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WD 21) 1) 41083376 PCT/ SG211114/ 000063 1 MODULATORS
14ELD The present invention relates to the fields of

woreamrokEsod ogy. It also relates to the fields BET/SG2004/000063

medi ci ne, especially therapy and diagnosis. 5
BACKGROUND p21 activated kinases (PAKs), relatives of
the yeast Ste20p kinase, were first isolated from
brain as proteins that hind tq Sﬁg are activated by
Cdc42Hs and Rael (MandePDULAFORS1994). They were
subsequently identified in neutrophils (Prignore et
. 1995; Martin et al., 1995; Knaus et al., 1995).
ate, six isoforms have been cloned and 10
sequenced; a, p, y and S (PAKl 3, 2 and 4,
respectively; Manser et al 995;. Tep. et

Mar t iThe gresgit mventigyelatagig theeﬁeld%ﬂf micr, b@éagya}ﬁ@sv&k? Ththe
o1l iDL P11 YBer Y ah € dBen and (3 have a nore
restricted expression pattern (Manser and Lim 1999).
PAKs are nulti- domain proteins that contain, a kinase
%&g&ﬁggkgolyprollne stretches (P 1-P4), a Cdc42FB/Rac
site, and a kinase autoinhibitory site
(Manser et al., 1994; Zhao et 15 al., 1998). Two of
the p |ne str nd P4 t
the RaABRERI Rowd FARD Rpatlie e RGeS 0 BRRE il ke
icHlhtecs trem edin as proteihﬁ %) biad ¢ dnderdRadlatekighadgeH$ aclt Rucl
Pl X, respectively, nser et al 199

Qbamasr sial. PA). T@Yéﬁeée whievanly Heptificsiia PP%%%’h‘JFSr(BHﬁm‘m etal,
RAKANBrtint 11NaY94; R&ahAdt hIEM998)0UP dAi@Glk ibdTBrmNHavdbdRE cldged and

site and thé ‘autoi nhibitory site. In 20 mamal i an
emdmebveﬁeoqmde&@ﬂzﬁdﬂ éxmdésresmg‘g@ix, Mdnger epalK 199%?90 gt al.

@gé’j}%{l Vl%gﬁlr: % é%g o%bggﬁgg gtilqultous while o

A PPhavSs nlose Rbtricted Expresllgﬁ ﬁﬁttenh@%‘é&rand Lh,S1909). PARS 8@ Gnulti-
by studies with p2l -effector site nutant's (Lamar che

dqmaimproteinpglopg pontainen Ipmgee ferafinmelyPepline sirichys Fdmiise

L sint G &eBAL, 1994; Zhao et
e D e B S B R oo
do®d&). to approx. 95%in the N-termnal. PAK 4. 5 and
6 have 100% identity in the kinase domain but do not

Two of the polyproline stretches, P1 and P4, interact with the adaptor protein Nck
(Bokoch et al., 1996; Galisteo et al., 1996) and the Rac1 exchange factor PIX,
respectively, (Manser et al., 1998) via SH3 domains. PAK1-3 are structurally distinct from
PAXK4-6 in that the latter group lack the Nck binding site and the autoinhibitory site. In
mammalian cells overexpression studies suggest that PAK plays a role in cell morphology
pathways downstream of Cdc42Hs/Racl (Manser et. al., 1997; Zhao et. al., 1998; Sells et.
al., 1997), however, this is opposed by studies with p21-effector site mutants (Lamarche
et. al., 1996).

The PAK isoforms o, and y comprise the same domain structure but have

different sequence identities, ranging from 100% in the kinase domain to approx. 95% in
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the Nck bindi g 3ife. To date, no one to our know edge
has di scl osed i soform specific inhibition of PAK

sei brms. 5 SUMWARY According to i 'aspect of the
invention, we provide use of a peptide as an ,0 orm
spec. is antagonist ool- M kinase, n which the

| yeptide conprises: (a) an Nek binding domai n of PAK
ki nase and (1) an isoformspecific domain. ci PAK

Ki nBsE;teinfinalWAAK N, 6aad 6 bhve 1®Nelkntiriy irdlihe ¢irden@inmaiabat do not

the isoformspecific domain conprises a b sequence
the Nebmndegisifes > to 24, preferably residues 2 to 21 of
a PAK ki nase isoform The Nck bindi ng domai n may
conpri se the noti PXXPXRXXS (where P represents
pr olid dugs, nSohepr @s &Adsle8&S hadeiscdRe iXofbsn gpeifanhhibition of PAK
- acid). The Nck binding domain nmay be selected fromthe
1Solgifup consisting of . PAPPMRNTS, PAPPVRVSS, PAPPLRWNS
PAPPMRNTS, PAPPVRMSS, 15 PAPPLRWNS, PAPPMRNTS,
PAPPVRMSS and PAPPLRWNS. The tsutr ? spee, c, domain
SuMMyrReONpri se a sequence between the Nck binding sitc
and the N-term nus of a PAK kinase isoform preferably
a sequence which is i:eterclogous between PAK isoform

fam | . ers.. . Ih ide. ma i se resj to
R R B e A
isofbS@ bRk I antagh@sREMAKIESad¥ad: Widcle P abptededompeiast (29 B Nck
_activity selected fromthe g;oup sting of: inducing
binding domain o€ BAKddhass iaath(bo ensloeotn spediiivaemag o€ BAK kinase, in

. di.ng, .actiyati. i i. extensi.an., activati.
i SRERREL TG e IS uOEE oS R BE B naRirran
seq@nee REAEALIRN th anl RéfeiaBRDbAduek 266 MBbi #PAKTNBasPA form.

_inase isoformmay conprise a sequence: having an
accessi on nunber U23443, 085643 of 01 3153 ;: PAK,,

U3331 442 .91 . 0759N. PAK). U3, .
oS3 81ek T S Y (BRI T At AP RS Ehere
reptjg%%nﬁasﬁfﬁélﬂleﬁg%}ﬁ&@ﬁtrs IsSthne! %RAKis AQAnfilteadi®of i nrn specific

The Nck binding domain may be selected from the group consisting of’
PAPPMRNTS, PAPPVRMSS, PAPPLRMNS, PAPPMRNTS, PAPPVRMSS,
PAPPLRMNS, PAPPMRNTS, PAPPVRMSS and PAPPLRMNS.

The isoform specific domain may comprise a sequence between the Nck binding
site and the N-terminus of a PAK kinase isoform, preferably a sequence which is

heterologous between PAK isoform family members.

The peptide may comprise residues 1 to 21,2 to 21, 1 to 20 or 2 to 20 of a PAK

kinase 1soform.

The peptide may be capable of at least one activity selected from the group

consisting of: inducing loss of a cell adhesion complex, activating cell spreading,
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sequence is selected fromthe group consisting of:
VBNNGLDVQDKP,  MSNNGLDI QDKP, MSNNGVDI QDKP,
SNNGLDVODKP, SNNGLDI QDKP and SNGVDI QDKP. The pepti de
may conpri se the sequence EDKPPAPPMRN?' SM (r_Pl) or
SNNC: LDIQDKPPAPPNRNTS,'aPZ%. The peptide may be
capabl e of stinulating neurite outgrowh . )
actiyHEGE GYERBQ. $FLIValizh BeUiHs QHEIONEN PEENHRD pheijoprslia formation,
ﬁ@g@ : f huk-ati .nerve regeneration. The PAK
and |naggg}@&P@%%ﬂﬁ%@hggﬁggfse (3PAK, and the isoform -
specific domain sequence is selected fromthe group
consi sting of: MSDSLDNEEKP, MSDSLDNI | K PNN MSDCi
DNE. IEMIIF\I,'“]SWE@NEEW}’ capprises SNEI’J@KPRNI%%p accession number

2 S TN S ERPRASL RO, 3o - ESRR o TR AT e B,

Q64TRY, OMHBDY S8 NIPAK s63Ndb Al | sof orm speci fic domain
2i ? sequence i s selected fromthe group consisting of:

VBD ELEDKPTI, MSDNCGEI : EDKP, SDNGELEDKPT'| and
SDNGE 17 ke s g oy o i i i h <t
seqhcE ablkRcQd EﬂoﬂpﬂlgQO‘UPgowiﬂglofzmmﬂ@q&bV(gbﬁﬁpept i de
may be capable of "alfow ng neurite outgrowh across an
MSaNGTdeiIDIEP /M SN BIpM [HQDK I SINNEIL Y Y Qpriked, Shab yDB)DKP and
| am ni n/ CSPG boundary. According to > aspect of the
SNNGYEHROEE: we provide use of a peptide having the 5
sequence EDKI' PAi' PMRNI SM (0l),
SNNGLDI QDKPPAPPMRN T'S ((02), L) Si DNEEKPPAPPLR. MNSN
., " THRZk piadetn SDINGI: EPKRRARRMEMESK POy PRMRIST ST (dPSphior m
speci fic antagoni st 0 PAK i nase. According to > 3 'r
ﬁﬂﬁgb@@@DKPPﬁﬁ@ WVenfilbh, we pry,, ide use o a nucleic
acid c reprising a sequence capabl e of encoding a
peptide as rt out in a nmethod of specifically

anta@Rp&ddidapbe Alatke BESRUIISIRIRIMR outhSCOr(EERTodeBe ).
4" h aspect,::t |be invention, we provide use of an
expressi on vector

The which the peptide may be capabie of stimulating nerve regeneration.

The PAK kinase isoform may comprise BPAK, and the isoform specific domain
sequence is selected from the group consisting of: MSDSLDNEEKP,
MSDSLDNEEKPNN, MSDGLDNEEKPNN, SDSLDNEEKP, SDSLDNEEKPNN and
SDGLDNEEKPNN. '

The peptide may comprise the sequence SDSLDNEEKPPAPPLRMNSN (BP2).
The PAK kinase isoform may comprise YPAK, and the isoform specific domain
sequence is selected from the group consistiﬁg of: MSDNGELEDKPTI,

MSDNGELEDKP, SDNGELEDKPTI and SDNGELEDKP.

The peptide may comprise the sequence SDNGELEDKPPAPPVRMSST (yP2).



_X-,nprising a nucleic acid sequence as set out in a

nmet hod o specifically antagonising a 'PAK kinase

isoform According to a "' aspect ¢ f the invention,

we provi'de use of a host cell transfected ith a

nucl eic acid as set out or an expression vector as sot

out in a nmethod of specifically. agonising a. |"AK

| dnase iscturn. According to a 6a' aspect of the

| NVeRtpepinie My Iy @phtle otintidithedixofal isbidblict i ng an

I sat orm of PAK ki nase the method conpri sing ’

contactinc. an isof ormor PAK Linase with a peptide

as t out. 20 S X ] : :

¢ he EosPle ARy R ARMIg TR ARuBR {0 s
repi@siPpepdunderyCOEREALSES lapeRhi(P Gsoumairyout ab: o' ve h; the

i soformof PAK ki rase nprises ;:,PLAN ,.|lease and Ow

pepti de conprises a peptide as set o: above; or i the

e SR KoR B BRTRAAGE oM ARG BR e
seqRGEOF BKPY ARPKIRN TSSIPEGL ) AINNELDRYBRPPARPMVMENTS (aP2),

pr*,,,,,ide a nethod ofinhibiting an tz of ?AK ki nase,
SD$IHeNFEKABAPEDORPINSY (120 emdt SIoNGHG E& HPSGTFOfRMES T IPAR) as an
. kinase wth an ntboclt selected fromthe group
15“f8‘61h§1?e§tﬁcr‘f‘§taéf>mé%tfinAg?Cj')‘/m%%?SSZ, ant i body sc-1873,

anti body si, a?' and antibod tie-71 i7 tSanta Cruz

Biot .chno oy, inc). 5 Such a nethod may be such

t hatccofdayg thhes™ spécobimheinveAlork wapeoddmpeios e sudBAKcid

ki nase and the antibody conprises an anti body sc-882
COmPYEIAEL 4 SEFUFECTAPRRE AheICBYS @ PRrRUde ap Ryt ouhin sgpsthpehpf specifically

antaon i PAK se G I ses (3P 1 kinase and the anti body
“maeS@%E ?élééj‘lggﬁgsﬁ 1%%{/&.80. 87 . Santa c.:tuz

Bi ot echnol ogy. Inc), or (e) the Isc:o m of PAK kinase

conpri ses yPAK ki nase and the anti body conprises an

ant45eujnes’e a4 gppect Salfie HIVERtN. WO PEIVGISSEE 16 b s SIOR Y eetor
o t he. i i .
conprya Yk DR QLB TLAD: EA K190 QI 305 HEIN e

PAK FinaSaiRbfarkr uz Bi ot echnol ogy, file). According to a 8"
aspect of the invention, we pro: vide an in vitro
met hod of stinulating neurite outgrowth, the nethod

co IH)CI‘C?I%II&QO %—SI—“Oa%e%fttn} e ﬂlv%x?tllc!n Wje tppov"?‘% %gék(a h(l)ﬁ %élﬂr?ﬂsfected
speciTic -antagoni St conpri'sing a peptide as set out or
witln@Mié Bodys &€ o882 af SaptaionGreudr Bi ©t e@hnah@hod dfRpdcifically

antagonising a PAK kinase isoform.

According to a 6" aspect of the invention, we provide a method of inhibiting an
isoform of PAK kinase, the method comprising contacting an isoform of PAK kinase with

a peptide as set out.

Such a method may be such that: (a) the isoform of PAK kinase comprises aP AK
kinase and the peptide comprises a peptide as set out above; (b) the isoform of PAK kinase
comprises BPAK kinase and the peptide comprises a peptide as set out above; or (¢) the
isoform of PAK kinase comprises YPAK kinase and the peptide comprises a peptide as set

out above.
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According to a 9 aspect of the invention, we provide
an ? vitro nethod of stinulating nerve regeneration,
the nethod conprising contacting a cell with an aPAK
i sof orm'speci fic antagoni st conpri sing a peptide as
set o, in any of Clainms 8 tp 1 or an anti body
sc-882 (Sant . Cruz Biot ech%ol ogy, Inc). Z:) According
i 0 aspect of t he i nvention, we provide an in vitro ’
metAwedrdeitg to_a. 7" aspathbbiht iirfi/@nt&)f@ nalpraviidtaanmethotl beinhidifqchn
conprising contacting a cell with a yPAK isoform s-c .
mfm m pf RdKdernse.dhe @éﬁb@g FNPIgFIRg apcliapanisoloan ohBAK; lHnaggyvith
7
an ap 1? Qh%aggte&?’ro%%g' érf)%?ég&t s?‘rﬂ%:rof 2 Moc echf%g %lélgg)d}i se2 5871

ant:b&ﬁy‘kdl@UZﬁnd niASREed- 7 7t(Benth Oﬁ&rﬂleBhndl‘@yphﬁ)/l de an in
vitro nethod i f 2 enabling neurite outgrowth acr -ss

an attractive / repul sive boundary, preferably a

j d t t hod t
b el S M S R S
kmeﬁ@ﬁﬂ“h% 'aﬂl%cﬂyiegﬂbhg@ aﬁ%nt%dy QUBSY X8RSz Bidwedho ﬁ'lﬁ@), (b)
17 or an antibody se:1l 72 or antibody sc-7117

the (Ssmﬁfh&l CALZk iBhsetcomipriads MK kinege.anAceamdbody dompris@t dm
ect of the invention, we 2rovide such a %fné)tl de, an

anti iy Y %ody ! (%@nws%lzlz Baﬁefémoswws@r (cgthg isoaprm girftAlhbapse
wn@n(s)ft‘sggé\]éo)%m se’annC e an 1¥0c§y comphset‘s gl&m[]%)% Cé\'éul%7§{8anta Cruz

use I'n eat

Blo!wm , BE); At ?(%'ﬂ]‘i’esﬂs&o% o8P AKIEASE comtpriRB P AR kwlaqy ahd the
According to 3"' aspect of the invention, we provide

antibedy wpaisgpemtantdbodsscsiétl 7 6vnfa Cran Bacntqlbokd&ydoe)%z an
anti body sc-1871, an anti body sc--1872 or an anti body
sc-7117 (Santa Cruz Biotechnology, In(:) in the

Pr eQapAQ0 19" RpRBF MBERMEHGR e GRIRASIH zh%};of Rethd@ot he
treatment” c: a di sease. The di sease nay be

stinwiging ot @it segrdythahdefedot! comprisisy eomegegerel with aonPAK
repair. The may be selected fromthe group g@ Si Sf)l ng
Isofgm FREGH BTN} erOmPESiaR S GF RIS, * aft OUafir 41 B BRS; ;85 (Santa

eirner's di sease, Parkinson's di sease
Llu% %ﬁp&ég%%ntl ‘wWith .,ewy.Bodies (DLB),

f:ontotenporal denentia (FTD), paiiido-ponto-nigral

degeneration 15 (PPND), fanulial progressive s
i beepida ogle Gepest obthe ITVARI: e ATOVMR 47 gy dtepethod of

stlmtu?aLtImB %Ervx regeneration, the method comprising contacting a cell with an aPAK
isoform specific antagonist comprising a peptide as set out in any of Claims 8 to 11 or an

antibody sc-882 (Santa Cruz Biotechnology, Inc).

According to a 10™ aspect of the invention, we provide an in vitro method of
inhibiting axonal guidance, the method comprising contacting a cell with a yPAK isoform
specific antagonist comprising a peptide as set out in any of Claims 14 to 17 or an

antibody sc-1872 or antibody sc-7117 (Santa Cruz Biotechnology, Inc).

According to a 1 1™ aspect of the invention, we provide an in vitro method of
enabling neurite outgrowth across an attractive / repulsive boundary, preferably a

laminin/CSPG boundary, the method comprising contacting a cell with a yPAK isoform
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F/1T;,, famlial progressive denentia with psychosis,

pal udo- ni gral degenerati on and bi pol ar di sorder

(mani ¢ depressiveness). The isoform specific.

ant agoni'st of PAK ki nase may be an aPAK i sof orm

speci fic antagonist, or a ,PAK isoformspecific

apt agoni st, or .both:. 20 Accordin 44 " aspect of
speqlHe ATARRBRY PORPrviE BPéRTaE houn ity ¢ iseiogy o an
antifRAWALTD Y, SEITLEY a%7 0Yi dRNE e ruislen ARy, axpnal

gui'dance, the nmethod conprising exposing a coil

preferably a nerve c<l, to an isoformspecific

o oMty oA SR PRbl M R LR, s
sc-R@Q,tdnbéﬁgMocﬁps'c- l%?? an a%tib&dyas'a-l@% 0} Qijéﬁti%gdy sc-714 7t(S§ﬁ‘£‘tﬁlz

Cruz Biotechnology, nc) 7 Acco: ;ir:; "a >> aspect cf
Biotehieolapyeht) n psene apnethad aercatnoamntpirmyatylaais of dliagné¥4do st disease
. tormspec iiic. antagonist conprising a peptide as set
inag indigdiadnt j body sc-882, an antibody sc 197 ~ an

anti body se-i872 or an antibody sc 7 t7' (Santa Cruz

Bi ot echnol ogy, ine) together with a nerve eezl.

Ac cardidivg; taspeltasmict dittke invvigivhi @8 proséleprovt geemidaat fodut,

of identifying an : formspecific , ttii~ _ s. 0 _pAK
an apfibeyec-88heanidtihedy :187 branginfbedy(sg)! 8p¢ euargaRigody sc-7117

T R T

the pefb@nfx didkade, PAK i soform or a fragnment, h
oi nol ogue, variant or derivative :hereof, and (c)

det ecting bi nding ofthe candi date nol ecule to the

pept, fr : l.o . varian r..derjvat.jve
P e BT o DTSSR ABhe B
i nvention, we provide a nethod of identifying an

i sof orm speci fic antagoni st of PAK kinase, the nethod

conpeingiyRg selegyd freviheliogp sonsesing P aewonedeagatie digdsyer, an

contactin eptide conprisi 1 PAK biRdin S
s RE R PRk e PR E KARinsibh sl O Pegia g
Lewd@ddvat(DY.8) tek@ehpo deeati€ M )dad Bddrpd 26l @al defichefa€ibn

detecting the binding of the nolecule to the PAK

(PPEPadimygiapeisgicdsye subagted iliofin bl dgudal malfisyseym tauopathy
; rivative thereof. Accopding to an.8" . aspect of th
R Y R e e S R
bipReiokdcs (amtiadgntSlvehesdAK Ki nase, the nethod
conprising: (a) providing a
The isoform specific antagonist of PAK kinase may be an aPAK isoform specific

antagonist, or a YPAK isoform specific antagonist, or both.

According to a 14™ aspect of the invention, we provide an in vitro method of
modulating cellular guidance, preferably axonal guidance, the method comprising
exposing a cell, preferably a nerve cell, to an isoform specific antagonist of PAK kinase
comprising a peptide as set out, an antibody sc-882, an antibody sc-1871, an antibody sc-

1872 or an antibody sc-7117 (Santa Cruz Biotechnology, Inc).
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candi date nol ecule.. (b) contacting the candi date

nol ecul e to a peptide conprising an Nck 20 bi ndi ng

portion of a PAK isoform or a. fragnent, honol ogue,

vari ant “or derivative thereof, and (c) detecting

nodul ation of activity of the peptide, fragment,

honol ogue, variant or derivative thereof 'A he PAK

isoformin y be 4-:PAK, 1PAK, or both, the to Y c onm.

| SeAccardihPAK S@ta@%d&l sp@vhvakitionVive PFEA @ lImbiseloae 8 FAK

25 0. ; the gr : Up consisting : maintenance of axona
isolgun spredic aatrgonitiominrisos agkptideagiset quo anpptibodysedEs, an

tract ... nulsiie ndary.. pre err a .
bl (7 s bRy T RS PRt R ereinsemgloes
1n¢pbgyhgyﬂg1¢ﬁawe@wL~()Fragnent, honplogue, ~".?.riant
or derivative there f. and contacting the peptide
conprising an Nclc binding Portion; of P AK. a

oA GRS AL SR R YR T EE i o
isofdgf kprifivetdheseafP A kiR, Bk esentecafpdhe: Gapviatie 3
nol ecul e, and sel ecting candi date nol ecul es whi ch

candndata Inatleculsi, fdicngabegweerantetepegeduiiewith h peptrdgtchogripmy an
further c ri Isolating or synthesjsing a sel ected
Nelhdig@ RO e P Sl e SAREBRES iR dptut b G paave

meﬂe@f\{%{&dg?aeteem Bindind S&he PRAIARGEILNGA thEQTRAS! idoRRnt,
conprising a %ep t de as set out, a nuclelcC acid as

honsgdguoutariaaorelpyassitiomeofect or  as set out, or a host
.Cil as set out :together with a pharmaceutically
accept abl e excipient or <carrier. According to a 2G *

as p{?&.t)rd?r'lﬁgt {18 i 7”"5‘32@&%? the WV eRFiQY 1vA€BviRE R Ll d of identifying an
conprising the sequence EDKPPAPPNVRNTS,'Vv'H oYi).

isofAae gpedifiegintagosipied PIK kinesel the endthaalncowspripmgVviagieroaiding a
nucleic acid conprising a, sequence capabl e, of

can@ifele i u EH Can BRI PSR BHUISHg a0’ A DpAIng Pogipaf Nek,
or aq{a H%ﬁt h@ﬁﬁgfotg_g@ ;va?,ﬁgﬁqt 'oy derW_agﬁe BPre§K Rﬁt%%%aﬁ&‘id%%% (l%c’ule, and (c)
nmp ,oa Z.uc elc.. g ~CP

I SIng suc acl d sequence.
detedda@thdibivglingoof:thasipkctile of the RAK biviéing ipeptideyw@agim o, lbenodogue,
host cell transfected with .. such ~: nucleic as;:ad

variant of JeRvaiiye eigfdéssi on vec; r.

According to an 18" aspect of the invention, we provide a method of identifying an
isoform specific antagonist of PAK kinase, the method comprising: (a) providing a
candidate molecule, (b) contacting the candidate molecule to a peptide comprising an Nck
binding portion of a PAK isoform, or a fragment, homologue, variant or derivative thereof,
and (¢) detecting modulation of activity of the peptide, fragment, homologue, variant or

derivative thereof.
The PAK isoform may be aPAK, yPAK, or both.

The activity may comprise a YPAK isoform specific activity, preferably selected
from the group consisting of: maintenance of axonal guidance, and inhibition of neurite

outgrowth across an attractive / repulsive boundary, preferably a laminin/CSPG boundary.



10

20

The practice "he present invention will enploy, unless
ot herwi se indicated, conventional techniques of
chem stry, nol ecul ar bi ol ogy,, icrobiology,
reconbi nant i YNA and i mmunol ogy, which are within the
capabilities t a person of ordinary si<:1in J the
an: - Such techniques are explained in the literature,
See, for exanmple, J. Sanbrook, s3 Fritsch, and ?, R
anitak nsathckIBY: fuMbbieoulpaise FioRidng NaboF ataghynt, Hlmtu@éu,e
Second Edition, Books -3, = oold Sprlng Har bor

varipeiiss ﬁialtlmﬂye Preeass. anAgsribeiing the paptidegoraprisineggeN dirfeinding

portP er 01 dr%%grenrfrgtn}ao %l%:glréer %%‘ré%l? or ({Cﬂ vati\i/egh%géle \%H}lhﬁrck ’0:;’%
rraglilgenﬂ\hmmoDogué3 vaff@f or denv@ﬁ@@ﬁh&%@f maﬁkdplésenl&aﬂlnthe 8R&ate

DV, A olarion 15 a:r Settuen :sse ;:,. < e =>?riyues,
molg@ﬂm agy bedgcetigg g@jrdsdatqjmo]vpul%w@kh arduldterheedigg between the peptide
dg$ge 1990, In Si;?:. rb, dk."atiun' Principles and
an ctice Oxford | niversityPress:: N. r t
(Ediitor), 84, ) oonu.teotide Synthesis: A Pracjwal
~xpproach, Irl Press; and, D Mi .illey and J. F.
Daﬁlhb@tqghodltgggt urth@tdmo@gsa)fsolﬁtmgcbr swntheswmg y selegid ar identified
Structure Part A ; ,ntheslS .snit Phlsicc.
molaeHlt i g, " .. Nit Methods in Fit. j in ingy,
Acadenlc Press. Each, | , ~..: these genera: texts is
herein incorporated by reference. BRI e.e DESCRI PTI ON
QE Akt bidirPRAW| N@slﬁngmfrtbe mventxon we provshtaaqharrmetc@m{a
i saf.orms with t3ac ce i ? . h fc
comé)§31g?]rl CYORTBI gqup?]%sosewgha B q1%6(t16 Pmet kj'r %ré?f(pressmn vector
as S%@f %%g%lgit /Lgigé‘)oﬂéé buit fé@theml&oa%%a%%ggt?cr?gm a(l:cr?pt(aF)le cj:xmplent or
carrféol ocal i sation of PAK with vinculin is shown in blue
in panels (B, Dand F) with individual signals
renoved. Bar = 10 M Figure 2. Effect of CSF/serum on
t h r,phol, f C
e LA P S et i,
semﬁhaiﬁﬁﬁPRAPRNﬁhﬁT$mldﬂﬂ)to 5 visualise F-actin. VVth
serum al one (a), w thout CSF/serun (b), with CSF/ serum
(c), and with CSF alone (d). (B) Cells are starved of
CS hand , F 3
TR 12 AT T T PRl Rmulic A colbring o
wqmmeiu@ﬂﬂabﬁamémhb&mﬂapmmdaophages are CSF/ serum
starved for 24 h and then exposed to a gradient of LPA

According to a 22" aspect of the invention, we provide an expression vector

comprising such a nucleic acid sequence.

According to a 23" aspect of the invention, we provide a host cell transfected with

such a nucleic acid or such an expression vector.
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through a needle. A tine | apse sequence is shown over
10 min. (D) Bacl macrophages 10 starved for serum
al one and then exposed to a gradi ent of CSF through a
needl e and LPA added to the nmedium CSF is added in
panel (b) followed by LPA. [Panels c-f show process
retraction on the side of the cell that is not
protected by CSF. Arrows in (B) showthe formation of
filopodia. Arrows in (C) show process retraction. Bar
=10 M (E) A nodel for the antagonistic relationship
between Rho famly GIPases in Bacl macrophages is 15
presented. CSF activates both Cdc42Hs and Racl (Allen
et. al., 1997) to induce the formation of filopodia
and | anel | i podia at 24 h norphol ogical differentiation
is seen. Serum LPA activates RhoA to induce cell
roundi ng. The addition of CSF antagoni ses the affect
of serunf LPA and vice versa. The bal ance of the
factors CSF vs serum LPA determ nes the norphol ogy of
the cells. 20 Figure 3. Effect of C3 and cell
differentiation on |ocalisation of aPAK. Bac 1
macr ophages (A and B) and N1E-115 neurobl astomas (C
and D) are stained with aPAK antibodies and vinculin
anti bodi es under different conditions. (A Gow ng
Bacl cells with (b,d,f) or without C3 (a, c, e). (B)
Starved Bacl cells. (C and D) G ow ng and serum
starved N1E-115 cells. Colocalisation of aPAK (green)
with vinculin (red) is shown in 25 blue (in panel a in
Cand D). C3is injected at 100 ng/m. Bar =5 Min A
and e paRdcel O thd Mbsdnd inBe@h VAl M @nKdss SoxrQeRlihd@dddon
of aPRKvmth F-actin and vinculin’in Swmss 3T3 cells.
conyehjio@a tdchnignes Etchemistty frovleaiaki(logye endrobintbggi nedrembinant

hal l oi d , , . Vi
DNB g DmEne b a o ows b arpersyhok grdinary skil in
the QP'SC&)E@ e'c§rﬁﬁué§'lré fp?ah&mn kH2 ll’ﬁahttu?e @93 f&r erhB!% { Bandrodk; E.

I's are freshly plated and to spread
F. Ffiseh,anh T( Manbl)lp, 1488, Mcheczd&r ©lonimgr & Whmt@ﬂmn@&l Ségond

Edﬂ?@ilggpe}&sl %qd ggr%@ ]F(EIDF?ZQI%A’:H?F USAPf o ;%é BE‘%aﬂd
per1§(ﬂc ﬁ@é?&lftb col06A, m&bzsq»ml%w BRLSAdng | mﬁ,ﬁng_lkﬁgom

s stal ned for aPAl Z green a-g, ;
Wilanél SohalNeor Mork, Nreqh)B. RébezJ.ﬁmbt&s angl /s hoahn, 9%hDpyaned/atéon

andgséz%%%g gfe W?‘ F(&ggqlug% %?ndwglggg %Irwt [h .hflo?a ea%td J amgsngl
McGee, 1990, In Situ Hybridization: Principles and Practice; Oxford University Press; M.
J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, Irl Press; and, D.
M. J. Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A:
Synthesis and Physical Analysis of DNA Methods in Enzymology, Academic Press. Each

of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Colocalisation of PAK isoforms with vinculin in Bac1 cells. Spreading

Bacl macrophages are doubled stained with PAK isoform (green) antibodies c(A), 8 (C)
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arrowheads showi ng col ocal i sation (blue) of aPAK with

stress fibres in red. Bar = 10 jIVI. Figure 5.
w@iloeosdsreat i on of PAK a, (3 and y isof orns w BPEI/SG2004/000063

F-actin in Bacl macrophages. (A) Cells are starved of

both CSF and serum and theg doubl ed stained with 10

PAK i sof orm (gr een) ant i bodi'es and rhodam ne

canj i.n K. PAK. (

sy AR s e Corfelinih P PR S il bt i

&Be@(@ 35 aRT) vEtheaAdifital 62hAS Rnlovad. ipap=seam i n A-C.
['ocalisation blue to purple depending on the

|ntenS|ty of green and red signals. (B) Bacl cells are

CSF/ S85,m Sk dp%@:sm?fugﬁ bt o4t rﬁgtgga%%ﬁ)hf?a%g&\%a&ephage& (A)

doubl' ed stained for actin . / o
B!l oelid arsgrowo (R4W) tnfolir diferot Waysiasd thosiaingdw(th phatjoidin to

BB, PR R i RGO TRy om0, e
WitldCEF Bloh(dNYB) ¢dils a@eeétmed of G9H for Mﬁalﬁl‘then/@c@oéedno gedibant of
and then stained fq

R Ty 2 e e imsbecBop e B ObD affC) Bacl

I%a& Hages are @ﬁ@%mh a8 &)r 94 (Rnd then Bdpokséll tBlaliadtvint B LPA
i ndi vi gnal s renoved. Arrowheads show areas of

boiugk a n@esl&t Aémlealhmse s¢duengepashern 2gerd§myas (03 @ﬁcl pagrophages
Mrvg ﬂf‘ge?unz aleg% %n%cffle efxg@sp é‘ﬁ) PEE@&E&%? g@ﬁ tlfr da needle and LPA
or

m)rp S are Starved
gidedrrthé mpchmheﬁsmustaﬂdqdepparwé@) fdwgd by LPAr Pm}g @sf@how process

RiPecghpRifeiol o7 BN BRL pbiaCareree Wt OF) P gk

ARdatioR o2 Klopedla Wrreth @@ﬁéhon%c@é‘sQQthélﬁSaﬂeso VR EE) A fodel
the materials and nmethods section). (A).25 The upper

foe fegniagonistic adlaticnsiip befwem Rijoufamily GTRpses ieBacd masjaphagsy is
' P h

AT Sty ROORE Ay BT o 4 D gaIA o

formopimtod ﬁlqpedlg emd lamnﬁhpocile bt 28 lpmenpbeisglp@ drfénitinieen is seen.

% %@g’ t h Iﬁ}?l | ot @‘X%Ceélerp l}ga?h déi(%bogl é{gﬁgﬂ antag%nses the

SRR 561 ssltuau/mm Bndavick VeRdalBlie Haladte @ﬁh@fastotsftéﬁl? arserubglien
5 WD 21)1) 41083376 PCT/SG&211114/000063 12 10 M
iR dsanqrphpdesyiof 8Wicsiy uf f 1 es; defined as cells that
posseses | anellae and/or ruffles that cover 50% or

more of the cell. Results are expressed as neans +/-
SEM dfig8e 3§<fﬁaet ofiferand cehh diffegtiation ondodabijation of oltzeK ) Bacl

PhdgERE AT PEILEIL i udtomned s P sesf P oA
&ftibbdiBoaM VirREH ﬂlt&@&léﬁtﬁldeﬂ‘dﬁferent conditions. (A) Growing Bacl cells with
(b,d,f) or without C3 (a, ¢, e). (B) Starved Bacl cells. (C and D) Growing and serum
starved N1E-115 cells. Colocalisation of aPAK (green) with vinculin (red) is shown in
blue (in panel a in C and D). C3 is injected at 100 ng/ml. Bar=5 pM in A and C and 10
puM in B and D.

Figure 4. Colocalisation of aPAK. with F-actin and vinculin in Swiss 3T3 cells.

(A) Cells are stained for aPAK (green) and either phalloidin (a, c, €) or vinculin (b, d, f)
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5 SEM of 3 experinments (n=900). (D) Cells are exposed

to bioporter reagent with aP2 and after 6 h double
war@ingd7eM t h aPAK and vinculin anti bodi es; (apCT/8G2004/000063

Vi ncul i n/aPAK, (b) Vinculin and (c) aPAK. Bar = 10 M

Control bars are with 1gG Villl bi oporter/ m croinj

ection. Figure 8. Effect of peptldes P2 from aPAK,

3PAK, d yPAK ' 0, Cel l
lgﬂ‘alflxi% %P)B)FX ?a‘soq%g o lﬁg’% tg £ﬁ9 &gﬁ(«,ﬁtq’, .ptiéf’qllgrérg freshly
p@ﬁéd éldaamsw&ch@@pfe&@fw 2]l H).h % M or l;afd‘r@thﬁn beh (W neRirsed

w th phal | oi den and exam ned confocal m croscopﬁ
steasing] é@@%ucbéad Df ﬁhmamcgh@hﬂagprah &l eafiseas okthe pansh) |

A SRS g 0E7 P

B0 Geebnta0g, Inhixpa1) taad phmllbidnﬂmzﬂb i &l eseriea ixkhpwe s&th@encd) £ being

t
e et iR R ehigiest Bk &SR USTTARR TGRSO PRt b with
Jdo%éﬁls Zﬂomﬁ@ol&%ﬁéaﬁoﬁﬂﬁue? bf REAK OXPQAEEH fbBeskh RIAOBASY 10 WM.
reagent coated peptides (aP2 and (3P2) and then | GF

or serum starvation used to activate cells. For yP2

cel ! g%lge%'éw figflo b EAR ﬁpﬁ ufiFy R0R! W ALE gnvbaﬂéam

I'a and & are  score
thaci®@hbhgps@) m]&HSﬁe sarved aﬁ'ﬂiotlﬁTCSF aﬁd:smmm and therSdENbI@ﬂ sﬁmed Wlth

RAl %Ee'rqa”%&tg%aé%m?w%%ﬁ andBRne e Rhalsidaged)! LPRk
%\SR*‘ qa i ym@ (BN Bae1sof > @eRd fnggﬁﬁ&ﬁowa&etagof

t|o ‘and axonal "gui‘dance. Effect of
preids dcdscabmtln@ sgen freA+fh IGotrohlisgtion gad tosmmi@d@ﬁlpibs&@h the

1%%3% qf gg &R b rg{j rg% glé%a%s IE))Eaaei Ic?alls(alfe éSlE{?e % P%rvaeg go ﬂlgllilcrei te

daenpefis dndshdnhdtiblo@asined fof &l Edicﬁlﬂarﬁlr(ﬁ)i@m cbladi‘ﬂhﬁatﬁ)hm
boundary. After 6 h cells are exam ned for their

aghin s shgwn {ro(chyish individyalsignatsgemped. BergsbgMt he

substrate boundary. Cells exposed to bioporter coated
25 peptides, (a) aP2, (b) (3P2, and (c) yP2. Only
cel | FipossdsdomalisatienofFAK anpand 1 isofotres wiehmabﬁasin NE115 cells.

Gb e LR e Siasion Sk Yo By () G it e
CHPQFLHioh Of PERiEdHS s %H&'Ff&Eﬁr% sBovth ﬁrp@ne‘ié:?g & qc)sﬁl‘lﬂuet\b‘lﬂi r

ability to cross boundary from Lamn nin

lzilymlyalls%@ts Teneed/ Asepiradsshogeresof coRpejsgiipreand gllowppael

nate cell adherence and cell
é grﬁgsqno}%ar ﬁfe’ﬁwr el ative contribution of PAK isoforns

WI I | depend on their degree of activation by factors

Figure 7. Effect of aPAK peptides on cell morphology. Cells are starved for 2-3 h
and then either injected with peptides (10 pug/ml) or exposed to peptides with bioporter
reagent. Cells are incubated for a futher 2 h before being stained with phalloiden and
examined by confocal microscopy (as described in the materials and methods section). (A)
The upper cells is injected with oaP1 (a), or all cells injected with aP1#(b), or exposed to
aP2 with bioporter reagent (c). (B) Cells are exposed to peptides in bioporter reagent and
cells possessing neurites longer than 1 cell body are scored. Pronounced filopodia; defined

as a cell that posseses 5 or more dense staining and robust protrusions that are beween 5-
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i ncluding; tyrosine kinase activation, Cdc42/Rac, Nck,
Pl - 3 ki nase and sphi ngosi ne. PAK isofornms link to

wo-200308376 via the PIX-G T-Paxillin conpl ex. P&EI/SG2004/000063

i sofonns can 5 influence F-actin in a variety of ways;

t hrough Li m ki nase/ ADF, Mq g_lf n light chain kinase,

and direct phosphoryl ation F-actin. a, PAK affects

the formati on and dj ssenbl of FA's/FC s and stress

FO IV cBroReICscHmBH podiges: drfiged ascsel it Tosissesemellgs enyr

%ﬁL ek 11! E@;eteft@@ or A6 of e, 'KEQul{% fesdcB a@eSHsOM SEM of 3
er pat hways such as via Rho kinase and Gtron w ||

ajperiméntd (nereA3-626 ealls). §C)dlells etel expmétwadesywl)mf a2 wath

I fli djia f t d 10
{iSisFst roreak e Bons e Lo pet el b P dervePdar”
$EMlod H%k;bdrmeltsqfe\‘ooy m?ta:ala aRlxpbded td mbpd@tet fe@gbnel@aﬁ oR®bnd
af fect gui dance. ata presented here sug%est t hat

KO hslofldle ﬁﬁampd mﬁh ﬁﬁfxﬁrané mc'dlrsm‘tlh@ctless 6 dncuhn/eBAK, (b)
tidit re bot.h cel | nce and
2@?‘&%&%‘%@ % f% 3 ofg lé) e Ien‘gllﬁ}% flagwglbt gr ow h

Mbﬁdrer/ﬂlliwdﬁnﬁpmars to be |rrportant for making
gui dance deci sions. 15 DETAI LED DESCRI PTI ON PAK

| SOFORM SPECI FI C ANTAGONI STS The net hods and

CONMDGghrt QNSrAe @f%ffnlm%@lpb B8 B, AR, ahd m@@ B& @émﬁ@kphomgy
with Tnhibitors o rotein act|V|ty pr ef er abl

©ells\praestarved for 29 h ang tfga it gagagl vaigh pqn@dqﬁegdbuabeethﬁrsmg@ami for2h
‘%%):rg :b%llhg at?ﬂ%@% ﬁall%ldgfl fupdr 9{%1%&%%%& E&l}fbgal/mlcr?sc?p%(?s %egcrlbed

agont s I nase 1Soro

ﬁuﬁma&hﬁgm IﬁétBOCE sectioa)p @) Gelle hrermjdetbdivithipG (a)) sdithdiP2gb),
preferably inhi tlngd down- regul ati ng qr. aboli shin

with Behe) a%\é’%(a ot T {0 YL thefp B &Rppsediorbioportar wAkpeptides
$1dRSEndeSP LU, proﬁoiﬂgéarmﬁogﬁlcdnﬁ bfonoliRad ﬁln{enﬂ;odf‘a)?@fﬂes scored

antagoni st |s capable of nodul ating, preferably
dofimitiorsge hmﬁmg% (C)dls8k prsleithey expostdiadtioporter ra@gent\noaﬁyd of

a a oform rti.cu

SPB RGP R A R el S rpd a5 fitetns. Forve2
€olp akligeatd ﬁ}ﬁﬂ\@ephﬂghﬂd&tunﬁl@te@ tvith 3&umbPildpdia AGd Iahlathpodla are
activity, without significant effect gQn an activity o

%?ﬁ’effl & sing Himgriapse PRas AT Mycrogeer FoViEdd b eaKTimGHH Krs1900)

§§1 dE 3RaRL 8roR thE R AbindS anf E&{n%Bﬁ‘m the s> MEisoforms.
2004/8 3376 PCT/ SG2004/ 000063 14 regulating or

abol i shing at | east one activity of a particular

S pecl ftl te bs@fffe% 5 cp%é“ucr> 59 On&\ﬂf[te lgrgd%ﬁ%ﬁ glldee{xohag gﬁl‘%alﬁ:e Effect of

"I sof orm speC| I hase
PAK peptides on neurite morphology. Cells are exposed to control peptide, aP1*, aP2,

P2, or yP2 and neurite morphology assessed. (B) Cells are plated on coverslips that been
treated to create a Laminin/CSGP boundary. After 6 h cells are examined for their ability
to project neurites that crossed the substrate boundary. Cells exposed to bioporter coated
peptides, (a) aP2, (b) BP2, and (c) yP2. Only cells possessing neurofilament in the neurites
and facing a decision at the boundary are considered. Results are means +/- SEM(n=161-
263). (C) Cells are exposed to peptides and after 6 h are scored for their ability to cross
boundary from Laminin to CSPG.
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W denonstrate that it is possible to specifically
antagoni se or inhibit each of three PAK isoforns,

woamehgz3’ct PAK, OPAK and yPAK, and therefore ppOmVSGE®04/000063

for the first time 5 isoforin specific antagonist of
PAK ki nase. We al so denonstrate for the first tine
that 7PAK kinase is essentidl for axonal gui dance.

Accor di ngl ovi de the us f such i sof orm

speciflgEe dht ﬁé%ﬁﬁ%?’%s @rordippe Cﬁf%@nceﬁé‘ﬁfa&ﬁt%ﬂs}oi} Tsax

%ﬁ%f@éorﬁ/ﬁ o BEEA K isefods AUPMpSiBon théir BERed IT@EEVARSY bypfactors
| sease particular, diseases characterised by

nelpdiog; W@sm@ kinage aptisgtiors Caed20Raco Nek.RIBdwnase a@@pmﬁéosme PAK
b

BRI, A B R PR,

mﬂeéree &bkin mrasmecty ofigaysr thiughl &ih hipasedhDF rivigesaclight phain

DL sy BB 8o ARSI B ey

orref erahl ad 6REEp fibseadl iHEBRIoA of ARARfermOkadsné Ri@6ttdeN@dherence
with and/or binding to the or each PAK isoform The

eherindustiomgt newis ovigEveh sy ppitiay iy cRighds Rho nesepgd Ciron wil
S NP RSO, RO e
mhﬁM&mtof ttis isotomi feadseto defetts trhgmidaineed BRgk 1© ﬁnvblvedﬁi—l%mellipodla

ntal tide t th PAK_ i sof orm
gt e O YR Bosse f kg de s PettriThIGE Mep Lt
PRRNEIISES PN imajdthfd bBeie deésSﬁ eqi Ifnbml@ BhRGA RSt Wth BAK
ki nase may in particular conprise peptide 20 isofonn
aibersnéd and grieagon pBAK ragy niwr«n% onasarite gpteraydlyhile g Ak appears
0|f| f ki nase, snmall nol ecul e
tSsofo %ﬁ%@g%%ggagg&'g%gggs % PAK ki nase, etc. The
|soforn1spe0|f|c |nh|b|tors of PAK may be used for

ari ous urposes. For exanple, they nmaybe exposed to
§2B3%E29@§;—5¥8Qp|e a nerve cell) to nodul ate cellul ar
gui dance, for exanple, axonal guidance. W show t hat

i sof orm specific inhibitors of PAK, 25 in particular,
PAKISORQRM SBFFHEANIAGENISTS i gnal | i ng i nhibitors of
axonal guidance. Preferably, therefore, the isoform
specific inhibitors of PAK kinase provided here

i nhi bThe nyghats pnd ehERSEPE desstivethars apseragbegncers:d with

icﬁ?lﬁ)?foﬁ £ gIOte%l[I!i @Rf ire%&gﬁ& %@%e%&?w%lg{pg{tggi %wlésd% rfé)@ isoform

ases re cC e IS y ce
élﬁuxﬂa aAgerEstye pe@tih sétlmmbmtjc:ﬂly,rml%bmim oPAK &inasd isoforms.
gartlcular t he gre L . s
uch anfagonists are cal}éb e of modulating, including preferably inhibiting, down-

regulating or abolishing at least one activity of the protein such as a PAK kinase isoform.

“Isoform specific” means that the antagonist is capable of modulating, preferably
down-regulating or abolishing at least one activity of a particular specific isoform of the
particular protein or enzyme. Preferably, the antagonist is capable of down-regulating or
abolishing that activity, without significant effect on an activity of another isoform.

Accordingly, we provide an antagonist which is capable of modulating, preferably down-
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preferably not used in cases where the guiding signa
defaults of a non-negative signal (i e, no signhal or a

wW@omins3ses Si gnal ). The isof orm specific inhi bipor/scmb4/600063

6 Kare therefore 5 useful in treating or preventing
di seases or conditions in ﬁQICh a negative cel
guidance signal inhibits 4 ve regeneration or
| n_ot.her experinents, we show th of or, .

@g@le‘m. ok RoHRHBE Fighest R PAROKIE ﬁ@g@culawpeﬁﬁf %SP%HP 2 PAK, which
RERIr K RS0 fdIMVBediB i RnRUS AR iR 3.1 MUl at i ng
properties. Such isofonr specific inhibitors of PAK
ki nase may therefore be used for treating or
prev it -
con f\@%ﬂ il 2 aé{?atg .ﬂf%ﬁl:t [)Si pt%g%gl?lé %ﬁgg&ﬁ&w %Ht&% ar?ste I%g¥ fb%’ga%h bf¥ree
Bl@lédsofmns,nmmb @E@Kr@m iamhymﬁﬂi aded tetcfee promdie dortthefirst time

et ai l CIfI i nhi bi PA|

sl gD e SR ke A ke emota e e 480 e
AR ihAbe & é@%ntlﬁlrfﬁfaﬁc@ﬁéltghﬂ%cewé therefore disclose
conbi nations of isoform specific inhibitors of PAK
for exanple, a conbination of an aPAK isoforn1specific
15 i I PA
i B ol VEBRNEnINc: e i Ay AR MARREL bt Fax
lsipmse,l farteulariip chAKcund/bDM epeclﬂctahtagom%hﬁ ths n‘ba:tmnfnt of disease, in
specifigc inhibitor, ar conbi nati on of an aPAl
PGl frsouaeprio bt s Bl Heremto S PR
isoformspecific inhibitor, or a conbination of an
aPAK isofagrm specific |nh|b|tor a (3PAK i soform
s peci e dsofospspoifi antagapistrfPAKKKinass msy i ReslcHlaricemprise a
&Rk LDkble s@ﬁgau@é%g,%@éeiaxly 9@@&&% rmnh&n?gi?arpﬁl&%cuon
conponents. PAK | soroRms ere reference 1s nmade In
beitiveendddikhisoform end Pyekond qnht}s p@femlpﬂ)da fpeortdgiodypeptiler Biessecond

%o;yp%%é‘d ?{%f%éra%yk i a@sgetae 3 cggaco?e ?f 61}tergcténr%pvy1gh ag1d/or binding
tdelsei:crrlebcﬂfPAIﬂ ISh?jgﬁte'l;] he&iofnﬁdln m%;g&%pr@t’lﬁl S%Eﬁgglﬂéﬁomaml Il‘he
activi " ou ere e construe ener a
%01}‘1&0&%?1? 5 ™ cgmk)nsg@fl.s@ﬁ °9nt6’é‘ﬁ’§r?§[ SRtidg: IByglélﬁk‘;lafPﬁ’&y
Sifts n}A@tp?e%lﬁ loPBEIER: \Fz’ﬁr t‘h@%&ﬂ% laﬁ {hla kib Je%ﬁt%{%g p’e@rpepude to

erence to a "PAK isoform should be taken as
th@PéKemf@rrrt dhehll3 cendsipingpelypetike in lmgkky proferied pmbodimenthe
ol sed here, should preferably include both a
ﬁﬁﬁgééﬁqohain as well as an Nck binding domain
Ki nase domains are well known in the art, and their

The isoform specific antagonists of PAK kinase may in particular comprise peptide
isoform specific antagonists of PAK kinase, antibody isoform specific antagonists of PAK

kinase, small molecule isoform specific antagonists of PAK kinase, etc.

The isoform specific inhibitors of PAK may be used for various purposes. For
example, they may be exposed to a cell (for example a nerve cell) to modulate cellular
guidance, for example, axonal guidance. We show that isoform specific inhibitors of PAK,
in particular, yPAK, can perform as cell signalling inhibitors of axonal guidance.

Preferably, therefore, the isoform specific inhibitors of PAK kinase provided here inhibit
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presence may be easily identified by honol ogy sequence
searching. 5 In highly preferred enbodi nents, the PAK

WO sofio833s6 t hat this docunent is concerned w t PCE$&2004/000063

t hose which contain an Nck binding site or Nck binding
domai n. Such PAK i sof orns ave been referred to as
menbers of the "PAK | Fam l'y". In such preferred
emhodi prents, the term "PAK i sof orns" does i ncl ude

JoBTIRY R RUKI2RGs oupsaRNd g1 prefRrably use Ey RS &V e 0 nge 1s
éedlﬁ&gb}ﬁoelly\@h&has%ﬁfetceﬂ‘s@ BdrRinD a ABsANCK siBhaANth PEHiShIES they Bre

he Nck bi nding domain may preferably conprise a
mr@ﬂegﬁblycnor wed Horeasiivhepthe guiding ignad Bpfpults @ nppregadive &emml

i T s

wefyl i treatingdrpreyentingaliseasrs ovconditiotran awhych aamwgativeaeli ghidance
é‘ﬁ‘:’? ni ne i ni ne, Asparagine, Aspartic acid,

s(‘§7g gs ne@iﬁeg‘?‘ﬂgﬁgono c acid, dycine,

Hi stidi ne, |soleucine, Leuci ne, Lysi ne, Methi oni ne,

Phenyl al ani ne, 15 Proline, Serine, Threqnine,
Tr ypﬁ’éﬁ S?FXPWP?%SI e SE‘PW {af ispferm FR?Cl&célf}gl?ngﬁof PAK kinase, in

SRRk, 'Bﬁ’ﬂlékm?s%@a%@ ﬁ@drfté &té’;%@ﬁ%l%ldtlﬂ bilEritd 938, isoform

containing the high identfty in Elnase domai n and
spesbc mbipisoif RGKakiMsk nigj/ ﬂl&retﬁnge U@tmd tﬁor ﬂennmru:rmtmg a

(f(onglvt\lnglnsqil%}’ nksla%oﬁltlﬁ/g)utbe t e%(s%r(]){ntp%nlh} A d t@lﬁﬁﬁ}%% Fnag in particular
bengedfoagerPAEgeneration a$ dedtribed S}Qﬁ}theryﬁﬁi{ belevso 20 known

as PAK2, Martin et al., 1995), PAK (al so known as
PAK4, Abo, et. al., 1998), PAK5 and PAK6. The PAK

i sof omBBsoformnd ]p@d"ﬁ’c MhbAHR oF BAK ks bs A3 b In SbhbifitdhEwith
but have different sequence identities, rangin from

PO othpTPr iV oo Sistapendioni We therefpp fissloseggmbingtionsed isoform
ELE I P gD RSB S Mo

inhiphbitogutiet eitha@Pamkbisdone siesific idteint,ar e ,comhmath%%f an BPAK
i sof onns which this docunent is concerned with are

igpfarn segifiafahabiter {neaier withp el iwefosn spesifis Bkibeoian WO
SBAH52 378 K SRR BB oA A i

speci K specifit I n
nhibfter el gompiAKon sfaciHAK isbfoln spdcificinhibiAkd P AK idoform
specific inhibitor, and a YPAK isoform specific inhibitor, each optionally together with

other components.

PAK ISOFORMS

Where reference is made in this document to “PAK?, this should be taken to refer
to p21 activated kinase, specifically a p21Cdc42Hs/Rac1-activated kinase, for example as
described in Manser et al, 1994. The term “PAK activity” should therefore be construed

generally, as referring to any activity demonstrated by any PAK kinase.



aPAK in this docunent refers to any of the sequences
havi ng accession nunber 5 Q 13153 and their

wheomebgzoes (functional and/or by sequence). aFRAKSG2004/000063

5

10

15

20

25

preferably also includes fragnents, variants and
derivatives of any of thesi sequences. In.particular,

an aPAK may conprise the r £ Serine/t hreoni ne protein

ki nase,_ known as aPKA(al pha- PAK; PAK-1), and havi ng

the XRCEEISP B Ad @%&93&1@3@ bg fksn aﬁqre}e)a A0S (RO qFEAK.

A€ 581086 2B 8leQWm id Qsed Tt SRl peE34613 indkldob e AUl dordain as
d: 2772513 SOURCE Rattus norvegi cus. ORGAN SM Rat t us
widtagagNek dinimg domain. Kinase domains are well known in the art, and their

BN KRN STM R BT HESHE PPEEKKKKDREY
KEKERPEI SLPSDFEHTI HVG-DAVTGEFTGVWPEQMRLLQTSNI TKSEQKKNP
QAVL %\é@%@%@l\s . ¢ . ¢ thi .

KKTS PSRBT ORIE R RR ARG SRR SR HASSBBEAT PP
Mh AR /those which contain an Nck binding site or Nck binding domain. Such

YTRSVI EPLPVTPTRDVATSPI SPTENNTTPPDAL T RNTEKQKKKPKIVSDEEI L
RAK psafoyag/hgye been referred to as members of the “PAK. 1 Family”. In such preferred

IO HRABKLASPAXYIYIMA BELR AN REREERHA K 1T Family”
I NEI' LVMRENKNPNI VNYLD 20

SynieaDEEY W MEY L AGESE FDVNTIEOlDETanAaEREGI O SHEL HSNQVI
HRDI KSDNI LLG
MDGSVKL TDFGFCAQ TPEQSKRSTMVGTPYWVAPEVWTRKAYGPKVDI WELG

MAI ENIhESERPBlYiding domain may preferably comprise a polyproline domain. More

L L T PEL ONPEK | FRDELN VEKI AKEL
PR B B ey AP ERarRED B R AP
*qiatd BRXPRRXINS) $@eie Pl= iolihed Ri-ealginindaS e sdrileMifl X & be any
muscul us] havi ng accessi on nunber 088643. ACCESSI ON
e acd. GERANC o8 IS, APETITEATPAYIc actl Sxsieine, (ptamine,
éﬁ?ﬁﬁgéfﬁd, Wﬁ‘éﬁﬁin@ﬁ&wcﬂﬁ, ﬁéﬁ@ﬂéﬁ;ﬁﬂgﬁ\%thioﬁﬁe, Phenylalanine,
ORGANI SM"Mus muscul us

NBINGYEIneDRPRyNRRY RIYPSPMIGABGSKBT GTY NiHESKPL PPNPEEKKKKDRF
YRSI| LPGDKTNK  KREKERPEI

SLPSDFEHTI HVGFDAVTGEFTGVPEQNARL L QT SNI TKSECQKKNPQAVLDVLE
FYN In preferred embodiments, PAK specific isoforms include those containing the

high identity in the kinase domain and also comprising a Nck binding domain.

In particular, a PAK isoform should be taken to include aPAK (also known as
PAK1, Manser et al., 1995), BPAK (also known as PAK3, Teo et al. 1995), YPAK (also
known as PAK2, Martin et al., 1995), PAK (also known as PAK4, Abo, et. al., 1998),
PAKS5 and PAKS.

The PAK isoforms a,f3 and y comprise the same domain structure but have
different sequence identities, ranging from 100% in the kinase domain to approx. 95% in
the N-terminal. PAK 4, 5 and 6 have 100% identity in the kinase domain but do not the
Nck binding site. In highly preferred embodiments, therefore, the PAK isoforms which this

document is concerned with are aPAK, BPAK and yPAK, and we therefore disclose in
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SKKTSNSKKYMSFTDKSAEDYNSSNTLNVKTVSETPAVPPVSEDDEDDDDDATP
PPVI APRPEHTK 35

WSS EPLPVTPTRDVATSPI SPTENNT TPPDAL TRNT EKCQKIKEKI$G/20DEE00063

| LEKLRSI VSVG DPKKKYTPFEKI GQGASGTVYTANDVATGQEVAI
KQWNLQQQPKKELI | NE | LVMRENI CNPNI VNY
LDSYLVGELWVNMEYLAGGSLTD CVDEGQ AAVCRECL QALEFLHSNQ
VI HRDI KS L VKLTDFG-FCAQ. TP K I n_highl
mr@«fuéqrf%"g*'\{é ans@c 1ors, BPAK “H“E’Sgo’is e Fgfraably 1PAK
?@&h@%ﬁ%@pni ne- 40 protein kinase PAKLl having
ccessi on nunber QL3153. WO 2004/ 083376
PCT/ SG2004/ 000063 18 ACCESSI ON Q13153 VERSI ON Q13153
@DAI%‘/%%% 3 SOURCE Hono sapiens (human) ORGANI SM Hono
apl ens
VBNl , 7GLDI QDKPPAPPNMRNTSTM GVGSKDAGT L NHGSKPL PPNPEEKKKKD
RFYRSI_LPGDKTN . .
KKEK@Q@%MW@W@%WS&W@?%WE@@@
ol3 @g‘\ih@ﬁ{leﬁlﬁ?@tblo%ues éfunctional and/or b se\C}uence . oPAK preferably also
| CKTSt 7SQ CYMSFTDKSAEDYNSSNAL NVKAVSETPAVPPVSEDE
nTRER\flagPREENTKants and derivatives of any of these sequences.
SVYTRSVI EPLPVTPTRDVATSPI SPTENNTTPPDAL TRNTEKQKKKPKNVSDEE
| LEKLRSI VSVG 10

DPKK K pREEKh CRGASET AT AMBFs THREY B QNN QRN GISEL Ui E |
LI INRENI_.CNPNI VI \ | Y i )
A0t ErenshersoasiverEnbery Bet g an

ay
P (@%@é‘" ted below:
ME%% KL TDECECACT TPECSI CRSTMVGTPYWAPEWTRKAYGPKVDI WS
LG VECEREGEP U23443
PYLNESPETOAL YL | 1 PASTREERPTASE SAl FRDFLNRCLDVDVEKRGBAKE

LLQHQEERIAKPL SaaShd BOL B ARICEATKNNH 15 (3PAK / PAK3

(3PAK in this docunent refers to a sequence having an
acce wNmLDﬁmé&PPMWSMMﬁW%NHG%mP@W@RFYRS ILAGDKTNKK

(f unﬁ%ﬁ%ﬁiﬁ%@iﬁ%ﬁiﬁg@@ﬁ%ﬁﬁ%ﬁ% DUTAPROEHTKSY
pr ef ef@by ¥ pr. @it REdpY aaneds 26 kM bid3bSE R B RSTVSVGDP

der i viaxkyTRESKITLGEETY VIRAMDVAFSEEVE BINB TN BKKEL NI NEAT TMRENHNAN ] VNYLD
a ( 3F’%KKVWW‘B’UW@%JTPW@ES@WWWR@%ﬂ%@%ﬁﬁﬁ@@%ﬁé@%ﬁLLG
as ( ﬁm DFGEFCAQITPEQSKRSTMVGT PYWMAPEVVTRKAYGPKVDIWSLGIMATEMIEGEPPY

LRALYLIATNGTPELONPEKLSAIFRDFLNRCLEMDVEKRGSAKELLQHQFLKIAKPLSSL
TPLIAAAKEATKNNH

Furthermore, «PAK may comprise the mouse p21-actiavted kinase 1 [Mus
musculus] having accession number O88643.

ACCESSION 088643

VERSION 088643 GI:6093647
gil: 3435253, gi: 3435254
SOURCE Mus musculus (house mouse)

ORGANISM Mug musculus

MSNNGVDIQDKPPAPPMRNTSTMIGAGSKDTGTLNHGSKPLPPNPEEKKKKDRFYRSILPGDKTNK
KREKERPEISLERSDFEHTIHVGFDAVIGEFTGMPEQWARLLQTSNITKSEQKKNPQAVLDVLEFYN
SKKTSNSKKYMSFTDKSAEDYNSSNTLNVKTVSETPAVPPVSEDDEDDDDDATPPPVIAPRPEHTK
SVYTRSVIEPLPVTPTRDVATSPISPTENNTTPPDALTRNTEKQKKKPKMSDEEILEKLRSIVSVG
DPKKKYTPFEKIGQGASGTVYTAMDVATGQEVATIKOMNLOQQPKKELI INEILVMRENKNPNIVNY
LDSYLVGDELWVVMEYLAGGSLTDVVITETCMDEGQIAAVCRECLQALEFLHSNQVIHRDIKSDNIL
LGMDGSVKLTDFGFCAQITPEQSK

In highly preferred embodiments, PAK comprises the human Serine/threonine-

protein kinase PAK1 having accession number Q13153,
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20 (beta- PAK or PAK-3), and having the accession
nunmber U33314. Such a (3PAK sequence is presented

whedoans33ACCESSI ON U33314 VERSI ON U33314. 1 d : 198P4C@04/000063

SOURCE Rattus norvegi cus 25 ORGANI SM Ratt us

nor vegi cus

MSDSL DNEEKPPAPPL RVMNSNNRDSSAIENHSSKPL PMAPEEKNKKARLRS| FPG
GGDKT, %&E@ﬁ F%E PSDFEHTI HVGFDAVTGEFTG

PE k | TREECKKNPQAVLIVL KFYDSKETV

NNQK\WIBRCES GDK SAG Y 2AAEK SN EASEPPL APPVSEEEDEEEEEEEDDNE
PPPVIORFRPEWT Bpo sapiens

KSI m g}g QMPE? NANRR I PN PRI O ST B e

LEKL Psﬂﬁﬁii FTGMPEQWARLLQTSNITKSEQKKNPQAVLDVLEFYN
GASGTWMWWWWWKE&MPPVSEDEDDDDDDATPpPVIAPRPEHTK

& %mgﬁgéﬁﬂ KQ KKKZ&?E&%&%S I VSVG

I\/DGS\ﬂéMﬂ'(ﬁEH&DFGFCAQITPEQSKRSTMVGTPYWMAPEVVTRKAYGPMIWSLGIMAI EMIEGEP
VBT PY AR YRR ARV GRIQZDPNABE G oA EANVEGE PP PLS

L NENFSE' %frmé%m

ATNGTPEL QNPERL SAVFRDFL NRCL EMDVDRRGSAKEL L QHPFLKLAKPL SSL

PRAKLRAREBAl K NSSR Furthernore, (3PAK may conprise the

nouse p2l-activated kinase 3 [Mus inuscul us] having

accessi on nunber CAD42791. ACCESSI ON CAD42791 4Q

VERSI @X&Cﬁ% 48umdenfIefetd @93 nce having an accession number

VSDSL DNEEKPPAPPL RMNSNNRDSSAL NHSSKPL PMPPEEKNKI CARLRSI FP

OEIRaNKhgiCEr®logues (functional and/or by sequence) thereof. BPAK preferably

R R B R R R SR e R s

AVLDVLI CFYDSKETVNNQ CYMSFTSCGDKSAHGYI AAHQSNTKTASEPPLAPP

VSEEEDEEEEEEED 4
DNEPFIPWIRQWEF#@FWWQF%@WWW kinase known as BPAK

-
g,@ CT/ SG2004/ 005%%)8%@&%”%“%%%% Kich a BPAK sequence

BlptBrtReUSVCDPKKKYTRFEKI GQGASGTVYTALDI ATGQEVAI KQWNLQQ
QPKKEL
VNREE) %%LE@@@E/@E@MQ@X;AG@LTDVWETCNDEGQ AAVCR

Rattus norvegicus
ORGANISM Rattus norvegicus

MSDSLDNEEKPPAPPLRMNSNNRDSSALNHSSKPLPMAPEEKNKKARLRSIFPGGGDKTNKKKEKE
RPEISLPSDFEHTIHVGFDAVTGEFTGIPEQWARLLQTSNI TKLEQKKNPQAVLDVLKFYDSKETV
NNQKYMSFTSGDKSAHGYIAAHQSNTKTASEPPLAPPVSEEEDEEEEEEEDDNEPPPVIAPRPEHT
KSIYTRSVVESIASPAAPNKEATPPSAENANSSTLYRNTDRQRKKSKMTDEEILEKLRSIVSVGDP
KKKYTRFEKIGQ

GASGTVYTALDIATGQEVAIKQMNLQQQPKKELI INEILVMRENKNPNIVNYLDSYLVGDELWVVM
EYLAGGSLTDVVTETCMDEGQIAAVCRECLQALDFLHSNQVIHRDIKSDNILLGMDGSVKLTDFGF
CAQITPEQSKRSTMVGTPYWMAPEVVTRKAYGPKVDIWSLGIMATIEMVEGEPPYLNENPLRALYLI
ATNGTPELONPERLSAVFRDFLNRCLEMDVDRRGSAKELLQHPFLKLAKPLSSLTPLILAAKEAIK
NSSR

Furthermore, BPAK may comprise the mouse p21-activated kinase 3 [Mus

musculus] having accession number CAD42791.

ACCESSION CAD42791
VERSION CAD42791.1 GI:21953250

MSDSLDNEEKPPAPPLRMNSNNRDSSALNHSSKPLPMAPEEKNKKARLRSIFPGGGDKTNKKKEKE
RPEISLPSDFEHTIHVGFDAVTGEFTPDLYGSQMCPGKLPEGIPEQWARLLOTSNITKLEQKKNPQ
AVLDVLKFYDSKETVNNQKYMSFTSGDKSAHGY IAAHQSNTKTASEPPLAPPVSEEEDEEEEEEED
DNEPPPVIAPRPEHTKSIYTRSVVESIASPAAPNKEDIPPSAENANSTTLYRNTDRQRKKSKMTDE
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QVI HRDI KSDNI LLGVDGSVKLTDFG-CAQ TPEQSKRSTMWGT PYWVAPEWWT
RKAYGPKVDI W&

wa 2o BRVEGEPPYLNENPLRALYLI ATNGT PELQNPERL SAVARRDFAGERELE00063

MDVDRRGSAKEL 5 LQHPFLKLAKPLSSLTPLI | AAKEAI KNSSR | n
preferred enbodi nents, (3P may conprise the human.
Serine/threoni ne- protein nase PAK3 havi ng accessi on

SRR R e
G : 6%hds E e YgAGGﬁE?D %%;%%g%é% HSN
xr ef @vtmmquumc@VMWbme S)PEQ$ISSPNRZA OAMA PEAVIRKAYGPKVDIWS
300148 IMASEYYRCEPRYY YéWNgWﬁWRLS@Q@WPWLFWR@AKEL
S apl gPFLKLAKPLSSLTPLIIAA ATKNSS

VSDGL DNEEKPPAPPL RMNSNNRDSSAL NHSSKPL PMAPEEKNKKARL RSI
FPGGEDKEMKIH ©EKedimRRE| BIARSDER e iHyGHBAVTGE Bdif3le/ threonine-

'PE%@RLLC%%%g ‘{Jﬁﬁ% &%ESAVLDVL@EQE E-Fr;st—l—l)H-l—l—l—l—l—l)ENE

PPPVIABRREGR &Gl YA RSVVES

| ASPAYRNIEVT PPSABNANSSELYRINT DRQ?KKSKI\/ITDEEI LEKLRSI VSVGD
P e T Lo AL KL R
SYLVGEELWNV NEYMLTDVW&T@A@E&J ASMGRECL QAL DFLHSNQVI
HRDI KBEMNIEY G Homo sapiens

MIGSYK Iﬂ::%%%MPIM@IMEEMP%&%XQM@D%

VAl ENEL T8 HTIHVGFDAVTGEFTGIPEQWARLLQTSNITKLEQKKNPQAVLDVLKFYDSKETV
LNEN%E@MM‘&’ETSA@W@HMWM\NME EVER it ILLREP[E
KKSHMARER:

P K R cod ey TR T AT ﬁ@é KO BAREE LY PRST voDE
this éﬁ%ﬁﬁé@ﬁ B\'émé %’%@iﬁ E&@Eﬁfgﬁ %&%%ﬁ%ﬁmm

rrbe/lDGS\NBTlﬁl&% evETPROOPEOGHRS cb kb8 IICANAIEMVEGEPPY
and/ GINE é’ﬁ@@?EIDN@ERQ@’WFRW@AKCLEEW‘@R@‘F%E%%PWKPLSSL
i ncl Ude APF variants and derivatives of any of

t hese sequences. In particular, a yPAK may conpri se
I SBAKRO/ t hr eoni ne ki nase known as 30
Serine/threonine protein kinase yPAK (gamma- PAK or
PAK-2), and having the accession

yPAK in this document refers to a sequence having an accession number
NP 002568 and their homologues (functional and/or by sequence) thereof. yYPAK

preferably also includes fragments, variants and derivatives of any of these sequences.

In particular, a yPAK may comprise the Serine/threonine kinase known as
Serine/threonine protein kinase yYPAK (gamma-PAK or PAK-2), and having the accession
number Q64303. Such a YPAK sequence is presented below:

ACCESSION Q64303

VERSION Q64303 GI:2499648

SOURCE Rattus norvegicus
ORGANISM Rattus norvegicus

MSDNGELEDKPPAPPVRMSSTIFSTGGKDPLSANHSLKPLPSVPEEKKPRNKIISIFSSTEKGSKK
KEKERPEISPPSDFEHTIHVGFDAVTGEFTGMPEQWARLLOTSNITKLEQKKNPQAVLDVLKFYDS
NTVKQKYLSFTPPEKDGFPSGTPALNTKGSETSAVVITEEDDDDEDAAPPVIAPRPDHTKSIYTRSV
IDPIPAPVGDSNVDSGAKSSDKQKKKAKMTDEEIMEKLRTIVSIGDPKKKYTRYEKIGQGASGTVE
TATDVALGQEVATIKQINLQKQPKKELTIINEILVMKELKNPNIVNFLDSYLVGDELFVVMEYLAGGS
LTDVVTETCMDEAQIAAVCRECLQALEFLHANQVIHRDIKSDNVLLGMEGSVKLTDFGFCAQITPE
QSKRSTMVGTPYWMAPEVVTRRKAYGPKVDIWSLGIMAIEMVEGEPPYLNENPLRALYLIATNGTPE
LONPEKLSPIFRDFLNRCLEMDVEKRGSAKELLQHPFLKLAKPLSSLTPLILAAKEAMKSNR
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WELIREE3Rat t us norvegi cus

nunber Q64303. Such a yPAK sequence i s presented

bel ow. ACCESSI ON 64303 VERSI ON Q64303 4 : 2499648

35 ORGANI SM Rat t us PCT/SG2004/000063
norvegi cus

MSDNGEL EDKPPAPPVRMSSTI FST DPL SANHSL KPL PSVPEEKKPRNKI

| SI FSSTEKGSKK

KEKERPEI SPPSDFEHTI HVGFDAVT
QAVL Puithepypys. YPAK may comprise the Er-llz)%g/fp -ac't_\;%e%c lgrl}lzlis-gél'[% KNP

%%@X‘g J@E@%ﬁ@gmgﬁsETSAVWEEDDDDEDAAPPVI AP
| DPI PWGDSI\N%@G#@SDK%I CKAKMIDEEI MEKLRTI VSI GDPKKKYTR

YEKI F AAMNG65624 . GIL: 25136580
TATD%AI KRIREER JEl LVMKELKNPNI VNi FLDSYLVGD
ELFVYMEYEAGGS Mus musculus (house mouse)

LTD WREETEWDEAQMARYERECL QAL EFL HANQVI HRDI KSDNVLLGVEGSVK
L TDF %&EE%%PAPPVRMSSTIFSTGGKDPLSANHSLKPLPSVPEEKKPRNKIISIFSGTEKGSKK
QSKR e MVGH FO B ARE YA RIA VEE I VN PG MAls EME GERRY AMENRIK R DS

ALYL NAWM]FEETPPE KDGF PSGTPALNTKGSETSAVVTEEDDDDEDAAPPVIAPR PDHTKS IYTRSV

%%% FCZ-\@ITPE

Furt I@ekmmmprﬁME mmwmxmmmsm ENRIASTYLYBINGTPEL

Ki na@éPELKLFW§DF%@WWGWW%@F%%%@ﬁWLEWKSNR

AAN65624. ACCESSI ON AAN65624 VERSI ON AAN65624. 1

G : 25136580 5 DBSOURCE accession AY167030.1 KEYWORDS
SOUiRhIghiypse fernsicmibogdin(en L Knoangedses @RBAhdn SidndAhgeonine

muscul us . 10 .
W&@%ﬁ%?ﬁ%@ﬂbﬂs%ﬁ@m& KPL PSVPEEKKPRNKI

AccSb 0T EKESHKs s CEKERPEI

BRPSBFEHT Np\G2 F@AVT@ERT@AFEQ/\ARL LQTSNI TKLEQKKNPQAVLDVL
Ip@SV@gE REFSEQ: accession NM 002577.

%YLSE?‘WPEW%WRLNTK@ETSP VWTEEDDDDEDAAPPVI AP

RPDHMSS YT RS pa P RS STI FSTGGKDPLSANHSLKPLPSVPEEKKPRHKI I SIFSGTEKGSKK
PAPVGEBMYESEARTISSE RN REAFDEEHERFARL RISV ST HOBR K R VRYEKF YDS
WWYLSFTPPEKDGLP GTPALNAKGTEAPAVVTEEEDDDEETAPPVIAPRPDHTKSIYTRSV
A PVGDSHVDGAAKSLDKQKKKPKMTDEEIMEKLRTIVSIGDPKKKYTRYEKIGQGASGTVFE
TATDVALGOEVAT KQINLQKQPKKELI INEILVMKELKNPNIVNFLDSYLVGDELFVVMEYLAGGS
LTDVVTETACMDEAQIAAVCRECLQALEFLHANQVIHRDIKSDNVLLGMEGSVKLTDFGFCAQI TP
EQSKRSTMVGTPYWMAPEVVTRKAYGPKVDIWSLGIMATEMVEGEPPYLNENPLRALYLIATNGTP
ELONPEKLSPIFRDFLNRCLEMDVEKRGSAKELLOHPFLKLAKPLSSLTPLIMAAKEAMKSNR

PAK ISOFORM ACTIVITIES

PAK isoform activities are known in the art, and are also discussed in detail in this
document. The isoform specific antagonists of PAK kinase are described in relation to
their abilities to inhibit specific isoform activities. Furthermore, assays to identify isoform
specific antagonist of PAK kinase (described in detail below) preferably incorporate assays

to detect isoform specific activities of PAK isoforms.

The term “PAK isoform activity”, where reference is made to a particular isoform,

should be taken to referring to any activity of that particular isoform.
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TATDVALGQEVAI KQ NLQKQPI LKELI | NEI LVMKELKRTPNI VNFLDSYLVG
DELFVWMEYLAGGS 15

wOoIOWIRTCVDEAQ AAVCRECL QAL EFL HANQVI HRDI KSDNVLRCAVECEIVKN00063

TDFGFCAQ TPE
QSKRSTMVGTPYWVAPEVVTRKAYPKVDI WSLG MAI EWEGEPPYLNENPLRA
LYLI ATNGTPEL 1

QN\PEKL SPI FRDFL NRCL EMDVEKRGSAEL L OHPFL KLAKPLSSLTPLI LAAKE
PSIVKSNRIseq /i tHisgRFumest. o PEAKStIEHESO QT rAEftSs spegifigactivities” include
Eo%ﬁ%ﬁﬁo%ev%ﬂ{ Nl N BalieRon e ik REIE QLD Gocasdio 45 & mBAKR hoA -

avi ng accessi on nunber NP_002568. ° ACCESSI ON"N
092668t HERsiENoNPaBIGRESEIbtes GF 24608189 s, BREIIROE and cell

?}%gﬁg%m%g&%g e Qpe'éll 10%91%207117137’58} are §apagfe of n"%HEat?n‘?‘g%‘& 0 more of
et EEKPPAPPVRMSSTI FSTGGKDPL SANHSL KPL PSVPEEKKPRHKI |
Sl FSGTEKGSKK

KEKERPEI SPPSDFEHTI HVGFDAVTGEFTGVPEQMRLL QTSNI TKL EQKKNP

QAVL DVLKEY Shis document, “BPAK activities” or “BPAK specific activities” include
NTVKOKYL SFTPPEKDGL PSGTPALNAKGT EAPAV\/TEEE[S)DDEETAPPVI APR

PRHIFKBM\FiRSYnculin, localisation in the peri-nuclear region, localisation in membrane
A A S NIREE M TS SRR T R

Wagﬁi% SR QHSKELol i 1kiiAvkanl KN Ve DY Vichties.
LTDVVWTETACVDEAQ AAVCRECL QAL EFLHANQVI HRDI KSDNVLLGVEGSVK

L TDFGEGAGH #HRhis document “YPAK activities” or “yPAK specific activities” include
EQSKRSTMWGT PYWVAPEVW TRKAYGPKVDI WL G VAl EMVEGEPPYL NENPL

RoalieptioNTRIGERell periphery, localisation with rib-like structures and filopodia,

EKL SPL FRDEL NRCL ENMDVEK| KEL L OHPF| KL AKPL SS . VA
R SR e R SN ACH SR ES Rl oP S AL btomm
geetilfiv bhth@histy Lo kdpave of ModRinglahy o ni€ofth&e activities.

di scussed in detail in this docunment. The isoform

speci fic antagoni sts of PAK ki nase are described in

r el at A QB dihly LIRLS arRihbib, &P AiCisd Bt lokieS Gk i is one whi

i sof orm facrt&l}(?i {;(Fesa.n Fur?ﬁw’eamféfg%}égyglf?o 1'|c“1%erl1éf%sl 1fsf/me which
issapablernf depecégulating ad agioity efyPAK, RAkxknpias exqrdbgddanbegttivity
[ ai.l below) preferably incorporate assays 40 to
a&?@i{ “’i@B‘F&P‘Pﬁ%&g‘&X npulatiobac e PRRKIORRP Ao or .

The term "PAK i soformactivity", where reference is

made to a particular isoform should be taken to

r ef er Fhevigotoen gpegifiscantageniss of PAM inagsalesaribed bare proferablynare
%a@l&%ﬂﬁlé&&atgé %Z %tgg&{o§%g&ﬁélpgl%%q3& isoform.

o

U

By the term “modulation” we mean any change in the interaction between Nck and
a PAK isoform; in particular, the antagonists are capable of modulating binding between
Nck and a PAK isoform. Preferably, they reduce, abolish, or remove the binding between
these two entities. Thus, binding between Nck and the PAK isoform is stronger in the
absence of the antagonist, than in its presence. Put another way, the antagonist increases

the Km of binding between Nck and PAK isoform.
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21 As used in this docunent, "aPAK activities" or
"aPAK specific activities" include localisation with

wao2oeengisng | ocalisation in the cell centre, PCT/SG2004/000063

| ocalisation to dynam ¢ RhoA- dependent focal
adhesi ons and stress fibre F-actin clusters, cell
adhesi on and cell roundi n; aPAK i sof orm specific

ant ago ts ar bl o | re of

F heo g8 Bt EiBetRRER Bk iR ndi e BN e Ripe e
@ftddoMist, b@lﬁlot mbst itRAKisBe fiefdnce afCthé Mitddogst. 1 ncl ude

| ocalisation with vinculin, localisation in the
peri-nucl ear region, |ocal i sation in menbrane ruffles

and @ g@ﬁ&m&o%ﬁare @Eh@elﬁw PRLbIR Bf QJeVérﬁHgbinuﬁg dENcenth PAX

nmembrane ruffle I sof orm speci f

apformaneisiesly By éfals'f sV rdingpritien ¢fffkany one or nore
of these activities. 10 As used in this docunent,

"yPAK activities" or "7PAK specific activities"”

i ncl ukhe nammztzt]th@atfomnsmbif it hetagoalist obE‘isKﬂihmse)does not matter, so

ocalls L ke str

P S R b OB e B et Sp gt AR s Brorm.
Bing e theaathroefGaettintgbiists ¥RAKovideafio gmtelsdwﬁll fnl garticular,
anta onlfls are capabl e of nodul ati ng X one or nore
i§plop sRegtig apfagenisiy P%E@mm?gwmpawcpea% ErTERARPPRIINg
MRAKGASARIOE RS ARG TG ARLRQONI sts is one which 15 is
capable of down-regulating an activity of yPAK, for
exanpl e a axonal guidance activity of yPAK, w thout
gﬁEstantlally nodul ating activity of (3PAK or aPAK.

e i sof orm specific antagoni sts of PAK ki nase
descri bed here preferably are capable of nodul ating

The. CHPHRSOR0T A1 Bremidn e B afy! Shun BE RH rpacan 2 adaptr

protedd, acddseibeb @t agen Bbk‘d@h@ﬂﬂ 19062 8lidt&c0dt @1, M996,TThou MM,
articular, the ant ajghgnl sts are capabl e of modul at i ng

Hep i Hrwafheadh (1R herd2a amie§-e et gining Mok mrodarapspxpforms
%%Maﬁ%gblaﬁsbﬂltheﬁbserﬁé of &5@%@ p‘h %hptﬁ/;bgﬂng 0,018 tMBIRR I Biol

hese two entities. Thus, binding between Nck and the
Q&RD@dﬂﬂﬂ)‘rﬁ%ﬁ@tronger in the absence of the
antagonist, than in its presence. Put another way, the
ant agoni st increases 25 the Km of binding between Nck
and PAefetablyf Nelnas uWﬂ Wh%ﬁ%&aﬁ@hﬁ%%b@ﬁ@ﬁ@&rab@ﬁ

ﬂor 121];; g%é gﬁ% ég% Egﬂtd%mamts] ePI' térlfib clegfis escn%dg hérg col\r%(rises
the following domains: SH3 domain 1 (residues 2-61), SH3 domain 2 (residues 111-170),
SH3 domain 3 (residues 195-257), and SH2 domain (residues 285-377/380). The SH3
domain 2 sequence could for example comprise: AYVKFNYMAE REDELSLIKG
TKVIVMEKCS DGWWRGSYNG QVGWFPSNYV TEEGDSPLGD. “SH3 domains”

refers to the Src homology motifs found in nonreceptor tyrosine kinases, Ras GTPase-

activating protein, phosphatidylinositol 3-kinase, and phospholipase C-gamma.
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ant agoni st, but not substantially in the presence of

the antagonist. In particular, they are preferably
w@eapabss7of preventing binding of Nck to a PAKPCT/SG2004/000063

i sof onn, preferably by way of an Nck bindi ng portion

of PAK. 5 The nature of thg i sof orm specific

ant agoni st of PAK ki nase d és not matter, so Iong as

it exhibits isofor ecific ago f at ast
one dfodermyt Nek I@%"P@B%ﬁhﬁ? Mﬁ?%’f af"ﬁ% ?tljir%go
rggldu%%' Q@P&'ﬁtzé‘lg Rl ﬁ{esterﬁ{ AR’ MR plefer@l 8Rb&IimelaS gould Hen
particu i sof onn speci fic antagoni sts of PAK
tikends efardy casbopeithseofifhenn.iad d conigrua@Eiedbul i ns

(i ncluding anti bodi es) and small nol ecul es. 10 NCK The

term"Nck" as it is used in this docunent should be
t akenn prefeied emhodimestgtNuko rgfem tetha cytaglaches protdie FCKA (AIGK

S il P e

SH3- geptsrB NgpMNeks protein transforms mammal i an

fi br olskersivs | nridies absances2of el evat ed phosphot yrosi ne

| evelPBSOURSE  CepiisBpist 1]?5‘15199121-5@6%1129(01323318’8?&6%}2

Pref SFRENIY" NcHRsSW4EH here is a SH3 domain

cont anBERgvRFetelotrombafkerabl yooseomprmsincaEy SHR KgRA KAS
t hr eavgmmmmmwmwe:ﬁms VDPN@R’@YQSNN@%WN%@R% BLIKGTK

conp P N ﬁ LNTGQVLHVVQAL
(resraee Cr
domalWQ&E(TwensndemmE%vm@pxFMGwme| n (residues
285-377/380). The SH3 20 domain 2 sequence could for

exangle conprises:. : :

PO By R e ol e NetE e
sdaper protein 2EHSISH3RdnworgyyteindNCE-bethpQNel-2) rhaviog thedelpiving
tyrosi ne ki nases, Ras GIPase- activating protein,
$HBESfat i dyl i nositol 3-ki nase, and phosphol i pase

C- gamgrapsMEN 2084440883376 PCT/ SG2004/ 000063 23 Two

for rrwmﬁzd\sbk apesdgpowwm:303323v8 art, Ncka and Nckp,

havi and g sagt ivel n )
term WEl n ﬁi?f@ggg%fcg? rNé:t% -enbodi fen éslogh%ﬁ%%ebe

taken to refer ek&aee&bsﬁroneawhm9 ofurtthenmratas: td&e 16, 2001.
context requires. %%r eferred enbodi nents YVPSNWERKNSLKKGS
E
ref ef%%’*%%ﬁ@% S| 0 ol A ey
VKGSRVTVMEKCSDGWWRGSYNGQIGWFPSNYVLEEVDEAAAESPSFLSLRKGASLSNGQGSRVLH
VVQTLYPFSSVTEEELNFEKGETMEVIEKPENDPEWWKCKNARGQVGLVPKNYVVVLSDGPALHPA

HAPQISYTGPSSSGRFAGREWYYGNVIRHQAECALNERGVEGDFLIRDSESSPSDFSVSLKASGKN
KHFKVQLVDNVYCIGQRRFHTMDELVEHYKKAPIFTSEHGEKLYLVRALQ

TREATMENT OF DISEASES

According to the methods and compositions described here, modulation of activity
of aPAK or yPAK kinase, or both, may be used to treat or prevent disease. Particular
diseases which are treatable or preventable include neural degenerative diseases as well as

diseases associated with defective neural regeneration or regrowth.
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5 adaptor protein 1) (SH2/ SH3 adaptor protein
NCK- al pha) . ACCESSI ON P16333 VERSI ON P16333 d: 127962

WORBOBEE swi ssprot: | ocus NCKL_HUMAN, accessiBar/SG2004/000063

P16333; 10 ORGANI SM Honp sapi ens
MAEEVVVWAKFDYVAQQEQELDI KKNI%@LV\L L DDSKSWARVRNSIMNKTGFVPSN
YVERKNSARKAS

I VKNLKDTLLG GKVKR VPDSASPADDSFV, GERLY NIVPAYVKENY! M%ﬁ d
REDEPEFT RESFRES IQﬂl B 1, on relate

ARt b oEth St A\AMYANR INTTCEMi ¥ sociated with or caused by nerve injury
YPFSSSNDEEL NFEKGDVMDVI EKPENDPEWAKCRKI NGWGELVPKNYVTVMON

qyPLoTiSTRapIPISe apexia.

QCDY! RPSLTGKFAGNPWYYGKVTRHQAEMAL NERGHEGDFL I RDSESSPNDFS
VSLKAQGKNKHF

KVQL REST RV BORIFIST KRR NEDHSGH PR FSEQREKE. Y M, ¢ and/or

) B ARIE I s S L0 S LM,

protein NCK-beta) (Nck-2), having the follow ng
sequence: 20 ACCESSI ON 043639 VERSI ON 043639
G : 2@53baysn f@@w@m sibgioa 25 PEAK mpBericeto gifpydp perite

%éi ext w SS | @M&%@&Eﬂrs&‘ 131%122@1158@% t %ﬂeﬁﬂlﬂg nerve

R@dration. In particular, ocPAK specific antagonists such as oP2 peptide may be used to

MIEEVI VI AKWDYTA Dl KK RLW_ KTV\YARVB%FGWPSN
RIEPSNRCRIQSE Ous 1D or example in cen nervous syste repair and

VP T i dARigK 1%9&@6&5’5 &E%EX%NSBSGADRI YDLNI PAFVKF
JRYV%%QEDELSL : ?

VKGSRVTVMEKCSDGWARGSYNGQ GAFPSNYVL EEVDEAAAESPSF LSLRKGA

VO oS AR e rampion o1 el SRR R R Ry

NAAPIASIRI AL when YPAK activity is reduced or inhibited, for example by exposure

HAP SYTGPSSSGRFAGREWY YGNVTRHQA LlNE_lRGVEGDFIaI RDSESSP
orgUAKER ntagonist, neurites lose thelr nonna ibitory guidance cues, and are

A PO AR s

geblp osive rageserdimsend g wik red dewtdgalatiomofa AKcactivity (py for

example YPAK specific antagonists) may be used to treat diseases.

Furthermore, we disclose the use of isoform specific antagonists of PAK kinase, in
particular yPAK kinase, in the treatment of such diseases, in particular, diseases associated
with defective neural regeneration or regrowth. The nature of isoform specific antagonists

of PAK kinase, and methods to obtain these, have been described in detail above.

For example, modulation of yYPAK and/or aPAK activity as described above, and
in general isoform specific antagonists of PAK kinase, may be used to treat neural injury,
for example spinal cord injury. They may also be used to treat neurodegenerative disorders
or diseases, such as an amyloidosis, a tauopathy, Alzheimer’s disease, Parkinson's disease
(PD), dementia with Lewy Bodies (DLB), frontotemporal dementia (FTD), pallido-ponto-

nigral degeneration (PPND), familial progressive subcortical gliosis, and familial
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w@em4nsBat abl e or preventabl e include neural

35 of aPAK or 7PAK ki nase, or both, may be used to
treat or prevent disease. Particular diseases which
PCT/SG2004/000063
degenerative di seases as well as diseases associ at ed
with defective neural rege ation or regrowh. WO
21)1)411)83376 PCT/ SG21111 00063 24 Such di seases
|ncJude ar ki se, imer's dis : d

Bh P AR (Bd S4enaa o hif dgpeniear dueaes el e
ﬂl@ﬁ@@@@&tﬁﬁﬁ@ﬁd BipBHr WhdrberPhmakid UERENYnBH! Ve i nj ury
due to ischaem a or anoxia. We therefore provide for

ant a in particular, aPAK
and/ g]%ma O%f’%&e&%@ld% ngha%ﬁd their use in treatnment or
prevention (or both) of such diseases. As shown in the
Exanpl 8&nsoh's BisBdst (1) 3f aABAKoABnP6r dbafedid @e?ﬁehﬁylvﬁﬁ Eewy
neurite outgrowh (‘neuritogenesis). Accordingly, aPAK
Bodieshptt léklé) mgfaub@i hysthel aggmgafemaauﬂ inggrpeetior of o-synuclein into
enerat i on . a spe t aggni
b R MR AR Gy BorisE O BT LS P PR
IR EAy/Getl 8. |1998; rP;blyrrfeﬁrpoebo@,mQQa Siptilafititi et ;al, 1968; Tenjsnosykiteesn,
%NS regait qg 12 %gecifically in treatnment or
Sy SRRSO A e 5778 or d i njury. yPAK is shown in the
Exanpl es as being essential for axonal guidance. The
Exanptréw-relagad Brnsenhaldnathieg PAK activity is reduced or
i nhibited, for exanple by exposure to a yPAK specific

antagoni st, neurites | gse their normal_ inhibitory
gui d Telated encepbplonathies sutheas gvige W@&%%{Jhalopathy (BSE,

bR G9RG! )%an@ Aldhan AEAROCALDHIH-Taitdd ﬁseﬁief(@%) Jfﬁxkuﬁedre

used to 15 enabl e nerve regeneration and regrowth, and
ervond-bydbackitdblyset mislldingend agitegatiob pf fugtastalds awml@ pPRK as
[ f: e dj
ﬁr@ %? I(]Igdrﬁ)ma%@ég 98%5’111 %f al g?%hggﬁ‘g‘g’ 0 él&?& h%%%gﬁ? et al.,
w%agmmn&‘taﬁd Dieari?AKd) 1996 Several dibmlpﬁitltylndifbh&ﬂ nylﬁéﬁégeneratlve
|nase, 14 e Ireax di seases, . |

Peeatnliging Bintioson’ TRets (I Satnigy B areby P amserisa
HRGEP gmAp ) Ae@thtofuBedl-pitliBoluykhe aﬁ@{ Hy(BRPLA), %ﬁﬁ Qf 18ast five
|1 C

specl ant agoni sts 20 of i nase, and nethods to

garetGaty disdrcs forwavésm@@ﬁrebpé@t%t%@@%tya@& la| 3,800 &; S} is
SRRl cSm g‘ﬂ%"&hﬁfo']@: gﬂfdls\éfs@%rm%) Qfe Fé%ﬁ n?‘fﬁe a 51%: egcf%ﬁ and

descrlbe I n general |sofornt spe
mn@rag@mrmfsmiémmrkheme&agmemyormaemug glshotaltyregpandad glutainine

{oBbAt e it BN Rk SRR S N BEY, (oY Y 3 SO

Spinal Cord Injury

Isoform specific inhibitors of PAK, in particular of aPAK and yPAK isoforms, are

useful in treatment of nerve injuries, in particular spinal cord injury.

The spinal cord plays a fundamental role in allowing the brain to sense and respond
to the environment through modulation of skin, muscles and joints as well as other tissues.

The spinal cord is enclosed and protected by the vertebrae. If the vertebrae are dislocated
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or di seases, such as an anyl oidosis, a tauopathy,
Al zhei ner' s di sease, Parkinson's disease 25 (PD),

waolervengizas Wit h Lewy Bodies (DLB), frontotenporedT/SG2004/000063

denmentia (FTD), pallido-ponto- nigral degeneration
(PPND), famlial progressive subcortical gliosis, and
fam lial WD 2004/083376 PCF/"SC2004/ 000063 25

mul t.i syst.em t ayopat FMI) . fam lial, progressive
Beri PR b SRRt ISt e tispieal CHLGRTEAL P
inp Alsadse Ha@OERERE b h@fpldgreness) .
%éggsﬁ?ir?gor?s SEi sease gzgﬁgr{é&ﬁ gg}?k%ynson' s di sease
(PD) and at |east one formof denmentia (Denentia with

Lewy 55808 LSt ofthBhpAtie stlsa%ég&% greth%b,rruﬁﬁl REYREAEL RMid in

and incorporation of a-synuclein in _
feptvenoaftenipinab eard injwg inedidoes the abd o3 -D eveffobls dit ersdge Al drmaged

et al.. ; I o advieze .

SR e fRan BRE D BB po M el PR e nd g

done¢ctibmsnski et al ., 1998; Trojanowski and Lee, 1998).

Prion-rel ated Encephal opathies 10 Prion-rel ated

encephal opat hi es such as bovi ne spongi form

PG eRhalARUINGEs OBBRK 1seroRfsl cow disease') and its

human forns Creutzfel dt-Jakob di sease (CIJD) and kuru

are caused by the self-catalysed m sfolding and

agor a§ahd Qb RImdR RS GBS sgetidk %hﬁ%onlfs@ BYPIA RkinakM doMprises a

(Forloni, 1996; Forloni et al., 1996; Horw ch and

Mbtids onm entiQpmpRsing e peptidalfor exar@B3a pédtids pssesiatadhwith another

rion 19 .. several ~dam nant l.y..i nherd.t

e T e S T e e

ghins g ® o fdB)mer Xf drhink @cids i indhdeafdr dxambRy dimpeptidds atfi-peptides,
trophy (S , _dentatorubral -pallidoluysian atrophy

?BIEQQP’EP&%‘?S aﬁﬁ%eﬂt@%{%t five genetically distinct forms

of spinocerebellar ataxia (SCA types 1, 2, 3, 6 and 7,

SCA3 is better known as Machado-Joseph di sease, or. _
MID) Faplerablaibeeniic eorepriagymeliERll HRnaAeids. it iitp shatmisn acids

:%fthﬁf egis?ingéﬂt‘i’cfes B ik MW SRR Fie 0RLiBhd Ui RSs "Bhit Y may
expanded gl utarnine 20 repeats into I ntranuclear

bendsrrivatisedity chiege wne or hO@ ctiviiies O PrDEGYs, for eSpnplal waBasolubility,

alleraft“sjcr)X‘lciu‘agc{ ormspecific inhibitors of PAK, in

partricu

ar ‘'of aPAK and 7PAK isoforns, are wuseful in
treatment of nerve injuries, in particular spinal cord
' r”l;il'e peptide antagonist may be made by biochemical methods, for example, protein
digestion of native a PAK isoform, or preferably by recombinant DNA methods as known
in the art. Accordingly, it will be understood that peptide isoform specific antagonists of
PAK kinase specifically include recombinant peptides. The peptide antagonists disclosed
also include homologous sequences obtained from any source, for example related
viral/bacterial proteins, cellular homologues and synthetic peptides, as well as variants or
derivatives thereof. Thus peptide antagonists also include sequences from homologues of
PAK isoforms from other species including other microorganisms. Furthermore,

homologues from higher animals such as mammals (e.g. mice, rats or rabbits), especially

primates, more especially humans are also included.
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The spinal cord plays a fundanental role in allow ng
the brain to sense and respond 25 to the environnment

wa bovengds7arodul ati on of skin, muscles and j oi nt BCESG2084/000063
as other tissues. The spinal cord is enclosed and
protected by the vertebrae.,. If the vertebrae are
di sl ocated WD 21)1)4108337@7PCT/SG211114/000063 26
t he spi nal cor can danmag ed sever Its to

the JPPREAtdesP “BéPFCF e?&taEBmftﬁ% fﬁ%mﬁaﬂl%ﬁﬁ&e TE Jrue
SiRlRFenb M6 Basdd oR PARNIREE, Aan@preftllf dodl B9l & leafl a PUESEMa PAK

a nunber of therapeutic strategies are currently being
lpmass isefprm &raﬁe@blyna papéidoisefoym speciic ag]@gmﬁ of gP 4K capriges at

u af.fol.ds to.
P ABEORe RPA AL BB TS ke Br ik SRR 22, em
@@6@ of Q1188 [PréRABREL pdpldOREMES spRbictaRbénist of BPAK kinase
connecti ons. PEPTI DE ANTAGONI STS OF PAl | SOFORMS | n

compriesstsblersie nertiop pean Bl RAKD dofdrindiaging Sgeapestion UK
ﬁﬁmﬁ 3:&@{5%1 5@67@14 Fﬁ@ﬁe}aggrt a ]gggﬁa@issm %%egﬁ%ﬁ%lﬁkéﬂiﬁ%fa

asSocCl a
y@ﬂ@ﬁ hﬁztse cdrﬁpmi atﬂgast anfuiriidn ofayyPRKS/EHAK bigofarnp Bptingidy accession

Th p S in this document, refers
’@‘é‘ﬁ’@’f‘iﬁ%?’{‘gﬁé%gg’l ﬂ?@ Oﬁ%gm no acids. It includes,
for exanple, -peptides, tri-peptides, oligopeptides

and polypeptldes Preferably, the peptide conprises
n at GFhusian segveRRss aeibERferradn Hhergfare; ppepige lsgﬁsmﬁ épe&@d@fag%tgst of

ver S %ﬁéé‘ﬁﬁ%% é&fﬁqﬁ%taggelggs Ipra\/\lE)§1t EBI?OLPKRY%\AE{P ltsjer Iva &% tge

dccessibangabed Q4 3 043, arpe;ﬁldambformtspmﬁmtngmpmePAK, kifiage
are al sq included. The

t I b I
c?é%pﬁeé@t 1&2@33@%@@9 ' 'zg{/ a8 isform haxing dheageession Agpker

t
AT iy i
ponidodof alyRAKN @ A2 isoféuic bavilignhyé yecedsionwumbertae NP 6@2568.00d

that peptide isoformspecific antagonists of 20 PAK
ki nase specifically include reconbi nant peptides. The

pept ikdpH@NsAGandpsdifc SitsonREeM PAR 166hsk B HEE bO@IREO GOMNCck
sequences_ obtai ned from any source, for exanple

segpereeseso thatihay cpmptiat &Pstarp@ft@nﬁwdé dibe gertide pofsmogerlc
%Eh%oﬁXtQBPFAK iRERSA %ﬁn?s% t | ggs%d\ﬁﬁﬁﬂe%@(ﬁlﬁn&r of PAK and/ or

Ivatives t ereo us pe e ant agonl sts al so
Nelkcfrord ens@garasng st rircf@mb]ydrmh oljighe organism, preferably a chordate,

more preferably a vertebrate, even more preferably a mammal, even more preferably a

primate, most preferably from a human. For example, Nck and / or PAK kinase sequences

from rat, mouse or human may be used.

The peptide isoform specific antagonists of PAK kinase may, in addition to Nck or
PAK kinase sequences, comprise other sequences, for example sequences from other
proteins or polypeptides. In particular, they may comprise sequences for expression, for
tagging, for solubility, and for membrane penetration. Where the peptide isoform specific
antagonists of PAK kinase comprise more than one peptide or more than one sequence, the

peptides or sequences (for example, the PAK sequences and the other sequences) need not
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PAK i sofoms from ot her species including other

m croorgani sns. Furthernore, 25 honol ogues from hi gher
wanioresseuch as mammuals (e.g. mce, rats or redbsG¢EP4/000063

especially primtes, nore especially hunmans are al so

i ncl uded. WO 2004/ 083376 PCI/ SC2004/ 000063 27 The

pepti de isofoni speci fic artagoni sts of PAK ki nase

descrlbed re in one enbodi ment are based .on PAK

SRRSO i ar B PGt o0ES By DIRGHS PO JaF FF ey
Bayeon }ﬁgzﬂélﬂ@ eh&Htidr By Sk 6f @bRhRers A KRR indBe s GioWeltr, they
speci fic antagoni st of ctPAK conprises at

st a
qg@pnefe@fb Iyggrovfedas Awsiony pretaies. fpueremple Hibwion @rqt%ge“’veen GST and
%ﬁqﬁ (HQ@A@yﬁQ§&1§@§ﬁﬂ3 5 088643 or Q13153.

erably, a peptide isoformspecific antagonist of
PPAK ki nase conprises at |east a portion of an PPAK /

o S PR AR S e

deeagel m(remfrttmgmm@tesmﬁn, oy Eﬁﬁd&nihemxa@udmrfﬁraym battesteddstPAK

a portion, of a. AK / PA sofor t he

R SR TR e N A UL RS R
'ﬁ?ﬂb sSIafl B RS tlﬂiy@na@'ﬂ)%ft&[eﬁqgr blﬂ_di@g' B PAIEor t8 NeRXrlifl8bition of

i sof or

m specific antagoni st of aPAK preferably
Rindipe b%@ena&AK & cl%hmﬂmqu%m thay gy t&mﬁr@d/fomkkmog@f rroRpl
e b S e il
a;;tlpmy maybe dibsearfoRBAKS pepRdiiBofogn brecifichaiagomsts ¢’ AK kinase.
accessi on nunber 075914, and a peptide isof orm
speci fic antagoni st of yPAK ki nase conprises at | east
a 15 Tempbptide iform spédfic intdpdiidtsio BARIkinabamanbe dirudy suitable

accessi on nunper or 02568... Pept | S

Brabip SRl s 20X PO o zarons | 30 19 2 Yol qsds el

{2, om 1Yk 9 of fe%ﬁfegﬁﬁes BRddMY, tel) SYmBNIRE bSRisPS YeBiBh 2810 10
portlon of Nck tide isoformspecific

NN GBA r@ﬂges@moweﬁﬁahggé Yy orpARrmpapgiesigyeshe based

on the sequence of PAK and / or Nck from any

organi sm but preferably froma higher organi sm

pr ef dnaltigular, th peptile asof @M spegifc a;nts@pgista lof DAK kinase described here

rate,. even nor a .0r
T gp s R Bo g af e Rtat Rl it PR . o
EQmpR ePhey coefrisa i@ first®0, FAKD ksonzaseo B0 eR, 2f rzom9 18,
rat, nouse or human nay be used. The peptide i sof or m

5habi 15 &4, 43t 12g bhprsiOsingno made ofitheRAK ia{prm for geanpls Ko
&FXK% YPAK. In preferred embodiments, they comprise the N-terminal 23, 22, 21, 20,

19, 18,17, 16,15, 14, 13, 12, 11 or 10 amino acids of the PAK isoform. In further

preferred embodiments, they comprise residues 1-13 of the PAK isoform, for example
residues 1-13 of aPAK, BPAK or yPAK. In highly preferred embodiments, they comprise
residues 1-21, 2-21, 1-20 or 2-20 of the PAK isoform, for example residues 1-21 of
aPAK, BPAK or yPAK.

It should be noted that the peptide isoform specific antagonists of PAX kinase need

not comprise the extreme N terminal residues or sequences of the PAK kinase isoform,
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PAK ki nase sequences, conprise other sequences, for
exanpl e sequences from other 25 proteins or

w@oloypgsrd des. I n particular, they may conpri SBCT/SG2004/000063

sequences for expression, for tagging, for
solubility, and for nenbrang penetration. Were the
peptide isoform specific agoni sts of PAK ki nase

rise nore than.one peptjde or npre tha
g@&ﬁ@ﬁw m%YH%Clwge mrrdgé@ ohsuy é%ﬂhl@?f@%gfowf%erPfQ‘%gwaFeelsoff’ﬂ% in
gﬁﬁcxﬁﬁ%ﬁﬁ% n@Bdr 131920118, 15e@UeNaes)s, Nead, 11 ¥0 0 amino
1)1)410833 6 PCT/ S&G211114/7000063° 28 be contlguous
agidb startipgafremn heiNyterminse dhergfore éhey ghapder exgmple semplase sequences
h
BRE el SLAERG:, BBt R LANHIBEE, £RaERTM0, 111,
HagemEs, 1- 1t4hey5 lat@ 1pi7ef-@B.ablYy 102 tled2 3 3-Budilp-11, 2-12, 2-

PL9LEL DS 00 AL 8 HEA G0, PEPL, B LaEe 65T 1

Brlagsrwtssnoﬁ 1?,@(1%13rm$§2or3 mm zst 34211 S3>-2§af1qr4m3 may4 uas 4-
obt a expr essj

2 IS0, fah ALk 25U G Ao sy S5 o4, e, S116, 517,

KijRasey, %tﬁoag@mlssﬁz acksl szh,\/s-ws% 80y, 14 Akl 61853 8Y 6-18, 6-
as describ above and in Exa Ies For exanp I'e

ﬂ?}éyzoﬂé}zlb@n és%e@*zﬂ(ﬁ“-?-’bﬁr?@b ﬁ'@7stﬁa28?ﬂl4507 16.0-NG K- 1807 19 7-20,
LDRiphi i0n 9?4 Pké’c}'i&gé%ﬁtﬁ"ﬁsﬁg ifﬁgg | %1%‘%“18 Ao, 820,821, 8-

art cdl ar’; IBition o
axc&m 819, 59215 csa?tﬁc&-ZI,sS -DR) 829, &30 1-117, GSRD-48,SBIN, 95110%22, 9-23,

BRTRRED s BATIELS o8, o il tboym el TR oo 10 T8hs,

anbagonssie26)102AK d28)asey, 1073 198 ptiod, ksof or m
speci fic antagoni sts of PAK ki nase may be of any
suitable length, for exanple, 50, 45, 40, 35, 30, 25,

24, Zﬁefe?a%l tht vpe;?che 1s139orm]s‘%601ﬁc7 anteilg@mst% %f P};ﬁ kn’]age corﬂ-&lse any -

11, 10 or or ‘flewer residues. Preferably, they
pertipr pEEorgnore emiogridafpréferaiis €n7, 319 pol 01@ morsamino ntglda ionp the

R e Ay e N S S S

SDSRDNBEXKPBABPLIVIKSKN, SNNGIH}HQDHP@(APIRMH\ITSM ef erabl y

Eﬁﬁi@ﬁ@@%ﬁ@%ﬁeﬁﬁ%@ﬁ%ﬁ&m&ﬁws? the

KEPAPPURNLS, SBNGEIEDIRIARMVRMSSTIZAd 21, 20,
19 18, 17, 16, 15 14, 13, 12, 11 or 10 am no acids

SPGLRNEEKPPAPBEBMNSNN ' exanpl e QAK, 20 (3PAK or yPAK.

In preferred enbodi nents, they conprise the N-term na
23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11 or
10 anThepeptidedmiagnisthmapPilietefors of loglty pieferfed emhediments comprise

the sequences EDKPPAPPMRNTSMI (¢P1), SNNGLDIQDKPPAPPMRNTS (oP2),
SDSLDNEEKPPAPPLRMNSN (BP2) and SDNGELEDKPPAPPVRMSST (yP2).

In preferred embodiments, an aPAK isoform specific antagonist comprises
SNNGLDIQDKPPAPPMRNTS (aP2). In preferred embodiments, a BPAK isoform
specific antagonist comprises SDSLDNEEKPPAPPLRMNSN (BP2). In preferred
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preferred enbodi nents,
t he PAK i sof onn,

W@ 3081376 Y PAK.
conpri se

isoform for exanple resid
It should be note
oni_sts of _PAK ki nase need
R0 TRECI U REQBISt 9PPEEFuences of the
;3004/083376 PCT/ SC2004/ 000063

or yPAK.

speci fic anpiﬁ

RO S Ak

g’@ﬁgﬁgﬁﬁk@PA@mT

that they may

for exanple

resi dues 1-13

they conprise residues 1-13 of

of aPAK,

In highly preferred enbodi nent BCT/$GEW4/000063

nc¢l ude

&

hat the peptid

"W ndows" of

sub- sequences fromthe PAK kinase isoform

part
17,

el fam e R RORRR 8 ponfp ool s

resi dues 1-21, 2-21, 1-20 or 2-20 of the PAK
1-21 of 25 aPAK, (3PAK

e i soform

not conprise

in

Sl

fréaamy fpecibh. Fer exampls, oFAKT BAK end {PRaY isoRym kpdcifexepidee

conpr) se sequences

AWRBIPISE MY T

of the lengths as set out above,
Lowipgs or exanpl e, residues 1-10,

1-11, 5 1-12, 1-13, 1-14, 1-15, 1-16, 1-17, 1-18,

- 19 1- 20, 1-Z2 -22,, 1-23, - -11, ZF v 2 A3,
9![%‘?“‘2- 15, 2- fé’,“épié,‘dez- 18] Bg@g?&?epéf‘%o, 2-%1@91?%@
2-23, 2-24, 3-hhtagdnib2, 3- 13, adtagénist 3- 15, BankBgondstl17,
3-18, 3-19, 3-20, 3-21, 3-22) 3-23, 3-24, 3}25, 4-12,
f2d3, 4-14, 4A-|PSNGUDVODEPPAPP | SDILONBEKERAFPLA( SRNGELEDRPPAPEY
4-22, 4-23, 4-2RNTR.25 4-26|RMNPA 5.14 5 R¥PSTE. 16
Rrohde 5-18, 5-SMOGVBLQZGPPERR | SDGLINEEKBRIRPL HSINEELEDRERAPPY
5-26, 5-27, 6-|MRNT§-15 6-16)RMYSNN 6-18 6] RMFSTS,
g'u%Qn 6-21, 6-|ZBXNGEPXBKPBARR | SBSIIHNEEBPRAPPLG IINGEGEDBPPAPPV

=15, 7-16, 7-|MRNT9-18, 7-19/RYNSNY 7-21, [/RMBSTI7.23,
7-24, 7-25, 7-26, 7-27, 7-28, 7-29, 8-16, 8-17, 8-18,
8- 19,

8- 28,

SRR NN I N

SndBise hindrseq@nad, 9-26, 9-27, 9-28, 9-29, 9-30, 9-31,
10-18, 10-19, 10-20, 10-21, 10-22, 10-23,
10- 25510726, 10-27, 10-28, 10-29, 10-30, 10-31,

10-32, etc.

15 Preferably,

10- 24,

the peptide isoform

speci fic antagoni sts of PAK ki nase conprise any

por t i 18 RreBrred eRibodiBichts AR

9 or 10 or, nor

e am no, acl

seque

tia€is6rm PpcRifRraabynifs of PAIB kinase
s fromthe

nces

oyportion that is capable

af is gryieiecEPRPp RV

TRAIDKISPR PR
s gl N e el

SitioVisis QDRPRARPNMRNT BongDNCE NeRPRINEPYRIMBST hn Enfbrm Specific

Portion (also referred to as “Nck Binding Domain” and “Isoform Specific Domain”

respectively). These domains are described in further detail below. In highly preferred

embodiments, the peptide isoform specific antagonists comprise both an Nck binding

Portion and an Isoform Specific Portion.

In highly preferred embodiments, the Nck binding domain and the isoform specific

domain are derived from the same PAKX kinase isoform. However, embodiments in which
the Nck binding domain is from one PAK kinase isoform, and the isoform specific domain

is from another different PAK kinase isoform, are also included. As an example, we
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SDGLDNEEKPPAPPLRWNSNN. The pepti de antagoni sts nay
therefore in highly preferred enbodi nents conprise

wo bw4pggoaences EDKPPAPPVRNTSM  (aPl), PCT/SG2004/000063

SNNGLDI QDKPPAPPMRNTS (aP2), SDSLDNEEKPPAPPLRIVNSN
((3P2) and SDNGELEDKPPAPPVRVBST (yP2). 25 In preferred
enbodi nents, an aPAK i sof orm speci fi c antagoni st

ODKPPAPPVRNTS (aP?) . | ferred .
S ?r%%@gwo .ag@gww AR Kihse cafrpliion raNe binding
@%‘Hﬁfr é’&mﬁﬁéﬁ?m R pbtRE GofRsl
1) 411) 83376 PCT/S 30

11114/ 00006 enbodi nent s,
@emBAKntagmfstsrthé;Kdomfsc coraprtsirggoani Nk birgliger dogreen from yYPAK and an

PPV P Pepti de ant agoni sts maybe
g§PFAWF§' n?%%%%‘ﬂ%sequences or honol ogues
fron1any speci es. For exanple a. PAK, RPAK and yPAK

i sof orm specific peptide 5 antagoni sts may .i ncl ude the
f ol | oWliertyo depgantts picaimably pRBETANE - IRBhR YEPthede trame.
g%% %gl%' th $ith R RIRE 0} StanPRt A %érﬁénts K@drminus - Nck
PAPP SDSLDNEEKPPAPPL ™ SODNGE ECEDKPPAPPY MRNTS
RMNSN&OIRNESTEDfOHNtSQS%ﬁSRWU QomEPnPP DG DNREKPPAPRIINg

ERACE DRI BB AR Spaer EAR B g5p7 s

RWNSNN RMSSTI I n highly preferred enbodi nents, the

PAK i orms eC|f|c ti de _.antagoni sts

e SegHS oo PRIt PR e AisS o SR AR xpiaion
bhenaeRhdifeddnsah Fitha 39088 $fecifib DRGRM HiybeQlseRr ddaf@Bethe
i sof orns conprise a portion that is capable of bindin

36 Wmsalaawe;seml% fiisech anixgds corahiandh er othgrwiss deiesdrp each other.
§REGdu hin‘@ ¥ betWeerp{h@N%f( @Hl!d)ﬁg*ﬁ%tim with PB6ots Sh&ific B&Rain may

pepti de 7 sof orm speci f
be permanent or transient, and may mvolve covalent or non-covalent interactions

(including ionic interactions, hydrophobic forces, Van der Waals interactions, etc). The
exact mode of coupling is not important, so long as the peptide is capable of isoform

specific antagonism or inhibition of PAK isoform activity.

Coupling technologies are well known in the art. Direct linkage may be achieved
by means of a functional group on the: agent such as a hydroxyl, carboxy or amino group.
Indirect linkage can occur through a linking moiety such as, but not limited to, one or more

of bi-functional cross-linking agents, as known in the art.

Nck Binding Domain (“Core Motif”)

In preferred embodiments, peptide isoform specific antagonists of PAK kinase
comprise an Nck binding region or Nck binding domain of the PAK isoform, or a portion
thereof. The Nck binding domain is believed to mediate binding between PAK or the PAK
isoform, to Nck (preferably to a PAK binding portion of Nck), though the methods and
compositions described here should not be taken to be bound by this theory.
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ant agoni sts of PAK ki nase may conprise a Nck binding
Portion or an Isoform Specific Portion (also referred

wao 200a8833Mck Bi ndi ng Dormai n" and "1 sof or m Speci PATSG2004/000063

Domai n* 15 respectively). These donmai ns are descri bed

in further detail bel ow hi ghly preferred

enbodi nents, the peptide i & orm speci fic antagoni sts

conpris t h.an, Nck bi ndj Portion and an |sof orm

bR SRSt Hoat FPGHPY Sprapes PORRsE OO e AR he
94 Adieng domai n and the isoformspecific domain

are derived fromthe sane PASS ki nase isoform

However, enbodi nents in which 20 the Nck bi nding

domaigy, LSn{did Mk it d RS EmhP SRR bR doRRi0 4B

speci £1c dgqrréi N S flrér%(danot he_rssdi ffer%g%lgpPAk Ki nase e

prsfefablynthe aertida isvforivrrpbaitiethtagosisia may xemptiss,a Riepolyroline stretch

1) 1),41083376 PCT/ S 0063 .31 inclyde . _
ARG I RS Rie p L s R o
SAIRYhd Krgn Boardycknibe awdd, kg, Athahn) ArginiemgRidéian A s@rtic acid,

i sof ont. speci fi.c domain _from 7PAK, epti de i.sof orm
Speins FLRps YRR GlRRE ﬁ%@_@e@wﬁe&f‘w&ﬁﬁgﬁaﬁ Lgige.
Rieghinh, PPl Rnint A MR AKerRB AriAdbnineS Py BlophahPBHbéih€or Valine.

domain from aPAK, etc. 5 The two domains are

Neasdfesy iatshyy resishies epuenghs ot eithar sderd thigmets fsexenplehe 2shted
fé&hﬁ(&%ﬂ:ﬁﬁﬁ be%@ﬂd&?y be in either order, For exanple,

arrangenents term nus - Nck binding Portion -
| sof orm Specific Portion - Ctermnus and C term nus -

Nck bé.xgrcrllip%? of chéﬁ{ 'ﬁfng%% _gcl)r%:?lgsf QL mSpe ﬁilefnkcﬁid?gee (rftul[ Hdve, ahil which

t er mnus € ana are inc

It piclfesbipineludabin-tieopii¢is Ausude ABPMIRNISPP APPGRMSS, al SO
ossible. Any association 10 of a Nck binding domain
PR orei‘m%wawl’msh PRy L FAPRARNTS)

BXAPPR&SSAE pAPPRRAAGRI NS may be coupl ed, fused,

m xed, conbi ned, or otherw se joined to each other.

The coupling, etc between the Nck binding domain wth

als £ ' r TR

tr anar Sy TG GatoR, S0k PRaBE PR 1Bk b s

contipeisescini Nuks, bir{dinpcd onehin) gr ar0NGk@ bimtigy doeiaions,

hydr ophobi ¢ forces, Van der Waals interactions, etc).

The .- coupling is not inportant, so

I ongjigos t ‘?eﬁ‘z%?bi%ﬁ@t’ﬁ s capabl e of isofonn specific

antagoni smor inhibition of PAK isoformactivity.

Coupl THa@eptRle ipPbratipesifihagdBists ok PAWIkinAe B prRFdrably comprise
Direct linkage may be achieved . o ) .

an “Isoform Specific Domain”, The isoform specific domain is believed to mediate the
isoform specificity of the peptide antagonist, although again the methods and compositions

described here should not be bound by this particular theory.

Homologous or similar regions between PAK isoforms, for example between
oPAK, BPAK ‘and YPAK, as well as regions which are not homologous or similar may be
identified. Such non-homologous or heterologous regions may be used as a basis for, and
preferably as, isoform specific domains for incorporation into the peptide isoform specific

antagonists of PAK kinase described here.
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by nmeans of a functional group on the agent such as a
hydr oxyl, carboxy or am no group. Indirect |inkage

W@ 2004083306 t hrough a |inking noiety such as, bRET/®G1004/000063

limted to, one or nore 20 of bi-functional
cross-1inking agents, as kngwn in the art. Nick
Bi ndi ng Domain ("Core Mtif)y In preferred enmbodinents,

pepti de i sof or SpeCIfI c.anta on| ts of PAK i nase
conprrEerabl. RERI: ARFIYS rsegwﬂa% SEHRZBTNAL R KREEP

%ﬁlﬁh@% apOKidnS? melhné?,E whicRY Heke@Rogdul SloBHomolddBudNGK

ding domain is believed to nedi ate bindi ng between
IRiiogsnequp betmagn PAK kingseripefprmsoP eskably, ihetheteapeneops ety spauence

in
oo RELH-AR I pechARDE R SR ARaBR pngpeptice
@mu:mﬂveb;end:dw swhtahsemreyce G204 m‘mfmmmmm
he Nck bi nd ngd b|§)ire er ab ngrlses at
RBaiEre s S o) S5 HERT) B COHGP T SRmGn PHBf ARSI o
lemblakotivardj sigydgsrai n may conprise a poI yproline
domain. More preferably, the peptide isoformspecific

antagoni sts nmay conprise a Pl polyproline stretch 5

havi ng pfeRire@ %AMBAIR oAt IRHIGIORE siRANASRER Somph ek & sEusnce of a
pro ine, R= arginine, S = serine, and X can be an

mfm whiclgis QIPSW@mfﬁ@ Nc}xﬂ)@dmgwete speparacgrace ups%;eam ofa
%QR%. ne. %‘8 St?ﬂ g}l‘%&oﬁ% %i%glggdﬁlgglmﬁl{ehg go%ﬂgeﬁa% Iglhlgd’% jeQumber of

Mstrbunowsldms Rickny?2,8, 4H, 657,, 8F9,d[); He 12,96, SnigablyT hll themésies
to n,. .TyrQsin ne. . Needl ess to
L BN S g e A HERET iR SPGB T dLe pbre neluded
Eﬁéféli’%l thelsofém s?peclﬂe d&nanl@orﬁlﬁﬁzbﬁt@ﬁ&ué@tl% 17RY- 8*9@-9 1 10 1-11,
I NCcl u S CO

HRE Mot 20 2o Dbl : oafrdovireri 3 8- ppaerAbliyi 2 3-13

gl [ Sy hAgl P
A %é\%ﬁgﬂk Wb%ﬁ@&’ 4 de 12 h 1§ @9&4@%5%%% -8, 5-9, 5-10, 5-11,

PAPF.SLRVI&IS4 PARRVHNGS, 6- 8P¢c9F6«/RN@§ maazmmmms—.m@_m 9-17,
3 Hedy BRATGTATEARMTPIE an Noka bindi hg domai n.
or an Nckp bi ndi ng domai n. |sofonn Specific Domain

The number of residues in the isoform specific domain can vary, but in general will
be necessary, preferably sufficient; to confer isoform specificity. Where the sequence of
the isoform specific domain overlaps with the sequence of the Nck binding domain, the
overlapping sequences may be excluded (i.e., the Nck binding domain is directly
contiguous with the isoform specific domain), or the extra overlapping sequences may be

included.

For example, any of the following isoform specific domains may be included in the

peptides to provide the specificity described:



10

15

20

The peptide isoformspecific antagonists of PAK ki nase
may preferably conprise an "lsoform Specific Donmain".

wa bw408fOr m specific domain is believed to neRliES@ 005800063

20 isoformspecificity of the peptide antagoni st,
al t hough agai n the net hods %nd conpositions described
here shoul d not be bound b; this particular theory.

Honol ogaqus or simla egi ons between PAK isofor

for &THNE1N ewﬂg%fioma SeEsARe BAY cqpmkise MENN(EL VRN BV gDKP,

MgﬂN@ﬂ@, TODKPO VRN ISR |SW1§)@QD§P”SN§GLWDKP or
entified. Such non-honol’ogous or "heterol ogous

NYGCEREQRRY- be used as a basis for, and 25 preferably

as, isoformspecific domains for incorporation into

the peptide isofonr specific antagonists of PAK

Ki nageppleK dyafdratkphafiedonh hhdncd i 3dfrise MSDSLDNEEKP,

PCT/ 4 6 fe t her ef or.
WepSTRREHER O B P st o
GeHPHNEERPANPOr tion of PAK kinase which is

het er ol ogous, non-honol ogous or het erogeneous between
PAK ki nase isoforns. Preferably, the heterogeneous,

etc se g

necessgry,%ggm%§ﬁgéf:|so§n;#%§%§%% %@ﬁ?ﬁepﬂﬁ?ﬁ%ﬁfﬁﬁﬁ?TL
MEﬁNGBLHDHHcﬁDM@EHEDKEH&eSDNﬁﬂLEDKEquence S
referred to as an "isof orm specific domain"). Such

het er ogeneous regi ons nay be identified by sequence

c 0 mo af \ivBIQj’é: apPiebigted @Et@MMnatiahd FRHEITECFSHA §PsRIfie dorakin Bdtuences
referred enbodinents, .the i soformspecjfic

: %ﬁ%ﬁ 1HCIE qrezample.cap ihibiios may ingludpiwo prspers syshdemas fiar the

M10frip1b siRgnSi te, such as a sequence
%%g%ﬁggnwo#n% QmNEﬁ§%g§€1 SBﬁDtlf The i sof orm

specific domain nmay conprise any suitable nunber of

ggst 1’1%1% %e;gtﬁl%l %?&ﬁaasg?cli'ﬁy nﬁsgo ts %f P Aénascﬁma bei 1§sed gm%lgl gr in

e residues
donebifdakn bvlﬂrhabigomeﬂoe wﬂh otliehﬁeﬂhbémm‘\mathemﬁmmémiﬁse @or

to. residu are | ncl ud refe t he i sof or
@a@&aflpleofieowrlﬁe iee/apm pree CP’é@M‘EﬁéQlE aP%ﬁ‘kPa%e together Witlﬂ@
%e_p%&z)e’ 1sc%f:01}_1% ?peé:l?f'g’]agtggt%ls@ gf %I”AZI% _kﬁ19’a§)bg_ % (ﬁrd% ?s](?go?m 3§_aelc%f?o antagonist
GEoPAK Hjﬁas’é-tdgbtheﬂwﬁh a pep'ﬁ,de i’soﬂ)rmzﬁp@jﬁoﬁlanlz@pnidt-of 1PAH-kilﬁ$e a
4- 1%, 4-14, 4- fl ? ]'3(

RePY 13(5f01_:fl@> spegifip dmtagonisg 0 %PAiI% mesefogeéheg wn‘é ag)ep eﬂ?form

»opHO W er co enffsu
%reéllég %rﬁa%of?nsta gf AykﬁKalgrA%{éa rx])g rilaﬁ%tc%eﬂa@v i difier coftipbnenfsudVs

therapeutics. Furthermore, we disclose a comblnatlon of a peptide isoform specific
antagonist of aPAK kinase, a peptide isoform specific antagonist of fPAK kinase, and a
peptide isoform specific antagonist of YPAK kinase, optionally with other components

such as therapeutics.

In another embodiment, peptide isoform specific antagonists of PAK kinase may

also be derived from Nck sequences, so that they comprise at least a portion of Nck.
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The nunber of residues in the isoformspecific domain
can vary, but in general will be necessary,

weemhesaibd y sufficient; to confer isoform specPdT/861094/000063

Where the sequence of 20 the isoformspecific domain
overlaps with the sequence the Nck bindi ng domain,
t he overl appi ng sequences be excluded (i.e., the

Nck hi ndi ng.domain.is directl cont i W th the

ot R CLS BPRidl el Poghe {azSBit 0P S Brsh on Nk
SRAUROCAS) dBRriBEany one b6 of Nek SEB A0RhRs, 2863t off aboli€ or any
foll ow ng i sof orm specific_domains may be included in
pereion therepfe She prpéide isoform ypegHictanBeYde pFF AR Kipagsaaiqopwese any
¥R %H&é éfjs]ﬁﬁf?b?%a@% g %éi&% 351 44000083 - 34idBs RAK0), sH3

I SoTorm speci Tl I N sequence nmay conprise

NBNNGE DYEDIR 1 95 -X/ERNINGLIBIH TR thelyBNNGUDP GBKP]3 domain 2 of Nck. The
SN DV P P, SN | . P
L e
ahith Dblcikiiee: 5 MSDSLDNEEKPNN, MSDGLDNEEKPNN,

R SmIP I SERPREL LI VD Be e BORRT R sy QU Wibsry v

WBINCEDEEKF T tion tﬁ%ﬁ%l: a maﬁg f-df biling a PAK kinase
SDNGELEDKP}I#% will be appﬁgciated t hat conbﬁ%ations '

spfosach i sof orm speci fic domain sequences 10 may be

i ncl uded. For exanple, an inhibitor may include two or

nore such domains for the required double, triple, or

Anirsopk AngpeoNisTEOr PAKMserqgrafst | de i sof orm specific

ant agoni sts of PAK ki nase may be used singly or in

conmbi nation, with each other or with other

t her alpefuin: rcifidéntapaiad afPAK kinade a8 alio comphiseriaimunoglobulins,

a tide isoform specific antagonist of aPAK ki nase

FBE@F%@FﬁﬁﬂFﬁ'a 15 peptide isoform specific antagoni st

of (3PAK kinase, a peptide isoform specific antagoni st

of cPAK ki nase together with a peptide isoform )

s peci Inipecferrad sgbadistentss thg pijbogy iseform specifisaptagenists lgtAdx kinase
L g ¢ . .

S0 BRL A, 6Ly R LOARS A0S, Dot i

Olgtnnone kdgyont of g Ale BPAMKt dr yBAKer conponents such as

Preferably, the antibody isoform specific antagonist of PAK kinase is capable of
specific binding to a PAK isoform. By this, we mean that it is capable of binding to one
isoform, but not substantially to other PAK isoforms. The binding site of the antibody may
be located in a “heterogeneous” region of PAK, that is to say, a region that is not similar or
substantially different between PAK isoforms. For example, this can be an area that is
different in sequence, or not homologous or similar, between aPAK, BPAK and yPAK.
“Heterogeneous” regions may be identified as discussed above for peptides. A preferred
“heterogeneous” region comprises an N terminal region of the PAK isoforms. Therefore,
the antibody antagonist may be capable of specific binding to the first 80, 70, 60, 50, 40,
30, 25, 24, 23, 22,21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11 or 10 amino acids of the PAK
isoform, for example aPAK, BPAK or yPAK. In preferred embodiments, the antibody
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15

therapeutics. Furthernore, we disclose a conbination
of a peptide isoformspecific 20 antagoni st of aPAK

wpmangs37a peptide i sof orm specific antagoni strPOf/SGRRAB0063

ki nase, and a peptide isoformspecific antagoni st of
7PAK ki nase, optionally w L‘g ot her conponents such as
t herapeutics. In another e ddi ment, peptide isoform

speci fi c, antagoni s f _PAK ki pase may . al.so, be. .
o forp ser G RORe SE B Braise me, bE FRgl: Hespori B i g (sidues
| 885dr nforPpretet B RdidiNGK-2 1\ PAR A3RBA376

PCT/ S&11114/ 000063 35 For exanple, peptide isoform
speci fic antagoni sts of PAK ki nase based on Nck

sequ . . r r

o 1 B (IRl aRaMiagdifl OF PAR L mbl o Sl of
Tinding ¢pani Niek hidifgregios péthe PRE isrfomg onk posion fheRAK Bxampseof

may Conprise or re of SH3 donpin, l1..

CRb afeB 3R Hoouf i ouShamte Srefmed B PR L opaipg o 11

PolghgroBderricB s¢quesdedis 8 ohPdboil§ 0} a pértiopaktebf ul ar, they may

conprise SH3 domain 2 of Nck. The peptide isoform

speci fic antagoni sts of PAK ki nase may therefore

CoNpr AgfbodyisSioan spRITR aftadoBRHMEILIE kinase may comprise anti-peptide

A-i ' VKFNO4AEREDEL SLI KGTKVr Nr t \ 4 EKCSDGWAM RGS ,
riigyhappayhe eade iy gempnisationins phage display

e B, B PR PR e o
SEDIGLDIQDEEE APPRRNTSHgBR), SD_SLDFEEKRPABPD}&MNt coue Simt@SBPaJ ®0

, ing a :
PR PD P BB P D aaiforteg P Sorormingat e
ARbagiedings Se 184deRb¥g kiaN@€ tecHiqRE ﬁsiﬁgﬂzﬂig@f ﬁqeq;e%)ﬁd%@ @listloged
binding to an N termnal region of a PAK isoform for

abox APt Rephde ispforne prepitigantagqyiitnofdtAke kipak as pgizaps.or  7PAK.
Preferably, the antibody isoformspecific antagoni st

of PAK kinase is capable of specific binding to a PAK

i sof dnpref@redtehibsdimeetstbamtibady isis¢ledtsd frap disl groupfconsisting of the

BRI s B Pl g St Rl o

Oy Elfedifiology; diie,@ 16 N DalaWaetDIehgs BaNAISTuZ] €4ifomiadfS0RAK.S.A.).

hat Ls to %a}i, a regiqon,that is _nhaot simlar or.
ny of these may be used as antibody isoform specific mhibitors of PAK kinase.

Product Cat.# Isotype Epitope

aPAK (N-20) sc-882 | rabbit IgG | N-terminus

BPAK (N-19) sc-1871 | goatIgG | N-terminus
vYPAK (N-19) sc-1872 | goatIgG | N-terminus
YPAK (V-19) sc-7117 | goatIgG | N-terminus

“Cat#” refers to the catalogue number of the antibody, in the Santa Cruz catalogue.
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substantially different between PAK isofornms. For
exanple, this can be an area that is different in

WG 2amuessse; or not honol ogous or sinilar, betweBrT/sG4/000063
(3PAK and 7PAK. "Heterogeneous" regions may be
identified as di scussed ab%&e for peptides. A
preferred "heterogeneous"” “region conprises an N
termnal re |on of the ,gk of orns. Therefore, 25 the
ALY QY EGHE A TACONSERQF g‘ecéﬂlé%‘fl‘és of specific binding
to the first 80, 70, 60, 50, 40, 30, 25, 24, 23, 22,
21, 20, 19, 18, 17, 16, .15 14, 13; 12, 11 or %O am no
aci ddn additigndo peptides adrpiibgdies gymallmalenules grxRe viedpaRpegiically

SRy B T g eI B o e

iapieiot, a6 vatl hagenis $tr sofecRikiok thess Smatiynobesule m&bﬁl@p@ﬁﬁc

Fherpsor 1B G o e Pt Pondbadhy PEERY S E5R,

2Pasidnl 6f kiRt sctiofty, PAK ki nase may be capabl e of
brnding to an Nck binding region of the PAK iso form
or a portion thereof. Exanples of 5 such regions are

set  qif«qaRAN \f@gulalf_i@ﬁ” \ﬁ*‘éﬁ‘i@ﬂh@ anytﬂégé/uv%ﬁe& 8n @RMBRIVEou@ being
bindirig to a polyproline rich sequence as set out

Hiptieds thipmapbeotal opartisleFlsf whesnbindiog is teingfdgiepied sardidaie
t t
ana[%%%@(g :agesc%pa%ﬁ dﬁFPA%lélgilélQ aazr?epl)lar 1n% %FPMI@E y@‘@k 'bmﬁglg b'eféx?een two

¢nomikied) iPsedidratdy) theoadowmhragydatibinif baning $&l agy bihergctivity) adyeved by the

SRR BT AT PRETI) SRk F P

fr3fReblyQdt leaﬁmb%bﬁ%w WM@Q— plefdraily atQéast60s, preferably at least
conmbi natjion of thes neral ., the antibodi may

W,r?a%f@rahlg@hlga%ﬁ%cpa?ferablé@h}?aﬁ S0% ot CapPTE tobiing (or
WERE B St AREMsenfbOMEBe RdRER MRS PhR! nef‘ca%ﬁﬁgﬂe fnid?ecule

ant agoni sts”of PAK ki nase as antigens. In preferred

snthlold forane &5, antah@gqmt s yhich is edpatole efirefiycing tynld gmenghe
(IilSI Stltﬂg ct1v1 he 15 follow ng anti bodi es nade by and

AvVal Fabl e fronPSanta Cruz Bi ot echnol ogy, Inc (Santa

Cruz Bi otechnol ogy, Inc. 2161 Del avvare Avenue, Santa

Cruz,_.California 95060,

used € 25RYT BRGSPIRSiST B‘Pﬂ’f‘% ﬁ%@rsf {eehitth b bgRga Rk Rvolve

&ipo@sea PRKASHSHN fedypefitideS RictddCadiioft & BEgm@T ANSmol¥pdé) variant or
sCc-882 rabbit 1gG N-term nus

derivative thereof to a candidate molecule and detecting an interaction or binding between
the PAK isoform polypeptide, nucleic acid, or a fragment, homologue, variant or
derivative thereof and the candidate molecule. The binding assay may be conducted in
vitro, or in vivo. They may be conducted in a test tube, comprising substantially only the
components mentioned, or they may be conducted using cell free extracts or more or less

purified components. The assays may be conducted within a cell, tissue, organ or

organism.

In a some embodiments, the assays are conducted on whole organisms rather than

cells. Preferably, the organism is one which suffers from a disease as disclosed in this
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(3PAK (N-19) se-1871 goat 1gG N-term nus yPAK (N-19)
sc-1872 goat 1gG Nterm nus YyPAK (V-19) sc-7117 goat

WO gB4dBI3ed m nus "Cat#" refers to the catal oguePdIsHEN4/000063

of the antibody, in the Santa Cruz catal ogue. WD
2004/ 083376 PCT/ SC2004/ 000 37 SMALL MOLECULE
ANFAGO\II STS OF PAK | SOFCR n addition to peptides

SePT BRI et Brore SRR Puiistnee. T hcheite g of

. Shin8iahto SRR ARS hre rd[%l:&ﬁéd it fintheKdetdiBRNW, and inyi2Asular, they may be in

inhibitors, as well as assays for screening for these.
therfgrm o libeaay. @lsp dispusseh bslSei fi ¢ 5 ant agoni sts of PAK
ki nase are screened by detecting nodul ati on,

preferably down regulation, of binding or ot her

act i viheyandgiate mglmdfrs@gaﬁoatap@da witiyghej tet Iptedien arnyrotsgaanil ve

?et{“ecﬁ?e&ec%ﬁ ]&1'? F%M'fl%%g’ fg)r Blest.tl'léﬁI géln%hdate h&%g’cuimx cpn?acted

wizh e BAdeofom; dndi hﬂnélng a:nﬂlagam 1sxtfsmalbﬁecc apedotag ntmfy also involve

r ed ug| n ? mﬁeﬁ@ eém Pg\@t oz{;q, gq%g%iéd%sﬂ%n P]Fﬁglereleb‘!’arl]lg ;I)oq'gon of aPAK
i@&ﬁbﬁn r;%ﬂaaﬂy la bk BindRi gﬁﬂi’tﬂﬁ of 8 PARNMYo Bk Hindisd éf\hd dhhdidate

achi eved the candidate nolecule is at |east 10%

1?39’@?‘6? %P?/Caé‘@ldia@a%‘tle%@% thspeptice apfafectad. It 8alk be apagciated that
eﬂfsaﬁﬂlﬂolg%ueg Qa3 dntAR Geriviclsral) P/Aléﬁsofo%%ayﬁ)g é?nployed

preferab y 'east 60% preferably at |east
poefled thi opmptisd Nelshingn@gctipitef er abl y at | east 90% or
nore conpared to binding (or which ever activity) in
t he absence of the candi date nol ecul e. Thus, a
candi Aiait}m bindimgubsey ddefid i idedifging Bofous epertficantagonists of PAK

ant agon i s one ich i bl e of reducin b %
?58%1 eS ‘?t?ﬁ’j’f’ﬁa’ 3‘1 i’"é&%ab\?weﬁna?ﬂ’él 5594

GIRARE b&BoRbMEA 1 0nd 3&R Yfoteih, In BB PEIstice oBH @dﬁdﬁh@%d]&:ule

assays involve exposing a PAKisoform pol ypeptide,

Gandidateanelequies vﬂvchamc}uém@mlng broveAngheeptigedndaak, preferably
%,%Jﬂ ?L(lht\é%&t‘]ﬁﬁﬁ farg&ogencandl date nol ecul e and
tectin

an i ntéraction or binding between 20 the
PAK i sof orm poI ypepti de, nucleic acid, or a fragment,

honol .Or Y 33 :

canai s AR sl ARk B s vy

¢dﬁtacﬁmg 4 ﬁbly@puddl whicl & imftv®ilisédByn Devlidanshoet @th h Roini@6Hilised
g rising sybstantially only the

can idate sub stance determining whether and/or to what extent the polypeptide and

candidate substance bind to each other. Alternatively, the candidate substance may be

immobilised and the polypeptide non-immobilised. This may be used to detect substances

capable of binding to PAK isoforms, or fragments, homologues, variants or derivatives

thereof.

In a preferred assay method, the polypeptide is immobilised on beads such as
agarose beads. Typically this is achieved by expressing the PAK isoform, or a fragment,
homologue, variant or derivative thereof as a GST-fusion protein in bacteria, yeast or

higher eukaryotic cell lines and purifying the GST-fusion protein from crude cell extracts
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conmponents nentioned, or they may be conducted using
cell free extracts or nore or less purified

weoposssnt s. The assays nmay be conducted w t hi PCESGE04/000063

tissue, organ or 25 organism In a sonme enbodi nents,

the assays are conducted ongyhole or gani sns rat her

than cells. Preferably, the organismis one which
rs.froma diseas in thls

S AP P PR SR TR ARS8, ASCSTEHI, bigging of the

EanldidatetsEbstinCe, WhidHIE BotSYFIIL-AE®N Bfotditl G (1R iMin®BASE! polypeptide is
nature etc of candidate nol ecul es are dlscusseJ)

feterpisd iy the absenergfibhe polypertids. Pheinding efithe f%é@afﬁﬁybse@ce to
iR 1mﬁlB§111§é?lrﬂ@l}%%ptﬁie it MERiNermled Oridd @mﬁyﬁﬁﬁ%g*?%% il BR art as a

candi dat e nol'ecul es are cont act ed t est

pidpell down agsan tAepimsthe gandidaty sulstanté wey belimedtibad andithe he
Ll est  as . exanpl e, the candidate nolecule is

%@ﬁ%ggéggQJaﬁ%ﬁﬂg&ﬁAK isoform and binding to the PAK

‘isoformtested. An assay may al so involve contacting

t he date ecu th a_a peptide _co sing a .
ol eVERABBP TR e S Aehh bt SPERAAT T 1R cation
Bisteeis Mgk iR@lobilRRhg@he 8f tREKonhRAEME, Tor Bhrffle NG-NFA hddose and
candi date nol ecul e of the candi date nolecule to the
pletidingiaeged cowparBd. 1t will be appreciated that 10
fragnents, honol ogues, variants or derivatives of the
PAK i sof orm nmay be enpl oyed, provided that conprise

Nck bBindinggf the PitKi isyfornpmoe fregmdit,iginotpgas yasiant sedaivative

Elgl%gf t!oft?{é ! 1d§tgf 13% g«{) Tlg%igbfei%%tcr rhtnéa@f)) nj S%nségzogf ane'%hods well-known

I'nase |nvo ves

hethevee Foacqaapld, de rmﬁnmm&hwg cambhdent nhybl labelgiiwtithdor of

PAK, . and Nck t Il n the presence of a candi date
FBFIPlen P Endiopstivelabe. it eatiqRg (48 PR STAYFIE CHORRSY SPATERS)

Ry BIWRE Mnaly e dReRtihddyamchubbibgic) rd@{e@t‘{cﬂlm:&lmques For
down-regul ate this binding, are chosen. of

> fh§ reAcHRM BRIy AR b Wesiern bloted mth%blﬁaprpbﬁdawth an antibody
9194 C}Ie?e%ﬁtth —1'f %%bﬁ%%d ccﬁﬂg}h&ﬁtﬁﬁgA%oﬂﬂ qﬁ&qﬁéﬂ A% be\ﬁigé(f: h

I's 1 mmobilise a so
non- |nnDb|I|sed candldate substance det erm ni ng

wh wha dh d 2
e R Ry e mEh e A% PR Ayl p 1000
mhel/rman@rqﬁaefasmmsdmm ecemmalynobml Ih EEasd dfsetbodind, thd1Bnal

onpePtlde non-inmobilised. This may be used to
ion psed isfyrigally from 100 to 500 pg/ml, more preferably from 200 to 300

pg/ml.

Other assays measure the effect of the candidate molecule in the interaction of the
PAK isoform with other molecules, such as other proteins. Thus, for example, we provide
an assay in which a candidate molecule is contacted with a peptide comprising a Nck
binding portion of PAK (or a fragment, etc as described above), and in which modulation
of activity of the peptide, fragment, etc is detected. The activity which is modulated may
be any PAK activity, or preferably, a PAK isoform specific activity, for example an



capabl e of binding to PAK isoforns, or fragnents,
honol ogues, variants or derivatives thereof. In a
weeehessed assay nethod, the pol ypeptide is inpobsé209€000063

on beads such as 25 agarose beads. Typically this is

achi eved by expressing the PAK i soform or a fragnent,

honol ogue, variant or deri V&t i ve thereof as a

GST-fusion praotein in bacteria, yeast or

@R RFH er ekt isplop gpesitig agfiiityt Spich gsofora Seeerﬁef %Fé’i"tﬁﬁs are

(% 18l Bodve AhGhtdR el | extracts WO 21)1) 41083376
SG211114/000063 39 using gl utathi one-agarose

beads (Smth and Johnson, 1988). As a control, binding

of t j CEyio

or ot ggﬁarﬁ gjf %@Rsﬁt&%gﬁ%c@eagtlg@ \gllﬁel% grg %oduﬁteﬁ%-gegeﬁﬁfg%gwn

fegulitbd imbsiemedntafantdred apalal padintd end ibhibitinnd nagitobutgloeth

B T R

art as a 5 GST puII down assay. Again, the candidate
subst ance may be i mmobi]ised and the  _pol ypeptide

non- iGRRBHRPmidkules pay be igplaisd povathptie tbaf neny lawmltnhtl@ art,

dREnRfieARSANr ARIHBGeyf ferent affinity purification
systens for |nnDb|I|S|ng one of the conponents, for

exanpl e Ni - NTA agarose and histidi ne-tagged
olas] gﬁgﬁﬁ¥ i nding of the PAK isoform or a
¢rag§en , %&Qngue variant or derivative thereof to
t he candi date substance may be detern1ned by a variety
n the . For exanmpl e, the
on SHIBH PO IO Ui Bty Brat R Ao

10  @palyef from b6htFas B0 ve1d Bhe |amnﬁﬂacﬁi§ lid gL Pblﬁﬁle@froﬁi panels of
enz me- ant.i body conjugate). Alternatively, binding
{jdes comprigpgaapdIn sRAUEISHH (T SPB§Reea hisbhavg begh varied consistently

?Me%éum dlg‘és%m%ﬁeptﬁi&em&e@eq k@n mxture can

Western blotted and the bl ot probed with an
anti body that detects the non-inmobilised conponent.

ELI S’%u&tgbcip nAn%tﬁ%fe mncﬁ cu%F 3% g'lglugg rgdbodﬁﬁgl}c%a(tfoer example,

substances are
mmmnhlraati Ipoljrcloﬁalhntﬂnidfbs tsingle@Afin Amibodivs, chimerie ant1bod1es and
to 100 nrnol/n In.the ¢

from
15 a&fﬁ@ﬁ tibqdfes). %P*#&Pmr&ocﬁtf@mam@ BetipsRppide ¥ Wé’?@é’ﬁ y
&fnﬁaﬁba Ql@ﬁﬁéa ROl eitities BB R8s dhatur Prode 11bParidday be

screened for activity. The candidate molecules may be used in an initial screen in batches
of, for example 10 types of molecules per reaction, and the molecules of those batches

which show enhancement or reduction of the activity being assayed tested individually.
20  LIBRARIES
Libraries of candidate molecules, such as libraries of polypeptides or nucleic acids,

may be employed in the methods and compositions described here. Such libraries may be

exposed to the PAK peptide, with or without Nck, as described above, and the relevant
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O her assays neasure the effect of the candidate
nol ecule in the interaction of the PAK isoformwth
wrdeenssod ecul es, such as ot her proteins. ThuspCT/®62004/000063
exanpl e, we provide an assay in which a candidate
nol ecul e i s contacted mﬁth4z peptide conprising a Nck
bi ndi ng portion of PAK (or fragnent, etc as
descri bed aBoveA, anqﬁin i ch nmodul ation % gf .
2583y iCrIES Ot DeReatipe pi fag @ssayt “é{ri’é*ﬁ’ta sodeexpasedp pliqr gpganism in
tﬁ@?xe@%é ¥ thy/P AR Iptide SwiPstubigoaeie@y be any PAK
ivity, or preferably a PAK isofonn specific
activity, for exanple an WD 21)1)411) 83376
PCT/ %g%&&olﬂp‘%ét%@%%soéﬁnga&é%d ThRRY G 1a%£’f’t§aﬁés%fr@ﬁﬂ&w_ nin
specific activit Such 1 sof orm speci f activities
the a&rt, agl e@d’repi e q}h@@ display techniquehefuch eystints, inlwhighedivireapeptide
the isofonn,s Ctl Liies are
SEpis s SRR peguRSt bbb Bo et iR R A Shin
(QxgINsAprd) madameeen wBefil fon lsuemdglubmmf) omubmdyeﬁagmte@m oamg :nhdS
across an attractiv | sj ve boundary, ef era
clegiife e s &b A We dox,1hs e Ssr il mnﬁ{'}casex of
s‘p@&ﬁ@&ﬁf%&’fﬁ Resd 58 a aﬁaﬁgenkmmcﬁe&ﬂe@sqr@ﬁées encoding
I f neede sed for fur%her stug% CANDI DATE

tm\_ftz@mmsresmns @l@lllék@afﬁ dengdagments adishegcade feadeysignpls fhepdirect
tg%g #ﬁh@ﬁ@%ﬁ%@lg@a&@&ﬁ?géﬁ%ﬁ a roslt F%@s%héﬂt Iaszuﬁ%fdy b QM nts are

10 to am no aci s I'n
Eeppeyied ews the swufacp afitk baoma‘nopb@,ei typiedlyce lﬁqus togpctesophags coat

e e PR PGty bt Se5iehs 8 B fiued erngily on
lﬂllﬁbdd IﬂﬁﬁT %Mdb@{l&%ﬁ%ﬂlesﬁu&% @ibhrﬁagé?fﬂ ghzﬁkaibﬁseﬁ@hs@my ls@fems is that,
al SO Lnclu antl bo roau or exanp

bepse fhsn ate b b %gl‘abwtﬂynafﬁ ecfaﬁilbva%rl%ber%?aﬁ&? amplifigd simply by

@f@\;dng ol ;ﬁﬁ%e &yﬂfaﬁﬁﬁg the &‘igcte@%ifa@y%m@ﬁger itk ﬁac% &8 Hu@fermore,

ant i bodi es Furt her nore, conbl natori al brari es,

q@@pﬁhed@cbn@ﬂe@emten%harﬁenmdbt@e p@lequpﬁé@h‘zrh@rw%@er is contained on
aieé}%ké &%age%h Qg&&céegﬁ’e%ﬂg CFXPI%QS% Yk 'eql%iﬂﬂ%&{&ﬁc manipulation

reen or a VI can
innﬂan@be&mghﬁmeﬂused inan initial screen in batches
of, for exanple 10 types of nol ecul es per reaction,
and the nol ecul es of those batches which show

enhangah®Rtforhe Rt bIOOF tabtetibifha@CAntibbdyydifily 1hrars ante d
lgr%%ctlaepdhalg: gclp\r/elsggr? {ﬂl)rgfles%?e v%éllBkslealnEE the art (McCafferty et al. (1990)
supra; Kang et al. (1991) Proc. Natl. Acad. Sci. U.S.4., 88: 4363; Clackson et al. (1991)
Nature, 352: 624; Lowman et al. (1991) Biochemistry, 30: 10832; Burton ef al. (1991)
Proc. Natl. Acad. Sci U.S.A., 88: 10134; Hoogenboom et al. (1991) Nucleic Acids Res.,
19: 4133; Chang et al. (1991) J. Immunol., 147: 3610; Breitling et al. (1991) Gene, 104:
147; Marks et al. (1991) supra; Barbas ef al. (1992) supra; Hawkins and Winter (1992) J.
Immunol., 22: 867; Marks et al., 1992, J. Biol. Chem., 267: 16007; Lerner et al. (1992)
Science, 258: 1313, incorporated herein by reference). Such techniques may be modified if

necessary for the expression generally of polypeptide libraries.
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Li brari es of candi date nol ecul es, such as |ibraries of
pol ypepti des or nucleic acids, may be enployed in the

woredohoghs7and conposi ti ons descri bed here. SuchpPCT/SG2004/000063

libraries may be exposed to the PAX peptide, with or
w t hout Nck, as descri bed ove, and the relevant WO
21) 1) 411) 83376 PCT/ S&Q1111 00063 41 assay carried

O RREA B85 B U B B

@SRt REE et W tlrwse)rscvunwmt mcég Hu&a)hep&zn ,QD8H PRIcONS. sxca@ rSc1
|sofat|ng?de5| ge | i'braries are

US-Ay 8% 58715883 waeréwldM%g@ Hrdpheag- Scebintig %31066-
i ehl\d/@ Se&RRA o, g”?@eSQ@U fo;ma{séﬁem Ribalg sup'éa %Eé}}dseé?‘&?%w%)

I spl ayed o ace of filanentous
bact Ehisoplh eigd. (a%ﬂirengmalognm Ho: (8@_9@@1{1{5 glm‘la()l 997 aypsa). Various
roven or .crea
$1}1bod1me \bX oe;(f (sgjﬂr’]v dlfllfrﬁnes dISB%:#’eo n by E)Lj:ag@hg% n%ogt &9{1 r{g %g%ecbgglln ng
ddaamedeHﬁnbﬂnents of phiag¢ disjis) apptoacies amdlsa pbw i, iferadtxbmple @b

Shertsai v RLY e POE LA B aeim o Rohe hentha

Wog788B QI @(Fﬁ‘os!yé B8, WRicH Et@@ncfof@me%elﬂ\fﬁy ffer@g.ode
| eader signals that direct 10 themto the periplasmc

space of E coli and as a result the resultant

ant i boglyn ki @GFBRAL 18 te&hélegléyﬁélu@@bgc&ﬁoﬁwgé B&®ALExpression

the bacteriophage, typically as fusions t

b'atpme,rwlugihlagseb@:mﬁeneqahm@ asé)ao{te‘l@hagemlﬁueer orpy/kolpiyies of
terna ti.ba a n di

s c%geen gglye\uorlﬁ}{rg%sc dlyelq a{ﬁe&(r:rgp}s ﬁg@é)eSchenc g%éé %g% CaR;]l and

Kdmawtlagm%j P;piaazg@tl bla&e SeidUS. 287; Mistiren e dzls(lvm)tProc Natl.

ecayse they a bj ol ogi cal ens el ect
M@? U Be %F?rﬁﬁogaf 4 (&iﬁv@%@f &’87 &ﬁefg 4%2 88:2432)
RINase RN digrekbdith ss/@tleﬁs; tagivd b8 & s6rddR qh»ﬁge fulinber of different
bacterial cells. Furthernore, since the nucleotide

Beefbesh ek Hiram. @ﬁh@a@é@f of Heoup Hi' pp eysniTaire .| Qiheraesperiagpsiems rely,
fo? efa?rf;tléa 'oH %ﬂe& Rherfficd] Qﬂg I ng Ll %n%e\{se & Earlal method involves

sequerici expr essi o seéquent genet|
ﬂlanyrphdsmtof pq:ptldessorr adefofi pnesl oy ratsy salclghﬂ deseribmd th WKASHIO3 0. A

f.or, th t ti f bact ti body..di.spl
fiRppr e AR g e S SR SR bR S R £ Peptias RBn
azhﬁh WhEeM\m 1ﬂdﬁ‘\71ﬁlﬂlﬁhﬁﬁlty Iﬁe&mﬁaﬁs‘ @fséﬂbe& fm HJS Pit&:ﬂ )

ra, an et

$OB 31 angg eiaiod Beivef esbibedn WOOT DAL L St mprgsgment
52t béa@\w&ﬁ n?éthcﬁls mv()l]v%sgt%ﬁglﬁg &QH ﬁé'ﬂd%’f}ya un%gxe 1&&1&%@1\ tag, such as

Burton et at Pr oc. .
gBoligpouceptideiso get@tf@@ht\a@tldeatlﬁcamg Qﬂt}le Nmmoelp@ smeu@ of each

ﬁ?rﬁry 'member. These improved bead-based methods are described in W093/06121.

Another chemical synthesis method involves the synthesis of arrays of peptides (or
peptidomimetics) on a surface in a manner that places each distinct library member (e.g.,
unique peptide sequence) at a discrete, predefined location in the array. The identity of
each library member is determined by its spatial location in the array. The locations in the

array where binding interactions between a predetermined molecule (e.g., a receptor) and
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19: 4133; Chang et at. (1991) J. hnnunol ., 147: 3610;
Breitling et al. (1991) Gene, 104: 25 147; Marks et

w@ba040948%l) supra; Barbas et al. (1992) supr a;PtESE20E000063

and Wnter (1992) J Inununol., 22: 867; Mrks et al.
1992, J. Biol. Chem, 267: 16007; Lerner et al. (1992)
Sci ence, 258: 1313, incorporated herein by reference).

el e aues o 2 L g et [ L,
adtik) £ibRABCRdARbIr I tﬁ@gﬁlﬁ)ﬁdf@ ﬁﬁﬁcaﬂ%ﬁ "@[&@e mahbdsc‘amé &dstribed in

advant ageous appr oach een th

Bl geton ey a5 85%: Q5P S0R0 pnd WelI005%, Fotsay def aRp Seience
2; . | RebO | . Acad. S

gl N Sy 0 Qi e,

NatI Acad. Sci U S. A, 87: 1066- 1070; MCafferty et

al . X .

R C T e T A g R

Bicaif edliafree chBym&is; md\ihrnklsy felt thain vitgd 8athesis oftha )ibraijganénohess. In

AT o B ARl HE %5 TGTALY RS bR o Saestiop agpinst o aree

b BRIBOR Smplifidifss ErRisAd BO1BAPID IeRRE, 24%€ 505, Flington and
E%%Mn f or ega | e as descrlﬁgd in V®96/06213 and

Stk GV NP 404 81 R HFkR tecumie mayde ugpd tp idggily DNA
gég%{cgm%&é E/@ l%aétx&mnaﬂm)l traddahifth @groﬂ (TRRERAMABSch

rern nce Al'ternative ary sel ection

(@ewc@ Axgdsi Res), ll:&te?ZBadieeudm pm?algﬁcel (&9&2& §cze'xq§r BIs b

gxy&fz?dr?i I&B9?HX8¢B» ik rsﬁnelﬂr w Imr vezg*o on can be used to
pHage “pfagues of °as B BL0 8

baitHesisspddypeptides a3 ey mathsé fdr lgatbre(tlhig Segedibraries. Th‘b@ﬁ&ﬁ):thods which

SC|e ce 246: ton an 1990
geperally Amseg@% 1sef_cj'gao /Somg somplexes; aﬁeage lﬁaeggfur?nfggo\&b(%/OM%
Rregb 05088, Wwoode a3, Weio1/0eh 73, Wom&%osﬁ%&w@@msw Aternative

al . (1991) Proc. Natl. Acad. Sci. U S. A, 88. 2432) 15
ditplagystens Wiich aremies phags:bgrcdsuilbps @9@@&9@8%}1 WR93gids and

|
R AR IR e s kg st
mnﬂaébthe fogegoingtdecmmangd atso ard incorporate haeindy referenet
chem cal synthesis of library nenbers. One early

nmet hod i nvolves the synthesis of peptides on a set of
govsrToROASLIBRARIEsaS descri bed in W84/ 03564. A
simlar nethod invol ving peptide synthesis on beads,
which forns a peptide library in 20 which each bead is
an | ngibfﬁhgéj al pdﬂl&l‘ia@ ¥br PR BLEandidSte gﬁ)?&ﬁlep %y' sﬁltéﬁly%e in the

Pat ent ) 1 and a rel ated net hod

domof pmbinatnnal\@l@@meﬁago knovm & agribfriatosiak Chemmabb@mi

A “combinatorial library”, as the term is used in this document, is a collection of
multiple species of chemical compounds that consist of randomly selected subunits.
Combinatorial libraries may be screened for molecules which are capable of acting as

small molecule isoform specific antagonists of PAK kinase.
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of the bead-based nethods involves taggi ng each bead
wWth a unique identifier tag, such as an

wbiogosased eoti de, so as to facilitate identifipPet/semwoe600063

the am no acid sequence of each library nenber. These
i nproved bead-based net hods,,are described in
W93/ 06121. 25 Anot her cheﬁﬁcal synt hesi s net hod

invoI es the s s. of ra of tides

ot 1 rane R A o SR cneR A SRl e,

ﬁélﬁdﬁngi h&tm@cabmlel aghiastyrovesliatranf Qowproteoliffic @bt s Aibiclies of
uence) at a discrete, predefined |ocation in the

\@h ergell Opﬁ%bg)beéﬂtap‘flyn gtive éaégﬂi;ls pmw%qtperﬁmpr?}gnswe review of
%‘ﬁib%{afﬂﬂa%rmes ihDarFiBAh @bir LR atd sk R pRIARM in DBRe and

ocations in the array where blndlng i nteractions

elsand €8P, Jowradief dionbinetpring Coewbiey, (el § No 4a23ee@pRefeyence is
AR DA, STEANIANRRN0 3B G AR ¥ v,

NderHunﬁapa Bepss, b 09Sebfubndseis Mifledulve BidlepGvi 8. I i brary
menbers on the basis of spatial |ocation. These
nmet hods are described in U S. PatentNo. 5,143,854; W

90/ 1 f@rtQJrQeféﬁﬂcem&EﬁﬂlQQ QRemit) dehibigitodd! hb{ai;%) fheir produchon
Sci ence, : Dower and Fodor (1991

e el o avaiple Tomeyird oYy GHE B RHBERTE Rgimbicheny,
ilnuaalﬂg Tﬁécﬁ’émlé’é? lREREdORFM ALY @1&%@%&%&1‘1{0 PY8a, [9p8inx

use o free enzymatic nachinery for the in vitro

gl;annmsmcglsoA Division pHEk EiflyrBuitished Julyn1996H é:qmmal Eheanistry:
K%ltrgﬁ%g%lz £oF tH3 FnTs gl ﬁﬁielgfo%%t%l tS?’EtnI?Ig 815&3&%%% 8fe its Project Library

on agal nSt a tar
plaglin fnaﬁ@ﬁngaﬁlve(rs'fweibi@rﬁm (Puﬂléhdd Q 1ﬂlﬁ9095)5301&i’81¢p0r2 @®mbinatorial

ESi LRSS R A S

BERIUBACO oY Cipdthtitdh (RublsBEEIB), m%?(N(ﬁM’?ﬂdlc Bradykinin

transcription factor (Thiesen and Bach 1990) Nucl eic

Redepior Rg@goms_’[@?roxgza@mc‘g@élyé}lgpc@ﬁ aloyﬁyg‘q_de( 1‘@912') Sarvajit
éﬁe{kﬁ{vﬁﬁy Babd 7. Nearankel MO ArgoBofdidy. \fgf? eééligs ﬁ%va ha a

stmlar way in vitro trans atlon ca use
@phlithed Judg lpw)y(ﬁ@pbmdelsal &themistrp Litoaty Dosignyusieg Ritarmapophore

N e
e e et e, gy o

an rnat i
Wieapmesy Deykight %e%aléﬁfog}l@oa&wsﬂ%g@ g"a’%ﬂwgi £ 9585 An
ifRgagHcH ﬁlﬁﬁé@&ﬁ&n 'Mcﬁm%{e%g%ﬁﬁﬁonam%ﬁﬁ'? 4%eith Dav1es and

(Affymax) use the polysones to display onpeptld

Cethergs| White, 6hem1¢¢1€E¢élgn &t (Rybllishen éU1V=01H98§b Negel doéwaisnkosls for
g §rgss§ng%hlerrr]1‘;f\c%{]9%%1%¥t}%q{. I@?ﬁgalrlﬂqagﬁa%&fa%rr}eﬁ? Frolecular Graphics and

Theoretical Modeling, College of Pharmacy, University of Texas (Published June/July,

1996); Opportunities for Computational Chemists Afforded by the New Strategies in Drug
Discovery: An Opinion, Yvonne Connolly Martin, Computer Assisted Molecular Design
Project, Abbott Laboratories (Published June/July, 1996); Combinatorial Chemistry and
Molecular Diversity Course at the University of Louisville: A Description, Arno F.

Spatola, Department of Chemistry, University of Louisville (Published June/July, 1996);
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COMVBI NATORI AL LI BRARIES 20 Libraries, in particular,
l'ibraries of candidate nol ecules, may suitably be in

wo bw4/0833réan of conbinatorial libraries (al so kneens@mo4/000063
conbi natorial chemcal libraries). A "conbinatorial
l'ibrary", as the termis usged in this docunent, is a
collection of multiple spe i es of chem cal conpounds

hat. d ted it . .
sl B e? brrhd e dbtg PREE Rr DR Wlhack B Ravip, sgbinx
FHahﬁA&ewcals cADavikien 6f E1BLilly (BubdisShed JuserRilyl, 199%); e@mhﬁcal Strategies
i sof orm specific anta éonl sts of PAIC ki nase.

Epr Jutyodyeing Sarbehysealy Melsquiar iy o0t T@P%Pilss&‘éery Process..
IR 5 Ao ﬂanécapf@ﬂmagglesfm@ faﬁﬁmgﬁéd JSRIRAH 19%6) A

currently available, including Iibraries active

I grevigernent frrdioadlinptdrie] Geministon Maroe éafhopew ki, éihzxyﬁﬁﬁrporatlon and

el B DR 2 par Ol Bl cORERNAG AN ARG o1 WEEGH dfber
ar get ensrve revi

(Ocﬁﬂﬂmmyl &rublistet Nolv&nn‘mr,l 1695); b ’ﬂwrltnpamloﬁﬂlghhﬂircvughput Organic

truc d_us S. p [ . .C d.5

Hetih of ks B 5 st nduBrBeedib - heslis dRblistin RSy 190
1 No 4, 235-282. Reference is also nade to
Combi natorl al peptide I|i brary protocols (edited by
Shuéleclaxigies fnconbinatorial cheisiry aregatiieaios é@@?’fa@f%@ng modern

%nlﬂﬁqﬁr thé gdRt86Y iarfew%hgﬁ@a%(uttcalvlcad§ (Ganop Uit Reét al., 1994, J.

erences descrl I ng chem cal nmbi nat ori al
Mﬁ@r(“dleme@ 123l3e1|261 sfsaders Ei Mnet aénbp%}sb MedeClheta 37H38%1401.).

Va
G af P s b on g o s of
l'ilﬂﬂids domtginiblha ddfeeent stalctube oesaah paticleof tib Isﬁiﬁi;ﬂmm support

Bl g e oci 4 bl hiepior ek ipion pbag, beas S

iRMRIsRAHOhE ﬁﬂacr@ii@l&ﬁirrté/rget Ad@et’eﬁhi@ﬁlﬁ{onfdf fthet sﬁﬁctﬁl‘étcufrﬁd by the
MDL | nformation I‘Q/stems di scusses the role its Project

iderdiigd ybeagh| By, K. ﬁ’aﬂaé?%gNdﬁuVe}Séﬁ@;ﬁ"fD 2y adfernative to this
%E{'bgl:ﬂ ﬁl?ﬁedseﬂﬁé Yial égi%a%é ))f de%‘ﬂled qugkh%%g{h@: C ﬁﬂnﬂ@ﬁ%'tﬁé solid

emstry I scovery zation
shdpaty with sivbselyjeat dlatermlmatléiaoﬁaytlﬁty ify Solilfmyu r@g’aﬁcamm ofifhparticle

R OB AR SSHRASS SRR LR a g py giree

@qﬁ@emg@sdlmn %egt dtde, IIQDKJFIEdScyNatﬁ&EddéEci U%@baﬁvwamy) or by
Babu J. Mavunkel , Robin

RSB ot ULty Vistialy (3P, Arh 09T Soeohiiad 87 1a Nikotev, V.
&EMoDE I'pepl IRRE 31 1%1.006 GHimbse: NG, IENAEMRC ppRor e

Diversity Kelth Davi es and C'ive Briant, Chenical
Pres Ngih AcediSci{S4p?0: 1982+ 10926y, 1995); A

Soluble random combinatorial libraries may be synthesized using a simple
principle for the generation of equimolar mixtures of peptides which was first described by
Furka (Furka, A. et al., 1.988, Xth International Symposium on Medicinal Chemistry,
Budapest 1988; Furka, A. et al., 1988, 14th International Congress of Biochemistry,
Prague 1988; Furka, A. et al., 1991, Int. J. Peptide Protein Res. 37:487-493). The

construction of soluble libraries for iterative screening has also been described (Houghten,
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20 Dat abase System for Conbinatorial Synthesis
Experinents - Craig Janes and David Wi ni nger,

wd2opkiogdste Chemi cal I nformation Systens, |nc. (RUbSGH0€0M00063

July, 1995); An Information Managenment Architecture
for Conbinatorial Chem st M Yag Kei th Davi es and
Cat herine Wiite, Chem cal Design Lt d. (Published July,

995 f 0 essin
By e bl DY Npui@ SR 80 RO8 S il S5 8B b ey
@v&mﬁll teshﬂnrd: o2 Bsifg) ﬁl@(ﬂﬁﬁle faaﬂorh/bﬁfﬁbmditgmal Gotdrieg Q,aﬁifsynthesmed
rmacy,. Uni, Si .t (Publi shed June/ Jul
rfg ‘%ﬁiﬁ%?*l‘% ﬁlﬁfap OnrsaP E%%%EHPH?% Aafhacehiuwpart hdd a test
é&‘n{paag@gf&yfohﬂ ﬁlei‘é@ﬂa@tﬁl@&%}gé@%cie@n@th@hbr%e%Qfﬁﬁh@ﬁ%noﬁn

Opi'ni on, Yvonne Connol rtin uter Assisted
Toploud off Hie tesh §?@9un@rfb}l@ﬁle sumq%@o/tsoltchmmswe@mBrotocols (Lam, K.

&Rubl iy 'I\/%%]F@Taﬁﬂé‘%zgéﬁ ¥4 1996); Conbinatorial Chemistry
and

ecular Diversity Course at the University of
Loui sville: ADescrlptlon Arno F. 30 Spatol a,

?gﬁ g IrlfhélFfrellc}lbj%rﬁ C? ate {@éegbl ey &5 Séﬁﬁ/ E{'lfli Ogog@;}%atonal library
(CIGIN /aS&lbihﬁfbﬁéﬂ%@ﬁﬁ:Bl hb%ﬁyﬁh e¢liuba bthacGal‘b@ﬂ@t fdd &:g e Wood,

Li brari es EY?Ssent and Fut%J M chael R Pav
&7 et B HYAdeB GFheE mPdure af piheds ernageal EF‘?duEtﬁ Kq .§» a library of

én%mt}hm&w& of U mdhthiion kRRGY), Chemi cal Strategies For
I nt roduci ng Carbohydrate Ml ecular Diversity Into The

Drug Di scovery Process. M chael J. Sofia, Transcell
Tech u ‘.
Man aggrren %&)ﬂrr%)%{gk ?ﬁagﬁoﬁgﬁ‘?ét érnXmo %é?{;}%go%tﬂleg

Mp@dns,kprpte(ﬁb,l ar ﬁlagtﬁ:cntmfrpapmdnm owrdtelnSj‘l&nclew delids Reyy dutisense;

vis P ar ceut esear ch n of
DR BN B b i P D P RS st 2% S
potybaddhgridesch ninbtl dfitheTlivray Gahﬂiétmr@ﬁﬁﬂﬂﬂ &n bSY Pl 664 Bixture
on R&D in Biog-Based | ndustries, John P. Devlin

CrouBicreREEseRAPER). Teddyary may At BYified comReida PR &P “dirty”

c;aemglﬁmg a&&&% W FSmAGRED! @&ﬁﬁemgqvﬁﬁggﬁrakg
ener at’i on of neéw pharnmacéuti ca

((eGaIﬂoopAfwaetAX /bthUéﬂ Neosed@dhmolpgies, I\ﬂauco Chiém, Oxford Asymmetry,

Wk A P hebysolr iR or ey b B g v

s methodbdesadibedhe. st rat egy i nvol ving the synthesis of
libraries containing a different structure on each
particle of the solid phase support, interaction of

t he |Ih BdBioh 10i1bihrids SQlebRibed SRGE @E)&J‘ial libAEBS dalib S @&VEOR, @Es can
the 'bead" which 15 interacts with the nmacronol ecular
heasgbto assepyithe sncsifisity aeliabitite pr xeprodugibiljbraf the newrmeteadshy

bﬁ@rsity files contain a large number of compounds (e.g., 1000 or more small molecules)

representative of many classes of compounds that could potentially result in nonspecific
detection in an assay. Diversity files are commercially available or can also be assembled

from individual compounds commercially available from the vendors listed above.
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identified 'bead" (Lam K S. et al., 1991, Nature

354:82-84). An alternative to this approach is the
weenpuesisial rel ease of defined aliquots of thePCT/SG2004/000063

compounds fromthe solid support, wth subsequent

determ nation of activity |r:/1 solution, identification

of the particle from whi cf’t he acti ve conpound was

rel eased, and el ucidation of its structure by direct

oA ES Y ¥8al mon, S. E. et al., 1993,

Proc. Nat| . Acad. Sci USA 90: 11708-11712), or by readi ng

its code (Kerr, J. M et al., 1993, J. Am Chem

115: %zzéﬂ@%@daﬂu sWestaapesnclude pegitdegespecpbp of freg B‘Pout fRéia;30 or

RS Rl R el e 1t oflisap P eeergd ihe
mr@lenmrcmmaits of sbcslapapa@s ey hibke omtycvrmms r@@demlvm‘geea

S | e C th eneration of e

ST £ oplen B hatet fnehits SR Plar ol s HiRy auences
WhiEKBave besnkariedcorgisteddly to pilcﬁlﬁﬁ,a imAlnt dverad paﬂélaulf peptides may
Synposi um on Medi ci nal Chem stry, Budapest 1988;

EHsRh, A et al., 1988, 14th International Congr ess of

Bi ochem stry, Prague 1988; Furka, A. et al., 1991,

Int. J. Peptide Protein Res. 37:487-493). The

constSuifghle exndisitesabsignces alsoinckide agtivagdy pradasta {foyecample,

b9 O A BB BB A R e s and

GSBRtgrﬂ:teﬂ bdtitdie8ByhiclKare ﬁoecifa rforchi stbfp@staixb Furthermoore) combdlatonal

%%tg‘gﬁ%%{’ﬁ gggtﬁg{nurqe 1%?? 5 ng(g alﬁ%l grﬁnlte% olhggn%afé c?es and

ﬁa&ﬁdlqm:diﬁﬂbjrﬁt&ﬁs Qizly e sd:rbeblécafdr eqiviy as mlhibﬁiomhﬁsmdmg ofa
supports, so that each support had a f?est oun
Ry IRBids el iisiah Pek rpbnek e Serplsaipticfpeioe apparsius

shdy R 'iﬂl@t%tu%lteg)oyﬁe QhiiRkte ghbrst%ﬁ@y ﬁiay 8t uJeG €n ﬁr?fnitlal screen in
conmpounds from the support by solid phase binding

mtdenelpfos examly 1(])(substgnceaperaq:actlonl glg;i_lthe Rehsignees of those batches

Y
T R e A CALARUAALS PRLESHASBiviy
woabiremt sudhak tiohedascidtied Ibblbwamybhzn e teeted in wiolesdlrsgstems, auch
bodi |y f1l ui e.d.,,urine, bl t ear
Sapiylytan ey e il S P o 65 riheeT g Gy oo of any
BFtREIUEIeE of e Bell cyRlel | brary of 10 small nolecules or a
fermentation mxture). Alibrary of nolecules may
i nclude, for exanple, am no acids, oligopeptides,

RRI%BERE des, proteins, or fragnents of peptides or
protelns; nucleic acids (e.g., antisense;

The antibody isoform specific antagonist of PAK kinase described above may
comprise a monoclonal antibody or a polyclonal antibody. This section discusses processes
for the production of monoclonal or polyclonal antibodies which may be used as isoform

specific antagonists of PAK kinase.

If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat,

horse, etc.) is immunised with an immunogenic polypeptide bearing an epitope(s) from a



5

10

15

20

25

DNA; RNA; or peptide nucleic acids, PNA); aptaners; or
carbohydrates or pol ysaccharides. Each nenber of the
wo pdonagig7can be singular or can be a part of arai/$G200€000063

15 (e.g., a conpressed library). The Iibrary may
contain purified compounds ,gr can be "dirty" (i.e.,
containing a significant qé ntity of |npurities)
Conmrer Ci IIy ayail abl.e |ibr rles

DRI AR BePHRE Gty BEmror 4l risdirnss dggtived g
i Laf 11'ﬁ§1¥1ﬁf§@ddh)4mth d\fﬁzl/é%geﬂ&ﬁ reghbrflsf FAK, Fi3xh@PR, an N terminal
Phar macopoei a, Sigma, or Tripose) may ‘al so be used
regivm or @ N@k heﬁmd%l@te@@rrﬂb@@t ﬁéKesoﬁz@ oy caraple pBAKy BPAK or

escCl. | S | I

e Bl B i BB B8 DL ATEAR rIPREL RS bR M sl
speC|f|C|ty reliability, or reproducibility of the
new et hods Di ver si il.es aip a lar e nurer
of coffBl ﬁa@ thegmpnunisg sbiomes FER o rrgedpBL o
FrERASE M RhinY SordinilBPoly FbrABSRBodES 16 QTRHPE %ohméolﬁjéﬁﬂl&

potentially result in nonspecific detection in an

cputeiny antiiogies & etherfaptigess, dhepobysinmalantibediss cay b purHicd byr

e

AGsR4 g M@@S&&H@a@@ﬂﬁéﬂﬁ@ 4ych @@hﬂﬁ)@ies iy bOANIDL DATIEO provide
oAb e Tailef e PP 81 R DGR G ppposen

BanigAlsehagh@s i n size, based on the sequence of the
pol ypepti des described in the Exanples, or variants
of such peptides in which one or nore residues have

bee N MoredRakliahtbRbs dReRdd A8BstpREPeR alvgb §o19§epﬁ&d@tcmda§o be

I‘IEYI sing random sequences or sequences whi ch have

preturestbycwe skifekintthgart dhe gengratimethodelegyar wgking

%2%%@%&%@% sy R ERLRES fTnoRS. HRRel s8N dycing ol
lﬁﬁecmﬂwammmmibychﬁwmhamdhkamaoﬁet&dhmna$mahb$&u@tes
singl e chal ant|b0d|e ant I.es

PP PP T PR BA B e e oI Epstein-Bar
s YRR BTk belfondulbnhekibai&, preduodl dpaine. dpﬁbpels libtha pbl§peptides can
pepti de and peptide mnetjcs, deflned ch?nlca
Rerserepnedor VIOBORTORSTEAst i edfer isofyre and spiaps IRt ct
l'ibraries may be screened for activity as inhibitors

of binding of a polypeptide to the cell division
cycl é\malishiativs igchniqye invelapscecening hige/ dwlaytlibeariapyherations

example the phage express scFv fragments on the surface of their coat with a large variety

of complementarity determining regions (CDRs). This technique is well known in the art.

Antibodies, both monoclonal and polyclonal, which are directed against epitopes
from polypeptides are particularly useful in diagnosis, and those which are neutralising are
useful in passive immunotherapy. Monoclonal antibodies, in particular, may be used to
raise anti-idiotype antibodies. Anti-idiotype antibodies are immunoglobulins which carry

an “internal image” of the antigen of the agent against which protection is desired.
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(such as mcrotubul es). The candi date substances may
be used in an initial screen in 15 batches of, for

wexapss7d0 subst ances per reaction, and the SPOBE$@0€600063

of those batches which show inhibition tested
i ndi vidually. Candi date su étances whi ch show activity
inin vitro screens such t hose descri bed bel ow can

then be tested i.n whal.e cell fens, such _ as .
AP ANER{OF iSiE - ipITPe FOEdEtuR b ik Fth hee B
i@BEpt aibesicé Mhy AR BAIstiuDi tRdrapny of the stages of the

cel'l cycle. 20 ANTIBODI ES The anti body i soform
speci fic antagoni st of PAK ki nase descri bed above may

conp El:)tstﬁe ﬁurﬁ&t@?&t{ R0 AcuRBlt BOYm O%ntBokP! MiHsORREified to the
antibody.  This section discusses processes for the
cpnieeaty diclwles fiigmrotsof Wbelahntibedigrorlich wtadl theinbindinglacdigity for a
whi ch. may. be -used. as .i ) A ' f
RS S RhRr BRI SRR b PP 5 P
chgih esiedien oy Fufierthore, i dstibodieadntdi ftagmgaiathereohorse,

etc.) js jmmunjsed wth an._inr enj ol ypepti de
yEapis n&hor%%i }Pbﬁ%{*‘ge 2 ?%ﬁﬁ‘"&%%‘g‘?%‘lﬁs 3376

PCT/ SG211114/ 000063 48 pol ypeptide, for exanple, a
pepti de derived froma PAK i soformas descri bed above.
In peibpdied ey, beuseAininsadsr delpetme aoientidearigian biological
%&%E[}%? hg%gwhﬁcgrcoﬁﬁﬂéml &) prﬁﬂdi%lg LELLR&Y; (b)riﬁ&fbﬁ’tghg Or

nding region of a relevant PAK isoform for
teolagipdl saraplPAith s¢id RARody undeP@ditionsrerich elleys éug the formation of an

g Ak A s ) R THIRLE,

- SO
nﬁ%%ﬂ?egmpl
doflphicifg &l anitodyriehtael. B ¢y stodegs, PAKKsudovms niay be detentagisin
| f serum containing polyclonal antibodies to an
BSEie Bp¥PISm a pol ypeptide contains antibodies to
ot her antigens, the polyclonal antibodies can be
purified by immunoaffinity chromatography. Techni ques
for Suisehle samplesrierlysiesaats figuop SRahes b, bregsit OaEh lingyelon,
G L e b Bt oL S P S R om
dubletisods. hapt eni sed t o anot her pol ypepti de for use as
I mmunogens in animals or humans. Mnocl ona
anti bodi es directed against epitopes in the
pol y pephhatedy eatoralspeifvemtagesstiof P AR tise ady by bamé to a solid

skilled in the art. The neral nethodol B maki n
support and/or packaged mto kits in a s%%able container along w?tg %ulta%{e reagents,g

controls, instructions and the like.

ANTAGONISTS

The methods and compositions described here rely, in some embodiments, on
blocking an activity of a PAK isoform, for example aPAK, BPAK or YPAK. Agents which
are capable of decreasing or inhibiting the activity of the PAK isoform are referred to as

antagonists of that activity.
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nonocl onal anti bodi es by hybridomas is well known.
I mortal antibody-producing cell 15 |ines can be

weewangd7dy cell fusion, and al so by ot her tech@i/sGE®4/000063

such as direct transformation of B | ynphocytes with
oncogeni ¢ DNA, or transfec%bon with Epstein-Barr
virus. Panels of nonocl onal”“anti bodi es produced

agai nst Ljo es.i,n the ptldes c creene

For VB eghs ipespi s pese oY BER penrany e GfefopRcapRomd
whifh Bihddto aABnAhdend athibie tHe%GﬂikﬁtyQ)lﬂ Ehel eﬁ)!ﬁhél &‘ﬁe ﬁeﬁﬁaeﬁuea Bere,
phage dlsplaé l'ibraries where, exanp

Tistiessas, 16 wpiensisd tasiefey byoadhy tevmy a8 waé l%l?lfSaﬂaf‘eacsfﬂtx fi polecule,
ng)? Al e il b3 biRERS0 ‘i‘taAéc%H{ngbp fas E’é% LRPRR! RfdchMes agents which
etermning regions (CDRs echnique is well
dfeoithe ¢xpraskien af 2 PAKAmfwmloﬂxr e&mIﬂ@@hAKDM ongl Algmd the

ol ycl onal ich.are dire ai.nst it opes from
Bt b0t folty SFhSPARIRTH ARSIt T men i
Hhes& Mk K ang berivigwihidhlis SHar@tesiste: ofwlmaa‘nume or ipslsaile/ €or
i mmunot her apy. Monocl onal anti bodies, in particular,
FFAPPIs S HEHSSELAEC ) se antl-ldlotype ant i bodi es.
Amtl-ldlotype anti bodi es are i mmunogl obul i ns whi ch
carry "internal image" of the antigen of the agent
agai nde avmczmst preobidite and dompele §rroag Or MyeZitysIyhoBE37E

LSS0 S L T KT g

audlytic sitel bloi bipdingsite dfolth FsK ivafpral Aoddsaritied @basle, the isoform

t her.ap For r poses

SoSri P i s e asire e o G g, e bR of
NAChYREsA & IR_RETRN P Rf@fblyMiebRpasd foPatNashiihg Regldaloditie PAK
their binding activity for a 5 target antigen. Such
isefagrent s i nclude Fv, F(ab') and F(ab')2 fragnents, as
wel | as single chain antibodies (scFv). Furthernore,

the anti bodi es and fragnments thereof maybe humani sed
ant i Bueferbly, fugh bmﬂmgwlceksaﬁ;e theasttipt befwicen tHPmAlep®9 4@banother

%@%@%&%{%ﬁ@@ﬁ?] gerac on betgeene[fé% ; Aglgﬁsfof(grg} nagnﬁtl\kcﬂg However the
mgbgldtt nebd aét r?gmﬁlﬂl}fmﬁd diteajly m)racnataa:lym @r bindimp isitd) @ﬁij/maf bihd for
i ncupati ng..a I Ol 0gl C

W
Thaete te a%ciJ #eBttedor @ﬁma & %S‘Wdﬂr%mttsﬁ%mr%“r ﬁéﬁmﬂwﬁg P even
ARtHPRIARS SR %b@iﬁ w}ﬁms Comhplealasyifi 1é BiyMBRSbeHer
X

ant i body-anti gen conpl e onprising said antibody is
$itnendor iBghetchil.so ;krngc,aé ﬁsbmdm&rng@ﬂs drerpstivitiofitee @eyveeed

}nglec&lé SeH&Bcu?es it %{1&?

Where antagonists of a enzyme such as a PAK enzyme are concerned, an
antagonist may include a substrate of the enzyme, or a fragment of this which is capable of
binding to the enzyme. An example is Nck. In addition, whole or fragments of a substrate
generated natively or by peptide synthesis may be used to compete with the substrate for
binding sites on the enzyme. Alternatively, or in addition, an immunoglobulin (for
example, a monoclonal or polyclonal antibody) capable of binding to the PAK isoform, for

example oPAK, BPAK or yYPAK, may be used. The antagonist may also include a peptide
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Sui t abl e sanpl es include extracts tissues such as
brain, breast, ovary, lung, colon, 15 pancreas,

wo e®t08337d | ver, nmuscl e and bone tissues or froPCT/SG2004/000063
neopl astic growths derived from such tissues. The
ant i body isoformspecific ﬁntagonist of PAK ki nase may
be bound to a solid suppo and/ or packaged into kits

in_a suitahle. co i ner —al gn ith suitahl e reagents,
Qe S ARG SRR bePah e rind s Tt AR e Other
ckBRpeRs NS0l 216 QEATOSH tnl Rddfer dEBIC b1V AR als6 by appafent to
sone enbodi nents, on bl ocking an act|V|ty of a PAK

the dalsdPEsPdr exanpl e aPAK, (3PAK or yPAK.  Agents which
are capabl e of decreasing or inhibiting the activity

of the PAK isoformare referred to as antagonists of

t hat Bés@kmguthwacuv@ QfE)PJé)Iﬂ iso®B8 ey RET bsadiaved by cdogsgthe level

oé%rg'%res% ﬁl%‘% Eﬂal%’%ané o L e? the géehs F(ljlzs&gmgﬁ t%;h g?/\ﬁ;l%%béb§ea ded \X{n‘h

@ns@sbzqor@omdﬂ ﬁlonéxahmlesoligbmaha@hdes|hhymg)§eqhdsreeespw1ﬂe to theBAK
m a sed here, however, is intended to refer

lﬁﬁr any agent which inhibits the activity of a

nol ecul e, not necessarily by binding toit.

Accordi ngly, .as used enerall i ncl udes agents
whi cHhsaiseekFeEsR, ip gk Sheiemn G a@Pm%r Pialedpsiytt dy it Lipggpd to
aegéﬂg"EHcﬁ 285 om GPROK R, WiRkAKn 2 H{ole‘éﬁl@ ma?’fa@ fr%?g%hﬁ;rbr gfgamc a

dulators of the activity of the PAK i sofofm
mpiegapaﬂ eteciertmaeléquie aprios b nideic aqihrisiodiag] amgenb@c?a ngla blologlcal

r z

e%%%t!g%é ﬁ%%?ﬁgo&)%teeli,a n%(fﬂé),%ﬁtgﬁ 5 ?I(t;lges’s 85 1% aglla ¥ ﬁ%ﬁhﬁg nucleic acid
(@ntAdgovitusta vimg-like pattitle, aﬂﬁﬁle@@dﬁpﬁhﬁoxﬁ@l&o@@&a omthete enalogue of

Slt n the rel eyant cul e, anple, a P

isRRidH = Pe ATUTRS of PHRTUSISHR, 1ROy BRI iis f pdyied
@onﬁaéo@lhy tah Gm¥dd Rid0 hn Anidb A6 REkISIuk.S BEdifibariNacid, a modified
i soform As described above, the isoform specifi

i gthimslogas. apikoif anseteogivean.arlipil, ¢ fativasidrad e@anhpmrate An
e%'é e?‘f)@ o &)ﬂutfolﬂ%r EH ﬁgﬁeggf)ﬁ) ge g, I\i!ﬁ %g&tglg{lﬂgoﬁ%l or Btfhglrﬂ%tlculate

abl'y, 1t conpetes regl on
foine). Pidagentsadydrerm tHbEOIﬁI ﬁaena’@ltrycr, duuezrholigomﬁtr, rty, Ol wldtwise in a

the.interaction between the nol ecul e and anot her
complex.

The terms “antagonist” and “agent” are also intended to include, a protein,
polypeptide or peptide including, but not limited to, a structural protein, an enzyme, a
cytokine (such as an interferon and/or an interleukin) an antibiotic, a polyclonal or
monoclonal antibody, or an effective part thereof, such as an Fv fragment, which antibody
or part thereof may be natural, synthetic or humanised, a peptide hormone, a receptor, a
signalling molecule or other pfotein; a nucleic acid, as defined below, including, but not
limited to, an oligonucleotide or modified oligonucleotide, an antisense oligonucleotide or
modified antisense oligonucleotide, cDNA, genomic DNA, an artificial or natural
chromosome (e.g. a yeast artificial chromosome) or a part thereof, RNA, including mRNA,
tRNA, rRNA or a ribozyme, or a peptide nucleic acid (PNA); a virus or virus-like
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entity (for exanple, the interaction between the PAK

i sof orm and Nck). However, the antagonist need not
woemessard |y bind directly to a catalytic or bPaTS@m04/000063

site, and nay bind for exanple to an adjacent site,

for exanple, an. adjacent site in the PAK pol ypepti de,

or even another protein (? r exanple, a protein which

i's conpl exed W t, e enz or other 20 ent.i.t
DR @ TR O PG cale O ke AR et Wi sy o
nififlediot ¥nddifidie aeRE M Rci@br a fgﬁ@ theRof) rwhrealn@a@ztﬂe eSodifitd or

guesti on. Wher e antagonj sts of a enzynme such_ as a PAK

uamedified; amenpeniide (he asterald) hermoagarraieogippniiadiidigea a
cgl%g%lggag% Qnffi frforf%ul%gl %ﬂdi%n}quglﬂxg adib M@e{m@gheﬁﬂaﬁ Whi & Bind to

e o I ndi n enzyne: exanple i's
abut kccuj)y]tha d@ilvte isibnof thmmlja)epmdefth@cgrmmlsngjhe aat@wb’-s&tﬂie altaeceéﬁble
gurf)erzﬁ% I Vel bl(())lE) béﬁ ?té\? é{ 151‘9 grle‘? netdg%g Iﬁlsso e éigc? o]éjﬁggmgles

of ElﬁalEﬂhbMEiﬂes lﬁélﬁcﬁrbilahfe vlei initedrto sialpkebititiésan pe;&tﬂe-hke molecules.
i mmunogl obulin (for exanple, a nonoclonal or

pol ycl onal anti body) capable of binding to the PAK
isoform for exanple aPAK, (3PAI{ or 7PAK, nmay be

@TP%Q% ant agoni st may al so i nclude a peptide WO
%15 )41083376 PCT/ SG211114/ 000063 51 or other snall

nol ecul e which is capable of interfering with the

ar o BPRpGHRIB P LR pBH Rl Pl C U Shline

pbﬁwamelsﬂreahmf vatieussikdntrad-tpendereptdt GEHl, h2P4;11988; Symons,

(B3l naf Yab eSS b tn 150 A e R R Rt ph i
IiPA, bh@ylEhland POGF @&W?ffg FhoAl, 0Gc428ls |andITR¥c 16 iddueathe doridatidh of
anti sense canpounds,_ for exaq¥H§yo onucl eot i des

aﬁmm?gs Hhrefi Slopeda apsblametlipodip( all, 489% Ridlprgdal . 1892;
ka4 e'ﬂﬁr qg@j Noﬂes%?lﬂ ?faﬁl }99t3'j1 Q"hé Ecrtlmty @f‘ﬁl@sﬂ@hﬁﬁems is co-

I ncl udes IS not |m ed agents such as an atom
oodinates. €ded2&]s anghBaddi ane diraetly eqmpleé gn@}atb]g ﬁlmﬂg@nd tamggllipodia in

I?Pug al{]clcgs’smn (;I'z(r)nabet gﬁ ng§ %obgg ét%?t 1%5%)”%0&1 QZIIﬁalsnzg‘{dq{alc fcan

€ PeesSigR (oama s 'ng”dn agent suc
induce tHeicak@dvaraflstess ﬁbﬁ:ﬁ it Swvids 3B qilk Y@miacte]., }3995) and focal

peptid a nuclejc a eptide nucl ej c am
?MaRFPTrﬁEsal gy &%‘QAI aPR% 8 PPiRRINEe 250 ARROFEDE| de, a
rﬁérpﬁkﬂ&’%&@ %ahg&’mcﬁlc&yw ORUbAs AR LY oAMa et 1) U@Seg%g@%)

a synthetic ana ue of a ribonucieotide, a nodif
Fow exaaulé, §8 toxn, ﬁhﬂj%hq imgptivator, induces Cdc42Hs and Racl-dependent neurite

outgrowth in N1E-115 cells and primary neurons (Kozma et al., 1997; unpublished data)

and filopodia formation in Swiss 3T3 cells (Hirose et al., 1998).

RhoA, Racl and Cdc42Hs induce the formation of the multimeric protein
complexes that link integrin receptors to F-actin structures, the so-called ‘focal adhesioﬁs’
(FAs) or more generally ‘focal complexes’ (FCs; Ridley and Hall 1992; Ridley et al.,
1992; Nobes et al., 1995). Typical components of FCs are vinculin, paxillin, integrins and
tyrosine kinases such as FAXK (for review see Llic et. al., 1997). In Swiss 3T3 cells three

distinct FC types can be distinguished and each associates with a different F-actin
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ri bonucl eoti de, an am no acid, an am no aci d anal ogue,
a nodified amno acid, a nodified 15 amno acid
w@pmhogpses a steroid, a proteoglycan, a |lipid,rcr/$@ioy000063
acid and a carbohydrate. An agent may be in solution
or in suspension (e.g., in %rystalline, col |l oi dal or
ot her particul ate forn) Phe agent may be in the form
of a npnoner, diner, oligomer, etc, or_otherw se
struetieetd) arprdeadattives febapn Gl Ghtong-filopagia and @it round-lamg ligeia
NBbS! g& fjlaflol995‘ R ot. 8l H@@B)G‘Iﬂe méGaRSh ) i F€oAL Racl and

pept i including, but not Timted to, a structura

(riod I nagulain therforymation of FGs(fiAsidnd esspsiaish Fastimmidrofilamenss isn

ngdlorm%@ lipterleukin) an antibiotic, a polyclonal or
AdRPESaPnt i body, or an effective part thereof,

such as an Fv fragnent whi ch anti body or part

t her eof etic_or humani sed, a

e s Re U TRt S0 BEkGadies | hg. ol ecul e or

other protein; a nucleic acid, as defined bel ow,

|nclud|n%@ but not 25 limted to, an oligonucl eot.i de
or nidvilitsargesizerthiiel fasments, homelogues, ¥aivals and derivatives of the

i)ﬂl&qgﬂf&ln’?%blﬁg ahoonPRUrPIARAGARE k3§ BREiselves have PAK isoform
onucl eot 1 de, genom ¢ DNA] an artificial or

spanﬁsr mtagoniammgoﬁvée ttl@refgre disojase gte uge of Suplcfragments, homologues,
chr \ di ng nMRNA,
ﬁf\ﬁ %llat%s ol t}%gtlh{ n{ zgﬁ/ro? ?Ie’velff)i%lef %lgé:aﬁéljd eic acid
(PNA); a_ virus or V|rus I|ke mo 21)1)41083376

PCT/ Sterplog¥ay 000063 52 particles; a nucleotide or

ri bonucl eoti de or synthetlc analogue t hereof , which

mayb nodi fie no acid. or, .

anal E&H’S C?‘Fwt%’fté’g’fhls ‘b‘dﬁﬁ“& %&0‘6‘81"%%‘63 f?%amsrls take to include an
aip®sbid seqdencawﬂmmm ﬂHabtdS 106 26,30, 40, 60 06070, 180 oRDOYG idedtical,
proteoglécan . or a carboh drate.

refPieblyie astPﬁex%&%rdgnm%%té%qﬂ@n%md gavprcat &S%%trhochi 89,25,

30k 50 0é0N6o0, 180, S, 2615] 196 GUNY aldhR Rfdsivif 1Bl fafzePleqhdiBe, for
pol ypeptide t hereby making the catalytic site

axpapleespdpbiieisoforn spebific mntagonith ohP AR &inasee Inpdrtidyilas] vgiodegy
s?l&ﬁlfi Wp‘iéé lg Be ?({ngl\égljg& %ﬂ E&:t ﬁ)l tﬁgse r%t%ri'é %? ﬁ%e s%ﬁ%ﬂ&l k%tcSTle QJ be

|nclu
qsmntlaltfelsproﬂem[femmbd eateir Hmn ot~ esselitfaSnelgHBoumng@TE@kS&ﬁ THds is

TS onf Bl Vi o SRERpTRee Bar Ay oD RS

ofgdniséS menbr ane- bound receptors (Hall, 1994, 1998;
Synons, 1996; Limet al., 1996; Van Aeist and
D Souza- Schorey, 1997). G owmh factors such as

Although homology can also be considered in terms of similarity (i.e. amino acid

residues having similar chemical properties/functions), in the context of the present

document it is preferred to express homology in terms of sequence identity.

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These publicly and commercially

available computer programs can calculate % homology between two or more sequences.
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LPA, bradykinin and PDG- activate RhoA, Cdc42Hs and
Rae | to induce the formation of actin stress fibres,

wo doapgadr@ and | anel | i podia (Ridley and Hall, BOOG2004/000063
Ridley et al., 1992; 15 Kozma et al., 1995; Nobes and
Hal |, 1995). The activity %f these G proteins is co-
ordi nated. Cdc42Hs and Rae are directly coupl ed
generatl Iarrelllpod|a|n rapid

naq% filopodia an
succésg cafeulgied overggmiZuREEqUaEEeSgl S DN gusnce is
gﬁéﬂ e Eﬁeﬁeglemnd Gah ankifSI G Eint e s&ih@&lé @ﬁwly%m ared
ress fibres in Swiss 3T3 cells (Kozma or. al. 995)
veithcthé erregspondig é@iﬂt‘j’rﬁé‘?ld(l Cr ggquengfe, one I@gip)? at ﬁ‘\@% Thls 18

re I
GEER P AR5, A1 PR hes A2 8
ov8Bbrelali 98B $h0119@ﬁljoer of Femidvex €fomd-emplE3est than 1) cottiguRsamino
i nactivator, induces Cdc42Hs and Racl -dependent
ite outgrowth in N1 E-115 cells and primary
neurons (Kozma et al., 1997; unpublished data) and

filopodia formation in Swiss 3T3 cells (H rose et al.
1998)A Ity Ahis %?c\re%ﬂ@p@@eﬁzmwr%%%mf HefayiP (ke iR of

Johﬁdémio&ﬂtﬁa%,rfbﬁex%?ieelhan%&eﬁﬁ@ideﬁ%m daliadr sé%u@xlfceé r&h@m‘sérﬁon
receptors to F-actin structures the so-ca f ocal

cadhleorovidl cause timsfplley ingraminogeidarsiduey 1o Hequhput ob pignaeas thus
ﬁﬁallﬂegﬁltﬁ)ﬁ lﬁ‘[i]gé%qjeﬁ ?181? fr % Iﬁbﬁ%ﬁ%}(‘ %ﬂ %Pbﬁlés%ent is

pes ‘et ypl cal conp
perﬁonmddl Gonspauently, intost seqienagy ¢amgpasisioh méthads sientesignadds pwduce

RSB e LTSl Bl b o

péhatsiﬂggmﬂﬁpaﬁ oabidll BaBslo@psof. Bhie % adhietedbydhdeftRiz@pdps” in the
F-actin WO 2004/ 083376, PCT/ SG2004/ 000063 53

sefyenes Alieamentity try fy e lesek howwolagypr s, (i)

obl ong-fil opodia and (iii) round-I amnel | | podi a (Nobes
and Hall, 1995, Kozmm at. al., 1995). The nechani sm by
whi cHosse; thpsganore pempleximathpis assgueap genalitest toropeh gaprihat

o FPAE o PR R TUGEELA BRI e
al?lgﬁlnlaft witiAS fevEgapk tis passiblelb eef&pﬂmﬁngl&t ethtédneds betwagmthe ttso
ono

varjiants an erivatives of. the
R deRicey U ek B uE el Stoif Ry 1 iy S bl gap
JoBEeNHE kypRailyaee (RO hat 2 Qf Blafive S REE Edst for BRteRBRALSIE a gap and a
activity therefore disclose the use of such

Wﬂ@l‘r@ﬁ@@ foresrl pubgesusnt residieiin e gam Alisdethe gest cpanqnly used
éaf) %@Jrfﬁg @&sté?ﬁ] (#1@{ gp'p RSN o@éoxgéesp?@cﬁlge optimised alignments with

fewer gaps. Most alignment programs allow the gap penalties to be modified. However, it

5‘5%;

is preferred to use the default values when using such software for sequence comparisons.
For example when using the GCG Wisconsin Bestfit package (see below) the default gap

penalty for amino acid sequences is -12 for a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of
an optimal alignment, taking into consideration gap penalties. A suitable computer

program for carrying out such an alignment is the GCG Wisconsin Bestfit package
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10 Honol ogues In the context of this docunment, a

"“honol ogous" sequence is taken to include an am no
wa@eiodogBguence which is at | east 15, 20, 25, 3BCT/862004/000063

50, 60, 70, 80 or 90% i dentical, preferably at |east

95 or 98% i dentical at the5§n1no acid | evel over at

| east 10, 15, 20, 25, 0, 50, 60, 70, 80, 90,

ey g5 Sispa H A PRRR ebitoab bR AR s

amBRKoRbthes6ftward taachd Setosh sed&@ﬁﬁ&c@ﬁ)ﬁams&ﬁ@ﬁbldde but are not
typically be considered with res ct to those rgg%gﬂx

lighitedpie tRRLANE BadkRESPFet/ GISHRS! eletd s 3001 —(diaPisE HY)

f&%ﬁﬁl'epﬁl r19§@§rM51thbl N&3- Aﬁ@?%ﬂl@@iﬂ@v@bﬁﬁg khifMbf comparison
Sequences his is eS ecl a moort ant when

to@nﬁo@eBLﬁgT laahioh Sy axs a@@@bb eeaffline ond ehline serr¢hjng (see

A5G0 St P BIPIRes 23s (500 PR GBS g B G
Beait grogeanhavi ng sim | ar cheni cal

properties/functions), in the context of the present
docurnent it is preferred to express honology in terns

of s @Qﬂh@ﬁglﬁthé ﬂﬁd] 4 homol 5180ah BEMcSRIEAaR tesAHSf iGamith the alignment
conduct ed or nore usually, wth the aid of

nreqgen isglf awplp%l r@t asefl @SRRI SOPEERsnstaded graled
MBS bobrAnsik méﬁlﬂﬂsEX th%15as§‘i§§é Bl & & $e comparison

prograns can cal cul at’e % honol ogy between two or nore

mesuertbenical o darity revoREaREY HSTAGGEA $amplOO0eBa MBEixY,
c%%rrrnoon se(liTPS){E)e Bfééﬁﬁﬂsih%ﬂqxo-"tgé decf’%ﬂtt rkn%HQ ﬂ? R BIUEEE Site of
i. €. one sequence is I'gned” w e ot her sSequence
mogtaea GCEWisonsn prbgiams @aeraBquse sider the peldid defantivpinesed a

with the corres npo acid int ther, . .
ol GEe DS T sPLed (ot Eeppptut e RtiF degrlg e s
prweﬁapmge the Iphm{&m%ﬁmt vAM& BRhk iCCEpHeRageNGaR R @ase of other
alignments are perforned only 5 over a relatively -

sofRypre, tha Aplavlt epirkedich peBLYPYMOexanpl e | ess than 50
contiguous amno acids). Although this is a very

sinpl e and consistent nmethod, it fails to take into
consiAtbretegeonsly, it BLASF algorithmpliegmplayednwith pasrmgptere set to default

i dent I of se e nsertion or
d ‘1‘“*&1:"8?%311 al%ogl}g’é qﬁ n?’ (?Pod\?vl&ﬁlg!t am no acid residues
Tlite:/Bew P it bimil. g/ BIA S TYbIaR rtelp. lithl Svhich ip ﬁic&ﬂpbtaﬁddlhyrem by

sulting in a | arge reduction_in % ho
r@?egﬁgﬁqb g fan} 1S are ge ned as follows,ocan lram dvgl%ageously set to the

defined default parameters.

Advantageously, “substantial identity” when assessed by BLAST equates to
sequences which match with an EXPECT value of at least about 7, preferably at least
about 9 and most preferably 10 or more. The default threshold for EXPECT in BLAST

searching is usually 10.

BLAST (Basic Local Alignment Search Tool) is the heuristic search algorithm
employed by the programs blastp, blastn, blastx, tblastn, and tblastx; these programs
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performed. Consequently, nbst sequence conpari son
nmet hods are designed to produce optinmal alignnents

wo bat/ogaske | nt o consi derati on possi bl e insertiPES@Ud4/000063

del etions wi thout penalising unduly the overal
honol ogy score. This is achieved by inserting "gaps"
in the sequence alignnent ?o try to maxi m se | oca

Ao g PR AT s PRdA T GHY PRIPS DURAIPL g el

@bFERNAR AlltscRl 1998L ProkQVark N€ads BERUSW BDE264048; KMt ang Alltschul,
am no acid sequence_ alignnment with as few gaps as
1

s, a

1988 direg- dVarl. fead S61 V¥ MYRLE 55l at edness between t he
ﬁtﬁqg/\wﬁﬁﬁprﬁﬁlﬂggo%%dm Sst _'he%ﬂh!n}z%ﬁﬂ LS Ao OhGhis. SROBEAST
than one wth many gaps.”"Affine gap costs" are
ryparnadtE jilgsddot dsauencwimtaita sqardhingi toe bxpniplefo idewsfy f or

t he.existence q

ot R B R e PR R LRl P BBl Blting o

eSi P SIS
Lot dayabasetee gaprhslcn bl (1994 PateaGerditighe:gep12%enal ti es
wi Il of course produce optimsed alignnents with

fewer gaps. Most alignnent prograns allow the gap
penaltht @se BoABE pﬁ%ﬁ’dlﬁd 8ilabldUVBNS N/ wwint ncbl SPGB EEF peefdrrh the
use the default val ues when using such software for
folbepviag taeks: Blpstr§ commares arFpine A NSy SiqBoNCE gt & PEtEG

. . oot fit
JANSESHA D BALA0ECRERAO R ol Al it
saqetnecddatabases hiaktxe xvowpaesthe siCdiame|catdeptnaldfanstaixdnmuodudts of a

R T T

dogipatet b Bioteit\qsty satidRe BQMLE RicleoRlOGRdIcE dtatasd dyhmally
out such an alignment is the GCG Wsconsin Bestfit

paelpiad & Ao reding Sameebpk piradsl §HptH oeEmparashe six-frame
tgagi E}r’c\fcﬁfs %Y% MuCQéotMé g&&%%qﬂencyﬁgiiﬁgt thpg'%é?q{a%aﬂhatﬁing ofa

, Nucleic Acids Research 12: 38 Exanpl es of
cleetidesofitoney datdbasen can perf orm sequence conpari sons
i nclude, but are not Ilimted to, the BLAST package

(see Ausubel et at, 1999 ibid - Chapter 18), FASTA

( At s S Triseathe follb9Y;, sedrch pdrhmetllisol ., 403-410) and the
GENEWORXS suite of conparison 5 tools. Both BLAST and
FASTA are available for offline and online searching

( see HISHOBRAM eDidplay a hisB2Pint b doreP B 8Sch bed2éh; ]td_@t;alht BQps. (See

However it is preferred to use the GCG Bestfi
nsrasepterdl indhe Bbogh Magsal).i nal % honol ogy can be neasured
interns of identity, the alignnent

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

parameter V in the manual page).

EXPECT - The statistical significance threshold for reporting matches against
database sequences; the default value is 10, such that 10 matches are expected to be found
merely by chance, according to the stochastic model of Karlin and Altschul (1990). If the
statistical significance ascribed to a match is greater than the EXPECT threshold, the
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process itself is typically not based on an
all-or-nothing pair conparison. Instead, a scaled 10

WG RotHbga3Td y score matrix i s generally used thaeCESG20g4800063

scores to each pairw se conpari son based on cheni ca
simlarity or evolutionary di stance. An exanple of
such a matrix commonly us is the BLOSUMG2 natrix -

the d t matr for uite of

retieh GLRL e e ke i e Bt airRei et o
wetamhice iakdheSbeg Iaporeadsm@aﬁoﬁaa RiRbs 46 BRepthse. r(s&amaendtér E
suppl i ed &@ee user manual for further details). is

125116&%%? #a)o use the public default val ues for t he
GCG package, or in the case of other software, the

default matrix, such as BLOSUM62. Advantageousl t he
BLASTJLHW 1 Guipif seprefaproydids hightshorpasagreené pairss @{e degault

\(’f? fe%&%aﬁcu%aY&i fHStT the%%ﬁe%e%%ﬁ&&e? 'ﬁgPE a% %]%r{eg %jr 'cﬂtabase
fejtiqacd dnlsy\nfltlrecﬂtatl.smam mgmﬁédﬂhfﬁéé&'ﬁlbﬂdas thetmak pt IMSMS, higthasctould be

sttt airae B8 badhe petrratuide o HE S RO i PE o

W@@k@ﬁﬁ@ bifihgens @dading 16 R&er dﬁﬁdeﬁﬁeﬂclﬁ%@ﬂ fepP@dda(BRE BirGmeter
eously, "subpstantial identjt en assessed

Advan X

Hip tls@é%SE M?éltl@lé Typicallys giguifieanse thershldseen bp mgre wiugyely
Iﬁé?g&ﬂ %¥? r.at |east about 7, preferably at |east
abolt 9 and nost preferably 10 or nore. The defaul t
threshold for EXPECT in BLAST 25 searching is usually

%Mﬁ@fé CRaﬁ?n Z%s dﬁ?a&%nﬁ%fxog?oaﬁlg Iﬂur;lliﬁ& %echf%edtfglewhlch

heurls I'c search
Hﬂglasdoﬁng Hgarhipaird KI&SRSX aretrdplogtad; the defuallttliisis 6&,;If tnbfesdatabase

4108 76 PCT/ SG211 14/ 00006
gﬁ%avgﬁ ﬁft}?p@éﬁwﬂf therstatisticp] sight &C%@{ 3@ FPérepomng (see
§3‘<PE¢'§ AC@UTORE B&gﬁ%@ﬁly%ﬁd’ﬂ‘l&t&e@ A&ribed 6 Eféhtest(s{ﬁﬁﬁtichﬂ
and Al tschul 1990 r oc Acad. Sci. USA

Benificeer Berepided. (See aramatet B itilip BLAGdanugboc. Nat | .

Acad. Sci. USA 90:5873-7; see
http://vrvvw. nebi.ni h.gov/BLA ST/ blast help.htm) wth

a f eWIATRENe8peify sn alfinetBlcABE mBrip fay Pl PaBEASAK] TBBASTN

far iJu.larit f.or

RS0 B Bt AR B IR, 1 e
¢hlig aU&BAtEA chdicdyatdladet BAMES, RAM S0y PAMISD ‘ﬁ.ndiHHN’hfm’gNGf
;@%@%@g%@%@g?@ ;% aval?a%le/_}!o; ]g’fAhéJ"}N estpecall%ymg tl?e M)ATI%E( dlrectlve n

BLASTN requests returns an error response.

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

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

FILTER - Mask off segments of the query sequence that have low compositional
complexity, as determined by the SEG program of Wootton & Federhen (1993) Computers
and Chemistry 17:149-163, or segments consisting of short-periodicity internal repeats, as



The five BLAST prograns avail abl e at
http://ww. ncbi.nl mnih.gov performthe follow ng
wo a8ke833d astp - compares an anmi no aci d query BEQSEWO€000063
agai nst a protein 10 sequence database; blastn -
conpares a nucl eoti de quer§ sequence agai nst a
nucl eoti de sequence dat ab § bI astx - conpares the

Six-fr t ual nsla of a
etsenig e%@ﬁf@f %’e’(% e%’@g?qﬁﬁémeasrw Chemistry
15/30)1 QUD 0%, %[@D&STN aiy&B@BQST&)RJg%ﬁ bf Tatks8RRd Epnidn (see
protein %&ery sequence agai nst a nucl eoti de sequence
Be

}mmt//m phaaniheay) Yilteringees (chimingte stptigiiqally pignifissy byl
08, GO 008 b B o SN 6L common i
5 t&e’qulpocémaglah rmons)h basmg thfe mameblblogmelll}amtemséng)n‘egians of the

nucl eoti d %g%g % e f ses the follow ng
B e p BRI O e s R P L a5 S Gettr am of
scores for each search; default is yes. (See

par anet er in the BLAST . 20 DESCRI PT] ONS -

Rest 1PV CEmPIGRITyiRwIce rind E/g? fl‘i?%r&%%%fa‘ Yheingr A%%th? leger

‘SENRNGERBAE KBRS .4 ONNRENRNIBEINISRKR ) dnli @Kk 1etke F-RY lxﬁ protein -
limt is 100 descriptions. (See parameter Vin the
sqaisoess (pag QP.(X@@E@%() The statistical significance
threshold for reporting matches agai nst dat abase

sequences; the default value is 10, such that 10
10 mat chédriag 'e oeiypa@pli@tto the queryfsequetke (25itsteanelhtjoryrodustsaet to

SO b HRFAEP GBI B A8t S o

ascri bed to a match is greater than the EXPECT

thre hol d, the )4 376 P 11114/ 00006
RO nefing éb%#fP gmagt yg&p‘é@ PhPUR BB
@wedrm k&usides fmmss meﬂlse@m%ﬁng sheiye 5@&&9&@&&5@ s yleld :

bei ng reported. Fractional values are acceptable.

Pepifasret Ethemorg, in s4vee BERSPANRARRANY maske TRHRIT entietpfin watmg

15 SRt PR R SR B
seqeacadhonid be skdpis. are reported for a dat abase
sequence only if the statistical significance ascribed
to themis at |east as high as would be ascribed to a
I one Nd3#1-di arhitgs BCBE 8 iflerifigrd o bOshote #HE Glrfputy & déition to the

H gher CUTOFF
accession and/or locus name.

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

no gap penalties are used when determining sequence identity.

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of the

sequence comparison and generates a numerical result.
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val ues are nore stringent, leading to fewer chance
mat ches being reported. (See paraneter S in the BLAST

wo/bnwasdsie Typi cal |y, significance threshol ds cedT/®&2004/000063

nore intuitively 10 managed usi ng EXPECT. ALI GNVENTS -
Restricts database sequenc ﬁeto t he nunber specified
for which high-scoring seg nt pairs (HSPs) are
reported; the default |limt is 50. If nore database
sequ@hﬁ@§g¥ PEPAIS happen to satisfy the statistica
S|gn|f|cance threshol d for reportlng (see EXPECT and
(0} nl ..t he .na i_bed the eat est
stat 107 g Ve ot R R AES T dfi £ ERALE

dﬁb’@fo@é’dﬂ{eﬁf inBuded abhebBitdEOh d\ﬂa\rmah()n oﬂ\ﬂﬁ@ﬁﬁéﬁtmn Shegildcgmantt of,
BLASTX, TBLASTN

alte co natn for
Bl o oR a4 o e G T st 1 s Ca g s PR e e

&t bkafolacidk8@Rhce rdals syRtahthiB! tﬁ@s[aﬁ@tabff\ﬁgifab SHeGRodified
i ncl ude: PAMA0, PAML20, PAMR50 and | DENTI

seuenyen Bie&rabish fierapdifindrseausacedion gt prstidlogienl aﬁm@wthe
uﬁ&%ﬁfﬁfea geage&gg %r@f@tgg% A1 %ﬁﬁ&é@yg abflitied O BARhbbiEd e

returns a or response. Restrict a TBL
Psefamnbly, tho “yarsit” vhéletiggive’ haset lbmom Wialogicdfactitiey of the peptide

t abase Se UenC restr | AST ASTX..0
SRR SHIRISEST A i o torBe Lo Mot R0 S ity 1o
spedificalty sihibandlcadt ohhgotifite 6§/ths lvanPAK Eihhs'EERfom’NBS k of f

segnents of the query sequence that have | ow
conpositional 25 conplexity, as determ ned by the SEG

pr ogipa%e%dmgbﬁlg %&ﬁﬁ&%&@@&é@%ﬁ@@ R e QKiptiorPdHd

Chemistry 17:149-163, or segnents consisting

Exaeples,vé fipgagnds Qrﬁlomq{ogp@ﬁgherqacg Mtbg mogifiedpr use mf the methods
LA SN US55 i
taologich emvst'y of/the detuditt- RBino aoid,substifutiBhod8TNye toyde} foe cDidle
R Bt A 2BioE o B ovideR s e mapdifiod samienrcaghips the

b3dladital hetBiath bythe h@rﬁbdlﬁé‘cﬁﬁhuebﬂd& AlRtmatiegy, Gr&idhfjbatlons may be made
uninteresting reports from.the blast output W%
th feldberaiply agtivals ﬁ‘%ﬂf raeue dinetionat deyaaips.of ﬂaﬁpea%q ispfatm pRegific

A RGSRADF PAKQ&%'S@ ArkilS ad1® glﬁ)s@ﬂua&rggﬁ@%éwael tﬁ@ e hwﬂamrauy
regions of the query sequence available for specific

aseirng arglogues fos exaanplblodraseasebjoediplesna hedife ofp esepeuyially
ﬁﬁﬁﬂ&&%ﬁghﬁ&$ﬁ¢§y a filter programis substituted
et't er

using t

Conservative substitutions may be made, for example according to the Table
below. Amino acids in the same block in the second column and preferably in the same

line in the third column may be substituted for each other:
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“"N'" in nucleotide sequence (e.g., " ") and the letter
"X" in protein sequences (e.g., "XXXX7 " "). 10

wa-2doue83i3ng i s only applied to the query sequener/$§61004/000063

its translation products), not to database sequences.
Default filtering is DUST f BLASTN, SEG for other
prograns. It is not unusual for nothing at all to be

-.-————-—=-=-———=-: —————— app=ea—=t6
sequeIdRSATIC SW \PENCE%RIDT&}I so filtering §h°oBI d not ke
expcted to always yield an effect. Furihernore, in
sonmg cases, sequences are masked in Lhm entirety,
i ndj cati ng 15 t hatPdldneusdhatgedti cal sijg@iSTdhnce off any
mat thes reported|agai nst the unfilter e%a(guery
seqpence should he suspect. NCBl-Qi - ses NCBI |gi
ideptifiers to be Rofrwwehdrgedt he out put| pim additiorn to
t he| accession and/or |ocus nane. Mst—preferably;
seqlience conpari gons are conducted usi KR t he si nplle
BLA:‘IA@me ch cl| gorithm provided at| gFwWY

ht t p=twaw—re rarEh—gev-BEAST—+H

errbodl rrents no gap penalties are used when
dete rPﬁb'iypm‘tgla&ﬂWﬁﬂG@ frap@tehis oy the Paptitletidvdorsiptaifie antdpasists of

BRSSP LRy b BIESIBL b, oo

offi@nS BidoVWpitEpes Yidi veall HnMwﬂ AeGe bl agSenavill t@ficallh @omprise at least
sequence Con‘parl son and generates a nunerical result.

Gpring peifls) meysmsfeblyerie 91291%/1%%3190 agids- vari ant s

and Derivatives The terns "variant" or "derivative" in

relation to the am no acid sequences disclosed here

i ncl @@eisieamfomwlﬁ@ attagonistsfof POKrkingse.dragmpnts, homologues,

BB bERIPR R o RLBEHIRE Yy Rsonu gl Bleafl lvefls ey sy

Asdicanaie bp smiiietic Agatsheing techsiqhdsard] lamvn o skdlied pSquBEHuClEaS
ﬁiarﬁ nssbs.t tiall, thelsmsatl fﬁﬂast P )

| eSi8e é’ﬁ%‘ BREHE SICucEh s HyeR pioseps, for example

t8 QAUR @ﬁt@acha@a@tpuhﬁeaﬁfon QPR bP fiston prodéih bittdeds iAcudene

unnodi fi ed sequence, preferabl é al | "the biol ogi cal

ghetpthinne iSesansferash G T AFEIS, %44 Bliebinding argl @itiepseriptjonal
%B@ﬁtg}él%éfg?ﬂgcapgﬁ aﬁgtro 1&?3% IV fha F@%be&‘éon'vo ott tal&ude eH)roteolytlc

e pe rm speci
dAealvagpaiite bttwoén 1ﬁé\K1sion pagen pamed @sicthe pettirndequence dfhiateresisto

eﬁlow re1¥10vatl fugil?){’l lpII‘Otfé}l[l’l ge?luences. Preferably the fusion protein will not hinder

the function of the protein of interest sequence. Proteins may also be obtained by

purification of cell extracts from animal cells.

The peptide isoform specific antagonists of PAK kinase, variants, homologues,
fragments and derivatives disclosed here may be in a substantially isolated form. It will be
understood that such polypeptides may be mixed with carriers or diluents which will not
interfere with the intended purpose of the protein and still be regarded as substantially

isolated. They may also be in a substantially purified form, in which case it will generally
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10 specifically inhibit at |east one activity of the

rel evant PAK ki nase isoform Pol ypeptides having the
w@nionosaed d sequence shown in the descripti on BIMSG2004/000063

Exanpl es, or fragnents or honol ogues thereof may be

nodi fied for use in the rret6i|11rg and conpositions

descri bed here. Typically, difications are nade that

mai ntajn the . biol ogi.cal tivity of CL. wao
CRAPTS e PO BTG R e a0 e Satr R or pgos of
the RBleth in 2heYrephrtion kA prat@in0r 30 substi i tutions provi ded
that the nodified sequence retains the biol ogl cal

activity of the unnodified sequence. Alternatively,

modi i€ 811+20 oY Qﬁecfmdﬁtag&ﬁstg &t PIQ@ ‘kﬁfa?é ¥aﬁaﬁ%0ﬁdn‘{cﬂ$ Hes,

one or nore functional domains of eptl de I sof orm
fogmeitt ped daivatige disgpscd oy ibi ftﬁévsléed Wh arroveahngiabel The

rgveblS lsb%tl lngn’gef ql}?%ulkagl%fla%glewﬁlglealté%g {2 poﬁ% Didaaty %btﬁlbg %etected

Rage
smlltaﬂﬂhbdslainf:hlﬂe fadioinbtopesi dye r“élpmztymea bitibodiad palglmcrwsdee st

1 BB i i, SBTEH Fneten B g R AR s
1h1ﬁ1u§15@sa§r§lfmlewrﬁﬁg the Bmbi e oﬁﬁﬁ&gﬁpﬁw ikl H’E‘an@}:ﬂ@i Pﬂryﬁépﬁﬂ@bir y

in the sane line in the th col um

lahsBed polypentifics may aschs usedia :serol@e)cé@meﬂbagw@l a— assays for the

c%%?tlloﬁg% gﬁﬁléﬁ&g%gglty 8 %m@b#\iﬁﬁ%ﬁeg 1%89 Lﬁhhg?lggsdusiﬂg\étandard

pARQ@MISTI C H F W Y" Pol ypepti des al so include fragnments
of the peptide isoformspecific antagonists of PAK

ki nase di sclosed here. Preferably fragnents conprise
at | easdptidnBofeph bmepific ahﬁgdiﬁnﬂ 8f PAK Liirthed) tvhxﬁap't rhgmemigﬁcopes

re well known j 8 art a nts w|l i.cal
i desiyari e distlosed Feges aronsly cllsfomg aise b B wﬁfl phase,
fbﬁ@@ﬁ?ﬂa Qhe saaddlof BPREmATAS vaeml cgalpséckPﬁ%nﬁ%nédsagﬁ/@ﬂ n
specific antagonists of PAK ki nase, fragnments,
ipanebil @Wephdes may be packaged into kits in a suitable container along with
suitable reagents, controls, instructions and the like. Such polypeptides and kits may be used
in methods of detection of antibodies to the polypeptides or their allelic or species variants by

immunoassay.

Immunoassay methods are well known in the art and will generally comprise: (a)
providing a polypeptide comprising an epitope bindable by an antibody against said
protein; (b) incubating a biological sample with said polypeptide under conditions which
allow for the formation of an antibody-antigen complex; and (c) determining whether

antibody-antigen complex comprising said polypeptide is formed.

The peptide isoform specific antagonist of PAK kinase, variants, homologues,
fragments and derivatives disclosed here may be used in in vitro or in vivo cell culture
systems to study the role of their corresponding genes and homologues thereof in cell

function, including their function in disease. For example, truncated or modified



vari ants and derivatives, are typically nmade by
reconbi nant neans. However they may al so be nade by
WG ynthgsre nmeans using techni ques well known tBCEEG200€000063
persons such as solid phase synthesis. The proteins
may al so be produced as fu§'on proteins, for exanple
to aid in extraction and pufification. Exanples of
fusi on protei.n rtners include . . .
Pyl BemRiR oeoe ey Eiodusetlfr ot i pgranal fangtipns phiah oceur i
1k dodli THE pRNGERIdet BN BEhireducetiato th@€dll Biah sNe:PaRBbM 6 the
and (3-gal actosidase. It may also be convenient to
relyesniide framsy isecadiinant expressienyegins (ssp belowe (hie expresyien vector
. | . a .

o B b o R R b
sequences. Preferably the fusion protein will not
hi nd t funct | of «t h ratei f in .

S cequanee Bt o BSRE MshSe Ry MRy HEEh cens. i
eRpiciellite plovvida fafsushejost-teakiat@iabmbdifiations (ead. myektblationThe

eptide isof ormspecijfic,antagoni.sts pof PAK ki nase,..
SPIVIPR, CURGAHOPJRRIEIOn 274 SRR TR oF ‘BSPFIDG P TR Ation) as
tHy $6 hesRd td@heer BBRA bidlo aﬁwﬁﬂtﬁﬂﬁ feabhMinhrt @k RERn hRydbts.
p

It will be wunderstood that suc ol ypepti des nag be .
Sl el opiteng sysiems ia rdichrhepeptidniseformm prepififiapiagesit of PAK kinase,
. rrlqr]; 1S . . i { I
T P e e
imespayadystemb & identify sandslatamelistantap which ifferferefrgthrar enlanggthe h

case it..wll qgeneral 21)1) 41083376
?@&ﬂﬁ%g"g@ﬁf&?&%i‘e@omri se the proteinin a .

preparation in which nore than 90% e.g. 95% 98% or

99% of the protein in the preparation is a protein.

Pﬂ@%@ﬁ”‘&é“%@&"%‘rﬂ%eci fi c antagonists of PAK

ki nase, variants, honol ogues, fragnents and

derivatives disclosed here may be | abelled with a ,

r evedYtiledt is apwible fphthe sompasition comgpiisimgsihe ipaiprmspegifie antagonist
[ I [ [ :

15 e B ombl) £Pr R Aol B R b SinE st G i
nidéchile, wriryadmanistenad along itésprefombierto fdrmotatedtbs acivel ingredient as a

i nkers. sych . biotin. Labelle ol ypeptides nay .be

et R amen W istal AR St e ARG B B
cdeﬁgiﬂg Refolh epeRiMUiRtag6fist 3f PAK &S, iSdéh pHarrBacsdival @mpositions
Po ygg tides or  |abelled ponpe&%ides my al so _be
arstsaty for delisPbefiitoitripecit fnfagoristRidd s kedo asiadyidupldpr
20  thdWeatflerft 6 ARY1a86h & sy Gs i&aGldqvi ty to said

pol ypeptides in ani fral s and humans usi ng standard

pr ot ocol s.

The composition may include the isoform specific antagonist of PAK kinase, a
structurally related compound, or an acidic salt thereof. The pharmaceutical formulations
comprise an effective amount of isoform specific antagonist of PAK kinase, together with
one or more pharmaceutically-acceptable carriers. An “effective amount™ of an isoform

25  specific antagonist of PAK kinase is the amount sufficient to alleviate at least one

symptom of a disease as described above.



10

15

20

25

A peptide isoformspecific antagonist of PAK ki nase,

vari ant, honol ogue, fragnment or derivative disclosed
wneoa/osupd i onal |y | abel l ed, nmy al so be fixed tBPCESGH0#000063

phase, for exanple the surface of an i Mmunoassay wel |

or dipstick. Such | abelled gnd/or 15 i mobili sed

pol ypept i des nay be packag into kits in a suitable

Conta alon SUlta e rea
00t AlaB e BavLal 1 derenitn o Gt iR Sisaiia Of ppdrome

1BY trBBed\si@Mevikidd, HB RN S othér falRdre GlcivdihgThe ABLhdRdigRSoftiR
t he polypeptldes or their allelic or eclies variants

negient; e atyarced fhe disentsrctsaiadel: th%g%@éh%@ft OfBE PatieHb e SEYRLILY

i ﬁ@rﬁ%to"ﬁﬁd ot A RN HOTRL It BronAlr FAARER Y il
eptide conprising an epitope bindable by an

@imnmhtel@g? almgapmigtcombingtionpyitht ashen thefdpjesi ncubat i ng a

bi ol ogi cal sanple with said pol ypeptide under

conditions which allow for the formation of an

anti lsmdgfelapmdngmaauﬁ@ﬂp bexptatde carfiey aetadirkmbwh hgthekhe tieyary

antib t|g conpl.ex .conpri s ai d | ypept | de
8 e At Mok DL L ORGP b e PR e s ST, For
EMplel hep&n iNHidedTudnts BB RAIY 8Sch as Zlleds! AR b ttiAp dgents,
derivatives disclosed here may be used in in vitro or
diginipgroerss girfaceastivgpgentss {pbrieants angd therlikgy Tutpirally. ghecagter is a
st.olﬂﬁl d IIC?I('I-'H Jreas\}aﬁ&@iaﬂlg cSHBEBr é?ﬂ)% J‘l QP E‘a&? Cf‘ﬁ‘?ér shdhid be

unctioh, includi ig nctlon I n di sease.
‘faocepkiziipl the setnsw;fdmrgd;ompatmtﬁdwﬁh thd oiNer Q@408 3Bth6 formulation

/ C2004/O intr ce
R e e
€eitihg ah Bdvetdd@eateibd (e. gThﬂn@th@SﬁHe) wsh adapinibtered 1d the dost.ed
into the cell by in situ expression of the
pol ypepti de from a reconbi nant expressi on vector (see

bel 0Whe phitehaBRICATSInPELIRS HREl0se@ Mbre GMAkde)hds8 kilitaBR f@topical
|ndu0|ble pronoter to control the expression of

t he
fmﬂl qué eﬁmm@fan@% i topjeal &mnaﬁgmr@@mam@f%@twl@@ th%tlssgmffpcted
g@%@ fHenﬁfﬂ?E@JP&a ClobiSsis, b mgm?%&% {dRrmal
OVI or su pOSi rans oné? g |cat|ong
cﬂleeagas) e topical ﬁimmlauons drchcle ﬁ;olscaphaunaceutnqahbans mrwhich the

a tlon n ne. or reoni ne
S Praafiel ek R pr b oniein s SERMRRe sybe tagred. A
&Hn%rﬁl@hﬂipﬂlarﬂfabédﬁbil)foﬁﬂfof platipphdatios #pluaesd s@ﬁk an omtment a
products. Such cell culture systens in whic
e iadetions a pastane gplet ptickc S&fﬁh@b&}?ﬂsﬁ?l abatpai w%@e and ghe like.
’Y‘G}fléa@ﬂ{e %%H{/é}&yﬁ}svant)ﬁsa&ﬁﬁms Sth@%lc@%vf '\/Mﬁélé Ydrbe important

di'scl OSG ere are expressed may be used
and generally is related to whether an acute or chronic disease is to be treated. As an

examplé, an acute skin proliferation disease generally is treated with aqueous drying
preparations, whereas chronic skin proliferation disease is treated with hydrating
preparations. Soaks are the easiest method of drying acute moist eruptions. Lotions
(powder in water suspension) and solutions (medications dissolved in a solvent) are ideal
for hairy and intertriginous areas. Ointments or water-in-oil emulsions, are the most
effective hydrating agents, appropriate for dry scaly eruptions, but are greasy and

depending upon the site of the lesion sometimes undesirable. As appropriate, they can be
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in assay systens to identify candi date substances
which interfere wiwth or enhance the functions of the

w@adoypgptd des in the cell. PHARMACEUTI CAL COVPESIH/SG10bB000063

VWhile it is possible for the conposition conprising

the isoformspecific antaggnist 15 of PAK ki nase, for
exanpl e, a peptide, antiboég or nucleic acid encodi ng

these, or_a smal|l nolecule, to be adm nistered al one,
appligdsn sprabiaptiah veith abandres Rericalarly avhge i desitahly ldnaeREe as

Iﬁ@ﬁ IRGE Hée'n?@é oQi'ﬁGﬁ‘ @ d R8on. \eﬁeefntbedr%ﬁQﬁ %{aﬁ:!r efdulsions and
c ose phafrmaceutical conpositions conprising

g‘ek:cafm’omlbgid@ pifd aze thn ngicnobtticolly #aeptiilnteshe paBignth(Guzzo et al, in
h euti cal [t re usef.ul del, Lye

(E?O% %z él,’:'lrlnmgrb ) gﬁ mgco% r%lcg.i)%anmss %T%Fra‘gp&lgc% 9thlgsde (;.l).lS%Sn{%SO

(il 9ok Cekiaad fofrﬁmlaﬁﬁs ghﬁrallly aptude ldimpd’neﬂﬂs swohi aabbtﬁﬂelmi lanolin,

tons as described. The co tlon i ncl ude the
Hog,‘/gg fere ety f“’i“&%‘rﬂ‘%é‘éﬂ?ﬁ“&t‘s‘&‘ Hﬂ F“Figg%myémam cetearyl
a‘iéohyptous;ﬂie{ﬂ aée@it@ﬁs%ﬁroﬁﬁ%@idﬁ% 1aﬁ<511@mc@61 einfeﬂﬁaJnta carbomen,
t her eof . The pharnaceutical fornulations ngrlse an
mthsé@ltlmseﬂmm me gpethidiseibiapplinpes rcyql@n%thwmﬁ ydrepryppomed

r nore

éﬁgﬁﬁg%gﬁggggPﬁgsﬁ%@%ﬁ?@%ﬁgocarr|ers An "effective
anmount™ of an isoform 25 specific antagonist of PAK
g:qgaﬁh n%?lglrlrl,?a a@%ggoglcglsagplccago elsrl((};l?lld &len\élggst goa%waﬁ(%%hons
ahd )&)lﬂ&w&rlﬁﬁlﬂssmﬁﬁfbék@l&ﬁ)@ﬁi&em&& ohthe eideflgihg sén, such

e e S i oreadn bR g SR Bl °22°

ot her factors including the age and wei ght of the

patient, how advanced the di sease etc state is, the
genedmEensedh| thacapseniraonny thedprfor specife pripganist o AK fimase
SHIRHEE AL bR h IR ALMGE RN 07 (£ IE8PRERReof
thocdiprattionprefetablyabhig i 1o PSh apore 9ref$@bly aitdue2-20%, and most
r ut,i.c acce le carriers are wel
REER a8 g~ Bkt SR PRt e P R af Porisha T e e
1@&1&1@ la§ tréAib@ttoMinubd) theRbideiRaRY chit Bd lofveretdl aik Iaﬂﬂlcaﬂﬁﬁlrofthe
anpl e, they can i nclude di | uents or excipjents such
fagmflatrqném;/ bet}?a% diepuent. fapieal applicaldons are ofign appited yise daly:
B RE %n&c&all \rz%pﬁﬁ%ﬁrﬁ)f alléfgé'r'dgw%(ﬁ@ge ulaﬁt alpbﬂfc%tlons ofa
Typically, e carver is a 10 solid, a quid or a
spaplordosaiyipe b@ efffacties. Thostragune corhiumampyect aheree@fwlr Sulghlow

grgc{ua &enet?ﬂ%ﬁ oga Br%g into the viable skin layers over a prolonged period of time.

In a topical application, a sufficient amount of active ingredient must penetrate a
patient’s skin in order to obtain a desired pharmacological effect. It is generally understood
that the absorption of drug into the skin is a function of the nature of the drug, the
behaviour of the vehicle, and the skin. Three major variables account for differences in the
rate of absorption or flux of different topical drugs or the same drug in different vehicles;
the concentration of drug in the vehicle, the partition coefficient of drug between the

stratum corneum and the vehicle and the diffusion coefficient of drug in the stratum
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"acceptable" in the sense of being conpatible with the
other ingredients in the formulation and not

WO mjownssos to the patient. The carrier shoul d PET/SG2004/000063

bi ol ogically acceptable without eliciting an adverse
reaction (e.g. immune response) when adm nistered to
the host. The pharmaceuti cd> conpositions di scl osed
here include those suitable for topical 15 and oral
etmaur. o bateffeative fir treatmeni & dmeg tensharpssttheiratuegomepum which is
r eofn%He%gr tﬂ@ga{rﬁel‘t ﬁ%ﬂﬂg th%&%gal zﬂt%Pl@z[l fg%{uut%n wﬂgh
piderms or exanp psorias eczena an
e;teh,e B hghmml erroekin pelieseBionas )effecﬁhe zntumx Oaﬂrelfga) el (laPhayms Sci.,

a7 o e ek v sty i Pa orli pics was

Wobdtibkke tcStke Bre®id fep@itib@rapeinto RahASmedhurSANERN vARal
pharmaceutical formfor topical application includes a

soak, an ointnment, a 20 cream a lotion, a paste, a
gel, Agdh lp@lji%trafi‘onséi’xhﬁ%er VeI rd@t%ﬁ'tolo@ca@l?ta&eﬁﬂai)le afid compatible
sol ut ion and the like. Topical therapy is delivere
ith ¢herago savkshibediessated into thiBinpalaben tpdngredse thoaendbation of the

I d er,
acm‘?fg céngégunﬁégﬁ?rg ﬁ%l fég asglé‘a : Sl’nt%> g}ngérg}al ﬁeq%tWég};t A Sg{lll enhancer
Wl(ﬁh’]ﬂicﬁ:as@ mheaxbtsktrptlcml@f thepictivd doatpatindgs) intb sleak rgdmesrtab hiyount

r eat Wit h us dryi e t|o rea
B e B T BeGRTTE Pt gr Ao Dioalles e b Rl aing et of the
hoyeltiation) SkidpeRdtRAGH SihbitRss - are>REKBno¥nEn &H&new eRahple, dimethyl
met hod of dryi n% acute npi st _eruptions. Lotions

Thowide (U SnPatelie s, i SPdnelpisiiyidahé bugnestiel swdactant (Cooper, J.
ém' §at yonssdi 8§ @1973?2 d Roniaby smtﬁanef Sdlcig@hcid §rQieyl

hairy and intertri us areas. QG ntnments or

gleehot (FI65141 7k ﬁtﬂt}s’i b,ﬁshexzmeéot (VeO 1884849 0a:f deexd tnepley] sulphoxide
d scal

DYRALL RSB Bor, RRTIL Ao, Sl 868 554DLL 035

hlasho(a;nsﬂpmﬁtdematywnde,&steam\ﬁoneMl\&ppyrﬂmﬂom,aued dadypolyales

RGP SR T S SRRASE0E, par 1 cul arly wnen 11 1

desirabl e to i ncrease penetration of the agent
conposition into a lesion. Creans or oil-in-water
emJI sTespruensgh aa‘gbfi@ma@l@ mgnthone dprancegandaewlideld Yapane, .

G%’lo(% @’héﬁﬁo 15177‘9‘1’889%?%1 §§3§) A FA%BIH £n%§r%?1ﬁgl (ﬁamson

nan s P i cal Basi's
amlarPapmtcemal Toss hi 3642 54@(1995)9&11315%@@ 00986y 1pne gB]cehmd

N T T X -

panktratipinyof @fi hdlive ifgegafcapy! pal mtate, glyceryl stearate,
cetearyl alcohol, tocopheryl acetate, isopropyl
nmyristate, lanolin al cohol, sinethicone, carbonen,

Levels of penetration of an agent or composition can be determined by techniques

known to those of skill in the art. For example, radiolabeling of the active compound,

followed by measurement of the amount of radiolabeled compound absorbed by the skin

enables one of skill in the art to determine levels of the composition absorbed using any of
several methods of determining skin penetration of the test compound. Publications

relating to skin penetration studies include Reinfenrath, W G and G S Hawkins. The
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nmet hyl chl ori sot hi azol i none, net hyl i sot hi azoli none,

cycl onet hi cone and hydroxypropyl nethylcellul ose, as
wowdok/0ga37d1i Xt ures thereof. 10 Ot her fornul ati oPGT/$§62004/000063

topi cal application include shanpoos, soaps, shake

lotions, and the |ike, icularly those fornul ated

to Ieave a residue on the ﬁ derlying skin, such as

the scalp (Arndt et ; in Dermatology In Gen
W(@&lnéuYrPékS@fQB@S‘S 6&59 "‘5‘ Oﬂﬁl f@%i‘%ﬂng ?ﬂ%“t%ﬂ‘tsgéﬁ‘f’%“i"ﬁn
128wl gn BRAACH rERESdH| (Ve FAThABRYNS Ed PP1eRMK Ndv&6#, 1986, and

conposition in the topical formufation is in an anount

HafvkaisoditS. Mshadelogpier By Bxetujien obfn Ving Skindeaefihe8i t i on,
SR g AP SO Rt

Bd@nCR@tBrmlea Bsted, 1080, ptpéﬂ&ﬁ) aEWuppReifgnonth, Cosmetics ¥he

as treatnment continues, the
I%ﬂﬂ%@%% Béﬁk%in be | owered or the application of the

formul ati on may be | ess frequent. Topical applications
are often applied tw ce dall¥ hbmeve&, once- dalky
app! fera%omﬁpn}fca%oqsar@@eef%@% Gdnpister 4 long peting form of'agent or

c@ﬂﬁ&él%tds%?oﬁ{ula@iogsqgr%%llﬁ 8 289IBHRYoRMeRS Tl%%tgeﬂt%an be
The stratum conmeum may act as a reservoir and al

iepogdeaied lp@h?ecierfa@l ipaish Gngingpr g B-ripdotafhaymagpytica M@%Cﬁ 4:117
1 V, |
(A7 habiRler 8 RIFLRNARKRIEIITAR (ODTENiedhd 1% hERhERY
3EW§17péﬁEBBbbeahupa¢meﬂt&mgsknﬂmmhknwdennh@mnbkamnaaeﬂw
sired ar macol qgi cal, effect LS generally
d%?%?%%%ym?ﬁg&egﬂ@%%h§8Fﬁf &th?t%rug into the skin
is a function of the nature of the drug, the 25

behavi our of the vehicle, and _the skin. Three j or
vari Sphgall éctl‘}%@ﬁtcalff%n"é?tm%FW@%*‘@H‘W‘N@XCIPQP@r}g‘erxample

p?é%éﬁﬁﬂels QUL rtfejch?@aﬁf)eﬂj bérfz?lr a@(fbtholt &%1@ abid OF eSerRiry Brﬁﬁlomum

sane I‘U I n rent vehi cl €s,; he concentration of
cdmpgpridp staszevseelmph aseEDTAn,eanpamdaIm salnh adatlated kidroxytolupng gr

b(lj;lteyﬁ dehqld xgnls % 3¢, .84 i’é\ﬁ%"e HQQ (Q‘{llge B{Iﬁph\ég{ﬂr &l e and the

Usi'on coet Pici Fat um WO
21)1)411) 83376 PCT/SG211114/000063 65 corneum To be

effective for at ment. gross t.he rat u
cor ndib sl SN i e Holtted B rd o PP dhite
6fm biEblsk dapsuldd of&NEIoRS, Araeﬁe@@sre%{ouﬁwmﬂ Grhli formudtios his
exerts a(Gggh in vitro skin penetration |s effective

appinstiusd togpalipigh b Blimes dafly untprbg symptseys of thegliseaseadieviaipd
appf iarg%ffl%{?lﬁtoﬁ‘éeﬁ{jde‘bgﬁfs oh eV %&%ﬂt 5&@&\@%11 BPszeﬁﬁhﬂ Yo

steroi ds was 5 proportional to the stero
gorarelf thadailpnoralatoee ofragent dlessabannt280 mgnand medee than rhOQ/mgr ‘Bhe

preferred daily oral dose is about 300-600 mg. Oral formulations are conveniently

presented in a unit dosage form and may be prepared by any method known in the art of
pharmacy. The composition may be formulated together with a suitable pharmaceutically
acceptable carrier into any desired dosage form. Typical unit dosage forms include tablets,
pills, powders, solutions, suspensions, emulsions, granules, capsules, suppositories. In
general, the formulations are prepared by uniformly and intimately bringing into

association the agent composition with liquid carriers or finely divided solid carriers or



A skin penetration enhancer which is dermatol ogically
acceptabl e and conpatible wth the agent can be

w0 mmengesrat ed into the formul ation to i ncreaserPti®G2004/000063
penetration of the active conpound(s) fromthe skin
surface into epidermal keratinocytes. A skin enhancer
whi ch increases the absorpé?on of the active
compound(s) into the skin reduces the amount 10 of

batherd a5@ecsa9Ts Sharing therrreduet. JBe aqtiva ingesdienherd bSiRRpIRpsated into

alv@hiet of ORRGhatdBRLH BR 6l @fjathcﬁlfd E&gderft%lgﬂs' bdadpQiles t§i§iv@ an

penetration enhancers are we nown in the art. FOr

effretivp kmountiofredtivg ingredighf ioxiedicth¢ ds@se.Pat . No.

3,711,602); oleic acid, 1,2-butanedi ol surfactant

(Cooper, J. Pharm Sci., 73:1153-1156 (1984)); a

c onmbDat therapeafticapdnasnltalde tbr abecheteimaie dnpeonadaghle drugs that are
coh EP 267,617 2-eth 3- hexanedi ol

S oy el BT SSH R P Rt e

fédnagigionf The fhrfulatidn ufized in MedrAinatiBh MRS Slely 6 bdministered

21:165-173 (1996)); . alcohols, sul phoxides, fatt

sarylgcoualys s sequentiadi avitrpliter trpRpme) sugls igka caipbined gifget is
gygles (Kal bitz et at, Pharmazie, 51:619-637

?ﬁ Ter penes such as 1, 8- cineole, ment hone,

Ilnnnene and nerol i dol (Yanane . Pharmacy &

Phar colo 4 RT :

Tr andBt Lo b e REgel %98%05? A ulf o Py e
10 fAlBvadLeadples1996) ) ; and ol ei c acid, polyethyl ene

gl ycol and propyl ene glycol (Singh et at, Pharnazie,

51:741-744 (1996)) are known to inprove skin

BaRgLE@t i on of an active ingredient. Levels of

“penetration of an agent or conposition can be

detern1ned by techniques known to those of skill in
EJMB ﬁgﬁm g fhodsadi ol abel ing of the active
co owed by neasurenent of the anmount of

rad|g4abeled conpound absorbed by the skin enables
one inthe art to determ ne |evels of the
conmposi tion absorbed using any of several methods of
dete I
Publ r[g%\@ ([1} grso ﬁh‘r e pﬂ?tg ﬁl;ocﬁtaogm% @Sthet r a ?o%lqg?rgém g geptlde
15 dehwdrysisteRas BioPortatty, GeW: Gherayply @s@nislamd(supphed'l'ﬂm-\MDgene, UK.

AP St A OB B RLARS T G T BB Bleed wed o

cBemet ;scmﬂven in edta; coVlé REronPiBkc m&siblelade J@ fusddb nfark the
Tupbl eson, % Pl enum New York, 1986, Hawki ns,
laping is ﬁ@mrﬁs@m gtides anck aEbediesain from Sapta pﬁlz\ﬁpt“i‘ romcYigculin

ZRERRE WAHidhQP from Sigma. Laminin antibody is from Polyscience. All other general
20  reagents are from Sigma or Merck.

Cell culture

Swiss 3T3 and N1E-115 cells are grown as described previously (Kozma et al.,
1995, 1997). Bac1.2F5 cells a macrophage cell line subcloned to be CSF-dependent for
growth (Allen et al., 1997). Bacl cells are grown in DMEM containing 10% foetal calf
25  serum (FCS), glutamine, asparagine, 3-mercaptoethanol (all from Sigma) with antibiotic



Determ nations. Ln: Methods for Skin Absorption, B W
Kenppai nen and WG Reifenrath, 5 Eds., CRC Press, Boca
WORa10a08331090, pp. 67-80; and W G Reifenrath, ROBEs&100€600063
& Toiletries, 110:3-9 (1995). For some applications,

it is preferable to adm ni s%er a long acting form of
agent or conposition usiné formul ati ons known in the
arts, such as polyners. The agent can be _incorporated
apd, prfinzycefas Jpgpts E(Té\p%q} (é% ﬁ@ﬂfﬁ &@m’ the Genetics Inpfitpls} i added to final
GRANERRBE YL G Rnglhe %T&I,I&Wt%ﬁl&%@oa J&pﬁ&%@@%} et
al, in Biomaterials I6:145-148 (1995); N'edner R, in
tisipsinasiop/scraing @il tq hasen)l:4io 1a8.bandage according to
met hods known in the arts, to increase the efficiency
of dekirembnpmhtidrhe drug to the areas to be treated.
Optionally, the topical fornulations can have
addi ti onal excipients for exanple; preservatives such
as metatgmsrifibefiom Fe pelyinddTtokiolare wisrdinjectatind0orM Tris pH

er. ' 15 ¢ ound; stabilizers_such as
Erenmni e, ST et SRS i ean 580 AafiiEe o1
nhitioydogé. Stlcdeysdinlanjadtiondd determin@dd bishiiBras theuidde cfsnjedtion atidby use

T O T Ny
TiPaDd®hfer) GRPEMEESaPharB QA ELINNS obAh 2fdi & (KR68mABDUNT 99,

the oral formulation is admnistered to patients 1 to
3 ti ﬁgcson%?zialn%P%ntrgsl the synptons of the disease

al | eviated 20 effective amount of agent depends

on the age, weight and condition of a patient. In
generab fantiljRs FRkdsrObdteslaS6 BT R4S Rsing Gt f
1200 ng, a{%g?}nores FRaRTI00 o e seing o P qgﬁ? "
esprassiaias revuslh descriBUIABRd atal., (1941 1996). Muiedly.i agingleegodony is
G0 RALSALY o RESSERLER e AU IR0RY80 L LFL A Y
Phe preparea’ by any et hod RNOWN 1 h e art’ g

cphaedae filutdde 1 @oad @sovin wan0aY6sbef 0.6 anwwhidhedint YT toelr mM is

i, t i tabl armaceutical ly 25 acceptable rie
ot st ek B LA oo oo FymPaed. “aed TaeCmyEThs 5
7 H0EmMNMECY 8nd RRsBértled inthd $afhe HREVORIHISO. 1%OF ML100138d protease
suspensi ons, enul sions, granules, capsules

inubiisssafics 1 91 soncengaien. db purify@rateinnesllapresaricaipd(4 x 30 secs),
- F o ETORSHa

oBf S ket ! bl 1484 CFR) My iGne A ol tb g,

Ryoteiins are elptediiv b ded ghutdthidneciarsp ingvl S'ris pHVIG/ 20 i) NeQH 237 6M

/ SG211114/ 000063 . 67 baqt .
ke A orkage: e fmniier Moy PuBRER Reigpy Protens
akd YR 6VeR B ppRAin A1 1-2 mg/ml at 70 °C in aliquots of 50-100 pl.

Peptides

Peptides were made using standard solid phase procedures on an Applied

Biosystems peptide synthesiser.
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a variety of basic materials in the formof a |iquid,
powder, tablets or capsules to give an effective

w@emung3dod active ingredient to treat the di SEBSESG2004/000063

O her therapeutic agents suitable for use herein are

any conpati bl e drugs that %§e 5 effective for the

i ntended purpose, or drugs®that are conplenentary to

the agent formulation. The forrmulation utilized in a

conbfHEPI6W t her apy may be admi ni st ered

si mul t aneousl y, or sequenti al | y wi th other treatnent,

such..t hat

e R R SRReRY b P e SEHET ) atgpshere of

hklhlhdiﬁédr ait an@ 6‘7@002 Cdllg ateh@deo 1€kofdeh hsing ﬁlgﬂbﬁmmBSSmcmscopea
erials and Methods Materja

Ee et ARG AGR AP BT BB e B e oL BHHP CPFogtaer Inggtidual
lﬁage@h&%prm@h %s19§ Bid-28 ok Y Sbfiwiis éhd%ﬂéﬁﬁﬂaté@wﬁh ARGt er

her apy Systens and suppl i ed Q Bi ogene, WK
phatmh@prﬁqtﬁoqa} mmursmé/ lsreegmﬂcﬂ%g&%a Ia$M 8 26§s sqanmtlgwe

r
o5 Gt MBic RRRRAN 5y 48Rk Al RPN Bhq B3N ().
TRTTgbsé%? Zed to mark the lamninis fromSi gna.
Pept URUSUAEi bodi es are from Santa Cruz apart from
Vinculin anti body which is fromSignma. Lam nin
?gf':llge%rtlé Si anaiysm r%ng éﬁs%lc%'l:aa%nﬂkodleéefe use eﬁtqﬁlgog dj l\ﬁlon PAK
agtibbdad Ch1Nddm $ddva-Celz Sre as QIIQWQ\MPAQSNCMS(EdideB @chrat amino acids 2-
zgr evi ousﬁgé}iﬁKozrm et al. 1995, 1997). Bac |.2F5

BIPKC sphiegat aing aqidsiaS e PBAKraissd fomouse amino acids

B0 AARSRAED, bl RS AR i R en Bl i
ZH) Win§fHay)axilgh, qmamhn@rosms prerfagh Sigma(Idtepii m&tbbdret Banmégnn
(all from Signma) with antibiotic WO 21)1)411) 8337
Wﬁmﬁlﬂ%% doposSonpebers NChNsthaplangds; Bacd gelht @e seeded onto

cg)@rgfg@ dind t‘r}él: @n%lf %4 BRI H—E ?negﬁrlgfegﬁtéed \pﬁﬁ élﬁféf €3F i Free,
added to fiIn

concentration 1 are grown
saunGeE, tvvi(fﬂf/@%rm@e and passaged by

After manipulations, media is removed and coverslips rinsed with (x 2) CB buffer
(10 mM Mes pH 6.1, 150 mM NaCl, 5 mM EGTA, 5 mM MgCl,, 5 mM glucose). Cells
are then fixed with 4% paraformaldehyde in CB for 10 min at room temperature. Cells are
then washed CB for 2 x10 min. Cells are then permeabilised for 1 min in 0.5 % T X-100 in
CB, washed in CB for 2 x 10 min. Coverslips are then inverted onto 20 pl of blocking
solution (3% BSA, TBS, 20 mM Tris pH, 0.154 mM NaCl, 2 mM EGTA, 2 mM MgCl).

Primary antibodies diluted 1/100 in 1% BSA in TBS are then exposed to coverslips
and incubated at 37°C for 2 h. Cells on coverslips are then washed in TBS 2 x 10 min.
Secondary antibodies diluted in 1 % BSA in TBS are incubated with coverslips for 1 hin a
dark humid chamber. Finally, coverslips are washed 2 x 10 min in TBS and mounted in

Immuno-Flore (ICN Flow). F-actin is stained using rhodamine conjugated phalloidin (0.1
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trypsination/scraping and diluted to between 1:4 to
1:8. 37icromani pulation 5 Proteins purified fromE.

w@ odoi/08330 C3 toxin are microinjectod in 50 m nPCTsGE0PbBH0063

7.5, 50 MM NaCl, 5 mM MgCl2 using an Eppendorf
m croi nj ector and Axiovert ..m croscope. Successful
injection is determ ned vi S78a||y at the tinme of

injectio G Cell ability. is, . .
aelbf St B St e afipw isdhoveaint befof Siaipeimagpeiss axiovert

Iﬁﬁfots&fpaaﬁdsﬁﬁssLMA\lmof&affer) are placed near

particular cells to obtain gradients (Kozma et al.

1997) teins Rho fam |y GIPases are
expr eszgrio%ﬁ%;%@?l! ugllgo(ﬁgsfgu& ng the pCGEX system for
expression as previously described (Ahned et al.
1994 ’Ceﬂlg%blate@rduteith)ﬂ Xl@s &1 9{ BnlGiRk88¥n dish wnfalﬁﬁﬂg 3 [2@fhin
freshly transforned | s and gr own overnight in 100
qehted foveplipOTae mvgﬁhps 4:@: firstymerked véth ¢ighid g a fingperggpent

oY) { [5)
@%rﬁ%ng %&ﬁgoaa%?n 5 91 t111191’1 g’nc?‘iﬂc#ﬂgfeﬁ Bv Iljlr% Llll P()Cé [FEM 1%
AR M AFheastdeds rephsdftb\&hth senbh fimdvintdia QDMEM 1% BB/AE\/I}SaIId\the cells

S@%’é“)@ﬂﬂﬂ% %%t@ggg}’dﬁgﬁh %ﬂ?%}:eseaagn?rt tg bl i%dan (?FEHC{%S are an ected at

WQREETTH PRS| Rit Ied ot Pib/inilYs ided i ddstastehdrBerdsEinfzerad caked
(4 x 30 secs), cell debris discarded and the

supernatant | oaded onto gl utathi one- Sepharose col umms.

Pr ot eihRgelfifa% iﬁha%@ QSiféQaéEﬁﬂ%&lrf‘ﬁlﬁ;}dﬂj 8ARn lapparBud M éﬁrAﬁoplan
pH 7.5/ 50 nMNaCl/ Cad 2 "and then dial ysed
iagaded gtichMPtsmtppdeWﬁb A hvmchmge n@hmalmc}ﬂt 8hé Cond mrﬁ’/gﬁt)z

Pr Oh hﬂ?' gs f %lgé’glgig}é gﬁﬁ atey in& %hgg{edg chamber OCGHS

1[’{&@@@ lsléfuali’@ars inpatebd adld pesitiv mgbcﬁﬁﬁ chﬁfoﬁé&‘@ikﬂaﬁﬁ aOifie e of injection

Bi osyst.e pt.i de, synt hesi ser.
ozeﬁav 58@9 dn%w @%@}fﬂ@e@%@ﬂ goA Rﬁ%ﬁ&%b?ceﬂsﬁ@ returned
tb fﬂﬂéﬁﬁcdﬂa&f £5% § ARthet S hGRE. r(h@iﬁ% 8 Wtal WheAvilRBL RELinS bBORours,
i n an at nosphere of umdified air and 5% CQ2.

CeII i deg recorded using a. Axiovert 135
mcr os?rcg”éy T?g‘f &' T™ 6CN vi deo canera and
Sony (g) (f’c%te;'»s VO 5800 PS vi deo recorder. | ndividual

The coverslips are washed and sterilised and then coated in one of the following

ways.

(i) Permissive/attractive boundary

The coverslips are covered with a solution of Poly-D-lysine at 10pg/ml, and
incubated for 1 hour at RT, then rinsed once with sterile H,O and then allowed to air dry in
the laminar flow hood before a drop of laminin 10ug/ml or fibronectin 10pg/ml is placed
centrally and the coverslips incubated for 1 hour RT. The coverslips are then rinsed twice
in sterile H,O before drying in the hood. (ii) Control boundary. The coverslips are coated
with laminin 10pg/ml for 1 hour at RT then rinsed in sterile water and left to dry.
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5 images are captured using Bio-rad COMOS software and
mani pul ated with Adobe photoshop. Confocal m croscopy

WO 200888337€d out using a LSM 410 Zei ss scanni ngpCT/SG2004/000063

m croscope with 3 single line |lasers at 488nl\4
(argon), 543nM and 633 xlvi, (HeNe). In situ

| ocalisation For in situ aﬁal ysis pri rmry/ secondary
anti bodi es _are used. at 1: 100 di | uti on,

ant i BoWrEyl layer pf Ipmpin igapplied @  drop é‘?léeda‘glﬂ? btra/lahERngFlA‘P@I
C?kv@xgh}gsraﬁ‘é 2890t Ondudht mrra%@}pmgéd %m@\;&&h st@8 afer §Sore

raised to rat am no acids - , (3PAK (raised to
alfowg t@dﬂyr’mfoa@ms(ln)%@@yzve/y@ﬂkw ﬁazm’ed’ deeh areeaatadivith

@ﬂé-g%s}—‘ gg%}?p'% uI 0 a¥ ?%6 fir %{lrsr’nedj hFamb ennnnase e i st?rﬁe H>0 and

paxi yrosine are

aHo@B®o Aifir@BEfbR tﬁdﬁrb}b@ﬂhﬁﬁm( Mo ugrhﬂe grapphedaa ¢he centre of the
a6-i nt (;grl n a rom A.  Sonneber g

oRpeerplay angefis for Bgleqr o Bl | fogg dosingpicq nbﬁ%le Titeg aRAopinsdo dry
b%ﬁ)q?]lti eﬁl}]lg ESNYR fsc%ﬂso 2ndinR&RE %w{hrlﬁe ARdifa I__ﬂp?’le& aRk Qrﬁlecgen the

free, serumfree, or CSF/serumfree.
t@rfaScanOMnQSHGapplmd§ﬁconédl a is renoved and coverslips
rinsed with (x 2) CB buffer (10 mM Mes pH 6.1, 150 nmM
A p)Uskdy EGTA, 5 M Mg 2, 5 nM gl ucose). Cells are
then fixed with 4% par af or mal dehyde in CB for 10 mn
at roomtenperature. Cells are 20 then washed CB for 2
x10 rifte.celbedrt theaseededarto fhe propasil kowedips mz X11Qicells in 1@uiSn a

Cpeniit BONEM BT i B AgAng Ghnge fidisg  grach

(ﬁ/@fnhghlt the ﬁn?e%aﬁ%en %Bﬁ,veceﬁldﬁﬁé coverslipstins€ll ih3druniMidSakddja aad

Primary antibodi es, di d 1/
mwbi@é B@@lﬁw &%% i @@umﬁéﬁq medBo S8 thosRyriandhe ﬁi‘s arg &eg and

st LIRAY ﬂl& m% )(()fo%% ofthb cells@l 1he bOMATVORIS nbifePdxBreb N

washed in mn. 25 Secondary antibodies
ngitofilaatnt ?‘reBCC%dBSA in TBS are incubated with

coverslips for 1 hin a dark humd chanber. Finally,
COV eIPsbpapstionrof BisPoheRedeert. 10 min in TBS and nmounted in
humuno-Fl ore (ICN Flow). F-actin is stained using
rhodam ne conjugated phalloidin (0.1 WD 21)1)411) 83376
PCT/ S&300%t 286063 upmddgé atiriedSiogide) and Hinst bﬂ diskolyedimen solvent

al.l owed to t. overni ght bef V|eW|n

S B P S At Bl oA e S BT dr s B fhe powder
iMLHRbRIEF by RIteRinNEFE18-2D s6@hdsS 101 of the mix is transferred into new
eppendorf tubes; the methanol is allowed to evaporate for 2 hours in a laminar flow hood.

The dried reagent is stored at —20 °C.

Protein Delivery System

Cells are plated out at 1.5 x10° cells in a 35mm dish containing 2 laminin-coated
coverslips and incubated overnight. The protein or peptide of interest is diluted in 100u1
PBS as to give a final concentration of 10ug/ml and 1l of the FITC labelled goat IgG is
added to act as a marker. This mix is added directly to the tube containing the BioPorter
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Cells are plated out at 1.0 x105 cells inIm in a
35mm dish containing 2 lamnin 5 coated coverslips.

wa bm4ogsed sl i ps are first marked with a grid UBCTISGZ04/000063
fine permanent marker and then coated with |am nin
and i ncubated overni ght in7 M 10% FCS, 1% AB/ AM
The nedia is replaced mﬁth erumfree nedia (DIEM 1%
AB/ Al.VI nd th d for t hat
G iR amaPeting Rl iy st ik et e & et
Betes.Nj ected at 10 g/m in PBS, Rat IgGat 1 ng/m is
added to act as a marker for injected cells. 10 . The
cells are injected using an Eppendorf nicroinjection
appangieds nBiua THY APIra RashbMYSk A Bhue] SSOONENERELR B Then
W th a heated stage maintained at 37 C and a_ 5% CO2
Iohafivenm freg FAMEVS pdslefig the ibneehtaiging theipsptidsfand BiaPorter mix it

r

1955 BGSAADORR AT Sk il Sfge
at. Afee tltei 4ri’e>u0fnci1buft1eﬁ the@ells ane thed inewbafadXat d forthar2chours in 5%

ected mar ker.,, After jnjecti.on the
ReTb U ot Ph ecibatethcits SRS Sidases brorbe > BSirtings i
RAM Bee IBMIMITHS ciRtaA fitdd¥Bd Whihbput serum of 4 hours.
Cel | Q@uidance Assays (a) Coverslips The coverslips are

washe erjlised and then coated in one of the
foll o%an%Sé; Ma%ls( i) Pe"nissivelattractive boundary
The coversl [ ps are covered with a solution of

E_?_l Y clach i £ Rgt:l %1%9&/ 4 Iﬁre}ﬁ\% byl iRGB R nh@& teﬂgl{[ v\glg)

en rinse e wth steri'le H20 dth
Wwith hu}r of dy’§PIGAP (NERY; 60860 amm | 10wnGicroll bgM)meS(aukhxolpmgeﬁ buffer

CRRMARE) ol sl OB PR RN R B AR 19

el Bevel 25 nd DA fér10mih bnsed téoipeg@ud5 i n steril e H20
before drying in the hood. (ii) Control boundary. The
coverslips are coated wth lamnin 10g/m for 1 hour

at  RNitrb®Nulobd§18gs with SlBstiliRd gﬂﬁ@ﬁs (&ﬁﬂsfér@)fytseﬁlpdr? fblbtuﬂéQs
21) 1) 41083376 PCT/ SG211114/ 000063 71 A second

GecribadPrpw) 478 thep aubricd M WY RER U Vith ¢ acl
&E%eml ﬂnﬂ@ﬁg buff&AERM } NE@l 29 ﬁM 191%& ;tﬂfI @'s, és HM'Tn@HdREHW 1.25

hen rinsed twice with sterl bef ore OWIn

PO MG Dot o IS AL BT, G SR TD e washing 1 6) 1 50 ml
RO 2P BB .07 98InE it B.25 % T X-100 Cdca2Hs[y2PIGTP

and Rac1[y*2P]GTP binding activity is determined by exposure of nitrocellulose filters to

X-ray film.

Protein purification

Neutrophils are prepared as in (Grogan et al., 1997) and.cytosol which contained
the bulk of the PAKs made to 20 mg/ml in the presence of protease inhibitors; aprotinin,
pepstatin, leupeptin, PMSF and TLK, at 1 pg/ml. Neutrophil cytosol is the applied to a
200 m! fast flow Q-sepharese column equilibrated with Pipes buffer (10 mM Pipes, pH
7.0, 100 mM KCl, 3 mM NaCl, 4 mM MgCl,, in the presence of the above protease

inhibitors.
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CSPG 5pg/ M for 1 hour at 37C in a hum d chanber then

rinsed once in sterile H2O and 5 allowed to air dry
wedoangssthe drop of |lamnin at 10gg/ m is applPeOSG¢mo4/000063

the centre of the coverslip and left for 1 hour at RT

before rinsing twice in st hl|e water and allowing to

dry before use. This coati'ng is also done in reverse

th h I : d t.h
or 1 AL Eath R iBe wiPELIGR 400 R RARELT PibifiSore kRRG Rk 0
Nhai §ﬁ&1@ﬁdm ‘Piﬁe@bﬁﬁ‘& afd ﬁﬂﬂbﬁdjofqg\ﬁﬂrc&lécﬁbﬂm/%l & e)&clﬂ-ﬁ)fttlon is
cellsinl 5mm petri dish, in

%
cb@leiott%ﬁ@tq%m@/ﬂme @9 3 FapPestamy mlwmgfitoat:wth Cde42Hs and
IQa\é? 'Fllgah’ lzﬁgﬁ%’déﬂé‘ =3 Fréctfot@{%r %ﬁ{@ﬁqgélﬁlvlq\ﬁ(ﬁ?cantammu tdhe

I'1 ps In serum medi'a and 1 ncubate
mag emuy |ogme qdmtslfls)blmdnn§mtlum dre peolerbatidalialysed evernight at 4 °C in

PR oS LS PROSP S AR Pt

apeligd tb eQS & [Hepasinagarbse codumno tadibimamnd irakipesdmdiced.
Preparati on of BioPorterReagent. BioPorter regent is
supplied as a dried powder and nmust be dissolved in a
sol vamt colbgh & ®asti&®in 25anldagds bﬁﬁﬂQEPr@feeriafb%ﬁtE@ﬁvlth eagpnt

e QI haRAI ) a0t 30 85 fragicho ot s BT ch Ak e gl gpd by

e WS SndlysHSf €l bR gRewis OFQRRME d&cvteed obeag M NaCl
the nethanol is allowed to evaporate for hour.s

qrg poqkadyand disfyspdasginst phosphafe; hutfer Qyarisht- %Ognlso(f BFUEn af'to 85pe/ml
1@ac8€§t&f ®i17 M@k &ﬁﬁamn%%ﬁ@d% @Pﬁéxﬂﬂl 6hh@Hise ddluhndThe

Is in a 35 h con aInIR? ["am ni n- coat ed

@b%ﬂ@?@lelufﬁg veithch 1helsien radiens ef he ght M apaopppisalphate The
f PBS t
Qe %?eﬁ aFlQatd?f(@%%tH o fli Aflibgﬂ% %c%%%e bidRr. as to

give a final concentration o and 1)1 of the
FITC | abel l ed goat 1gGis added to act as a marker.

Bi opd B igr SR8 HHEESRS chilh A s SR G0t e

z{cem@ezne dialysed apathstfp MPBstpENG5, U0 andd NAGWS EVEMECHESS mM

t f 5 ' t.es.  Aft L9,
R A SRR RN O i s s
ﬁ&%ﬁ%m@éwausa;nmmam al.,1994). Briefly, 1 ml of Cdc42Hs-GST fusion

protein is loaded with GTP (see “Far-Western” analysis) and 2.5 ml of non-salt elution 1

applied to the column and allowed to interact for 1 h.

The Cdc42Hs column is then washed with (x6) 10ml of 25 mM Mes pH 6.0, 100
.mM NaCl, 0.5 mM MgCl,, 0.05% Triton-X 100. The bound fraction is eluted with lamelli
sample buffer (x 2) buffer and run out on SDS-PAGE and the gel stained with Coomassie
blue. Protein concentrations are determined by the method of Bradford. For protein

sequencing bands at 62, 66 and 68 kDa are cut out, peptides isolated and sequenced.

Immunoblot analysis

Proteins are run out on 10% SDS-PAGE for 50 min at 180V and then placed in
blotting buffer (48 mM Tris, 39 mM glycine, 3 mM SDS) with 20% methanol and left on a
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1M of serumfree DMEMis added to the tube containing

the peptide and BioPorter mx it 5 is vortexed gently
wedoangssbei ng added to the cells. The cells arBCT/SG2004/000063

i ncubated for 4 hours at 37 0 C. After the 4 hour

i ncubation the cells are tt%gn i ncubated for a further

2 hours in 5% FCS DVEM or ‘for cells undergoing a

th bat. .
Bk e D Bt bR wSpBofitylont BRE Bt Nty tad Somi-ary
bibtieF. F\ﬂ&gi %é BloEke&BﬁltS%Smﬂc ;J@vdf@ﬂm&tra)ﬂtamsi/o R&i&'ﬂwé&h&bﬁsh at{rgom
repare | hcupati n uri fied roteln W
pergpre] GUSprS R REREGD A0 T FRST At RIS py
in 50 | exchange buffer (50 nmM Nad, 25 mM Mes pH

6.5 25 MM Tris-HO pH 7.5, 1.25 nM EDTA, 1.25 ng/n
BSA, AftepwashingDiitters fre incubated in pimarstibedyiip BB&{0 e Tween/1%

ot GRERL 86k, o0 L i (R 8Bl BN i e
rannevddhnsnvasllrlngjmeﬂ.Oed EBS[ﬁ fior Snin O@i)]an@sqceln@tymﬁbodytddded After
AL ROt by DL D A DULLEL P

1&1@@0@6&@%@%&&1&5 Pravinkdid Bidtsch). Ml Glfdksed WiHyerfilm ECL
washi ng in 50 mM NaCl/ 25 mM Mes pH 6.0/
(énmhwg@ znnaela;Bsot%hTf% Lfomiegior e eip @Tma%ﬁﬁ@nm 1

&Zﬁ&ﬂ@y’us@a&q J@0@fkkon ty is determ ned by exposure
nitrocellulose filters to 20 X-ray film Protein

pur| I,ca s.are ared as in (G ogan et
I‘i@‘@’%ﬁ“%%gf 2 %P‘g/@g” GHIEEHRTR i ned the bul k. of

the PAKs made to 20 ng/mm in the presence of protease

i nhi " i ni '

LK, ParepSiepBRkhd Rhfly CaBRRRAGL! BndhE PR R nelMpEL Ao

a8 d26CROby, onferlfpassays|(Bnignadrs efpthat WSMartih i, é%ﬂjl) | Tomhataelgrise

) WM 4R @ \r{];
48 b R A gl s W0 SePR S Rldcs e R B Bl
WitloCESIQH s and A i(QOTTS)- 732‘1’(38’211])p]:éb’é§.(}&&36’16hﬂ cytosol is purified through
CT/SGlel@ill/OO 063 73 The lum is n hed with
SR AR N N A S
MNaehHeb@dite bk dbRrifidas dedal i @6 MRRgials 288 Me@idd s€ftiod) M
collected. 5 tl of each fraction is
Starting material for the Cdc42Hs-affinity column is approximately 30% pure and
using Ste20 antibodies three distinct PAK bands in the molecular mass range 62-66 kDa
are visualised (Fig.1A). Cdc42Hs and Rac1 probes also detected these bands and in
addition signals above and below the Ste20 signals are present. With the Cdc42Hs probe
in particular, which detected the bands more strongly than Racl, two bands at 66-68 kDa

could be seen.

To confirm that the proteins detected by anti-Ste20 antibodies and Cdc42Hs/Racl
probes are indeed PAK proteins bands are excised from a gel after Cdc42Hs-affinity
chromatography and the derived peptides sequenced. The band running at approximately
62 kDa is confirmed as yPAK (FYDSNTVK matches residues 129-136 of yYPAK).
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dot blotted onto nitrocellul ose and a "Far-Wstern"
analysis carried out wwth Cdc42Hs and Bacl

W yB®20333Td- | abel | ed probes. Fractions 16-26 (Op@BESG54/M0063

NaCl) containing the 5 majority of the Cdc42Hs bi ndi ng
activity are pooled and di al.ysed overnight at 4 Cin
Pi pes buffer with two changgs in buffer. Pool ed

oot oA eay iac G TR aR Rbade TARE P R T it et eflic o

pokdible to coﬁblad@@hlmirBAKssaf@ﬁﬁafb préseRS el G'PEHEAVMIEFErand

Protel re el ut W th gradl ent 0.1-0
Ueh B aftiornlt oidn: Cosmreste bile Biiienies & sghrosiphiy 70
@halmiﬁﬁ‘i’s R ddiBcred@iiir WSS tET0bntiBABR Yo @cimsa@@@?ﬂ?dtﬁs is found

binding activity. Fractions between

: d
EHite LpoBperrrintias 2 Npdte wguirras opHésiiHetedaptrvesied that it is
ONREROINdata 28t KbwRY. protein at 0.85 ng/nm s adjusted
to 1.2 amoni um sul phate and applied to a Phenyl
sepharose colum. The colum is eluted with a 10 m

e T

@mé%lﬁhﬁatearblﬂtmlprobbﬁtﬁgaﬁdi tioat shekhrde obmitatiamBAKa bt B and y

%el; ?1{1 £ tég%%ﬂ ﬁfe%%‘t%sg%dg 1%%11(r1f1§% he Cd 4(§mH§ﬂll%r?pg %561. The

dﬁﬁ)ﬂul’)lqﬁnfleE PAN Mg Gdr2is ei’anﬁnéﬂ\ﬂurtﬁﬁﬁihﬁ 1scﬂd§l€h shecifit bhftibodiag (raised
ttB ?’glg loﬁlelgegéegg}il}a é%geg&l &%I%YSC) ol g,g?e terigl alna Methods
Sa&mn;994) Briefly, 1 of Cdc42Hs GST fusi on

protein is | oaded with GTP (see "Far-Wstern”

analysis) and 2.5 m of non-salt elution 1 20 applied

to the,gal | howRg QA h
Cdc4r2AIe—Pisaﬁc}o urmﬁlle? 1t9 hteﬁmv\gs hg%ddqvgst h Ed gﬁ%lﬁ% andS’ \h& kDa b-
98D ard 6-@4/681KI0a. OvidldiaCithe of) B&nd/Mawgﬁﬁbgra@h%%Vé'd thatthe R,

CaipC G PR s S50 1D B Ry bot oG bueoctiapa

(bNB) BBboddsas HRMao il sfg@@raﬁaﬁﬁea w1tH tu@cw’mﬂ)eaﬁ although C19 did
concentrations are determ ned t he net hod

gy apetsrace 5 thefiodtSdilip bandss @H‘ﬁé’ﬁ‘é 1a4gT PaiRerdy 1&?"‘6%’“’@‘6
ARbobP s1§1%s ﬁ’é Blokidd v ?Lt'ﬁe 1&%‘55&%}& i &0 bt REbREGhrol peptldes

sequence I mmunobl ot anal ysi's Proteins are run out

Faien (s tBEISthpsRaESute Fhos thet pt laatst thge diffgaent PAEASGpERsae | n

SRS ao e bondt oo 8 UG e Sy BB o

RETiSGER 114/ 000063 74

PAK isoforms in Bacl macrophages and N1E-115 neuroblastoma

To investigate the in situ localisation of endogenous PAK a, 3 and y isoforms the
model macrophage cell line Bacl.2F5 is used. As shown in figure 1C, PAK a, B and y are
well expressed in Bacl macrophages. The signals obtained with the «PAK antibody
suggest the presence of phosphorylated forms of this protein or related isoforms. Similar

results are obtained with neutrophils.
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shaker for 10 mn. Cels are then blotted onto

nitrocellulose filters using a Bio-rad sem -dry
whbmtnegxsie Filters are blocked in 5% m | k powdePCT/SG2004/000063

(Marvel )/ PBS/ 0. 1% Tween for | hat room tenperature.

Filters are then washed in go m of PBST in a 50 ni

fal con tube. After mashlng filters are incubated in

Popants - HSK Jsofisins e e PRABERTOE R CUBIER S Con

prlnary antlbody |s then renoved by washing in 50 n
PBST for 5 m.n and secondary antlbody added.
Af t efsofqrcBefy aﬁl-?%qanmbqsh%areﬂéﬁ% odpeligmendagenops weigip. The

géélﬁ&ry%fa{e%n@mses%é %ﬁnﬁéﬁ%sﬁa@ %ﬁau&%\@n@paﬂmmmnﬁ%

eagents (Amersham Pharnaci a Bi ot ech). And exposed to
rielypephflifAdk. Beform prriensiset@halertebee)Bi ot ech) for 1-30

m n. For immunoblots primary/secondary 10 anti bodi es
are used at 1;1000 dilution. ldentification of PAK
I sof AWasseenet avangy afjehil hses Ié‘ﬁd(fopnchadlrwuatoeaxpﬂ&ss higj levels of

Cdc42Hs/ Racl bj ndi |n eut rophi | SO
K izt oo BY 1 GseyHee e el in Rtk 1A Yeos.
NRinlnked ﬁ@Jhl}aﬂ)lated 4718 lng CEH)S é%fﬁl?ers@@t)ﬁﬂ b8 hord MQ1POHBssess

present in neutrophlls we used Ste20 antibodi es and a
m@aholmgaﬂ sirysturegigippgins forgelhmphlitpgedasiiilgpadisRigarellipodia and

%)Iéﬁﬁ [ GTP] probes. Neutrophil cytosol is
pur| irough four chromatographi c col ums:

Q Sephar ose, Heparin agarose, Phenyl-Sepharose and

Cdc4 -affi.nit in

Vet o7t SiC e e B BEREbARS toihs b Simior fud (et pes of
Hd'sgn @eﬁﬁr&gsc;aﬁ gigﬂiﬁe}é&g@%ﬂmﬁdlhﬁnw gcoma lmmag ydg%QféﬁlﬁxU re
an usi ng. St e ant | ies three distinct PAK

GoRPlees T Be nading fdgegn 5 * g BorRiaKes Sty pite of e

I¥15§M@Itﬁo§§1‘ijc t6 & &al;iﬁged fﬁi)%dlg st 8REhEaabinp %@Qﬁ%el S¢hsumed

detected t hese bands and in addition si ove and

dveing lemelipodiabopansigm.al ime tapee phassseontrast wﬁwa Qfé%aeb ecdlp ppyeals

e e A T

@aenonmowﬁbnflrn1that the proteins detected by
anti-Ste20 anti bodi es and Cdc42Hs/ Racl 25 probes are
i ndeed PAK proteins bands are excised froma gel after

Cdc 42#|§ztz§dofubfélsta‘in1n§$ﬁ'sgféﬁdlﬂg&eﬂ@ Rxth PAK ish@nﬂ@pécmnubodles and
pepti des sequenced. The band running a proxi mat el y
\ewuﬂe@anﬁl@d@@rﬁrvmleﬁe@stwt cpipsalise %Igrﬁé@lqcelssp@méb

At $8m Lentfe e c\éﬁ)(fagﬂ)rg' ] Aﬁgqu R84 E?I/Pgﬁze& ﬁi'e]p‘%&%%p&% in

particular with the rib-like structures and filopodia (Figure 1, panels E and F) while fPAK
colocalised with vinculin predominantly in the peri-nuclear region with membrane ruffles

and at the periphery with lamellipodia (Figure 1, panels C and D).

Interestingly, aPAK is never found at the periphery of spreading cells or in areas
of membrane ruffling (Figure 1 and data not shown). The o PAK complexes stained
positive for a number of typical FC components including; paxillin, o.1 and B6 integrins,

and phosphotyrosine (data not shown). Taken together, these results suggest that yPAK
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75 Sequences of bands excised at 66 and 68 kDa are
PAKs but fromthese peptides it is not possible to
w@ eonahgsdes whi ch PAK i sof ornms are present (e.g.PCT/SG2004/000063
GTEAPAWTEBE and SVI DPVPAPV). Additionally, a strong
Coomassi e bl ue band runni ng] at approximately 70 kDa,
which is not detected with ‘dnti-Ste20 anti bodi es or
Cdc42Hs/ Rac 1 probes, is found 5 (Fig. per arrow
gng @gA& are @séwa}tgpewgléag%mi)lﬁ@j igoelf Pﬁtgnsm vy(}gg og’p 1s assoicated
\{/1 & 19@01{74216& cdif adhésmrﬁ@ﬁﬁiﬁr BAY ilofbARERoddtatioh QMRks ard N
ecul ar masses 62, and 68 kDa of the PAK bands
md\mgﬂqwnedféﬂ&(]dhta@ﬂ@@wahd St e20 probes suggest ed
that the three manmalian PAKs a, R and y (Manser and
Lim 1999) are present in this purified material from
DeuiploRiTde4Ziit/Badl Actiiatiold Gamfihiagohiye RBhod finedioRAKBacl cells
fraction is exam ned further with isoforni specific
anti bodies (raised to peptides fromthe N-termnal of

t he diofeh@bIRntvhBAK: dSOK Qbplexdk @&uiYB REb A abtivAfydhd\dpesI A€ fhibitor
section). Apart from aPAK Cl19, the other antibodies

Retoaprizemplpesd; £icemphigedien with g ugpaf CY 13 thag i1 Wil lgrfeed Swiss 3T3
&Il?ﬂf /leggs %Q@nva% h@l&l—lg (Lﬁgcﬁﬁoin?fa @[%j ])99% 1rose et al., 1998). In
showe e

aut or adi ogr aphs at t 64/ 68 kDa
them dell types adiasiagomdstic (rélhtg)nslhﬁ)oetwffmcdxé?rﬁslﬁe@l aid@RhaAsxists

t ai ne and i.bpdies.is.simlar
RSEREE, [k B TS i eS8 P i i,
Cd22Ms, Rac hadeR Hoeih Baenmacrbshagdsise (a6 the Bftkddao et dkin cihus
this latter antibody is non-specific. Antibody
@eﬁﬁ%{f“ﬁ are bl ocked by the inmunising peptides but not
by control peptides. Taken together, these results
shows that at least three different PAK isoforns are

20 emaégg@@piimum@mwfné@aithegfelmlsmn@ew«temce@@ﬂs@@c1 and RhoA

POl 5y HARICIRE (1BRE Sh bl il erdrfoq Ak fgoked

andwraﬁ!bbtaﬁ tlmsmtrégUnAPémtnmerell g;:gm@holdsggfam:]F-amflfﬁsetlhlotmﬁls1e (|§dIS|starVed of
St B5 REE By prcp iR ontbece PO elonb RGorisRf progpsses are

é‘xk@décﬁanﬂ@ell%ﬁpéd gloWiri(HighredAg pandbDYVelells exipe@6SESF iolinded
Bacl macr ophages. The signals obtained wth the aPAK

igyEschf Sasl 84 nd gplls ﬁ‘?’é@‘é pickottygerysm s Rl acame glongitsds
@fautd i S pRERBSI T RICTrelalfd dcﬁ@i}p;dﬁa RaSt fIleRet al, §58%) bd
are obtained wi th neutrophil
serum (LPA) activates RhoA these results suggest that the former two GTPases drive cell
extension and the latter GTPase induces cell rounding, possibly by increasing levels of cell

adhesion.

To investigate the effects of Rho family GTPases further we carry out a phase-
contrast time lapse analysis of Bac1 cells responding to gradients of CSF and LPA (Figure
2B-D). CSF induces the formation of filopodia and lamellipodia (Figure 2B) and over the
time course of the experiment (30 min) cells are seen moving towards the source of CSF
(needle). In contrast, the serum component LPA induces cell rounding and collapse of

processes (Figure 2C).



WD 21) 1) 41083376 PCT/ SG2004/ 000063 76 Exanple 2. PAK
| soforns Localise to Distinct Focal Conpl exes (FCs)

wo sofiiossrepeci fic anti-Pak anti bodi es are usedP€@DSG2004/000063
| ocal i ze endogenous protein. The specificity of the
anti bodies is confirmed usigg extracts fromcell |ines
and purlfled neutrophll PX isoforn1proteins (see

scr.eened cel.l Lines.
o Rt ey et o i i BT SRR ARR M i oqy g fsion
WIS R RHoABrémoted @NaonndingdiKbAga éthe HDQ'BJS:&herfeOil 2000). To examme
| ocalization studies. Initjally ex n1ned freg an

hetheed EB%‘-‘&W%S feoup LBA quodinedeb FRminene REeBmeriy

IH%T F%%@&&ed@f @S@l%leﬁ@d vl 4 MElkES BhdIRRN b@é&%ssfn% rocesses.
motility such as, filopodia, |anellipodia ang

5 m%qxtiriianm L i pddsd ta the mediint. dn e abaqnwg)fmsf hLRA: pauges asll
antj. bo
RO Pl AHENERL faf P Enl TR Ol ML A hIE o IERERObe CsF
feds LPA rﬁddatddqmd:eng:oﬂﬂnge In adrhm c@lls mpdrelxaawuwe af C8Rean be seen

RO W I NN )

¢t wpadit@ndintadnd tidve kickdieo tle@dirng edge (bei ng consuned
during lamellipodial expansion). Tinme |apse
phase-contrast analysis of Bacl cells reveals 15 that

10 Menbrangh %ﬁbfnjwu&ﬁﬁwﬁa%ﬁi célrsqmufc&th ?idrlH&dcﬁéﬁ offﬁglb&l'ih
to the periphery of the cel data nof shown

il this Bdolbiveddy éamﬂlla@d@ffommtlea dmdwlgembﬂanesm@ﬁm& (mﬂ@( tlme-lapse

i,sof or ecific |
BRI RE el B pI3FD, Pl KLPFY B B RS s n
aftel OB ali¢rsmpbctidrt fﬁlloW&dﬂl;Mh(brpholdigldidﬂy diffendnitieticof at 24 &. Celrjection

dtoRteer B R Rebwit 2 paed R ool O e and
15 1Eﬂnlamp&ﬂa aesﬁ&mwz €data nod SN, Ehedd ¥suits sNUW thet, éﬁlﬁ%ms 3T3 cells

col ocal i sed vinculin predomnantly in the

amd Ay LEnLiS| celly: ClegHs andRa¢d. gan anfpgamise Mpmﬁé@tm&mﬂ fe YR

(% kﬂﬁ?fy with laniellipodia (Figure 1, panels C and
g& nterestingly, aPAK is never found at the

peri phery of spreading cells or in areas of nenbrane

Uffhé§q§£§%gpﬁ§ﬁ qg5%$%%vgg?g?Q§ nunblreo? rcglca

FC conmponents including; paxillin, al and (36
integrins, and hosghotyr05|ne data not shown).
Takerrem dieramalysis prRzaied abdis) (Figuie fg,gEibe of Akt copipiming complexes

20  are dependant on RhoA activity, the effects of C3 toxin should be to cause a redistribution

of FCs from the cell center to the periphery.

Figure 3A shows an experiment where a growing cell is microinjected with C3
toxin and then double stained for aPAK and vinculin. The C3 microinjected cell is
flattened, the FCs in the centre of the cell have dispersed and prominent FCs at the cell

25  periphery that do not colocalise with aPAK are formed. The colocalisation of aPAK with
vinculin in the cell body is significantly reduced by C3 toxin microinjection (Figure 3 A,

compare panels A and B).
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WD 21)1)411) 83376 PCT/ S&11114/000063 77 and (3PAK
are associated with FCs involved in cell extension

wovkiokesaBRAK i s assoicated with FCs invol ved i cTet1004/000063

adhesion. Simlar PAK i soform col ocalisation results

are obtained in grow ng ce7lgl s (data not shown).

Exanpl e 3. CdeaZHs/Racl Activati on can Ant agoni ze RhoA

function in Bael .celk 5 To establj whet her

conpMNERbEC PG e BRI 4Rt o6ALE P 4 §B’él5]1“f Coloch it ingiec!
£md N19X1 1% defis @RTaQY ﬁﬂerg&&&lﬁpﬂeh&cﬁi‘bh r Bofifcel $fpe®Ehow

C3is that in N E-115 and Swi ss 3T ceI s it leads to

thottthe/azs and mbﬁmPéﬁwom@hng(E@mews with diffegegtiation and

98 es
PR SA o B e e el TSeR e ch A RE Pl s toss of
Ehodyvexist Sompidiez dreRites ashth a sHAOR frohFhb). doﬂlﬂeﬁme dﬁnr!gf‘cell
[ rrportant to establish the rel atl onshi.p between 10

pawiApCdodts(Ragh dorrmeanse idprimacell diffasniisielyes so that the
effects of C3 toxin can be interpreted. As a first
step in understanding the rel ati onshi p between
Coodi s/ dRve Lo tteRledynawic Ronpeat Btreps FihmginBioss TS Tels
(Figure 2A, panel C) with factor starved cells and

| ooked at the effect of these treatnments on cell

m) r p hIQﬂe@l@tﬁ p@d@éht&l- a’b@(ré SgSdstsUlidt WPAK lo€atisdsIo RhaA-\depbndént FBsin
derwent a differentiation proce

B\swé raed Néﬁgl lﬁéﬂh $‘@IS$ 3 Idecol)s Bessess g claswcal agpwhiad ahag%lFAs that
£QliteSRIRIAORPEG C@ 2% ﬁl\é‘lr'f’&mﬁfbrgﬁfaﬁ 2A8). PaNESwIDreviblly S

st arved of F rounded up (Figure 2A, panel A)" and
@dhtngaveirdhaveet abf 1990), e §amd rlthaauElAKSFd hecalvealise mtg aingdlin in

i | 2A . Si cS
R H e BE S5 ok (B0 S (R BTt TAK, PSR Swiss
fmféus b&R3ELE @R 1S reﬁ&k%%ﬁbllmthésbl BothpIELR Eoﬁaﬁ\ﬁ‘ecﬁg Rasgs

drive cell 20 extension and the |atter GIPase induces
eoafaningipdindgel puidNithlls wlls.i ncreasing | evel s of cel |
adhesion. To investigate the effects of Rho famly
GlPases further we carry out a phase- contrast tine

| aps elcentldtegsths pofsitibty wk utibibd eshlypiatetidtwigs 313 aqgllabkcause shese

Rl FerBS arermid Bt s T o Foll o SR, Swiskg T3 cels
lﬂﬂérg@\ﬁ%éqdeﬁ@ o&*auﬁpmsﬁ)gmwvsﬂs alclidhg Reata aﬁ& [Hmeﬁlﬁﬂdﬁl n)
cells are seen i.hg war ds_the source of

foradipngnd mepmbegs bt thaf lead dhe formaigpai Ene: QqHAaﬁerfaléR?@Q for
£20 heedr QHRHE Reh 398ide I APSE Mictin and vinculin. At 1 h after plating cells

are round with circular whorls of F-actin and cytoplasmic F-actin clusters (Figure 4A,
panel A). Vinculin staining is present on the periphery and in the clusters (Figure 4A,

panel B).

At this stage aPAK colocalises with F-actin and vinculin in clusters (Figure 4A
panels A and B). At 4 h after plating of Swiss 3T3 cells aPAK colocalises with the newly
forming stress fibres and FAs (Figure 4A, panels C and D and insets ¢’ and d’). By 24 h
after plating aPAK does not colocalise significantly with either stress fibres or FAs which
now appeare stable and well formed. (Figure 4A, panels E and F). During the 24 h time



10

15

20

25

processes (Figure 2C). WD 2004/083376

PCT/ SC2004/ 000063 78 Thus it appears that, as in
wordeenssed | types, Cdc42Hs/ Rael pronpte cel | BXL/SGE0O00063

whi | e RhoA pronotes cell rounding (Kozma et al., 1997,

Sanmer et al., 2000). To exani ne whet her CSF protects

cells fromLPA nmedi ated celT rounding, the experinent

shown ure, 2 carried t. Fis. relea

e Bt i areisty AR G814 55 a0l opRpept Gk SLBER SRodia or
1Ahti8podla.5 M n LPA is added to the medium In the

absence of CSF, LPA causes cell rounding. Figure 2D
shows that CSF can protect the process nearest to the
SOUr G @ 4 o 2B Po AL HBH, RNAEATSIOFPRLARSEnfolel
addi tion, cells near the source of CSF cah be seen
mmtosmptz aﬁaljrsmqomfm sarepdingtiwiss D) celinidullh etagad fvith ePA etnldé? actm-

§t{fﬁ%fw t h \cgessesaglg ar eﬂaﬁstg%&gggms E@C&%%W ﬁn&arufﬂmg

U6 loPIAK &%daﬁ&s wiith @ -FB3aR n K68 $hs cluSekGBBuics, f)éHél D) and stress
i nduction of filopodia and this is foll owed

fﬁlammu{%@ aated Hrpetinghthe rdtline aége Rigura A8, Pried Q @Wd]é} aPAK is
prﬁsent 1&1 ‘?ﬂ?% gglo Egtg 111‘%196 ﬁég' (gf tﬁg &E)lg? %91%)/4%, gﬁeﬁHﬂﬂltatgdlf?erse once

ormation can een occ
@flt kave Gecomeovdl spread t2oh f ol | owed by nor phol ogi cal |y
differentiation at 24 h. Co-injection of dom nant
negative Cdc42Hs or Racl with C3 inhibited the

f or mathk expediinchis|sERAOing g4 ﬂo'ilo{)vaﬁﬁi‘fohhﬁﬁﬁio&stress fibres and FAs.
respectively (data not shown These results show
ToemineevVpHS dymedhepreaidaps of S“&?FoﬁWSE‘ni Fs gupmstarved Swiss

ﬁ%cc%ﬁm( ?r@éiecﬁ@'ﬁf} E@k@g h@g&e&mj@%taﬁlee/f\orfm bR -8R WicaEn.

versa Fi gure aPAK Localises to
ﬂm&ﬂecpremfetn botEGsreds ifibras binkF sandiringitle po@sesftdidssainblyddata

A DR LT A Feh OB G19 A7 SRRPPEHLEE AR G TORgispR Fppctn
éﬁb@éﬂé QitR Gint QirC@MNS BoBhbRH). Fhusi AR erSWIQSf 3"[6CC%II£ PRt

center to the periphery. Figure 3A shows an
@mpmcmuemt stablefd sand stk filyecel | i s i cr oinjected with
C3 toxin and then doubl e stained for aPAK and
vinculin. The C3 mcroinjected cell is flattened, the
E<anple 61K dsufornss Ddcalifeato DadtinchiBraetinl Sapetusad and
prom nent FCs at the cell 25 periphery that do not
colocalise with ctPAK are forned. The col ocalisation

of aRRAKieWthihe whether PAK isoforms colocalise with F-actin structures
differentiated Bacl and N1E-115 cells are examined. Differentiated cells are chosen as
they possess distinct F-actin structures in contrast to the heterogeneous and relatively small
growing cells. Bacl cells that have been starved of CSF and serum (Figure 5) or of serum
alone (data not shown) are double stained with PAK isoform specific antibodies and
phalloidin. As shown in Figure 2 CSF/serum starvation causes Bacl cells to elongate

while starvation of serum alone induces the formation of long processes.

In contrast to spreading cells, cells undergoing elongation and process outgrowth

undergo intense membrane ruffling and form more robust filopodia at the leading edge
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vinculin in the cell body is significantly reduced by
C3 toxin mcroinjection (Figure 3A, conpare panels A
wW@n4/833370N0 21) 1) 41083376 PCT/ SG211114/ 000063 PFOSG:ENX/000063
we exanm ne the changes that occur to aPAK/vinculin
colocalisation in Bac 1 a N1E- 115 cell s that have
under gone differentiation ?5 i gure 3). Both cell types
show at_ th i.ze. and nynber K cont ai ni nq. F
Grecnste e PAR fwms esrbrer o Siirel e s A R
00 i bR BhtROofieSce vAth safallBhnd i f4h SludBrsaNEchire RBASuerous
This loss of 5 aPA Klvinculin conplexes correl ates

1w)eiohgeamg wilisdhighiedr, R AYd themio dulbiditfergntingdd celly p8WEh
etggocaqd K \%H% E R@&%&Q?%ggg/ﬁgcleay ¥elgﬂ)g|8§ ae csal‘ij b%M%g &gﬁ %ﬁl é)gﬁphery

(Fidafeﬁsa& ipineBvAIAC): BBAR iC6duhg proﬁh@nd@immmmmbs ahdwith
ests that, aPAK | ocalises to Fé@oA—dependent FCs in

laa@ %p%%m potyin dilopefiadFigwg;Sdspaprls BABY Figuisodad ek grdocalises
e R P e 1G] U iy e
%, ganed G4TY. YP DKas wasidy @Hsamaecb‘tvltlahreafs of wmb;ramguﬂﬂmgnd

that aPAK did not colocalise with vinculinin FAs in
growm ng Swiss 3T3 cells (data not shown). The absence

of aRBlsohfrntihst thdloSaUssison oF PAKCi€dfbBnso distnd@F-atur sintiréess

relative stability of these cqonpl exes cone]atged t o aPAK

RO HRIGREP Rge IFesdls iy Cy Ut e iaaTng SXRCBINPR'S Wil sqrym starved N1E-

ﬁ@‘%ﬁ%ﬁé gmssmepﬁﬁ Bind s 983 Wis) chS/ﬁc ws&mkéé AR F-actin
3T I's because these have nore

dgﬂumrbtu didr©s cdn@llﬁeﬁmﬂn Eantlrglndilwmglacoe lalmelllplédlas&H’AK colocalises

i e e Brteda o P AR SR ey Sp Rt igure o

lanmel i podia formation and nenbrane ruffling that

| ead to the formation of FAs. Cells are followed for
Bxample 7 tNrterplingliPeptidgstArt a3 BAK IseformSpaeifix Inhibitessi n and
vinculin. At 1 h after plating cells 20 are round with
circular whorls of F-actin and cytoplasmc F-actin

cl ust\ﬁe bave Foupd tigrovgh analysis ef PAOK isomrmcminiaw ssuéneesthatithe N-
t%&nna end allnm%] aecl Ii%gllfl ngr%gf g&é %1{10 %ageélttﬁscg)ge(% c?ﬁ% acid
ﬂEsﬁlﬁﬁNd‘k lﬁmﬁing/slfepmbﬂeﬁbnmh@inustde;ref_geﬁﬂ-}jagmfeleziaeotelpsane| s A
and B). At 4 h after plating of valss 3T3 cells aPAK
colocalises with the newly

We have therefore designed peptides from these sequences for use as potential

targets for isoform-specific inhibitors.

Although not wishing to be bound by any particular theory, we believe that
peptides from this region serve as isoform-specific inhibitors of PAK function by

preventing interaction with Nck (or other potential targets).

Pl and cP1*%

Initially, we used two 13mer peptides from the N-terminal of aPAK in
combination: EDKPPAPPMRNTSMI («P1) and EDKPPAPPMRNTS*MI (aP1%).
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25 formng stress fibres and FAs (Figure 4A, panels C
and D and insets ¢' and d'). By 24 h after plating

w@BRAlogises not col ocalise significantly w th ePd®62004/000063

stress fibres or FAs which now appeare stable and
wel | formed. (Figure 4A, pgaels E and F). During the
24 h time WO 21)1)411)83376°PCT/ SG211114/ 000063 80

cour of. t.hese expe nt s PAK i.s neve een at. the

o e iy R BT enTRRG BsSipepomee Deing et e O acptide i

ﬂ'ﬁbé}ihb@laﬂ@ dleMEe aad £hiS RbEiBat{on PiSentéritFnt lﬁﬁdhnﬁ NCE @Zlﬁb etal.,
roma confocal mi.croscope analysis

1396% Ea inygstigae dhe edtpals eEpartides @S%SF%%%FVWI’F ﬁeléﬁFfAKZ 4hdo
aFa@a&é CH‘c42H§ andk Ra%sgnﬁl&e%ﬁﬁol%Eﬁs PEEDart O @&m@% t hl s

al so contains F-actin clusters an a ruff
re@rgbolog;@arﬁswae@\reo@meu paditallyiserhm Btagest iN B H Ssollsare g@erally

E%._n%gt%g (’V?tﬂ %@r%&g&ﬁ%%mcg&tggess Dc)uvaﬂﬂ)lpuél%l asn%lhpeo(ﬁléaean?rpeérlljbrrgle
réffles.[zeiie irfecCdavith oD)l possedndlirites thap e Fafiénct and Abhologically
at es | the .centre, of the eII ure 4B, panel
% et sl wtoiieded ik e crsial bersich R P isE poimDianty
diféelt-frohDcohti6l WiRAddITRIN Figkoway. i n Figure 4 follow the
formation of stress fibres and FAs. To exam ne events

duri ng t he breakdown of stress fibres and FAs serum
starveg Swiss 3T3 cells are treated with bradykinin
and doubl e stai ned for aPAK and F-actin/vinculin.

aPAK 7§ 1§ Bief wfph@éiregﬁe %%e%fe%%iu&&@fo?ﬁcl@ﬁ i N %& e

the process of di sassenbl shown

expmins shefeffgete of fahrge%mbﬂawtl@h §W&IQ@I@PAIRPMRNTS (aPZ)
Q?Oﬁgkl ses in F-actin 15 clusters with vinculin (data

shown). Thus aPAK in Swiss 3T3 cells is present in
dynam c but not stable FAs and stress f| bres. Exanple
Isofor Local i.ze t.o Distinct

St 1 UGk BPESCIRS A HinHe ARHER FRA MRS Y ﬁrsi&gmdmg (Zhao et. al.,

1998 TRE ph?:ﬁotg)ﬂ: Bféct 84PN s SlokdirbhbuBsed tBinf theL BNt B &le®Peptide;
Bacl and N1E-115 cells are examned. Differentiate

Rigyre B} edlspressesmendtepibat e thinngsanddenger andiarigherpeseentage of

t
ST HBIASR o PSS\ RS SRORTORNR e
sheed fert 2rhvad hote t@8H caracheswnaifate Filgeffect®f o P2 1s<ntbsage dependent

PERGen S berplo iR b B Es PR SR AR d7h. Ao shown

in Figure 2 CSF/ser um starvation causes Bac 1 cells to

el on %at e
s shown in Figure 3, neurite outgrowth induced by serum starvation for 24 h or

C3 toxin injection (data not shown) is associated with loss of «PAK containing FC’s. By
double staining oP2 injected cells with vinculin and oPAK antibodies we find that peptide
treatment also leads to loss of FC’s (Figure 7D). These results support the idea the « PAK
is required for maintenance of Rho-dependent FA’s and FC’s and plays a role in cell
adhesion. The results presented in Figure 7 establish the use of aP2, a 20 mer peptide
derived from the Nck binding site of aPAK, as a inhibitor of PAK function that is
potentially aPAK specific.
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whil e starvation of serum al one induces the formation
of long processes. 25 In contrast to spreading cells,

w@e edokessnder goi ng el ongati on and process out greet/BG2004/000063

undergo i ntense nenbrane ruffling and form nore robust
filopodia at the |eading e% e WD 21)1)41083376
PCT/ S&11114/ 000063 81 (Flgure 5). The three PAK
i sof g lLocalise with distinct F-actin structures.
aPAK/’{PgE’”‘HSIguzﬁd inthe centre of the cell with snall
round F-actin clusters which are nore nunerous in
el ongatj ng.cel Figure y j
Ful | Seb PRarEib e eptiter sToERRRR e sl il gl e
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not at,  the cell Ferl phery 5 (Figure 5A, panels AA).
haspreifis effesinen SHAAPIOMEYY i n nenbrane ruffles and
with lanellipodia but not in filopodia (Figure 5A,
panel s B/B; Figure 5B). yPAK colocalises wth
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n he I P
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form.Specific Inhibitors 15 W have
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ani no" ¢4 of ‘%é?‘a séwivx%eﬂm%ﬁt %ﬂ?@p@se@g‘ﬁ@s@r{g&mpﬂées by
dm@théﬂwl B RbgdBolfadfitate RBIrPEQPePlidS inf6 tHRRYIE pdpaieh O

desi g peptides fromthese sequences for use as
rpfmlté nteseﬂlted in Hiegyest 8B fupport @emﬁrmnpp@@i «mpenmﬁﬁfi P ABizhibifign

IEkBATYS o 2ol 0L R iR A Y v L o

1ﬁl&bmena&dsﬁ>01feﬁlﬁtebﬁ1@m1tﬁl c inhibitors of PAK function
by preventing interaction with Nck (or other
potential targets). aPl and aPl a_

To confirm that cells micro-injected with yP2 and BP2 peptides have defects in
filopodia and lemellipodia formation we undertook a phase contrast time-lapse analysis.
Cells are exposed to a gradient of Insulin-like growth factor (IGF) and morphology
followed for 60 min scoring for the formation of filopodia and lamellipodia. Cells injected
with oP2 respond to IGF morphologically in a manner similar to controls with significant

filopodial and lamellipodial activity.

In contrast, cells injected with yP2 and BP2 peptides inhibit the formation of
filopodia and lamellipodia, respectively (Figure 8C). Taken together, the results presented
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Initially, we used two Aner peptides fromthe
N-term nal of aPAK in 25 conbi nati on: EDKPPAPPNRNTSM

w@ akpsand EDKPPAPPMRNTS**M  ((Y. Pl *). WD 21) 1p@SE8B7600063

PCT/ S&211114/ 000063 82 The only difference between
these two peptides being that the latter peptide is
phosphoryl ated on serine and this nodification

RRGERT gai18 she N pac e P s aeeoT el Ffpicet et g ool

BéBh eﬁhﬂ 116ty IndsOpladidindt foles i€l @tiRy. Cdc42Hs and
R&g. %5T|ke controFﬁceIIs whi ch are sngfl round and 5

nor phol ogi cal ly inactive, these partially serum
Eﬂ%ﬁ{ piesl I@Jﬁ&éﬂ&l@@é&bﬁnﬁh%&ﬁﬁ%ﬁh&ﬂce el ongated with

ort processes and possess active filopodi a,
| anmel | i podia and nenbrane ruffles. Cells injected
with rite e
ror pAa B RAERRRed i iebfs b hecictn e <cRlE th Bnrppotgey
anld tchin behesed e AR lisofiept dpeefiaihibitod ve meat examgrithid e:t"&mt dfythese
different fromcontrol uninjected cells (Figure 7A).
PFg ?n?ﬁgmggnﬁgWepept|de respresents the core
sequence for Nck interaction. Next we exam ne the
effects of a larger 20 ner peptide,

SNNGIYSM INTRPUEIES21C SCOTP‘? Bmhay ey respondyfgd ewiniw/CSPG
lﬁ)‘uhdelrﬁ;‘ @oﬂﬁéﬁﬂ:ﬁhﬁ% dﬁ%ﬂ&os@%e%uﬂ@a?f%%@faﬂﬁ 8 2ilKscore of
binding (Zhao et. al. he p eno ypi Cc
@bfoetctO‘ngTla PRptidss Aone lﬁnbhmunmtgrmth itsel€oepPthe(tih® qopyse of

e I
5B o L0 L S P SO RSE SR BB B o)
oS s.e sl Pvekl hidms essaffldl forhaeiteaditgelihs cl osel y
resenble cells that have been serum starved for 24 h
and have taken on a neuronal fate. The effect of aP2

I's dogeafsOAeRensBipholdd R obfindd WltthPQ r&ll@ﬁ% bfﬁﬁ!:heﬁ Qhd spiky
t he phenotypi c changes (Fi gure 7 shown in

mgpsties Bat thestiave bsmpﬂagﬁbmdmosﬁqsﬁu@w f69p0§@r wi/aP1* cells have
dat
@ﬁ@&%@bl&@lﬂdm&g%ﬁg?ﬂ?e fm c{;ﬁfo‘l 0aits! ;MHF,%M vl g}p&'ﬁvates

ass ed wt ont al ni
Edc43 andBRac, dosjh)lteéy hittaiPAKD gn@PﬂleBa’qoadmlenh dedslnst avt b function in
i ncul.in PAK a di es t de
e et e i s Ry B ed growen

cbies €heé asuikd ﬁo@u&@gést geh8ieted HR the PAK péBﬁHes alréscdh@lqwntrvﬁdl arole
for__mai nt enance of A Rho-dependent FA' s and FC s and

ﬁg}r ﬂ)fé( 1 filgpadia fermagtion and BPAK in lamellipodia formation as seen in

experiments presented in Figure 8.

Next we examine the role of PAK isoforms in making guidance decisions. Cells
incubated with «P2 and P2 are not affected in their ability to detect the boundary. In
contrast, yP2 cells do not to recognize the boundary with 60-70% crossing over and

thereby are defective in the decision making process (Figure 9C).
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25 adhesion. The results presented in Figure 7
establish the use of 02, a 20 ner peptide derived

wo eoangdzes Nck bi nding site of OAK, as a i nhi bi2@r/S©1004/000063

PAK function that is potentially aPAK specific. WO
21) 1) 41083376 PCT/ S&2004/ 000063 83 /3P2 and yP2
Next, we test whether peptides, SDSLD NTEEKPPAPPLRMNSN

AR s Y RG] R

phinaddian edllscel | nor phol ogy. 5 Peptide pP2 injected
cells possessed nunerous filopodia along a newy
formed |eading edge with no |anellipodia. Peptide yP2

i nj eqh @dic8irk sc1REBERAhnE IR ihdiRe FREN@Htion of peripheral F-
lamel i podia wwth no filopodia (Figure 8A). The

aqtininkrAgpilies rp el eyt loss ¢lsiess fibres Rgo7mn 9t ple 1995). The morphological
58 o BRSNS ER iR BHARH dBiIh PRl 35ck B, Bl oY B B0
stiggesiPA faznpepeli,d89H PR Ml tkbsellamdiab bezodhawif thaintdcd Dids

THERT e e e
0d6t? thedtrchaRag ot filopsddandarnligddiads . acilViging @at42Hzand Racl.

these three PAK peptides ((XP2, pP2 and yP2) give
uni que nor phol ogi es, and control peptides have no

ef f eqtyrmaBeesPA (RAgA) drhien 1 8188 colthSe RtHiRERd 'b? tibresence
i sof orm speci fic manner. carried out a statistical

efiihe (d¢4gHpRaeImestipatendeefjeslingdiozma cbhi}. 195) da pas esdls by toxin

. i 1 A ; . I . t

ot YRS AP PRCEA ] wl AR Blods S S pfE iy
P ependse dutgrovwih gul &ff8Bntsatippsrstent eBavil celtsi I Aemtinaed collapse of
DT e bt S et el Sa 2B 13, s lotes
byifie blebq06lbBCSH) dn aktikstor Cadu2bls bhdRadleads to neurite

outgrowth. To confirmthat cells mcro-injected with
yP2 and pP2 peptides have defects in 20 filopodia and

| anel 1P RsandombR Qs YR wWHAASKELOR KN @ntgéb%%%c ¢t
ti me-1 apse anal \éSl s. Cells are exposed to a gradi ent

btweandRhoi family @dPefeiin kermaef their apidmorphadogien! pliestso oA ‘s role

| . ' ' ' £,
RFG A Sl pGRh AR G LOF I CEPRY B sy nduce
cadisqaenslot. dt ik ERparanio cbwsiier thkdeyantagorastivemameticis betwaen Rivo
fa%r}ltyr Psésevs\nw%gn g}'(a%ﬂhifnlg %h%ﬂtﬁmction.

In N1E-115 and PC12 cells C3 has been shown to induce cell differentiation
(Jalink et al., 1994; Morii and Narumiya, 1995). Notably, in N1E-115 cells C3 toxin
induces neurite outgrowth in the presence of serum by activating Cdc42Hs and Racl
(Kozma et al., 1997). In Bac1 cells serum withdrawal in the presence of CSF at 24 h
induces process outgrowth and morphological differentiation. Similarly, in N1E-115 cells
serum withdrawal leads to neurite outgrowth and growth inhibition. In N1E-115, PC12
and Bacl cells the data suggest that RhoA dominance is required for cell growth while

Cdc42Hs and Racl dominance are required for cell differentiation.
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filopodial and lanellipodial activity. 25 In contrast,
cells injected wwth yP2 and pP2 peptides inhibit the

wo ooomgizon of filopodia and |anellipodia, respersée4§00063

(Figure 8C). Taken together, the results presented WD

. 2004/ 083376 PCT/ SC2004/ 000% 3 84 in Figures 7 and 8

show t hat a, (3 and yPAK i sofornms control different

aspe hol o d ther
a5 1hte Rpg il O BR Aheat P Rg bt ol gf p-actn
GoskAoPRftQlsB KR detelopmen®d) lvitdHibeBiadds ecltBreivitgand cell
established that peptides are specific in their
dEffersptizdonn cel | norphol ogy 5 and can be used as PAK
i soform specific inhibitors we next exam ne the effect
of these peptides on axonal guidance. Neurofilanment
Boanply £0. Riseupsiay PAdelsebonesand §ICsHdw t hey respond to
Lam ni n/ CSPG boundary. Control neurites did not cross
t he boundary generally and give a score of approx.
10% Tﬁhebmptibldmat dmsoph:iﬂa b AR ildvalisen@ith phespbetygsioevinmulti-

érh‘%%,%om% gfe léa:ﬁlgn%rel cglésp 1{1}3 %edtdFl gfnis%ls ?(}gm(e sgég%stgc? {’hat it
phphed @eipesent bf W(ﬂa%)l ot al.] N95%) aMlarfimalivel PAIRAISs@s ENAGninal
essential for neurite outgrowh, The nopst sbrlklng

sraRsHR) thag yan lecabist themde Flv ﬁ‘Hl %‘FSZ(M*’@W es2la l & Br anched

and spi ky suggesting that they have |l ost polarity and
possess many filopodia. aP2/aP 1 * cells have

mor pHdvesgPressionfikec] mgCdmals o Holgnelisgnduces reergitment of
EhBEF PART Bl LOR ThE ot BT PER s pRO
itlpesant mdile hﬁlu&ahamg RPAK to direse multkestie pmtemn mggrapates (Manser et al.,

TR S Lo SRR LRI o

YROe baﬂﬁphxhun htuePIRAK 1% Rhd PIEE 161062120 BSFC (fmmewl et ral A1999;
role for yPAK in f|Io odia formation and pPAK

Mapsst mdae@» B%d Repent &’ﬁﬂ%%lg&eé@ﬁh%t HedXgeP1 srapense allows focal
b&fzAdbn Bt nﬁimgéa XL GIRERBBRRIA Binfiel © of

PAl |so or ms |n gui dance deci sions.
mﬂqmbaméﬂOﬁNﬂhﬁuP@nahalpﬂm2hre not affected |n thelr
ability to detect the boundary. In contrast, yP2
cells do not to recogni ze the boundary wth 60-7096

Cr 0S SBday cellébssasschigh bl edfiendogendle PAR indieng 11 ai [eal system to

gx%?nllﬁcél V%Pethrgragdlggen%[lso I(’:EI%g ar(e Elomlﬁl(;n%nts o% FCs. We found that o, B and
yYPAK isoforms colocalise with vinculin, a component of FCs, at distinct sites. YPAK
marked preferentially rib-like structures and filopodia, BPAK membrane
ruffles/lamellipodia and aP AK localised with vinculin in complexes present in the
centre/nuclear region of the cell. Interestingly, in the three different cell types studied
oPAK did not colocalise with vinculin at the cell periphery with filopodia/lamellipodia or

areas of membrane ruffling.

By comparing o.P AK/vinculin co-staining in conditions where RhoA is active

(LPA/serum without CSF) with conditions where it is inactive (by microinjection C3
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WD 21) 1) 41083376 PCT/ SG2004/ 000063 85 Exanple 9.
Di scussion: Rel ationship between Cdc42Hs/ Racl and RhoA

w0 mo4n083m@l | an cells In Swiss 3T3 cel | s bradykp@i/sGznd000063

Cdc42Hs induce the formation of peripheral F- actin
m crospi kes as well as a | of stress fibres (Kozma
et at, 1995). The norphological 5 effects of

R s A T M s A
N6rrd &% Goalpofent bt F(fb&§q1@ﬁﬁ%%’&l§b@é[@ﬁvﬁ§1ﬁtBa@ﬂ 64#Hphe diditiced

filopodia formation is inhibited by RhoA and that the
Rbesieted i srionemeCpanilbini phosihatiesins anthe1/B6integrinen of
filopodia and | anel |l ipodia by activating Cdc42Hs and
Racl. Furthernore, LPA (RhoA) driven growth cone

col | dpsevissSTB élishiPddishacriited tpREGLAGRndhOF A diirdifg assembly

Cdc42Hs/ Racl activator Acetylcholine (Kozma et al., |
(Forgading gelismd disasserplly CasadiimmireatyrsllD sugaseinedharadpdnis
RAloildd ARSI tRe ARHatloATEEAL RRGLE: H‘fsﬁs@énﬁbl?f‘ﬂﬂ%}?&liggofoms play a
m croi njection. B 24 h process outgrowth an
wlefif ghreedynamaics offthe ECseag anlylinvoBead il cetleftensipPutiatsd gelbatihesion
{g%lsiapse of cell processes, a phenonenon anal ogous to
eurite collapse in NIE-115 cells, is blocked by the
presence of CSF, an activator Cdc42Hs and Rae 1. 15

ake t her,, t resul t how that there is an
Einso A dresrian IS fiofrn HRGHER Rno famtly GTPase’ s
in terns of their rapid norphol ogi cal effects. RhoA s
role appears to be in cell rounding and adherence

whi | éOveraprestionef ol s ingivissRAB| cellshas Gednrfgunddio indp¢ changes in
EXLE E%Ljugtﬂres,lﬁanfe tflé%%&tﬁﬂto{}n%mgﬁﬂé ﬁés, #iggiﬁasecgﬁg
antagoni stic 1 nteractions between 0 am 'y ases
Udrd PHeRacii-mdepgnddnemechbnisnt(Bals et 80199).Ni E- 115 and PCl12
cells C3 has been shown to induce cell differentiation
(Jalink of al., 1994; Mori and Narum ya, 1995).

Not alAdgshowi ilNhEabol:b Eggthplss, E3B4cxh@N1ENASIGEBR wiehitd that PAK
outgrowh in the presence of serum by actiVvating

ispfermsave Aigtings localisptions P Adt isfpund tg gofpgalisg poggEongdeyith F-

' : . . .
Al i L B Bhioilsocnp bty wih
filopddéa.enti ation. Simlarly, in NLE-115 cells 25 serum
wi t hdrawal |eads to neurite outgrowh and growth
inhibition. In NlE-115, PCl12 and Bacl cells the data
SUggHAR heds nRNBALSORIAIGRER dr SanteBfPalifaBibnitRineGRifles and is never

fgr owt h while _
ound on the cell periphery with these F-actin based structures. Rather aPAK colocalised

with small F-actin clusters in the centre of the cell and with stress fibres. The function of
these clusters is unclear but they may act as a reservoir for F-actin filaments and other

cytoskeletal components or be involved in cell adherence.

Dharmawardhane et al., (1997) have suggested that aPAK in Swiss 3T3 cells is
present at the leading edge associated with membrane ruffles and lamellipodia. In contrast,

our studies of the three different cell lines, including Swiss 3T3, under various conditions,
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Cdc42Hs and Rael dom nance are required for cell

differentiation. WO 21)1)41083376 PCT/ SG211114/ 000063
w@s00dhess76 Rho fami |y proteins appear to contr oPCTI®G2004/000063

only rapid renodelling of F-actin cytoskel eton but

al so the devel opnental sw tgh between cell growh and

cell differentiation. E a8 l e 10 Pi scuaoi on: PAlv

cof or n$ FCo!.F he ob tion that droso hil a
ke b SoToRpI1GS SrGHs Patviraa & sl rod g attle
A UNERKBSI. the | eading edge of cells involved in
dorsal closure suggested that it mght be a conponent

of FCs (Harden et al., 1996). Mammali an PAKs possess

and FAG T\ ARV ERAER Al e Dl RbRTN Boliignpy o

rmu drittdeYR Isgess dibtde L BAK ed ;ﬂlosphdqr&m mryesin hedvyehdin @rzeskdet al.,

B2 BEeh Bl Ebite Ko RTUoRE” ok T AL ey SORRTADE

ﬁx&@atmﬁmsgaxﬁ%kbal 11 hezs Cour st R E st EORSK fsofBEIE BgRLs émﬁc
(Manser et al 1998; Cberineir et al., 1998)._ Anot

%‘fléltS@Pﬁ relosipReMeseting Hs mepar F@ADN Frycaes Rigsentin cﬁh.l@%udmg
Blbdgpaxillin and PIX, allows the PAK to localize to
FC s (Turner et. al., 1999; Manser and Lim 1999).
Recent work suggests that the PAK P4 sequence aI | ows

RGeS RSS2 AR oA B A pRERUSIIS RERP
(Brown et. al., 2002). Bacl cells possess h| gh | evel s

R S S e o

dhtrbitng ekt Mabh@ogydyandics. WRAKovie§ BHedbembiz&dn @€l té SRwwhitlPAK
vi ncul i n, a conponent of FCs, at djstinct sites. yPAK
iseformTRIEseRt Be Sk HRiflug qoyppRests of the ditferentiynes ECHgesent within
Jelik opodi a, (3PAK nenbrane ruffles/lanellipodia and

aPAK | ocalised with vinculin in conplexes present in
the centre/ nucl ear region of the cell. Interestingly,

|0 8 B L PR it RS R Ao ARAIS 0l i

not colocalise W Vi ncu € ce peri
m’dbgenﬁmsl rapeni fandtianbl hsmg)ptbpada)nmbaasre aﬁpmfemm‘@rranmacnon The

;?entl el(.g hgﬁgqepggfg% ?\E}%%&%&%F%ag% s\;ez'}cﬂ ) or} P%?{ 1sofo 1|’rrr1]s! ang this

region is involved in binding one of the SH3 domains of the adaptor protein Nck.

- The peptides should alter the ability of PAK to interact with Nck and since this
interaction has been shown to be important for PAK function/localisation (Hing et. al.,
1999; Ruan et., al. 1999) would be predicted to inhibit PAK function in vivo. However,
the mechanism by which the peptides give rise to specific inhibition of PAK isoforms

function is unclear.

To date, two isoforms of Nck, o and 3, have been identified with each isoform
having a different cellular localization/function (Chen et. al., 2000). Clearly this in itself is
insufficient to provide three different phenotypes observed with the PAX peptides. One
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(LPA/serumwi thout CSF) with conditions where it is

i nactive (by mcroinjection C3 WD 21)1)411) 83376
wrehABEA3161114/ 000063 87 toxin, or serum star vetT/OG2004000063

the presence of CSF) we are able to show that the aPAK

isoformis a conponent of F?s requiring RhoA activity

in Bacl cells. The aPAK asSociated FCs cont ai ned

axj l.li.n sphat,yr.osi ne .and al /06 integrins. In
e bl g R e B it s} GRS iy a ole
i Agerddtion REthaS &@filay 1-25 a4°8 bf 'R i Br@e | Hustherddlk is necessary to
di sassenbl gﬁp%br ad%/ki_ni n-treated cells) suggesting that
rgmiye how the PRpEPcst asrisefprhsnerific fd#HgES on of FAs and
their disassenbly. Thus PAK isofornms play a role in
the dynanics of the FCs not only involved in cell
ext el the Expuples [thrpepbdds aredhizaivost inforaly by eharmpiceoitjgetion or
L S Lon. | - q Xpi '
R S e L
shhaRtgas of cllsfe Bettudiedtapidiyt wiktteminima pettyrbadee. Trerpbeddtypes
of nenbrane ruffles, via a.kinase and )
Q‘?(Sed@?é[@/l’%@fﬁ Porfd é@ihﬁ’@k fre fistped %‘P@rﬁa?@étp?@n@ protfipund in the
&) cell Popiiin i n the above Exanples, in Bacl and
1E-115 cells we find that PAK isoforns have distinct

| ocalisation. (3PAK is found to col ocalise nost

Stro . N T . , .
g o e S B T AT LS o
foi filppodia formatRAKERIBE Soriabellipeléd/ membrbge fuifles fodiatiomand oPAK for

| | i podi a/nenbrane ruffles,and is never, f.oun

ief dhstoR SR ARG ArbinsSRe ArvbFor BB SR ok o
Sdd40 @ﬁcURﬁfl effeabh &y inﬁlﬁﬁtglyﬁlﬁlo%d fid ?gdahtingi thelf'l’ﬁu&{mbdﬂ of RhﬁA-
F-actin clusters in the centre of the_c and wit
depprdert §A by Hess anfsiress fbessiaph thsteby tsvelp @g"é?%c?ldh%“i%‘r sis
uncl ear but they may act as a reservoir for F-actin

filaments and other cytoskel etal conponents or be

i nvolRpeefhervitethe rodestsagaspie@herefpan ped s/ th dnesllextension a model
1 R37 L0 RS Sl BRSO RSP TBiell o
threk PPIAKSIis@foon isgmeskhted Guguae 10)nRepohtipmsf ell nouiilitystyuddcd? awd Rac

it R Ao b P s ST Romptees
4360t AR 0RR0 6kch as IRS-58, N-WASP and MRCK.

Example 13. Discussion: PAK Isoforms Play Distinct Roles in Axonal Guidance

The Examples also show experiments which examinethe affect of these isoform-

specific peptides inhibitors on axonal guidance using a matrix boundary assay.

The peptide data suggest that PAK isoforms, at least individually, are not essential
for neurite outgrowth. However, P2 and yP2, but not oP2 did affect neurite morphology.
In the presence of BP2 neurites are branched and spiky with lamellipodia and ruffles
inhibited while in the presence of yP2 neurites had flattened growth cones and very few



88 fail to show aPAK colocalising with F-actin in
filopodia or lanellipodia/ nenbrane ruffles at the

wo emdiossz7edge. W find aPAK to |ocalize with SPCESG2004/000063
fibres during formati on and di sassenbly but not wth
stable stress fibres. PAK Gn phosphoryl ate, myosin
heavy chain (Brzeska et al.”;” 5 1997), nyosin |ight

hai.n ki nase (Sanpder cal., 1999) and. Ll M kinase,, a
o SaBE peab oo Bak e g ar b g bbbk IfRfate
deesishd.s suggest that PAK isoforns have specific and
distinct roles in renodeling the magjor F-actin
structures present in cells including stress fibres.
Examig rdedit ifdonsise s v thEHkw 180 FiRpDEia Blag ¥in Bhsdriahtible in
Roles in Cell Mtility 10 The localization results
sidggessdecisiopoiBeatiny aad dodsRpyveands H86sClrign otPAK 1P¥V1r s
I n. . Ql. .

5 iR hRileR vlabe L BRI, CHRANCGR p AP PN on sona
gubfanestewbrds K&F mil¥ 193-1 Ibnictju 8'he dutp erentsstaft with éhedatingr/€8PG

RS B bl SR TR B0 S

th& G intidahbe g atizalpd iR doddéw dewhiheldstisign making

peptide inhibitqors of praotein-protejn interacti {r}ﬂ t‘éh%

5RYsET efduovanedofais Fusuesrsipha SIPPRY P At ?Sé‘aﬁ_“élrfot% grigs PAK
10 idofédn infxbnd? buiBhKe (18 M FEn @9 A KNS unguBGined ditd). | nvol ved

I'n binding one of the SH3 domai ns of the adaptor

protein Nck. The peptides should alter the ability of

PAK L0 .i. C o : , . .

pas. BObFERE il ooBe RRLRERe i sl bR (0A), and

KMyelot dsomdated €&y dopatidin (MAR), Mg thetcentedl ngrvoidGyst@ gre tRueht to

et., al. 1999 uld b redic o, i.nhibit PAK. .
et i e R aguag Aforvgre R AR A By oA lepified 172
REREI g@ﬁal&%‘f&iﬁii& 6f §x8ndlReRkAdeGvHidMthB) Hav@Btilal i ¥faulating nerve
| sof or s unction is unclear. To date, two isoforns

15 rggengeakion. d'hg rglation pfneetidss diet blgelnproteinaproiRin integagtipps and can act

{o G TP Pl < Rt may g w pry s
nenvasis systeint spdif. In fiitur@ Bxpierigwaht,i the isofborn-epgsifo\piepiadetihlribi¢ors of

G A R BE5 SR A b Bt g

function and disease states.

20 In conclusion, this is the first study that has compared the endogenous cellular
localization of PAK isoforms. The data clearly show that o, p and yPAK isoforms are
present at locations that may allow them to play different roles in cell motility. The use of
isoform-specific peptide inhibitors confirms that o, p and yPAK isoforms do indeed play
distinct roles in cell motility and further that yPAK is essential for axonal guidance.



possibility is that additional isoformspecific
targets or Nck related nolecules play a role in

WO miogngasté on with N-terminal 1-25 aa's of PAK PEDSGIN®000063
Further work is necessary to resolve how the peptides
act as isoformspecific ingﬁbitors. In the Exanpl es,

the peptides are introduced’into cells by either

m croinjection or 5 using the bioporter system The
wét—echni que is particularly powerful as it allows
whol e popul ations of cells to be studied rapidly with

m ni mal perturbance. The notypes . optaine .
pept iAé’@sgaQ‘;l= o Pa@mfayoa(lﬁ-ﬁ ’hﬁ‘?‘k dﬁ?‘ltslch'c‘g" g‘?@m%e %Hﬂe’ B., and
1@&@&{, yxl @@9@?@@,%@@1 RftEAS foleaan Ak, ieRdlicReP Bd i on.
Taken together with the localization data the results
rsurgyasation pithe yainkytoskeletaging dnihe formatien offfjloredisg EMBO J., 17,

5 (%ggggﬁdon, pPAK for | anelli podi a/ nenbrane ruffles

ormat1on and aPAK for cell adhesion and cel
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Thronbin in Platelets. J. Biol. Chem, 270,

2 6 6 9 Wa@ﬁﬁ&ﬁodlﬁw’uﬁﬁ{ and@ariftions Bf tB¥\escilibed Gacthdde blidéyk®@m of the

Ni kol I Ve ld, A
pventl%mlbbﬁ agpargnt to q}}qéq]ﬁé)lle%gg Ecjheoﬁdx/l%@\y&?p%pg g‘gj’g% elsgg@) and
fpﬁ%‘o‘f ke @nde%ﬂmqthgughll% Rl sn Eﬁ%e&ﬂ&sﬂ%d tnh&di’lﬁ%oﬁ‘ with

novel Kyrin repeat, ARF-GAP protein: A role
jpecifie ylte&srké b@b@dlmplém@épmlﬁ be undersgid)that Begventiqm; claimed
St e YO0y R OVATRERRNR B caions
IABHdeR&2d mdkesdfpr BAByininste invEntioGhvdrich axe @vjolﬁhmthgse SEil],ed in

Leun T. 'and Li .(199 0 conserved ng
RSB R R gl B AN O B0 P AR
ki nases reveals their norphol ogical roles downstream
of Cdc42 and Racl. Mdl. Cell Biol., 18, 2153-2163.
Each of the applications and patents nentioned in this
docunent, and each docunent cited or referenced in
each of the above applications and patents, including
WO 21) 1) 41083376 PCT/ SG211114/ 000063
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98 during the prosecution of each of the applications
and patents ("application cited docunents”) and any
manufacturer's instructions or catal ogues for any
products cited or nentioned in each of the
applications and patents a@g in any of the application
cited documents, are hereby incorporated herein by
reference. Furthernore. all docunents cited 5 in this
CrLAiext, and all docunents cited or referenced in
docunents cited in this text, and any manufacturer's
instructions or catal ogues for any products cited or
1. menise ohedeptiletah s ispéximn, spe@fi@artegoslsy ol el kpwsatieghich the

herein by refe e..Various i.flcations, and :
per i oair B (T DY PO G T b 4 e s P B s T
donlaVEHARRIME kn REICRBRATEMe N #iRARE dSkhihla8E teNsdhign &etbific

wi t hout departing fromthe scope and t'he

10 spirit of
domanventproes a Rgtdea dglont ke duasvign i oprehadbeedudestoril béd PAK
. in.connection wth specific preferred enbodi nents, it
kinagg 50i%Mpe under st ood that the invention as clai med
shoul d not be unduly limted to such specific
enbodi nents. | ndeed, various nodifications of the

2. desglibediiPees]af®n, GavHiot e Nekbidd domuanddnitiswdihe Motif
are obvious to those skilled in nolecular biology or
PXXBKR¥Xe®S fWhetedSrepresentnprehoed torefatswetiin, and Kes sigopeinoficid).

the clains. 15 99 CLAIMS Use of a peptide as an
i sof orm speci fic antagoni st of PAK kinase, in which

, th tide conprises:; (s).an i ndi ng donai f

5. ok RrfiesdTaRECBi 15 2R op ek Pl e onedtagem

the KbB@R8&hsistiRg WhipaPPRARKTSS b hep MRK14%, PAiPPg RAGNSI PA B RNS.
i soform specific domain conprises a sequence from

PARRBERMISSs P APPORYANS. grASTRRDITY, PABPY B&4S Rartddl 2P PIoRMANSPAK
ki nase i soform 2. Use according to Caim1l, in which
the Nck binding domain conprises the noti  PXXPXRXXS

( re P represent roline,. S represents.serine, and
R B R SCER & P55 R RSN RRE S RaRF g Affies
a seduentdbMb&tht RRK Nakid sndiangthd ORI nuS o S£P ARLIGHAsE 19Bm,

the group consisting of. PAPPVMRNTS, PAPPVRNVSS,

prefpaPIPlal seuN8ce PARPMRNTS0logRARRYRIVESA KPaPRLRNMNS!ly members.
PAPPMRNTS, PAPPVRVSS and PAPPLRWNS.

5. Use according to any preceding claim, in which the peptide comprises residues 1 to

21,2t021, 1t020 or 2 to 20 of a PAK kinase isoform.

6. Use according to any preceding claim, in which the peptide is capable of at least
one activity selected from the group consisting of: inducing loss of a cell adhesion
complex, activating cell spreading, activating cell extension, activating neurite outgrowth,

prevention of filopodia formation, and prevention of lamellipodia formation.

7. Use according to any preceding claim, in which the PAK kinase isoform comprises
a sequence having an accession number U23443, 088643 or Q13153 (aPAK), U33314,
CADA42791 or 075914 (BPAK) or Q64303,AN65624, or NP_002568 (yPAK).
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4. Use according to Cdaimi, 2 or 3, in which the iso

c,rmspecific domain conprises a sequence between the

Nck binding site and the N-term nus of a PAK ki nase

isoform' preferably a sequence which is heteroiogous

between PAE. isoforin fam IM menbers. 1 Use according

to any preceding claim in V\/P]i ch the peptide conprises

resjdues 1.to 21. 2to 21, | to 2 . . 2y:. of a PAK.
5. ki nuSeradinsrepretish ety th Wik te g Brakiathgh cmbrises
oP &KL thi oY e@ih@d@ﬁg 's?ﬁq\e & iSaRaRl Lo 1 erb nsisting of:

oné activity selecte romthe oup consisting .
MSNNGICD WQDIKAS M ONN&LEFQ D Kad NN NG V DEQIVEIPe X NNad th W@DKiRg

cel | _sprcadin activating cell extension, activating
SNRELIDDETARGT N DIOBKSr ovent i on of {1 0poc?

“or-ration, and prevention of lane ipodia formation. 7

Use accord ng'o any , eced,r g claim in which s e PAK

Ki [ r I SES: ' SS |
o e T P A Bl RS TR SRS
EDRPRAZPURNT SMP (a1 xbASNINPAKIQDK PPAPPIOBNAN (P BH21, o:

;- t~t12568 (YPAK). 8. Use according to any

preceding claim in which the PAK ki nase isoform

conprises  aP 1Ki, and the jsoform.specifi omai n .
10.5 e qUEReEO e (SE et T+ Ghivhi t@rnsab&cléﬁgw%fq %@twgﬂng

- , DI QDKP, MSNNGVDI QDKP,
ne%@é‘m%@%ﬁwp and SNNGVDI QODKP. 5 f. Use
according Caim8, in which the peptide conprises the
sequence EDKPPA' PMRNI SM (aP )or
11. SNNGEeDIcQDKPRAPPNRINTE 9(ca P2)in whikh this peraide ov cipaige Gf siinml8ing
or 9, in which the peptide is capable of stinulating
NTHBIFEFIE 10t gr owt h (>neurit ogenesi,. 11. Use according
to daim8, 9 or 10, in which the peptide is capable
of stimulating 1V nerve regeneration. |Use according
12.t 0 BEWacebrdfdgab BBy bf ¢1Qints 1 1o, Whivkibdh tep AAKikbdRSBrm comprises
i soform conprises ,3PAK, and the isoformspecific
BP A8 nmidthe sqlremceedifc dehat sepieficeonsd dveedyfrou phecogi ®nsingng of:

MBSO T DS BBERBR S S AMEERP L DL KOs

SDELOREGKMAN dABGIDAZEK NI ch the peptide conprises

t he sequence

13. Use according to Claim 12, in which the peptide comprises the sequence

SDSLDNEEKPPAPPLRMNSN (BP2).

14, Use according to any of Claims 1 to 7, in which the PAK kinase isoform comprises

YPAK, and the isoform specific domain sequence is selected from the group consisting of:

MSDNGELEDKPTI, MSDNGELEDKP, SDNGELEDKPTI and SDNGELEDKP.

15. Use according to Claim 14, in which the peptide comprises the sequence

SDNGELEDKPPAPPVRMSST (yP2).
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SDSLDNEEKPPAPPLRWNSN (i 132). 14. Use according to any
o Cainms 1 to 7. in which the PAK ki nase isoform
conprises ;PAK, and the isoformspecific domain
sequence is selected fromthe group consisting oi:
IMSDNGE. LEDKPTI, MSDNGELEDKR,, SDNGELEDK_PTI and
SDNGELEDKP 20 15. Use acuordl r,. Gaim 14, In which

the e conpr.i ses S NO e
16 | PERBAPPURBOR IS Rt d e a@ﬂ@hﬁewtéﬁéﬁ Saptbfe oF inpipiting,
axo\p{gllg;maqqla@ peptide is capabl e of inhibiting axonal -

guidance. IT Use according to Claim:14, 15 or 16, in

whi ch the peptide is capable of allowing neur :ie
outgjrows across an attractive / repulsive boundar

12 pr ef e agpryling th é?nhalm W&%@G6 B whighdrneptideis ceppblegtt afowing

A8 R B AN (R corc

bound#§2) and  SDNGELI DKPPAPPVRMSST (vP2) as an isof orm
speci fic antagoni st of PAK kinase. 9. Use of a
nucleic acid, conprising a sequence capahie of
encodi ng a peptlde as set 10 out in anéagrecec

18.cl asn ¢f 2 peatigrehaya the segpence HUAHAPEAMRBdoMIdihg. a P. AK

sSEIRTRLIAR o5 0.2h, SPSERRERRALERSR hoeng: m

SDﬁlakLEb‘kp mm@?@l P t)apﬁﬂh&oﬁﬁ' iaéc rrg%gms%mi@k%

|nase|s orm se o ost c fected wth
a nucleic acid as set csui in C|a|m19 or an
expression vector as set out in Caim20 in a nethod
19.0f Spediafiuckld agidannayomigsi sagueacAitablg 6f kicodsie aipsplidsranset
nmet hod ¢ ".inhibiti an_i oformof P
O‘“t“ﬁ%“yn@te‘f?gﬁlgc%ar‘r‘ﬁr‘il§|”P‘F§h°dc[grgﬁP%f&f{“ia zja%ﬁgqné%%ﬁﬁégfklwwsofwm
kinase with a peptide as se out in any of Clains 1 to
18. 23. A nethod according to Caim22, in which: the

20.1 SO QT a6 ekpRAforkiddRs CoGpiRid $BclaPAKd kKifuas® 28Rt dubB Claim
peptide conprises a peptide as sei. out n any o

19 @ aanetbo@ot we¢ifigallyrpmgoiiibing p RAK kinaserisnfgmm. PAK ki nase
conpri ses (3PAK kinase and the peptide conprises a

21. Use of an host cell transfected with a nucleic acid as set out in Claim 19 or an

expression vector as set out in Claim 20 in a method of specifically antagonising a PAK

kinase isoform.

22. A method of inhibiting an isoform of PAK kinase, the method comprising

contacting an isoform of PAK kinase with a peptide as set out in any of Claims 1 to 18.

23. A method according to Claim 22, in which:

(a) the isoform of PAK kinase comprises aPAK kinase and the peptide comprises a

peptide as set out in any of Claims 8 to 11;



peptide as set cut i n daimi2 or 13; or (c) the

i sorbrm of PAK ki nase conprises tiPAK kinase and the

pepti de conprises a peptide as set out in any of

Clains 14 to 17. 5 24. A nethod of inhibiting an

I sof orm of PAK ki nase, the nethod conpri sing

contacting an isoform of PAﬁ§kinase W th an anti body

sel &&dsérbﬁﬁbtmﬁgﬁw@cm&ﬁ@gPM kiffse add B @dptide comprises a
sc-8%2, antibody sc-:871, antibody sc-1872 and

ant pdpody asest Pt it Cl{i®at@ 16wz Bi ot echnol ogy, Inc).

2'5. A nethod according to Caim24, in which: 10 (a)

the isof.aarn c. f. PAK kinase c I ses aPAK ki nase and
t AN B0y CoRpiiaus SRR (TGguy st BWA0Y SEa o Lpes
Bi op &0l Q9%ut ih%hy of Ohikd® 1,96f or m of PAK ki nase

conpri ses PPAK ki nase and the anti body conprises an

anti body se-1871 (Santa Cruz Biotechnol ogy, Inc), or
(C) At i saf.or.mr ' [ '
s 2l PIAREERBREL g h HESHIATACRARLS BEAA I GRS
cor(t&aiAg an (So tEmBifPAEC Rinddeogiyh arl ditibodyodelectbl] fEdne theSefuprdonafting
PAK ki nase conprises yPAK ki nase and the antibod¥
of: @@Wy§@-§82,aﬁﬁtl isedd 1,§§Uby®y-pc-(l Sahing antigedy sc-7117 (Santa Cruz
. B nel agy, Inc). 2r. An in vitro nethod of
BI(E?C?I}’H(SIE%’?%C "neurite outgrowth, the nethod conprising
contacting a cell with an aPAK i sof orm specific
antagoni st conprising a peptide as set out 2 i in any
25.0f Clnadthel &csiding tb Chaimadd, anvhiblody sc-882 (Santa Cruz
Bi ot echnol ogy, Inc). iv3 27. An in nethod of
stimul ating nerve regeneration, the nethod conprising
10 contaqetel iftdodn 61 PAK Wirtabe @iinpRAK:P BRIGEAR 8REGE hhbody comprises
ant agoni st conprising a peptide as set out in any of
d aimsti@odysc-8§2 (Opntaf ramiBiotrolhyolegy: 882 (Santa Cruz
Bi ot echnol ogy, Inc). 28. An in vitro nethod of
i nhj biti.ng. axo ui dance, . th t hod copprisi,ng 5 :
contPaie g0 GoF MK HE By iecs ShRBrheSp e P @t ibudy Somprises
ant 400Mihsky GOMPN i(SARICANARELIRIAS, REf oput in any of
Clainms 14 %c 17 ér an aﬁtibodg%§%?18géoor anti body s :
7 17 (Santa Cruz Biotechnology, nc), 24. Anin tro
met (cflthe+fofemabli i Alg kivesk ¢dngproet grAddk masecandske anibody comprises

attractive / re Si Vv
15 an antibofy sc-1 878%ganta Eruz Biotechnology, Inc); or

(d) the isoform of PAK kinase comprises YPAK kinase and the antibody comprises

an antibody sc-7117 (Santa Cruz Biotechnology, Inc).

26.  Aninvitro method of stimulating neurite outgrowth, the method comprising

contacting a cell with an aPAK isoform specific antagonist comprising a peptide as set out

2

e

) inany of Claims 8 to 11 or an antibody sc-882 (Santa Cruz Biotechnology, Inc).
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boundary, preferably a |am nin/ CSPG boundary, the

nmet hod conprising contacting a cell 1u with a yPAK

iso.rrn specific antagonist conprising a peptide as

set out “in any of Clains 14 too 17 or an anti body se-|

872 a antibody sc-7117 (Saqbg Cruz Bi ot echnol ogy,

Inc). 30. A peptide as set out in any of Clainms 1 to

18, .an anti body, sc-.882,. an anti body.sc- 871 n_ ..
27 ant ARG TS RGN RAE Do i By e Sorrgipe
con g R e oE AR bR BRI SR AR R d RBUEER et ou
in Angdif Ciladdwal .to 51 3dan artidedyodc-&82a8paa Che Bisteskdolawyt Irich.?

any of Clainms 1 to 13, an antibody se-882, an

anti body se-1871, an antibody sc-1$72 or an anti body

sc=7117 (Santa Cruz .Bi ot echnol agy, ie) in the. .
Bpre awaw?faﬁn%ﬁodaoiﬁﬂ% ﬁ‘&%é{%‘f‘}ag&‘flg%ﬁﬁﬁh%{f‘@?h@ﬁ CPPEHBS
colf 3 TERS P QA0 P AuBROLA gl L AR
in @ ofl Cldise 1 A€L OT ol adchntibodSi 81 1873 br Amibakly &h7 tTgSatits €ase

is characterised by a defect in nerve regeneration or
Biqieehaglpgy.0ar). 3 A peptide, an antibody or a use

according to an,, of Clains 30, 3 i or 32, in which,

the disease is selected fromthe group consisting of:
oheuxli-deg rder - :
29, il S MR et B oBtengu AP OMP AR ne Brepulsive
boundBly, pid&nabnt & &mihiniGSPGeyunBag] ts nfetlodtcom@npiap abntacting a cell
~denmentia (FTD), pailido-ponto-nigral degeneration 5
withppRIBK is¢larm spesl i qangigprissqopprising @depii¢eads sgl qub i &1y odfdaims

i 1i al ltis m t auopat M. f fam |ia
14 [P an (TR RSy gt G s ity tno)
degeneration and bipol ar disorder (manic
depressiveness). 34. A peptide, an antibody or a use
30.accampdpiidg dstetany irearly oCICadiinms 130 18,an33tibddy swd8i8e hantdaeibody sc-
I sof orm speci fi c antagoni st _of PAK ki nase is an aPAK
18715 o witipedpaci $12c0r aneaigedy s¢-7 1 br (Santa g repiotseipglegmline) for use
.S Ifi oni b - i.t.ri .o.oethod of
0 £ B b nBThaR R Ehval o afieos d it BRubt o Ly o SREAX
gui dance, the nethod conprising exposing a cell
preferably a nerve cell. to an isoformspecific
31.ant dgortiagiepode BAK: kit mase ddipmsditod 8 aanpapbodiescedS2sat ¢
in any of Clainms 1 to , an _antibody sc-882

ut 18, ¢ ;
antREY oy st 1EPOSY Hnl HAKY B ayieody 3675l P ania Cava Fiswapnoloss.
IncPf the prjegalgé&{]&iaa p}fhﬁmac(e\’[nlilgal c&hﬁ&sﬁﬁ)ﬂr}&l R9Y¥reathdfit of a disease.

32. A peptide or an antibody according to Claim 30 for a use as specified therein, or a
use according to Claim 31 in which the disease is characterised by a defect in nerve

regeneration or repair.
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36. A conbination of a PAKi sof orm specific antagoni st
conprising a peptide as set out in any of Clains 1to
18, an anti body sc-882, an antibody sc-1871, an

anti body se-1872 or an antibody s~ -'| i 17 (Santa
Cruz Biotechnol ogy, Inc) t 9 ther wwth a nerve cell.
37. A nethod of identifyi na n isoformspecific

ant oni.st of PAK ki nase, e net ho Do
53 ) AEOURR G ShoEN R SRR A THOMGDS. 5 Tak SEP1 g i Heh
thec‘tﬁ%gkqQEQGJM £6H % gfo%) &%&%iqueofc%ﬁ%d bﬁhgat% d\is%rder ah
bi nding portion of a PAK isoform or fragnment
amhlontk o gu@popadnyi, Aftheonerdetisease, Birkineort hdisaaed (,PIBndien(an)ia with

det ect bi ndi ng of the candidate nolecule to the .
L%BP?‘]&& i agrBRicmmsdragie ( F3§Pa.p&H@0 pojitegaiia) dggeg@ation
0 S BB e A TER OO R0 S
(FVIE}, agiliaCoopiebsiendtmena) with @waﬂbsﬂg pallidamdiralategeneration and

nol ecul e, (b) contacting a peptide conprising an PAK
blpﬁl“héisﬁ@eb@??{mfo‘i@éﬁwlwss or a fragnent, honol ogue,

variant or derivative thereof, with a candidate

nol ect:de, and (c) detecting the bi ndi ng of the
4er| gcdégﬁ'det % tcutﬁﬁi)o ?gr Ph&ddc{;@dr% Q@B{)J mlalﬁfq%q@gg’m which the

honol o varian derivatve there.
isof@inhpekific helggunist yi PgKaindss BfaaronAID Q@fdrm@pamﬁa@mmgcﬁﬁst af a

PAK ki nase, the nmethod conprising: (a) providing a
vP A% ngiferat wepdic asaienist( ¢ybogont act i ng t he candi dat e

nol ecule to a peptide conprising an Nck bi ndi ng

portion of a PAK is:~farm or a fragment, honol ogue,

35 \r/rg(rjlﬁﬁr}’% wgf 9 ng 1[163/ @t la&fﬁg ?lﬁ]lar F@ﬁ%ﬂéﬁg)pregggﬁg'ﬁk&% guidance,

theh@dtmcugmmsmrdxpmng cdﬂlepﬂeveazib yenéhetanfo atlofoAn rzrpéclimﬂ
according to Claim37, 38 or 39, in wWch the PAK
anthgaiss Pt EI@WKcompwmg a pptige ahset 44t in Anyredt Glgigos 1 to 18, an
dnt%cg? Ecd?wcoﬁ%t%(‘)é 19 1alﬁ,£§ntsood¥ f' S2poerC A hkc):orzié/:sg%lp (Santa
Lr@r&ﬁ@&@mhygysmcpct ed from the group consisting of: 15
mai nt enance of axonal gui dance, and inhibition of
neurite outgrowh across an attractive / repul sive
boundar referably a | am-.njn/ CSPG boundary. 42. A
6.met A §a’@g%| PP A& léﬁ{yr%fpeeﬁa.aﬁ@gwsttcem@msmgﬁ PRRiderps set

out 1H§dn§li(?19ﬁilhf f"{o lq{eﬁn arﬁ%r(mr éc ?@6 %ﬁlb‘gbg% n alﬂfb]pdy sc-1872

onol ogue var rv er eo
or @nghtibody sc-7117 (Santa Cruz Blotechnolog,y, Inc) together w.1th a nerve cell.

37. A method ot identifying an isoform specific antagonist of PAK kinase, the method
comprising: (a) providing a candidate molecvule, (b) contacting the candidate molecule
with a peptide comprising an Nck binding portion of a PAK isoform, or a fragment,
homologue, variant or derivative thereof, and (c¢) detecting binding of the candidate

molecule to the peptide, fragment, homologue, variant or derivative thereof.
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contacting the peptide conprising an Nck bi nding
portion <o:  PAK, or a fragnent, 20 onpbi ogue, vari ant
or derivative thereof with Nck, or a. ;fragnent,
honol ogue, variant cr derivative thereof in the
presence of the candi date ecul e, and sel ecting
candi date nol ecul es which dul at e bi ndi ng between
t he peptide. and Nck. 43, A nethod accordin o any of
38. a ar gﬁ%@g ctf @eggfylligxar\,m@f@ﬁn s e iRgans Uy tPI‘%gﬁ‘ Lmase, Mlc method

i . L Esis] , _ o

o 87 B MLl PR A A b B

P AK &l Spargorao ek, bele fragmaethooitlodun, @nyintadr detiedtive theredfowith
18, a nucleic acid as set out in Claim1l9

t ) oo
a caadigriequlenvic. gatteodelgalingdhe Bading A te iser toghe PAKrting
pep%ﬁ%lrfra %eﬁtehorﬁﬁﬁéﬁef vadhfbi0LbabRARLOGT W Lh 2

ceufil ca accept abl'e exei piend' o, r 45. A

pepti de conprising the sequence EDKPPAPPVRNTSM (aP

i). 46. A nucleic acid conprising a sequence capabl e
39.0f Ancddidng iénpdpid desaomosghicily dnagoibtaifiA4Ekinds, thAmethod

expressi on vector conPrisin a nucl ei.c acid sequence
congEisBEdiangrov ey aspdiggle molacule (hgoptagigng the parladascpelgeule to a

[ : - r

peplie b R A BERL R AP AR S0 B Bl omologue
variaet dr@dri oftive fikdrdift dndge arktdc8od @odulafiorRAKcKVinasihe patided

of stinmulating neurite outgrowh, method of
fraggpenmbparolagye.narigrt oF dgereraticsal. met hod of i nhibiting

axonal 15 gui dance, nethod of enabling neurite

outgrowm h across an attractive / repul sive boundary,

conbi [ ] i ifoyi : i, Saf o

e L O R R LR S A

vPAAC o/l bEkPr €ssi on vector or host cell substantially as
her ei nbefore described with reference to and a, .

shown _ n the acconpanyi ng draw ngs.
41. A method according to any of Claims 37 to 40, in which the activity comprises a
yPAK isoform specific activity, preferably selected from the group consisting of:
maintenance of axonal guidance, and inhibition of neurite outgrowth across an attractive /

repulsive boundary, preferably a laminin/CSPG boundary.

42. A method according to any of Claims 37 to 41, in which the method further
comprises providing Nck, or a fragment, homologue, variant or derivative thereof, and
contacting the peptide comprising an Nck binding portion of PAK, or a fragment,
homologue, variant or derivative thereof with Nck, or a fragment, homologue, variant or
derivative thereof in the presence of the candidate molecule, and selecting candidate

molecules which modulate binding between the peptide and Nck.
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43. A method according to any of Claims 37 to 42, in which the method turther

comprises isolating or synthesising a selected or identified molecule.

44. A pharmaceutical composition comprising a peptide as set out in any of Claims 1
to 18, a nucleic acid as set out in Claim 19, an expression vector as set out in Claim 20, or
a host cell as set out in Claim 21 together with a pharmaceutically acceptable excipient or

carrier.

45. A peptide comprising the sequence EDKPPAPPMRNTSMI (aP1).

46. A nucleic acid comprising a sequence capable of encoding a peptide according to
Claim 45.

47.  An expression vector comprising a nucleic acid sequence according to Claim 46.
48. A host cell transfected with a nucleic acid according to Claim 46 or an expression

vector according to Claim 47.

49. A use, method of inhibiting an isoform of PAK kinase, method of stimulating
neurite outgrowth, method of stimulating nerve regeneration, method of inhibiting axonal
guidance, method of enabling neurite outgrowth across an attractive / repulsive boundary,
combination, method of identifying an isoform specific antagonist of PAK kinase, peptide,
nucleic acid expression vector or host cell substantially as hereinbefore described with

reference to and as shown in the accompanying drawings.
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