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present invention relates to certain protein arrays and their use in
screeni ngyoshRegs. 5 A multitude of cellular signalling gigcheiimest atic
processes are nedi ated by transnmenbrane proteins such as -ion channels,
receptors and transporters. Al of these protein classes interconnect with
signalling, regulatory, scaffolding ard adapter proteins through

‘protein-protein interactions involving cytoplasmc 10 domains. |on

channel s,. nenbrane bound receptors such as_ G protein-coupled receptors and
many cel |l surface transporters arﬂmmﬂiﬂﬂgﬂﬂbrotei n subunit conpl exes,
consi sting of hononeric or heteroneric assenblies of subunits (terned
herein 15 agiRGaessRiNvitiRindelios et ?Yét@ﬁi asdysandaneir abe b screeniagane.
The ability of ~ these protein groups to Torm conplexes in a conbinatori al
manner provintthods. nechani smfor tissue specific expression of
transnenbrane protein conplexes wth the requisite biophysical properties
or modd ator sensitivity. Increasingly, the deternminants of subunit
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i dentify nodu 3 ory proteins inportant for pfote in a éell.
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- perturbing the interaction between the accessory cytoplasm c subunits and

the 25 menbeadadspiengretoinsithrough proteimpsoteinineractions wivalviog cptoplasmgic
i dent |1f0| ed, domains.
Ton channels, membrane bound receptors such as G-protein-coupled receptors
-and many cell surface transporters are comprised of protein subunit complexes,
consisting of homomeric or heteromeric assemblies of subunits (termed herein
15 as accessory proteins) on the cytoplasmic face of the membrane. The ability of
these protein groups to form complexes in a combinatorial manner provides a
. mechanism for tissue specific expression of transmembrane protein complexes
with the requisite biophysical properties or modulator sensitivity. Increasingly,
the determinants of subunit interactions are being located to defined domains
20 within these subunit structures. Understanding the interactions of these
- domains will aid elucidation of membrane protein assembly in native systems
“and will identify modulatory proteins important for protein function within a
- cell. Further, perceived wisdom within these research fields recognises that
perturbing the interaction between the accessory cytoplasmic subunits and the
25 membrane bound portion of a transmembrane protein, once it is identified,
could represent a highly tissue selective and therefore specific way of
- regulating the activity of the membrane bound molecule. Exogenous inhibitors
. of accessory protein interactions and hence subunit or modulatory protein

assembly, may therefore provide novel, tissue-specific therapeutic targets.
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Vol t age gated potassium (Kv) channels a@d cal cium (Ca2) channels are
recogni sed as inportant therapeutic targets in many disorders including
those of the CNS, heart, |ungs and bl adder., Both channel tyges have a
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within the a-subu ese cdn a 10 _channel gating to 'various extents
and cansdr angiiita! d-¥uBddify, eS8 EARSInSXP s’ IFARMentirhhe semontsfwhergadbuni t s
t hrough nechani sns that may resenble or mmc the interaction of nenbrane

protei ns w t faleitind ehinrelgbiercatiaglehapbunitenil 24 iratomenibiane degaientdiave been
"six (3-subunits identified for each of the two channel types. The ability

of . the Ca2+ packaged iifis-foubipseudosubuanits'eofisis trainsmerbeans segments Ellb Boths has
been det er m ned [3& Qut the interactions of the Kv channel (3- ,Sthunits
with the twekiangkCao channgls ﬁ913§3¢réb10é§1§h\ﬁﬂ'wt“é@bh%mﬂ§‘ﬁéﬂt@ﬁﬁw “S not

yet known in detail .which conbi pati,ons qf. - and a,subunits are truly
bi ol ogi cal | yS% ngts yig W Q@%@ﬁ%@ﬁ%&@%ﬂﬁ%%@’g@ﬁcmﬁpﬂﬁ% | abl e are
rel at 'Y6 Ly Céﬁgﬁe‘ ggt?nf & \92\1@0113 extents and can dramatically alter surface expression

efficiency of a-subunits throngh mechanisms that may resemble or mimic the

interaction of membrane proteins with authentic molecular chaperones [2]. To
date, there have been six B-subunits identified for each of the two channel
types. The ability of the Ca®" channel B-subunits to assemble with the six a-
15 subunits has been determined [3] but the interactions of the Kv channel -
subunits with the twenty or so c-subunits is less well established and it is not
yet known 1in detail which combinations of - and o subunits are truly
biologically relevant since the rhethods of analysis currently available are
relatively crude (see below).
20
. . Receptors, in particular G-protein coupled receptors, are recognised as an
extremely important group of cell surface proteins and they perform a wide
“variety of functions in many systems [4]. These 7-12 transmembrane proteins
are grouped into three families, A, B and C, within which are many subtypes.
25 Each GPCR interacts with at least one G-protein at its cytoplasmic face
although the nature and identity of these interactions is poorly understood and
is currently impossible to predict from bioinformatics. G-proteins, as well as
complexing with GPCR’s also interact with K+ and Ca®" channel subunits in a

specific manner with striking results [5].
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10 will be tremendously useful in this field, particularly if they also allow

assessment of the ability of potentially therapeutic compounds to modulate
such interactionsCurrent methods for studying these interactions rely on
cumbersome cell-based techniques such as electrophysiological analysis, or
low throughput i vitro binding systems such as pull-down/ immuno-
15 precipitation assays. By contrast, the present invention describes an array-based
_ method whereby the in vitro binding of soluble, functional domains of
membrane-bound proteins, such as ion channels, cell surface receptors and
~ transporters to arrays of immobilised cytoplasmic accessory proteins can be
characterised in detail. The invention allows binding affinity and specificity of
20 . the protein-protein interaction to be determined and also allows the actions of
 inhibitors/competitors of the interaction to be explored in a highty parallel

system.

The yeast two-hybrid system has been used to detect interactions between, for
25 example, ion channel protein domains. This approach has been reasonably
successful in identifying binding domains and in determining the effect of
amino acid substitutions on the iﬁteracﬁon. However, this method cannot
provide quantitative information about binding affinities and cannot address the

potential of exogenous substances to modulate the interactions. Alternatively,




15 precipitation assays. By contrast, the present invenbisgpegigscidoges an
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affinity and specificity of 20 the proyein-protein interaction to be
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used to studurrens. channel assenbly. This approach is technically difficult,
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5 binding events due to the nmeasurenment of downstreameffects, ie
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10 immunoprecipitation experiments and affinity purification of channel subunits
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have been used to identify components of ion channel complexes. However,
neither method provides detailed information about binding affinities or-is
suitable for screening potential modulators of subunit interactions. In the case
of Ca*" channels, fragments of one particular a-subunit have been immobilised
15 on agarose beads as fusions to GST and the binding of in vitro translated 3~
. subunits was ﬁsed to more closely define the specific region of the o-subunit
involved in the interaction [6]. Detailed information on binding affinities were
not available in this study and it is not clear that the alpha subunit was correctly
folded in this study.
20
 Protein overlay binding examines binding interactions directly between a
soluble pepﬁde/protein and a target protein immobilised on 2 membrane
support [7]. 'Du;ring this procedure proteins are initially dissociated and
separated by SDS-PAGE and transferred to a nitrocellulose filter as for
25 ‘Western blotting. The denaturing step irriplicit in this method however
| - suggests that the proteins assayed in this technique cannot be functional (i.e.
folded) and therefore biologically active. Attempts can be made to renature the
protein before bindiﬁg of a soluble, labelled protein is inveétigat_ed however the

success rate here is poor.
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10  recombinant expression techniques. Examples include co-expression of
voltage-gated ion channels and functional characterisation using
eIectrophysiology [3,11,12], and the expression of chimeric and mutant GPCRs
[reviewed in 13,14]. The perceived wisdom derived from such experiments is
that the o and B subunits form a stable complex in the ER which does not

15 subsequently dissociate.

‘Binding interactions between domains of membrane proteins and the domains
of other subunits or their cytoplasmic partners, following separate expression,
have been studied using pull-down assays on a one-by-one basis. The

20 - tetramerisation domains of K™ channel transmembrane subunits have been
" examined in this way [15]. Intracellular domains of Ca** channels binding to p
subunits [6] or SNARE proteins [16], the 5-HT,, GPCR binding to arrestins
[17] and the CFTR transporter binding to the adapter protein AP-2 [18] have
been examined by immobilising the membrane protein domain on beads.
25 Alternatively, the cytoplasmic Homer protein has been immobilised on beads
' to show the interactien with metabotropic glutamate receptors expressed in a

“cell lysate [19]. Cross-linking experiments have been performed between

CFTR and AP-2 in microtiter plates [18], but in this case proteins were not

immobilised. Protein-overlay experiments allow a number of binding
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| information on binding specificity or affinity and are not generaily compatible

‘with small molecule inhibitor studies. To overcome such problems, the

Inventors have devised an array of separate, and importantly, functional,
accessory proteins that were not originally co-expressed with the membrane
protein components. Such an array allows, for the first time, the quantitative

. determination of inferactions in a highly parallel manner.

In a first aspect of the present invention, there is provided an array comprising a
surface having attached thereto at least one cytosolic accessory protein of a
membrane protein selected from ion channels, G protein coupled receptors and

~ transmembrane transporter proteins, wherein said cytosolic accessory protein is

- free from membrane protein components or other subunits of said ion channel, G

protein coupled receptor or transmembrane transporter protein complex.

An embodiment may be an array comprising a surface having attached thereto at
least one cytosolic accessory protein free of it’s membrane protein components or
other subunits with which it is normally complexed. Preferably, the cytosolic

accessory proteins are cytosolic accessory proteins of membrane proteins which -




6 interactions to be identified sinultaneously. This tqg@g%gggamgm6used to
show binding of |abelled Drosophila INAD to i mmobilised Ca2+ channel s
[20]. This technique allows a nunber of proteins to be fractionated in
different | anes of an SDS-PAGE gel and then imobilised on a
nitrocellulose filter to be probed for binding. The nature of the
t echni ques descri bed above neans that 6he protein analysis wusually either
i nvol ves co-expression of the potential interacting partner, or involves
denaturation of one or nore of the potential partners, prior to the
bi ndi ng ass ate mémbensiofial fantilyef baneldgonstrhembighp proteins. Inensembadinentdet ai | ed
informati on on binding specificity or affinity and are not generally
conpati bl e the famikyrafilomalpgeus eembrang prefeinstig gelestediisom e EHP such
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co-expresseg?mﬁt ;he ggnbrane protein conponents. Such an array all ows,
for the fir&f™H9 ,pFﬁ &uantitative determ nation of interactions in a
‘highly parallel manner. In a first aspect of the present invention, there
is provided an array conpri-sing a surface having attached thereto at |east
 one cyt osol Theaccesssuy projeimsaimthofaray canrhermeambstvoba family of bemalegms on

channel s, G protein coupled receptors and jranspenhrane tra rte
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enbodi ment may be an array conprising a surface having attached thereto at
| east one cytosolic accessory protein free of it's nenbrane protein
conmponents or other subunits with which it is normally conpl exed.
Preferably, the cytosolic accessory proteins are cytosolic accessory
protei ns of menbrane proteins which




12 Septenber 2006 6a are nmenbers of a famly of honol e
proteins. In one enbodinment, the famly of honol ogous@grrg ?Igﬁg%or@gtei ns is
sel ect ed oognishes group consisting of ion-channels, G pret®GéBoxmud ed
receptors and transnenbrane transporter proteins. The accessory proteins
on the array can be nmenbers of a famly of honol ogous accessory proteins,
for exanple ion-channel subunits (for egxanple, a-subunits), receptor
interacting proteins (for exanple, G proteins, arrestins and G protein 12
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to the inveghi gatQr,) and By family (yt, y1,y2, ¥3 etc.), or accessory proteins to

transporter proteins (for example seratonin and glycine transporter proteins).

The number 6f proteins attached to the arrays of the invention will be
determined, at least to a certain extent, by the number of proteins that occut -

" naturally or that are of sufficient experimental, commercial or clinical interest.
An array carrying one or two proteins would be of use fo the investigatqr.

" However in practice and in order to take advantage of the suitability of such
arrays for high throughput assays, it is envisaged that 1 to 10000, 1 to 1000, 1
to 500, 1 to 400, 1 to 300, 1 to 200, 1 to 100, 1 to 75, 1 t0 50, 1 025, 1 to 10 or

1 to 5 such proteins are present on an array.

“ 1n a second aspect of the present invention, there is provided a method for
determining which cytosolic proteins interact with a given membrane protein, or
vice versa, said method comprising the steps of:

(i) providing an array of cytosolic accessory proteins as defined above;
(ii) contacting the array with cytosolic fragments of said membrane protein
and/or cytosolic fragments of other related membrane protein family members;

and

(iii) detecting and identifying the interacting partnets.




However in practice and in order to take advantage of {hgestbinbaPobsty of
such arrays for high throughput assays, it is envisaged that i to 10000, 1
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(iii)  detecting and identifying the interacting partners.




In a third aspect of the present invention, there is pneye.aegba Jgkhod for
~screening conpounds or peptides or proteins for the ability to Interact

sel ecti v@lopayadsaa cytosolic protein, said nmethod conpri $iciRdiRiGers of
(i) providing an array as defined above; (ii) contacting the array with

“ candi dat e conpounds or peptides or proteins; and (iii) identifying the

I nteracting partners. Another enbodi t may relate to a nethod for
screeni ng conpounds or peptides or proteins for the ability to interact
selectively with a cytosolic accessory protein, said nethod conprising the
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their nmenbrane tei n conponents or other subunits wth which they are

normal |y cosmpexsld ok heplidesns: proteify for ehe stilityi to iffcpdctiselebiavdly iveith Hf

interest; (ii) contacting the array with conmpounds or peptides or proteins;
and (iii)cytdedicigroteny shikbmethodrcaciprisingthetstapssf: Thi s met hod optional |y
conprises the additional step (iv) of quantitating the interaction of the
i nteracting parttheroyidipg ag apgyrasflefigpdabowss t he present invention, there is

provi ded a nmethod for  .screening conpounds or peptides®dr,.proteins for the
i1ty to sel cuDicoBlastREHN Hrer wean MBI AABHINGS ChDE g S wEumst
protein 'anzq1 menbrane protein, said nmethod conprising the steps of (i)
provi ding an array as defined above; (ii) contacting the array with

candi dat e conpogfipRicas tHedBfertin @Rl and with one or nore nenbrane
proteins or cytosolic fragnments thereof, either sinultaneously or in

sequence; and 12 Septenber 2006

Another embodiment may relate to a method for screening compounds or peptides
or proteins for the ability to interact selectively with a cytosolic accessory protein,
said method comprising the steps of A

® providing an array of cytosolic accessory proteins free of their membrane
protein components or other subunits with which they are normally complexed from
one or more cytosolic protein families of interest;

(i)  contacting the array with compounds or peptides or proteins;and

(iit)  identifying the interacting partners.

This method optionally comprises the additional step (iv) of quantitating the

interaction of the interacting partners.

In a fourth aspect of the present invention, there is provided a method for
- screening compounds or peptides or proteins for the ability to selectively modulate
the interaction between a cytosolic protein and a membrane protein, said method
comprising the steps of:
(i) providing an array as defined above;
(ii) contacting the array with candidate compounds or peptides or proteins
and with one or more membrane proteins or cytosolic fragments thereof,

~ either simultaneously or in sequence; and




8a (iii) determ ning whether said interaction is nodul ap&dpembbdOBr esence
of said conpounds or peptides or proteins. Another enbodinent may rel ate
to a method for screening conpounds or peptides or proteins for the-
ability to selectively nodulate the ingeraction between a cytosolic
accessory protein and a nmenbrane prote %, said nethod conprising the steps
of (i) providing an array of cytosolic accessory proteins free of their

rembr ane pr ot o} CORBRRAN SRln S BRY i SYRUNS piidualbg thd frevenacefnor a1y

conpl exed from otein famlies of interest; (ii) contacting

the array wth %megcﬁmﬁﬁopﬁsétid%%rgmern@.t eins and with one or nore
(0]

menbrane proteins or cytosolic fragnents thereof of interest, either

simul taneously or in sequence; and (iii) determ ning whether said
interaction is nodul ated by the presence of said conpounds or pepfides or
protei ns. TAicthemdmhbatlimehi mapkélgtedompnethed forrrsregning sompaungds eppeptides of
quantitating the degree of nodul ation of the interaction, |n another of
the presentoripioteinsifontherahdlity to selpetixely medulate thedatemcugn bEIYeR? % cytosolic

accessory protej.ns of the inventjon tq nmeasure the, re i iC
activity ofcYHslgREsRSSoRy Asgiew %Hd %‘npgﬁar?xgp Rt S&‘%’?F%‘g’gﬁgc p%%%:@%%%r y

pr ot ei ns. 1S§ %e t enber 2006 WD 03/078464 9 The invention al so provides
the use of S&® ray of cytosolic accessory proteins of the invention as an

af finity sy)f acerovidivy utay ofelesoliamidetsoty pwtéinpfreaof thelmaamybrgne
phenot ype- %ﬁ(r)]tgitnygo?ﬁllxlmgﬁt% %r %trlllte;‘ gu%%tg “8&1 which r&ﬁle%fearg Intsn%ﬁf&ecdomplexed from.
one or more protein families of interest;
(i)  contacting the array with compounds or peptides or proteins and with one or

more membrane proteins or cytosolic fragments thereof of interest, either

simultaneously or in sequence; and 7
(iii)  determining whether said interaction is modulated by the presence of said

compounds or peptides or proteins.

This method optionally comprises the additional step (iv) of quantitating the

degree of modulation of the interaction.

In another of the present invention, there is provided, the use of an array of
cytosolic accessory proteins of the invention to measure the relative catalytic

activity of different members of a family of said cytosolic accessory proteins.




antibodies). In another aspect of the present inventi o sdighiserbgo@rovi ded
the use of an array of cytosolic accessory proteins as defined above for
det er m niyigosdrsueef f ect of post- translational nodifications on the
i'nteractions of said cytosolic accessory proteins wth nmenbrane proteins.
Anot her enbodi ment may relate to the use of an array of cytosolic accessory
proteins of the invention for determ myng the effect of post-translational
nodi fications on the interactions of accessory proteins wth nmenbrane
proteins and/or the properties of said nenbrane proteins or accessory
protei ns. Sheufivéntivm dye peovddeslihieq st oftanariayeltytosolicaaccosnopy pretemsgged
protein constructs that are each expressed .and immb'jg{_) edn a functional

manner in af theinvenfiow asien afdity sukege o Reueh pyieket 28 M2 ct s can be
drawn from_ groups,of accesso .at ej n_subunits ytoplasm ¢
auxiliary ﬂwmly@%@hﬁﬂgwwgﬁep%&gﬁﬁ%%@@b%ﬁe@z&ﬁ%g??ﬁ%’; edg, G proteins,

or gl obul ar t.aﬁgﬁ?sory proteins that interact with bulk transporters.
Bi ndi ng ofa'éll?o 1ed probe, which can be anot her channel subunit,
associating protein, interaction donmain, peptide or other potential |igand
can be investigated using technically sinple protocols in a high

t hroughput 1#aARBE: aﬁgkét%if fite prles@ il eRtion] thbrerie provided thoakd eflanarragndabel | ed
proteins fromreconbi nant systens or cell |ysates can also be exam ned. An
array of i detesoli@iccsssomnproscinsasdefined above fratetdrmining thpeelfent ebpe%- of
potential binding agart ners, and obt ai ni ng detailed bindi n% I nf ormat i on.

Al t er nat i v&layslationah mogifications pr dreciaterpgtinng iof said cxtoseUe AGTTRIPTE BEIRS s 12
Sept ember 2Q06 9a of different subtypes and species is nobst suited to
exani ni ng A& SHROTFEOIREINSt | i gand bi ndi ng.

Another embodiment may relate to the use of an array of cytosolic accessory
-proteins of the invention for determining the effect of post-translational
modifications on the interactions of accessory proteins with membrane proteins

~and/or the properties of said membrane proteins or accessory proteins.

Subunit arrays according to the invention can comprise tagged protein
 constructs that are each expressed and immobilised in 2 functional manner in a
spatially defined format. The tagged protein constructs can be drawn from
groups of accessory protein subunits such as the cytoplasmic auxiliary p-
‘subunits of voltage-gated K* or Ca®" jon-channels, G-proteins, or globular
' accessory proteins that interact with bulk transporters. Binding of a labelled
probe, which can be another channel subunit, associating protein, interaction
domain, peptide or other potential ligand can be investigated using technically
simple protocols in a high throughput manner. Binding of complex mixtures or
labelled or unlabelled proteins from recombinant systems or cell lysates can
also be examined. An array of identical subunits is suited to screening large
numbers of potential binding partners and obtaining detailed binding

information. Alternatively, an array of different proteins,.representing subunits




Such arrays can be used to study ion channels, includingsehembégmng- gat ed
ion channel class of receptors, which exist as multi-subunit conpl exes,
consi sting- of channel -form ng subunits, nodul atory proteins and proteins
involved in 12 Septenber 2006 WD 03/078464 PCT/ GB03/01049 10 subcel l ul ar
| ocation of the channel. Interactions between channel subunits nmay be
medi at ed by defined intracellular dome®ms. Vol tage gated K+ and Ca2+
channel s  co-assenble with structurally simlar- cytoplasmc (3-subunits via
wel | - defined . damai ps ., within ihe cc-.subunit. 21.22]1 . These : ct
channel 5 g 8? ﬂ%ﬁf?’apﬁ}m%ﬁs%iﬁm? 15 RS SHE Iafia%ﬁ%?feﬁﬂ“ﬂ%ﬂgﬁ @g ?ﬁshﬁﬁ étfge
expr essi on H@Lﬁ&?ﬁﬁﬁﬁ% of a-subunits through nmechani sns that nay resenble
or mimc the® interaction of nenbrane proteins wth authentic nol ecul ar
chaperones [2]. Another application of the arrays of the invention is in

the study of receptors, 10 for exanple, G protein-coupled receptors
(GPCRs) . ThSaech amays canbe ushé to stadyden chamiely, ineluding Em ligaadegated tatul es

involved in signal_ transm ssion, wth over 1000, heptahelical prot.eins
i dentified F clasmeh TERsRYoRS, W ist ?Salﬁé‘ii&é%b'é‘% F%’@E‘Jhxﬁﬁ’a?‘jp@}séﬂgl s by

activating apsubse f trimerie G pr i . nd] I

det er ni ned PBFﬂﬁﬂg%#gﬂgnﬂtﬁﬁﬂﬁﬁﬁT%@Qﬁhﬁﬁﬁﬁﬁﬁgg@?g@@gﬂﬁgéﬁigﬁﬁﬂg g%sin and
the retinal Gprotein transducin [23]. However, the binding determnants
of the GPCRs do not formdiscrete donains and it is difficult to predict
the subset of Gproteins a receptor will bind to [24]. An array based

nmet hod for determ ning such interactions with the | arge nunber of orphan
GPCRs currently under investigation would be highly advantageous. The 20
effects of GPCRs are nodul ated for exanple, by interactions and bi ndi ng
with G protein-coupled receptor kinases (GRKs) and arrestins, which |ead
to




receptor desensitisation and internalisation [25]. It {RSefi@fperd@®NStrated
that the interaction \[Mth arrestin is robust enough to be detected by

coi MuNoRy &g i@t i on [17] and can be inhibited by synthgid hgdes [ 26] .
25 As such, it is a potential target for investigzltign u?fdr}gGﬁa‘%n)itl?l@vitLO !
binding nmethod. A further application of the arrays of the invention is in
the study of transnmenbrane transportegrgproteins. These proteins control
the selective uptake 12 Septenber 2006 WO 03/078464 PCT/Gl103/01049 11 of
nutrients and export of netabolic products, regulate the bal ance of ions
and sol ut esibeslinlae todatienafithe chanmeld Interastioos betweenshaanel S&ﬁﬂnﬁwﬁ%t e

synaptic transm ssion by the rempval of neur ansm tteyns frams he

;synap]t ic f!lﬁtt}[edmtedgblgﬁe @mtaagly?%ﬂ@nm%m%ifﬁg? E%tgé(i{)r@(‘gﬂﬁs i nvol ves
ransl ocatign to, an rom cel | nbranes.. However . .eyi ' rgin

that ' egul lPoRclsEo % Mo sarteirag o et SHoRems PangRafs b FPECY, o

n the ce ne al sa,.0Ccurs,. ,e. g, ' In vit

t)lhndl Pgbbletqg‘?r}%{‘%gﬂawmgﬁﬁgﬁ% l@tdgmﬁﬁﬁ%ﬁ%ﬁc?@rﬁf@%ym %} CB' andrO
e g a . Lgl : ' 4 pt i onal

cont rof [ 24 Rairip ientiRs b oaR anReGRE A SHRLe HRSSROA P, L anopor t er

-SLUT- 1to aedﬁf{) AiBunitLObasIPMechaisRIsthataheyRdsemblasmiliotizeen
enonstrated by affinity colum <chronatography [28]. The term "array" as

defined her gitérat@be bf micnbrane protaidsywithhirthedtio malsgdaeshapstonesf2bne or nore

protein noieties in apattern on a surface. Preferably the protein noieties
~are attached to the surface either directly or indirectly. The attachnent

can be non- ?\%%ﬁ{efr iaf)pl(igatgdn ct))%l th%haﬁa{y%%lf A0 dlibR I fI¥h8 sﬁnﬁ/ éﬂret:@ﬁl%rﬁr

10 for example, G-protein-coupled receptors (GPCRs). These constitute the

largest family of cell surface molecules involved in signal transmission, with
over 1000 heptahelical proteins identified in the human genome. GPCRs
transduce exiraceltular signals by activating a subset of trimeric G-proteins.
Binding sites can be determined for specific GPCR-G-protein partners, such as
15 thodopsin and the retinal G-protein transducin [23]. However, the binding
 determinants of the GPCRs do not form discrete domains and it is difficult to
predict the subset of G-proteins a receptor will bind to [24]. An array based
method for determining such interactions with the large number of orphan
_ GPCRs currently under investigation would be highly advantageous. The
20 effects of GPCRs are modulated for example, by interactions and binding with
'G-protein-coupled receptor kinases (GRKs) and arrestins, which lead to
receptor desensitisation and intemalisétion [25]. It has been demonstrated that
the interaction with arrestin is robust enough to be detected by
coimmunoprecipitation [17] and can be inhibited by synthetic peptides [26].
25 As such, it is a potential target for investigation using an iz vifro binding

"~ method.

A further application of the arrays of the invention is in the study of

transmembrane transporter proteins. These proteins control the selective uptake




by formation of a non-specific covalent interaction). |nsg:teheie0n6d

enbodi nent the protein noieties are attached to the surface through a
comon iety linked to each protein, for exa i bed in
WO 01/571 gggmﬁﬁﬁgv for exanple, each position in the pat gyﬁﬁggﬁﬁ%%ntain
one or nore copies of: 25 a) a sanple of a single protein type (in the
formof a nononer, dinmer, trinmer, tetramer or higher multiner); b) a
sanple of a single protein type bound iﬁ an interacting nolecule (e.qg.

DNA, anti body, other protein); 30 12 Septenber 2006 WD 03/078464

PCT/ GB03/ 01Q 12.¢C i r ' JaTalVigle

synthetic nﬁ?glgmeélt? %n%e%%%fg%&a@oéﬁﬁg Qg‘ftg’clg gﬁbn ;or d) Al\bﬁgéta 1é(rlomeri C
mxture of SoRies R frobl B{cCdNeribF MM TrSHMeSY he ¢ell sadimodulptedygiaptibani | y. The
surface which supports the array can be coated/derivati sed by chem cal

t Ir egt nent , Pmsmimi@rh,}etheﬁaemqﬁaé of aburotiansinitéers ot thessynaptio ¢deflyl Ass
slides, polypropylene or polystyrene, silica, gaold or tal s oyt or
menbr anes maRiorEgslatoryomeehanipmdor these pripng B vepiypps Oﬁw%&ﬁ%

phosphqcel | yl ose.,. The format.,. of the array.can be _ ] wel |l plate
or a ni croa%‘ﬁ?."e&ﬂ?‘ﬂ‘%@u‘éﬁ' Hogye F&iquléﬁnr%ﬁs P’S‘P%Fég‘?c‘&?%%‘ﬁag%‘g’@fhe P
i nvention h N ?&E&]'Wﬁﬁr ﬁgm , menealsoof a
menbr ane pr%?%ﬂlgﬁpiﬁ?t%g\é@% Yy, suc ti(;ls ux+§ilg%e€%§iﬁiﬁl,ﬁgssoci a%le?j
prot ei ns an@ceian el Fhebphvriylatitirdependentinwile bindiagdetwoastha t h bi ndin
partners in the soleéution phrgse to be Gl & )

- membrane bound E. coli transporter enzyme IICB ¢ and the global repressor

Mic has indicated a mechanism of transcriptional control [27]. Binding of a C-

10~ terminal domain of the glucose transporter GLUT-1 to a transmembrane
regulatory protein, stomatin, bas also been demonstrated by affinity column
chromatography [28].

The term “array” as defined herein refers to a spatially defined arrangement of
15 one or more protein moieties in a pattern on a surface. Preferably the protein
_ moieties are attached to the surface either directly or indirectly. The
attachment can be non-specific (e.g. by physical absorption onto the surface or
by formation of a non-specific covalent interaction). In a preferred embodiment
the protein moieties are attached to the surface through a common marker

20 - moiety linked to each protein, for example as described in WO 01/57198.

Thus, for example, each position in the pattern can contain one or more copies

of:

25 a) asample of a single protein type (in the form of a monomer, dimer,

trimer, tetramer or higher multimer);

b) asample of a single protein type bound to an interacting molecule (e.g.
DNA, antibody, other protein);
30 " |




exam ned. Binding paraneters can be accurately determ pedeandbdneogf fects
of nodulators or inhibitors of binding can be studied ina highly parallel
manner-. Zﬁnﬁam%ﬁggr of recent publications [for exanple r?&ﬂhﬁ&&ﬁﬂ have
shown that arrays of functional proteins allow the individual nenpers of
an array to be screened sinultaneously under identical conditions. This
allows highly parallel and rapid expeiinents conpared with other

techni ques, leading to directly conparable results across nmany proteins.
These qualities set protein arrays 25 apart from ot her assays for protein
function, suchya ' @“ﬁﬂﬂ bebband ea spnthetic avslscul e the
cel lul ar conpg?tﬁgﬁﬁgg?ggﬁﬁg%ﬂt at ?gp?nplicit i%m%hese othe?mﬁgthods
effectively divi geptiégahepticdl@ompoaindadri on i nto individual proteins and
t hus i ndividual assays. 12 Septenber 2006 WD 03/078464 PCT/ GB03/01049 13
Protein arrays according to the invention can preserve the functional

activity of protejns when they are,.specifically | i |.Lowi ng

bi ol ogi cal act@Vifk e%omseca?lﬁéwr’ ZrFEzi’%?ﬁBé?fP{qIﬁs ﬁﬁ?ﬁ#@ﬁ%@ﬁgr ovi de a

di rect .method for &g}efﬁ a0, Nng the effect of a potential inhibitor entities
on on l-she i nt er a@FT'SHS %5BsEr ved which 5 is not possi ble in a conparable
manner usi ng i nnnunopreci pitations and pull- down assays. Protein arrays
according to the invention can be used to quantitate bjinding, cqnstants
(Kd) for ob$hesasfacatwdrieh sipportsihd aataycanibesoateddersratisad bytchsmieal a 10

conmpound required to inhibit a given interacti ta he ,measur t hr ough
de'[ne)r m nat i ?&reabnentcﬂu iv&taﬂég-.mﬁgﬂﬂﬁ gf%%%ﬁ@%?%ﬁ%l&ﬁf‘%ﬁ%@ﬁﬁ Bh of ugr rays
of the Invention Con 0% saARiehe! i, GBidor HRA Wbkt Br Bibiikaties flie! v i

constants KiB° Y
10 of, for example, nitrocellulose, PVDF, nylon or phosphocellulose. The format

of the array can be that of a microwell plate or a microarray.

The use of a protein array format according to the invention has many
advantages. For example, an array of components of a membrane protein
15 assembly; such as auxiliary subunits, associated proteins and channel subunit
~ domains, permits interactions with binding partners in the solution phase to be
examined. Binding parameters can be accurately determined and the effects of

modulators or inhibitors of binding can be studied in a highly paraliel manner.

20 . Anumber of recent publications [for example reference 8] have shown that
~ arrays of functional proteins allow the individual members of an array to be
| screened simultancously under identical conditions. This allows highly parallel
and rapid experiments compared with other techniques, leading to directly
comparable results across many proteins. These qualities set proten artays
25  apart from other assays for protein function, such as Y2H and
' immunoprecipitations/pull-downs, where the cellular compartmentalisation that
is imoplicit in these other methods effectively divides each protein collection

into individual proteins and thus individual assays.




15 quantitative (e.g. normalising anount bound agai nst 1Pggit@hBer@oapt i ty) or
qualitative (e.g. functional vs. non-functional). By quantifying the

si gnal s fypp 03/08pé4 cate arrays where the ligand is added atcser@i@bas f or
exanple, two or nore) concentrations, both the binding affinities and the
active concentrations of protein in the spot can be determ ned. For

exanpl e, quantitative results, KD 20 ggd Bm fz, which describe the affinity
of the interaction between |igand and protein and the nunber of binding
sites for that |igand respectively, can be derived fromprotein array
data. Bri efppteigiattags aceording fodhe anvantiontdangresesve the fusttipnag) AclivBYRfd t o

each individual protein spot can be neasured at_different ., 6 concentrations
of |igand iprotefies when jhegoamstspeeificaliy W‘lﬁg?ﬂhsef ﬁﬂam%f)@?%lﬁéfﬁ%"é@ et ween
t he amount of _profein and und. Ligand, the (relati of - :bkgand

bound to eattf’rfi%fiféty Heasurgd., tb‘?‘? e§ﬂ8@8&§ﬁ%&ﬁ%§ﬂ§%§%“?1 t % assay

can be fitt ' 1y ' | efmedRphichgand =
B nat - ((oitEE PRt Of EhbBtd) ifpfd GEHERE B tye tflerond thecrted
- PCT/ GBP3/ 019494 paésibielina sonsambleahiirakig pantnopedigitatiohe and pajl- The

I nventors have Br oduced a functional array of menbrane protein accessory
protei ns talgwwussdgsa tool for the rapid investigation of binding
paranmeters and 5 specificity of ligands. The |igands can be ot her
proteins, such as binding domains of other nmenbrane protein subunits,

tid tential th the bl y.
The. et hoddv B ATBYF ALEOHBRE LHES B Bt o BBty Toserel Y
constants | &ﬁt&ﬂt@{]ﬁfj fo‘?(ﬁ)érer%d fiRéaBtionstéhd HRo lalleoniieonvbmitaticnioba f urt her

descri bed by way o he ow ng exanple which refers to the follow ng
figures in gihpiind required to inhibit a given interaction to be measured through

=

determination of ICs, values.

Results obtained from interrogation of arrays of the invention can be
quantitative (e.g. measuring binding or catalytic constants Kp & Ky), semi-
15 ‘quantitative (e.g. normalising amount bound against protein quantity) or
| ~ qualifative (e.g. functional vs. non-functional). By quantifying the signals for
replicate arrays where the ligand is added at several (for example, two or more)
concentrations, both the binding affinities and the active concentrations of
protein in the spot can be determined. For example, quantitative results, Kp
| 720  and B, which describe the affinity of the interaction between ligand and
protein and the number of binding sites for that ligand respectively, can be
.derived from protein array data. Briefly, either quantified or relative amounts
of ligand bound to each individual protein spot can be measured at different
concentrations of ligand in the assay solution. Assuming a linear relationship
25 befween fhe amount of protein and bound ligand, the (relative) amount of
ligand bound to each spot over a range of ligand concentrations used in the

assay can be fitted to equation 1, rearrangements or derivations.

Bound ligand = B / (Kp/[L])+1) ~ (Bquation 1)




Figure 1 shows western blots of R subunit crude |ysates2 sdfe@iberdfoogr ude

| ysate and cleared |ysate fromeach of the R subunit expressing cl ones
wer e ran walphfsags®d SDS PAGE. Gels were transferred and nasfygn@mne’ e
probed with streptavidin (A) and anti H s antibody (B). Lanes were | oaded:
| & Human (31, 3&4 Human 02, 5&6 Human 03, 7&8 Rat (31, 9&10 Rat (32,
11&12 Rat (33. Odd lanes -crude |ysatpq even |lanes - cleared |ysate. 20
Figure 2 shows SDS PACGE of purified Kv (3 subunits. Lanes 1 & M narkers,
2 Human (31, 3 Human P2,4 Human (33, 5 Rat (31, 6 Rat P2,7 Rat (i3 Figure 3
shows WV- Vi si bl e[Bpseoheenteatopediligandiuspdin theeasstyiman and Rat Kv 25 (3
subunits. Legend: Blue; Human (31, pink; Human (32, yellow, Human (33,
cyan; Rat (31, purple; Rat (32, brown; Rat (33. Inset shows in nore detail

th k 360 Ei K 3 i - i.Di i .

Ao s R v et P e Bubttal oty O DR Bl Ao s BB T

beads (I _: PP : 464

per caos; 01 Dt ko BROVEE a1l for the fapid inviSi SRR P BidE barhlclls AG 10T

for lhsthe Iﬁag bﬁ!ﬁﬁmﬁhﬁﬁclﬁaﬂdb@ﬁﬁbéoﬂmr%em@hhmlbihdingoef ore |
e

runni ng on S : gel was transferred to nitrocell ul ose nmenbrane
and bi ot i nydetmihsof dthetmenibrane pricdein|subuuits peptidesornpetenipthorapewiciRp

EFS{E‘%ST 1 ghrposn s"i‘?ﬁémfm”m shBlE|Re3b i 8 aBBaAP e TROER SO0 i
cppr oxi mat o ey oEboyie Bl Bodseoty ) £ Rodl bR SHAREETY (71 7

streptavi din coated

10 The invention will now be further described by way of the following example
which refers to the following figures in which:

Figure 1 shows western biots of P subunit crude lysates. 10 pl of crude lysate
and cleared lysate from each of the B subunit expressing clones were ran using
15 SDS PAGE. Gels were transferred and membranes were probed with
_ streptavidin (A) and anti His antibody (B). Lanes were loaded: 1&2 Human 81,
3&4 Human B2, 5&6 Human P3, 7&8 Rat B1, 9&10 Rat B2, 11&12 Rat B3.

0Odd lanes —crude lysate, even lanes - cleared lysate.

20 - Figure 2 shows SDS PAGE of purified Xv §§ subunits. Lanes 1&8 Mr markers,
.2 Human B1, 3 Human B2, 4 Human B3, 5 Rat p1, 6 Rat 52, 7 Rat B3
Figure 3 shows UV-Visible absorbance spectra of purified Human and Rat Kv
25 B subunits. Legend: Blue; Human B1, pink; Human B2, yellow; Human B3,
cyan; Rat 1, purple; Rat B2, brown; Rat 3. Inset shows in more detail the
peak at 360 nm.

Figure 4 shows a Kv B subunit co-precipitation assay. A; Kv B subunit lysates
30 were added to Kv o subunit coated anti FLAG beads (lanes 7-12) and to -




10 microtitre plate. After washing to remove unbound proieghtembédiodcsubunits
were quantified by using a Cy3 labelled anti H's anti body. Bound anti body
was quaryd biesdadyl uoronetrically in a Packard fusion m cridiEaeoest e
reader equipped wth 550 and 570 nmexcitation and em ssion filters
respectively. 15 Figure 6 shows binding of Kv a subunit Tl domain to the
Ky(3 subunit mcrotitre plate array. f¥luted crude a subunit Tl domain

| ysate was added to each well of a Ky subunit mcrotitre plate array.
After incubation the wells were washed to renove unbound Kv a subunit TI
domai n.  Renphéiabal HasFLAGbeads(hne 1-6)] Afterhicabution faraduihe bebds weieg t he
FLAG tag and anti FLAG 20 anti bodi es and visualized by using a HRP

conj ugat e seaskshanddoiicddn\SDMsampld nfferdafore wubing en SDSF‘?%GEe Theshows

bi ndi ng curves for SPL2 peptide to Kv (3 subunit array. Peptide, SPL2 was
bound to thgelkwag Bansfbuaddo m&@pﬂuhqaeenemhmwdtmﬂammeﬁﬁﬁ submartsi ng

bound to the, aryay, was quantified.fluarjnetrically he .d S been

fitted to bﬂ?ﬂ@i’@d&ﬁf V@g’g @W@fﬁvlﬁm@%&?mﬂ%&ﬁvﬁ( @f}@pﬁﬁgﬁg%ar es; Rat Kv
(32, pen pi_nk res. - stars; Human Kv (31, green

circl eg; Huﬁ‘%?ﬁt“‘igﬂ’?é’gé,ieﬁg%‘ﬂ%%%ﬁ@i’-prl‘cs:'féehs'; Human Kv (33. 12 Septenber 2006

WO 03/078464 PCT/ GB03/01049 16 Figure 8 shows inhibition of peptide

binding to Ky(3 subunit array by Kv a subunit Tl domain. SPL2 peptide at
appr oxi mat eFjpufe Swhewadderobdisutbon of Kiyp sapiidits i streptavidimgoated t he presence
and absence of purified Kv a subunit Ti domain. After washing, bound SPL2
pepti de wasnrcraitiefplattsf Kyfrsubenitilysatés/(origimil poneergrationappaoxigtately
detection of microarrayed Ky. (3 subunits. A K ‘1 )

mg/m}) were se%‘ially dilu(ted and a ded to wehs of a(s%reptawdm coated

10 microtitre plate. After washing to remove unbound protein, Kyf subunits were
- quantified by using a Cy3 labelled anti His antibody. Bound antibody was
quanﬁﬁed fluorometrically in a Packard fusion microtitre plate reader equipped

with 550 and 570 nm excitation and emission filters respectively.

15 Figure 6 shows binding of Kv o subunit T1 domain to the Kyp subunit
microtitre plate array. Diluted crude o subunit T1 domain lysate was added to
each well of a Kyp subunit microtitre plate array. After incubation the wells
were washed to remove unbound Kv o subunit T1 domain. Remaining bound
Kv o subunit T1 domain was measured by using the FLAG tag and anti FLAG
20 - antibodies and visualized by using a HRP conjugate secondary antibody and

- colourmetric substrate.

Figure 7 shows binding curves for SPL2 peptide to Kv B subunit aﬁay. Peptide
SPL2 was bound to the Kv B subunit array. After washing the amount

25 remaining bound to the array was quantified fluorimetrically. The data has been
fitted to binding curves. Blue triangies; Rat Kv f1, Black squares; Rat Kv 2,
lopen pink squares; Rat Kv B3, red stars; Human Kv B1, green circles; Human

Kv B2, Open cyan circles; Human Kv f3.




subunits could be detected by using Cy3 | abelled anti kb sestahb&@dgs Fi gure
10 shows Kv a subunit Ti donmain bound to mcroarrayed Ky(3 10 subunits. A
Ky (3 subugblosfgbdagparray was incubated with Kv a subunit TlcopeeiRensd ysate.
After washing Kv a subunit Ti domain bound to the (3 subunits could be
detected using an anti FLAG anti body and Cy3 | abelled anti nmouse 1gG 15
Exanpl e 1 Voltage gated potassium (Kv)jghannel s are recogni sed as
therapeutic targets in many disorders including those of the CNS, heart,

| ungs and bl adder. They are therefore inportant therapeutic and comerci al
targets. ThpjnseBThdwsGhhibiRéh bEpéit biadagsettyl sobumit subpbytEvehi ch have
- six transnenbrane spanning donmains and are coupled to an assenply .of

cyt opl asni csutagit Fl domain-SPILpeptide atppaximately cwasaddgdte Wgﬁﬁ gk

identified at | east 23 different gene products _ encodi Kv,ch | a
subuni ts. FEvfresbusitesrayi mithapraﬁnnqafemﬁfﬂbijﬁ p@m&&&w@wﬁr@; i cing
has al so been denonstrated fqr a r of.a subunits. ur 111 es of
channel - f or #PHgiK %W%%@gi@!ﬂ%%ﬁ??%%waﬁw%%ﬁ?‘} gﬁn lL.Lﬁ%lq@rlb}sophi | a
pot assi.um channel s, Shaker, Shab, Shaw and Shal, respectively. Each of

t hese channel types has multiple subfam |y nenbers. A further four

fam |ies of %@f’}ﬁjdf&&ra#@’ﬂ/ﬁv gibuniieNAIFKe@ t hat
do 12 Sept egg‘%&%%% ﬁ%@?@i\%&edgﬁ/ GB03/ 01049 17qﬁqt form functi onal
channel s al giunifEheisld b8 detweurMey using Gy hbelled anth &lis ehtibody.- f or mi ng
subunits to formfunctional channels with altered biophysical properties.

At least two of these famlies of auxiliary a subunits (Kv6 and Kv9) have

mul ti ple subfam |y nmenbers. ) . .
Figure 10 shows Kv a subunit T1 domain bound to microarrayed Ky

L

10 subunits. A Kyp subunit microarray was incubated with Kv o subunit T1
domain lysate. After washing Kv o subunit T1 domain bound to the f subunits
could be detected using an anti FLAG antibody and Cy3 labelled anti mouse
IgG. ' '

15  Example 1

Voltage gated potassium (Ky) channels are recognised as therapeutic targets n
many disorders including those of the CNS, heart, lungs and bladder. They are
therefore important therapeutic and commercial targets. They consist of a

20 . tetrameric assembly of a-subunits which have six transmembrane spanning

~ domains and are coupled to an assembly of cytoplasmic regulatory §-subunits.

To date, molecular cloning has identified at least 23 different gene products
encoding Kv chamnel o subunits. Further diversification resulting from

25 alternative splicing has also been demonstrated for a number of o subunits.
Four families of channel-forming Kv subunits, Kv1 to Kv4, are derived from
the Drosophila potassium channels, Shaker, Shab, Shaw and Shal, respectively.
Each of these channel types has multiple subfamily .members. A further four
families of Kv channels, Kv5, Kv6, Kv8 and Kv9, have been identified that do




S In addition to the nolecular diversity afforded by hesgggember20ds
heteroneric tetranerisation of Kv channel a subunits, cytoplasmc (3
subuni t s w@os/dpighék to the channel conpl ex and nodul ate chafnekoslhdudt i cs or
cell surface expression. Three famlies, Kv(31 to Kv(33, have been
identified to date, with 3 splice 10 variants observed fromthe Kv(31 gene.
The (3-subunit conplex binds to a regjpn of the N-term nus of the
a-subunit known as the Ti domain and the presence of the subunit increases
cell-surface expression of the functional ion channel. An additional role
for Kv[31 subtfurhsfunctionsluhahnelg atden Eheygedn, hgwekem eoinbintwithdheo been
established. 15 Kv, 6subunit array Materials and I\{gth ds, for .construection of
Kv R subuni thamehfornringaubnnitgtoform fnghigns) els Xy ﬂlt%?dé’lglr’}&(ﬁﬁ cDNAs

The Rat and Human Kv (31, (32 d 3 subunit core dogains re

li gated i nt Brofieriiese ot ?eéﬁtﬁi’“&%fl@‘ﬁsé/ S@gﬁéﬁ@%%sﬁ%@@ﬁ&gﬁgé"n@gdi ng for
a poly Hstidine-ta d t B dojmain fromthe E coli AccB gene. The
ligation m g‘&é?‘@?gﬂ'}ﬁﬁjﬁ%ﬁmﬁ?{&%m |y conpetent XL10-Cold cells 25
(Strat ggene) according to the manufacturer's instructions. The Ky(3 subunit

cDNA séquence was checked by sequencing and found to correSﬁond to the

expect ed pr i aiditionduehe molecdar dippsinyi afforfizd by hommmerid@idheisomenie in
“E.coli 12 Septenber 2006 WO 03/078464 PCT/ GB03/01049 18 Col oni es of

XL10- Gol d cedttamerizationrdfiKy ly@imed obsnbiunits) cydeplasmieh subwits gam igd to
| the channel complex and modulate channel kinetics or cell surface expression.

Three families, Kvp1 to Kvf3, have been identified to date, with 3 splice

10 variants observed from the KvB1 gene. The p-subunit complex binds to a
region of the N-terminus of the o-subunit known as the T1 domain and the
- presence of the subunit increases cell-surface expression of the functional ion
channel. An additional role for KvB1 subunits in modulating channel gating
kinetics has also been established.
15
Kv B subunit array

Materials and Methods for construction of Kv ( subunit array

20 Cloning of His and biotin tagged Ky subunit cDNAs
The Rat and Human Kv B1, 2 and B3 subunit core domains cDNA were
‘ligated inio an E.coli expression vector downstream of sequence coding for a
poly Histidine-tag and the BCCP domain from the E.coli AccB gene. The
ligation mix was transformed into chemically competent XL.10-Gold cells
25 (Stratagene) according to the manufacturer’s instructions. The Ky subunit
c¢DNA sequence was checked by sequencing and found to correspond to the

- expected protein sequeﬁc.e — see Appendix.

- Expression of Kvp subunits in E.coli




into 5 m of LB mediumcontaining anpicillin in 20 m {tyReseaRd 2600WN
overnight at 37C in a shaking incubator. 2 m of overnight culture was used
to i nocwa@bsredqt her 200 m of LB/anpicillin in 500 m fdeasdasosmigiogr own at
37C 5 until an OD600 of -1.0 was reached. | PTG and biotin was then added to
final concentrations of 1nmM and 50pM respectively and induction continued
at 23C for 4 hours. Cells were then ?grvested by centrifugation, cell
pellets were washed in PBS x 3 and stored in aliquots at -80C. 10 Lysis

of E. coli containingl(v(3 subunits Cell pellets were thawed on ice and 400 |

Of (LYst S DUbdighicXCANIIAiceH: Bnthitily RYB Kibunit dslwaednotulaed 1o/ m

DNAse |) was a t he S were Tesuspended by pipetting. Lysis was

ai ded by i [aPstdlT OB edigtkeintaiding aapiciltinria2otml tubes and @grownbef ore cel |
debris was collected by 15 centrifugation at 13000rpm for 10m n at 4C. The

cl eared supsendphtat 37°C apa shking inubatory2 silrefrmvesdghhciltge wasmagditat el y .

Purification ofK,v(3 subunits K{SE? subunits were ﬁuri fied by use of the
hexahi st i diineculaig. anoitker200 iny oA LE/amnpicillininsd0 m! Heskscanst growmel 36 Crv

i m dazol e were added to a colum contajni al.on Cohal t fq.Ni resin

3 ontech) Uil endaDAAR ofird - Oeh sedeE PSS g@éﬂ;mﬁap vas g‘?@%a‘ﬁed&ﬂf d
éro?git nvaZas eluted.in ol bhm | s of.PBS ¢ontai.ni ng 30 I m ggzol e.
25 . SDS PAG@OPF‘BQ'E?@P@a‘?%‘p}L‘BM%‘F )éBMCéHe‘fthveg%“‘gb‘H{“&hﬁPngm ?&J?“ for 5min

[ to | ' 4-20% Trj s- ' d f
B5mn. - Col Lnbr 2 4t Cd el Bt HalpsRR Ry PSRy oo Belibs ity '
divect!y wighrCRUTPH & 3 Bid kbl aquBihies0@, Sept ember 2006

10 Lysis of E.coli containing Kv subunits
Cell pellets were thawed on ice and 400 pl of lysis buffer (PBS containiqg
0.1% Tween 20, 1 mg/ml lysozyme and 1ug/ml DNAse I) was added and the
cells were resuspended by pipeiting. Lysis was aided by incubation on a rocker
at room temperature for 30min before cell debris was collected by

15 centrifugation at 13000rpm for 10min at 4°C. The cleared supetnatant of

soluble protein was removed and used immediately.

Purification of Kyp subunits
- Ky subunits were purified by use of the hexahistidine tag. Cleared lysates
20  diluted in PBS containing 50 mM imidazole were added to a column containing
Talon Cobalt affinity resin (Clontech). The column was washed with 10
column volumes of buffer and protein was eluted in 2 column volumes of PBS

containing 300 mM imidazole.

25 SDS PAGE
| Protein samples were boiled in SDS containing buffer for Smin prior to loading
on 4-20% Tris-Glycine gels (NOVEX) and run at 200V for 45min. Gels were
then used for Western blotting or protein was stained directly with Coomassie

brilliant blue dye.




WO 03/ 078464 PCT/ GB03/ 01049 19 Veéstern blotting Proteipgyasmbédndéerred
onto PVDF nenbrane (Hybond-P, Anmershan) and probed for the presence of

various &phhaPRIsaUsi Ng standard techni ques. For 5 det ect iggiy@bosfoidio
hi stidi ne-tag, menbranes were bl ocked in 5% Marvel / PBST and anti-RGSH s

anti body (Q ACGEN) was used as the primary anti body at 1/1000 dilution. For

. detection of the biotin tag, menbrane? were bl ocked in Superbl ock/ TBS

(Pierce) and probed with Streptavidin RP conjugate (Anmersham at 1/2000
di lution in Superbl ock/ TBS/ 0. 1% Tween20. The 10 secondary anti body for the
RGSH s anti body was anti-nmouse 1gG (Fc specific) HRP conjugate (Sigm)
used at 1/2000 dilution in Marvel /PBST. After extensive washing, bound HRP
conj ugat es 'Westerddiletttgl usi ng ei t her' ECLPI us (Amer sham and Hyperfl hn ECL

Al h by DAB st Vi 250- 500
by ot pur .ﬁrszmsra%a%d?%w&ﬁ iR ARERERED R, o o
et t t f d
ol ut i on bufREpeE e mess%égee ?ﬁé%i@*ﬁ?esb%fn |s?%-éda3%tﬁﬁ*ﬂ‘il&gsu ' ract ed
fromal S;ﬁge @ﬂ? h&ﬁmheswk@b%ke@mmmm%mfor t he
onmal n (am no aCI

a subunit é 33 - 135) was cloned downstream of

sequences %ﬂﬁﬂl—R@SI’ﬁSHhﬁbb?(@MGEbﬂ_ﬁﬁs usgl asthaprinany antibedyradssi on

vector. Plasm ds were checked by sequencing for correct se@ugg%gl 25 and
i nduct i on o]f/l@&dilutlmullfqmbﬁeﬂﬁﬁu\ﬁdh@bm% gomegnbrgnes weggplo R agged

S01ubl P ok el i BB S Shda WA Silpeb Rl R A gRc > voer @
(Amersham) at 1/2000 dilution in Superblock/TBS/0.1% Tween20. The
10 secondary antibody for the RGSHis antibody was anti-mouse IgG (Fe specific)
HRP conjugate (Sigma) used at 1/2000 dilution in Marvel/PBST. After
extensive washing, bound HRP conjugates were detected using either ECLPlus

(Amersham) and Hyperfilm ECL (Amersham) or by DAB staining (Pierce).

15 Spectra
'UV-Vis Spectra (250-500 Iirn) of purified Kyp subunits were recorded using a
Thermo spectronic scanning spectrophotometer. Proteins were diluted in
elution buffer and elution buffer alone was used to take the baseline which is
subtracted from all samples.
20
- o subunit T1 domain interaction assay
The ¢cDNA for the o subunit T1 domain (amino acids 33 - 135) was cloned
| downstream of sequences coding for a His?tag and a FLAG-tag in an E.coli
expression vector. Plasmids were checked by sequencing for correct sequence
25 and induction of E.coli cultures showed expression of éx His and FLAG tagged
* soluble protein of the expected size. To test for interaction between o subunit
T1 domain and Kyp subunits, binding reactions were assembled containing
10p1 Ky subunit cleared lysates, 10p1 anti-FLAG agarose in the presence and
- absence of 10pl o subunit T1 domain cleared lysate, in 500ul phosphate |




Ti domai n and Kv(3 subunits, binding reactions were asseRBliadb&@abei ni ng

| 01 Kv(3 subunit cleared |ysates, 10l anti-FLAG agarose in the presence and
absence gfghSdrs@sqsubunit Tl donmmin cleared |ysate, in 500diHcRéxaaphate 12
Sept ember 2006 WO 03/078464 PCT/ GB03/01049 20 buffered saline containing
300mM NaCl, 0.1% Tween20 and 1% (w v) bovine serum al bum n. Reactions were
i ncubated on a rocker at roomtenperatgge for 1 hour and FLAG bound

conpl exes harvested by centrifugation at 5000rpmfor 2mn. After extensive
washi ng i n PBST, FLAG bound conpl exes were 5 denatured in SDS sanpl e buffer
and Vst er nphffeicdelinPicoaitiag G00bM INAE], & B TR satdih¥4 (w/wkbevidet ect ed
by Streptavidin/HRP conjugate. Kyp subunit mcrotitre plate array

- fabri cat i ons@tumesbwatin. Reactisnswereinenhatesionnapelsriat sopmdemperadire|fons -

TR T oE T ond Bt SRRELAGE Sy ndeos s asesed by reritbrapna 000 RIeEY ot cd”
o oot t b ZHEh R ellehily® WHchilth i FBEP, FLAT BSuRS SofpRa ko, 1eLL O ¢
or stoked afenatgitd &@Eﬂﬁgﬂgﬁﬁﬂﬁ& atd % /bIotte. Peeseple of bittmylatedn. 15

Kv(3 subunit array peptid I nding assay Kyp subunit interacting peptide

(SPL2) base®y@subunfis we2e defectdiebyp Sauptavidin/HRPwonjugate.desi gned,

- synt hesi zed and fluorescein | abeled. SPL2 peptide appropriately diluted in

PBS- Tween containing 0.1% w v BSA was added at 20 100 gl/well to the Kyp

subunit coated mcrotitre plate. The gptide was incubated for 1 h at
Fada

r oont enper akyBesuluri migeaditterisde 8 HaadoOmept i de was

To 96 well streptavidin coated microtitre plates 100 pl of optimised

10 concentrations of Ky subunit cleared Iysates (typically 1 in 16 dilutions in
PBS-Tween) were added to each well. Plates were incubated at room
temperature with shaking for 45 mins before washing each well 3 times with
300 ut of PBS-Tween. After which the plates were used in assays or stored at —
20°C in the presence of 50% (v/v) glycerol in PBS-Tween.

15

- KvB subunit array peptide binding assay
Kyp subunit interacting peptide (SPL2) based on a portion of the o subunit
domain was designed, synthesized and fluorescein labeled. SPL2 peptide
appropriately diluted in PBS-Tween containing 0.1% w/v BSA was added at

20 100 pl/well to the Kyp subunit coated microtitre plate. The peptide was

| Jincubated for 1 h at roomtemperature with shaking before unbound peptide was
removed by washing 3 timed in 300 ul of PBS-Tween. 100 pl of 6M Guanidine
HCl was added to each well before evaluation of Fluorescein labelled SPL2
peptide concentration in each well. The fluorescence of each well of a 96 well

25 microtitre plates were read in a Packard fusion microtitre plate reader equipped

with 485 and 520 nm excitation and emission filters respectively.

Kvp subunit array Kv o subunit T1 domain interaction assay




removed by washing 3 tinmed in 300 | of PBS-Tween. 100 hy@fntbifhéuansdi ne
HCO was added to each well before eval uati on of Fluorescein | abelled SPL2

péptide owbwetgaed i on in each well. The fluorescence of epehgueldiof a 96
well 25 microtitre plates were read in a Packard fusion mcrotitre plate

reader equipped wth 485 and 520 nmexcitation and em ssion filters
respectively. Kyp subunit array Kv a unit Tl domain interaction assay 12
Sept enber 2006 WO 03/078464 PCT/ GB03/01049 21 Kv a subunit Ti domain
cleared |lysate was diluted 1 in 10 in PBS-Tween containing 0.1% w v BSA.

was added agvlQQuBhhita'! ddaihigeadtyd Bsatehwid Biteratiel 10hcPBBITwee! ate. The

peptide was I ncubated for 1 h at roomtenperature with shaking before

unbound a spgmaiding 0. BV BSASYiCiddeddht DO0WdANEID ¢ ey P seblminc@ied| of
PBS- Tween. Bound a subunit Ti domain was estimated by using appropriately

di | ut ed nousdceartitie PlakGThetreptidy was dnevbatedhfordeh ntypoois teroperaiuge arth body HRP
conjugate using standard ELI SA procedures. HRP was defected by addition of

col our et r | shakeg bafore vabepnd v.subupi 1 dgsaincvas remeved PR ¥I8MAE % sul f oni ¢
acid) and microtitre plates re read in a 10 .P rd.fusion.meroiitre
 plate Peadefimeguingiiidlg %3‘%@%&%&1& pubpt %ﬁiﬁa"i‘%@m W(@t‘g{?‘é‘iﬁ}’ .

m croarray fabrication e d.l ysates,. 3 i r into a
384 vel | 1 BOBEAp O R My A LAY b bR Yo fBafon REREY
neut ravi di ngl mabt j lﬁgﬂgmiﬂ%ﬁ inBGtarid% obehies HRRY
m croarrayi F’\% ro netix, Kﬁ %mﬁ?ﬁglgg% pI nﬁ&%ig:&c}g??ayi ng head. Each
| ysate was mtdeﬁﬂ:técﬁbziaﬂﬂﬁio@rﬂfmmmmﬁﬁmé\ﬁbﬂratem#azihnd)is(éﬁrays wer e-
i ncubated in a hum d chanmber at 4C for 1 h_ before .

ethylbenzthiazoline-6-sulfonic acid) and microtitre plates were read in a
10 Packard fusion microtitre plate reader equipped with a 405 nm absorbance

filter.

Ky subunit microarray fabrication
Cieared lysates of Kyp subunit were loaded into a 384 well plate and printed
15  onto glass microscope slides with a neuiravidin immobilized on dextran coating
- (Xantec) using a Qarray microarraying robot (Genetix, UK) with a 4 pin
microarraying head. Each lysate was spotted 16 times onto each array. Afier
printing, arrays were incubated in a humid chamber at 4°C for 1 h before
washing in PB S—TweeI;. After washing arrays were ready for assay.
20
-  Antibody Detection of microarrayed Kyp subunits
- Cy3 labelled anti His antibody was diluted to 1 pg/ml in PBS-Tween + 0.1%
{(w/v) BSA and approximately 500 ul was pipetted onto the slide. The slide was
incubated at room temperature with very slight shaking for 1 h before washing
25 2 x 2 mins in a large volume of PBS-Tween. Slides were centrifuged briefly at
2000g to remove liquid before scanning in a microarray scanner (Affymetrix
428 array scanner) equipped with excitation laser and emission' filters

appropriate for Cy3 fluorophore detection.




washing-in PBS-Tween. After washing arrays were ready {pgefRSsBa-2086

Ant i body Detection of mcroarrayed Kv(3 subunits Cy3 | abelled anti H s
anti body waesthsaigst ed to 1 g/ml in PBS-Tween + 0.1% (W V)pB@s@adode
approximately 500 111 was pipetted onto the slide. The slide was i ncubated
at roomtenperature with very slight shaking for 1 h before washing 25 2 x
2 rains in a large volune of PBS-Tweempy Slides were centrifuged briefly at
2000g to renove |liquid before scanning 1n a mcroarray scanner (Affynetrix
428 array scanner) equipped with excitation |laser and em ssion filters
appr opr i at egd of sulBiid TLE6MRHOBBdiRE B triieroartdyddekitfemidemilz006 WO 03/ 078464
PCT/ G803/ 01049 22 Kv a subunit TI domain Binding to microarrayed |Kv(i
subuni t s KvK@ cssibuiit TTidotieim clearddhysatt wysdilwedd an §01inPa6-Tweens0 in

PBS- Tween containing 1% w v BSA and approximately. 500 | was 5;5:!-0 tctq?d onto
the slide. coitsinilg t8% whsBSAcahapproximaishHoQ pbwies pinettedionto @1 i ght

shaking for 1 h 5 before washing 2 x 2 min's in a lat u 0

PES— Tween. Theslige wasémgubatﬁ: ElItT@GmAGWh g IpeEtaes W |VF&I§]1£%§¥%@%%BFB& ted onto
¢ : _ > 3
Lafﬁe?{éﬁyaﬂt?e?foif:?,ﬁ%@?‘x%ééxliﬁam%’iﬁ L g R e T

i cr oar  ay. S A A Ao o ar

exci tati on yRPeaskébacibea il dddition of (yd{abelled antiomo@eslglh..ibh®phor e
detection. Results 15 Expression of Kv(3 subunits in_E, co{)i,
: slides were incubated and washed as above before centrifuging briefly at 2000g

to remove liquid before scanning in a microarray scanner (Affymetrix 428
10 array scanner) equipped with excitation laser and emission filters appropriate

for Cy3 fluorophore detection.
Results

15 Expression of Kvp subunits in E.coli |
. The Kyp subunit core domains were cloned downstream of the tac promoter in
vector pQE80 into which the BCCP domain from the E.coli gene ACCB had
already been cloned. The resultant protein would then be His and biotin tagged
at its N-terminus. Figure 1 shows Western blot analysis of total and soluble
20 . protein from induced E.coli cultures. For all f subunits there are clear bands for

' His-tagged and biotinylated protein with a molecular weight of approximately

50 kDa. Bands of the same size are deteqted by a polyclonal antibody raised to
human Kv B2 (Biosource) which cross-reacted with all the  subunits used
| (Data not shown).
25 |
| Although His and biotin tags have been used in this array, other affinity fags
(e.g. FLAG, myc, VSV) could be used to enable purification, detection and
‘immobilization of the cloned proteins. Also an expression host other than E.

coli may be used (e.g. yeast, insect cells, mammalian cells) if required.




The Ky(3 subunit core domains were cloned downstream of2 tBfehB& 200@MOt er in
vector pQE80 into which the BCCP donmain fromthe E.coli gene ACCB had

~already Rasos/ekpaed. The resultant protein woul d then be pdrgggm@idabotin
tagged at its N-termnus. Figure 1 shows Western bl ot anal ysis of total

and soluble 20 protein frominduced E.coli cultures. For all (3 subunits
there are clear bands for His-tagged d biotinylated protein with a

mol ecul ar wei ght of approximately 50 kDa. Bands of the sane size are
detected by a polyclonal antibody raised to human Kv (32 (Bi osource) which
cross-reacted with all the R subunits used (Data not shown). 25 Although

Hi s and bi o) ed in this array, other affinity tags
(e.qg. FLAG,PW‘?W%GO%??%’&?%SGd to enable purification, detection and
| mobi 11 zat pryeif c&@ﬁeghgﬁ%ﬁwf&%%rf@in §Asig aﬁ?@l’m?itagn. Hetwethage t han

E. colt may be used ( yeast, insect cells, mammalian cells) if
required. l@adepseobire HO 04 by\purifyingaus prarein/ «@Ebaoo xesio. FiguredshoveEat i on

of Kv(3 subunits Proteins can be purified before arrayin i.ng an
affiniy t athat Kerfeswburtitspurifindia tgyeway show oy, bands q;ysg%-%ﬁﬁglﬁ he
protein on Talon resin. Figure 2 shows 5 that Kv (3 subunits purified in
this way shesrespppd bethesKaP shunitaorprofgelyssreddtd to the Kv 0 subunit,
or proteolysis products. UV- Vis Absorbance Spectra 10 UV-Vis spectra were
acquired for_all Humap and Rat Kv R subunits. Figure 3 shows that both
Human and REV-Kis Apréapsendnestidont ain a NAD(P)H cofactor as evi denced by
their absorbance peaks at 360 nm .

10 UV-Vis spectra were acquired for all Human and Rat Kv p subunits. Figure 3
shows that both Human and Rat Kv B2 subunits contain a NAD(P)H cofactor

as evidenced by their absorbance peaks at 360 nm.

a subunit T1 domain interaction assay
15 To confirm that the expressed Kv B subunits have retained native function an
assay was devised where the Kv p subunits would be precipitated by bindjng o
o subunit T1 domain coated beads. To anti FLAG beads FLAG tagged Kv a
| subunit T1 domain lysates were added. These 'v-vere then mixed with lysates
containing the Kv B subunits. Figure 4 shows that although the non-specific
20 binding of Kv B subunits to anti FLAG beads was high, binding in the presence

. of the Kv o subunit T1 domain was increased. Also it can be seen that Rat Kv

" B3 subunit has bound to Kv « subunit T1 domain coated beads in greater

amounts than any other Kv [} subunit.

25 Kvp subunit microtitre plate array fabrication

To confirm that streptavidin coated microtitre plates can be coated with Kv §
subunits, lysates were serially diluted and added to wells of plates. Figure 5
shows that similar levels of speciﬁcally immobilized protein per well can be
achieved.

30

' Ky subunit array o subunit T1 domain interaction assay




a subunit TI domein interaction assay 15 To confirm thas sthienserpoegsed Kv
(3 subunits have retained native function an assay was devi sed where the
Kv (3 subygipssrgapul d be precipitated by binding to a subuiyépebiorg@mai n
coated beads. To anti FLAG beads FLAG tagged Kv a subunit Ti donmin
lysates were added. These were then mxed with |ysates containing the Kv
(3 subunits. Figure 4 shows that although the non-specific 20 binding of Kv
(3 subunits to anti FLAG beads was high, binding in the presence of the Kv
a subunit T1 dormain was increased. Also it can be seen that Rat Kv (33
subuni t has wiguRds YemGnsRates Butific Dindiag®I K xaaubonit ddddorhaingo el Ky
anpbunts than any other Kv O subunit. 25 Kv(3 subunit mcrotitre plate array

fabrication githuaitefTi can blkatbesioted tian Rdit Ky pasebunit havboundmoraKasoucan be
~ coated with Kv O subunits, |lysates were serially diluted and added to
wel s of pl avdsnitil hdomak by farymitrhring sherrdsults o€ the eo-precipitation assy-y

i mobilized protein per well can be achieved. 30 Kv(3 subunit array a
subunit TI domain interaction assay 12 Septenber 2006 WO 03/078464

PCT/ GBO /012&19 2 F.igure 6 ?ﬁﬁgns .Jates specific binding of Kv a subunit
Ti domedn t KB SURIBATTERHERTIR DINding 455 S0 be noted that Rat Kv (33

subunit has d e bupi | Ly 0L L
~results of t@@%@‘@%}“}éﬁg@?‘f# igs‘;gyé[ﬂb“gﬂmc?% s%%gd%? ?ﬂgﬁ( ragé&p (%(F%e
bi ndi ng ass ' m W!FP c@%ﬂjg ThGhe WdlsSvatbat e
array at a ?%r@gﬁ%?@&&fﬁg@n r at()i ons fTr drﬁ%%iﬁt o 16 Ofclf/l After isncubat I on
for 1'h the wehiifed#®8move unbound peptide. The remaining peptide was quantifies
fluorometrically. The results (shown in Fig 7) provide fits to the data allowing

10 estimations of Ky and By, for each of the Kyf subunits (Table 1).

Beta Subunit Kd (nM)
R1 189.6
"R2 196.6
R3 , 54,6
H1 _ 225.8
H2 184.1
H3 116.4

15
Table 1. Estimates of Ky and B, for each of the Kyp subunits. The data in

- Figure 7 were fitted to binding curves using curve-fitting software.

Inhibition of peptide binding to Kvp subunit array by Kv a subunit Tl domain
20 Binding of SPL2 peptide to Ky subunit array was inhibited in the presence of
Kv o subunit T1 domain. In Figure 8 it can be seen that for Rat Kyf1 and 2

subunits peptide binding is reduced.

Antibody Detection of microarrayed Ky§ subunits




washed to renove unbound peptide. The renmini ng pepti dg) 9gsefib@n00é i s
fluoronetrically. The results (shown in Fig 7) provide fits to the data

al | owi ng hations of Kd and Bmax for each of the Kyfrsubiibe (Table
1). Beta A (I1tM R 189.6 R2 196.6 R3 54.6 HCBgRbE (120 S

H3 116.4 15 Table 1. Estinmates of Kd and Bm for each of the :v(3 subunits.
The data in Figure 7 were fitted to bihadi ng curves using curve-fitting
software. Inhibition of peptide binding to KyP subunit array by Kv a
subunit T1 dormain 20 Binding of SPL2 peptide to KyP subunit array was

I nhi bi t ed iMid?@aM}gﬁa(ﬂ;K?B sEbuni/are sheRiolbelspediiiaally inimobiliged en8 it can be
Yy

seen that for Rat 1"and 2 subunits peptide binding is reduced.
Ant i body Detseepisvidinfcoaied glasy madsdape(stidesidnFigarelPitSaptherdsen tirgdle WO
03/ 078464 PCT/ GB03/01049 25 Mcroarrayed Ky(3 subunits aé_eeiaggn to be
speci f i cal | yintlusiobiafifsesbiotin i the ppetfingisalution coanpletely minbis e slides.
In Figure 9.t can be seen that inclusion of free biotin indhe
spotting solimmehilisaign @fgl")ﬁq-nﬂﬁg‘f ggungwts RREEICTE 0% %ﬁﬂﬁyaiﬁ\?t%‘%& Al l
Kv f i subunits .ar.e pr n.the art | he 5 immobilisation BCCP tag
is present mq}gh&qﬁhﬁﬁ%l’ Pag is present oy he gﬂ'afr.

Kv o subunit T1 domain Binding to microarrayed Kyp subunits

Kv B subunits immobilised on an array are still capable of binding Kv o

subunit T1 domain. Figure 10. shows that Kv o subunit T1 domain can be

10 detected after binding to immobilised Kv B subunits. It can also be seen from
Figure 10 that the immobilised affinity tag has little binding of the Kv a

subunit T1 domain.
15

20

25




Kv a subunit TI domain Binding to mcroarrayed Kv(3 sulppigbjiemb 208 subunits
I-mobi | i sed on an array are still capable of binding Kv a  subunit Ti

domai n. Ri@ys@rsddd: shows that Kv a subunit Ti domain can ggdhbsiedect ed
after binding to inmmobilised Kv R subunits. It can also be seen from

Figure 10 that the imobilised affinity tag has little binding of the Kv a

subunit Ti domain. 15 20 25 12 Septemhker 2006 WO 03/078464
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KVEVQLPEL YHKI GVGAMI'WSPLACGA | SGKYGNGVPESSRASLKCYQ
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10 VLLGSSTPEQLI ENLGAI QVLPKMISHVVNEI DNI LRNKPYSKKDYRS  Prptaitanseavesce Human
Kv (32 subunit core domain (residues 36 - 364): G.QFYRNL SGLRV SCLEAGTW
VTFG TWAYDNG NLFDTAEVYAACGKAEV VLGN | KKKGARR WGEGKAETER
15 GLSRKHI LERLQLEYVDVVFANRPDPNTPVEETVRAMIHVI N %ﬁﬂlﬁ

SSMEI MEAYSVARQFNL TPPI CEQAEYHVFQREK

VEVQLPELFHKI GVGAMIM'EPLACGNSGKYDSG PPYSBASLKGYQW

LKDKI LSEEGRRQRAKLKEL QAI AERLGCTLPQLAI AWCERNEGVSSVL

LGASNADQLMENI GAI QVLPKLSSSI | HEI DSI LGNKPYSKKDYRS 20 Protein Sequence Human Kv
(33 subuni tm%l n (residues 75 - 404) GTGVKYRNLGKSA.RVSCLA.GTW
VTFGSQ SDET. HG VNLFDTAEVYAAGKAERTLGNI LKSKGARRSSYVI TTKI FWEGQAETE

NGGL AL YWIGT SEOBAGE SPhersa o R D CE R E% “esidues 87— 1419):
VEMQL PEL YHKIGT G WRINE GRS GERWSEL/O0 ISDEVAERLMTIAYESG

L KW@WWWMWWSSLWTTKLYWGGKAETE

VLLGVSSAEQLI %@{ SN0 memmmw P1
subunit cor WA ;‘ KN RS BY DGk & PR R ARRENT ROESG
VNLFDTAEVY. R DATR C 0
RGLSRKUL | ECHRCEN G PR BTN B At itk SXGNGVPESSRASLKCYQ

WWSWWWW%PQLAVAWCLRNEGVSS
KVEVQLREL YHR/ IVGSNTHNHRD BUENL SN ENGPREG TR KCHIDNILRNKPYSKKDYRS

W-KERI VSEEGRKQONKL KDL SPI AERL GCTLPQLAVAWCL RNEGVSS

VLLGSSTPEQLIEN, G hePilécl\gT M Bylsbgbl}ﬁp LoRERin (residues 36— 364):

GLQFYRNLGKSGLRVSCLGLGTWVTF GGQITDEMAEQLMTLAYDNGI
' NLFDTAEVYAAGKAEVVLGNIKKKGWRRSSLVITTKIFWGGKAETER
15 GLSRKHITEGLKASLERLQLEYVDVVFANRPDPNTPMEETVRAMTHVIN
QGMAMYWGTSRWSSMEIMEAYSVARQFNLTPPICEQAEYHMFQREK
VEVQLPELFHKIGVGAMTWSPLACGIVSGKYDSGIPPYSRASLKGYQW
LKDKILSEEGRRQQAKLKELQAIAERLGCTLPQLATAWCLRNEGVSSVL
LGASNADQLMENIGAIQVLPKLSSSIHEIDSILGNKPYSKKDYRS '
20
Protein Sequence Human Kv B3 subunit core domain (residues 75 — 404):
GTGMKYRNLGKSGLRVSCLGLGTWVTFGSQISDETAEDVLTVAYEHG
VNLFDTAEVYAAGKAERTLGNILKSKGWRRSSYVITTKIFWGGQAETE
RGLSRKHIEGLRGSLERLQLGYVDIVFANRSDPNCPMEEIVRAMTY VI
25 NQGLALYWGTSRWGAAEIMEAYSMARQFNLIPPVCEQAEHHLFQREK.
VEMQLPELYHKIGVGSVTWYPLACGLITSKYDGRVPDTCRASIKGYQW
LXDKVQSEDGKKQQAKVMDLLPVAHQLGCTVAQLAIAWCLRSEGVSS
VLLGVSSAEQLIEHLGALQVLSQLTPQTVMEIDGLLGNKPHSKK

30 Protein Sequence Rat Kv Bl subunit core domain:
' GTGMKYRNLGKSGLRVSCLGLGTWVTFGGQISDEVAERLMTIAYESG
"VNLFDTAEVYAAGKAEVILGSIIKKKGWRRSSLVITTKLYWGGKAETE
- RGLSRKHIIEGLKGSLQRLQLEYVDVVFANRPDSNTPMEEIVRAMTHVI
. NQGMAMYWGTSRWSAMEIMEAYSVARQFNMIPPVCEQAEYHLFQRE
35 KVEVQLPELYHKIGVGAMTWSPLACGIISGKYGNGVPESSRASLKCYQ
WLEKERIVSEEGRKQQNKLKDLSPIAERLGCTLPQLAVAWCLRNEGVSS
VLLGSSTPEQLIENLGAIQVLPKMTSHV VNEIDNILRNKPYSKKDYRS

Protein Sequence Rat Kv B2 subunit core domain:
40 GLQFYRNLGKSGLRVSCLGLGTWVTFGGQITDEMAEHLMTLAYDNGI
' NLFDTAEVYAAGKAEVVLGNIIKKKGWRRSSLVITTKIFWGGKAETER
GLSRKHIIEGLKASLERLQLEYVDVVFANRPDPNTPMEETVRAMTHVIN
QGMAMYWGTSRWSSMEIMEAYSVARQFNLIPPICEQAEYHMFQREKY




Protein Sequence Rat Kv (32 subunit core domain: 40 12 Sentember 2006

AL QFYRNLCGKSGE.RVSCLGA.GTWTFGEQ TDEMAEHLMTLAYDNG  NLFDTAEVYAAGKAEV

- VLGN | KKK(9\REFB4dd TTKI FWGGKAETER  GLSRKHI | EGLKASL ERL QL EY\fioMvGB03/01049
VFANRPDPNTPMEETVRAMIHVI N QGVAMYWGT SRWSSMVEI MEAYSVARQFNL T PPI CEQAEYHVFQREKYV
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EVQLPELFHKTGVGAMI'WEPLACA VSGKYDSGE PPYSRASL KGYQNL

KDKI LSEEGRRQQAKLKEL QAlI AERLGCTLPQLAI AWCL RNEGVSSVLL

GASNAEQLMENI GAI QVLPKLSSSI VHEI DSI LGNKPYSKKDYRS 5 Protei n Sequence Rat Kv (33
subunit core WEI@IEKI@U&ANH‘W SPIACGIVSGKYDSGIPPYSRASLKGYQWL

%ﬁ”éii’%ﬁﬁ IBPAERIGETEPQLAIAWCLRNEGVSSVLL
P SR GNKPYSKKDYRS .

QG.ALYV\GTSRV\SAAEI NEAYSIVA NLI PPVCEQAENHFFQREKV 10
EMQL PEL BHKI @Rmm\ﬁagm mmxmmn (residues 75 — 404):
L KEKVQSEDGKK G PEMIY R SEITRANIAIL GG IRVEABSSQISDETAEDLLTVAYEHG
LLGVSSAEQ NE*W@FW@%ER%@!@%WQSY%TTMAE@%
%2 Qaim 1 ﬁoﬁﬁ eATGSE DI AL T SPPASPMBRIVRANITY VN
GTSRWSAAEIMEAYSMARQFNLIPPVCEQAENHFFQREKV
10 BMQLPELYHKIGVGSVTWSPLACSLI'I‘SKYDGQVPDACKATVKGYQW
LKEKVQSEDGKKQQARVTDLLPIAHQLGCTVAQLAIAWCLRSEGVSSV
LLGVSSAEQLMEHLGSLQVLGQLTPQTVMEIDALLGNKSHSKK

15

20

25




accessory protein of -a menbrane protein selected from ipReahanaeios G
protein coupled receptors and transnenbrane transporter proteins, wherein
said cytosolic accessory protein is free from nenbrane protein conponents
or other subunits of said ion channel, G protein coupled receptor or
transmenbrane transporter protein cond2ex. 2. An array as clainmed in claim
1, conmprising a plurality of cytosolic accessory proteins selected from

i on-channel subunits, G protein cogylgd receptor cytosolic accessory
proteins, transmenbrane transporter cytosolic accessory proteins,
K+-channel- (3-subunits, Cat+-channel (i-subunits, G protein subtypes, Kv

channel (3-subunits, l.ci U _ | Wi, & famly, G
fanily, e? 0 rAhHT ,°°@‘351'ig %@%‘5@%&%@%@?@#&}5%ﬁ%ﬁ@"’%ﬂ‘ﬁ édfh?éy fanily
pr ot ei Ns. a@esséiy protéinyf fmembraicpecteinneledtal frond jonchanpels, & protetn qobpledil ity of
cytosolic accessory proteins which are identical an r ected from
i on- chan n@cemmg@?‘g@%mtt@w?m‘%’ﬁ%ﬁaﬁw gg‘@ﬁf‘gfytg’i?ﬂ%g%%sggaccessor y
- prot ei ns, plofiis MR R6a Rnibi b Sldein @mpoiérsd biber subwiie 85aid/ion channel,

pr ot ei ns, IiC+- channel (3-subunits, CaZ+-channel §3 subunits, G protein

subt ypes, G atein gaunieg reqeptos omigpsesnbrang UENspATE B fOmPEEsubunits, Gs fanmily,
&G famly, G famly, G- 0 famly, &-1I famly, Ga-sensory famly and ft
famly protein A hirRfhelahnirhift) 81 toddlichecedbppy €i n the array-
conpri 'sesQ’a t ‘??neas _agngﬁ[gﬁ@glﬁglﬁkghﬁﬁnggﬁ (ii%j-(su%un-i ic gel'ect edfr om:

01.1, O1. Brotefrfs belSsted Bn ibp-chihnd, subnits, G pdtein canpled Reeptos cytpseliar ray as cl ai ned

inclaim2 or 3, wherein the array c i : - I um channel
) ; - subuni PCEEEPYPIAANS © grla%e: tr@ﬁa?*qsﬁﬁé@%%ﬁ?@%g% Z%@é’%a, Ph and
04.. - 6. Aﬂ-sﬁiuh?é{ _Caimurﬂaﬁbﬁ:ﬁtﬁ,aﬁyro}@dm@wpg?KcIchén_ml- Bvd;:hmﬁlis.rCalctimncyt oslol ic .
accessory protein is an ion _channel suhunit donain. An array as clainme
in any prehanerl fyumiis, s fpibs S Rmily 95%1"&’%&@@@%@']&;8?‘@%@“’3 u%uni ts are
provi ded ?eﬁs&?%ﬁf}aﬂﬁﬂﬁﬂmﬁmﬁi ucts. 12 Septenber 2006 33

3. An array as claimed in claim 1, comprising a plurality of cytosolic accessory
proteins which are fdentical and are selected from ion-channe! subunits, G protein
coupled receptor cytosolic accessory proteins, transmembrane transporter cytosolic
accessory proteins, K*-channel p-subunits, Ca®*-channel p-subunits, G protein subtypes,
Ky channel p-subunits, Calcium channel B-subunits, Gs family, Gt family, Gi family, Gi-
O'far_nily,r Gq-11 family, Go-sensory family and By family proteins.

4, Anarray as claimed in claim 2 or 3, wherein the array comprises at least one K-

chiannel B-subunit selected from: B1.1, B1.2, 1.3, p2.1, p2.2, 3.1, B3.2 and 4.

5. . Anarray as claimed in claim 2 or 3, whercin- the array comprises at least one
calcium channel B-subunit selected from: Bla, B1b, Blc, B2a, B2b, B2c, P3a, B3b and p4.

0. An array as claimed in any preceding claim, wherein the cytosolic accessory

protein is an ion channel subunit domain.

7. Anarray as claimed in any preceding olaim, wherein cytosolic accessory protein

subunits are provided as tagged protein constructs.




8. An array as clained in claim7, wherein the tagged pjQRbfib&@066 r uct
conprises an affinity tag. 9. An array as claimed in claim?7 or claimS8,
wherein the tag is a H's, biotin, FLAG nyc, or VSV tag. 10. An array as
clainmed in any preceding claim wherein the protein noieties are attached
to the surface via a common nmarker noi¥ty. 11. An array as clained in any
preceding cl ai m wherein each position in the array contains one or nore

copi es of a s “‘f" Ecﬁ,tr comptifBhn L rimer,
tetramer Sor a%uf %%7 ‘%1 ﬁgglg cfé[t erm ni ng whi ch cytosolic
pr ot ei ns afmﬁ@lt@ct with a given nenbrane protein, or vice versa, said

nmet hod conprising the.steps of : (i) providing an array of cytosolic

accessory proteins as ¢l aj.nme a ecedi tacting the
array w th cyf‘%%"éﬂyaéclaf“aafﬂﬁggngf’r@éf“gg P’f@ E}ﬂeeta %tlg]ls ng‘éét?% ERG cytosolic
fragmant§11 fo rqﬁgwe@%rel ated nenbrane protein famly nenbers; and (rii)

det ecting and I denti fyi ng the interacting partners. 13. A nethod for

screeni ng conpounds or peptides or proteins for the abi| i nt er act
sel ecti vdly V\Anhrrafa;ytaus @wmﬁ@eﬂm@m hepeitHBE PR F’P‘ﬁ“ ?he st eps of

(i) provi %&rﬂ%waré}éasg{@évaas &mﬁ'ﬁ xirdly of clains 1 11; (ii) contacting

t he arra t'e conpounds or peptides or proteins; and (iii)
identifying the interacting partners 14. A nmethod as clained in claim13,
further q@npr As britgy dsbRirséddn anf prgeedingiclai, iwhgreitheach positinndg theawrapf t he

t t t b t he bi d tants K
R o T A T R e S R

2006 34 (rimer, tetramer or higher multimer.

12. A method for determining which cytosolic proteins interact with a given
membrane protein, or vice versa, said method comprising the steps of :
(i) providing an array of cytosolic accessory proieins as claimed in any preceding'
claim; . '
(1i) contacting the an'ay with cytosolic fragments of said membrane protein and/or
cytosolic fragments of other related membrane protein family members; and

(iii) detecting and identifying the interacting partners.

13, A method for screening compounds or peptides or proteins for the ability to
 interact selectively with a cytosolic protein, said method comprising the steps nf :
(i) providing an array as claimed in any of claims 1-11;

(ii) contacting the array with candidate compounds or peptldes or protems, and

- (iiii} identifying the interacting partners.

14. A method as claimed in claim 13, further comprising the step of quanﬁ-taﬁng‘the
interaction of the interacting partners by measuring the binding or catalytic constants Kp

or Ky, or by normalising amount bound against protein guantity.




15. A method for screening conpounds or peptides or prpggélﬂ&nf,@rzonbe
ability to selectively nodulate the interaction between a cytosolic
protein and a nenbrane protein, said nethod conprising the steps of.: (i)
providing an array as clai ned in any of clainms 1-11; (ii) contacting t he
array with candi date conpounds or pept34ddes or proteins and wth one or
nore menbrane proteins or cytosolic fragments thereof, either

si mul t angpusl sai d

o L TR ol oSS S Bk poladlfl B ARIBIBRIOE pepti des or
pr ot ei nSselebﬁvclf\mBMliteﬂleamemﬂnanhgtwtem xtyposolidfFroisinemé h memibrang proteim| i ¢ f r agment
of a menbr, rotein i.s ubIe functional domain. 17. A nethod as
clained ¥ ’(‘?th?‘ﬁ‘fofgmﬁwggleaff further conprising the step of
quantitating a)fwov@m&fmﬁafmﬁmeaMawoﬁﬂaMmumt eraction by neasuring the
bi nding or catal onstants Kp,or rmalisin nmount bound
agai nst pr ot dithe éﬁﬁ‘ﬂg ¢/array peth can %WP&&H%P&%?P& ,%P’é’i‘i}“sg’ﬁ‘ of clains 15
to 16 wherei Rvﬁﬂ‘tﬁxe%@ﬁ%ﬂﬁén%rﬁ:ﬁfﬁra&ns?orc%@ﬂ!ial&%gméxﬁmmw@emrl nhibit a given
interaction i s neasured by det erm nation of the 1Coe value. 19. The use of
an array of csymt.i@mqualmcmgwm. teins as clained in any of clainms 1- 11
to neasure t r I f rs of afamly
of said cyt gﬁgld?%ﬂ e#(':ﬁé gg%%‘% st)lP(ll) erﬁ&ﬂfghYéf%Xdu%]edqiysufé@yg@gc#&;??gy of cytosolie
accessory pr compamdser eptdesedpowinany of clainms I- | 1 as an affinity
surface on which to select antibodies froma |ibrary of phenotype-
genotype-1linked anti bodi es (such as phage displayed anti bodies). 21. The
use of agp, arA awthed acyidaEad tiginAL B heRyiolic fidgaent of amembrane any of
claims 1- 11 for determning the effect of post-translational nodifijcations
on the inrpleinds e polvple fpctiogalid®maip osol i ¢ accessory proteins with nenbrane

pr ot ei ns.

17. A method as claimed in claim 15 or claim 16, further comprising the step of
~ quantifating the degree of modulation of the interaction by measuring the binding or

catalytic constants Kp or K, or by normalising amount bound against protein quantity.

| 18. A method as claimed in any one of claims 15 to 16 wherein the concentration of a

compound required to inhibit a given interaction is measured by determination of the ICso

value.

19.  The use of an array of cytosolic accessory proteins as claimed in any of claims i-
11 to measure the relative catalytic activity of different members of a family of said

cytosolic accessory proteins.

20.  The use of an array of cytosolic accessory proteins as claimed in any of claims 1-
11 as an affinity surface on which to select antibodies from a library of phenotype-
genotype-linked antibodies (such as phage displayed antibodies).

21.  Theuse of an array of cytosolic accessory proteins as claimed in any of claims 1-
11 for determining the effect of post-transtational modifications on the interactions of

- gaid cytosolic accessory proteins with membrane proteins.




