ﬁsshggbovg t@ration
of  functi orsuspectddetonaxtpasss a mvtRhrd hgﬁhkel qi]etuiucah indimidoel saspeetadaif oednown to
Alternativel e ic.ljhra can ruct ed .usin .obtai ned from
o naii iy SedER ARl phh Eén ARG RS b M iR ol tisfs 8257
cDNA 10 Idi(b rmrqxpmmdmmomhesdmmtmiagtgarﬂuédl ¥ s@reerdng ieslsrulquésrim\/\g or
suspected, to_ex S tant hVR1 | el e. or mae VR1ld gene or
iy ul t abl ¢ORRGfEn Bt REREHes THisgd e i Tl ARADEHIANE S probe t o
identify thm&amwswseﬁ{?a@ JIsupit HoYRirdenigd te@hlﬁqtlér”]& §d¢9fbr|ek§th 3 Harlo\fja ones
containing t ant seguence t hen an

subj ect ed tolgl %gﬁ@ﬂ%@dﬁnﬁ&g& @Bgﬁeﬁh“g; ‘g@am%&ggwefqlg%ﬁam arbor

Press, Cold Spring Harbor.

25 In cases where a hVR 1d mutation results in an expressed gene product with
altered function (e.g., as a result of a missense or a frameshift mutation), a polyclonal
set of anti-hVR1d gene product antibodies are likely to cross-react with the mutant
hVR1d gene product. Library clones detected via their reaction with such labeled
antibodies can be purified and subjected to sequence analysis according to methods

30 well known to those of skill in the art.

In an alternate embodiment of the invention, the coding sequence of hVR1d
can be synthesized in whole or in part, using chemical methods well known in the art,
based on the nucleic acid and/or amino acid sequences of the hVR1d genes and
proteins disclosed herein. See, for example, Caruthers et al., 1980, Nuc. Acids Res.

35 Symp. Ser. 7: 215-233; Crea and Horn, 1980, Nuc. Acids Res. 9(10): 2331; Matteucci
and Caruthers, 1980, Tetrahedron Letters 21: 719; and Chow and Kempe, 1981, Nuc.
Acids Res. 9(12): 2807-2817. The invention also encompasses (a) DNA vectors that

36



15 in the art. According to another enbodi nent, an expression |ibrary can
be constructed utilizing cDNA synthesized from for exanple, RNA isolated
froma tiweom4dmbown, or suspected, to express a nutant hRE/AS@l4seiee i n an
i ndi vi dual suspected of or known to <carry such a nutant allele. Gene

products mad@niin Adyeofiké BirbdtRhy/h VIRI @Rticlbic 28148 ah®¥r #BirRenDIMhDES ¢6) BRA.
screened using standard antibody screening techniques in" conjunction with

ant i bodi e3 rexPEsHOB yesterstthat entgirany of theorrggitech YR blierding spguetdgscri bed in
Section 5. 3, : i j rlow, E.
yRHR By O3S SE0430AGEHER nd Oy e SIRTED oL

and Lane, eds., , Anti - ' . tory Manua pring
Har bor  Pr eswdingskequeBpes; and (agbeaticallBen ginesassilwosiveadiséhat chiviinchnnaf ghe on

results in XPr i . JACHE | a
osult of s prEREVICH QORR ROBE bl et s S G8 LR Bl e
anti - hVR d ghateligecedhceéxpasssionad ittescoding degli@icys indhe hos sell.e As tused lidreinhe

mutant h d gene product. .Lj brary cl qgne et.ect via their reaction with
Toen | abelbgee bR aiRens isidsobdiale foditeiOungicate triBaboblac hnm vi o
accordi ng t gpro@blees] enhadderdBdgerdttro\whd bihet BlegRnBkndiinltd those bkiedit the it an
alternate e od({mr)}ent of the inventiogn, the_ codi ?eg%éseq,uelnce of hVRId can be
synt hesi zed # diEPRd Breuiate Faressiafs i gh eputatey clamantoidsiugde PRt 3R8Gh i n t he

art, based 19idd® tR!6¢t68mEgAGViFhs M OTinAREdNRe 8t HochBONE BaSPodhtet Ne hVRI d
genes and proteins di'scl osed herein. See, for exarrp1e Caruthers et al.,

1980, Nuc. AvPmstereef S migagvinsethe lag systes, shatp sysian.ho TAG systemn g Nuc.

Aci ds Res : : £ i , A Jetters
2t 5100 i ARG aysten ho nRl RS and LG IBRRR of PR TR ok

i nvent i on alofdd epriarigfeiss the premoenivr Jepttosphogyrgrate BasaOgpramotees of acid
PCT/ USO1/ 453%12%?}%?&@%%13 [Bﬁﬂyfgﬁfotéfpgfﬁ’gz‘{ﬁ%mﬁ%@i ta%to%. nucl ei ¢ aci ds and/ or

their conpl expr essi vec at contain any of the

f oregoi ng hVR d cdté¢ myestiqustiiciastheipeludes melajc acid enilags tholiditg butmegul at ory
el enent that;. direct J ression, of the. ing. s ences;  an c)
genetically her%léffdﬁtééﬁ%’éﬁﬁgg%&&g & sa%ta]rﬁ)%flescg 1%1:3;“&1% atﬁgheo&? 1%&1? ct)r%oeefegcglllér?g hVRI d
codi ng seueksaibedbercii.i Hjuyvadss'bas wté ih this donsext egferds ad ongleie laeidennhlogt hat

directs the ression of the coding sequences in the host. cell .. used
ner ot n. 10 BRI DpIBP RS SRR OIRce By e arele iy PAIFEUES TSCihic bl e
and Eon-i ngtﬁbe%eNuaéiﬁmaidearrﬁlogﬁmhtagﬁaroas f(ﬁgﬂé @&ﬂi@isaﬁduatei&efcidahﬁm@taﬁe known
to those ski int art. that drive and regu] ate expr ion, Suc
regul atory evhinaven fofhpssd skl in dhearh gpees Pigmﬁeggaif?’ﬁt ?féa&)'cﬁ%rrgg%r%vi rus
hCW i medi a365: 56L368; seDPerry-0K @8, I ePil.,| 1896, Proc. Natl. Acad. USA 93:14670-

25 14675, |

5.2. hVR1d PROTEINS AND POLYPEPTIDES

The hVR1d nucleic acid molecules of the invention may be used to generate

recombinant DNA molecules that direct the expression in appropriate host cells of
30 hVRI1d polypeptides, including the full-length hVR1d proteins, e.g., hVR1d.1 or
hVR1d.2, functionally active or equivalent hVR 1d proteins and polypeptides, e.g.,
mutated, truncated or deleted forms of hVR1d, peptide fragments of hVR1d, or
hVR1d fusion proteins. A functionally equivalent hVR1d polypeptide can include a
polypeptide which displays the same type of biological activity (e.g., cation channel
35 formation and/or function) as the native hVR 1d protein, but not necessarily to the

same extent.
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pronoters of SV40 adenovirus, the lac system the try. system the TAC
system the 15 TRC system the nmjor operator and pronoter regions of phage
A, the covoowld2negi ons of fd coat protein, the pronoter POT/US01/45336

3- phosphogl ycerat e ki nase, the pronoters of acid phosphatase, and the

promoters of the ma@pséfeﬁe@aﬁlbamea@t@é ﬁmteTﬁseaﬂdrpb%epQ&essifItﬁé mfvéﬁtidﬁer
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nucl ei ¢ ati dnelpdg @dé}é@{ldebmdﬂa‘}’%@ 2t8€lltl<h acif gequsheesalepigtadon &@S
descri bed hesiy, Epei] Eﬂ:‘ly V’E‘ﬂe‘%@ Eel%léﬁcéé %ﬁcﬁu&eﬂs& R 7Rt AR d(glﬁg.lﬁg gnd 8} NChIB ©
av e sa rimar ase sequence

aci d anal ogs tha as the nuclelc acid
nol ecul es ddepelpgedat islsonservadun Ith& ERBeVladﬂhmdafamgly efridn nlennelds If additiorg

synt hesi s of I.C.ac] | r s ki t he
ot See, o CHBIEREIARLApRISOERRS TR PR RN el s BR G ai e A

Per ry- OXeef @erntinalestt ¢gabnt, of 1RO protdt precediag kthe fAsatdanshishbdaicldbmbie. 25 14675.
5.2. hVR d P D POLYPEPTI DES VRl d nucl ei ¢ .aci d. pol ecul es of
Che i nventl on oy IHENA DBy BHLPATREPURECEF HasR oNACTF Bktlide ¢ hat
direct t he NGPhEIBRNM VIR EDPF BYRI dRee RO pEptirk b@rr@efpomﬁﬁg W&@bxﬁﬁémpept i des,
includingth fu”_l(tﬁ th hVR d protelns, 1 or hVRI d,

funct i onal | yomagsadhs Profrinvaalke. ﬁma@dﬁéi@%ﬁ]sf"gﬁﬂo %‘FPH@%‘PFB‘& e.g.

nut ated, tr uya@epavAl amél@aﬁﬂvk@a %l&{ %é“ihsd all Bﬁ%&@ﬁdehwa@&emﬁvtkf1dwlﬁﬂ d,
or hVRId fu5|on proteins. Af unctlona equi val ent gp ypeptide can

include a  pwi9piraRes Reteahnigwesaydbinaya lth e @é@vqrytb@hafﬁl&w i aoid angkti vity
(e.g., caf4 ophighHaneRbqRA cés%ﬁ@&e@@le%{“ 8 nbidB%H 59&1)09%51 tggﬁ[rF%E' )é&ellﬁé/R' d

proteln but not necessari | sane extent
PCT/ US01/ 453®4 polyps otides métlmlnwt@nbm ermiain delhdonss addifiens arrsubssivhtygrefi des

of the i ”Ye%ggaééf&%&%g%vi@?ﬂ @éﬁ&@l%ﬁfé‘i’n E‘él/q?fegcezwﬁmhr}igsu%%% STEf N

depicted in se’sequenceés i nclude six
t r ansmenbr armhaggenthids predvdingn fouetiaially eqmp@llentjw thbpolypemxdas Suneleginino t he

TRP-vani | | oi |y channel ln. a e.am.noeccid
sequences ofa%ﬁ@tsigg lg%ége m@ﬁ? g?ﬁlet%alslg ?31 ’?}'11 ?qgmﬁs Charg% he N

term nal 20 tsobrbdity, p@fdr(bﬂhebmltgl lgjidinophilecing alli‘rgoﬁ the afaphigiatit nam&rl ‘K’fdethdS ﬂd@ﬁiugg mai n.
10 Thl hVR1 .prqtejns and eptides of .the invention include i de
Fragnent R UM S0 PR og b tuely Shafeg it dy peSlomains K Bb or more
do (rjral nsI or dhgutpfodd @mm po@iﬂltvaly@cﬂ]ar\;lﬁ%ﬂldtﬁgﬁé ecldoicidk ejsad, hpinibe aﬁm% Eul@tﬁdlﬁé ;oteins
and pol ypepti.cws,. si on proteins, iC

deri vat i ves GHIAYER 4%, E:tgenﬁléarg 2g! W‘?"é’éﬁ‘ﬁ?’ﬁ&ém%‘j@ﬁlﬂmlt}’ YaluEs art,

gi ven the h\ViaidddbsisilGwiagi @udhél isoleucine, valine, glycine, alanine, asparagine,

25 glutamines,erine, threonine, phenylalanine, tyrosine.

Mionted or altered forms of the hVR 1d proteins and polypeptides of the
invention : an be obtained using either random mutagenesis techniques or site-directed
mutagenean techniques well known in the art or by chemical methods, e.g., protein
synthesis quchniques (see Section 5.1, supra). Mutant hVR1d proteins or polypeptides

30 can be engdaeered so that regions important for function are maintained, while
variable reé adues are altered, e.g., by deletion or insertion of an amino acid residue(s)
or by the atbstitution of one or more different amino acid residues. For example,
conservatira alterations at the variable positions of a polypeptide can be engineered to
produce ait hutant hVR 1d polypeptide that retains the function of hVR1d. Non-

35 conservatire alterations of variable regions can be engineered to alter hVR1d

function, fedesired. Alternatively, in those cases where modification of function
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15 am no aci ersequences di scl osed herein. As noted in Section 5.1, supra,
the proteins and polyp; otides of the invention nmay contai n del etions,
addi ti onavep2/sa2ibet i t uti ons of ami no aciturresi dues w thi PCT/801MIRI6
protein sequence, which result in a silent change, thdu producing a

functional | yerER#tY Blceiike BMIRCEaROTHRABA) ifl BesiRdCHeI AN nofodscpidise. s 1tions
may be made on the basis of simlarity in polarit charge, 2

, ch 0
sol ubi | i t3, pligeatophebsamseryed Frginmsshithe RAlyReptidn By e eABNearRthi patic nature of
t he residues |nVﬂJs¥c§1dprot§ﬁ{sgon%ﬁH£WR1g_%ﬂﬁﬁd él&Méq%Qﬂé en 8155 BO oBGIME

include aspartic acid’and glutam<c acid; positively-charged am no acids

i ncl ude | ysibydechaigrienknewamaithieiagt indluiing genetin onginéeaingiandich¢émigalgheteired pol ar
head gr oups D09, hihar AUFERRI L BlckriRliiiRimlRchi d8ibIMCRL M NG

| euci ne, isoleucine, valine, glyctne, alanine, asparagrne, gl utam ne-, ,
>erine, thrdoninen apharpte BnamsolatedrmslaneacidhoilauktonrpraingemddR It ns  of
the hVRI d, proteins.an ol ti.des of. the . inventi.gn : on.be.o i.ned
using eitH rnwgﬁ%%ﬁ@ﬂﬁwgdléﬁggg thya SR?HdS%%BO]gPe@ﬁFé’Yl aé“?]é(bty Oﬁﬁg&% ears
techni ques webleirk opWfrapiehttBe@tt, liakedin fhsahhlninRiripds by 8top.codpisabeai N
synthesis tlur ni.gues gsee Secti%agﬁ?l, sugrs%. Mut ant |hVRI d proteins or
pol ypept i des™§ oft hSBE ’é“r?gta?‘tieé‘é? tplREOYsYPISHECL BEBBdS-ant f or function
are maintained, ViHd Rsiodprdtaidk 8f the in¢iAeidn M Buddl thedeqBat Bnhin thBYullRIn8tH on or
insertion of an amino acid residue(s the athstitution of one or

! or b .
nore differ éhYR%WOa?@l%ﬁeﬂe@cethﬁm PeBtislgsegience Gris<ngadipg pne af 1ereat i ons

at the vais ah&iRAPASHARS %uﬁnmﬂpf%i%%c&ﬁ%q{?&c%%%ﬁ&ﬁgd R%VRlﬂr oduce
apt kutant hVR d pol ypeptide that retains the function of hVRI d. Non 35

conser vat i r pamiap peidsequense brkagddpianpneclated pwiin onpolypensidgise@isnesd Sushal t er

moai 11 cat 1 ortapn pEGHEHORE buf e HioR S e Bt QR R SEBUUP I VR 1d
i ncrease or fiision pegeinfand cndyqmplong helédife efithe gedteiniinnivororfosionsanser vat i ve 5
alterations I regi_on f.th | ti A h nogi neered.
RSt on pr ot SRR RRRNG: 3R CorP BLOUBE R, REIRY tRaRRChSREEE . o
by techni2fues knoArrording bhea preferrddremhbodiiment @ et incereiog] the &ViRig modinshemi cal

protein synthesis techni S. Accordin a preferred enbodi.nent, the
Pusi on' or of aigobeb ™ sillBRvabidhaeah ob B BpRan aie Sirdied it Peicionc: o
mol ecul e corgaginskiige @ohiiyisd Thﬂs,?ﬁ@kfrglo gx;irdsscafbibll@gichlmy/anidemr\/ﬁ1hlat ﬁncodfes
a polypeptide . with activity of. a _hV protein, or a fragment thereof,
| i nked in fr%ﬂlr@eaﬂ@aaﬁeﬁpg‘ﬁ@éﬁtgﬁhwgt Bpucleigin mglegule _ﬁﬁ‘E‘P% it e sequence
t hat encodespalyepti@d, @ @ FanttioRAIQIgRI VAl tHREIRF hél@escrib&] inlSec@bn PN O§upirAlgs Of t he
i nvention_jinclude . those that, contain the full Iencgth hVR1ld am no acid
dr

sequence, 2arD$Yief it @B APHOPE G FERISESIOR VELtor, pee B HPET Whish §pntaigs he

necessary elements for the transcription and translation of the inserted coding

sequence. More specifically, the hVR1d nucleic acid is operatively associated with a
regulatory nucleotide sequence containing transcriptional and/or translational
regulatory information that controls expression of the hVR1d nucleic acid in the host
30 cell. The hVR1d gene products so produced, as well as host cells or cell lines
transfected or transformed with recombinant hVR1d expression vectors, can be used
for a variety of purposes. These include but are not limited to generating antibodies
(i.e., monoclonal or polyclonal) that bind to the hVR1d protein or polypeptide,
including those that competitively inhibit binding and thus can "neutralize" hVR1d
35 activity, and the screening and selection of hVR1d analogs or ligands.
Methods that are well known to those skilled in the art are used to construct

expression vectors containing the hVR1d coding sequences of the invention and
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the art are truct i on vectors contal ning t

codi ng sequenmasngﬁmsmﬁesucmasshmtm (argl, Wm@nmﬂd&?@ﬂ 45336
appropriate i I g I nt. r
SPEnals. “hdeb Ak RhERGn R PAA GRS o EITIN A GPRRR P08

synt heti c2Q exohtmrqn@ﬂlemwlcod\mg/mqumen‘mem(e an MmmceQPM)nat i on. See,
for exanple ed in. | ecul ar

0 o ma,C teyafPun s et i has? G o Bt SorkdinPiing VY S80S

Ausubel et esbquen&ébS &seéﬂﬂenepitexﬁs offesel with fecoMblimul auis Bippdseigy vetioaene
Publ i shi ng es and W/ e n ience, N.Y. See 10 al so Sanbrook et
o 0807 NBRoLiras ey RomEnE e SR PP RasrlisnceshRet SHPREMS iy bor
Press, N. Y. iffe¢REinathyreBbmb@shtaNREeREEbAh V&Edro (e.8Y st weBhobfc Wi t o

express the hVRld codin equences of this invention uch host - expressi on
sygt ens r@pr%\é}{t é(pﬁodpgggc \911‘1.18 "TMV) or transformed wit recomb?nant plasmtid P

expression vectors (e.g., Ti plasmid) containing the hVR1d coding sequences; or
mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3) harboring recombinant

expression constructs containing promoters derived from the genome of mammalian

cells (e.g., the metallothionein promoter) or from mammalian viruses (e.g., the
30 adenovirus late promoter or vaccinia virus 7.5K promoter).

The expression elements of these systems can vary in their strength and
specificities. Depending on the host/vector system utilized, any of a number of suit-
able transcriptional and translational elements, including constitutive and inducible
promoters, may be used in the expression vector. For example, when cloning in

35 bacterial systems, inducible promoters such as pL of bacteriophage A, plac, ptrp, ptac
(ptrp-lac hybrid promoter) and the like may be used; when cloning in insect cell

systems, promoters such as the baculovirus polyhedrin promoter may be used; when
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systﬁms hpr an®diyel P98 Nu¢Rit Amf@grRteb%gsmnmogf Vﬁﬁmk%m&ﬁbﬂteﬁ 198§Jg :
nmet al | ot hi onei ro r r_from an_viruses (e e adenovi r us
late 10 pro[#)‘f’grd% n%%a%@?rﬁ%g’)ma?g&% RAEQLP THAY f?%)ebet}éségl 0 \when
generating G&pless id16 %@Eptﬁié@b@ﬁﬂldi‘i‘-ﬂréﬂeﬁfs%ﬂp@h%@ﬁe Shﬁnﬁyﬁk&(@ﬂ
ase

Sv40-, BPV- and EBV- vectors may_ be used w th an appropriat
sel ect abl% & egesral, such fusion proteins are soluble and can easily be purified from lysed cells

by affinity chromatography, e.g., adsorption to glutathione-agarose beads followed by
elution in the presence of free glutathione. The pGEX vectors are designed to include
thrombin or factor Xa protease cleavage sites so that the cloned polypeptide of interest
can be released from the GST moiety. See also Booth et al., 1988, Immunol. Lett. 19:
30 65-70; and Gardella et al., 1990, J. Biol. Chem. 265: 15854-15859; Pritchett et al.,
1989, Biotechniques 7: 580.
In yeast, a number of vectors containing constitutive or inducible promoters
may be used. For a review, see Current Protocols in Molecular Biology, Vol. 2, 1988,
Ed. Ausubel et al., Greene Publish. Assoc. & Wiley Interscience, Ch. 13; Grant et al.,
35 1987, Expression and Secretion Vectors for Yeast, in Methods in Enzymology, Eds.
Wu & Grossman, 1987, Acad. Press, N.Y., Vol. 153, pp. 516-544; Glover, 1986,
DNA Cloning, Vol. IT, IRL Press, Wash., D.C., Ch. 3; and Bitter, 1987, Heterologous
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In bacterial systens, a nunber of expression vectors may be advant ageously
sel ect ed dependi ng upon the use intended for the hVR d pol ypepti de
expressedo Pu#421Ll5 exanpl e, when |large quantities of an hREI/AS@oIS§ept i de
are to be produced, e.g., for the generation of antibodies or the

production @en%'ﬁp?e¥5bﬁ 1A §REstPRREHaL in E&?&Tﬁ@?’ b el € Kimhid€ AesAr €ssi on

of high levels of fusion proteln product are readil éeEpuri fied may be
e

desirabl &8 Slieds, Nebt ¥pb 15AcPr@é3198¢; andélhedylolecwliar Biblogy afit astol i
expr essi on 7 e 3 2: 1791), in which
P &%g%%%g% @8@%5{216%}:)1?31% I—?E!r’téor ﬁr%?s, Vol %ﬁ] I )

the 20 hVR seguente na ated Tnto the vector in franme with
the |l acZ codi ng InegiimeciksysteimAutognaydinicdlifovittalhbcet pohybidrdsis visugpr oduced;

pl N vectors gfg?%e & In%ugle, 198 Nucl gi c. Aci ds s. .13: 3101-3109; Van
Heeke & SchU8FeF ) FEES USPd a5 SFIor i exRress :el%s%?%?%ggtée)‘{“%r%o‘?’%‘él like. pGEX
vectors nay Saﬁloai@ptb@ Mﬁbh_ rtizgcele m&yﬁldrcxbggi%saqgaﬁ?mdycb%l@?dﬁme inﬁﬂ-f _
proteins wjt .utathi onge S-transferase (¢ : n. gene , .SU usi on
D ot ei na Ut esithseeonn dor Srsle: b balshesbitraeha Sithe irty Setp e ngdon,

af finity chrafBsIQEAPAONP R pfomot3£Fer dxatple, ti: HlHeAtiRippRiBoRPaSAsQsHRRdS
followed by  elution in_the presence of freeyégl, ut at hione. The pGEX vectors
are desi gnedn¥edion the & VRIHcofme se@ieneqwilbesyds ihingetivesien of 3’&@&8@3@“@ es so
that the cl %ﬁ@'at&%%%ﬁﬁ&ﬁdnd& rRh-dcBRBEE RlcombHAnPEIrisRE.8 2586k faElElﬁg e GST

noi ety. See ‘also Booth et al., 1988, Immunol. Lett. 19: 30 65-70; and
Gardel | a et Papteinaq@ys cod. cogpdior bytkapol gegrin pge®4 -ThesHgcoppinpriiidtusesetana . |,
1989, Bi i - i : : : ENi ng

conat i tut b ye L O {0 B SR B Thee BadlERE T Bhick 6 B OBt o cur et
Prot ocol s i expsssedu(betre.8i Sindth\et a\all983 ). ViaBsi6: S&4t. Smauls,UbSI Paentdfe., G eene
Publ i sh. ASSAP%[‘Sé%lywey I nterscience, Ch. 13; Gant et al., 35 1987, ‘
Expressi on ah ecretion Vectors for Yeast, in Methods in Enzynol ogy, Eds.
Wi & G ossnan, 1987pandmalian irsesals, Novmber\dfiviraltbased pppressidn S4ems@hoyvisr |
1986, DNA C .oni Vol. I1, IRL Press, Wash., D.C. .. Ch. 3: a itter,
Tog7. ot er QXD I ARy BEs? A SToRER 5ab Aiaaeriasiod veih U VR n Veast
Met hods 120 HodnaBt@@nce bty beBgaga o & Kddimeirus WaRdriptidn/fim&sion Nonfrel Vol .
152, pp. 673-684; and Thie Mol ecul ar _Bj Oalrtgt%e()f t he Yeast .Saccharonyces,
1082, Col d SPFPLE Rigrfibs lags Rromotaygpd trip adpr sqaHengs- | MENKE

Aut ogr aphs Gady ther Bé GReASEIna8E aRRby i dsadh® Bl ih Wero 6ABNRY) resambidgtisiged as a
vector to express foreign genes. The virus grows In SpodoPtera frugi perda

|

cel I's. The HRAREOTEE MRy-SeRighEionsf the VEr STeeme ¢-&- FretPrb! esEdTilal
regi ons (fore&X@ARlBeorhtiBalaliNG @tk isvifR88dd pablRorekpissiAOAVRI@GEd under
control of an AcNPV pronoter (for exanple, the polyhedrin pronoter).
Successf 3 infected hosts (see, e.g., Logan & Shenk, 1984, Proc. Natl. Acad. Sci. (USA) 81:

3655-3659). Alternatively, the vaccinia 7.5K promoter may be used (see, e.g.,

Mackett et al., 1982, Proc. Natl. Acad. Sci. (USA) 79: 7415-7419; Mackett et al.,

1984, J. Virol. 49: 857-864; Panicali et al., 1982, Proc. Natl. Acad. Sci. 79: 4927-

4931).

30 Specific initiation signals may also be required for efficient translation of

inserted hVR1d coding sequences. These signals include the ATG initiation codon
and adjacent sequences. In cases where the entire hVR1d gene, including its own
initiation codon and adjacent sequences, is inserted into the appropriate expression
vector, no additional translational control signals may be needed. However, in cases
35 where only a portion of the hVR1d coding sequence is inserted, exogenous
translational control signals, including the ATG initiation codon, must be provided.

Furthermore, the initiation codon must be in phase with the reading frame of the
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insertion of the hVR d coding sequence will result in inactivation of the
pol yhedrin gene and production of non-occluded reconbinant virus (i.e.

vi rus | aocko nz44ine prot ei naceous coat coded for by the pol pawdsimsgsne) .
These reconbi nant viruses can 15 then be used to infect Spodoptera

frugiperda_gaht i dduisthichlerdsSo LRS! ERRIARADL R crbikPISER CThiss @ﬁoggengus Smith
et al., 1983, J. : 584: Smth, U S. Patent No. 215,051)

manmal i ard hdgecnslé@om% co@rcpi@iﬁ@@ls apfl inifintion endonsicands @wmtsscgfgr@m beth be
utilized. %gﬁﬁﬁleﬁld"ﬁgﬁtﬁﬁu@“ﬂedﬁﬂ&l\éh%”?feé réé&%ﬂn@%b%%nﬁé&%&%? RNnMREHAT - the

hVRI d 20 codi ng sequence na to an enovi r
transcri pti c/apppshiitiaoscription eohancengémsnts dragscrijitiva terativatprsostot(eee, and

trlpartltelea . seguen rlcg then be inserted in the
adenovi rus gé‘%gﬁr%tnﬁy&lai T?V ﬁ%ﬁ(}&éﬁ @:ﬁ 01 ?g?ms)lln )On I nsertionina .
non-essenti al rednaddgibnf éhbowbélhttrag@ﬁmme(cho@n,whlelgnmﬂulﬁ’[es olie &@)esmiohl
result in r.econbi n%ﬁt virus that v%i_abl e ang capabl g}epres ng

hVR d in Y5 9ffheis CE R BEmOQIf{j’S ang BHHssE® SRS P 8% in ecl

Acad. Sci. (fefiidn &aned3@5&ﬁﬁgﬁl)caudﬁst(@fg”%lycﬁ?léfuonl) hed @@éﬂsﬁi& ;0K pr ormt er
may be used (see, , . Mackett et al Pr oc. Sci. (USA)

79" 7415- 74 SERERIPEPICtein PRIIUCES raagehe inlorignt oy the@llctwwfsmprorﬁam cali et
al ., 1982, Hﬁl@férenwﬁéit ceRCRHre cﬁﬁt‘acteﬁguc 4% ?emﬁg%ﬂéchalﬁgnssﬂﬁ%é ﬁ&t-trﬂﬁsqé—a{/klog

signals may also be required for efficient translation of i'nserted
codi ng sequéméhprowm il grndificatige plgwitine AmI@opriate cells lores b e syderas

adj acent 1%9%{3 %Q%I”io hfo %ﬂs%‘?éth%‘éfr@ct%@@d1ﬁ£ﬁtfoh%nﬁ§r s @fthé Ed;rélgﬂ E;ﬂ‘}ielht S own

initiation codon an ad] acent sequences IS I NS tO t ropri ate
expressi on oxpusead, ”lFmthwcmﬁdt eukaglotic hastsicHs wbivhl possass th@lcelslulgrma@umy fcb;e

ded. Ho I
needes, oS SRS BE R o REESA B Ol I P
the ATG i ni tdeat prmlucnda)y]be medt Sbheh prammaliad hostretls metuderbar atehet limited & i on

Ty UsoL 453940 NG bl M € EAEARER, A8, ebians ati on of the entire

insert. Tikese exdgefienpstedm Iliigl‘ﬂ-gfleﬂ?d pmdad:tmmﬂreaimﬁhgn@lraem@,cktdbm tiation

codons can be of .a variety.o ur and s The
116 ency dRpERIPBLCTBI Ry Foeeratinle el Bhes whED Rl oS B opr i at o
transcri pti glgRPAOSGSIT tiek eiRAticn mhy 88 aﬁgm&trw nI‘Rugr fatmtﬂwnam@tai relsSiBR

e.g., Bittner et aL 1987 thods in Enzyno 51 - 544) In ad |t| on,
2 host cel | Neetou WhichyoB@ITLYiEd eHEWR & FroibeHita R rieasfogped ¥ t he
inserted seqiERfPRuclt afBEd1R%sa0d., PNA SRESIIEBY Qfﬁﬂ@prilb[t@ék{ﬁéssioﬂ the

specific
25 control elements (e.g., promoter, enhancer, sequences, transcription terminators,

polyadenylation sites, etc.), and a selectable marker. Following the introduction of
foreign DNA, engineered cells may be allowed to grow for 1-2 days in an enriched
media, and then are switched to a selective media. The selectable marker in the
recombinant plasmid confers resistance to the selection and allows cells to stably

30 integrate the plasmid into their chromosomes and grow to form foci which in turn can
be cloned and expanded into cell lines. This method may advantageously be used to
engineer cell lines which express hVR 1d polypeptides on the cell surface. Such
engineered cell lines are particularly useful in screening for hVR1d analogs or ligands.

In instances where the mammalian cell is a human cell, among the expression

35 systems by which the hVR1d nucleic acid sequences of the invention can be expressed
are human artificial chromosome (HAC) systems (see, e.g., Harrington et al., 1997,
Nature Genetics 15: 345-355).
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fashi on desired. Such nodifications (e.g., glycosylation) and processing
(e.g., cleavage) of protein products may be inportant for the function of
t he prot ev@02/40iG f erent host cells have characteristic anBCEp8e/45B3
mechani snms for the post-transla- tional processing and nodification of

proteins. Approphivatig ﬁébﬁodhb@% 91@0 Bosk réys'éa?xﬂﬁar?s'%eﬁgam%l&&%ﬁ%g to

ensure the correct nodification and proceSS|n oreign protein
expressed. THCE RS, l‘ébh}ts BUiReR Bigt,ingsh oBerogugy, shethi gontpeséasshemen cel | ul ar

O et ho PRl OBE T RIRAE ANy S lant O IRLY THE AR HRlaen HEARM &) L 08

and phospho tion ene e use |an host
cells incl udierelinmefeas ® ammﬂswmpltesﬂing bVR(I]i-I@uclVEMd sBE;I{encbbfram adiBereDCK, 293,

W38, et L t nbi nant pr ot
bl e oxprheraier Sugt SHelteiby Ml T RS uPH RiochEX T R abl y o

express the ahhiﬁllsithaphﬂv}tﬂ)e@t g€etically dnlgireetet \te Bifetr@fprﬁﬁ)enb@%dﬁ@ﬁs (egiegle Thus,
ression .vectors which n vira i ns of

rat her than usin

replicat ﬁ@ Sp‘?%?? h?équi\%‘uﬁlﬁlﬁ a5kl LAUTTSPHP Sttﬂat%ﬁ‘(ﬁii?fnr&%? Yaci d

nol ecul es, enginecr&dNd n&mﬂgér@xbl%és &iﬁo@@rﬂﬁﬁ BVIRldan RN £5S$ héljﬂel?c%s QjOé’lt rol

el ement s (e g}aﬂ?kpr onot er, _enhancer, Sequences, transcription termnators,

pol yadenyl at nge@lmé{sb apd theifPraseWt ect abl e mar ker. Fol | owi ng the
i ntroduction of Tfrafsgéﬁ@m%ﬁls e%@&'dﬂ&?ﬁqgis?@\lelnﬁom%%@p?édu@&?ﬁjﬁlﬁ%)tgrOW for

1-2 days in an enric media, and then are swtched'to ive nedia.
The sel ect akgchnigiesceell kpowin the egoinbludingtbus naslimited torfrenucleagsi st ance to t he

sel ect | onsandeald it (Bibb PR ShAS oD .01 3051E oL bR RLAEIA St thel !

chronobsones an row to tarn can hd expanded
into cell | rﬁtEsB’lmS'meﬁlMgmdtmagfeladuagﬂra@mﬁVynd@Ru;ted etd., 1885iMeer cel |

| i nes whi ch\gxp VI l ur fac Sugh

engi neer ed (Iz\ﬁllﬁ A?iﬁf]esg ﬁrJgA‘p?gr |cuﬁiﬁl‘§yge?} g%tlngﬁn 68}%5%%% elP(?Fﬁ%VRI d

anal ogs or KTyamgen et al. |11939,6(E31h56 \Eﬂéﬁelj Reecrraporatioaof @ablyos .0 16881aMolkcel |,
anong the e essi on e b clLeic acjd guences
of the i nvostloRitkah léééé% ?@%""X‘a ‘ﬁ%ﬁ‘iﬁe’?qﬂnﬁ °Ef Vltﬁ%‘r"d“ﬁﬁjsdr?és( HAC)
syst enms 529e€ellé7g7j}7 HZG)/E ngFGﬂaﬁIw@i'ofsubﬁ%Ghmdﬂaé @é@GGﬁi@)ﬁl tlggg 15: 345- 335)
43 WO 02/ 44210 PCT/ USO1 ucts can also be expressed in
transgenic anihaf’se gﬂ‘ 3“@6%‘? ﬁﬁaﬂ?%ﬁ@gg gui nea pigs, pigs,

m cro-pi gs, sheemn adi@éss anpRehiighe RySWPin BE laﬁ&ﬁa@zsoe WRedto paakamsgdmbkeys,
and chi npanzees. The term tranigf&&cré as used herein refers to animls

expr essi ng AR Clones eqniainiag @ by geney fmegagpler Biclssr traggfidpiss (e. g. |
m ce expres §hﬁtgea@€f@d%y{é¥8f AuddiGlcth Culfbd e BBAMARS &3l or %@ul‘(‘@éﬂs iRducedy mal s

t hat have been geneti cal engi neered to overexpress endogenous (I.e., same
25 quiescence (Campbeﬁ et al 1996, Nature 380: 64-66; Wilmut et al., 1997, Nature
385: 810-813).
Host cells which contain the hVR1d coding sequence and which express a
biologically active gene product may be identified by at least four general approaches;
(a) DNA-DNA or DNA-RNA hybridization; (b) the presence or absence of "marker"
30 gene functions; (c) assessing the level of transcription as measured by the expression
of hVR1d mRNA transcripts in the host cell; and (d) detection of the gene product as
measured by immunoassay or by its biological activity.
In the first approach, the presence of the hVR1d coding sequence inserted in
the expression vector can be detected by DNA-DNA or DNA-RNA hybridization
35 using probes comprising nucleotide sequences that are homologous to the hVR1d

coding sequence, respectively, or portions or derivatives thereof.
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10 species) hVR d nucl eic acid sequences or animals that have been
genetically engineered to no | onger express endogenous hVR d nucleic acid
sequencedv@o2/¢210 "knock-out" aninals), and their progenyPCTU8OI3FEI6i C
animal s according to this invention nay be produced using techniques well
l{ﬂgwn ! nPt ?;e ar Ejln V\%@%Eéﬂi’lﬂ%ﬁﬂiﬂ&h Ré récbﬂbirﬁﬁt é@rﬁs}i@ﬁi‘é&t@ﬂho%@ s@érﬁrc&f[l pkection
ppe, an gner S. . retrovirus
medi at ed Sgeilentifiethardsselqcindpaged lmcrni the @re@«vm ofl @bsepge @’réwrf@tn arkeri 888 Proc.
Natl. Acad tem
cells (Thoﬁn%%g?\nsetﬁgleﬁgmﬁl&g%%‘?@%ggﬁggg‘»&@%ﬁ llse g{:t%}% g’g@%ﬁ%ﬁ‘ elg
enbryos (Logerkogguenvbbf thesiettor,BeaimbiBantd @8ainBE4hs h¥Rdd spdingsemeiet @ gene
transfer (L evi ew
of “such t coRuosulics G R abrert 8P ddarEhgend finchibd: AlPhuarES; aypfficfeb®
Cytol . 115: cdn/tie (A2&d ihnarsldch witlthe Vi 1d mqhamaaumdkrrmwnomtroltolﬁdleeslamermy be
used to o] e transgeni c .. ani cl ones con hVRI d transgene, for
exanpl o, TGAHsn PPOIREETSer i BotERl i SRSy oD e eV 1T erbeseabbih cul ¢ ur eq
enbryoni ¢, Eeprbsion ofwhe niarke!ih SespBakeae thduoti 8D ofitsl @RE6R MdEcd hebibnef al .
1997, Nature 385: 810-813). Host

1996, Nat ur 4-66; Wl nut et al.,
cell's whi che}?&h%a%} cqdipe $OgRFRFCC odi ng sequence and whi ch express a

bi ol ogi cal Iy act g¥RcEBRAkA WsdiudB¥siBBnBhtibioBes, Pdsisdtdnckea fletodkagener al
approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the presence or

absence of ‘»'fﬁ%ﬁfk@iaﬂoatph@é?’iﬂ’% and oe@vson pedy fommatics indacwevires, dn addition,
t f t
ranscri pi din ﬁéehvl?t (K&hﬁle?gtpa{leflwﬁfteuou 2uct Jné% g@h%p sin

t he host cel and teCtio t he géne nmeas

i mmnoassaypmSpbgrlbqss' tisingfetsge 6%nyba1@ka&|5‘tzyfbalsln 1962, PmosNadp@cadaShl UE%

IR b B A P R R e A e s Y
conpri si ng pewsean bdemplaqel@nnﬁs highdt orapet’ ¢iadﬂmnﬂespg;a(gtlselyoAﬂ%eallrt\ﬂ:telbolrtt:);jl4 2810
WD 02

Po s0s) 45 BT Vi be uih a0 SN e SR P SRR SO Rl el 0
vect or / hast neyisinerate gWipler & 4l.e980, fPred Nald Asad. Sci. erspba%aﬁﬁapomamet g1, esence
or absence rta For exa if the hVR d
codi ng sequi%%]g Mge%@é%ﬂ tﬁ&sg iﬁé\r}i @Hﬁ%c@gﬁrﬁé %a%‘fﬁ’ % he vector,
r gconbi naPt t&lﬁﬁﬁpﬁeﬁﬁm ﬁtgd(Ma%Hg\dRItgdBeﬁgd%lg@ , e engle Acad) s«:b&{(s;de&tzdmyd bybt he
S acod i n t BTG CapoR G [ Bt aanbestrde Gt Gbrsr Corthe: S or
1981, J. Mol. Biol. 150: 1); and hygro, which confers resistance to hygromycin
25 (Santerre et al., 1984, Gene 30: 147). Additional selectable genes have been

described, namely trpB, which allows cells to utilize indole in place of tryptophan;

hisD, which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,
1988, Proc. Natl. Acad. Sci. USA 85: 8047); and ODC (ornithine decarboxylase)
which confers resistance to the ornithine decarboxylase inhibitor, 2—(diﬂuoromethyl)—

30 DL-ornithine, DFMO (McConlogue, 1987, in Current Communications in Molecular
Biology, Cold Spring Harbor Laboratory ed.).

In the third approach, transcriptional activity for the hVR1d coding region can
be assessed by hybridization assays. For example, RNA can be isolated and analyzed
by Northern blot using a probe homologous to the hVR1d coding sequence or

35 particular portions thereof. Alternatively, total nucleic acids of the host cell may be

extracted and assayed for hybridization to such probes.
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10 different pronoter used to control the expression of the hVR d coding
sequence. Expression of the marker in response to induction or selection

i ndi cat esvexps€ssi on of the hVR d codi ng sequence. Sel ece@bUsontasicer s

i nclude resistance to antibiotics, resistance to nethotrexate,
transformation pheAkY MReh aPPbadIs TheISiRERAMY O VRId Fméiﬂ Risad @Wigeus. 1 n
addition, 15 thym di ne kinase activity (Wgler et al., 1877, Cell 11: 223)
hypoxant h? neasgassash imanyiobegierdlys 5o syrmplerhyt Wesiea Nl s, ipuneloassaysgh s ski |

1962, Proc. ; X o 9 i . .
phospho;?goééﬁ%kgﬁs g gggﬁ%fgﬁﬁég?ﬂgPP%9%§%8?Q%§%€Qgg@ﬁ%f?f'nggggn%gn be

enpl oyed i n test-of thegreess pf tprexpreedids systess, fosteiereinyolval the, detastiomef abol i t e

resi stance . [ f.sglecti for dhf ich confers
resi stance ﬁ%&ﬁgﬁﬁ@f%%?%zQé élgéﬁéﬁ%ﬁw%Fgng{eﬁ@%ﬁg“ﬁf%%EeR§®ﬁ9ﬁﬂ€gd. Sci .
USA 77: 356 VEKId atiitgtincihding bidtagit linRteddo bidirg aséadnd BinilogiddbAssaPs fok527) ;
gpt, whic s resistance to nycophenolic acid (Miulligan & Berg, 1981,
Pr oc. Nat{b%ﬁa@é’ft.}" USA 78: 2072); neo, which confers resistance to the

ani nogl ycosi de G-d@dd A dohddbf grofaded igh ledls af a biolob®Ally adtivedbWR1Bi ol . 150:

1); and hygro, which confers resjstance to hygromycin 25 (Santerre et al.,
1984, Gene RSYPERGSE is AdRCHioR -l clod &RAYAS SEPYLHE et 456! (BEUHIICHENES | bed,

namely {1 pB,arihinkfbitht AU ide Syrich sihi bi fﬁrifii&&j@ilg% feBhib @G 8wl kddoaaRhan;

hi sD, which al | ows cel utilize histinol in place of histidine (Hartman

& Ml | i gan, art ggdudipg bet nokkipited se domupepifinig gugfcatduaring aliodexs (or ni t hi ne

decar box : i : I ) -ase
i bi Loy 5 3 peplEbiGaD Sf S BRIGR AT Aok Bl PP aERRIIE e,
Cur rent Conmamgmatograpky (HPINB).ecul ar  Bi ol ogy, Cold Spring Harbor Laboratory
ed.). In the thir ; ! el gie! LYLt . codi ng
regi) on can be as‘gélg@g%gggﬁr%‘}tﬁ??‘g?%‘i‘%%e lggls]%@gé.rgégoréﬁgégérr%fg%jgva%@ug?% be

i sol at ed andprateid, pusficatiop ngr heeadiljpdosomplished usingrafifvétyhpnificagaugcho t he

hVRI d codin .ae%u nce or .35 rtlculaf ortions. .thereof. Alternativgl ,
Cotal nucl eiBauR K9t rtis b elpecrs ¢ ﬁ%‘&gﬁéec"-’%‘?JPP%8?%38“%%&6%‘?88%’&-‘7 Br
hybri di za20 cengineersd bbtvaea bigscarb& yWermiah#42HVR leﬂii(iaiﬁ@ﬂeﬁlﬂ533lgle régultipe f Ogrt h
approach, t .expression .of t hV rotein_product can 5 gssesse
ol ogi cARFh PROfn sl reedlfy Rukuied Ringipugc e i aCSige e pefiS

radi oi Mmuno-psiesi AiifadddHVR BhayiBe kdadk ¢ ebléxba foasHaysluaihthyt thathédtvithl he
ultimate test of the su}glcess OLf‘ct he %xpressi n_system however, Jjnvyolves
the detecti ditlasenass ARIPAPPPLCY PV rhe laseg)iﬁ@ Yefe thapepiftsdpreagn
assays can [Belyeptlddss #64i6% protdi¥Rvith a6ithtiichihe! NEhMdirag (@HT)NThe Fisiod ed to

bi ndi ng assays and bij ol ogi cal . assays for . ]
25 protein may be engineered with either thrombin or factor Xa cleavage sites between

the cloned gene and the GST moiety. The fusion protein may be easily purified from
cell extracts by adsorption to glutathione agarose beads followed by elution in the
presence of glutathione. In fact, any cleavage site or enzyme cleavage substrate may
be engineered between the hVR 1d gene product sequence and a second peptide or

30 protein that has a binding partner which could be used for purification, e.g., any
antigen for which an immunoaffinity column can be prepared.

In addition, hVR 1d fusion proteins may be readily purified by utilizing an
antibody specific for the fusion protein being expressed. For example, a system
described by Janknecht et al. allows for the ready purification of non-denatured fusion

35 proteins expressed in human cell lines (Janknecht, et al., 1991, Proc. Natl. Acad. Sci.
USA 88: 8972-8976). In this system, the gene of interest is subcloned into a vaccinia

recombination plasmid such that the gene’s open reading frame is translationally fused
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10 hVRId activity. Once a clone that produces high |levels of a biologically
active hVvRId polypeptide is identified, the clone may be expanded and used
to produceobzisge0 anounts of the pol ypeptide which may beP@DURIT/45836uSi NQ
techni ques well known in the art, including but not limted to,

i munoaf fi nih Yin RiHihd-te@ina® Broltoh B8R PORIsBSine 1RidRTURRPARCHBIlA]IE on or
chromat ogr aphj ¢ nethods i ncludi ng hi gh perfornance_|j %ul d chromat ography
(HPLC) . VheriBleckd Withegombisiang aseigiserime aresloadast ense NedUnirikngessiseacid-cl eavabl e
fusion pr Ota%bfbs%%lﬁhﬁﬂs GRY hgadﬁ@xa%g? @ﬁﬁ%& xﬁe%sfeemw SRR witd Mg i ty
purificationtech- niques. For exa , a collagenase cleavage recognition
consensus Segutiieg emle 20 engi neered between the carboxy term nus of

hVRI d and protein } i r i il urified
using an 156 ool oAU ERAVRIZersi R A BB EBR S Ty D
readi |y rel gasdéded nsingichemival mathobiytot syadhtsienthe MR d aminb agidnagencéniat her

exanpl e I e the use of vectors that express fareign ol. ypepti des
s st onttrdhdf R T GrATR oI A8 B B s Pt B o5
protein may dieavedgonede eskiniah petitib@by plepaativadhigh pbdcin@ncXfigeideavage sites
bet ween the clonedﬁgﬁn and t e.%T %ﬁt?y ,Th% Pusion pr ot fi n may be

easi |y puri fAREIRHPEAPIY SEP: et Figls 0%58 GPBS PHUCHTESI AREMOTSRI agar ose
beads f ol | ovethciyese WAH. PRecihntdd8 CREIENGL 505608 VhSEdHhRRRion! JF tharCt , any

cl eavage site or enzynme cl eavage substrate may be engdi neered between the

hVR d gene ppBdgds Paijamay baseniirmeddyimanipe peildaalypis gosqsven@ns(Gthdbehas a
bi ndi ng PAY tkhaWierdl ﬁ@h‘kﬁac@ﬁr&%‘%@ ChAERBHT 198CPIAR, StuluresdY - aNLT gen

for which an |m'runoaffa| ni col um can preﬁPared. I'n addition, hVR d

fusi on pr ot é¥lplsceayPiiecipleadVil. Ipeaman and Gy, NiY.| pziddef%n anti body specific

for the fusion pr | i . - o ribed
by Janknecht et aﬁeq{a\ﬁ gﬁg&?@élr%? h@?@é&? alg‘ﬁé?lj Fﬁ&%i@%ﬁlﬁngf Iﬁﬁ%&@?&ﬁ%ﬁﬁe@ed

f usi on 35 pragtdeletesl foxps eSlséR 1d andiomBYR tdfisidn preeing an ke podpared dor wdriops 1991,
Proc. Natl. o1 USA..88 72-8976). 1n this.syste he gene of
interest is @gﬁgl?%%'gﬁg P%E%Otél%%l/tae g‘?’ﬁlg%gel}eg%lgﬁﬁ?ﬁ%{l]ti’oc‘)iﬁesp?sal:fgﬁf}e&lttsslﬁch that the
gene' s opzh dizsgdstitgaskaysrtheiidertifiaasdradii cvinalckNulbtigend pradmcidin 0dddialion

PCT/ US01/ 45336 O'Erg an am'tno-term'fnal tagjg\(,:&onsi Sti‘gﬁﬁ f six @%iti di %

resi dues. EXTPSRYY 2 FERFUR T 85875 THE WLERIEAOT FOPRUBNB It 1, hedseAaenl of us
are | oaded dohehdNntHdigdrtieds] 0 acetic aci d- agarose col ums and

hi sti di ne-tagged proteins are selectively eluted with i mdazol e- containing
buffers. Alternatively, the hVRId proteins and pol ypepti des of the
invention can be 5.3. ANTIBODIES TO hVR1d POLYPEPTIDES

25 The present invention also includes antibodies directed to the hVR1d

polypeptides of this invention and methods for the production of those antibodies,
including antibodies that specifically recognize one or more hVR1d epitopes or
epitopes of conserved variants or peptide fragments of hVR1d.

Such antibodies may include, but are not limited to, polyclonal antibodies,

30 monoclonal antibodies (mAbs), humanized or chimeric antibodies, single chain
antibodies, Fab fragments, F(ab’), fragments, fragments produced by a Fab expression
library, anti-idiotypic (anti-Id) antibodies, and epitope-binding fragments of any of the
above. Such antibodies may be used, for example, in the detection of a hVR1d
protein or polypeptide in a biological sample and may, therefore, be utilized as part of

35 adiagnostic or prognostic technique whereby patients may be tested for abnormal
levels of hVR1d and/or for the presence of abnormal forms of the protein. Such

antibodies may also be utilized in conjunction with, for example, compound screening

47



produced using chem cal nmethods to synthesize the hVRId am no acid
sequences in 10 whole or in part. For exanple, peptides can be synthesized
by sol i dwbayer2techni ques, cleaved fromthe resin, and pubPCTiUsa/45936
preparative high performance |iquid chromatography (see, e.g., Crei ghton

1983 Pr ot egﬁ‘&o&lé B6ittHE essal@m)nwltwfe%f of 18§t BRIpBLEES on\/lﬁzmclfre@@l%ﬁd/%ad Co.
The conposition of synt heti c peptides may

conf i r medS bwcam%oAéélﬂen%l 2 Byedy @tlb@dlg%@ﬁ@etmsa@u( @n@lnctlpnwilshﬁam
degradati on tH @?f@ﬁﬁﬁqu@s@ﬁs&lﬁh%EQ& 3359@?1@{'&9%} %n@ér Hie rﬁﬁe R d

Mol ecul ar Freeman an

prot eins, p@m;im g@maﬂ@sllmmglp@md éR 1 d-agpressing cehln papetb their infosiuetdon ipto

del et ed forr{ﬁeﬁ&e R d and/or hVRI d fusion proteins can be prepared for
various wuses, ‘i1 ncluding but not limted to, the generation of antibodies,
as reagents in 2(Foalitlaﬁgpmémdtmnaﬁaagﬂmdiés%aindtetﬁﬂkid oatipanhast agitdatsmagbd ul ar
gene prodygt.s i nvo i on rans ort, as.re ents i a

screeni ngﬂfd}lm&%‘r‘ﬁ?éfmc@lef% n l?erPrP%én ?frae%qlﬂglﬁﬁ%lﬁo iSBah E‘Péﬁ%é‘}aﬁﬁ sorders.
5.3. ANTI B%&&Jﬁbbwﬂndc&@ﬂ%a‘ﬁaa&smz5Ja'ﬁbas pdjee1d miaf e nbddap ikdrédke

i ncl udes ant bodi es d| rected to the hVR d BOl ypeptides of this }dnventl on
and net hods POFUPHROIGRIGH FETROGSF. JEPIMEELHE PR EPRACS, MalidiRgibw qoaHFNEA di es

that specifiwg eﬂvrhundvﬁ@eﬂmez@amgc&ﬁpla&? EhdiM%h 1€ RhdORGFuAIMunERdkGREs Of
conserved variants or peptide fragnents hVRI d. Such anti bodi es may

i ncl ude, butsugfpee abive subpianses ush ap bisylwéiﬁa,l plwwmiv% polRwiosprsplidesal
ti bodi
anti bodi efs (di"}o@ﬁdlsmﬁy r@?ﬁ(ﬂ@ﬁ?‘%@t@ﬂl hhif, ﬁﬂﬂo@?&o@%dﬁio‘f@ﬁﬁl&%@%’gﬂby 2 Eab

anti bodi es, Fab fragnmen %mants ragment's pro

expressi on hummaldylvaatﬁtsucll a BEGbacilie talunelttd)Glmm) podi Corynebasterium

epi tope-bin ragments of any of the above. Such antibodi es may be
used, for e%&%%lr—ﬂe’, in the detection of a hVRId protein or polypeptide in a
bi ol ogi cal sanpl dydonsymtitdigsefohasropeents pomdations oﬁamtibod& niBecles

di agnostic o hnl We, where a na d for
abnormal 1 SeuREPBPRT Sork SE MG BT S TR AT AR e ot ¢ e
protein. ’&qumlypapm«ﬂdgod ammtmynoathﬁmdml alﬁrlvhumﬂherebf.cEm thaptddactiod oth, for
exanpl e, u ng, 47 WO 02/ 4421 / USO 5336 rot ocol.s

The Bval uat FoMLBmal TRt el it Garreserb iR rapar S ized o
activity. Adgiihjeotial W&thtl’fleRBdlpdﬂbpéﬁtﬁS sﬁ@letﬁ&té@ﬁzﬁlhiaﬂjw@ﬂﬂslaﬁlﬁlfsbon vvnth the

gene therap t%cg%ia ues described in Section 5.4, infra, to, for exanple,
eval uat e norY&f"'°°4R8P8B+ geneti cal | y- engi neered hVR d-expressing cells prior

to their introdugibfstlonil EntiBdAgsPRhicBRte homogeneous populations of antibodies to a

25 particular antigen, may be obtained by 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 of Kohler and Milstein (1975, Nature
256: 495-497; and U.S. Patent No. 4,376,110), the human B-cell hybridoma technique
(Kosbor et al., 1983, Immunology Today 4: 72; Cole et al., 1983, Proc. Natl. Acad.

30 Sci. USA 80: 2026-2030), and the EBV-hybridoma technique (Cole et al., 1985,
Monoclonal Antibodies And Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Such
antibodies may be of any immunoglobulin class including 1gG, IgM, IgE, IgA, IgD
and any subclass thereof. The hybridomas producing the monoclonal antibodies of

this invention may be cultivated in vitro or in vivo.

35 In addition, techniques developed for the production of chimeric antibodies
(Morrison et al., 1984, Proc. Natl. Acad. Sci., 81: 6851-6855; Neuberger et al., 1984,
Nature 312: 604-608; Takeda et al., 1985, Nature 314: 452-454) by splicing the genes
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For the production of antibodies against hVR d, various host aninmals may be
10 i mmuni zed by injection with the protein or a portion thereof. Such host
ani mal s weetweo rabbits, mce, rats, and baboons. Vari ouBCHESUvEBI6S nay be
used to increase the inmmunol ogical response, depending on the host

speci es, i Nglopth Adubdintily hdBduRbf dpBropiiaRURasen §feeliRit§ Geaird withcRasd et e)
m neral gels such as al um nhum hydroxide,  surface  active substances such as
| ysol eci Phi Ao Birmar antiady endleculppiappramsiaie pielogicabactivits can be vsedt 4 ons,
keyhol e | i mpgin ARNREKEIY R-a HbBLgE APRRRALS it iffeflHan

adj uvants such as Bgfg?%agfﬁ+e &aﬁﬁgﬁgeiﬂﬁ%§ﬁ§§9%ﬁ§ %%ﬁggzg%g??%ﬂn

parvum Pol geinghspeciast $usbdi dasahevingh orngsn ezgion gapet ditonoa saupihe amAb body

nol ecul es i : O F f il s i ni i, t n n, such
e o VR d S50 bfSen LBMbORCBa AR Rt B Btk ol O PRSP of
For the prodi8i6j567; afd Bossleyel. dn8l PaeitiNodi,8%,3H79st ani nal s such as those

d ib bove, pe i ' i njecti i th the hVRld pol. tid
uppl emePed vi i 1 SHP OO eS s Begh Bbieionsd ot s droEHR Poffafaniaed -
anti bodi es, amfibiodiesasee, BQIUBRBLAUS. Papht NG.15585,059) aHubdaaitee anfittbdies a2d

particul ar antigen, may be obtained by any techni que which provides for the
producti on 6‘?“%%%“5@8?}*?%&%@8@“3&?“@8?&@%% 19 1pqrg EDRSfrom the pi- These

i ncl ude, bﬁﬁm&ﬁa&iﬁs anti fERebw Rk rddin FYRId BlaRm hmeambgiiliaimdfeddier and
MIlstein (1975, ture 256: 495-497; and U.S. Patent . 4,376, 110), the

human B-cel | hybAlgsativelyeteahijaees depeisd forthe groductiogef singleroh@in ogy Today 4:

72; Col e et ; thg. . i 0 , and
(e EBV- hybl T ek 1B, T 4 871, G o8B yBlos A B PRAPE A o And
Cancer Ther 488, PrpcaiNat. AichdsSci. LA 85p18797983369nd Blachet abnil 9Hb Nabwe G34: be of

any i nmunogkgbu); I i NC I . : LOA y
subcl ass t hg?ie)g%{s)%ﬁﬁé% ?1“38# ?’dég?fg}s&g?{é‘%he‘%f. gﬁg‘l’\{% ﬁﬂég%%%%{%éeﬁaﬁ%ggﬁ I ogzpes of
t hi s i nvent Smglewehpitbanttheldies wet fodnedby litkiog thre heavy anbligiBshhin feegidientsad,

t echni ques de ed for th roduction of. chi neri nti bodi e (Morrison
et a3 opd BB iR i M A ARl R iRt MRt Al icEidet o |
1984, Nabure 31FPurtbéndreBintibedsefiansintawhich 1aBgnizblapetific SitbpedAoZhVIRA] by
splicing the nes 48 2/ 44210 PCT/ USO1/ 45336 _ from g nouse anti body
ol coul o of TR ked Ok eh Rk i BF Gl FREPCRRLR ‘DR BLTBER o a
hﬁ_man ant i bﬁﬂ:}t/)ude’ﬂﬁd e et rﬁatﬁlimaﬁlmds,qpaﬁ’&htf@gﬁieﬁtsﬁgiiembaﬂed;bfesjtlﬁc;edwrpepgnU_sedd A
chineric antjbody is. a cule i ifferent, portjons are, derive
fromdiffer e}gesﬂ%rﬁfﬁa? %wﬁe@&w@%fﬁ%@%ﬁuﬁg g beprngsite! Pegi on
derived fropadacingthd@isiM¥de bridges of the F(ab’), fragments. Alternatively, Fab expression

25 ' libraries may be constructed (Huse et al., 1989, Science 246: 1275-1281) to allow

rapid and easy identification of monoclonal Fab fragments with the desired specificity.

5.4. USES OF THE hVR1d NUCLEIC ACID MOLECULES,
- PROTEINS AND POLYPEPTIDES, AND ANTIBODIES
OF THE INVENTION ;

30
As discussed supra, the hVR 1d nucleic acid molecules of this invention
encode proteins that are involved in the formation and/or function of ion channels,
more particularly, cation channels. Given the importance of cations such as calcium,
sodium or potassium in many cellular processes, the hVR1d nucleic acid molecules
35 and proteins and polypeptides of this invention are useful for the diagnosis and
treatment of a variety of human disease conditions which involve ion, more

particularly, cation, channel dysfunction. =~ For example, calcium plays a role in the
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and a human i mmunogl obul in constant region (see, e.g., Cabilly et al., US.
Patent No. 4,816,567; and Boss et al., U S. Patent No. 4,816,397.) 10 In
addi ti onwoeviMliques have been devel oped for the producti POT/ORIMIBEBNI zed
anti bodies (see, e.g., Queen, U S. Patent No. 5,585,089). Humani zed

anti bodi es agRascAsTiclRMAnERItREVhSEndnes Bhd e PRt B EEHES, 1he bk fidsshEofor
nore CDRs_fromthe non- human species and a framework region froma human

i munogl obul TSR seiegatoryngenes Anwel) as fhe aellelanpipgess ciapentbueer ¢ebdeethe
production ofoigh ﬁro@ﬂﬁk @oﬁéuﬁﬂ?rét@&fg ?ﬂid(a&éo fe! %tﬁﬂlthn‘lse%ﬁ?ry 7§0d11§h g,

1988, Science 242; 423-426; Huston et , Proc Acad. Sci.
USA 85: 5879n898s inathe rasstationtof aprmal m@@nalmmn posidal geBeatign®d can be used

Cnoth q . _ : . h
ant i bod co. 4 2bRaG ShOEERR BRb: S A AR ERl: G anlaBlLe ° 08
t he Fv regi dhheréfareanataom ahanieet dgsfondtibpenay @ayhb troladgn manﬁhsmmg Hseashaaml

ol ypeptide. .20, .Furthernore,,. anti bod a nts r ize ecific
gpi %/gpgs g(f FRpEs s W&st@gl‘igaﬂ% @{,d{eg%r%gzﬁal&@gu 310%(&&?%{%%18“?& Sart. For
exanpl e, sucAlzhsiagmenliasd d"t('ﬂabldﬁsdﬁtﬁ diséae,Qtwelll a¥idiied nkeroldgi@bdidofdegnment s

whi ch can be produced by pepsin estion of the an d no) ecul e and Fab
fragments whHi%E Clergﬁwd@%éﬁw%aél& pressigii, %dtSﬁ@ea?%%ﬁ rsaht&@% ©of the

F(ab) 2 fragngnifed Uylbﬁ&m&lw shincfeRirRkide @asliQidorddrk R &1 iy tlivh, be
constructed (Huse ét al ., 9, Science 246: 1275-1281) to allow rapid and

easy identi | f lél%at%hywcmwwaalcamaf Pighshpellyshunchen Hus fs asgociate

speci fi Ci {¥. witRiftmul &{%gxcQFch;fdf‘Edé?M@uqrM@d&s%?&&amﬁﬁéld%%as&@s%ws AND
PCLYPEPTI DES AND Al ODIES O-F'T di scussed supra, the

hVR d nucl eiRotgiisdhatmreinyplyed o cither thel faumafianon fueetivods thaseian ¢henpeiait ar e
i nvolved in @H@tﬂe%u@ﬁﬁclh&ndsatpgt/ e%@ée%ggzéhﬁﬂteﬂ{sg)h@}ﬁ%@?%ﬂ%ﬁéd iagiBisnd

particularly, cation channe ven e |1 np Cations such as
cal cium sddiatmengrof pwinydeinamdiseaseany cel | ul ar processes the hVR d nucleic

aci d mol ecul es 35, and He%gﬁ%fb% tl%nrgutcPe% %88 ?ﬁolgc%ias e%s?an'ﬁl&)ng%r]:)te'ag@esas .

useful for the di agno
condi tion20 whe otventivmhreehd pmgnassﬂcand nmlghostmleaalluyuomaﬁhlnmn dikmadere|

dysfuncti on. r. exa al ci le.in.the 4 02/ 44210
POT! Uso1, 25336virE, Baa Hhni d Bndieh. faf 8 SerbPoslin' Sl st et
circul ati ng graditgositiont th 8uetx@is@8sis 04y de:fSCIﬁ)eﬂlBé‘RtfvﬂUStHeegslisaﬁcﬂﬂde geneds @s wel |

b N N I G O O

hVRI1d gene-mediated activity, and for the modulation of hVR1d-mediated effector

25 functions.

In addition, the nucleic acid molecules and proteins and polypeptides of the
invention can be used in assays for the identification of compounds which modulate
the expression of the hVR1d genes of the invention and/or the activity of the hVR1d
gene products. Such compounds can include, for example, other cellular products or

30 small molecule compounds that are involved in cation homeostasis or activity.

5.4.1. DIAGNOSIS AND PROGNOSIS OF ION-RELATED DISORDERS

Methods of the invention for the diagnosis and prognosis of human diseases

involving ion, e.g., cation, dysfunction may utilize reagents such as the hVR 1d nucleic
35 acid molecules and sequences described in Sections 5.1, supra, or antibodies directed

against hVR1d proteins or polypeptides, including peptide fragments thereof, as

described in Section 5.3., supra. Specifically, such reagents may be used, for
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involved in the regulation of normal neuronal action potential generation
and propagation. Sodi um channel bl ockers such as |idocaine are inportant
anal gesi %0 02/442¢0 ef ore, cati on channel dysfunction may plB@T/ESII6I5836 n many
human di seases and 10 di sorders such as CNS di sorders, e.g., degenerative
neur ol ogi calg U sy r n s di sease,
as well as ot ﬁ}n? ngﬁr @1) gféﬁc%é?&l I so?%?rg&hgigﬂwﬁ n% mlgtlﬁ%&{sa%%ﬂgt y and
depr essi oh. detdetion df sides eserandumdesmxptessort héhVth gdm mB.N%enctaﬁade bytheon
channel dysf neL| rdia S arrh t hm.a, diabetes,
hyper cal ceni's n'cn§/18%rd &4 I(l:#ltﬂ)rg?las(?at%?r @8 Eﬁtﬁﬁ ng[?ﬁg? fi%}:ﬁ tf%aqf IS

associ at ed Jzﬂitematlhelymphmdl foghcaf h‘dR!s@fre@heﬁpts vdlich mag toi¢laerves cerfain joanal or
i ver disease ei ns 1l(ilat arel r the, formtion

i h
or functi onSIWetoﬁté‘%%fSBFpegsn‘gr?Héqegu @“faﬁ%s 1%1? I:S;icaingéﬁ)t fletgef t hose

proteins) aregthesef sherf i antihdediganieof AVR 1dt dgeﬁé- ftﬂa&t @faun@fwmb WERN
di seases._ Anong the uses for the nucleic aci ecul es, proteins and

pol ypept i b cagpn dysjunqtionplsiate pr B Patsencernf agredified {55 lepnthan Aghlsagthy

eval uation ofyviBhePrSRICERRRN cb¥R It 4 SRRty RAcERRANRSl dYsT uncti on,
and the identi f| cation of subjects with a predisposition to such

di sorders, dgogiessian tew@rdbaichw sta®-her uses i ncl ude nethods for the

treatment of suc dysh

nodul ati on of i %@%ﬁéﬁg‘g}%@%@%@g@ Fééln ac?’ |b\lé|rf)l(:é %/f?ﬁg%&;!@%rx % R’%%]Il%alp g on of
hVRI d- nedi atpeepedkfaged diag@istif tast kitoemmprismgatdedst oumg spmélcrhﬁlﬂldl genaoiicleic

nol ecul es al ypent | des i nven n_can be used in
assays folréat ldo(g oagi?l_ glngr?ng CPII ent esc%ﬁed er%d‘d?“ﬁgénayt e expression
of the hVR cbogemmtbrfusbdh,e: g. nmehmcahseamg@,ono scteen and diaphose phtiéheedbitidg gene
products. Such conp can ot her, cel L.ul ar products
or 30 smal ' %f‘té(’:]u‘f n%ilr%’gﬁﬂggmﬁ %@Ohgﬁlguffsr‘?\?gq@é‘ife? r@a}fl?% y ostasis or
activity. 5. mmmwmm&&; B SENAS O Suéirab {ONnBElieATED DI SORDERS  Met hods
of the invention E&? di a%g gzhs} and@tﬁo ognosi s_ of hugan gi seegses

i nvol ving i on, g)r e, AN § AapyteiirntesnyRuclsard el sghe USedi#ER as the
hVRI d nuci(ﬁls@araﬁg Ssuir€k 1P bEfohhie SudBl RN URNERSIAQSOh IPAYRI1A tR8Sdripesr S 1,
supra, or antibodies d| rected 1gal nst . hVR d proteins or polypeptides,

i ncl udi ng p \fIf‘]djeg ERrIsEss et ldgpe Orééssu%’é‘s‘?f]?lplbéhf ¥R kbganedhemprepsed sypr a.
Speci ficall Mna}s%cﬁmfz%agents may be used, for 50 WO 02/44210 PCT/ USO1/ 45336

exanple, for: (1) the detection of the g;esence of hVRI d gene nutations,. or
the 5 detection ofNuslei¢a¢idhosad degactignthshnianey &g dessabed ithaRtign §dnke 1 aRNA

relative tojhe WM&S%@%?M%X& H&Q&Ednqga{mcﬁ}e@tafe st 1998k dd24 5 M. or

quantitative detectio
25 infra.

5.4.1.1. DETECTION OF hVR1d GENE NUCLEIC ACID MOLECULES
Mutations or polymorphisms within the hVR1d gene can be detected by

utilizing a number of techniques. Nucleic acid from any nucleated cell can be used as

30 the starting point for such assay techniques, and may be isolated according to standard
nucleic acid preparation procedures which are well known to those of skill in the art.

Genomic DNA may be used in hybridization or amplification assays of

biological samples to detect abnormalities involving hVR1d gene structure, including
point mutations, insertions, deletions and chromosomal rearrangements. Such assays

35 may include, but are not limited to, direct sequencing (Wong, C. et al., 1987, Nature
330:384-386), single stranded conformational polymorphism analyses (SSCP; Orita,
M. et al., 1989, Proc. Natl. Acad. Sci. USA 86:2766-2770), heteroduplex analysis
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alternatively-spliced fornms of hVRId transcripts which may correlate with
certain ion honeostasis disorders or susceptibility toward such disorders;
and (2) tWweozepecti on of either an over- or an under-abubdubse/45836hVR | d
gene product relative to the non 10 cation dysfunctional state or the
presence of hfi ( 6 : HHkl ) n oduct
whi ch corr el(g{tegg’dﬁv'\ﬁj 'teﬁglé’ f?g? i %}%ﬁog@lg? Eir}g?? %ﬁg’l Péglslrgr?téf}(‘)gcrCg1¥ %%gﬁ’e@gg 'n t owar d
such a stat elenTianggtddius geledatiopbaretie (RGAEMycos Rokk Boalnd835,MNorcl. eAedpl e,

by utilizin prexpac d.di agnostic test kit 0 IsSin st one
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fragment length polymorphisms (RFLPs), which involve sequence variations in
25 restriction enzyme target sequences, single-base polymorphisms and simple sequence
repeat polymorphisms (SSLPs).

For example, Weber (U.S. Pat. No. 5,075,217) describes a DNA marker based
on length polymorphisms in blocks of (dC-dA)n-(dG-dT)n short tandem repeats. The
average separation of (dC-dA)n-(dG-dT)n blocks is estimated to be 30,000-60,000 bp.

30 Markers which are so closely spaced exhibit a high frequency co-inheritance, and are
extremely useful in the identification of genetic mutations, such as, for example,
mutations within the hVR1d gene, and the diagnosis of diseases and disorders related
to hVR1d mutations.

Also, Caskey et al. (U.S. Pat.No. 5,364,759) describe a DNA profiling assay

35 for detecting short tri- and tetra- nucleotide repeat sequences. The process includes

extracting the DNA of interest, such as the hVR1d gene, amplifying the extracted

52
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(Wal l ace, R B. et al., 1981, Nucl. Acids Res. 9:879-894; Lipshutz, R J. et
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i denti fi catiiavemion gesleding rétobdii@n DN A Holecakes, dloHedpeadPdlegenBiita vhi@aiss
ases_and. di sorders rel ated

wi thin the hVR d. ge nd. t he di n05|s of dis

to hVR d mutieieghds desehe £ &%qeeg?ng sypra, pRgles Cowifw%fw%ra@@ior?@g)sp itribe a
DNA pr of i 20 ngnadm@of tikze fréngﬁ@"t@ﬂfeir%nﬁi[@ﬁéntér&'seq@ﬁéjestvﬁtﬁﬁtherm RPkdrde
repeat sequences. The process includes extracting the DNA of interest,

such as t he FieAerablydbelengths pf theseppaleie acid reagents &r@z hm b’izVOMIGIeotldes
PCT/ US01/ 4538fer 1%&161’? dalllI Iﬁ)lﬁeelﬂnbﬂgd Eﬂﬁeﬂé GRRRLreyR A8 Aol the hIgL2 genot ypi ¢

map of the individual’ R d probe could additionally be used to
directly ideastd: lpyRﬂ:qtgpéecule hybrld The presence of nucleic acids which have hybridized, if

any such molecules exist, is then detected. Using such a detection scheme, the nucleic

25 acid from the cell type or tissue of interest can be immobilized, for example, to a solid
support such as a membrane, or a plastic surface such as that on a microtiter plate or
polystyrene beads. In this case, after incubation, non-annealed, labeled nucleic acid
molecules of the invention as described in Section 5.1 are easily removed. Detection
of the remaining, annealed, labeled hVR 1d nucleic acid reagents is accomplished

30 using standard techniques well-known to those in the art. The hVR1d gene sequences
to which the nucleic acid molecules of the invention have annealed can be compared
to the annealing pattern expected from a normal hVR1d gene sequence in order to
determine whether a hVR1d gene mutation is present.

Quantitative and qualitative aspects of hVR1d gene expression can also be

35 assayed. For example, RNA from a cell type or tissue known, or suspected, to express

the hVR1d gene may be isolated and tested utilizing hybridization or PCR techniques

as described supra. The isolated cells can be derived from cell culture or from a

53
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t echni ques SEdNES PEFPEB @ s @paiiantitpéva ReRat ed cel I's can be derived from cell
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Additionally, such techniques can be utilized to detect quantitative differences
between levels of full length and/or alternatively-spliced hVR1d transcripts detected
in normal individuals relative to those individuals exhibiting ion dysfunction disorders
or exhibiting a predisposition to toward such disorders.

30 In the case where detection of specific alternatively-spliced species is desired,
appropriate primers and/or hybridization probes can be used, such that, in the absence
of such sequence, no amplification would occur. Alternatively, primer pairs may be
chosen utilizing the sequences depicted in FIGS. 1A or 1B to choose primers which

* will yield fragments of differing size depending on whether a particular exon is

35 present or absent from the hVR1d transcript being utilized.

As an alternative to amplification techniques, standard Northern analyses can

be performed if a sufficient quantity of the appropriate cells can be obtained.
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25 based gene therapy for ion or cation-related disorders. For example, antibodies

directed against hVR1d peptides may be used in vitro to determine the level of hVR1d

gene expression achieved in cells genetically engineered to produce hVR1d peptides.

Such analysis will allow for a determination of the number of transformed cells

necessary to achieve therapeutic efficacy in vivo, as well as optimization of the gene
30 replacement protocol.

The tissue or cell type to be analyzed will generally include those which are
known, or suspected, to express the hVR1d gene. The protein isolation methods
employed may, for example, be such as those described in Harlow, E. and Lane, D.,
1988, "Antibodies: A Laboratory Manual", Cold Spring Harbor Laboratory Press,

35 Cold Spring Harbor, New York. The isolated cells can be derived from cell culture or

from a patient. The analysis of cells taken from culture may be a necessary step in the
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5 hVRId transcripts can also be detected. Additionally, it is possible to
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in the 02/ 44210 PCT/ US01/ 45336 ﬁﬁglse?l;ggyg, of cells to he used as

part of a cé ¢ PiSROL (P vgB e these o prdinaty adily pergeayeihet apy1of 2 wige t est
the effect ahrie@upawsisgiom hétBo@XREQSH seiini@l ptRRINYE chn be §8RBficd in order

25 to achieve such in situ detection.

Immunoassays for hVR1d gene products or conserved variants or peptide
fragments thereof will typically comprise incubating a sample, such as a biological |
fluid, a tissue extract, freshly harvested cells, or lysates of cells which have been
incubated in cell culture, in the presence of a detectably labeled antibody capable of

30 identifying hVR1d gene products or conserved variants or peptide fragments thereof,
and detecting the bound antibody by any of a number of techniques well-known in the
art.

The biological sample may be brought in contact with and immobilized onto a
solid phase support or carrier such as nitrocellulose, or other solid support which is

35 capable of immobilizing cells, cell particles or soluble proteins. The support may then
be washed with suitable buffers followed by treatment with the detectably labeled
hVR14d gene specific antibody. The solid phase support may then be washed with the
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cel’l's

or lysates o een 1hcubated in cell culture, in the
presence of a detfﬁm Eibilipg lacttratyedt sgivérblotpf aaphlRéd géne3@rodate mhiihgdymgash VRl d

gene product,s cons rla s or peptid fra her.ea d

det ect i ng thbé3 de ‘ggiﬂg l§}’og‘fm§ tﬁ 08?919“@8?51%{} @i'e v%@lble a%%own in
the art.20'he dbteahn@l apafausamndl epurrayl ds&yb:rondg;hhs for eacndaedimination tynd

i mmobi |i zed ontlo (% E ase %gg)rgort or carrier such as nitrocellul ose,
or ot her sol?@%ﬁ%é‘?‘{“’ﬂ?ﬁ Hipent apabl e of imobilizing cells, cell
particles or sol L(bheeotpuhemwm wilioR tﬁdmkldﬁ Yoepli@h spdeficvasinedy it

sui tabl e buf ers B {ﬁ% V\g tr.eat ment vgsy the detectably | abeled hVR d
gene speci fi Rbbpisgse ’ISH@j 1inlingthsRaEROL, 18,38 CRZYHAS 1Nt HeNZBBe HESWEGASARY h t he
56 WD 02/ 44&%?@41@04/ 43607y I i ke ARG RRGHehiRsda9 (FEWE, 1nBound

anti body._The anount of bound |abel on
Diagnostic Horizons 2:1-7, Microbiological Associates Quarterly Publication,

Walkersville, MD); Voller, A. et al., 1978, J. Clin. Pathol. 31:507-520; Butler, J.E.,
1981, Meth. Enzymol. 73:482-523; Maggio, E. (ed.), 1980, Enzyme Immunoassay,
CRC Press, Boca Raton, FL,; Ishikawa, E. et al., (eds.), 1981, Enzyme Immunoassay,
Kgaku Shoin, Tokyo). The enzyme which is bound to the antibody will react with an

30 appropriate substrate, preferably a chromogenic substrate, in such a manner as to
produce a chemical moiety which can be detected, for example, by
spectrophotometric, fluorometric or by visual means. Enzymes which can be used to
detectably label the antibody include, but are not limited to, malate dehydrogenase,
staphylococcal nuclease, delta-5-steroid isomerase, yeast alcohol dehydrogenase,

35 alpha-glycerophosphate, dehydrogenase, triose phosphate isomerase, horseradish
peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase,

ribonuclease, urease, catalase, glucose-6-phosphate dehydrogenase, glucoamylase and
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5 solid support may then be detected by conventional neans. By "solid phase
support or carrier" is intended any support capable of binding an antigen

or an antw®ozy4210\él | - known supports or carriers include gPa@p®SOIPBBI6St yrene,
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in an enzyneNPIAnIR st agemmya qovaier e a sqmtﬂlatrpn@oeﬁzwréamwé@ography
| munosor pent  Asspy e(l@-}éééﬂole to15beP thezaitlg)(ﬂg&}ﬂﬁ E'ffﬁoﬁ!&& er ? 8&rrﬂd’ 7W

M cr obi ol ogi cal Assoc %ljarter I"cat 1 on,
Vol | er, A  ehe finorescenti Jahsled@ntihodyRaekprsed S1Lge e mromwaefue lengtIE its 1981,

Met h. Enzy ygg 1 %‘Pﬂ CRC
Press, Boca gstegc:’e, éla%ﬁthé@?s I a{%a?ueEB ﬂu%‘?él[:énce %219 Sgﬁﬂ‘leég)?t : 5‘%2%&%’
| munoassay, fludtgatnt 18bwing compkyms. ard: ﬂeoremymeothkucwnaltcs rlimiannlnet, o the
ant i body w I at.e su er abl e
chr onogeni ¢ sgg(ge??t ﬁkpycg%yugﬁl 21?(?%3{ 15‘ % 89&6 gé R Ea i et y
whi ch can2®e det éﬂt@dmbbdwy caxdnpbedetdryabl y beled upllngtthms&tsceme ehittiag ewedls i ¢ or
by visual neans. n,be .used t detectably | abel th
2t body i notTaEs “Ht SE PR the AREBNIE SSora R e D JeAdaged 1 fhe
3 t ﬁpgyl ococ mltlbﬁd.gCﬂl@ﬁ?@ﬁxchdﬁétﬁlash&ﬁﬁhg %wugs h§dl€ﬁg&%@maﬁﬁ@@%m&!:&ﬁ%idh ]
ehydr ogenas 3 cer ophosphat e rogenase, triose phosphate
i soner ase, @r@é@ E’rﬁe”gg% fﬁ& g%ﬂ 3yl @ﬂﬁh‘%%osphat ase, asparagi nase,
gl ucose oxi dase, nfelaamg dyaﬂb@gaﬂ@es@tectmﬁarawl@a 3% dp1m§qaﬁ>ea cat al ase,
gl ucose- phat e dehydrogenase, gl ucoanyl| ase an WO 02/ 44210
PCT/ USO1/ %g%gmﬂummescent compound. Thepresence of the chemiluminescent-tagged antibody
is then determined by detecting the presence of luminescence that arises during the
course of a chemical reaction. Examples of particularly useful chemiluminescent
labeling compounds are Iuminol, isoluminol, theromatic acridinium ester, imidazole,
acridinium salt and oxalate ester.
30 Likewise, a bioluminescent compound may be used to label the antibody of the
present invention. Bioluminescence is a type of chemiluminescence found in
biological systems in which a catalytic protein increases the efficiency of the
chemiluminescent reaction. The presence of a bioluminescent protein is determined

by detecting the presence of luminescence. Important bioluminescent compounds for

35 purposes of labeling are luciferin, luciferase and aequorin.

5.4.2. SCREENING ASSAYS FOR COMPOUNDS
THAT MODULATE hVR1d ACTIVITY

58



acetyl cholinesterase. The detection can be acconplished by colorinetric
nmet hods 5 which enpl oy a chronobgenic substrate for the enzyne. Detection
may al sowe 02/aeeonpl i shed by vi sual conparison of the extPET/USH1/45836y mat i C
reaction of a substrate in conparison with simlarly prepared standards.
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I Munoassays. ForgceeaiY fsay¥atk ﬁélh;%%'idé%h?é unf9 tHab o8 ifalcINdR £ OF
ant i body 510 fragments,” it is possible to detect hVR d gene peptides.
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et Comron JEHEREE BRpEatss 1B CORBEIT RGO Rty St P Hag I e
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reaction. Exanpl f 1 1 L,unj. nesce ﬂ%ell i ng
conpounds are | u%ﬁﬂ%s})&?g@l&]ﬁlﬁ%&% ?0#ﬁ§n§%% |§lm§g§% TU T'g%%tlgr, I'm dazol e,
acri di ni um $&¥R1dbgmhe pxaduatsecasp@mds 80t binkewother peotdinothatintezsat evith onpound

may be used .t bel th ntj bod f the resent i pyent.i

B a1 i nea AR €S ol Pl Sl i o RhERRRan ARSIV pepgprodict st e
i E vv_h: ch a oweitlabtht: profeins, endicompruads tat fnbfdulafefthe ia@;mby offthd I€R 1d gene, i.e.,

chem | um nesce reactiqn. resence of a . biolum nescent inis

Gt or mmed et BETev O IR el S Ge R e Al B s BERYRIG

bi ol um nescerhe pRAROIBTGSotERIacBbitypur poses of | abeling are luciferin,

| uci ferase and aequorin. 5.4.2. SCREEN NG ASSAYS FOR COVPOUNDS  THAT
NVODULATE hVR 1 d KYNRYP, a58ays may%:é utheg that %éntsffy compoundsc%ﬂat l%nd to

25 hVR1d gene regulatory sequences, e.g., promoter sequences (see e.g., Platt, K.A.,
1994, J. Biol. Chem. 269:28558-28562), which compounds may modulate the level of

hVR1d gene expression. In addition, functional assays can be used to screen for

compounds that modulate hVR1d gene product activity. In such assays, compounds

are screened for agonistic or antagonistic activity with respect to a biological activity
30 OF function of the hVR1d protein or polypeptide, such as changes in the intracellular
levels of an ion or cation, changes in regulatory factor release, or other activities or
functions of the hVR1d proteins and polypeptides of the invention.

According to a preferred embodiment, a Ca®" flux assay can be utilized to
monitor calcium uptake in hVR 1d-expressing host cells. The host cells are pre-loaded
35 with a Ca**-sensitive fluorescently-labeled dye (e.g., Fluo-4, Fluo-3, Indo-1 or Fura-
2), i.e., the intracellular calcium is fluorescently labelled with the dye, and the effect
of the compound, e.g., on the intracellular levels of the labeled-calcium determined

and compared to the intracellular levels of control cells, e.g., lacking exposure to the
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WO 02/ 44210 PCT/ USO01/ 45336 5 Screening assays can be used to identify
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are not IWorew1a o, peptides, small organic or inorgani CPEDUSECHSE oOr
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phar maceutical c¢ d?qnmﬂomal assays foompmiteiing t}wﬁfeots aﬁaompoﬁndshmsthe koals@unds.

Such phar conposi.ti g e fornul at s di ssed.in Section

P e 1 8 o e GRS e T oo R A, R R S BR S 5% he
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interact wwth a hVR 1 ene rodu t. I]\%(ii/or interfere xnth t he

interaction of t fwwaasaa {hidsnivgcopPsrRisPatle af conpounds
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protein act i%§-t . medpatingthe peiviyof ild typg alkfﬂowmap&%\ﬁRM g1 pradiats, yn

conmpounds pr onot er
Ceqnence Sl 5{ ?i&bogétgx% tE@blO?(%1&Yﬂrng§ BP thre‘thi R’ é@éﬂé ﬁ%ﬁ] 'ﬁﬁtg gngscgeézgsé Efgo D8562)

whi ch co rrp oufeifying cmgmdSéhat tdesruletmrmelf h‘ﬁR/Rll genganedusk priersetiang, orjmpay
addi tion, g&&ﬁ%ﬁksﬂﬁ%§¥§uﬁﬁﬂm§ﬁxﬂﬁ§d to screen for conpounds that

nodul at e hV gene product activity. In such assays, conpounds are
screened for agonitstprincinle afsurbhoaicsning assays i 1t1«ynt1A’1y cbmpewle ¢hat bindeo the

bi ol Ogl cal G\}Rt’d %é{j[ ﬁ)gOCR{C II'H’QR’te g‘%gr 1né Q?@&P 1?11)8{11% o%lthe ?g eptl de

such as changes I |n racel anion or ca changes
in regul a2 I‘BI‘OdlEd:hnﬂ theabst aempomrrd mtdlaecommionslahdé& otime fsmﬁﬁlcienomsﬂh»fw thhe

hVR d proteins and i des . ventl Accor di referred

onbodi meut - Sy BpoRiY PERLAGTRIRL 1" Bttt B B B PRid Rl ot ke n
hVRI d- expr easpm%nhasﬂanmaitlcamp;[dxg Wlfhfil(ﬂjltcaﬁé)ldrSmaVeﬂ airdﬁ:rldgaad%:ﬂ in &% mdul@na

Ca2+- sen3|t|ve ugrescent | y-1 abel e uo-

Fara oy 1 ety POERGEH ne B Bl e i msar e st e et 1t he
dye, and th%uﬁéﬁtﬁlﬁﬁtont@ﬁ sélhﬁph"a@é@@llﬂ&ectﬁgg}VRRﬂgdnB rédict/@seddmpoand | evel s of

the | abel e cal i um det d nd conpared t e intracellular |evels of
contr ol |c§>m XQS ancﬁné)ggm Eng)gglggglpaéela thpﬁagd o?the reaction. In one embodiment

of such a method, the hVR1d gene product may be anchored onto a solid surface, and
the test compound, which is not anchored, may be labeled, either directly or indirectly.
The detection of complexes anchored on the solid surface can be accomplished
in a number of ways. Where the previously non-immobilized component is pre-
30 labeled, the detection of label immobilized on the surface indicates that complexes
were formed. Where the previously non-immobilized component is not pre-labeled,
an indirect label can be used to detect complexes anchored on the surface; e.g., using a
labeled antibody specific for the previously non-immobilized component (the
antibody, in turn, may be directly labeled or indirectly labeled with a labeled anti-Ig
35 antibody).
Alternatively, a reaction can be conducted in a liquid phase, the reaction

products separated from unreacted components, and complexes detected; e.g., using
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principl e offofd&bcting Reringofss By adtionk Aok i Yo-GompAGESpidtan, bi nd to the
hVRI"d gene product., i nvolves preparing a reaction m xture of the hVR d gene
20 product &lessinEng aad co-piacatgn (hrqagh sGdisnis Q& slromatograpiig colim@ss uf f i ci ent

to all ow t heytiliMes HREBRRE Kueh b tHeBd BIAG forteNsolhtidh of RRbRMs kRt iftBdct hus form
a conplex, which can represent a transient conplex, which can be renoved

and/ or det ectidyhVR1d geng pradestyar potypaptides offthe invealingl as deserdbed SBRER- | nvol ves
hor i hVR - - i d ph
anchori ngif hv%)lgﬁggol%@,%g%g?;ot&ﬁ%aﬁ Be Edenﬁgg(g%@(gaﬁlﬁ f?lgtff)zlﬂl Pe ﬁ?&%}d ¢, phase

and detecting hVR d gene pro test conpound 2: 2xes anchored on the
sol i d phase canjunpiéorewith sfandsrd teabaisienrio identifrasldéidnetiprotams with whishtit a

met hod, the uct r . ' , and
the test cotbonsd: TehespbAE fip ey pREGFLT NN SO0 0 pigel S BHBIAGR, U1,
or i ndirect Ithat iflemctevidl thedrVRId gonepr@ivescartehscathind using tedinighes weflace can

be acconplished .in a.n . qf s. Were t revi qusl on- | bilized
conponent i 3‘“%?%1 t%g’qsgggggg m ﬁ}?ea\?%g'tlc&atsiVé%ﬁlgfé]cﬁré%‘ec}%gfaﬁﬁﬁﬁﬁemweo “Fhe
surface i2iiecql Eighat, 108%pPPexeins: Beteufes ang ¥olsthear ®Prinbipl gl WU Esman
non-i nmobi | i one i.s . not pre-l.abeled, ,an jndirect |abel can be
hond o aer LR IE40% TR Pt acifl SRt B obAfpel S 1 85 g D o 6
anti body spegidd for fhergeh&iatip evd1eaLyledadt tiRimbs thaz & BeQ¥PO Redtiechtfbe

anti body, in turn, may be directly | abeled aor indirectly |abeled with a
| abel ed” ant i8R SeHsenGes CRERINS SURR PEYHAS S%qe??ln&n}aé(é’étaﬁﬂﬁnﬁﬁﬁ“géorconduct ed in

a |iquid phas@mpld)By 5@a&drl @fbridization or PCR techniques. Techniques for the generation
25 of oligonucleotide mixtures and screening are well-known (see, e.g., Ausubel, supra.,
and PCR Protocols: A Guide to Methods and Applications, 1990, Innis, M. et al., eds.
Academic Press, Inc., New York).

Additionally, methods may be employed that result in the simultaneous

identification of genes which encode proteins interacting with hVR1d gene products
30 or polypeptides. These methods include, for example, probing expression libraries

with labeled hVR 1d protein or polypeptide, using hVR1d protein or polypeptide in a

manner similar to the well known technique of antibody probing of Agt11 libraries.

One method that detects protein interactions in vivo is the two-hybrid system. A

version of this system in described by Chien et al., 1991, Proc. Natl.l Acad. Sci. USA,
35 88:9578-9582 and is commercially available from Clontech (Palo Alto, CA).

In addition, compounds that disrupt hVR1d interactions with its interacting or

binding partners, as determined immediately above, may be useful in regulating the
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York) < adar angEaR tal AR chmptindin Blores T ine JAERLENH G BV 10 e prddit

si mul t aneXusanditleeintdridting tpatnero fA dsigtieml iy doniplenfooaetigr witkinnsadtiohaniaatresng

with hVR d geng. product 30 or | ypept | These nethods.include, for
exanpl e pr SoPTRS fFded rombrii R LA RA AVR 1S PSP RIR Fedn or
pol ypept i de,coutpaitd tb VRingleRfoingitionoritiie reapeei indhetuied cantalibdpmde tatm | ar to the
wel | known techni q(i;ije f anti ngry]' pr obi %8 of 2. gtl 1 libraries. One, nethod
that det ect SOBPGPRT fd Hwant AV gehe BiofBct JhiSROMRAESHR BAY de SRern! iy
version of thbse caystvaidrdin itds d6ditaBROo h¥enthy €dmedundl that 48Rt iftéaciondE | -
Acad. Sci . USA, 35 88:9578-9582 and is commercially available from C ontech
(Palo Al to gt but not normal hVR1d proteins.
The assay for compounds that interfere with the interaction of hVR1d gene
products and interacting partners can be conducted in a heterogeneous or
homogeneous format. Heterogeneous assays involve anchoring either the hVR1d
gene product or the binding partner onto a solid phase and detecting complexes
30 anchored on the solid phase at the end of the reaction. In homogeneous assays, the
entire reaction is carried out in a liquid phase. In either approach, the order of
addition of reactants can be varied to obtain different information about the
compounds being tested. For example, test compounds that interfere with the
interaction between the hVR1d gene products and the interacting partners, e.g., by
35 competition, can be identified by conducting the reaction in the presence of the test
substance; i.e., by adding the test substance to the reaction mixture prior to or

simultaneously with the hVR1d gene product and interacting partner. Alternatively,
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In addition, conpounds that disrupt hVRId interactions with its interacting
or binding partners, as determ ned i medi ately above, may be useful in
regul ati mgoohie2161 WO 02/ 44210 PCT/ US01/ 45336 activity oPCTH80IMSRI6d gene
product, including nmutant hVR d proteins and 5 pol ypeptide. Such conpounds
may i ncl Ude1te§Qlébm@b@nd@Qhat'dléﬂl]é/t%effoﬁned‘%ﬁﬁléh%se§U€&nﬁ§und§%m Kigger and the
i ke, which % bind to ene product as described ab6ve. The
basi ¢ prihcipe H&FOQSF@t%@é@S@WWfG&@mRQHﬁ@éW the comPbin e bhat
interfere W'téﬂe& Wadd?ﬁgﬁé%ﬁg ES&ﬁQﬁ%%é féﬁctﬁb\ﬂ%ﬁtﬁ% Qﬂelpéé}%%igﬁes%ge bée%
interacting partner tnerS involves preparing a reaction m xture
cont ai ni ng tthen¢dvRITe eious f@matsramddmcnbahbhetﬂ}éaalwWeract| ng partner under
conditions and f f e ct and bind,
thus formng a cgh a1anertér errllgéﬁs esgéyt%gttees?ﬁ%erg%%rr%{gg%&ggg pm!lﬂn%%%ﬁ} ory
activity, thﬁteraeang pmmem i tanectwrédonio epalié surifavef Wkilpthe seneackored @pmmsdsa of

roact i on W uroeh ot e br SATBAN I B re et #6CPRETRA i on of

hVR1d gene pﬂﬂﬂb&tTﬂfﬂﬂldhbfed spEciediney BE irhmebipiaéd ﬁon-milér@ lor £é®aldnk ON
m xtures are incub W t hqut the test conpoun th_a placebo, The

for mat i on oREIGHH NGB AT Wﬂae&cccamgh SIERRLY by Feptngdhe

i nteracting spaAkM@ice with Dea1uEst SChedVRIAShOpMRLEQR iRErRtifOPRIRY and N the
control reaction, but not in the reaction mXxture containing the test
conpound, idiHingandiemaizely; Heinepekibetantinpdy sneeric faf the speies tatheranehared of
the hVRlquﬁ W&QHQ(%}&@&O?HQ PQ&eg BURE &id NGFaPAT T fa é%%agze ﬁll Yred

conpl ex formation wthin reaction mxtures contaliningt t'est* conpound
and a nor nalin B¥Ringe gathstopadoduct may also be conpared to conplex formation
W thin reaction 1L Ogy T ant hVR d
gene product. Thlrﬁsl)&%%grrrgg?@g%tﬁ?ﬂ#g E%g ﬂ%ﬁ@e&o{ﬁ%@%i%?e@% gcgg\—I/\%erei nitis
desi rabl e t expdedtto the cwatgdourfdse wihbr dithoutphe test cngeouindn A fef theZanmnamt but

P o Rk Re S FM RS B RS R ) ek " e

conduct ed2( rfoandtewl mgmmemomihzemmanb@ smfefoer Mt detdeti@r @tgmnqﬂmms assays

i nvol ve anchor r ..t.he .hVR d ct or the _.bi ndi art ner

ont o & sol | GAEAIEL ShHE Spue BTG 0 SR e B e S5 Dhe VT e phase

at the end Qfontlhﬁncstﬁlaie‘dl spBcied B pk@{ﬁb@l%ﬂaﬁuaeta&&ay&,laﬁdmemnmmze@ oh@@ection is
In either ap ach, the order 0 addi ti on

carried out u hase.
of reactant §u5‘a %fgﬁ F@a CPPISE eV EredPIResy oM bere coReRaAmgRbiEeH sPeFigs IS

conpounds bEﬂolﬂgretl(aB&@@' anEﬁdln&XﬁiBSE! @n PelSEd AIBRQY Bétaplekad archb @A bl Wi th the
interacti on bet ween t he é:;ene products_ and the interacting partners,
e.g., by 25 surface; e.g., using alabele antibody specific for the initially non-immobilized

species (the antibody, in turn, may be directly labeled or indirectly labeled with a
labeled anti-Ig antibody). Depending upon the order of addition of reaction
components, test compounds which inhibit complex formation or which disrupt
preformed complexes can be detected.

30 Alternatively, the reaction can be conducted in a liquid phase in the presence
or absence of the test compound, the reaction products separated from unreacted
components, and complexes detected; e.g., using an immobilized antibody specific for
one of the interacting components to anchor any complexes formed in solution, and a
labeled antibody specific for the other partner to detect anchored complexes. Again,

35 depending upon the order of addition of reactants to the liquid phase, test compounds

that inhibit complex formation or that disrupt preformed complexes can be identified.
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35 conpetition, can be identified by conducting the reaction in the
presence of the test substance; i.e., by adding the test substance to the
reacti on WO x2/442¢0 pri or to or simultaneously wth the hVRPAT/gsnspIsoduct
and interacting partner. Alternatively, 62 W 02/44210 PCT/US01/ 45336 test

conpounds t hat diIﬁraHQlteﬁ_%ﬁ:f&ﬁ%ﬂn&ﬁ@kﬁ?ﬁ?e&%ﬁ%g#gﬁ(ﬁ?&?%ﬁ%1%@ﬁé‘pﬂeﬁﬂ‘er >

bi ndi ng constants that displace one o 2 CO e conpl ex, can
be tested mpddaiintryacting nasver is prapoteddn mdichhaithertheth Vil dgone prasugt erdts

conpl exes h i f i i

bol ow I erSrohEaeNRdabel 06 e difel SuiBlen Y e RESF BRI i 1Y o

t he i nt er acomplexpfarnatey (ses eancidr Batenin¥o. 41694 %6bsRutfenstein wiich atitihes
non-anchoreq

species, is. 10 | abel ed,, el r directly or indirectly. .l.n
D nctico . minRaBpRE [ kbR Tafpidifits L4 £ sbahen B deaimstavitheci s
L achient oy Do Seromml her S Aoy by ot the el it ace w th a
a ] .
sol uti on ]g)f aeﬁ%faﬂwﬁa E)‘ngﬂ%l %PB%MEW%HR%{%&‘&C‘W §shsitsaresthyt ‘LW% ng.
Al ter nat i velpyR Bgdn@Réielnliateaclink ipRaabt isRRetibh arf B idbgigpeci es to be
anchored 15 may he used to anchor the species to the solid surface. The
surfaces. may be pJhapatheyembodimgyiefthe Hyyantiane thege same elriguessag Baduct t he

assay, the pardipRi Rf (IR EAE Bht SRBGHER lothe BRIAREHhAnd frangoat ed
surface with raﬁit honugi hle t est corrpound.bAfter %he reacti oIrll (fﬁ? conpl et e,

unr eact ed cdridheprotein pred/peile irtaracéngpartogy, imakke afyneserdotingf bo il ergth 20
formed w i.N Al il . i : L.l

conpl exesH aﬁrﬁc ors'ec[jx gn plhﬂé* égﬁegﬁgagﬁé@gﬂygg%&%éﬁ @?@8%{}?%E§H&?ﬁbg&ﬁ‘§?%er of
ways. Wer e andesolate bhd bimdibg Isitee dllepenict®ds mchde; butlaed wat linhiel tdet ect i on of

| abel i mmobi || n e rfa i ndi es t hat conmpl ex waer e fornmed.
Vhere t he ndlEEdhsE of D soB i s 4 G Tol R BRERC AR Tol B Bol gt Fhbe
can be used Hindidgires to-tamohepresipaaidioasedy. Aormpens@mgsmnfatons inghggeneusi ng a

| abel ed anti body ific for. the,initiall - bi I.i zed [ th
ant 1 body. 1 FAEORE et weriet iy e PameRgin ep e Pegery SFIsEr St AN o
| abel ed axtt iofltiee gonkes baddying tﬁemﬁe&mg pudteins ik réeaiethe afutatiohs thad Bo@éspbe@ct i on

conponents, test conpaunds which jnhibit conplex formati or . whi ch di srupt
pr ef or ned c&ﬁﬁ@%@%’?n@gﬁm‘)@é‘% E’é’f’b’&g 1136“‘3&?@5&%%&1‘3’81‘1&’}1‘5% CIPALELY BRC can be

conduct ed i prételn chditd AbRSEd tda §d1R1 RERESHGEE: methodP&REBePin thiRSbast
conpound, the reactign products separated from unreacted  conponents, and

conpl exes dePa¥s@ad aoyed tqgfeaget XL, fo NG, Kl lahelrd SHsractifenariogr, FBHch one
g‘;\dt ge I Nt enge bbdtrSRPRNER ApRotbOly B 6NRinca chGR MRS A e WiBKink M dokut i on,
25 labeled peptide comprising the interacting, e.g., binding, domain may remain
associated with the solid material, which can be isolated and identified by amino acid
sequencing. Also, once the gene coding for the intracellular binding partner is
obtained, short gene segments can be engineered to express peptide fragments of the
protein, which can then be tested for binding activity and purified or synthesized.
30 The human HVR1d polypeptides and/or peptides of the present invention, or
immunogenic fragments or oligopeptides thereof, can be used for screening therapeutic
drugs or compounds in a variety of drug screening techniques. The fragment employed

in such a screening assay may be free in solution, affixed to a solid support, borne on a

cell surface, or located intracellularly. The reduction or abolition of activity of the
35 . o : . :

formation of binding complexes between the ion channel protein and the agent being

tested can be measured. Thus, the present invention provides a method for screening or

assessing a plurality of compounds for their specific binding affinity with a HVR1d
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| abel ed anti body specific for the other partner to detect anchored

conpl exes. Again, 35 depending upon the order of addition of reactants to
the |iquivdoptiaee) test conmpounds that inhibit conpl ex foP@BRUS@MSEI6 t hat
di srupt prefornmed conpl exes can be identified. 63 WO 02/44210

PCT/ USO01/ 4533ypebfidéiidr altiiaBat p%tpaa@ fdbRBRt of BiPineéRIONE CorBpiRhESroMdiAdIe
hVRI d gene protein 5 and the interacting partner is prepared 1n whic

ei ther thd iRalitygeheoppoihdst conbining the H¥RAd triokypeptide, ner & binslablatpsiptide  but

t he signal nerated by the |abel. i uenched. due. to anpl ex..f or.mat.i on
(see. org. , TRERbH oyt Aok 3 oRbeit e GRRE P idibg s
approach f on iBranaBR $8YSilions'aH cﬁf&‘étiﬁg Qiﬂdi% A HeSIVRIY ?6&%&5‘{&1&0? g{:PtfHE@@et es
with and displaces one of the species fromthe preformed conpl wi |l

result in theci®fgbaeplatalign obftesh congpoahdsabereby dddifving dhe lcontpoiisdswehai t est
subst ances that._disru hVI n rotein/interacting partner interaction
can be id tSP'F"F@G?fﬂmg‘g%@ﬁﬁ&%%ﬁﬁmeﬁP?Fﬁ’élei nvention, these sane
techni ques can b | i t he
bi i ng. dormi ns. Qe Re: IR L SorBFRE il HBHIE R, Ackoly GPAE SRR AL, |

pl ace of ondI¥R1dpdlypaitidehand/arlpeptiden gtdpratidat bf thie peserriyventiobard @inpisé hods
routinely practiced in the art can be used to identjf and i solate. the

bi ndi ng si t €9MbiHBE @ PeEsHALY qaﬁéiqdafﬁépmmw%%d%tmwd%ayt%%f qagpain piglogitdhesi s
f th LJ fi 4t i j i j on4 of
o ndi g ACHER WA APAVR R RPEELRRAP, SFERERNBILIYRIS R AR D

gene encpglisegudnioe as aep fstths pESEQSID NO$e, anhmpleasuri@nart bifect g the kaalidae
Sequence anal ysis 20 of the_genes encoding the respective f)rot eins wll
reveal the rRQIEROPBG ST drkg medilates gB e biplpeigab astsaiynf the H\Heldpdyraptde Ry ol ved
in interacti 1L, i.hdi.nd. i e or ed
to a ol UPraE ShebreRitaR el Hellth, KEXarm o B8l AR RORNED

al | owed to idbility actclesive b suitable, calbpaidl sulbstraiet effeetd einethtivet idaglbngdgHNRIIANET ,
whi ch has been treated with a proteolytic enzyne, such as trypsin. After

washi ng, a <Horessingsell Lipe|aad efiaes ofmodilas of efjen ¢adpainrmediated plysiotogical
bi ndi ng, 2UbmnAi Ry remain associated with the solid material, which can
be isolated and identified by am no acid sequencing. Al so, once the gene

coding for the i nifica& thethad obidestifhgRafipdefids that GRS @k bislogichl LRy
segnments can be engineered to express peptide fragnents of the protein,
whi ch can t Héthea@ovelsHYR ldopolgpapéideiy ob e Diesspt AAYPNHOR | dormmpdises caybipHest zed.

30 The hurmr) L oAl RSRLLARBANY Bl RERLLAEDC8LablS HRISSEN LA O

or inmmunogenic fragients or i gope S thereof,rcan usé

screeni ng_ 1 hehafaddli that dxpigssed thet BIVIOLN @6l ybéptide Vaid Bie¥subihg HnUEFT&E g &hé Ng
t echni ques. The fragnment enployed in such a screening assay nmay be free in
sol ution, afepdidatet eprapawii e diygpapdulates rasethgnbiglogical activity of the HVRI1d

polypeptide. The host cell can also be capable of being induced to express the HVR1d
polypeptide, e.g., via inducible expression. Physiological effects of a given modulator
candidate on the HVR1d polypeptide can also be measured. Thus, cellular assays for
30 particular calpain modulators may be either direct measurement or quantification of the
physical biological activity of the HVR1d polypeptide, or they may be measurement or
quantification of a physiological effect. Such methods preferably employ a HVR1d
polypeptide as described herein, or an overexpressed recombinant HVR 1d polypeptide
in suitable host cells containing an expression vector as described herein, wherein the
3 HVR1d polypeptide is expressed, overexpressed, or undergoes upregulated expression.

Another aspect of the present invention embraces a method of screening for a

compound that is capable of modulating the biological activity of a HVR1d polypeptide,
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cell surface, or located intracellularly. The reduction or abolition of
activity of the 35 formation of binding conpl exes between the ion channel
prot ei n avaorei@agent being tested can be nmeasured. ThusPCT/801p#583veNt

i nvention provides a nethod for screening or assessing a plurality of
conpounds f ebnfphigink pRR&shE aﬁoé@'caﬂe&@aiﬁh%wb%pfeéﬁdnmeaowaﬁb&mgﬁﬂnu\é&@&/iMZ 10
PCT/ US01/ 45336 polypeptide, or a bindable peptide fragnment,” of this

i nventiord ceqpEncséntgding @ AR hijpalyfeppide; oak finctiofal peptsiewn gertion drentafiag., t he

HVR1d pol yp i de a _bi ndapl eptide fragnent, wth h of a .
plurality o%%&ﬂw&)%@s dejeriniog fhe lpeieal retyioee qXBWS%ﬁdﬁﬁ&fi PRbRFEHde
sui t abl e congdig,d i (-ndi ng. $I—Mg1 pQk t]

peptide to @gé&éﬁ%@%ent%ﬁgfgzﬁrrﬁ)glhlla% %frﬁit%élgtg ’ gélﬁt%%ﬁl ds, %r%le%%&ﬁ ?(ﬂ%ﬁ(ﬁl?&r ng
t he conpoundsntpbaid arddesqrednihp de!Hiylopicalchctivity bfthblekirdsspd FMIEIE polgpeptide

pepti de. Methaods of identifying conpounds _that nodul ate the activity of the
novel hungp it fagreresepes Qljbpiodelatos sernpounde fe srb methodagliiferepcadiptwerd the esent

! . I . e ol it 4
modul ator oft warprhe BVASEBLakT BRIt o e SBTEASnERIRANS B 10
peptide, forabseseepl the thddlddRidnhe hdicite dldosatgnefecd 6f thelcofn@bid.i N SEQ

I D NCS: 2, and neasuring an effect of the candidate conpound or drug

nodul at or on t he HssentisBy ery cheati¢al repp@mdicae bepmploypdes pegientipbmedulaipspt i de.
Such neasur ajl ff.ec i ncl far. .ex | hysical binding interaction;
Che  abpti oyt B EGhSyS bR of Bl SERPLS puRR GO R RERG ATRERE na
cl oned HVfZldno®XoRS@htE &81 dmdll fiRmied todfpoled SordiolRiddl adtdy Se.8), pedtb@dl
cal pai n-nedi at ed physi ol ogi cal 20 neasures. Anot her method of identifying

conpounds t agarmwEitie peidt ipidbi Easbeprapaunds will bipjcallybe smell sberpicalHumiegules

pol ypeptides_qf the present ipnvention.conprise i ni a__potential or
Cand dat e cangaeiesr CRRGayft Folbashingy SR PERA AR Bredon BRHRGOLER 7t 1
25 a host cehhqiddat oPARAEE SES., DM@@MEM? EALYRRPThd AssAPslareRIBsibiddne saef f ect
of the candidate compound or drug nodul ator on the biological activity of

the HVR d porephepira dibraTisebhagematalg theassayaitens ahé prswjshing eongrfounds figm anyluced

to expres® the HVR. d pol ypepti de,. ., . Vvia ci bl e.expressio

Phyei ol ogr c&Prsrras gy ARGRTrisBbfhp s bl dP Rt e R lgmats

pol ypept i de onahicaltitd phes TR asBbtie dssayd) UlherRb ith @ EupbtsAYE ch@thicAQoRPblhdsul ar
cal pain nodul ators may be either direct neasurenent or quantification of
the physi canclidiog Segroa(StabeuisiNQ).ohldrink ($vVRpis pMIG)pSigmiadsldrich (Bhépuisaybe

t i ficat]. f i i cal .effect..Such nethed
oo or ably MGy ATME o S Bie PRI HREL SpufeniGib rretmlly, ARSY
over expr essednpsaRhAdh syiRsPedBY ¥RERUE §8owh th G¥iatiabl € host cells

cont ai ni an expression vector as described herein, wherein the
High throughput screening methodologies are particularly envisioned for the

detection of modulators of the novel HVR1d polynucleotides and polypeptides described
herein. Such high throughput screening methods typically involve providing a
combinatorial chemical or peptide library containing a large number of potential

30 therapeutic compounds (e.g., ligand or modulator compounds). Such combinatorial
chemical libraries or ligand libraries are then screened in one or more assays to identify
those library members (e.g., particular chemical species or subclasses) that display a
desired characteristic activity. The compounds so identified can serve as conventional
lead compounds, or can themselves be used as potential or actual therapeutics.

. A combinatorial chemical library is a collection of diverse chemical compounds

generated either by chemical synthesis or biological synthesis, by combining a number

of chemical building blocks (i.e., reagents such as amino acids). As an example, a linear
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35 HVRI d pol ypeptide is expressed, overexpressed, or undergoes upregul ated
expression. Another aspect of the present invention enbraces a nethod of
screeni ngvé 02/4€210 conpound that i s capabl e of nodul ati ng thkheTdsal4sgiocal
activity of a HVRLd pol ypeptide, 65 WO 02/44210 PCT/ US01/ 45336 conpri sing

provi di ng ach@biaeshl [jEag! @%uv RP&yﬁéptﬁé BF ?eﬁid@ MbMeE iOfored BPEdsing tgwéi eic

acid 5 sequence encodi ng | ypepti or a functional peptide or
portion ¢t heDédien(l@lQUﬂdlngﬁlQCKDnN@s:ym&bbt\myrfpm giyen bempiusdderigtialieachd vi ty

f th R .d I th f dul d;
Cont act i ng. REDEr At ROER Y RuaPSRttE SrSRBOR AOmER YT Chheiear
bi ol ogi cal, ashpNir o nd (ARAELARSHNE rfioh RARLAARMAAR chimidFh RIdRRENCe

of the nodul ator compoun I n such met ho iffere et ween t
activity of bideks. HVRld pol ypeptide in the presence of the nodul ator conmpound

and in the abseq, e of the nodul ator co %und di ca ? a nodul g ng effect
of the cqppound. E@%W?JFE‘%{PIP?H Seyecarg At &gi% ?ﬁi iBEAries| s}
potenti al™"mpdyl AL g Vﬁ?e éétiﬁegl? Eémh&ﬁ ﬁ%s?’&n@ﬁ@fﬂ' Rafils E&ﬁm@r %ﬁﬁ%ﬁ

i nvention. Conrpoun al'pai n ators can be any Smar

chemi cal cotipdtaridn, fptite hbmgegedg dnBi PyteteNg. 5,010, U1% Borkas U9, JnnUCPeprC
acid, lipid Test co ounds w | | tyg@cal ly be smal| chem cal nol ecul es

and pepti de&rotcdiss at 1:487-4%% n fedl--as9Yot Metiral 339eRfud@k orQthean be
di | ved | t
ar ngegfgneéﬂ?@g*g%?g‘zrngé B8 h Gl Gveyslo) HENAIRS S B8 o WsPRD P fiRE 2

st eps and spegathplengf mrmml ﬂd&&rﬁﬂqurﬁiy}chaﬁls@w\dﬁﬂu&é] tpep@wsqecm‘amyal@f e
typically run in parallel, for exanple, in mcrotiter formats on

mcrotiter Poat¥aNI0EHD: @r@oa%%MIdesr(PéﬁéPabI@aﬁaW%U\ﬁ@l%é@@ﬂ@r r&en cal

gogp nguglerl cLOn(?lgb %eEQ&P%’EBWEOr#ﬁ%kW%@b% f3\IB]9€1:nZ E&aée?ﬁﬂe,&k ?gy?a &JXH}IBUC hs,

Swi t zer | and},288 en4)e>dmmomers°d@1@ as hydn€i) Beiddiarsyind and)dipdpeiaéZ @Tbbby et

met hods known in the art. c?h t hr oug&put screeni ng net hodol ogi es are

parti cul ar | 9998 Jrrgncdant dead. Wei. Ugds HE696H13) reslozous pelypepiideeHagihara HVRLd
pol ynucl 2ot E?zﬁ Oé%? Jngmgip %91 ' d§o dﬁﬁ%%\g}e 8 nlgeplélgel @g%cy Tl r%:I’a(é's YVltE Ig?ucg heD Ut

screeni ng ng ypi Cal 1y nvoTve pro orra

peptide |i bgauffolding tiirsthi@na et &1, d99NUNaREr.afhapnisent 1 Bd: 9310/ ey, apelekbes
conmpounds (e.g., Iigand or nodul ator conmpounds). Such conbi natori a
chemi cal | i Bregpicsgnigiesis Phma! mr@p@mdéévr@rteé (Chemetsls £89fed. Amen ke Soor e

cosers 1o ! S5R0N, ISR AN RS Benc A EHEL TN, 7o
conpounds _s ghogpaoididd (EnmpBell Sy €9PE JCORY GHehO 181 658), @@t tOFRDIbIHSes (B¢e Can
t hensel vés Ee used as potential or actual t hera eutlcs.
Ausubel, Berger and Sambrook, all supra), peptide nucleic acid libraries (U.S. Patent No.
5,539,083), antibody libraries (e.g., Vaughn et al., 1996, Nature Biotechnology, ‘
14(3):309-314) and PCT/US96/10287), carbohydrate libraries (e.g., Liang et al., 1996,
Science, 274-1520-1522) and U.S. Patent No. 5,593,853), small organic molecule
30 libraries (e.g., benzodiazepines, Baum C&EN, Jan. 18, 1993, page 33; and U.S. Patent
No. 5,288,514; isoprenoids, U.S. Patent No. 5,569,588; thiazolidinones and
metathiazanones, U.S. Patent No. 5,549,974; pyrrolidines, U.S. Patent Nos. 5,525,735
and 5,519,134; morpholino compounds, U.S. Patent No. 5,506,337; and the like).
Devices for the preparation of combinatorial libraries are commercially available
35 (e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY; Symphony, Rainin,
Woburn, MA; 433A Applied Biosystems, Foster City, CA; 9050 Plus, Millipore,

Bedford, MA). In addition, a large number of combinatorial libraries are commercially
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35 A conmbinatorial chemcal library is a collection of diverse chem ca
conpounds generated either by chem cal synthesis or biological synthesis,
by conbi wagza2nmunber of chem cal buil ding blocks (i.e.,PerRagEMS336such as
amno acids). As an exanple, a linear 66 WO 02/44210 PCT/US01/45336

conbi nat ori @%aﬂabi@:r(égg\/,C&ngeme)@PPifﬁbé‘tBﬁ,Wl;d&siﬁéx, RERcbHe Rubdp4; arpos! Ficf, @imed by
conbining a set 5 of chem cal building blocks in every possible way for a
gi ven co%pobnmSJMﬁthhe(riS.tze, Ltdt,AdoscownBaessiaf3 aRhammaemsitidals,i Exton, P ;yagtk de or
pepti de conpound). | ]iqns chem cal . conpounds can be synt hesi zed

t hrough such!'E6HBrHat8 la@ﬁb?ﬂﬁfgkﬁ@ﬁénical buil ding blocks. 10 The
preparation and §cpeenhfishifbnC AIh MR Ry iAPhade RERT iS3nb % known
to those having skill 1n tlﬁlenbertrlnent rtv.’1 Co 1|8 a?oerklga {ni brrarlséeggé Iy

i ncl ude, wi thgghtthrduighputdoinen, wiep thedelll drbisarei cxpres€ing an idnShafiad édttabled
5,010, 175; Furka, 1991, Int. J. Pept. Prot. Res., 37:487-493; and Houghton
et al., 1@9&0, aﬁém se Ystrglg. é@ﬁuc%%emm@ha% agpays diisnossiplerie peresthyp to
chem cal “di ' I b aF {0 . e of
chorm cal di Yoot o B8R S0 RORDr alifiia SR 4T, WORaGIZMERREE, O]
No. WO 91/ 0494 8hjrotiren phacechnbepisedi@speifdcih aRapraeakiagngiinst NGB0 2dTAhTAL
random bio-oligomers (PCT Publication No. WD 92/0009 1), benzodi azepi nes
(U.S. Pat enfadglatorporp gonceniration Qiinswintrs timeehiests ariadsiobpersed, every 5-10

b di i i t : t Sci .
D02 DBk AR ARCL RS BBl P TR RE e Wi a0 5
Amer . Chgm 98egodulaldd. G566, weld pReRtdrelasedp eeh iadongleplateCenvdatily SsiiE 5

scaffolding (H rschmann et al., 1992, J. Amer. Chem Soc., 114:9217-9218),
anal ogous  BPQHAPE te ghruid§PQ differentepmpesrdso Jhis nossiblarp assay eeieraltiffegent

1994, J. A ) : . 26 L r bangt al. 1993,
Sci ence, Zgﬁi:’aﬁ% ,H}’}én Sbgorpe}a{ %’%P%}’/ ?é's)?g S%ﬁ%fg’gﬁg‘ﬁ%?"gg’ O%Eg’r@pgg%loﬁ)togtdlféf r'e1’1t 1994,
J. Og. Chegdmp&fidsafh) poskibld @i the iddsdribbd aftégsted SpfemAUsubel , Berger and

Sanbr ook, all supra), peptide nucleic acid Iibraries (U S. Patent No.
5, 539, 083), ant i FoaRptharief ip pepscis ethy presepdiigtention erdompassys ecrequang ansl small

Bi ot echn@bo 4( 3): -314). and PCT/,US96/ 10287 car bohydrate lLibraries
Co 4 Ao horculk 2. ) dtedtiol Ay Mty B 08 B derEioR BNMA B i R
5, 593, 853) , swARklol@ulRMhg cARbREUb @ s3fn! frbkd, .65 HVIRLd pdl?%)ﬁdé BZ fdpitiaes.,

Baum C&EN, Jan. 18, 1993, page 33; and U.S. Patent No. 5,288,514;
i sopr enoi ds Pagislarfyprefetrediare assays Suisdde for highibtovghms serserdngimethodologies.

nmet at hi azanones, U, S, Pai.en 4.5,549,974.. pyrrolidines, U S. Patent. Nos.
5,525, 735 and. 5TE1E PRI e BB RAEIREE & PR st Rg PRIERH 507
and the | i kegsay B8\HoE @piély fcagird.epall ahtoR Afededidian@didE ippdtein] PieretaBE ar e
comer ci &P y avail abl e

substantially purified, and a library or panel of compounds (e.g., ligands, drugs, small

molecules) or biological entities to be screened or assayed for binding to the protein

target. Preferably, most small molecules that bind to the target protein will modulate

activity in some manner, due to preferential, higher affinity binding to functional areas
30 or sites on the protein.

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

3 that bind to expressed, and preferably purified, ion channel polypeptide based on affinity

of binding determinations by analyzing thermal unfolding curves of protein-drug or

ligand complexes. The drugs or binding molecules determined by this technique can be
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35 (e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY; Synphony,
Rai nin, Wburn, M, 433A Applied Biosystens, Foster Cty, CA, 9050 Pl us,
M | 1iporeayooBegdiord, MA). In addition, a | arge nunber of BPOTMUSOIALS836 al
libraries are comercially 67 WO 02/44210 PCT/US01/45336 available (e.g.,
Contenex, Prifik&tatayed\if defivéd) 8 melfidds Qukh zﬁ%ﬁ@e@escﬁbbcpﬁéceml dGeternine iPthbOUI S,
MO, CherrSt ar, Ltd., Mscow, Russia; 3D Pharmaceuticals, Exton, PA; Martek
Bi osci ences mﬂ@tlllﬁ&)afééct mnomldtetfnectiqnlm)actﬂflty ofithe @mgﬁb@mtem the invention

rovi de olid e vitro sa ahl t. f.ormat,
Phere the ool | o pudfer Yﬁﬁ&ﬁwpa S Fentile i ateestlie 5 HAEHEH DingRE 7,
solid phase

soreen up tolf'éé‘éél’?fi?ﬁ% i R Pl ey s DRl BRI phl ol b ISSIL By L0

day. |n par tsucedssivg fleemhthwwl dyclesfle.g., ohe toothirded in ﬂieqtrasenwobﬁamtkaaﬂptoneaser form
el ected potential . nodul ator,

a Separate as ag or
concent r aj dﬁﬁﬁﬁws 3@53\(%}599 Iypeptfle may &e gridially oo %t@w@&ﬁe@mé standard o

wel |'s can r pl at e
can aseay adpoe bGRACRURMNBAS e ¢ FAlBN b AMEBh O R L OBl
singl e pl at edesaibed @i, Yor b tigynds spstificdoo i eﬂ;ﬂi@etag aagmaéledﬁﬁ@tlﬁlrédoem‘tﬁmnt
conpounds. It is possible to assay several_ djfferent plates per day; thus,

for exanpl e HY¥Bddpolprriddrsmplsrulapilse andesgribel sz@lmg APEYiBF eaft then Y be

conpounds ar eegglt%ﬁ Qld‘ésc‘ﬂl%%@g t he described integrated systens. |In another
of its aspects e present invention enconpasses screening and small 20

mol ecul e {£.g. drcugpodﬁts etidhodie aieatfied stbeiing O\ metholiepeided heih, ahd
identificati on of small nolecules that can bind to a given grotel n, i.
a HVRLd pol ypligh jraedidate p@pfqgélbﬁte then biglegiralr agfiviy efffePlii)éd)l@SYeO §§%\ﬁVB@ﬂ1t abI e

for high t hrpgyzﬁ{ép#ﬁes ;? C &) RN ;g’ege% Oefifon bt 3 %fé}er %c{] gﬁlﬂ?&l%‘%ﬁ? de thls i s

det ecti on, I cCa r SCr ning assays, uncti ona

not typi cal lifvéreiani e d. cdﬂtémﬁlbt@ﬂ thet snaedﬁﬂulasora cbpgeidsph Bb empwyeaeﬁ abl y
substantially purified, and a library or panel of conpounds @gands
drugs, snal |treaiaensend dsransatipmethogs Eultreating a canditicn thet is meé@tfé@yahe aewhyed
for bindi ZQ;] Pref er ahl St | es; t hat
bind o t he tSReEPBESPE i Fifibumiarle e Roti ) 3 aSEE ok R R BRLA T

pref er ent i altherap@itieallpéfféotive ndupcbMbe E@mf)d;lﬁﬁit 1uaﬁﬁiedafy&n§ metfdd9destribed on
the protein. An exanple of such an assay Is the fluorescence based thernal

shift assay KeminDj nensi onal Pharmaceuticals, Inc., 3DP, Exton, PA) as

described in U S t 020..141 and 6. 036, 220 t Pant

s see al so, 3 ANREPER Bresgt gt RRuRt brf s ﬂﬁgwg{s Wit A RRR

al l ows t hze5 Cl%b@@iflsﬁéh atatiwat ForDUREaeEisbfled - or hdgiSn thitdidtB&diated by the
HVRI1d polypeptides of the invention, comprising administering to the individual a
therapeutically effective amount of the HVR1d-modulating compound identified by a

method provided herein.

30

5.4.3. METHODS AND COMPOSITIONS FOR THE TREATMENT OF
ION CHANNEL-RELATED DISORDERS

The present invention also relates to methods and compositions for the
treatment or modulation of any disorder or cellular process that is mediated or
35 regulated by hVR1d gene product expression or function, e.g., hVR1d-mediated cell
activation, signal transduction, cellular regulatory factor release, etc. Further, hVR1d

effector functions can be modulated via such methods and compositions.
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35 that bind to expressed, and preferably purified, ion channel polypeptide
based on affinity of binding determ nations by anal yzing thermal unfolding
curves ofw@ooiein-drug or |igand conpl exes. The drugs orP@T/HEIIMF3FD] ecul es
determ ned by this technique can be 68 WD 02/44210 PCT/US01/ 45336 further
assayed, if desi rg@ m&HodedfiBdmvesitiningindé RRER IS Bk hidaamidIEVRI i gerdetind
determne_ if the 5 nolecules affect or nodulate function or act|V|ty of the
target prt &eRC PrPJUhACHTY. alnigortain ipgrgqseihe deaterenipwut jeaeire & msesst e a

bi ol ogi cal tﬁ‘[p ﬂlgioﬁro abti380H OPEVE&HQC%E Whil¥ in %ﬂﬁ@r m8tdh ﬂﬁ@YreFﬁne% whol e
cell lysate can e prepare succéssive freeze- t aw cyc

one to thr ee’yllhrﬁqmreea @ﬁcmmabweglimd@r guppressivasd hVR lidrdelimity. o'ﬂscreaﬁ@é H\/RI d
pol ypepti de Vi i r t r otein
purlflcatloﬁﬁge?ﬁ:%gé kﬁ%tgﬂ%(?ﬁgﬁﬁlﬁlﬁ¢ona Ehgﬂﬂg ‘%ﬁﬁoggégY??% anti body
descri bed i rttiwty mrthdyell tyganﬂmtesrpﬂan theabkarce aﬁmrlulatqag treatgneat gMietheded i nt o

t he reconjyj nan HVR1d p cul e, .alLso. a cri.be

B nd ng. ol 101 g dEbRP R AVEE SRy PR i e 2hRBic S A8 Teno MEE RO ar e
i denlt ifi edhan%mbfﬁamoﬁtgkheamﬂye@dlp{]medd?seaedxfeﬁ nﬁ @%Ea \é\Mbthbdmwha; e or
regul ate the bip]ogical activity physi 0 t he epti des
o Sor di ng. 62 R Tadgive OF Aoust o R R VigY GHHER{a8 0B b an HeHe! BRI ik
invention. Iwhitlsthe aRdtBOPsHrdickd ate GittlselRE 9 {oArY4.38MPMNAS MY be
enployed in treatment and therapeutic nethods for treating a condition

that is nediated by the novel 20 HVRLd pol ypeptides by adm nistering to an
| ndividuajs i n need of sush MIEAIOPRUEGR DIGYERSIIG &I 14 LEtARTYve amount of

the conpound identified by the nethods described herein. Tn addition, the
present inventi orﬁupﬁwfuél trsatmenhoiolon channel/ieaid hgnepstapia disprdeusle-g.rCNS 5 need

Phe TRLy” sl (kiR diAaser nbAORARia, Oh bERIh! bk BmcliibdlSAliat ©0 DY

the HVRLd po peﬁtl es o ntion, conprisi m erirn o0 the
i ndi vi dual a;eereh@dapwta‘|hUaR]Jd;aCHifityacAchmt}mmlbﬁtdeafeasekié)yl-NEJ diressijul at i ng

compound i prow herejin. 30.5. 4. 3. .MVE AND
COVPCSI T o\@gfi‘lééé %&{}Ma%f %&mﬁﬁﬁbﬁé@}ﬁ@% %F%&E%%Hqﬁ%ﬁééo
pr esent |20/éNRngeabsmpneedmt es to rret hods and corrpositi ons for the
treatment or ation of an d| sorder jor ¢ cess t.hat

e ated or 35 1 dSAPSERR LS TREHS Sieha gia GEplHe D ulCRSSs ieeT
e.g., hVRd Smﬁkblﬁj 8. aapta, that decrease hVR1d gene product activity can be used in-

accordance with the invention to ameliorate symptoms associated with ion

channel/ionic homeostasis disorders. As discussed supra, such molecules can include,

25 but are not limited to peptides, including soluble peptides, and small organic or
inorganic molecules, and can be referred to as hVR 1d antagonists. Techniques for the
determination of effective doses and administration of such compounds are described
in Section 5.5., infra.

In addition, antisense and ribozyme molecules that inhibit hVR1d gene

30 expression can also be used to reduce the level of hVR1d gene expression, thus
effectively reducing the level of hVR1d gene product present, thereby decreasing the
level of hVR1d protein activity. Still further, triple helix molecules can be utilized in
reducing the level of hVR1d gene expression. Such molecules can be designed to
reduce or inhibit either wild type, or if appropriate, mutant target gene activity.

35 Techniques for the production and use of such molecules are well known to those of
skill in the art.
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activation, signal transduction, cellular regulatory factor rel ease, etc.
Further, hVRId effector functions can be nodul ated via such nethods and
conposi t ivome2/4489 WO 02/ 44210 PCT/ US01/ 45336 The net hods BPETARE/45836ent i on
include nmethods that nodulate hVR d gene and 5 gene product activity. In

certain instancesAnisefsd J@%d&ﬁ&tm%ﬂvé tHeQﬁb'ﬂgﬁ%f%H%d)rﬁféfe%ﬁaé‘s (cithRTRIAI L i on or
activation of hVRId activity, while in other instances, the treatnent wll
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e e S Tl

activity relative to interest in the
absence of rsdsiatieor bsoleigtcomplemdvitritpddthoagt preferted, deot egszedf AhVRI d

of hVR o acteoi et ArEhlbRelEE IOR pdichu b bn % Erol BRI Bt bl i o

can either isaquenasbaing dﬁﬁbmseoﬂnplalndntantyl tmbbyxbﬁ&p(h@blﬂldlge ofithttheRMaY,t i cul ar

manner |ch th d is ractl dIS ssed in Secti. n 5 4. 3. 3,
infra. 15105 qroyng a ﬁ%ﬁ%@? ‘éc bﬁ(ﬁ% Wﬁﬁn 8@%‘

tr egt nrenéI ofsirl glstend i ehd d@lé)@DN@I@@ﬁﬂﬁ@E&t%k&@bﬂ@fp‘i@g i%nﬁ%mo bﬂl S 3}1 deL s,
cardi ac di sor erc e n be brought about by ods iC
serve to de@?%‘é(%‘i ’ﬁﬁ,@pléﬂ%tp%}gpa]ze l\’éﬁ 391? oadotihthe glegieg 9§ ggnglymegta&ty
directly d%&m%&ghmvﬂl@a@eaee%@l%%d | G&eral R, ﬂfe%ﬁgerﬁ’fetﬂyﬁhﬁ&u?g‘d/ or by
decreasing the |eve gene expression. For  exanpl e, conpounds

such as t hodicleifeasid.themornbasa gHsmaishgpsvidbat RNGeld may cogiaén pushstil form 2,

supra, thgf (dg & hYRisled -t SRR,

accordance v?n tﬁé&ﬁﬂ i @veﬁ@?oﬁdg?})@%‘ﬁg#ﬁgr Oﬂé gléﬂloms tggésul(g?l%g?ég t%ntah ion
channel / i onitelerableedsgresstignigimstohdoruse Oﬂsa@ﬁas@pme@rsm@r@remmhme@m es can
i ncl ude, 25 o0 peptides, including soluble peptides,

and small o gﬁlogﬁger%}ﬂr(%oiremghl gle?r(t)l ecul es, and can be referred to as hVvR d
ant agoni sts. Tec P(Mugpwslebndestthﬁ arejemeplennmmym thd 5’ehfl ©f the\mesdngees garﬂmb

adm ni strati c s.a scr ectl In
addi tion, arﬁD }lrétgarlllssgayeéf] Sga g% lﬁ% ngg th? %‘;{{G llﬁﬂfﬁb %‘Oﬁléln‘@or 30
expressi di0 aavst affoderioly aﬂminlbltmg trenklat®nt ﬂh)\i/eﬁz‘eelseq)ienbéél?ioﬁl;gﬁﬂmtﬁypﬁd&a on,

thus effectjvel duc he I of hVR ene rodu t sent, thereby
decr easi ng th&d tf%\?%’f fp‘?@@%@ﬁ‘&f‘?‘\%&%g ant?lﬁ? ﬁ@?cet\“’?raf pl e helix
nol ecul es Caﬂubﬁmgtttalnlsléﬁdn bflleI\amJa:slvv@ t4e degyrally cfoagﬁéEilld geE Nex@eessi on.

ned reduce or | nh| bi.t ejther wldtype, or

Such nol ecul
i f appropri é%t%z 3%2&3§nt é’r B ‘Ffeld%?‘?‘vplﬁ?enwt?eedq&? B§es oF or PPe
producti on andslded, Min-Setifs MRtRG Wk &Se. ahe hWR14. 1k<51qm1<92 hhasie aelds

25 depicted in FIG. 1 could be used in an antisense approach to inhibit translation of
endogenous hVR1d gene mRNA.

Oligonucleotides complementary to the 5’ untranslated region of the mRNA
should include the complement of the AUG start codon. Antisense oligonucleotides
complementary to mRNA coding regions are less efficient inhibitors of translation but

30 could be used in accordance with the invention. Whether designed to hybridize to the
5™, 3™ or coding region of target or pathway gene mRNA, antisense nucleic acids
should be at least six nucleotides in length, and are preferably oligonucleotides
ranging from 6 to about 50 nucleotides in length. In specific aspects, the
oligonucleotide is at least 10 nucleotides, at least 17 nucleotides, at least 25

35 nucleotides or at least 50 nucleotides.

Regardless of the choice of target sequence, it is preferred that in vitro studies

are first performed to quantitate the ability of the antisense oligonucleotide to inhibit
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skill in the art. 70 WD 02/44210 PCT/ US01/ 45336 Anti sense approaches

i nvol ve the design of oligonucleotides (either DNA or 5 RNA) that are

conpl enewa@any40200 hVRLd gene nmRNA. The anti sense ol i gonucl rPOT/UA@E$453%i | | bi nd
to the conplenentary hVRI d gene nRNA transcripts and prevent translation.
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triplex, k Ied rt can acert
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mel ting poiaat thdt thdwudiadtide deqirbcecoithe eo;ntrdﬂohg@mmcdoﬁaé diess frb@tthar e

conpl enment ar%/1 tothe 5 end o he. ms*ssa%Iy 5% g untransl t ed

sequence up PYSISE STIHENLFRNGOTHBANIIBELFHFY 40 P e@é@%‘ﬁﬁc MWI%PU‘%FR E’20 nost

ef ficiently tatoet 2Ridickl Ng transl ati on. However, sequences conplenentary to
oed ol

the 3" untransl at ed sequences of nMRNAs have recently been shown to be
effective at i nhihsialigogueleeiiies s bnDAA RINS arshiaeric mgdereg endariatiyes

Wagner, Rjs o%%%lﬁé\éﬁ{réf&%ns %@%o?%ﬁa@{’%a §B&'§r d&lHlQ&%E&OThgsﬁ @%Rb&&@?”: ary

to either th - nhon- rar‘F ate non- cod Is@ﬁ regi ons O he
hVR1d. 1 or medng)dmﬁmd@tutbeb@cmn% Hgpi BostY, onpk ath@@IhOdetfef used in an

anti sense aRRLARRJ Bl Bty @78) AklRRICh b AAGRRNAUS MVRId gene mRUA

d i gonucl eot enentary "to t ¥ans regi on of the nRNA .
shoul d i ncl ude t H@lecﬂlwheqimttdeoﬁaﬁ e mbmdsbeher appmidcd granps smhaepepudes

| | eot t d n n efficient
o gonct <ol 45y RTRN SRR bR e oL b o
i nvent i or20 \thetdlEmeohbsing ried, ¢.9., Ryfsiniget atenl.t O8N LrocdNatl. Bead. Sti. ToSliANg regi on

Gl x nudl eot IRE TR Sn GO AR 05 bl B Horder Bt T ECT ranging.

from6 to abopflich@ormnMel eotides in Iength In specific aspects, the

[ | eotid | eot . at | eas nucl eot | de at
Peast 26 35 hucl CBE SRR af tedlSa e ieiiagrsese, PCT Appication No: o

89/10134), or hybridization-triggered cleavage agents (see, e.g., Krol et al., 1988,

25 BioTechniques 6:958-976) or intercalating agents (see, e.g., Zon, 1988, Pharm. Res.
5:539-549). For example, the oligonucleotide may be conjugated to another molecule,
e.g., a peptide, hybridization triggered cross-linking agent, transport agent,
hybridization-triggered cleavage agent, etc.

Oligonucleotides of the invention may be synthesized by standard methods

30 known in the art, e.g., by use of an automated DNA synthesizer (such as are
commercially available from Biosearch, Applied Biosystems, etc.). As examples,
phosphorothioate oligonucleotides may be synthesized by the method of Stein et al.
(1988, Nucl. Acids Res. 16:3209) and methylphosphonate oligonucleotides can be
prepared by use of controlled pore glass polymer supports (Sarin et al., 1988, Proc.

35 Natl. Acad. Sci. U.S.A. 85:7448-7451), etc.

The antisense molecules should be delivered to cells which express the hVR1d

gene in vivo. A number of methods have been developed for delivering antisense
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84: 648- 651256Etggc%&gég%ﬂ%{?aﬁséfg%@wm%\%eneé;ﬁoﬁgs 10(?%" Io,a yfEBEemndl - ey

(see, e.g., mtr,qdqu@m ¥iapisaeh that it takeoyplion aagll ansk diregisrthelfrarsciipten of ajger ed
cl eavage ageptis.ksf¥ae-9.-. Krol et al., 1988, 25 BioTechni ques 6:958-976)
or intercalating agents (see, e.g., Zon, 1988, Pharm Res. 5:539-549). For
exanpl e, the oli dhhut}hemardalzyayatlbmmalqalﬂ@cbapablanf)ctduﬂyzin@tm;)b@ﬁc e.g.,
a peptide, [ Sr.os | i nki ranspp nt,
ybr i zat i PGB EE b SR R e ol Tt B ilens Bl RSP0 20"

i nvent i on20raYhdmeslymisne sf ribakyime astiam dazbﬁ/egeeqwdee—sﬁﬁlficdeizaticbmﬁ thet,

SR A AT TR LGN T T T e R
phosphor ot hidaivegel Tlﬁcnw@oeﬂiohdﬁmbﬁﬁgbm@moﬁe,éﬂlehﬁﬁisiﬁﬁdluﬂbf ohdaer fethod of Stein
gf i 31) nuc I( égtssgaléclé\lllég%“r? IGI%%‘?%R%:{P é%?ts 3%82%‘ M{a}% Ff“gﬁl%g@ﬁ%%? WLk mer
supports ( SajatdlytRiseghence }386nsithle @6 mRNA cleavage. For this sequence, see United
25 States Patent No. 5,093,246, which is incorporated by reference herein in its entirety.
As such, within the scope of the invention are engineered hammerhead motif
ribozyme molecules that specifically and efficiently catalyze endonucleolytic cleavage
of RNA sequences encoding target gene proteins. Ribozyme molecules designed to
catalytically cleave hVR1d gene mRNA transcripts can also be used to prevent
30 translation of hVR1d gene mRNA and expression of target or pathway genes. (See,
e.g., PCT Application No. WO 90/11364; Sarver et al., 1990, Science 247:1222-
1225).
The ribozymes of the present invention also include RNA endoribonucleases
(hereinafter referred to as "Cech-type ribozymes") such as the one which occurs
35 naturally in Tetrahymena Thermophila (known as the IVS, or L-19 IVS RNA) and
which has been extensively described by Thomas Cech and collaborators (Zaug, et al.,
1984, Science, 224:574-578; Zaug and Cech, 1986, Science, 231:470-475; Zaug, et

73



35 Natl. Acad. Sci. U S. A 85:7448-7451), etc. The antisense nol ecul es
shoul d be delivered to cells which express the hVRId gene in vivo. A
nunber ofwoeriads have been devel oped for delivering anti BENE8017433360

02/ 44210 PCT/US01/45336 DNA or RNA to cells; e.g., antisense nolecules can
be injected A4l 1639, NanirB! 24t420-4335 PUT Putéi ADpREatiTRAS. I WD S804300NBEe®decul es
designed to target the desired cells (e.g., _antisense |inked to peptides
or anti boti €echhE86skeli47:-210)bilhe Cfeé%gﬁﬁd@zmle%m‘ae@@rﬁgghtbﬁq@rmrsed on
the target cgll.sw &3 104 r t. g0 Gahd e 1T 1S
often di ffi.cuH’e %slo a@%ﬁ)&'e |ﬁ%ﬁ§%§ﬁg%§$ﬂc§ﬂ%§%§’rgﬁm h)cl)cfledt?% antei sense
sufficient ttergsuRNAetgkestplanes ITeiinvenobn encimyengeg shosRIPRsh-tSfeuthozamps ef er r ed
10 approach yt.idi mhi ) j | C tjsense

ol i gonuct ot ich {88 et GRETRLR ke MACGRERAE AL aleibrlishii] hEREAETRS,
pronoter. The usks mfths adtizseasecappsdachiche tibozyneasshe bt compgeid of eddéfiedn t he
patient wl! result in the . transcription of sufficient ,a nts.of single
St r anded IAUEERIREqd (66 ot IEBRTATAE Grashbe <16 P o & dhsdgenous
hVRI d gene tib aemwl hieh $xprask ﬁhh(ﬁNQ%yi gkhe mﬁg@nn refasH aldtian %ﬂdeﬁh@[y_hVR! d gene
MRNA. For exanple, a vector can be intrqduced in vivo such that it is
taken up by BVEXFS UsHgs A ersyflg enoothes HheHbRAYmSFUng e thg Gonsehoda st

Ribozymes ar@nefasvéhd1arRNponR pesHbEes s& %@Hb&f@te@@éll@'vﬁﬂ%?&i&@@uﬁi@%@tf ic
cl eavage of RNA (For a review, see, Rossi 1994, Current_Bi ol ogy

) i e.g., J., > !
4:469- 471) . quzetIQ%@fﬁ&m@ﬁymt@ﬂemy@aﬁ&enaé@ P¥R 1d goes wessasesqdrieribipeci f i c
hybri di zat4 %n@fat'&ﬁ%?éaﬁ?@ﬂﬂ&yfﬂ}%%ﬂ'ﬁ(‘é ah@senSIRLRIBRL 3 citAEaS a 1FNEY
foll owed by a endonuc eolytic” cleavage. The conposition of ribozyme
nmol ecul es mustradeHulag dencenisatom ispequiired fidescyeonpl enentary to the target
gene nRNA, and i J : esponsi bl e
Por nRNA 61 aavage pRi AT RIBEHE Lkpr s A an S Pl el B SRRERA AT
5, 093, 246, Whkhotkingouth tertpgetdameidonpathvelyegeaa orithpromateri usirigttargetetli rety.  As
such, within the s e of .the inventign.are engi r h .ot i f
i bozyme. nomeieR e RGeHbikiEp QT Tl SRR T A RES, Ru sk,
endonucl ez yIhoinas|&e @apgehi, 093 RNRIISHEISATES Thompshmes a.at 98X Cgeha 1p3at ei ns.

Ri bozyme nolecul es designed to . catal ytJ |y cl eave hVR.d ge

Crancort pt o TenaxaReh: R aREL R fupRieal VAT euerof AtrmRi hOEREIRNE e

AR 1y Siavanh et L 13 s i i P (T el
; Sarver, et al., , . ScCi enc : - . The ribozynes o

the present TOHPSHESIGRS 2 &ULAOY ’Ef@é’nﬁaﬂﬁ{l@ ]rdo%ﬁ?ﬁiFaé’;@e‘é‘)ed’ ert]h or withot

a selectable marker and/or a negative selectable marker, to transfect cells that express

25 the hVR1d gene in vivo. Insertion of the DNA construct, via targeted homologous

recombination, results in inactivation of the hVR1d gene. Such techniques can also

be utilized to generate ion/cation disorder animal models. It should be noted that this

approach can be adapted for use in humans provided the recombinant DNA constrﬁcts

are directly administered or targeted to the required site in vivo using appropriate viral
30 vectors, e.g., herpes virus vectors. \

Alternatively, endogenous hVR1d gene expression can be reduced by targeting
deoxyribonucleotide sequences complementary to the regulatory region of the hVR1d
gene (i.e., the hVR1d gene promoter and/or enhancers) to form triple helical structures
that prevent transcription of the hVR1d gene in target cells in the body (see generally,

35 Helene, C., 1991, Anticancer Drug Des. 6(6):569-84; Helene, C., et al., 1992, Ann.
N.Y. Acad. Sci. 660:27-36; and Maher, L.J., 1992, Bioassays 14(12):807-15).
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(hereinafter referred to as "Cech-type ribozynes") such as the one which
occurs 35 naturally in Tetrahynena Thernophila (known as the IVS, or L-19

| VS RNA) vedd2/442im6 ch has been extensively described by ThoreBUSEF33Nd

col | aborators (Zaug, et al. 1984, Science, 224:574-578; Zaug and Cech,
1986, Science, 23addi0adifnolZaies to¥e 1Ead mr@?a HAR YO 50 4536 on ak
1986, Nature, 324:429-433; PCT Patent l'ication . WD 88/ 04300; Been and
5 Cech, 1@86ranwmtlonzshmzldﬁezs1r@}e Stméemcﬁcqrywe¢ Pﬁmmlm%s ahhehasht base
pair activegsi @mWH'o(P the@é/ Qﬁ u%ﬁ:%u & RobRMRI&esi gﬂ&%&% Ritefik Whi ch

cl eavage 'of the targ ace. The 1 nvention enco asses those
Cech-type nﬂ@mgfcmswa H@peﬁeetrabegepalemg meleh agecipgdneraiytreguresiiteeblsstashees
that are pressel C

ri bozymes can Eﬁleljcéh s BIVBJI ﬁ_ﬂ%%lg]z 9 edp ke ‘B‘t‘b’ﬁ"?‘g%c e(gttecpg&g‘ﬁ%? ﬁucl%:g't?de

i nproved st aeghdncys mayxbgpymmgiin@ba:scal winidh sshbmésdltlmTcA&l andaC6a+ tnpletsel S

whi ch exp Ss. t ferre of .del.i ver

ol ves PIE bl T gt bty St R b s M Bl R EE o1 o
a strong CQﬁslhtﬁlué proeidedasd édmplém@ﬁlhniyl toRIpRBE-@ich réhoi b4 sihglenahedbed
cells will pro e suf fi cg‘g ) ‘guantl i es of 5,1{‘16 |bo[zn¥grg. togﬂﬁsteroy
endogenous S’éﬁba Ryrale] quienigpgn fo,Hebitrands doy glegules
ribozynmes, unhy k&ciRénh 8RN pih&sieh S%r e;@e[rﬁ’pl@ aaoa{ayﬁmg a sﬁeth@we residues.
intracel | uI ar concentration’is rggw red for effici encg Endogenous  hVR d

gene expr essthsie Bwlecrles gvik dormp a trimte heljx WiBePN arduplpxdhat is ﬁ%ék@ﬁg’agﬁ’t t he

target angqqp \ﬂﬁéﬂ‘ﬁf{@)fng&n@ o@fthé hélﬁnﬁrn@ﬁ@&e% raréll%bﬁgd 51%9 fekiral@BPIRgOUS
reconbi nation (see, es et ) 317:230-234; 20

Thomas & Capaieeied, dum@éms@@ng lrsfﬁGSb@lpMQacrmdh@ﬂmw %tanéa; of the ggglexce| |

goﬁé?e?éllg/ uangIrat e% ly’% et%g%a ie‘ggﬁ% %mﬁ%@ffoggﬁg %1%5}% he
endogenous HvRhdigenay bcemctﬂasedmecreatl]@ ?ngiwmebba@hé nocleicagidi radlecyler egi ons of
the IV d_geqeloif Rl BRIt dyt e rc L0 261 23 BDLe, B kich g o @

negative selec & mark P ansr ect at” express fVRI d
gene in viWcahey bmepmrmntlrm‘ﬁrst h:mdﬁ‘dﬁdoﬁaslhplﬁxiand thea theaothet eldmhmnmg dgous

reconbi nati on, ts.in ctivation of. the hVRI e Such, techni ques
Can also . babseefy S ytplsNBR b 6P e abintn S an Lo s B b 08P |

shoul d be natedd bhee duplex. approach can be adapted for use in humans

provi ded the rec i nant constructs re dire d nlst e

targeted to the ?Igb’ﬂﬁt?rtcﬁs g’ﬁé@lwe\?ﬂwﬂ& ZEB?J@Bg}rOFéi@ 51?19%1110 Bg&?ectors
e.g., her peSdemma hégsih BfeSutilidbd & inBibitBhtvnt IEVIRIRYSsHR e pheWERba, iR pRseMlBr €Ssi on

can be re d by targetin deoxyri bonucl eot i de sequences conpl enentary to
the regul %éjdt}eq%t tp%@pgwggq ImLa% 80 ﬁ%ﬁ])l(ﬂlﬂly reduL(I:e or 1nh|1b1t the tlganscnptlon (trip n?e helix) Y

and/or translation (antisense, ribozyme) of mRNA produced by normal target gene

alleles that the concentration of normal target gene product present may be lower than
is necessary for a normal phenotype. In such cases, to ensure that substantially normal
levels of hVR1d gene activity are maintained, nucleic acid molecules that encode and
30 express hVR1d polypeptides exhibiting normal target gene activity can be introduced
into cells via gene therapy methods that do not contain sequences susceptible to
whatever antisense, ribozyme, or triple helix treatments are being utilized. In
instances where the target gene encodes an extracellular protein, it can be preferable to
coadminister normal target gene protein in order to maintain the requisite level of
35 target gene activity.
Antisense RNA and DNA, ribozyme, and triple helix molecules of the

invention can be prepared by any method known in the art, e.g., methods for

75



gene (i.e., the hVR d gene pronoter and/or enhancers) to formtriple
helical structures that prevent transcription of the hVRId gene in target
cel | s i nwhex/pody (see generally, 35 Helene, C, 1991, AnPCTERC533r ug Des.
6(6):569-84; Helene, C, et al., 1992, Ann. N Y. Acad. Sci. 660:27-36; and

Maher, L.J. [ 1IS01/ 45336
NAner L A BuRRanyg R ARl AR Bl AR AR R

i nhi bi tioh dmo%ntin desart syshiassokidpludse phmp&aomghéﬁcstthe&nctﬂdyrﬁheismonposed of
deoxynucleot osi tion of se nucle i des .shoul d be
desi gned to 5%{"8& ﬁﬁkﬁié“%ﬁ“ Ca'f’ Pﬁ%&elregﬁég 81—1’-1&8 3@8 FREPPQ

rul es, whi Cl‘D]QAI‘Beq@dnlcys ¢Qting@hSamBaiNe RIS A medlehigs Slﬁih ]BNN’B%QuthésJ aRDe

or. pyrlmdl nes to b resent on one strand .of. the du Iex l&%ﬁl eoti de
sequences nd?c%BorﬁEFg dt Widleyguely of XRGtets witiel inceipgrat ?‘Htaﬁ’ fAd coc+

triplets 10 pbyi&ase f8mbiesicA%S @t BT 8ESEE paIpsierasl plonfotérss Uliibimadvdly] pl e

hel i x. The pyrimdine-rich nolecules I’OVI de base conplenentarity to a
puri ne- ri Eh dn8ginge cBNAncaisiyets that F’Tém]épséq& antiprase) Bi AesonisHtuai vl oz indaicibly,
orientation d8ed 30 [ I les may be
chosen t hat a?g dgﬁér?ne y gﬁO{e?ggéacei&%d %nfreg%dgﬁgﬁgﬁﬁg% @tlgge?ch of G

resi dues. These In@démane\yel\hkn@wn arodifzcationplodD NS halequlescaa toNmratinskéx t hat
isrichin es are

| ocat ed on gﬁ Si ﬁﬁ%FgRégl ?13%1%1&(’)4&{%6 "Q@S?g%%éﬁ %/ctrjlp e%@?%%{iﬁ irrllégrgal%lﬁ

triplets acrinsaetlhlar sthbidicy &tdlmhﬁalhfeofPossidetmcbqioﬁmtions Actelenattiaveedot lintited

ncr oased byCarastagy o Peee k@Rl dhnh foRBidted VeFiodindon

nol ecul es  areadsyfithb esileade Dn’thalnseﬁd)ﬁlﬂfoﬂlﬁﬁdrﬂglcﬁte&Z OBmeﬁlyl rRAetan such t hat
20 they base pa| t one stran of a | e t hen the ot her,

el'i minating & q?g{eééega}sg}mi%ﬁesg/ 1) the lgogethg{lﬁ% feoea h?e‘ik%B‘E?rl nes or

pyri m di nes to be present on one strand of the duplex. In instances
wherein the antisense,_riboz es described
herein are utlllzedt05413fr% e i s possible

25 that tfig t eChrygb&sinYreSeneRt Bfi%hﬁ%ﬁﬁd)ﬂdﬂ's@l‘é%%aﬂ%lsb 'BQ'dedgh{ Mdut by
transcription (triple helix) and/or translation (antisense, ribozyne) of

RNA pr oduc dechAves high seriegeingiease thedeyel|0b 8 VIR drackiviey. cAeidicandron of
normal tar gehgRee vp! R k!féa{mﬁlé‘%ﬁﬁ;@ﬂ RYeRf |hQ)”I@lrd $dh8Brodus; REGRS §4d/¥: BPr @

nor mal phenotype. I'h such cases, to ensur t'hat subgtantla norma
level s of hVmREasiegdedevel of hYRA( genesgxpressioed, nucl ei ¢ aci d m)l ecul es that

encode and 30 exgf, h

activity can be i n?r%%%ﬁ%ﬂ rplﬁdl%agﬁépgﬁ\%ﬁé dee%gh% er ap%lhniﬁliJ %10%5 tﬁlgl?éago not
contain s%fqueﬁc@mr@é@epﬂp_@ at ipcreateat R bt acamtysembeusamtb@z:gmen/cdiort—ri pl e
hel'ix treat e d"f‘sro?défg.' %h%bfe&rﬁggcanl iﬂclude, but are not limited to peptides,

including soluble peptides, and small organic or inorganic molecules, and can be

referred to as hVR1d agonists.
For example, a compound can, at a level sufficient to treat ion/cation-related
30 disorders and symptoms, be administered to a patient exhibiting such symptoms. One
of skill in the art will readily know how to determine the concentration of effective,
non-toxic doses of the compound, utilizing techniques such as those described in
Section 5.5, infra.
Alternatively, in instances wherein the compound to be administered is a
35 peptide compound, DNA sequences encoding the peptide compound can be directly
administered to a patient exhibiting an ion/cation-related disorder or symptoms, at a

concentration sufficient to produce a level of peptide compound sufficient to
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i nstances where the target gene encodes an extracellular protein, it can be
preferable to coadm nister normal target gene protein in order to maintain
t he requiwdoz4d2¢vel of 35 target gene activity. Anti sensePRNESENMI3ZIONA,
ribozyme, and triple helix nolecules of the invention can be prepared by
any net hod khewWardtd tHehSmipidms 6f e disBRIcPOARy bPthe tdhnifRed disbiddintra,

PCT/ US01/ 45336 = chemi cal I'y _synt hesi zi ng ol i godeoxyribonucl eoti des and

ol i gor i bohucVkisk pefieveairpcellgla administration of spmpeind, ssh soifprreismple :
phosphor am %ﬂo@oﬁ@tﬁﬁﬁlﬁﬁéﬁdﬁ%ﬂ} OHeSrilzbd £ R édfﬁh%é%ra DU LMRIFPN LS can be

generated by in vitro and in vivo transcription sequences encodi ng
t he anti senseolRMAesoingbeltase ofpeitideNompenudsiwibsh ectrextyaceliukackyr thoNAd i nto a

wi de vari ety of rs. whi i rat i.tabl e RNA pol ynerase pronoters
such ae t e a8 RALETiBe! BRTRL My B GO HUE IR K nce
cDNA const r dohgad haiffisignt dissiatiagaphicaansen 6iNkptdasdsiltdifor vied eticiatiomelci bl y,
dependi ng (ﬁn @Qq? r.onot.er, used,. can be introduced stably into cell Iines.
I'n additi bh, RGN REHOMSHM VsFAFRMPE™BNA nol ecul es can be i ntroduced
into the hVRd nqglca%sslvafdr' atm@le@aﬂo@ﬂiﬂfr%érlm?n F@flkﬁﬂliipd@lrto_azplaﬁidiﬁ%@?ﬁﬂfn _
increasing intracellular stability and half-life, Possible npdifications

i ncl ude, utOTAFEOR 6 theibiorly< Sl BIoL5cHies SBRACREHCH AU AR RSP UL IBHCRS of
ribo- or deQxiniRietd BRIIHT al R1iVES cBmpRRI/Sch 3 delifddfleoblek Rn BOMEHLH & OF

t he use of phosphorothioate or 2 -nePhyI rat her than phosphodi esterase

| i nkages wi t3PPEPPEIRE BIclgio add mplecpismnd) adateetipg BigakhoTveh tgating meanyeImHODS FOR
| NCREASI NG hRl £ sAGT) 1 f {aﬁg%p ' > adil ksorders
can al so be br gﬁﬁt a oau.tP %% te??%g’ﬁﬁlﬁht%u's&\%ﬁfc sté_?lggepe% %ﬂﬁ@‘?’g@@%&{t e |level
of hVRLd actYialtvgctopoeaninelyde dnt 4re not mitedtoeslehgyinfspadenramgsiceteddviruset | y

i ncreasing et 1 Vit - ASINI evel of
hVRI d gene (I‘a%?rrg%%ﬁ@ﬁ.vgég?s?%(%np den, ﬂoc%%%%f(ﬂesg%%ﬁﬁtg%fu? ﬁ?gg@fﬁggﬁsﬁ ed

t hr ough t he saskayBpabesesi bed 25 in Section 5.4.2., supra, that increase
hVRI d activity c used.to treat. ipn/cati.on- .related disorders. Such

nol ecul es can i n(a:ﬁuﬁg-%f’ lggl}smartlrc%s ‘ﬂ%frgllnit ’toé’? ab8n'§%%tteiia}§8fder f%@hﬁ’a?ﬂg sol ubl e
pepti des, 2@rdbesamt| HVRIDgane cpatients vat fantatedroy gend replacaneht elasdagye Oneadrerred to
as hVR d agoni sts.. For exanpl compound can,. .at a level sufficient to
treat ion/ca?P?r(?r‘pr]@Fgfﬁaomg hS’iRslglrgﬁ’B? r%ﬁﬂ“’é’?r‘?ﬁf%}ieg@taﬁﬁ‘it%{@t ered to a
patient exhiprbdiclign o0& mosHAHVIRIEL proeen with nskhdllh VRN d fi6tedd funélidd, caeBeli | 'y
know how to .determne the.c ncentrftti n. of effective, _non-toxic doses of
the conpoundSSHEf FRIP RS, Vi fi DR VR QR Helsssrifsd gupty-

Such gene replacement techniques can be accomplished either in vivo or in
25 yitro. Techniques which select for expression within the cell type of interest are

preferred. For in vivo applications, such techniques can, for example, include

appropriate local administration of hVR1d gene sequences.
Additional methods which may be utilized to increase the overall level of

hVRI1d activity include the introduction of appropriate hVR 1d gene-expressing cells,
30 preferably autologous cells, into a patient at positions and in numbers which are

sufficient to ameliorate the symptoms of the ion/cation-related disorder. Such cells

may be either recombinant or non-recombinant. Among the cells which can be

administered to increase the overall level of hVR1d gene expression in a patient are

normal cells, which express the hVR1d gene. The cells can be administered at the
35 anatomical site of expression, or as part of a tissue graft located at a different site in

the body. Such cell-based gene therapy techniques are well known to those skilled in
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Section 5.5, infra. Alternatively, in instances wherein the conpound to be
adm nistered is a 35 peptide conpound, DNA sequences encodi ng the peptide
conmpound wan2/peidi rectly adm nistered to a patient exhi bP€TH§OIA3336

ion/cation-rel ated disorder or synptons, at a concentration sufficient to
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conprise an appropriate nucleic acid | ecul.e and a .targeting neans. Such
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invol ves an 20 aberrant I'd gene, patients can be treated E}; gene
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exanpl e a depecific gntimwly| e nasiuthonyreifoetctcas ipraa . in@eash ogdeaease i A¥&Idnt

e aues o7 SESOTRbLAEE I A e el e

pr e}‘ e(r]I r ed20 mbtia')r_ns.\zi, M_@l ramFﬁhgafullmth Wﬂdhyﬁe?ﬁﬁﬂitﬂ%tdﬂ/lbhhprof@ﬁs, exagse,
ude appropriate | oc m ni stration o ene sequences.

A 1 onar bR Pt tingd S Botioh b biso@ins fhe de e SBHIOR Hee of

hVRI d act i vilingitddtelpetieldnat nhatotREBIC Fhle fra@he@p iy tladie astiffddéks, chimeric

gene- expr essi ngﬁfel | s, 30 preferably autologous cells, into a patient at
posi tions arf@UPPEafifer s which are sufficient to ameliorate the synptonms of

the ion/cation-r qlipbeetiklbS@idiemes SuChE €l kS deliver the antibody or a fragment of
25 the Fab region which binds to the hVR1d gene product epitope to cells expressing the

gene product. Where fragments of the antibody are used, the smallest inhibitory
fragment which binds to the hVR 1d protein’s binding domain is preferred. For
example, peptides having an amino acid sequence corresponding to the domain of the
variable region of the antibody that binds to the hVR1d protein can be used. Such

30 peptides can be synthesized chemically or produced via recombinant DNA technology
using methods well known in the art (e.g., see Creighton, 1983, supra and Sambrook
et al., 1989, supra). Alternatively, single chain antibodies, such as neutralizing
antibodies, which bind to intracellular epitopes can also be administered. Such single
chain antibodies can be administered, for example, by expressing nucleotide

35 sequences encoding single-chain antibodies within the target cell population by
utilizing, for example, techniques such as those described in Marasco et al., 1993,
Proc. Natl. Acad. Sci. USA 90:7889-7893.

78



may be either reconbi nant or non-reconbi nant. Anong the cells which can be
adm nistered to increase the overall level of hVRId gene expression in a
patient aveozserimal cells, which express the hVRI d gene. H@pUs@l45336can be
adm nistered at the 35 anatom cal site of expression, or as part of a
tissue graft located at a different site in the body. Such cell-based gene
t herapy techniques are well _known to those skilled in 77 WO 02/44210

PCT/ USO1/25336 the art (se&3. RMA@%HEIQALBRE&ARAUQN% St at es Pat ent
No. 5,399,349; Miulligan and 5 ' MEBETHORS NS TRAEBKIN No. 5, 460, 959) .

hVR d gene sequenggs.d | vitro.
These cel |l s expressi n%ﬁhﬁ%ﬁ?ﬂci&%&?@% (aﬁftl:%% g"%ﬁrﬁé%g%%tglﬁm e5)01ucséd
preferably dod recomtziuancels, aidmrlbe@wlga cambe admm1sttehedpleetpamnt atntil the

di d i d t he_di d ated. 10

5. 455 AR R R e e Pt FTT e AlBiE <

i ncl udes g@dhémpmmanﬁeﬁmm{aelssmamo tﬂ@tpﬁﬁtdiﬂﬁgfa@djmpdjlﬁld&ﬁeﬁllfpbpulatlon
applicati ut.i i yield either an |ncre se or a

decrease in W%Eﬁlﬂltéﬁf‘?s\?ﬂt‘% ‘érlagmll 8@@? Hbgof I EHBPIOMRS} P ternabiyelyy to ¢

i on/ cati on- rgh@in€df éﬁuﬁbi%@&:ﬁﬁfeﬁuﬁiéé Buffisichh@S& pEls & coRRatralayer hVR1d bodi es
exhi bi ting modul at or gabl lity can be utilized accordi ng@tlo the nethods

of this i nve%?PPBFPdPS tresc“ILFéHP s restipHop oF thechsia syapFans. Dependi ng on
the specific antthggy aﬂcﬂﬁeﬁg lolrREa% %?E@rﬁf)o&fﬁl@ cRebABetbREhEREEstBhdard
decrease in hVRId activit ant i od| es can be generated using .

st andard 1§mhmm@f@§th@mqew@s ilrnceikpugétqsmﬁxgersnergamnanala@eg n®t full length
wild type orgdmhaih l?n\éi]gmfllf]ff%tcﬁké'ﬁathag[o 98P e Opeoisgf%hbﬁ‘)e&dct% Eﬁé’%ﬁ'@' ng to

portions of the pro el ns e anti bodies 1nc ut are no ted to
pol ycl onal , qu:d@tmaucallyﬁfefcummeﬁﬂ%pf hepgpdaidi Thadpsdatip dstweshitorde i ¢

anti bodi es, ﬁlﬁ%hergéfcglgltc%gi%kfg é%){hfhfée?ig_pseglﬂg faE@ 0P ic ﬁ%ge)r%%‘r gst%d a%(ﬁh %ll

anti body or a fra Fegion d gene
product epi tldps/RId.c Eohpoends whish eghibi @rg@memppumxdmdices YkaqrefefredagWhiles of

t he anti body_ar Ll est d.n ar fra t i.ch binds to the
Rt d o oz st B AIRE TR S0 ot ¥ e AR b G 2 4REER B0 1
an am no acidtlisegusgsen thmmge;mgcﬁ ﬁrgnpcmnﬁm) o i Gfﬁ'l[;ectdﬁletlsst(@fnl cﬁﬁélgtgr egi on
of the anti body that bi.n to the t ej n be use uc

pepti des. carPEumZ ROHBRL T d PRI eelr S i e PP SiTHaMT DA
technol ogy usi ngrheddiestaied Iﬁohﬂmwraelu aulhhe addals 4Rl himaSREedied @indeteed 1983,

supra and Samhr oo
P ain ormuliatmg a range of dosage for use in humans. The dosage of such compounds

o5 lies preferably within a range of circulating concentrations that include the EDsy with
little or no toxicity. The dosage can vary within this range depending upon the dosage
form employed and the route of administration utilized. For any compound used in
the methods of the invention, the therapeutically effective dose can be estimated
initially from cell culture assays. A dose can be formulated in animal models to

30 achieve a circulating plasma concentration range that includes the ICs (i.e., the
concentration of the test compound which achieves a half-maximal inhibition of
symptoms) as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma can be measured, for
example, by high performance liquid chromatography.

35 Pharmaceutical compositions for use in accordance with the present invention
can be formulated in conventional manner using one or more physiologically

acceptable carriers or excipients.
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et al., 1989, supra). Alternatively, single chain antibodies, such as
neutralizing antibodies, which bind to intracellular epitopes can al so be
adm ni st av@d2/48uch single chain antibodi es can be adm ni BCBUSH,/45B3r
exanpl e, by expressing nucl eotide 35 sequences encoding single-chain

anti bodi es w thi V!I"Hulﬁethé%ﬁﬁbu&ﬁ'ahd 5oy auééptabzé mxs ah@SolfAEP! e,
techni ques such as those descri bed rasco e%, Proc. Natl.

Acad. Scid tgs;a\bgéom@é@et?@31dm¥19sbmowévy4n12@l@thncx/1ms@ﬂatms(sgﬁerslusugh the
PHARVACEUT Gl PRERARALL IS, AN T HEDRF AU STRATLEN, The compounds.

e.g., nucleic acid s nces roté pol ypept 1 des, peptldes and

reconbi nant cel | gor @Q@dmbudraswpr the pharnipseutthal eipesitiThsican taakpehq form ot

t herapeutic f r r cation-rel ated
. il)lllécaﬁ{) 4 %ﬂlg 098 ﬁle& &e@é@?&g%an%ﬁ%oh@ rﬁéa% kxg‘{llxh

di sorders. er apeu I ca ose refers at anmount of a
conpound or p@&ha@n@l&mmptamméﬁmmémmSuMSmmmg agentsaery, |pme@ta'tmn;ed>f t he

di d t. t t hat id
Ceavence SLARR SR pTulRvahbntoc b Mron SR Rl SR B i on
results in tih@oRNBli¢rot Ethﬂiihe@f:llﬁlb& &lcamﬁtdﬂhy@mg@iplmi hak€)X lLﬂ:irftMltél(’@g,

t herapeutic efficacy o oun n.be determ ned standard 15
phar maceut i é%frgnﬁfda@e%?ﬁr@g %l llca}z b disiniraantsfe. éxg%teior%?ﬁflapr YR psigrche g

for deter mgNdagatd)her wéﬁﬁg ARIGE @o%sesddaﬁﬁ i’dury‘l%u&;@%e?fTﬁé‘ﬁbﬂ%%h Bk and
the ED50 (the dose therapeltic fective in 50% of the popul ation).
The dose r athydnefBediesell k@w&m taﬁartt héquag preppiatians fog pral aémtm%railﬁ@ﬁ@rpeutu c
i ndex andjqt a Q@dgé; whi ch
exhibit |ar gte e?ﬁﬁf?@ﬁ%ﬁgﬁgﬁ%ﬂs gﬁ?%rdrrgg%eﬁ%ﬁ 02 Hltilounds t hat
exhi bi t toxumes,en@é aéﬁﬁé&ipl@du@trf%@m@@laon dathewaleioen Qﬂhdyéutt@hl@memde@ef@r@n a

delivery sy ected tissue
i n order toq{sﬁ‘lnbn?%ﬁ%%lﬁ%g%gﬁ F&% 58} 91,1559 éf:: élgl?teoz{alﬁ"l ?r[s ‘21&1% t her eby,
reduce side Iélhﬁﬂ@stlcaﬂ}yacdmtzépl@atchmmduéh mmspmldu@ dgents|(¢.py, eorh}tslawwmnd

ani mal st ud| sed ran sage f in
humans. The glsﬂg) eder agluc rhg 0&%%%(5 g‘%hfé%f‘t«g)s eB} %@rnéoefg;‘?n@%ﬁl gecg: lnaor{ge of
circul ati2ty acmcna;)enbm«aqmezms vélhalbs (eng) aldent] lod, &DBHEstens, telthl iatcohel cor no

toxicity. T Within this r endi ng,upon the dosage
f orm enpl oygffwg g‘ﬁ% ﬁsf) A ATReERreS (grggd?‘%ﬁﬁféé’r ng)lp any conpound
used in thaydrsxiybelsoates bhﬁ)rblla\aeml The picheratibisy @pelol cvatainyb@fdresltd, ve dose
can be estinnted |nit| ally fromcell culture assays. A dose can be

formul at ed i*FYEHPEECIGHRGANE SWSSISHING RTINS 3PPESN KR at i ng pl asma
concentration rargepdritdinsifoCraiRinihRgatiddéhn(te sBitably AermitABE NGiv@t i on of the

test conmpound which achieves a, hal f-maxi mal inhibition of
25 controlled release of the active compound.
For buccal administration the compositions can take the form of tablets or
lozenges formulated in conventional manner.
For administration by inhalation, the compounds for use according to the
present invention are conveniently delivered in the form of an aerosol spray
30 presentation from pressurized packs or a nebulizer, with the use of a suitable
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a
pressurized aerosol the dosage unit can be determined by providing a valve to deliver
a metered amount. Capsules and cartridges of e.g. gelatin for use in an inhaler or
35 insufflator can be formulated containing a powder mix of the compound and a suitable

powder base such as lactose or starch.
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synptons) as determned in cell culture. Such information can be used to
nore accurately determ ne useful doses in humans. Levels in plasma can be
measur ed,Woé or/442exanpl e, by high performance |iquid chromaPChyU&pIS33635

Phar maceuti cal conpositions for use in accordance with the present
invention can b ' ' | . or nore
physi ol ogi cal | y e%}%g({é)ﬁﬂgbbgsd%%lﬁeﬁgﬂ}sﬁﬁ% HZ@%%%E@#@%@E@&AZN

PCT/ US01/ 245386avenhusor intremusouteo)ibydsjetidn,t haifor graygile botiisdajettyoraarcept abl e

salts and so] n an _be for,mul ated. for. adm i stratipn by jnhalation or
Cnsutf ot onelaidhs nfifPas ERPAtb R RHof R Rt Bk5eed R e dofii B
parenteral atg.r@cihgoubdnr i sinltitiotonfaierqfdth @ackdded piesatvhiive. Thee

phar maceutical conpositio

S cg& t ake t he f.ormo{‘lléSiTO for exanple, .fablets or
capsul es pr éPHPAFURYS CHHGERSICHATMIASSHEPRICRS: SEHEPABLIRHERNS I ABEpt abl e
exci pi ents sidaboudsehichd Al A8 RBhGI RridulatdRy 8ERkAduchias SekpdfdiiRistdilsiiag ch,
pol yvi nyl fﬁ/rrol i done or hydrompg@gyl nmet hyl cel l ul ose); fillers (e.qg.,
| actose, Hi APEEF FiPaIsineRectis] ileasavely. Bapeirmapdicaber YsHpPpraesiorm
| ubricants (i onstinABANERH 4 0iBHRVeRR, olpdlsferi® ?ﬁbgéxfzﬁ):é wille DR RILAN
(e.g., potato starch or sodium starch gl ycol ate)7 or wetting agents (e.g.,

sodi um | aur yib pEfgrpidatheth VR Heexpipisargsrel s he bdrodpeadaiato pajients tviviigrav@sions known
in the art. Mgy eparations for oral admnistration can 15 take the
formof, for exarrp?e, "sol utions, syrups or suspensions, or they can be
presented as a drihepootheunds cm atsorist fotrlaed imidckal wamposibonsotuhkees sui t abl e
vehicle befo L u Jqui d preparati.ons can he epar e

convent i onr oppiiBfis ohElkbi sttt FRAFRI B SRURERL SRR GR e as
suspendi ng agelmhscdcea hutterswroldicr @lyceydasp, cel |l ul ose derivatives or

hydr ogenated edihle fats): .emul sifying agents (e. | ecithin,or 2

acaci a); non- aqu%&gd%ﬁit%f@ﬁﬂ?lag?nsg‘e fp&d&r%v}ol%ﬁ, {Peqnnounds.GapAlso,| ¢ ohol
or flracti ﬁn&ttednwéle@ataabldepaiﬂr@aragmd Sﬂtlgﬁﬁﬂgﬁﬁhg’ﬁﬁnﬁmttﬁps carEsehy| f)r

propyl - p- hydroxybenzoat es or . sorbic ac e preparations can also
contain buf f?’gfm%‘\é/‘ieff‘g,zby lﬂpi%?ti%g(,for&éﬁ’é‘ﬁ’ier%b%ﬁ“ {08 Hi%&“’éﬁ‘élﬁ"t?g) Aqdy
appropr i ate. infrariRuB i) B&ionOThAk,Zbr &Pk, $hd érhfBunddBardee fointhRRIwith

formul ated to, gl_:)ve 25 controll ed rel ease of the active conpound. For
buccal admi rit&eblgpplymericor bydropaohic Byterials{iorgrampleaasiageudsion Bt s or

| 0zenges f o8 ofl) orGBR KREHah SDRKiInSBIRNE SparkiRly ASHRBIO St¥ALLLPoDY

i nhal ati on, the conpounds for uSe according to the present iInvention are
conveni ent | yexg@pley ay e sparinghyrelybls saliof an aerosol spray 30 presentation from

pressurized packsryycongdettishé 41 if dsirdl, bBGrdisfte®in 2paik dr¥NpEnser device

25 which can contain one or more unit dosage forms containing the active ingredient.

The pack can for example comprise metal or plastic foil, such as a blister pack. The

pack or dispenser device can be accompanied by instructions for administration.

6. EXAMPLE: IDENTIFICATION OF A NOVEL hVR1d
GENE AND ITS ENCODED PROTEINS

30
The section below describes the identification of novel human gene sequences

encoding novel human ion channels.

6.1. CLONING OF NOVEL hVR1d DNA SEQUENCES

35 In general all routine molecular biology procedures followed standard

protocols or relied on widely available commercial kits and reagents. All sequencing
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propel lant, e.g., dichlorodifluoronethane, trichlorofl uoronethane,

di chl orot etrafl uoroet hane, carbon dioxide or other suitable gas. In the
case of avopregsuri zed aerosol the dosage unit can be det PETUREIHSBI6
providing a valve to deliver a netered anount. Capsul es and cartri dges of

e.g. gelati r\NztsCHonH%ﬁtH dh %‘PI Bﬂ%%gﬁha{%ﬁ soquenPSHistd %Q‘B?é}@ﬂl Q}&% opt ed

cont ai ni (r;g m X ound and a suita ase such as
| act ose @amtmry 80 WD 02/ 44210 PCT/ US01/ 45336 The corrpounds can be

fornmulated for p i nt QuUS O
i ntranuscul ar) b;ﬁ? %@E%he&%@va?aa%tr ?@?%Xa% %HV&% ﬂ§n4 ﬁ?ggt"\’e&us’@ﬂ to
cont i nuous isafeas nlmriES"Fandng:rm'rmopﬂblﬁd)dlatﬁbajsmctT@memcbeeamlepegﬁaﬁﬂuseﬂ uni t
dosage form r.in | t1L-dose co t n added
or ser vat | varesrgoed Bl ST A st of hed S0P AR Srg b HED)
sol utions orTiRSeheheyidentiTied thite WactefidHARMTIM €lliréheSme BACT Sdtueiet &l the
ornmul at o nts such as suspending, stabilizing and/ or  di spersing
f I ﬁ/ eH”gﬁ h di t abi | 10 d/ d

agent s. ¢ domeip high thranghppbenegiie database sdychrontainssoiraments Saring for

constituti 0n51 1f1éhn@s§rﬁlah@§bio%df abi ﬁkﬁicaﬁwﬂhmhé&&rrjf E&u@ﬁ(é@@gqﬂe héRssiymt er,
bef ore use. is preferred that -exgﬁesm ng | s be introduced into

patients vi @WFW@H@&%B%WW&@Q?@%MC @@o@ﬁﬁb&ﬁfﬁywn Tesegments
for mul at ed IIB.V{ ‘g%ﬁrﬁ lanﬁtgri@ﬁ% Jahf{b3d EI ﬁsrecé&?ﬁq’p& §éatr8{e'd%%a1ﬂ5t th&h&nt i on

enenas, nt al g conventlional “suppository ases as cocoa
butter or otrh@lmdgntmlretﬂrd@si nicteiaadd ﬂa@has{e@amd\élekmegmeatswms fabadc¢o i bed

previ ousl Y5 ¢ ﬁnggdecfg&gﬂpﬂ?o&&@aﬁ’lﬁl%?dbreggpté Or c.fg}e L elaé? eﬁuelgc%qg oﬁ%ﬁ?g aration.

Such | ong ac 'ons can mnis I"an n (for
exanpl e su bclbltzaxmkmsmy point wak nanansiiciesrtd yjendfy doyoxﬁﬂeterdodmgwsqudnaé
I njection

i nj i on. or _exa ounds c e

sui tabl e po@?%‘?letg sggqunﬁ%tﬁhv&ﬁ% nrfg’[tn% ‘Q‘ﬂsén%s‘%P% ?{5‘%@@% IPEESI sion in
an accept aliMeAoFtohnein dt ah, msshmrogemms&m SEr U83 &P 3098)gnyd b?@éqdﬂnemg
derivati ves, Cﬁé\g& exangmrg arl n%I g sol “b'gﬁ salt. The conpositions
can, if desi Cb)élef)’rs Y 8P 0% device 25 which can
contain ore or ﬁm&qsaazg&sf édr&oﬁpﬂhé eidig IHNA s8&iidn¥és inftaNedi ent .

The pack can for a ORnIi)e conpr i seganet al or% | astic fo?éli such as?a blister

pack. The pdetifis P%fp@ﬁeé&glaéwegm@éﬂ VR la@crsmfﬁé& 5he PAL: segueicehs f or

admi ni st rat ivg.-usbd AR LB AAEin SO oM {PFordobiaMEL IV done3 O MEEDE AND
| TS ENCODED PROTEINS The section bel ow descri bes the identification of

novel hunan S§eHBcalgaEpedPrimer pair, as follows, forward primer “Frag3-s”
CGCAGTGCTGGAACTCTTCA (SEQ ID NO:19) and reverse primer “Frag3-a”

25 CATCAGAGCAATGAGCATGTTGA (SEQ ID NO:20), in which the reverse primer
contained biotin coupled to its 5' end, was used to amplify a biotinylated fragment of
hVR1d sequences from the genomic DNA. This DNA fragment was gel purified,
denatured and then hybridized to a circular, single-stranded human brain cDNA
library constructed using f1 helper phage following standard protocols. Hybridization

30 was carried out at 4200C in 50% formamide, 1.5 M NaCl, 40 mM Na,H,PO, (pH
7.2), 5 mM EDTA, and 0.2% SDS.

Hybrids between the biotinylated DNA fragment and the circular DNA were
captured on streptavidin magnetic beads. After thermal release from the beads, the
single-stranded cDNA was converted to double-stranded form using a primer

35 complementary to a T7 promoter sequence in the cDNA cloning vector. The double-
stranded cDNA was then introduced into E. coli host cells by electroporation and the

resulting colonies were screened by PCR, using the original primer pair, to identify
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encodi ng novel human ion channels. 6.1. CLONING OF NOVEL hVRI d DNA
SEQUENCES 35 In general all routine nolecular biology procedures followed
st andar d w@ooieol s or relied on wi dely avail abl e comrer cP@l/URI4533Nnd
reagents. All- sequencing 81 WO 02/44210 PCT/ US01/ 45336 was done with an

ABl 373 aut aBHEged RIPEAC Al fb%ﬁrﬁaexg/omm%irp@kiﬁda@roh@srmle%ﬁaﬁneﬁ THRGAIERE I Y-
Known sequence data for hVRla, hVR'b, hVRI'c, and hVR2 were used to screen

the EST ahd Sent# detgopngdiogall ahdseloneyped eqelonesevisle thedarepy dopeetpvesed  was

gapped BLASTe(estel -fobNOCdheflind! - » 1997, Nucleic Acids Res. 25:
3389- 3402) . SeThe sgarc egsyéi edlgcﬁlrtl fied three Bacterial Artificial Chronmsone

(BAC) sequences iAddifiena Gequebtd infatoration wak ghtaited msipigple Rg&omethodas abase
whi ch cont ai L anifi 1 Sl m j - hut not »
Mdent i cal wi RIS bR QRUEDALT . nolAR o CRRh MR NAT Y ooe Bacs
are; AC02512f5epat&DRy CLONHI(CH AGDaZiREs, ihevasagodnd s tenipdaend mestedlPOR ty to

the vanilloid famly of.re tQrs were arched agai nst .t he. non-, reduyundant
brot e n el PR R oD X Saties BRo g R St BR 5 e 5
encode a potfesthitled genoued seqasndel dat] wegC€@IIR2" However, the sequence

i nformation I I i S t sufficient tg identjfy a
conpl et e co&%@%%ﬁéT&@ﬁmggﬁém%%%@ the digst png ‘?%d usi ng
both 3' and dnplfReEoRaRredsEes (GATEeGEAThRICEtCAlTGGTEPBcGREEe mat | .
Acad. Sci. USA 85: 8998) and by sequencing cDNA clones isolated froma

huran br ai n NP2k thesubsequsnstoupd A st prandef apalification; wiatied fophteine
genom ¢ DN BeRRCAR ik Hel dbne AR bRl AR@ras being homol ogous t o
ors, 1.e., t BAC sequences, was used to screen a human

vanilloid rece .
brain CDNA | (ASFEG HATGICAbCAETEACSINT CrERELSERIIENORY ardelll the Shark ag3
primer pair,a { "L agapsh WGTCA
(SEQ I D NO 313?%%@@@%%%’%%%@% gé’?ﬁé‘? %@cﬁﬁa%g TGTTGA
(SEQ I D Ng) 20imeri RABE @t’oduhis v:@vehosed psihgrlﬁrvitrcgg@;lt@rmdtidni’?ﬂnﬁ?aél?ﬁApl ed to
its 5 end, . used. o]l iotinyl ate agment o V sequences
rom the geraandEnit I FTRE gl MR Es LEATRRL A% apdiiat v ad “and
t hen hybr2Qlirzgdctian digedt maditlones Isivivg the $drpesn dserthwernhdr seqoerBNA | i brary
constructed using.f 1 hel per phage fol.l ow ng standard protocols.
Fybr 1 i zat i on 30 THedelE RatsBRERGs dgved by RS tndrs 9% B FIGha | 40
MM Na, , Hy POALA pidl 18 w2jich HlentMyRadptctiaeld, tokfiitDFaridrydsti ths cditi g et daeor
bi-otinyl at ednove cﬂl&g% on%th\?IQPd,tl.Qs h%rlﬁ}il a%I;i h%&l.\fr%he derived protein, i.e.,
amino acid, sequences encoded by the hVR1d.1 and hVR1d.2 splice variants are
25 depicted in FIGS. 2A and 2B, respectively.

Example 2 - Expression Profiling Of The Novel Human hVR1d.1 and hVR1d.2
Polypeptides. ‘
Expression profiling studies utilizing the hVR 1d nucleic acid sequences

30 described above were carried out as follows: PCR primers were designed from the
BAC sequences identified supra was used to measure tissue levels of hVR1d mRNA
by quantitative PCR using Applied Biosystems’ GeneAmp 5700. The forward primer
was TGACCTGAACATCCAGCAGA (SEQ ID NO:24) and the reverse primer was
AGCATGTTGAGGAGGAGAACA (SEQ ID NO:25). The primers did not

35 distinguish between hVR1d.1 and hVR1d.2. In the PCR procedure, first strand cDNA
was made from commercially available mRNA isolated from various tissue sources
(CLONTECH). In addition, the relative amount of cDNA used in each assay was
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captured on streptavidin nagnetic beads. After thermal release fromthe
beads, the single-stranded cDNA was converted to doubl e-stranded form
usi ng a PpYoOnw#4235 conpl ementary to a T7 pronoter sequencePCTUBHIRISEIONA
cloning vector. The double- stranded cDNA was then introduced into E. coli

host cel | s hiei@n@sddrnRERimdg Apealld 8xpdrRadtt Lbing a PR pES f lopRil@chaed by
PCR, using the original rlrrer pair, to |dent|fg gﬁV\Db02/44geO§

PCT/ US01/ A5388¢ CXIHESs§d & ?‘B’él pRpAts Ik BW%t&e}ﬁyz@pbdm moReraydetactdes wer e
obt ai ned. T'E?ndll”\ﬁa?iraﬁo& RIBEaNBEnt ¢E LHNA Hf&g{lg an@ihetsgﬁatﬁ lRRE§scATEr WO

clones with the |argest inserts were DNA sequenci ng.
Addi ti onal swgmekhzaéionof drendatd elrfainad withtthe hﬁBld@nngl péic BACECRetatrodass

cited above. C I f i brary
prepared by 85%%‘:1 L%’;I e!)a?%t% ggsle%sgn ‘ﬂ%?ﬁle d%tfépt‘]’rsle ﬁtﬁn%err%ﬁigi %%Aﬁ

PCR 10 reactthc)tlssmastea&édnddlecdataalsmr&entséquEI&el data. The two gene speci f| c
priners, rived ,from.t e data, .wer R2".

( coocacoalGroGrT b R R A0 R B 7 in i s as

anpl i fi cati omelbakpiddDo&d use@Amé@Id\mﬁ%ﬁﬁaﬁmsa’@@fRﬁ@m@t hi¥@ty22) ) in

t he subsequent round. A sin ﬁ roun lificati wa(f use&j t(o obt ain 15
3' sequence GRIESSESP Y efﬂ’é’“g& losy t‘E,a e Rk e“%%%z amygdala

( ACTGAATCGAARAGRACGTCTCCTTC (SEQ I D NO 23)). For both the 5 and 3' RACE

anplifications, CLONTECH S gri mer "API" was used as the second rimer.
RACE products werMorogsieadditonm CXPROPSIQTORfOH LTS PRRSARNEYWEre PeF todl oni ng”

Kit foll oy ngefa 'Eﬁear‘éfaﬁ'ifg éxﬁregsﬁbﬁlt StURd hvmd stl Sfatiasl BORVES, ﬁéc‘iaé %&q iRy 20

restriction di gest and clones having est Inderts were
sequenced. THEoHYEssEPS irpdpding b@mﬁdﬁé@@r@r |"Rb@d¢xb‘§r imends @’%’ﬁrl@ﬁ'@@@@ﬁ@ @S ar e

depicted in and, splic

vari ants of C%%h@ggc?’%ﬁ\é se ﬁe%h%gpbg%g lYovﬁ\&ﬁQF ﬁfﬁﬂftm e., hVRI d. 1

and hVRI d. 2.CGaaARCCIEGQIGTAGAAG (BEQ DDdﬁOr%) and tll,e reensegnoes wascoded by

t he hVRI d. 1pR %}(‘&&’fb%{\ﬁ@&@ﬁf@’i‘ §E{g depicted in FIGS. 2A and 2B,
(S rof| [

respectively. pressi O The Novel Human hVR1d. 1
and hVRLd2® Pol yAmamavdﬂs Flﬁnpﬁemlm&R]pﬂrbpmlpperpgldshama esrytsiﬂﬁlarza'xjpgasmba hVRl d

A T T A e
measure ti ssmmel cﬁffa‘eﬁuﬂfexbféEﬂldn nﬂHAbrﬁly suﬂ:uegibnst, as shoevnAeRigigtsg Appl i ed
Bi osyst ens’ SG%CI%CQR , the l?VR-{dS po ept1cge \gas s1gn1f1cant1y more expressed in thalamus
and substantia nigra, with a lower level of expression in amygdala, as compared to the
25 hVR1d.1 polypeptide. The observed differential expression emphasizes the
potentially related, yet diverse, roles of the hVR1d.1 and hVR1d.2 polypeptides, and
may suggest that either one of the polypeptides may have utility as a druggable target

for the treatment of different neural diseases and/or disorders.

30 Example 3 - Method of Creating N- and C-terminal Deletion Mutants
Corresponding to the HVR1d.1 and hVR1d.2 polypeptides of the Present Invention.

As described elsewhere herein, the present invention encompasses the creation

of N- and C-terminal deletion mutants, in addition to any combination of N- and C-
terminal deletions thereof, corresponding to the HVR1d.1 and hVR1d.2 polypeptides of

35 the present invention. A number of methods are available to one skilled in the art for
creating such mutants. Such methods may include a combination of PCR amplification

and gene cloning methodology. Although one of skill in the art of molecular biology,
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was TGACCTGAACATCCAGCAGA (SEQ I D NO 24) and the reverse prinmer was
AGCATGTTGAGGAGGAGAACA (SEQ I D NO 25). The prinmers did not 35 distinguish
bet ween MRbzi441@Nnd hVR1d. 2. In the PCR procedure, first BCTERU/4SBNMA was
made from com*rer cially available nmRNA isolated fromvarious tissue sources
( CLONTECH) . t g Hab¥y y was
83 WO 02/ 44210 ggi m/et'féo%tz{%g%gﬁﬁ %fé)&%iege%gyeg&eﬁéeﬁorm ;%’ag’rgg}eg‘?@}ﬂé'éﬁ
experi ment s ithecproagutamiard maihods, @bul@lmehd)pmréatmeach delegion emexitrof slsepresant equal
anounts in all tissues._ The cyclophilin prinmer pair detected small

vari ations |lﬁvqnﬁﬁnaﬁ¥ﬁmarbfnem¥endeég&?d§ﬂﬂWe and these data were used
for normalizatigy déﬁyhﬁ.lgﬁﬁ§QI?ée Fsapal? 2 ALHRA Woﬁ@ex%&ﬂ &tvtl'ﬁla‘%aﬂfl%r@[e R {1 bpe PR

data was converte I've assessnen nce I n

transcript aVRdEDsEypsPoidgséquehdss a ppﬁﬁﬂ&épﬁm&is@ﬁ abowt 15hES lrlaatidss durasent ed
in FIG 4. 10 As depicted in FIG, 4 VRId is hi é &?ressedlnvarlous
brain tis égoraﬁle dmlrerd %sanéél Resitionsrad SEQHUNO: WME @:3t1g2yt bredesicaid

caudat o nucféﬂ’§§ efip it A s RS (AR e el A %%sradeé‘”“ UEHR onal

expressi on ph&hitl iSdeh Rgﬂﬁ@fslo@s’ﬁlaﬁo%nmfs@ foed: a%fp[@dnirﬁﬂt&ﬁoﬁ Sendtbr (Yodohefoﬂ’ fgkative
expression of the hVRId splice variant, nucleic acid in various

tissues, ind Lfmdr?g Jletiszo ) f@@b@é@llbn%lCh'mmﬂ@S(m&Y ﬁsm&gnmels@ repsértcftl@nrmt@s ae

%GGAAA?;C? SR R e B B At o ke R, MPRais i printds 8y V@S
TCATCCCT isd GHAtRER |sEquabead! )suck CbsA%Is @Q&ﬁﬁﬁ)kn flaiy Qi eseéuenk&e ozt d. 2

pol ypeptide had a very simlar expression e as the hVR d.
pol ypept i de.seqisnessepr otthhleselq\mlccts legwsw@ph’wrdefemme@h@wn some di ffer enti al

expression in the, brain i ons ure eci |y

The' VR .2 pol ydBRertaPEag P AT et RO HoRa e Ryhethal orlottih flariabe dng
substanti a FbBéwingY¥rinerd chb@Wele h@U b aRfplieX RICERPA FrhehienP By IEBbAdIngSo GAFPAr ed
to the 25 hVRI d.| "pol ypepti de. The obsérved differential expression

enphasi zes tdstetiopmawsanti al |y rel ated, yet diverse, roles of the hVRld.1 and
hVR1d. 2 pr ypepti des, and nay suggest that either one of the pol ypeptides
may have utility as a druggable target for the treatnent of different

neur al di sed$€S and| STGERTRFASHE R GLAOACA TOT TR T fC@r pFaThed bv | and
C-termnal Deletion Muitants Corresponding to the HVRLd.1 and hVRLd. 2
pol ypept i des Poimer he| (SEEEHNNQ:28)enti on. As descri bed el sewhere herein,|the
present invention enconpasses th&oﬁr eation

3 5’- GCAGCA GTCGAC CCTCACAGCGACAGTACCTGTTCG -3’ (SEQ
Primer | ID NO:29)

25

Sall

30 For example, in the case of the M1 to N626 C-terminal deletion mutant, the
following primers could be used to amplify a cDNA fragment corresponding to this

deletion mutant:

5 5’- GCAGCA GCGGCCGC ATGAGCTTTATTTGCAGGCCACGAG -3’
Primer | (SEQ ID NO:30)

35

Notl
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of N and G-termnal deletion nmutants, in addition to any conbination of N
and C termnal deletions thereof, corresponding to the HVRId.1 and hVRld. 2
pol ypept ivd@s2/6£210 35 t he present invention. A nunber of neEPODUSOIASE36

avail able to one skilled in the art for creating such nutants. Such nethods

may i ncl ude (&, combi PaL i ;
nmet hodol ogy. %Althougl?[ one O?:A'Jﬂ_lﬂﬂ (ET{E H@Ag}éﬁﬁ %A%@%@G 384 WO
02/ 44210 PCT/Pinl/ 4pGFHR) IDINOBYH t he use of the teachings provided or
referenced herein, pnd/or otherwi se known 5 in the art as standard net hods,
could readilly creatpe each del eti®#Imutant of the present i nventi on,
exenpl ary nethods—are describedbetow—Briefty,—ustngthe tsotated—<cbiv
cl one encoding the full-length H/RLd.l or hVRI d.2 pol ypeptide sequence,
appropriate pri rrqz@r@g‘en@hoyPcwaﬁﬁlﬁwﬁb@@@ﬁms%é prRilied HeIdw, Anbing @esi r ed
5 and 3' positions of SEQID NO. 1 or SEQ ID NO 3 may be desi gned”to PCR
anplify, félcﬁkdlﬂds@t}mwwldcam@cmtb Hhati othenehaditiins anaj/ be reutired fonaffiad@itet i on
mut ant . I.ners c is for.exa an inititation and. stop
Codon Tor + rstpieation 810, FEEPR' B iR Regertpr i nsh i e gne
conprise r es{éﬁl?ﬁfﬁl IORNASEDRR £18ne éﬁ@v Rid abfd EVR'P& 8206 u seiﬁMg)rﬂﬁ@nt
post anplification. Mreover, the primers may 15 conprise additl .
sequences, dUZFU dsg ONoA p@k}amrhﬁ (PE),agd stagd srd (iagrieN 4, pdtymearase mdtpuchygesl or
ot her sequer}g@ di scussgld and/ or Qef erenced herein. For exanple, in the
case of the FYLBERPBGIRAL: HifAUPWHel eti on nutant, the fol lowing prirmers
coul d be ed to anplify a cDNA fragnent corresponding to this deletion
mutant: 20 5 5' - GCAGCA GCGECCGC CACATGITCTTTCTGICCTTCTGC -3'  Prinmer (SEQ
| D NO 28) Notl 28-25 cy'c'dles WE@@@ CCTCACAGCGACAGTACCTGITCG -3' (SEQ
Primer ID NO 29) Sall 5) )%%fr%g in the case of the ML to N626
C-terminal deletion rrutant FeSWhi ng primers could be used to anplify
a cDNA fragnment correspondi oot del etion nutant: 35 5 5'- GCAGCA
GCGGECCCC ATGAGCTTTATTTGCAGG(@:@%G&(Eté © "pri mer (SEQ I D NG 30) Notl

1 cycle: 10 min, 72 degrees

20

After the final extension step of PCR, 5U Klenow Fragment may be added and
incubated for 15 min at 30 degrees.
Upon digestion of the fragment with the NotI and Sall restriction enzymes, the
05 fragment could be cloned into an appropriate expression and/or cloning vector which has
been similarly digested (e.g., pSportl, among others). . The skilled artisan would
appreciate that other plasmids could be equally substituted, and may be desirable in
certain circumstances. The digested fragment and vector are then ligated using a DNA
ligase, and then used to transform competent E.coli cells using methods provided herein
30 and/or otherwise known in the art.
The 5’ primer sequence for amplifying any additional N-terminal deletion
mutants may be determined by reference to the following formula:
\ (S+(X * 3)) to ((SHX * 3))+25), wherein ‘S’ is equal to the nucleotide position
25 of the initiating start codon of the HVR1d.1 or hVR1d.2 gene (SEQ ID NO:1 or SEQ ID
NO:3), and ‘X’ is equal to the most N-terminal amino acid of the intended N-terminal

deletion mutant. The first term will provide the start 5’ nucleotide position of the 5°

primer, while the second term will provide the end 3’ nucleotide position of the 5’ primer
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85 WD 02/ 44210 PCT/ US01/ 45336 3' 5'- GCAGCA GICGAC

GI TGAGGAGGAGAACAAAGGTGAGG -3 5 Prinmer (SEQ ID NO 31) Sall Representative
PCR anpl iWoezs420m conditi ons are provided bel ow, althoughr€heso11433kil | ed
artisan woul d appreciate that other conditions nay be required for

s ng | ong. GPesERlel sehst b BRREC A, N Rt DN o 288 B 00
4dNTPs, | uMaotiespinsging fuckotddd pasitidifs pihy peines ard Bprmiaed] t6¢ finslanudlebeide DNA

pol ynerase buffer. Typical PCR cycling condition are as follows: 15 20-25
cycl es: 45 $eguenogmyy e siegted by theaddgpndd gpplicgbleesijigiionzite gegyersss tatheye| e:
10 mn, 72 r Af t i | te f P enow
Fr agnent na;d/e%geo?g—%cfeeé@ee{lﬁ% fg{ en’%:u %1% e%?#eée%éﬁc%@%er%{ha@ © dlgleoa rog?sh.é%ﬁg%meg

di gesti on oftoties Tyrageraniy M ddiirbd e d¥pfain dRdmSRIntes @3, Koghd RuaiRey #RS). t he
25 fragment could be cloned into an appropriate expression and/or cloning
vect or whj ch has Thsedh psimer | seavspcelifge smplifyieg gny addiional N-igroingl deleties) .

The skil l¥H artisan u appr.eci ate that aqther. pl.asm.ds could be equally

subst |t ut ed, MU Ay Bl PG Richet 1 oe TGt R e " The i gest ed

fragment and vect(sn(mk%)? fbe(@SJ—q)QﬁB%dZS),S\ivﬁB}eiﬁ ‘ONA equhl0B98s n@l&tihégasi%@d to
S

transform conpetent E.coli cel usi ng nmet hods provided herein 0 and/ or
ot her wi se krad\ite infiating starticodathef the HYR Iaelr ordetRilshiz gene (PEQP NOyli ar $ELNID

e DT 1Sl g PR B PSR S B S ESeE
equal to {NelMiohaREAE TRE S 8fn Wil f‘i’(ﬁvﬂ@ fhel it 58LLAB0EIAsdsitRdENnhoB t he
HVRI d.1 or" hVRI d. 2 gene (SEQ I D NO or SEQID NO3), and X 1s equal to

t he nost N- tpeinmdrrsthilethe second tedmo¥illtpnevidethe a3l Micleetida pasitionadé et priment ant .
The first termw |l . provide the start_ 5! cl eot|de | 1.1 f the 5
primer, whi |°€“PF¥§’“§‘H@0% ?é?‘rlﬁswsﬂsgﬁ%ﬁ?f ﬁE&tI}‘PeﬁIQng o BRI E\B?‘?dé&]ﬁ?éﬁ?i on
of the 5 prdopREponfh MR R2A4id4 238 :BETHRO Hhitie3 3& determined, the final nucleotide

sequence may be created by the addition of applicable restriction site sequences to the 5’

20 end of the sequence, for example. As referenced herein, the addition of other sequences

to the 3’ primer may be desired in certain circumstances (e.g., stop codon sequences,
etc.). The skilled artisan would appreciate that modifications of the above nucleotide
positions may be necessary for optimizing PCR amplification.
25 The same general formulas provided above may be used in identifying the 5* and
3’ primer sequences for amplifying any C-terminal deletion mutant of the present
invention. Moreover, the same general formulas provided above may be used in
identifying the 5’ and 3’ primer sequences for amplifying any combination of N-terminal
and C-terminal deletion mutant of the present invention. The skilled artisan would

30 appreciate that modifications of the above nucleotide positions may be necessary for

optimizing PCR amplification.

Example 4 - Method Of Enhancing The Biological Activity/Functional
Characteristics Of Invention Through Molecular Evolution.

3 Although many of the most biologically active proteins known are highly
effective for their specified function in an organism, they often possess characteristics

that make them undesirable for transgenic, therapeutic, pharmaceutical, and/or industrial

87



corresponding to sense strand of SEQID NO 1 or SEQID NGO 3. Once the 5
correspondi ng nucl eoti de positions of the priner are determ ned, the final
nucl eot i &0 o¥eguence may be created by the addition of appCT/watl45336
restriction site sequences to the 5° end of the sequence, for exanple. As

referenced hgpRédtions. hﬂnﬁﬂfé'thés@@raﬁg @éh@ﬁrplﬁfﬁ%}t%%?ﬁalf—th?e {shRe ﬁlosﬂ%rbﬁi%enﬁay be
desired in certain circunstances e.g., kdzac sequences etc.

primer seﬁu@mleiemo and igppriesepit nghqr@t t]aﬁjhhve]l anﬁnb pbteay; it ledell ccftth@ [protcms ant s
may be deter ference t omnn f or muyl a:
( ()é;r( xt * 3) )ﬂ%g? ﬁ%earbg‘ftﬁ 0 @“el}dstﬁ%éfgg fife, Bo’fteﬁ IGCWS b&é’a%’(_‘il%]i(ﬂﬁv gl%ﬂﬂt tS rEn g
initiatin r

I ol AR 8L I Rat e (Ping: tmfn DA, B Mortplhs

ID NGO 3), and I's equ
i nt ended N tpeoducnaﬂl addpuiicetioroof thmpmta:hn af[dhesa‘ofrtbet plbteumasva dhemjprabmdalatohe

start 5' nucleotlde osition of the 3 rjime le. the second termw |
provi de the EHAepth gﬁm foife thstrsis Ik?ﬁd("ﬁ lqeﬁtéfyglovs} Vartants fgsolgsd srieing t o

the anti- Eﬁ)‘:s'séiglflgot : g dterpbeids I\x!:ﬁlé\fgrﬁl e tﬁgga#@eﬂgoﬁ as gafe?aﬁeﬂﬁc gor treating .

correspondi nuc e positions o the rare erm ne

nucl eoti de (B&qs&smﬁanm okiging fresidéibnly tﬁdlpto&ﬁi@h dppticabiliity ap pbriv@al iedustrial
restriction S|te sequences to the 5 20 end of the sequence, for exanple.
As ref er encé@dpBaEnaceutiqad apRlAEONSn of ot her sequences to the 3' priner nay

be desired in cerfj orﬁ'arﬁ’éé[rgftﬁg £Serk Srvdntio i Res S8 HRLLREG HE %gﬁc’es Elific) -
PRt e Pl Fnporisi e R ORDRE IO P sy ept

The skilled arti san woul prec cations

nucl eoti dg; chasicteiiais ofr&webteo %15 aﬁyctéd)mowﬁmexzom@nP@aclaﬂipénﬁah@eaﬁdn@n 25
The sane general formlas provided above may be used in identifying the 5'

and 3' pri By feybenbsstisgexagpl, b@l}qfnﬁ&leanyer@opwwﬂtms a@l@$8@mtiaé gompenent of
the present in anyl?&hé qgwfen%ﬁse g%%lqgl %"ﬁgﬁ uJene & solu811 gm?tﬁieogﬁ%g @ ibg\ée

may be used T n yi'ng priner seque

any conbi natdp@imigdtioy; tres ﬁmmhonsa@pbc@ld ‘bicﬂb%laél seively] eclidih@nhy Ofssddigted
present invention, The skilled artisan would 30 appreciate that

nodi ficatio ﬁ@zmattmﬂaﬁwbe PigtaiRsomZHEe sties, &n@rﬁwsti@ Ke@eggaﬁ@nm Kd,

optim zi rzf P Enhan

Bi ol ogi cal unc @hzﬁr &X%har acﬁé1 Fi%n§t ‘?c(t,wgtb arftﬁgpé’ﬁsttflgﬂn&ﬁ{yoaﬁawty
Mol ecul ar E\(ﬁicuidufg’ldlré’@ ofifidifghtdraetiondf agohRt H&ﬁﬁlty%&lhﬂﬁh% it RGAdINRL
proteins known are highly effective for their specified function in an

organi sm t Helprastiemnthe pseieins aetiegnisiy &4 sWhQ,TQ it wordd berdesdrabledoreithed nsieaad| e
P T T I T
physi ol 092 £ abillhtalbof thd Hdtdis td R @isiers) HOMEREBE multimers with either itself or other
proteins, the antigenic efficacy of the invention, including its subsequent use a
preventative treatment for disease or disease states, or as an effector for targeting diseased
genes. Moreover, the ability to enhance specific characteristics of a protein may also be
applicable to changing the characterized activity of an enzyme to an activity completely
30 unrelated to its initially characterized activity. Other desirable enhancements of the
invention would be specific to each individual protein, and would thus be well known in
the art and contemplated by the present invention.
For example, an engineered ion channel may be constitutively active upon
binding of its cognate ligand. Alternatively, an engineered ion channel may be
3 constitutively a(;tive in the absence of ligand binding. In yet another example, an

engineered ion channel may be capable of being activated with less than all of the

regulatory factors and/or conditions typically required for ion channel activation (e.g.,
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5 problem and is present either at the level of the protein, or the |evel
of the proteins nRNA The ability to extend the half-life, for exanple,
woul d be wap2i€w arly inmportant for a proteins use in gePETURE45p36,
transgeni ¢ ani mal production, the bioprocess production and purification
of the prot gigand 8iidirS h&¥phbieatidh Ot RifHk netioAalChBAdE adal ARAUIAL Oc.). SdhNBn
others. Therefore, there is a need to identify novel variants of isol ated
pr ot ei ns S 1Ghpust wosldy uskal mocwensto identifhionchemteh nmodulatoes, amapg bibentsesn as
a therapeutigc fqor .treating diseases of animal origin, in addition to the
pr ot ei ns apﬁ%?@ﬁﬁpl '™t 0 common industrial and pharnaceutica

appl i cations. ThuySire e dRRRILis 8bmbR& VRS ATh étéBé?Thé Akt %ﬁg?}é f%%s%a%li%}l@%

ability to enhance specific 15 characteristics of Inventi t hr oug
di rect ed nollécalyaf vevaitufor dre. geBel ohp@ieir nhaterestefhe mwatyimportast stepris ko thiehi ng

exanpl e, benefit_the inventigns utility as an essential conponent [n a
kit, the idwsekﬁ ﬁ?ﬁgwaﬁyelil@ﬁ%t F et dhecttigliy Homwish © identifti 1P 5?81&1%? Eure,
or _codon oRkidth £k iial LR oY S PIRRPECCId:fyOL MRS BmAGll thldkefu

i ncludi ng any assocliated enzymatic activity, the préteins enzynme kinetics,
t he prot ei nsvaldantsKaatnoet dnstridpemk as téclindQatp mtitvatinatpr Aheiast step isvihéryto repeat
protei n- DNA bi nding activity, antagonist/jnhibitory activity (i ncluding
direct or i i8¢ ARve Stops pias thediept varigahirem the preyiouy s¢reefk | Eashsycees e eyols:

i ndirect i Q:taﬁ.rt%%} bPBlioreiNg REQ ﬁjarp&cﬂrhtsii %ﬁ%s?%%eés@%r?@h%@i%@isg{ee}g?% ﬂeb €

desirabl e to either Increase or décrease

protein), 4 hgampraunogeni city of the protein, the 25 ability of the protein
to formdiners, trimers, or multinmers with either itself or other

proteins, the antQyérithe years ithere have bednea npmber olomethiodt deglongdite dntseiisequent
use a prev 1V r r ! n

ef fector foﬁ&%%%%nesﬁ P%gﬁ%%rglglgfseg@g& g%%\@ggﬁﬁg reerg%rgf&aﬁﬁ%ﬁ%’%%ﬁs%%u& P\%éshce
speci fi c chakasi-pionst PCR, éHenicdd it fefesiR Yiteallisertddemu gilekis Al @ tHep netaydgi ng
the characterized activity of an enzyne to an activity conpletely 30
unrel at ed t ovelt knqvyi injthe piy (for a ca@prhepsve gtingwfl cyrrentuiengeness metiods, see

rotei - anaanef e he Bk et by e8RS AL BYE a ne
present i nvesyringINYRQO8BX aTdieallydsuchigitheR s bédh &B@%ﬁéxaﬁ%le, R tools for
constitutively active upon binding of its cognate |igand. ternatively,
a][] fangi nge[) édentigying Fll e@rmfumt}?@bregw(ﬁ@ﬁgmr@tamoyéhg/ﬁla@mw SP@PIflﬁéOIleislénce

of ligand binpding.. .anaot her ex an.. .engjneered ion c el may
be capabl e of by Rl RR R ek e PRI ERS AGErSREN Rracror
and/ or condidpphés td YK edentificatRAULT athcfodfole@ile GRAMIS Wil bpacaid 6N chBared 88

WO 02/ 44240 PCT/ US01/ 45336
characteristics.

Random mutagenesis has been the most widely recognized method to date.
Typically, this has been carried out either through the use of “error-prone” PCR (as
described in Moore, J., et al, Nature Biotechnology 14:458, (1996), or through the
30 application of randomized synthetic oligonucleotides corresponding to specific regions
of interest (as descibed by Derbyshire, K.M. et al, Gene, 46:145-152, (1986), and Hill,
DE, et al, Methods Enzymol., 55:559-568, (1987). Both approaches have limits to the
level of mutagenesis that can be obtained. However, either approach enables the
investigator to effectively control the rate of mutagenesis. This is particularly important
33 considering the fact that mutations beneficial to the activity of the enzyme are fairly rare.

In fact, using too high a level of mutagenesis may counter or inhibit the desired benefit

of a useful mutation.
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| i gand bi ndi ng, phosphoryl ation, conformational changes, cal cium fl ux,
etc.). Such ion 5 channel would be useful in screens to identify ion
channel mao/a20r s, anong ot her uses described herein. DPeBTB@EdSE360] Ut i On
is conprised of several steps. The first step is to establish a library of

variants for the wWailebéth apkiRt Folnihtibrdien@Bdds aFd\Erfd¥ass fdr CRAtASFHNdSIERII S tO
t hen sel;ct for those variants that entail the activity you wish to

i denti fy.° Theoledirgasraholepde vaanis, ragbind inwethegs tammicd [ DiiAnSkuffling”, ocfserunl

should be s g epough t lJ | - usef ul ari ants,. bu so
stringent a?(ﬁ% {C}Ix]?g‘r E%P‘gn%ﬁ PN‘é‘a?r %ﬁ@@?ﬁ%‘ﬁ}mﬂ 58Py iP5 ﬂgﬂd?tSaT @g\‘%t
the above st@pflikshahiid el @steridid AMdibELIMNRuRE 8VAIHSH S 8&@AuFRRS",
successive cycle,” can then be tailored as necessary, such as increasing
t he stri ngeridyregtd teheymse eea@niiof’ Hrin Yirexewriptien”, Gué r attifieia) eapbifionherSachave
been a nunber_,of nethods devel oped to introduce tatiqQns into,_ .

macr onol egl |"gereneg fRIMS AT owm W’éﬁ?}%én‘i!l A Raepasy Wﬁﬁ\ﬁ"ﬁ’ﬂ‘é@é‘ﬁ’éﬁs iLgis new,

"error-prone, } i i tesdi { d
ot her ot hoda e 1o e Py SSRGS ol cht BEhE fr AR o
current nut dgectesiyspropidacd posisieetr2ils, Mandiatiltaneodly ekiminates Gegativa geaité\in the
Laboratory Manyal, Cold Spring Harbor Press, Cold Spring, NY (1982)).

Typi cal |y, <GRHIMERREHY: have been used, for exanple, as tools for

i dentifying the A [ . f 2| : f t. of
speci fic domai nsqglgg %Hﬁg@ E)l %@ﬁ&?ﬁ?& ggrrmﬁ?%e}SE&)grarcao?é\b%ﬁ)@%? Iéfiphslﬁaﬁ%lv\c}ef\r}gr‘{lgguch
met hods hpy eecomitsinatene alohy withethe Afettajdpifi“egot-pronfePCHe i effed afdudiegf with
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mut agenesi s a¥aadosalysligasted pagk ofgmed fjagmeats g ivowieanet grented by Basse I digpyiinmeal |y,

this has be I .1 : ‘ af e r- . (as
doscri bed | e ardnEGnRE e rpidRly bl gl W5 Blons SR G At
t hrough the BOriageiRGR teactiodf theanwliomily sidesPNAEAdrien® ey 0AlyHybodizel &Stheir
corresponding to specific regions of interest 9\?5 desci bed by Derbyshire,
K.M et al, coghue signd, it adso mpayoledyidizentp piber DNAveragaenty comaspadisg to

E | .,2065;559- 568 . | i m : | of
L ones, 2 BfERacBont SPRD RO ARRORRRSE - NS TS IRl ©
i nvest i gat orhybddebfi@csf tekbimtire polynatledtid. MbRo®dr, §iiécaie PER SsendbliyFedcEion

particularly inmportant 35 considering the fact that mutations beneficial
to the acti Ht#igesoferiofrprang? PR 1gaciongppdifions Fandom rautptiens argfaduced duringh a

level of thﬁ‘ﬁgﬁﬁ%gbﬁﬂ{@% sféB WPHRPER rcja@&énp %o& afl %?th%eﬁsaigfn%gts Qﬁﬂt%&l &ivergitfyigg

useful nutattion.
25 the potential hybridation sites during the annealing step of the reaction.

A variety of reaction conditions could be utilized to carry-out the DNA shuffling
reaction. However, specific reaction conditions for DNA shuffling are provided, for
example, in PNAS, 91:10747, (1994). Briefly:

Prepare the DNA substrate to be subjected to the DNA shuffling reaction.

30 Preparation may be in the form of simply purifying the DNA from contaminating cellular
material, chemicals, buffers, oligonucleotide primers, deoxynucleotides, RNAs, etc., and
may entail the use of DNA purification kits as those provided by Qiagen, Inc., or by the
Promega, Corp., for example.

Once the DNA substrate has been purified, it would be subjected to Dnase I
digestion. About 2-4ug of the DNA substrate(s) would be digested with .0015 units of
Dnase I (Sigma) per ul in 100ul of 50mM Tris-HCL, pH 7.4/1mM MgCI2 for 10-20 min.

35

at room temperature. The resulting fragments of 10-50bp could then be purified by
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DNA shuffl i ng react| on. 30 Preparation may be in the formof sinply
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buf f | | eot .. etc. d.
entail the JIBRF URAOE P RFCET tsACtR Codn PRLE e Btinty i sitng ne.
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purified, it would be subjected to Dnase | di gestion. About 2-4ug of
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90 95 modified nucleic acid base pairs using methods known in the art and referred to else
where herein, or could contain additional sequences (i.e., for adding restriction sites,
mutating specific base-pairs, etc.).

The resulting shuffled, assembled, and amplified product can be purified using

methods well known in the art (e.g., Qiagen PCR purification kits) and then subsequently
30 cloned using appropriate restriction enzymes.

Although a number of variations of DNA shuffling have been published to date,
such variations would be obvious to the skilled artisan and are encompassed by the
invention. The DNA shuffling method can also be tailered to the desired level of

25 mutagenesis using the methods described by Zhao, et al. (Nucl Acid Res., 25(6):1307-
1308, (1997).

As described above, once the randomized pool has been created, it can then be

subjected to a specific screen to identify the variant possessing the desired
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Al 't hough a ritiingent sslectiely methpéreszysnationati Wi Has beene vieliee upé(elﬁqmtfqﬂdsmwsco

dat e, d obviqus to the Ll rti.san_and
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by Zhao, et al. (Nucl Acid Res., 25(6):1307- 1308, (1997). As described

above, once the rélighieasee @ééﬁcomn%@éﬂs ¢hasdt ean be Bsegan remene ideletesion; ect ed
10 a Speci iy R0 Bl Sl dobVe, Uiy B 00esPSPRES SIS0 R LY ond

beneficial mutation, there may be at least one or more neutral or inhibitory mutations.

25
Such mutations can be removed by including in the assembly reaction an excess of the

wild-type random-size fragments, in addition to the random-size fragments of the

selected mutant from the previous selection. During the next selection, some of the most

active variants of the polynucleotide/polypeptide/enzyme, should have lost the inhibitory
30 mutations.

Finally, recombination enables parallel processing. This represents a significant
advantage since there are likely multiple characteristics that would make a protein more
desirable (e.g. solubility, activity, etc.). Since it is increasingly difficult to screen for
more than one desirable trait at a time, other methods of molecular evolution tend to be

33 inhibitory. However, using recombination, it would be possible to combine the

randomized fragments of the best representative variants for the various traits, and then

select for multiple properties at once.
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genes from e sha agme I's a backgr agenesi s rate.
I n conbi nat ilomgenbt hecdgniztd hag il sedleqillé, dat rktehasla “fneiymgtaha tlag taciivdty ahas
been evol ved up, to 16000 fold increase 20 over the wi|d-type formof the
enzyne. | n d9sepBung Fspprsekdjresiedpsainshhenrayel viiantdehcht Emiatien can be

variability O%IC%GEE?I{ %%%é,{wa{n%ﬁd%%% gg@p of Mia0G R steﬁge& ;[]fgl}! ét%noﬁo{ircﬂ rd

feature of reco use 0 renove t'"errous

mut at i onsys ABthdicgaifsisethtab @ydein il Mithghd fgie REQRASSOhe hbee] Kama® Bemdihions, for
every one 25 beneficial nutation, there nmay be at | east one or nore

neutral or i%mmyercyeles afiDNA sheffling, cRhevmolar irefins ot the dehotaganderpvis) vimiant udi ng

i addi 11 on F4°t RETH ok ARl SRR, Met % Moo HBFd PRGOT R Rear BT e

previ ous sel®@atairdir lehdikbig of fiee aRMig Seruetde Wiich SRAReDfhetRAcHBES Fro’i&hité!e
variants of the polynucl eotide/ pol ypeptide/ enzynme, should have [ost the

i nhibitory esadmibediosbhsmung pestany, andeaddirionaldy.itbe cedingiseqepes af theloriginal
processi iy LS I sents..a.significant adwantage since there are likely
mul tiple che{l-rgg?:ltveafllgg{t?%tspr%lg@%%&r?fg%%teﬁpﬁfsei n nore desirable (e.g.

solubility, actiViik¢wis€! €he) inventi6g déconpadsas raasapplicyis fdfi DNA dhaffEggeen
for nore than one desirable trait at a time, other methods of nolecular
evol ution t demplogheo e avahition tadrgelyusiatatisles andi prdyneptidesbph thei imventian, woul d

e POl O o RSB Dbl ST SRR S O PR oL
at once. 25 DNA, oligonucleotides coding for known allelic sequences, optimized codon sequences,
known variant sequences, known polynucleotide polymorphism sequences, known
ortholog sequences, known homolog sequences, additional homologous sequences,
additional non-homologous sequences, sequences from another species, and any number
and combination of the above.

30 In addition to the described methods above, there are a number of related methods
that may also be applicable, or desirable in certain cases. Representative among these are
the methods discussed in PCT applications WO 98/31700, and WO 98/32845, which are
hereby incorporated by reference. Furthermore, related methods can also be applied to
the polynucleotide sequences of the present invention in order to evolve invention for

33 creating ideal variants for use in gene therapy, protein engineering, evolution of whole

cells containing the variant, or in the evolution of entire enzyme pathways containing

polynucleotides of the invention as described in PCT applications WO 98/13485, WO
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92 WO 02/44210 PCT/ USO01/ 45336 DNA shuffling can also be applied to the

pol ynucl eoti des and pol ypeptides of the 5 present invention to decrease
their i mmooyenicity in a specified host, particularly ifP€H&S01/45336

pol ynucl eoti des and pol ypepti des provide a therapeutic use. For exanple, a
particul ar  omriaant wab o8 he23y, SPER/I1RYE Ml RalBY, RS eCl SRLEBiGHAh. | SRARL ed
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shuffling." T .af i t h ri . DI}IA§ | d be
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contain at ligeahodEn theit &ifiret9 tefRth fedueagRs¥di ch enabl ed the xenobiotic
protein to evade the host inmune system and additionally, the coding
sequence of the original 20 novel varient that provided the desired
characteristges. Li i se.4 1 Lnventi enc es e .appl | gat, f DNA
Shuf 11 ng. eEnmele gy MeBRid b SRl Yok Bt RCRains) ASUERE L EBATRAS | des
of the inygnpdlppeptidéber ein one or nore cycles of DNA shuffling include, in

addition to the gene tenplate 25 DNA, oligonucleotides coding for known
allelic sequencesA mlmbemo)fénleth@uomax@qwmé@)@,d tokasessn thappientialsion rhaned |

known pol ynucl.eot i r phi sm,.sequence no .or.t hal o equences,
nown hono! o2t o e R B ke g PR e CghdRH ona
non- honol ogous segMENK$ScelBEHHARERS fWitMaa bRt HARGhES APEsaty vebisher
and conbi nation of the above. 30 In addition to the descri bed nethods

above, t her ecomisingnilintheiR sk enceflimgawlynurieotde sequanceniayprepasesl wangpystliodabl e,
or desirakde in certain ses. Representat|ve ano t hese .ar t he t hods
i scussed 1 B0 BF BB Co B B8 370, UHRETE By lsBauss ThPOR G

her eby i ncorppkrb®sh, Bd ERHRIAPGSIogicH ThERABRIRs afeShadeSh KRRENIRS naRfeclibR0 be
applied to the polynucl eotide sequences of the present invention in order

to evol ve i n¢@rt1°n. Ty hVBId cexpaessing GHi@df1 vellsi aetstettod by R flugresvence.
t herapy, prot.ei n _engi neering, .evol uyti.on ol.e. .cel l.s. cant.ai. ni e
vari ant br WekPrER SR ridigRral At SR st Sy Shebtea e AT 16

25 Voltage stimuli lasting 500 ms are delivered at 5-s intervals, with either voltage ramps

or voltage steps from 100 to +100 mV. The internal pipette solution for macroscopic and
single-channel currents may contain 145 mM Cs-methanesulfonate, 8 mM NaCl, 5 mM
ATP, 1 mM MgCl2, 10 mM EGTA, 4.1 mM CaCl2, and 10 mM Hepes, with pH adjusted
to 7.2 with CsOH after addition of ATP. The standard extracellular solution may contain
30 140 mM NaCl, 5 mM CsCl, 2.8 mM KCI, 2 mM CaCl2, 1 mM MgCI2, 10 mM Hepes,
and 10 mM glucose, with pH adjusted to 7.4 with NaOH. Relative ion permeabilities may
be measured with the pipette solution containing 145 mM Cs-methanesulfonate, 10 mM
CsCl, 5 mM ATP, 10 mM EGTA, and 10 mM Hepes (pH 7.2) and the external solution
containing 110 mM NMDG+, 30 mM X+ (Na+, Ca2+, K+, or Cs+), 10 mM Hepes, and
3 10 mM glucose (pH 7.4). The relative permeability for monovalént ions may be
calculated according to the equation PX/PCs = ([Cs+]o/[X+]o)exp[F(EX ECs)/RT]. The

PCa/PCs permeability ratio is calculated according to the equation PCa/PCs =
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pol ynucl eoti des of the invention as described in PCT applications WO

98/ 13485, WD 93 WD 02/44210 PCT/ US01/ 45336 98/ 13487, WD 98/27230, WO

98/ 31837 wanz4L21@neri, A., et al., Nat. Biotech., 15:436-PET/AS®/4563k997),
respectively. Additional nethods of applying "DNA Shuffling” technology to

the pol ynuqleat1begRFBOSRIG pREmt I/RES 25 (FECS/FON 2 BNU ¢ { ke R,MCLAEI ng
their pro og{éd ]a%gf(i cati Qnsx?p my beﬁfg%(nd in dS ng‘l([ant ! '5,605, 793; PCT

Appl i cat i-bn INere the g8 @526 2HsolPETteApetdtea! rah RindayDcoTstatp rdpedd@tly.
Application . WO 97/ 35966; and K P | icati on No. WD 98/ - P
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herein For alb.(BHERASE il GBSy 2orre i ok ODs ARAGRS Afkidigh EutiAtinee | on
Channel Activity of the hVRId 15 Pol ypeptides. A nunber of nethods may be

enpl oyed to assess the potential ion channel activity of the hVR d
pol ypeptides, One preferred nethod is described below CHO K1 cells
transfect]g)d amplg 6 Bactenial ExpressionQf A Bplgpentisle. vect or conprising the

hVRI d di [ [ '
' the art. The ot SobPAoR R SaHER R R pRIE OGS s BRI Bmp e o
after transkagtPOR,oligotdudd@ici rpeiirys icotregpoading I1e alke! 5 earind ‘ends of HedDN2¢

hours after transfection (22 2C). The hVR.d -expressing CHO Kl cells are
det ect ed by SEHIENES. [8sgaibeveenseijpphragmentsy r Fhenprimeys aised f emplily the cBdAdr 20

kHz and di gi. i+l l . 5 ' b '
<D on”ar o b tplig e E8 ) Do fLE okl PRSI o 2504 70
vol t age si£ps tid pritnéfQn toddet 10 Olond theTdigplifiddefroahct Phtpahd expEedsitnl v@tor OFor

macroscopi ¢ and _ single-channel currents may contain 145 mM )
Cs- met hanes ¥fuakE: Sanglland Reel comesppnd porthe restpgfiqm@zyme sienvn HeTpgcterial  miv

CaCl12, and . 1 - ] Hst . i .after i tion
AR T M BT o ﬁ?ﬁ%ﬁgﬁgy&%y il ﬁ‘%%‘@fﬁ%ﬁﬂq‘dﬁ%é 5
mM CsC , 2. 8nttMoliCtesistarthl( Lapdla bacteiiAl MiiciPof dflidibieRes an Mr(drégﬁllegﬁiﬂle
glucose, with pH adjusted to 7.4 with NaOH Relative ion perneabilities my

be neasur ed Bpmpter/Aperpiop /08, aubesomsrbiading sith(IBS)1 a9-sdine tag (6-His), and
Cs- net harzsy te, 10 . 5 mM ATP, 10 mM EGTA, and 10 nM Hepes (pH
7.2) and thgegé‘g%}g‘%nn%zwgSWan%SI ®&ontai ning 110 mM NVDG+, 30 mM X+ (Na+,

Ca2+, K+, or Cs+)ThelQEMVERPER digd@d with BAmAVheH NBSRd (R hnfpihled fidpenent
rel ative perneability for nonoval ent ions may be cal cul ated according to

t he equat i oAs Pgetemtethe[nQE-P are¢ i neisaiping (tireadioy frme initiseed gothy tcteri
permeabi | 1 OyREAUHO. i Si6R b hALE heR GEH 18 alsrbOn %, GO BHi R M RS (Giagen,
25 Inc.) which contains multiple copies of the plasmid pREP4, that expresses the lacl
repressor and also confers kanamycin resistance (Kanr). Transformants are identified by
their ability to grow on LB plates and ampicillin/kanamycin resistant colonies- are

selected. Plasmid DNA is isolated and confirmed by restriction analysis.

Clones containing the desired constructs are grown overnight (O/N) in liquid
30 culture in LB media supplemented with both Amp (100 ug/ml) and Kan (25 ug/ml). The
O/N culture is used to inoculate a large culture at a ratio' of 1:100 to 1:250. The cells are
grown to an optical density 600 (O.D.600) of between 0.4 and 0.6. IPTG (Isopropyl-B-
D-thiogalacto pyranoside) is then added to a final concentration of 1 mM. IPTG induces
by inactivating the lacl repressor, clearing the P/O leading to increased gene expression.
33 Cells are grown for an extra 3 to 4 hours. Cells are then harvested by
centrifugation (20 mins at 6000Xg). The cell pellet is solubilized in the chaotropic agent

6 Molar Guanidine HCI by stirring for 3-4 hours at 4 degree C. The cell debris is
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[ Cs+] oexp( FECs/ RT) exp( FECal RT) [ exp( FECa/ RT) +1] }/ (4] Ca2+] 0), where R, T,
and 5 Fw0ex#42¢0 gas constant, absolute tenperature, and FaET/ad@y45336
constant, respectively. Statistical conparisons are made with the two-way
anal ysi s of reidval 6§ céffAor Btk thb Wiperitar dodt 'Fnﬁhgth b IpPAnE RNELIRH ont
correction; rP < Ogg i ndi caqt ed sta}téiﬁbsti cal gi Slni I c%cg[.)é% 10 Exarrplotra1 06
Bact eri aP Expricledingtrilcfri-Ace®iol gqiépt NaNTA) paifiprtyciesint icdlemsn ¢odilalge afrom
pol ypepti de resent j.nvention i mwlifie sjng PCR |

ol i gonucl eogi%g‘ﬁgf' rsé‘%%r k@g‘?}%ﬁ'ﬁﬁ@‘ qs%%tlng@g?m fﬁdH%Nl-g‘Wsrea%n ViR hisha
sequence, tQrsvotNASLAELL i . b BT (o U _ ify
the cDNA | nse?lt? As?%o%%ld p?’gﬁ g%%gﬁyg %%éfg;ﬂr?%r é%{]ﬁogédlh{o% (Z(I)rt gegglségec nglse BanHl

and Xbal , aQIA&epréssiominst (IB5POIAGEN) ThdEsupra)n order to clone the anplified
product into the_expression vector. For exanple, BamH and Xbal correspond

to the r?ﬁt ri ct i BHEBhADsRIPSTRagant froaded apie thecpiimn g MesiapisinesHEL. ol BOE- 9.
n

J ' , 1 Thi i X i bioti
(g mnce st B Puen b T S hAE A BEH RSt s Bk Vol ©
| PTG r egul atvithl1@ vohimassusf @rVignenidier HCHR), afd finddgshepolppeptide & dhiee wifRBS) , a

6-histidine tag (6-H s and 20 restriction enzyne cloning sites. The
pQE-9 vect of M gugtidiaettel, phltShh BanH and Xbal and the anplified fragnment is

the- bact eri al - RAE b SRR EolBd ok Ptk At BFsehde bR,

col i straknsdvibs/(PBBYior 50 I@NENa—aZ&adeﬂgH% e PLE0D RSN AT, tAIReatRRR), &fe Of
the plasmd pREP4, that expresses the |acl repressor and al so confers

kanamyci n r Beiein gae be sresassfullyrresolded mdn immpbdized et the NNdN'B4 cotumen.rThebi | ity
to grow on | at es. and..anpi ci | L.i.n/ kananyci n.resi.st a oni es .are.

cot Ser o prRenBh AR ARG REE s bt RO bR R BM- TR R EBBRCs

Cl ones cont s00HnM Nallg, 185 blyeeof QOSANUESFHEN SHOT. HVebniEhS pfiidast HMbitdrs.

liquid 30 culture in LB nedia supplemented with both Anp (100 ug/m) and
Kan (25 ug/ riite. remfaratiop ghewldtber perfarmedeaver @ parisdudial & ourapyearel tAfter at a

tio 0£01;100 to 1:250..Th | | .opt i ity 600
(& D600y ol PEarIninPHtein e ifted P ficantio 8 2o m iRl MR R Al
pyr anosi de) isirsmbh&bypsflesl diflyang sepheARATHY 6280 BM Qdidm Adtatk BEG bageices

by inactivating the lacl repressor, clearing the P/O | eading to increased
gene expr esBiupa00 md4 Nagll| Thepwrifindgupiefngs stredent thr degBeet @ onfrpzenras -80Ckdgres ar e
t hen harvesbed by centrifugation (20 m ns at 6000Xg). The cell pellet is
solubilized™n the chaotropic agent 6 Ml ar Guanidine HO by stirring for
3-4 hourasat 4 degree C. The cell debris is 95

Example 7 - Purification Of A Polypeptide From An Inclusion Body.

| The following alternative method can be used to purify a polypeptide expressed
in E coli when it is present in the form of inclusion bodies. Unless otherwise specified,
all of the following steps are conducted at 4-10 degree C.

30 Upon completion of the production phase of the E. coli fermentation, the cell
culture is cooled to 4-10 degree C and the cells harvested by continuous centrifugation
at 15,000 rpm (Heraeus Sepatech). On the basis of the expected yield of protein per unit
weight of cell paste and the amount of purified protein required, an appropriate amount
of cell paste, by weight, is suspended in a buffer solution containing 100 mM Tris, 50

. mM EDTA, pH 7.4. The cells are dispersed to a homogeneous suspension using a high

shear mixer.
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WO 02/ 44210 PCT/ USO1/ 45336 renoved by centrifugation, and the supernatant
containing the polypeptide is |loaded onto 5 a nickel-nitrilo-tri-acetic
acid ("Nwoxdiaffinity resin colum (avail able from Q BGENS01/4%836,
supra). Proteins with a 6 x Hs tag bind to the Ni-NTA resin with high
affinity and can i Balld hicetheh N %@b%&l@%"%&%@]ﬂﬁ@ﬁ Qﬁl‘%ﬂ%ﬁea ﬁh@ﬁoﬂqﬁi‘iz%ﬂ S
see: The _Q Aexpressioni st 199% supra) riefly, the

super nat aht (Mictofeidizd, Gmpoon ABVd&JauhmIncr) t&idel agy 4e00- di)@OapdﬂCThe anBgenatbOst he

colum is f st washed 10 vol une f 6 M guani

washed wit H ?Lrbn%f’f WEE%&GS ki R qqesentaign Oglqgse ?"fﬁéﬂ ﬂlﬂ@eé %

pol ypepti de rQkei n
is then renadteﬁltrrghdg%ﬁﬂ(f’%f)ggl %5&{: 1? qglgfaﬁl;lﬂs%? ep Iﬁénteglsb‘g%? g&r?g%?hﬁ ‘fgﬂg lelcNfIle
(PBS) or 50 NMCINGOGmM dtris, SQ)iﬂNBEm]TA@HﬁMus 200 mv NaCl .. Al ter natl veI y, the

protein can be successfully refol ded V\:hl | e immobilized on the Ni-
colum. T r ecohfelradldng grashed dedusignebodies e solipbilized ithy le %lgﬂﬁll@tmﬁ near

6M 1M ure # 4,
cont ai ni ng A sCREdy RowaCh i Mg, S020 RO a8 Gl I TS UL Tho BRIt
a period of i. cﬁschmledSandrtha@bgzpeﬁﬁdeeeorﬁﬁnfngr@paﬂhatanons inhﬂbepécbhten NiegfeeC
eluted by the addition of 250 mM i mm dazole. |Inmm dazole is renoved by a
final dial yz‘?"i?&llgl%téﬁaH@‘Hlfﬁglﬁerlﬂ‘B@@]re?g@CW sodi um acetate pH 6 buffer plus
200 MM NaCd . The r - 80
degree C. 25 ExaIpoqul‘Jﬂ}gﬂlgﬁ ?&?dl & r?fu%&t%ﬁio @b(]) 74{% E)%% V%%ngm k lgstél on
Body. The;§ aht GMHIT salubizB@piotéin Ii@%ehﬂdetﬂ@”qlﬁﬁd}d ﬁﬁﬁng ﬂldmﬁﬂtyemaﬂpsbvm eptide
expressed in E coli when it is resent in the formof inclusion bodies.

Unl ess ot hervilaaessofduiffer sentaingig StomM sndiyra) pHdidn d5e may Nakile? adh FRkARY at
4-10 degree &g?rﬁ& é%Pr? gc%‘lﬁgtrgfﬁogf’eﬁ fued %a%gnogo Gt 4O RiAse %8%%‘@%@0 ol

fermentation 'S co eg ee Is

harvest ed bymi@iy fof U2 hSuReHor kd Eeket 1ﬁc’aholl§te990 rpm (Heraeus Sepat ech) .
On the basis of the expected yield of protein per unit i ght of cell

paste and the anotmelagty fgriefdlded pelypantide rsgwupn,e@ preétwuab'pprémrﬁét@gamf—tﬁh nt

of cell pﬂkt wel ght nded 1| sol ut.ion _cont ai ning 100
o Tri s, Pao el Hlonsy SR RENE Senita® T 36 BPio B3 E R fis e Reous
suspensi 0” lﬁltftﬂl),aedﬂlﬁliﬂiate& R8T 40N 'sod@n acetate, pH 6.0 is employed. The filtered

sample is loaded onto a cation exchange resin (e.g., Poros HS-50, Perseptive

Biosystems). The column is washed with 40 mM sodium acetate, pH 6.0 and eluted with
25 250 mM, 500 mM, 1000 mM, and 1500 mM NaCl in the same buffer, in a stepwise
manner. The absorbance at 280 nm of the effluent is continuously monitored. Fractions

are collected and further analyzed by SDS-PAGE.
Fractions containing the polypeptide are then pooled and mixed with 4 volumes
of water. The diluted sample is then loaded onto a previously prepared set of tandem
30 columns of strong anion (Poros HQ-50, Perseptive Biosystems) and weak anion (Poros
CM-20, Perseptive Biosystems) exchange resins. The columns are equilibrated with 40
mM sodium acetate, pH 6.0. Both columns are washed with 40 mM sodium acetate, pH
6.0, 200 mM NaCl. The CM-20 column is then eluted using a 10 column volume linear
gradient ranging from 0.2 M NaCl, 50 mM sodium acetate, pH 6.0 to 1.0 M NacCl, 50
3 mM sodium acetate, pH 6.5. Fractions are collected under constant A280 monitoring of
the effluent. Fractions containing the polypeptide (determined, for instance, by 16%

SDS-PAGE) are then pooled.
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WO 02/ 44210 PCT/ US01/ 45336 The cells are then |ysed by passing the
solution through a mcrofluidizer 5 (Mcrofuidics, Corp. or APV Gulin,
I nc.) twweoz#424000- 6000 psi. The honpbgenate is then m xedTASMSBEC
solution to a final concentration of 0.5 MNaC , followed by

centrifugation atTh0@%d: &@e%ﬁd@%ﬁbulﬂ&&ﬁﬁi@%‘éht%ﬁihﬁn Dg%lﬁﬁit)i{ stapsharbvagai n
using 0.5M Nad, 100 nM Tris, 50 nM EDTA, pH 7.4. The resulting washed

i nclusio ][15 bcrdfOédirﬁ&ami Blmii%datibil steps. VNG tnajm&om:caglimt Uzimife shaudd hydbsauhld(ﬁfrdmlel I
GuHCI -4 . A 7 I [ ol in. ., t

sl sbar ded SHHRAHE OGS odeS DS A Fisey " 8 R AHUEFL PR bate e 4

degree C OV%@P%*SE%& O%fo@iﬂ% 184 B REte T Ak A ﬁﬁ]tanlﬁﬂﬁtli@swm?ﬁtgﬁicﬁﬁkapeed

centrifugation , Xg) to renove Insoluble particles,

sol ubi |i zed the bPBicontiest isééss ltltmd. bygimliackdrgingitoLAd. 4shaysGUHCI extract with 20
vol umes of buffer containing 50 mM sodium pH 4.5, 150 nM NaCl, 2 nmM EDTA
by wvigorgus stirring. The refolded diluted protein solution is kept at 4

L R .

tangential RXpresdién System. unit equi pped with 0.16 um nmenbrane filter with
appropriate surface area (e.qg. Filtron), equilibrated with 40 nM sodi um
acetate, pH 6.0 i Hhplesywnle. the plamidr gwitles ¥aeire DAC3T3 aifetednico isetat i on

exchange resi 1. PQr o Per Lve LOSust e - T |k is
washed wit h%fmegg ?ﬁlgr&noaacs:lé) alégrusﬁ86$§péas%c? %?lgé‘%gﬁ\% t%‘%@czﬂ?@a C%Vﬂggo g\l
1000 MM g cexpRdflonvbdia@dontainstthestemigiobhbdei prohidied of tRAM S SraphitRdali&irnicd he
absorbance at 280 nm of the effluent is continuously nonitored. Fractions

are col | ect elcleappeljhediesis sivay (AMNBY) Shlowesddy. conveentgesrietinm dicsi wigick he
| i d : ' i fowater. .. T
1 Mot samparirbtBR PRy BB Ml 38, fubd alel B TR0 BipelBhits sicolibr, 20

col ums of simRgieUoN"{\PR"PS dfieh B6kd BeEFRRint Y&l yRicASG6:E NBr edsitkeldReikn ani on
(Poros CM 20, Perseptive Biosystens) exchange resins. The colums are

equi | i br at ecPfpaombaBnt Yikss i ik eqnagies the brta-gelactpsidse gonaiion Faceli vrdshed

w th 40 n20 sodj cetate~pRH .6§.0. 200 mM NaCl . The 20 | u i S.then
ol uted usi ngonh ol & HENE Ry e et gl caime Ay AR o R
50 nM sodi urpoazab@figiorPdikial Of tHe pblyheMiNgle. TH indhtedMesdire! Mud&alcal thth PH
6.5. Fractions are collected under constant A280 nonitoring of the

ef fl uent . Frsadesibyrigrad sequgnensrgr e¢lbmediajaddmmelegqusateambingipn wish wilkstyasce,
by 16% SDS_\E@%\N& Eoegetnrf]:?art]e B g%k)ﬁtd\iirus that express the cloned polynucleotide.

25 Many other baculovirus vectors can be used in place of the vector above, such as

pVL941 and pAcIMI, as one skilled in the art would readily appreciate, as long as the

construct provides appropriately located signals for transcription, translation, secretion
and the like, including a signal peptide and an in-frame AUG as required. Such vectors

are described, for instance, in Luckow et al., Virology 170:31-39 (1989).

; 30 A polynucleotide encoding a polypeptide of the present invention is amplified
using PCR oligonucleotide primers corresponding to the 5’ and 3’ ends of the DNA
sequence, to synthesize insertion fragments. The primers used to amplify the cDNA
insert should preferably contain restriction sites at the 5’ end of the primers in order to
clone the amplified product into the expression vector. Specifically, the cDNA sequence

3 contained in the deposited clone, including the AUG initiation codon and the naturally
associated leader sequence identified elsewhere herein (if applicable), is amplified using

PCR protocol. If the naturally occurring signal sequence is used to produce the protein,
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97 WO 02/44210 PCT/ USO01/ 45336 The resultant pol ypeptide shoul d exhibit
greater than 95% purity after the above 5 refolding and purification steps.
No maj or wonr/aarimant bands shoul d be observed from CommuaBeT/@Stl45836st ai ned
16% SDS- PAGE gel when 5 ug of purified protein is |oaded. The purified

protein can (g $&tdruske b&hot AbeENHRbAX siBhH PSpERN T AME RN thedRPtdr ¥RA 681 | Y
the LPS content is less than 0.1 ng/m according to LAL dssays. 10 Exanple

8 - O oni g medifiekisriedsdonbauloiryiepdersequiecd, nsingtBastuladimaeisods Begribsdi on
stem In this exanple | asm.q . shutt]e vector 373 is, used to

Thaert a | pdhyWERTESE db | Avgtn R dEBHLT eala S el b Berdbel A

typical bacuyhgyid P&ce&ée@%&gﬁs?%x‘?&lﬁﬁ%ﬁEﬁg%rfrﬁéﬁtﬁ'ﬂ%ﬁcﬁl@ulﬁ:ﬁhw 1588 o In

pronot er of the Autographa c ornica n ear polyhedrosis virus CVNPV)
foll owed by convenient restriction sites, which rmay include, for exanple
BanHl , Xba | and Asp718,_ The pol yadenyl ation site of the  siman virus 40
(" SV40") ﬁ of t enlRgsRplifisd f@rgmeey Jéﬁ%ol%q? qechlP 2enspe eet yping ascpmapgreially on

nmb A ! i [ t&- ' . f

B colt under IR (aRn e I S o B PR35 B e T O

ori ent at i on,witlohppevgthtdyestriveion paryadenylagiin poriiedoab 166 agdiesepel.yhedrin

gene. The inserted genes are flanked on both sides by viral sequences for

cel | - nedi at ed horilcogbsBl¢ de chismstesk Motk thet pogspandipp destyirtion eprymespand
enerate a vj [ t 1de;...2

gt her bacul \éd\y?i?%@%é%# ci)re S @%%s%égfyﬁ%%hh%]ﬁg %Il‘]g(r:lgtg%t& Q%l %gg\gﬁggﬁgér’q%bn&%}l Mgg)éh as

pVL941 angy pAcddilizeskaomhAan gie drl. €Thd DNAhie tiadht isolexel droneadod aga&meggepﬁmgea as
|l ong as the construct provides appropriately |located signals for

transcri pti semmergiady availshle leC'Gepechean” BAQ 104 dng.j lalollan€rddi ng a si gnal
tid d i ired : d i f
ot ance. in Luckdly B andind A SIS DGl AR s B IEBEE WAL, 4

encodi ng a [ONKARALE. d% cofi HB1®1 R 6&Niuitabé &) tolDRostsSsudhRd K1 i EBlue (StkAigheRER
ol i gonucl eoti de primers corresponding to the 5 and 3' ends of the DNA

sequence, t d-leyinghesiens, LadeHe, 6A) teliyareritansiormed pritnthedigatien mistugerphd f y

t he cDNA 20 [L S | d eferably cont.ain restriction.sites..at . .th . end
ot or apgel of A0 e pBICET BLAR cSPRE RelfRinid &t ihiftd (R8hE DA
expressi on Vfegh @idividpe eblohied hhd/analyaigthNAioSRigH pR&IACt 1505 SleftRbhbresik N he

deposited clone, including the AUGinitiation codon and the naturally
associ at ed [se@pace sbhaekumed ifement is sanfaimed PN Atsedednging f applicable), is

lified [ 2CR t .. If th t | 1 ' ... sequence
?gpuls elde i ouglr ggu Cfgvef &8 a @gsg}u&conté%m?g {he p&%lguclé/otﬁgﬁ:sucror—ﬁgrgfo% 8 %ith™ .@ug

25 of a commercially available linearized bacuolvirus DNA (“BaculoGoldtm baculovirus
DNA”, Pharmingen, San Diego, CA), using the lipofection method described by Felgner
et al., Proc. Natl. Acad. Sci. USA 84:7413-7417 (1987). One ug of BaculoGoldtm virus
DNA and 5ug of the plasmid are mixed in a sterile well of a microtiter plate containing
50ul of serum-free Grace’s medium (Life Technologoes Inc., Gaithersburg, MD).

30 Afterwards, 10 ul Lipofectin plus 90 ul Grace's medium are added, mixed and incubated
for 15 minutes at room temperature. Then the transfection mixture is added drop-wise
to Sf9 insect cells (ATCC CRL 1711) seeded in a 35 mm tissue culture plate with 1 ml
Grace's medium without serum. The plate is then incubated for 5 hours at 27 degrees C.
The transfection solution is then removed from the plate and 1 ml of Grace's insect

3 medium supplemented with 10% fetal calf serum is added. Cultivation is then continued

at 27 degrees C for four days.
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WO 02/ 44210 PCT/ USO01/ 45336 the vector used does not need a second signal
peptide. Alternatively, the vector can be 5 nodified to include a

bacul ovi m@ ot/¢der sequence, using the standard met hods dpeTUSWIRH336 N
Summers et al., "A Manual of Methods for Bacul ovirus Vectors and Insect

Cel | CQulture Procedynr@sdayd erettipdRbiaftisiclliédedXRES pRBIY Asaylsdetfoim&laketin
No. 1555 (1987). 10 The anplified fragnment is isolated froma 1% agar ose

gel using a deseribed diyaShnmeny and Huhigh, ksupry, " Genegiress 'telBivdh1 Blu¢ (gal) (Life
Jolla, Ca.)..The fragment, then is.digested w th appropriate restri.ction
onzymes ant TSRS T Dattuehurd)os uato Sov Sy bR il Sl it Eilk
with the cor, i L G Y tdxopak

Gephosphor yIap Sy e Raet 27HiEh plddite SEKHiSe P PRaudP! (0BG dEEREh of s

procedur es Kplwgme assay'tof ths type TrealNe fosnd ethe s0b gtidd fdrimsececel Yubiganade gel
rcially eclean" Bl O 101 Inc., La Jolla,

gi. )n > Th CO%W@WM&%%%@' i e&?%%@é@%fwsﬁ%sﬁﬁ@%@r&n@ﬁ% gdlot-)o@éc?eﬁeL
a). T ! ; e : PGS :
YT B e ( APPSR infabafifhioliBudiila BlagBlAIRE pRitkh Ain ipt iRy O 28

with the |i daki, @ppeadoii)r @hangarddnsiiirg theacambinuiterifaket i@ shenBaaispénded in
containing the plasmd are identified by S(iéfgeSti ng DNA fromindividual

col oni es and BHEPSEAHGSe HEbGicgaiainiem 200 gl urft Cracegemediva. frd fhp sBYICESIoThe
sequence of o ' [ \ L. . Fi g of
o Bl asm o cSuRain BRCELORITRR bl BRI tf R BnlRh SEPAUGTER i gt o5

of a compy dligieh.yFawadalya i@ thé ngRidaZals Soho auliutsdibNG ¢ BasedteGaiditheh
bacul ovi rus DNA", Pharm ngen, San Di ego, CA), using the |lipofection nethod
descri bed byhgeargpiered it dggree oroc. Nat|. Acad. Sci. USA 84: 7413- 7417

(1987). One ug OfToE?gr%yotgglqu)ﬁséeé%)ﬁ g)? at{l%gﬁ?éiéugf&ggl%%eg%rgw 1% é)%a%e’gn- xed

in a sterile well a’mcro I ni ng serunrfree

G ace' s nedingdifhishepldeied WeGo®Z, hag-inacGRhith EBSH UG, ceMre idRctdll bathnae ds,
10 ul Lipofectin plus 90 ul Gace's nmedium are added, m xed and incubated

for 15 m nutreenzhingnsdacelemses eanainingThe pohnecieptidss ek mutipligityt ofr iafdciomdded
drop-w se0 t i C . .1711), seed i n 35 mmt.issue
curture: pl at SISt 2 R dafiol LT el A e R8T E Roldl i Ber e FRAiLATRS

i ncubat ed f @Embvdacint $s Rpladetl Wit SEFOD I0medihteminug Rfekte6ih®fhSd3ktdink @availghble hen
renmoved fromthegpl ate and 1 mMl _of Gace's insect 35 nedium suppl enent ed
£

with 10% f etfegm Edp fleelmolggisssing dBeekvillo, MIP), abfterft2 hpurh 8 mGi 0h 8P hrimethioripe 27
segrees € 1oby'ol S8 iR DGR EA0 BT I T L0 Bty
25 incubated for 16 hours and then are harvested by centrifugation. The proteins in the
supernatant as well as the intracellular proteins are analyzed by SDS-PAGE followed by
autoradiography (if radiolabeled).
Microsequencing of the amino acid sequence of the amino terminus of purified
protein may be used to determine the amino terminal sequence of the produced protein.
30
Example 9 - Expression Of A Polypeptide In Mammalian Cells.
The polypeptide of the present invention can be expressed in a mammalian cell.
A typical mammalian expression vector contains a promoter element, which mediates the
initiation of transcription of mRNA, a protein coding sequence, and signals required for
3 the termination of transcription and polyadenylation of the transcript. Additional

elements include enhancers, Kozak sequences and intervening sequences flanked by

donor and acceptor sites for RNA splicing. Highly efficient transcription is achieved with
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5 described by Summers and Smith, supra. An agarose gel with "Blue Gal"
(Life Technologies Inc., Githersburg) is used to allow easy

i denti fi 0@ bom2and i sol ati on of gal - expressing cl ones, V\hCTJUS@lV‘tSd&ﬁce

bl ue-stai ned pl aques. (A detailed description of a "pl aque assay" of this
type can al d e eqfo 10
bacul ovi rol g[gyl%grlgﬁfﬁabl&'{éeg}dg&)tgg fro gﬁﬁgl tOhel fon‘l”ﬁ%%ﬁﬁ]a%aéﬂ ha @'b SZ ﬂ?Hp‘%l{z:lige
9-10.) Afi erRetawiruss| &.gl, ERS\n(HLIDIaVI mlah@eleséaallyrmdm@ieac}ﬂee @fEndatdv@@ds Wi t h
the tip of a mcropipettor f Eppendorf). The agar containing the

r econbi nant (EMYsdoyvevarneehu aé@l%weﬁcf@a alsp bealswl @r&a»dgﬁblﬁmﬂlm g@in prpmoter).

cont ai ni ng 200 ul and .t he nsi on contal ni t

r ecombi nant baculsdl\?ﬁalrjlu%e%%ssﬁ%e‘é?ct r?oﬁfl% S P© Clgg espr%sg a4 I}tﬁqnétgzll%%%ﬁ

di shes. Fourexdiyk, hait6fs Jubl as PRVILNAdPNMSGOfPhhReRS, Q,%ﬂ aﬁes%&éﬂ spm‘ecat
harvest ed and t hen they are stored at 4 degree C ver|f e expression

of the pol p{éﬂftq(éléﬂ@f)@sééﬂdhﬁ (érTéJ(éBM@),lpB %MC%HIQ%MEMMSQMm(bd

with 10% heat - vat F The are in I nant
bacul ovi r us a@Srﬁr@&% t%he I%WWE 218§t|<a=, Sélﬁatéo'r‘rﬁcbt émérfctl'ﬂfio uﬁnﬁ‘?gg’ybon 20
("MJ ") of ai%“H9%nd'JﬁrHa@éEll@'ﬁ@@ée@@‘&@ﬁ@%ﬁ@lﬁ%ﬂ@'%sﬂe@osﬁ AL 'q%hﬁr the
mediumis renoved and is replaced with SF90011 nedi um m nus net hi'oni ne and
cyst ei ne (av1-8lsels, Incbuﬁmchteﬂleafr@éhmlsa)lgpm&tenwary (Q%@kmllsl e, MD). After 42
hours, 5 uCG of 3 rreth 0 e and. 5 u 35S- c elq Bél vai | abl e %
Anersham) are ad me\tﬁ’é’r 3 elp§’ YRPRUqe fap SFX@@SSF Sutiahle eSfBHtF}B’HP%t &nd
then are 5 as
wel | a5 t o T o R R e I B B R R P PO

aut or adi ogr apdryer(suth aadhi) giveleedycinyhygrosgcnabiows gheaflettifecation amd molatdon

sequence of the am rm.nus of purified protein may be used to
det er mi ne t 1% hl%ﬁﬁr ?‘?@eﬁ’l n}é sequence of the produced protein. 30 Exanple
9 - Expression Oty RlyRaRb dfe gn'mm’eél Bl doSex 'ﬁge 18%&35%%&% @k the

present invention can be expréssed in a na i'an o6 ypi cal
manmal i an exgpredssi poteue cTioy DI:WIRI @ilmsirefolatecordt@ased henkentis uawtﬁnlah deedogihgs t he

initiatiog of transcrlptlon 0 protei n cadi ng uen and S|gnals

required forcelldBes Abataapy %ﬁi&?r%mecl P Ry ﬁfeaeiaﬁ Fhoeﬁ%ndpercly% (e atepe of of

the transcripforest §§é %15(13%9%%% . Bﬂﬁ'@%?n oB83A527 §70 g%gifﬂ%ﬁﬂi%?ﬂie.s and
I'an a s T'or RNA

i ntervening sequenc ed by donor cceptor sit
splicing. Haghl MaefQd.j Bl@ﬂnbnt reariBiophyst iAoma,i 0% cti7ei4sd (1W9%0R Pagy) MOJ02hd4210

PCT/USOl/4536the rly and | ate pr s from Sv40, the long term nal
repeats (LT %\% y B1otechno&ogyp9 8%% ({991) ) Another useful selectlo% marker is

25

the enzyme glutamine synthase (GS) (Murphy et al., Biochem J. 227:277-279 (1991);
Bebbington et al., Bio/Technology 10:169-175 (1992). Using these markers, the
mammalian cells are grown in selective medium and the cells with the highest resistance
are selected. These cell lines contain the amplified gene(s) integrated into a chromosome.
Chinese hamster ovary (CHO) and NSO cells are often used for the production of
30 proteins.

A polynucleotide of the present invention is amplified according to the protocol
outlined in herein. If the naturally occurring signal sequence is used to produce the
protein, the vector does not need a second signal peptide. Alternatively, if the naturally
occurring signal sequence is not used, the vector can be modified to include a

3 heterologous signal sequence. (See, e.g., WO 96/34891.) The amplified fragment is

isolated from a 1% agarose gel using a commercially available kit ("Geneclean” BIO 101
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5 Retroviruses, e.g., RSV, HTLVI, H VI and the early pronoter of the
cytonegal ovirus (CW). However, cellular elenents can al so be used (e.g.,
t he hunarw@er/i421pronot er). Suitabl e expression vectors foPCE801/45336
practicing the present invention include, for exanple, vectors such as

PSVL and pMi ( PR#sIRCa), W@@ﬁgﬁﬁm tﬁ%ﬁ%ﬁ%esteﬁm roﬁk&te(ﬁltﬁgtigﬂ dmdmes
pSv2dhfr (ATCC 37146), pBCl2M (ATCC 67109), pCwSport 2.0, and p Sport

3.0. Ma | i ad agaistpucidietl ontahlfb agaasedgebe used i ncl ude, human Hela, 293, H9
and Jurkat cells,_ nouse.NIH3T3 and Cl127.cells,. s 1, Cos.7.and CV1l, quail
o3 e s oo E Aagind Brsingins s diseriot SHUGUE Sgiop &R ios qrgyme and

A Ler natl Vel uiffel) 8n B RERGARI. I i QS RAGRAR nd the SISOt flded bR Pare

contai ning the 15 pol ynuc egr at Sone.
co-t r ansf or nthen bgated with 34 PN A tigade! €. colibiB 01 arih-1Buelbdlls areghén trastomped n,

hygronycin allows the identification and isolation of the transforned
cells. Th t%n&%é%%ér& @weegwt sordgyn e Tragmnent nsertedgniogiaseaid pCamg@EaioBuNt s

of the e qﬂ&%%fgts&k@{}n'%ﬁn%-iﬁﬁlsg{ hydr of ol at e reduct ase) marker is

useful in developlng C that carry several hundred or even

several thousand Clipéeses hahstehevggneelly lackigr ast activeePHER Gene Ab tused. foV, et
al., J. Biol. Chem ,253:1357-1370 (1978); Ham in, J. L. and Ma, C
Bi ochem et tEmsfmpationcFive peoyznrgpression plegmd is cpggesfonmediwith i@ ussyicthaham

M A, Biot - 04- h I . i r 1s 25
the enzyne %@%ﬁ?ﬁﬁ’ngg, ﬁ%@%&%@ﬁ%ﬁ%ﬁéﬁg ﬁ%/lgﬁprgf %I%Sﬁwlg %Ey%lfg?&g@?s 279
(1991); Behbdaginent selectable makey, oo @endftodOritéhcdding bh 2BZ)me Hal agférbese
mar kers, the mammalian cells are grown in selective nediumand the cells

wi th the hi ghEstengedsagrepcd antipistiseinelading G4ige Jbe eelly arp pepded Biipha minpp e
anplified I i ) | n h er. gvar

(G0 and neAEnEbistiRahd) i Dbyt EHE AT E e NESR HETETRPE 30 A
pol ynucl eot i @@ededf it MEbHESSE NElohinY Epthie® (CrsinafPGeimdA) d6CAPEA NHinho MERT
protocol outlined in herein. If the naturally occurrlqg si gnal seguence IS

used to prodieplepgeted srdy1dh A5, or B8 ngeeliod metsbsxaie plusdeng/ml S¥d §nd fist

peptide. 20tegr I it at ur.al ccurring signal .sequence is not
used, the velg{ gzrflﬁi \énlnélee ér%%la‘?strll? % Sgn%eﬁlc 8 enase_eé%l 1%&5\3%18? %tapﬂls e_%f)rgﬁ)aﬁnf
sequence. ( JeRks il diffWenB&n3ditRdions difieetRdiixafei(80InM, A00ENL, 206nM, 300 Aed
froma 1% agarose gel using a commercially available kit ("Geneclean" Bl O

101 101 WO %) M1 Clrasy esoving 383 highest, congengeitions ofangthotixater argothemt
then is digest Lth _appropriate restriction.enzynes . and. agai rified
on a 1% agaﬁgasng%g\é\%i Tto n&RRL08] pl% eS cor?tammg even rﬁlg%er oncentra%ons of dfioteRitd
25 (1uM, 2 uM, 5 uM, 10 mM, 20 mM). The same procedure is repeated until clones are
obtained which grow at a concentration of 100 - 200 uM. Expression of the desired gene
product is analyzed, for instance, by SDS-PAGE and Western blot or by reversed phase

HPILC analysis.

30 Example 10 - Protein Fusions.
The polypeptides of the present invention are preferably fused to other proteins.
These fusion proteins can be used for a variety of applications. For example, fusion of
the present polypeptides to His-tag, HA-tag, protein A, IgG domains, and maltose binding
protein facilitates purification. (See Example described herein; see also EP A 394,827,
3 Traunecker, et al., Nature 331:84-86 (1988).) Similarly, fusion to IgG-1, IgG-3, and
albumin increases the halflife time in vivo. Nuclear localization signals fused to the

polypeptides of the present invention can target the protein to a specific subcellular
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The anplified fragment is then digested with the sane restriction enzyne
and purified on a 1% agarose gel. The isolated fragnent and the
dephosphov@bzged vector are then ligated with T4 DNA | i ge6®BUSH/4563 i HB
101 or XL-1 Blue cells are then transfornmed 10 and bacteria are identified
that contai NotdRafisRGMAM cdvARS! h&brolith@ ! R2BdmBSRal $hdd8ase lop decleitBBCE,
restriction enzynme anal ysis. Chinese hanster ovary cells |acking an active
DHFR gened i sactisigylof afusidnrantsio rimaidngmotelfiswen glsofreate anpers siotaeules Aaving i S

cotransformed with 0.5 ug.of th | asm d pSVneo using . li.pofectin (Fel gner

ot euprByre theons iyician. Fasiv, Bsagtsi can Sekaan fHIvAHEY e b
ker, th I 1 £ h {

mar ker ® diafle 408 oér{)f?:m I&ﬁﬁ@& g i ENARPE w@cflﬁq. ahGANhe e ro?%ggﬁnce

to a group of anti Ics I nctuding (418. ecells are see ina a

m nus MEM supieins ndestréisbdvatiore tampenhadsd b motfifyarg thedaliowitghproaebl, swick

trypsinized and seeded in hybridoma cloning plates (G einer, Germany) in

al pha min %‘I‘E‘Mesé%g‘?@ﬁ‘éﬁtaé’@IWPWel@,anisgI%‘Ple@@e-ng/n1 of metothrexate plus

1 ng/m 8. Aftir t -14.. ! h i D4 and
E‘ﬁefq%??&é 1%131%“ 0 Iji%.s e%uéi?é!ﬁgé fk%@hﬁ%h%%%ﬁ b P%Iid{ug{fﬁﬁélfh @Sﬂg

then seeded in 6-we pet s or 1l SKs usi ng ere

concent r at | girn@$ thaespaatiliexand3enls oithe ddpervdldedDed belodOOrhedd prindétdalsd/) -
Clones grow ng at the highest concentrations of nethotrexate are then

t r ansf er r ed SPEUIHRFVE-SRBVENipNtCEEICHOh LRI, sitesybiat Wiy Hagilitagm elopingainfoas of
met hot r exat e U g}}{%]- 0 i dhe e LS

r epeat ed untelxﬁegélérrl\egécg%é%%%gwmeadan IC laélr &%M at Slé}t‘]c‘ée%%gﬁt ﬁg&fgoﬁﬁ%ﬁ h?LOO -

200 uM Exprgssivolkofile ishdoskaskitisht gans) cqdoadobrwise amiadioe febieih Oillindsbance,
by SDS- PAGE and Western bl ot or by reversed phase HPLC analysis. 30
Exanpl e 10 -Presiusedi n Fusi ons. The pol ypeptides of the present invention are

preferably fused 4.0 0 2l ns. . These fusion proteins can be usgfor
a variety of appl#%ea%a&%ﬁgy 8{'—031%&5 %igrqulg?ﬁeﬁgﬁ %ﬁy §F ug‘?‘ﬁtg pig?%uscgﬁtge %r8f6>1/1b§1 tides
to His-tag, dpptitatle). PAlRrBAtvely, if Gie QA Sccudil BhAIASGuddcOH MG usBd,ahei N
facilitates purification. (See Exanple described herein; see also EP A

394, 827; 35etiongardieemodidied4p incinge arketgglpggus signali ggegnce. Shasi eyl WO

fusion to20 G upgin i-gereases the halflife tine in vivo.
Nucl ear |chﬁgzﬁaﬁigél%ﬂdéélréﬁéﬁa&en?bg)égfot%gﬁgﬁ,esupba ypepti des of the present

invention can target the protein to a specific subcellular 102 WO 02/44210
PCT/ US01/ 45336 | ocalization, while coval ent heterodi ner or honodi ners can

i ncrease orI@é@wbh$bFQﬁ€kmiactivity of a fusion protein. Fusion proteins
o one Cr et S AeBARR e PR AR ReSChEiS cecaBast ' v
25 GCCCAGCACCTGAATTCGAGGGTGCACCGTCAGTCTTCCTCTTCCCCCCAAAA
CCCAAGGACACCCTCATGATCTCCCGGACTCCTGAGGTCACATGCGTGGTGG
TGGACGTAAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAGGAGCAGTACAACAG
CACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAAT
30 GGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAACCCCCATCG
AGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACA
CCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTG
CCTGGTCAAAGGCTTCTATCCAAGCGACATCGCCGTGGAGTGGGAGAGCAAT
GGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACG
3 GCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCA

GGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTAC
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of the fused protein conpared to the non-fused protein. Al of the types of

fusion proteins described above can be nmade by nodi fying the foll ow ng

pr ot ocol wWomt/¢4210 out | i nes the fusion of a pol ypeptide to RET/N§BG/4F836ecuUl €.
10 Briefly, the human Fc portion of the 1gG nolecule can be PCR anplified,
using pri m%@GC*M}AA@(G@@?C?CC@PG’?CT@G@?GGTAEAU@T@R@Q@@@A@@%@C@@@}AC

bel ow. These priners also should have convenient restriction enzyne sites

that will3f RCTACHGGATOEEQID N®&323n expression vector, preferably a
manmal i an expression vector. Note that the 15 pol ynucl eoti de is cloned

wi thout a stop codon, otherwise a fusion protein will not be produced.

natural | y O%ébGﬁbl@le'ﬂ%ﬁhcﬁ&?B?%\e ATRHOBCHSE PALBLBGAEC { he Pr ot el o

applicable). Alternative nat ur y occur si gnal seguence
not used, the véﬁtecnnubaahesbef the grebére dnvientiomednListeprapdrad by ovagopsf meibhodd.
sequence. (Sﬁg g@“ﬁ%ﬂt WO 20 96/34891 and/or US Patent No. 6,066, 781,

su pr a ,Pg&pgﬂs Chapter 2.) "As one example of such methods, cells expressing
m \ & vF]fIEP, eoci srer@d2 an animal to induce the
CCCAACBACAC@EB’@%E&AEWH{W GAWOIESCTREPfdferred method, a preparation

TGGACGT AAGCCACGAAGACCCT GAGGT CAAGT TCAACT GGTACGT GGACGG
wwwMMvmammww@Amw@bstmtlally free of natural

G0E GGTGTACA

CCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGT GCCTGACCTG

CCTGGTCAAAGGCTTcﬁAﬁ@@Anmdml@@o@@h@i;A@P@mh@d@@mﬁthe present invention are
.

] % §uch monoclonal

‘ AY
GGGGAACGT CT HafiGAT hlek @B a2t £48: 11@5
PCT/ US01/ 45336 ACGCA%@ GTCTCCGGGT Tad%sT aCGGCCGCGA

The
(if
is

TCTAGAGGAT (($EQ)1 BoNer syl @an{)ﬂ@mmol ®p b (KX7o K Eflergt ahn b de jmmuped. A
Pol ypepti 2e.¢ J0e 39t hAdha8iak of BS iR FRE0kohd Atodts 438 1€ PESBRIGHaLY 2

variety of ne
Elsevier, N.Y., pp. 563-681 (1981).) In general, such procedures involve immunizing an

animal (preferably a mouse) with polypeptide or, more preferably, with a polypeptide-

expressing cell. Such cells may be cultured in any suitable tissue culture medium;

25 however, it is preferable to culture cells in Earle's modified Eagle's medium

supplemented with 10% fetal bovine serum (inactivated at about 56 degrees C), and

supplemented with about 10 g/l of nonessential amino acids, about 1,000 U/ml of
penicillin, and about 100 ug/ml of streptomycin.

The splenocytes of such mice are extracted and fused with a suitable myeloma

30 cell line. Any suitable myeloma cell line may be employed in accordance with the

present invention; however, it is preferable to employ the parent myeloma cell line

(SP20), available from the ATCC. After fusion, the resulting hybridoma cells are

selectively maintained in HAT medium, and then cloned by limiting dilution as described

by Wands et al. (Gastroenterology 80:225-232 (1981).) The hybridoma cells obtained

3 through such a selection are then assayed to identify clones which secrete antibodies

capable of binding the polypeptide.
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10 (See, Current Protocols, Chapter 2.) As one exanple of such nethods,
cells expressing a polypeptide of the present invention are adm ni stered
to an aniw@b2/44216 nduce the production of sera contai ni ngPEDUREI/4563%!
antibodies. In a preferred nethod, a preparation of the proteinis

prepared and puriAi&fatively, 8iflgsnal bntﬂjﬂai?és AP éﬁ’mﬁchﬁg tcthe Palypélde can be

contam nants. Such a preparation is then introduced into an ani mal in order
to produck pI@dlpocﬂynabwadstqapltop@bwr@usmg anteatiaypis petdwordle@ Such vinethodimakeh e

nost preferred th i bodi s of. the resen nventi.an

Tonocl onal | 4t PbO 8! ok S5 PHIER FELEREPTET F143REn B0 Lhedhiat: Jt > afesple t
nmonocl onal gk Qﬂ%ﬁﬁodifat'ﬂatblﬁi & W@E@c@n&%hﬁ?od}yblh' éé@&ﬁaﬁc%cxpmltlﬁgﬁletﬁdﬁom er
et al., Nature 256:495 19755] Kohler et a . I'munol :

(1976); Kohlpeotesnt spatific alﬁubodléls arbmlserhtd imiAGniGe ﬂﬂammaﬂ),?;ﬁﬁerdﬂaymmdusﬂgThe al .

i n: Monocl ona] Anti bodi and T- bri donas, eV|

563- 681 ( e?rlenycsftw agﬁ 35?6 B ta HKPGP% l?ﬁﬁ?)rwazpﬂ& 03 i
(preferab r

b0l ypopt i de-BERMBELINt b ?éﬂé@ BB Gond i RORIELE Mtioocd bibB iy
tissue cul t uoeiied ting pﬂﬁelh&pﬁ)lﬁdf antibodyscaur Bé diaht@ byothe Wolypeptide! ISsch n
Earl e's nodified Eagle' s nmedium sup Pl enented with 10%fet al bovine serum

(i nact i vat edgPodigipmmsise gaiideypicyntibertes tedhsppretrinirsgifitianHbedyond caobyy/ | of
tial, f 100
R e e

ug/ n of strep onyci n. enoc

with a sujgable ﬁy@ilbbaappa&laedl that Fﬁlﬁand%‘(&ib’;maﬂda&h@: frageleaiteof cied éntibbthes may
be enpl oyed in accordance with the E resent invention; however,

preferabl e @ mprept inveniien way bepssdaesoiing t0|th%1eﬂ\0€PQ@yIOS%l/hﬁr¢lab |S@0111 rom

E]Q?nf\;cﬁedp\rf%%%% %g@lctaﬁgﬁ%ﬁﬁ édtﬂ}p 8{6%5&16 %te 'lhgﬁgg%[ heESJﬁﬁgaé %ﬁscrl bed
by Wands et (& ﬁ%Fﬁ&%ﬁﬁéﬂbp@Yp@@mZ@&pZ&ﬁmé 1;%1'))2 fra fﬁﬁw@)ymwmegel | s

obtained 35 through such a selection are then assayed to identify_ clones
whi ch secr et%otamblwag aggmentp e ke rypdusied dirpgeh the am&cyt&mfura@mblmt WA

02/ 44210 H’IJ'IE gﬁgﬂgé%gg_? @@gw&g& ]}éem%t addi tional antibodi es capabl e of

binding to th pr&&uced in a two-step procedure using

anti-idiotypic armdrbogivesse SuskibadisEinRchaiBkesay bSgreiatld® vsa Clurhdiidded"
anti bodi es are thensel ves antigens, and therefore, it is possi ble to

obtai n an arfhimBerisy Iftqliléﬁlobillnéfstlbloélea sSedn antihodidsoenp. be proguced @awgegqnﬁtm this
IO SRR BRI SR TP Su R e
produce h%’ brabeesra Methdd, foﬂlpﬁbdubﬁhg chimeric antibodies are known in the art. (See, for
review, Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214 (1986);
Cabilly et al., U.S. Patent No. 4,816,567; Taniguchi et al., EP 171496; Motrison et al.,
EP 173494; Neuberger et al., WO 8601533; Robinson et al., WO 8702671; Boulianne
et al., Nature 312:643 (1984); Neuberger et al., Nature 314:268 (1985).)

30 Moreover, in another preferred method, the antibodies directed against the
polypeptides of the present invention may be produced in plants. Specific methods are
disclosed in US Patent Nos. 5,959,177, and 6,080,560, which are hereby incorporated in
their entirety herein. The methods not only describe methods of expressing antibodies,
but also the means of assembling foreign multimeric proteins in plants (i.e., antibodies,

3 etc,), and the subsequent secretion of such antibodies from the plant.

The present invention is not to be limited in scope by the specific

embodiments described herein, which are intended as single illustrations of individual
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10 hybridoma cells are screened to identify clones that produce an anti body
whose ability to bind to the protein-specific antibody can be bl ocked by

t he pol ypepo2/ge10 Such anti bodi es conprise anti-i di ot ypi cP@nUSbioEB®s to t he
protei n-specific anti body and can be used to inmunize an aninmal to induce
formation of éérst(y{efl RvRh &M 2AP & {bﬁalgrgq'hgggh hh reciated
t hat Fab anéw% eand ot her réﬁhen t gﬁg%t?' agﬂim%aﬁ?%gppresent

i nventi ond nery/ltfbe thweepeeﬁtbﬁ mwgtl@m Inldeedrmammsn@thﬁeatme df thereventiosuioh
fragments ar cl eav

such as papaartagﬁ% tt8 %OSX uce E&E‘gﬁspﬁbe%ﬁ% eqé? Wfl Ibgcome %)p?ﬁ%rt %’3%‘ duce @ge 2
fragnents) . ti¢ aefroat uheéd)mgomgdeﬂmpﬂe@aﬂadmgnipamgngdtammn Smeh pr oduced

t hrough the appl.ication .of re 20 technol ar_t hrough
Synthet ¢ cHaRaripns A iRleni el 380 BYSeodsns EEARRARRAES | ey be
preferabl e to userhelontBndizgdsure 6hédth docuriBiteatd (iatluding ipbedisepateriuch

anti bodi es, can_.be prqoduced usin enet constructs derived from hybri doma
cells pro cﬁpﬁbcatuﬁgs AHER) BHSlps, gh?fr%diagera&gwﬂrn%‘a Ie%t?é\? I Met hods f or

produci ng CHigBRsshfes i thd BALIBS odioHAO Wehtio, Mt Alel De!séﬁﬁlonf fd Eiﬁﬂpl@é’V
Morrison, Science 229:1202 (1985); O et al., BioTechni'ques 4:214 (1986);
Cabi | Iy et df herepy mcompgrated hmnbdrsffe%nsefurthah itlepUiand ceny @fj the sqgpence1 496
Morrison et et al.
VO 5702671; | Banf PLt BRI e oGl R B R

Nat ure 314: 2@exmmg®5wdwn3bymﬁmemvemthmnaanemﬁer preferred met hod, the

anti bodi es: directed agai nst the polypeptides of the present |nvention may
be produced in plants. Specific methods are disclosed in US Patent Nos.
5,959,177, and 6, 080,560, which are hereby incorporated in their entirety
herein. The nmethods not only describe nethods of expressing antibodies,

but also the neans of assenbling foreign multineric proteins in plants
(i.e., antibodies, 35 etc,), and the subsequent secretion of such

anti bodies fromthe plant. The present invention is not to be limted in
scope by the specific enbodi ments described herein, which are intended as
single ildustrations of individual 105 WO 02/44210 PCT/ US01/ 45336 aspects
of the invention, and functionally equival ent methods and conponents are 5
within the scope of the invention. Indeed, various nodifications of the
invention, in addition to those shown and descri bed herein will becone
apparent to those skilled in the art fromthe foregoing description and
acconpanyi ng drawi ngs. Such nodifications are intended to fall within the
scope of the appended cl ai ns.

25

30

35
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The entire disclosure of each docunment cited (including patents, patent 10
applications, journal articles, abstracts, |aboratory manuals, books, or

ot her diwa@bosa2aes) in the Background of the Invention, DeCBRUSEHS336
Description, and Exanples 1is hereby incorporated herein by reference.
Further, theybafé,copy of the sequence Ilisting submtted herewith and the
correspondi ng conputer readable formare both incorporated herein by
referenceSin their entireties. 15 20 25 30 35 106 WD 02/44210

PCT/ US01/ 45336 clajm F’tl Arl1 .l sol.at ed .nucl ei ¢ .aci g congri Si n% .a_menber
of the group consisti gt sgfaed miclsic Agd Comprising 4 Mkt QF e AP CHEBHRE 5

pol ypeptide having the: am no acid sequence of FIG 2A or FIG 2B 10 (SEQ

IDNO. 2 or 4); (b) An isoléted nucl ei c .gcid conpri si ng a nLicIei.(é aci d
sequence capabl e of hybri di® ng HAHLTC 8¢ SERpeRee RLRECHSSHROWREPER uc) ei ¢

acid nolecule of claim1l and engQgliglie amMdAcid RRMYRLISIFIE. DA\ MG 2B
activity of a 15 naturally-occurring hVR | d protein; (c) An isolated
SEO NG, 255 dbe

nucl ei ¢ atl d conprising the nucl HRNG- 2 nce of FIG 1A, (d) An
i sol ated nucleic acid compringi ngah ARIAUENRIG: ?@H@om@ﬁgﬁlgﬁ%cﬁfc HE 1B;CC20

(e) An isolated pol ynucl eotide having the nuclelc ac sequence of AT
Accession No. ; (f) An isol at ed egisnsachradld efdhybadizing uider stusgitc aci d

sedence acoordung o vl cot desghn s PRl SR Iyt 1 5
encoding a hVR1d polypeptide having an activity of a
15 | naturally-occurring hVR 1d protein;
(c) An isolated nucleic acid comprising the nucleic acid
sequence of FIG. 1A;
(d) An isolated nucleic acid comprising the nucleic acid
sequence of FIG. 1B;
20 (e) An isolated polynucleotide having the nucleic acid
sequence of ATCC AccessionNo.
) An isolated polynucleotide having the nucleic acid
sequence according to nuéleotides 4 to 2160 of SEQ ID
NO:1, wherein said nucleotides encode a polypeptide of
25 SEQ ID NO:2 minus the start codon;
(g) An isolated polynucleotide having the nucleic acid
sequence according to nucleotides 1 to 2160 of SEQ ID
NO:1, wherein said nucleotides encode a polypeptide of
SEQ ID NO:2 including the start codon;
30 (h) An isolated polynucleotide having the nucleic acid
sequence according to nucleotides 4 to 2235 of SEQ ID
NO:3, wherein said nucleotides encode a polypeptide of
SEQ ID NO:4 minus the start codon;
6] An isolated polynucleotide having the nucleic acid
35 sequence according to nucleotides 1 to 2235 of SEQ ID
NO:3, wherein said nucleotides encode a polypeptide of
SEQ ID NO:4 including the start codon;
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(g) An isolated pol ynucl eotide having the nucleic acid sequence according
to nucleotides 1 to 2160 of SEQ ID NO 1, wherein said nucl eotides encode a
pol ypept ivd@ 0$4216EQ | D NO 2 i ncluding the start codon; 30PCHUSHMSB3s0!l at ed
pol ynucl eoti de having the nucleic acid sequence according to nucleotides 4
to 2235 of SEQID NG 3, V"h(?)re' Nthe 8bf Eﬁ%‘n?@ﬁﬂh@ﬁﬁcl@i&%ﬁﬁseﬁu&%b?%bl@ of
SEQ ID NO 4 mnus the start ‘codon; (i) An isolated pol ynucl eotide "havi ng
the nucl el c acid 35 sequence acc®fr(@) g €is nucl eotides 1 to 2235 of SEQ ID

NO 3, wherein said nucleotigles e i . I

i ncluding the start codon; (%87 @8%%1%@@%@%3%@?@@%@5%?%@@

conpl enent of the nucleic acid sewudrigehof (jahyt encedessindf VR B prioteimiof i ) ; (k)
An isol ated nucl eic acid wherein K nu%hgisqin%c&gnﬁ%man 208; ofi (a) thru (j)
that encodes an hVRI d protein orP i%qpypeptl & I rrnked MRS to a

nucl eic acid sequence that encoggsere et encldega tstefylogais praein@epeptitk; 10

1) A nuc)eic acid conprisi a nucleic acid sequence . .encadin a) a
el et i on Mt ant of hvRid. 1.0 by A BogEICHREI T & rCIFOREE SSRtBE o) ¢ he

co_rr;d)l enent of the nu?:l eic a_cijd a@g@iﬁgQ@Salcgéiet{oﬁ)rgﬁthnt(ckf)h)\fl(idﬁl);élf}\) aucl ei c
acid conprising a nucleic acid sequence encodj ng (a)_ a substitutjon
nmutant of hVR1ld.1; (b) a substi‘f%?ti%ﬁn%@%fthvﬁlqﬁiﬂr&@ﬂe gemplementef

conpl ement of the nucleic acid tﬁggg&g&ea@i@eq&eg,)gcgéf(%%ﬁ (b3, A reconbi nant

vector conprising a nucleic acid of claim1. N expression vector

conprising a nucleic acid dimc| abmugleisrsidedmmising asudeir acideqiente a
regul at orys nucl eoti de sequence Céh%@ih?;@% stu'bgtglﬁ%ﬁ H{Iulté?llggfh.@ﬁ(i]d.l. (bt)ﬁle

translational regulatory information that controls expression of
nucleic acid in a host cell. 25ubstitatigematantef hYyRéadi oe) te cooyplenait |

containing a nucleic acid of cl a(&f{ﬂlé‘nucleic acid sequences of (a) or (b);

2 A recombinant vector comprising a nucleic acid of claim 1.
20
‘ 3. An expression vector comprising a nucleic acid of claim 1 operatively
associated with a regulatory nucleotide sequence containing transcriptional and

translational regulatory information that controls expression of the nucleic acid in a

host cell.
25 4, A genetically engineered host cell containing a nucleic acid of claim 1.
5. A genetically engineered host cell containing a nucleic acid of claim 1

operatively associated with a regulatory nucleotide sequence containing
transcriptional and translational regulatory information that controls expression of the

30 nucleic acid sequence in a host cell.

6. A method of making an hVR1d polypeptide comprising the steps of:
(a) culturing the host cell of claim 4 in an appropriate
culture medium to produce an hVR1d polypeptide; and
35 (b)  isolating the hVR1d polypeptide.

7. A method of making an hVR1d polypeptide comprising the steps of:
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5. A genetically engineered host cell containing a nucleic acid of claiml
operatively associated with a regul atory nucl eoti de sequence contai ni ng
transcri proornad2iand transl ati onal regul atory infornmati on PORUSEIBHNBI6O! S
expression of the 30 nucleic acid sequence in a host cell. 6. A nethod of
maki ng an hVR d pol ypeptide conprising the steps of: (a) culturing the
host cell of claim4 in an (é)ppr&b‘:lt}l%‘ﬂ%the@@ﬁtt% lé’fﬁgé‘iﬂlﬂﬁntaﬁ 2ppoRTaE an hVR d

pol ypeptigle; and 35 (b) isolati raﬂ1tﬁfé%néﬁfﬁ%dopﬁi&ée@%hvﬁ-1d£\%ﬁe hoyh of
maki ng an hVR d pol ypeptide conprising the steps of: 108 [ 44210

PCT/ US01/ 45336 (a) cul turi(hy t Heolpbrxthe BVR1dfpobipsptides in an appropriate 5
culture nediumto produce an hVR d pol ypeptide; and (b) isolating the

hVRI d pol ypeptide. 8. The nethod of claim®6 or 7, wherein the hVR d

pol ypeptide is IVRLdIThe meth¢dAf daitn @or 3 WheneinitioniaVRyd pqlyperdidens deri vati ve

an opitope "R TR e B SRR AR G BRRFL iRl Compri sing 2

nucleic a® d of claiml1l. 15 11. A substantially pure pol ypepti de encoded

by a nucleic acig of claiml., 12. A substanti al ure . humapn hVR d

pol ypepti de as dépi ct f‘rﬂ}bﬁfi&{eparfﬂo‘b?” ¢ %@d‘}éugﬁacﬁ"%wﬁﬁ)@ SPHODE3. A
subst anti al lof apUVR1a@oypeptidede Which is at |east 90%identical to the

pol ypeptide as set forth in FIGS. 2A or 2B (SEQID NO 2 or 4). 14. A
fusion protein conprising a pol ypeptide of claim 13 and a second 25

het er ol ogous pol ypept iMdganshenic AnpRACIREAUEE & AlicIBICRA QM conprising a
therapeutically effective "anmount of the pol ypeptide of claim1ll and a

phar maceuti cal | y acceptable carrier. 30 16. Atest kit for detecting

andfor quantitaliing a AbddahuRfy Alre BobpRRVR Sl ShbiAChd BPUSRKLE . @

sanpl e, conprising the steps of gt a nucleic acid
of claim1; and detecting and/or quantitating the |abel as an indication

of the presence g5 abseOfANM PP uBTRMM n9R18 pHyplpfdd’R RpicliAMGEVR d
2A or 2B (SEQ ID NO: 2 or 4).
20
13. A substantially pure polypeptide which is at least 90% identical to the
polypeptide as set forth in FIGS. 2A or 2B (SEQ ID NO: 2 or 4).

14. A fusion protein comprising a polypeptide of claim 13 and a second

25 heterologous polypeptide.

15. A pharmaceutical preparation comprising a therapeutically effective

amount of the polypeptide of claim 11 and a pharmaceutically acceptable carrier.

30 16. A test kit for detecting and/or quantitating a wild type or mutant
hVRI1d nucleic acid molecule in a sample, comprising the steps of contacting the
sample with a nucleic acid of claim 1; and detecting and/or quantitating the label as an
indication of the presence or absence and/or amount of a wild type or mutant hVR1d
nucleic acid.

35

17. A method for identifying compounds that modulate hVR1d activity

comprising:
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nucleic acid. 35 17. A nethod for identifying conpounds that nodul ate hVR d
activity conprising: 109 WO 02/ 44210 PCT/ US01/ 45336 (a) contacting a test
conmpound Wo oz442ed | that expresses a hVRId 5, gene; (b) nerapuséimgsiche | evel

of hVRI d gene expression in the cell; and (c) conparing the |evel obtained
in (b) with the hVR d @gne co‘ﬁﬁa@ﬁﬂ@ﬂé@f‘c &inﬁ%@'a'c@ll Hﬂ@e}%’ﬂ%@é’s%@h‘?ﬁl&he
conmpound; _such that if the |level obtained in (b) fers fromthat obtained

in the abSence of the 10 (g?ﬁp,ound, a conpound that nodul at es hVRI d
t t dentifi 18.
activity is identifie B) ot o sﬁ %{rﬁgl&%ﬁofﬂ@ﬁﬁ&gé!ﬁé"&p?&g%ﬂ%%

regul ate ion channel -re ers contacti hg a t est
conpound with a cell wh) ch eo«ppzesgdhebvell(ﬂ)tmucdml(b) withdhohVBldgenel and (b)
determ ni ng whether the test ¢ S actlv y. 19. A
met hod for identifying conp&‘grggg?ﬁgemn%g h%aea S?ncﬁRchﬁj Cr?gfpo}‘ ‘ated 20

di sorders, casdpthasifnge leﬁrel)obmm@mt(befarstfe@h tieo opnited intehabsencelof ther cel |
| ysate copntainin are ort er V. assolate with a hVRid
regul ator{b ﬁg’f’ﬁl ‘?ﬂ@g g‘fﬂiog?éh%ld ‘&‘llsd Rifedr eport er gene
product. 25 20 A et hod for i dentifying conpounds that regulate ion
channel -rel at ed d| sor ers conprising: (a) contacting a test conp W th
a cell or cell ‘g sathadfiopislentilymeramnayads that ’?g‘%éF?dOQGhE("E‘? E?g%t‘%‘gtl ng
the transl atdlgﬁldé}g Jo gl d transcript. 21. A nmethod for nodulating ion

channel -rel ated di'sorders in a subject, conprising adninistering to the
subj ect a therapeuticdp)y eonisetinga teshenmpovssl vetthardbwhishleypriesses de. 35

15 nucleic acid of claim 1 and

(b)  determining whether the test compound modulates hVR1d

activity.

19. A method for identifying compounds that regulate ion channel-related
20 disorders, comprising:
() contacting a test compound with a cell or cell lysate containing
a reporter gene operatively associated with a hVR1d regulatory
element; and
(b) detecting expression of the reporter gene product.
25
20. A method for identifying compounds that regulate ion channel-related
disorders comprising:
(a) contacting a test compound with a cell or cell lysate containing
hVR1d transcripts; and
30 (b) detecting the translation of the hVR1d transcript.

21. A method for modulating ion channel-related disorders in a subj eét,
comprising administering to the subject a therapeutically effective amount of a hVR1d
polypeptide.

35
22. A method for the treatment of ion channel-related disorders,

comprising modulating the activity of a hVR1d polypeptide.
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22. A nethod for the treatnment of ion channel-related disorders,

conprising nodulating the activity of a hVR d pol ypeptide. 110 WO 02/ 44210
PCT/ US01MmMB 836120 23. The nmet hod of claim 22, wherein the RET/HSU/45836pr i ses
adm nistering an effective anmobunt of a conmpound that agoni zes or

ant agoni zes the activity of the hVR d pol ypeptide. 24. A nethod for the
treatnent of ion channel-related disorders, 10 conprising adm nistering an

ef fecti ves amount oaf a_mrmaﬁawoma&nQf,@%ﬁe@aﬁ%hedﬁét%&%&h sefadidl¥Bifly 9ene.
25) A nethod of identifyi n? a compound that nodul ates the bi ol ogi ca
#

activity of angHeetivecngrt of heompanddhatagaizes eropnéagonirds themetivitydefl the or

conpound W t ing the sequence set forth in SEQ ID NG 2; and (b)
measuri ng arlllh/el{ﬂﬁglco?ypg?ﬁ%{%e candi dat e nodul at or conmpound on the activity of

hVR d. 20 26) A conpound that nodul ates the biological activity of human
hVRld as ident| f2'4f3d %nfeﬁl%d%} trlllg%eg&r(l:e%rt (cj)f 15 cthgm%e —%lerl?eg gisorchers, 30 35 1l
10 comprising administering an effective amount of a compound that decreases

expression of a hVR1d gene.

25) A method of identifying a compound that modulates the biological
activity of hVR1d, comprising:
15 (a) combining a candidate modulator compound with hVR1d
having the sequence set forth in SEQ ID NO:2; and -
(b)  measuring an effect of the candidate modulator compound on
the activity of hVR1d.

20 26) A compound that modulates the biological activity of human hVR1d as
identified by the method according to claim 25.

25

30

35
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