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receptors that are unique to the target cells and that may undergo endocytosis upon

binding to the ligands. The receptor-vector complexes, together with the surrounding
plasma-membrane, may therefore become intracellular transport vesicles. Following
gene escape from the vesicles and translocation of the gene to the nucleus, the gene
product can be expressed. This receptor-mediated intracellular gene delivery was first
reported by Wu GY and Wu CH in 1987 (Receptor-mediated in vitro gene
transformation by a soluble DNA carrier system. J Biol Chem 1987 Apr 5; 262:4429-
32; US Patent No. 5,166,320, granted Nov 24, 1992) and has since received great
attention in the field of drug/gene delivery. Many ligand-receptor systems have been

investigated to date for targeted gene delivery. The ligands tested include
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transfer into the CNS has, therefore, been considered as a potential approach to
treatment of these disorders. This approach may alter expression levels of
neurotrophic factors, anti-apoptotic proteins, antioxidant molecules and other
therapeutic factors to restore, halt or prevent the degeneration of cells in the CNS,
especially neurons. Gene therapy also offers much hope for the treatment of CNS

malignancies.
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molecules called neurotrophic factors. These trophic factors are endogenous, soluble
polypeptides displaying profound effects on the development, growth and survival of
neurons and are believed to have great potential in the treatment of neurological
disorders and CNS traumatic injuries. Among more than 20 known neurotrophic

factors, the best-studied group is the neurotrophins, a family of structurally and
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maj or neurotrophins isolated frommammals are nerve

gromh factor (NGF) (see SEQ ID NO 1 for human NGF

sequence), brain- derived neurotrophic factor (BDNF)

%;Se SEQ ID NO 2 for human BDNF sequence),

aortatlp pélitad BolypefBides stmmt $21Qammol\d@1d§ if dengtiusminshifitg about

R AR i R iR Bl il nele B SRS igmats
signichesirawet facor (NEH’)G(E@CSE(D @mmurfaﬂmmdrﬂngetse@@h&@ ®8in-
onmodi_ners and act thro

I t |
AaRef op Gntord marr DN BRe BP0t i BONFesequenca),
h&fr&’rdbﬁin‘i QCRd)i(%e @H@Hﬁpﬁ(ﬁf $or HlBRL XA & ﬁéﬁ@e)%ﬂ ri‘leurotrophm

cl asses of receﬁéors or the neurotrophlns

ﬂ/éd’éﬁﬁésr) (frecti 1P NQ:4SpnbudmNI4S seqedngei Abe mnmntrophmsare

a 74
S BTSRRI 0% LRI o
hoidgdEmprsi amd iatty thmugh Tﬂk@ralndmgﬂ?ﬁmgmftﬂrybimdmgl tor KiEir nerve

nd esse with TrkA and TrkB
Eibingl Rl TateElost Shheap S, i i, BF ocepms for the
BetBiphins 1B 2dceptht protdi tyRexicOkin AR indfudind! BXKACTHRE 4dd TrkC,
R but with relatively lowaffinity as conpared
%}d? ﬂcaa transpembraps (gﬁrcm)rloﬂemﬂggé i @{ﬁfs]nteracts selectively with

TR BISNRLAL NT4/ey a8y st Tfﬂﬁ(&dal{l €3 SRILSRAOTKC and, to a
nnderately i n neurons and in astrocytes in the

keersr texbenheiisobivathn Tk amd kakBa(MWkgl iSO ek ihpeter NN Trends
en Vi8S 5 NTR
Ty e g DA ot BeRb Rl R BOU AT ot wit
whadively love pifinitpas tensirel with theiryntamttimmevigls Trkscyt es. As a
consequence of the Trk and p75NTR expression in
various types of neurons, neurotrophins affect both
[poes]l ap mmgn@mhmig' ﬁetvémthasuﬂ:g afxpredded DRIdEARSy {nEAfoRe and

nd Fre Phar macoki net., 40:907-946
‘ZE%‘% m %dfﬂyt@‘f drebs aﬁdﬂp t G RIAE: Nhdth Siiing & deatified in
Alidoded@bbytad epTDTH QPPicBSHt iPdBFond) 1C44p&ULy" &ﬁﬁl‘gr@évgl%phgnt in

i ncl ude the strlatal-chollnerglc neur ons,

oligndendieaytes agdplsesEy lonelgydln s mamdMABLrasiroeiessAs depnspgipnce
SRk Ik 12 27?6“% r¥%slcﬂlefﬂr Pus $or BEHLRD ﬁeﬁgﬁml é@?e

to BDNF I n rai n-dopam-ner gi ¢ neufons,
leadh dvarbpping aedidistinst subgraugs af n@m&éT@me Bchnd @myalll WH Clin

nsory fpeur.ons
FFRCRTEL BP0 TR DL Bl P el RSP nppa o an
ﬂtdiliﬁneumtko,pﬂms d)theuﬁewmsu’e@mﬁsmew NG§,include the striatal-cholinergic
nidbrain-dg&an1ner I C_neuron striat BAerg C

R SR B aite B heyBtl 5o derk ro sensory
Subisil - Ofed MREbnk 2¢sPnsiveb BIREN §RIMe 'iiﬁ&’t'ir@ﬁsdopammergic neurons,

spinal cord motor neurons, striatal-GABAergic and neural crest-derived medium-fibre

sensory neurons and retinal ganglion cells. Other responsive neurons to NT3 include
locus ceruleus neurons, midbrain-dopaminergic neurons, striatal-GABAergic neurons,
sympathetic sensory neurons, and neural crest-derived large-fibre sensory neurons.

The neurons responsive to NT4/5 also include locus ceruleus neurons, midbrain-
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SUMMARY OF INVENTION

[0011] In one aspect, the invention provides a recombinant polypeptide
comprising a cell targeting element and a nucleic acid binding element wherein the

cell targeting element is a hairpin motif that selectively binds to a neurotrophin



cell targeting elenent is a hairpin notif that
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t he pol ypeptide conprises a hairpin notif of a
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014 | ude angntient hdgnashert pengei rigoddel Forngwrotrophin  agonist

CSABEAS X0 EP LS PRIL R PR o Ry By, 1
sanbans tenbbdinfeatsa eriagpinonoté is @rpopint motif charpeirsirepdiramd the
RN I T NN T
may enhance the agonist activity. The agonist of the invention may be used to treat
disorders responsive to neurotrophin treatment. The invention in other aspects
therefore provides a composition comprising an agonist of the invention and a
pharmaceutically acceptable carrier or diluent and methods of treating a disorder
responsive to neurotrophin treatment in a subject comprising administering to the

subject an effective amount of the agonist or a composition comprising an effective

amount of the agonist. In other aspects, the invention provides use of an agonist of



7 WO 2005/ 021758 PCT/ SG2004/ 000257 the invention to
treat or to prepare a nedicanent for the treatnent of
w@2@sezrser responsi ve to neurotrophin treat mBOL/SG2004/000257
BRI EF DESCRI PTI ON OF DRAW NGS [ 0015] Figure 1
NL4- 10K, but not NL4, binds to plasm d DNA and retards
its mgration in agarose gel under el ectrophoresis.
[0016] Figure 2: NL4-10K nedi ates target-specific gene
e inventipni o tydat 100 to (pﬁe)parel\h&tneﬂﬁ]iﬁnmalsfomstb@ treatnctet of @rdisorder
pCAd ucﬁglasngdhpﬂs 0 QClZ cells. Short peptides,
RECRODSTGRY NERGT PO YeAiP&of NL4 and 10K peptides (NL4 &
10K) were used as controls. Cells were transfected
th_conpl exe ontaining 1 g of pCAQuc/well in a
RILE DESCRIPIION OF DBAKINGS of 100 M of chl or oqui ne.
Lu0|ferase expression was assayed 24 h after the
transfection. Results are exBressed inrelative |light

W18 gy AndLiriOKeibt nGENL4,+heds, 10 plasotig AN apd retards its
ol 5. : bi t f
ﬁﬂg}d{i@ﬁ‘#@é‘?@? %eﬁﬁgﬁglegﬁ@vléeggl ot Ioogcgz by NGF. PC12

cells were transfected, in the presence of 100 M of

TR o 2O kP RS AR PR PR
\WAJ: IND4- 10K tUiise@ Qo dwlu&apdlﬂ(}ldtyi ﬁlﬁlsnﬁlﬂ eeNAGo, P@lLZ'r ,cellso Khort

or NL4- OK *P<Q. 05, and_**P<0 conpar ed t
PrRiss A% APKvindridaixtu g af M4 aad IQ@eptNEﬂﬁiw&d&éﬁ)afeé%used

deRELRR| CYRY weﬂerﬂaﬁsfe&ewtx ceﬁl [eREScAPhige I dA?Gluc/well
Kt

Primary neurons and glial I's fromthe ortex
\ne p@4twalnglate dh it prietdnce ofrrbd)Os nMs o drlvraywine @ucife@s&)éxpressmn

aB Fss&md\gf%b lﬁliftﬁxéﬁlle Z%P‘?V\%Ftloj}p # Iageq %}gﬂ?es%ﬂf 2o nf & g Elgl}t units

mmnﬁmg@wtélu&%mdpmmmmn@@aﬁﬂ camebld. ncubat ed for 24
h_before | uciferase expressi on assay.

EBhSermpgtitis nhibtiopiof Mt Y -ge {at?élgr}le #lwmln@ PR by NEF.

MQ %Eﬁ@w&%%n@fé%@ Sl% IEHQ Bfegérfae Pr 56! M 89 {:hlgi%\%g nk Sywith NL4-
I N VI VO. ntalnlngt Ip exes

flOKl’pQACHBc d(ﬁﬁpiexdsqﬂeparedt wizh apeptidelBNA (howl/ag)l of 1.5 (N/P ratio

phe] s ol Bor b SRR RN ED b oF L0k SBos

afd Fetdoaaab a&@tdﬁirﬁfdéﬂ@?ﬁutﬁ&ﬁ%&cﬁﬁﬁés.a- DRG were 8 WO

2005/ 021758 PCT/ SG2004/ 000257
(C): NL4-10K mediates gene delivery into primary neurons and glial cells. Primary

neurons and glial cells from the rat cortex were transfected with complexes containing
1 pug of pCAGluc/well in a 24-well plate in the presence of 100 uM of chloroquine.
After 4 h, an equal volume of normal culture medium was added and incubated for 24

b before luciferase expression assay. **P<0.01 compared to the 10K controls.

[0017] Figure 3: NL4-10K mediated gene expression into dorsal root ganglia
(DRG) in vivo. NL4-10K-containing triplexes were formed as described in the
Examples. For all triplexes, the peptide/DNA (nmol/pg) ratio was 1.5 (N/P ratio of 5).

Triplexes were administered intrathecally to rats under anesthesia. DRG were



collected 3 days after injection. Results are

expressed in relative light units (RLU)/ng protein
WEEN0s00038] Fi gure 4: Gene expression nedi at edP@ESG2004/000257

DsbC- NL4- 10K. (A) and (B): DsbC NL4- 10K/ DNA/ pr ot ai ni ne

triplexes were used to transfect PCl2 (A) and COST

(B) cells, respectively. To formthe tripl exes,

DsbC- NL4- 10K protein and pCAd uc plasmd (0.1 g/ well

qulegﬁd vehys gicaigefioneR sultnas bagrededin reltivolightuaits (RL.U)/mg

at tenperature for 30 mn in 20 | Opti-MEM After

Brddelng fotamne (2 g per gg DNA), the conpl exes were

i ncubated for another 30 min. Results are expressed in

i ght t RLU) / t
[{ﬁmgblt %ﬁflreg‘% Cﬁglgléxlgﬁ@(?ml’(%)’@ h%%?% IIf’éOllogt ed gene

(«1@) én\de('By bsHERi4- l@ﬁ/]bNA/ImftaMhﬁf it B @Elre%t‘:(g%qfransf) St BC12
|.s were pretreate DsbC- NL4- 10K or bovi ne
éﬁ-)raaﬁ] %@%Mﬁsrpeﬂefreipectwehh Iodom the. trirrl@mso Dﬁ’oC-NL4-10K protein

PE| 60 | - 10K .
R e R RO oo R PR b o orf s
ﬁt&bblﬁ ter@ferabire faif i(ﬁfmnV&ﬁ i20Hu1 Bﬁl@»@@l\/b’\@%eﬂéiﬂﬁ% Protabdd® (2 pg per

%}exes at the NP ratio of 20. s were expose
A), the DNAPISEPS WiksP linduhated mamh¢r 39I mineResRifs atetexpressed in

?&?“Fﬁ%@gﬁ“ PRI EREIE 12' bi nds 16 and condenses

(!I)aﬁﬂribditidﬁl%Dsb@)NLEﬂ @é/ﬂ]l\@p'iﬁ‘ﬁf@mmedm&i gdnk Yielferptoa®in2ctells

SRR R 3k PR i e el o oo L g bovine

serue® A 1bodrdid) béfore @arBfectiGNATOl farr DsBLLNIEA-OHK BN A /PERS003Aplexes,
m n before el ectrophoresis. (B): The fluorescence o

P G-BildnhOBy were éédqdﬁ-f’ SN planrelginy PINANpmeHse)ratduelt3 BY/P ratio
p d
B D Re. W HRE PR S e B A AR R s Y, ot
Wde(hxﬁos@d DNA. lpng DN X gdr Wleﬂ hn et d6-déll pIaba'r Reswls. aré Cxpréssed in
%lglﬁﬁ m cr os I mges of supercoiled
‘% EhtlﬂRﬂ&S %R’f? DNA/ PEI 600 conpl exes,
respect ively. The I\V P ratl os of peptide: DNA and

PEI 600: DNA we 1, respectively. Both
10 Yes W@P@ %éﬂ’K@eNéa ?-d%nd@ to g gondenges plpmmid ANAcal e

%%T/ Ele€tPd %?eﬁtz SadbilRy [%%glzégﬁd%ﬁ@z@tﬁ%%glp% %}é SRRIOFC gel was reduced

S& 4/ 000257 Fi gure
lon RBKRBESL b3 | byodting. oviarivee iaatoenks gf peptideawsfeamtxied rwitf 0.1 ug of

DNA in a volume of 20 ul for 30 min before electrophoresis.

(B): The fluorescence of ethidium bromide intercalated in DNA was reduced by the
addition of SPKR4NL1-2 that displaces ethidium bromide. The indicated amounts of
peptide were added to 0.8 pg DNA pre-mixed with ethidium bromide.

(C) & (D): Atomic force microscopy images of supercoiled plasmid DNA and
SPKR4NL1-2/DNA/PEI600 complexes, respectively. The N/P ratios of peptide:DNA
and PEI600:DNA were 2:1 and 10:1, respectively. Both images were collected as 4

um?” fields and the scale bar represents 0.5 pm



PC12 cells. To form conpl exes used for each well of a

48-wel | plate, 0.5 g of pCAG uc plasm d was first
worRoosm2visg h varyi ng anounts of the pepti de andPCT/SG2004/000257

i ncubated for 30 min, after which polycation was

added and the m xture incubated for a further 30 mn.

Luci ferase activity is given in relative light units

ERLU) per ng total protein. (A) PEI600 at an NP

W20 offiguee 6: (@)KRQUIL& -2 erfhysdien @okyPition-raddisied 4P tmatfedion of

RO B b oSt nes i caeCinsl] sl ey 0.5 g of
FEASTIRERES Wah fifke e}maadadlﬂbyarﬁﬁg%blh&ts &t the%&ld“eeinhsincubated

were treated in a_48- well To form conpl exes
195 30 anianatics wh 1ch(p0§7cgt1@:f Wi eg ang fhegpixiirgiasutiatedsior a further

P48 S 160 ST TS 2 v,

ratio of 2.5 and

€01 18YU60( 292p Wﬁtatm ot fl0.1(®) PabysL-dukited PRhpattah &/Rriattounfe .

i ncubated for a further 30 mn. NG (200 ng/m) was

added to sone wells during transfection. Luciferase

poRi)vi t iF@lreWﬁr Speifisityr ofl SPARINL aahedisteld ghavexprission. NGF
. units * P<

B B Pt sfptedtb S IG NI FA1S sl moiapreniedin a 45-

%é 1d7E1060Hm Q@ le@¥efor RUEh Weil r@S‘ﬁJfngCﬁ[(ﬁQ@%i&Slﬁi(ﬁ%ﬁ@ﬁrst
peci fici téﬁ(&t SPKR4ANL1- 2- rredi a ene expressi on

Wﬂmthle@ehﬁ Nis1-g on €SieR)s vae py N'D ram@mf&lﬁs aghidcghaitesll for

I 16O cal

SE b bR BBl (iR B o 1 Bl Thdeclall o Epegng o
2 ikt PEI IﬁﬁhO NGEFSER) 1/ DNAWRELRERA, to (Sme)l\WlEEhﬁlﬁ@ transfectlon
onpl exes,. .The conpl exes ared wth 0.2
BRARHRS daevfen "Sepretecy 7 T RuluiR S iGig cisde dich: fuis
(IR yag pRseif§*P2095 abthphred 16 SRS Heltdad withl €ef @RRBIPKR,NLI-
? &\lm\(/ltles were nmeasured 24 h later and shown in

ENYVPEEOD commplessibug WithewNGRy protein. **P<0. 01
conpared to the neurons treated with DNA conpl exed

wth (SPKR)4 and PEI 600. £0023] Figure 9: SPKRANLL1- 2
L IEHE e§1giuf¢ vi:vSpgefieitdept vEPERMNIL ldampdiatado ggene gaxgybisin.

SN PRSI 10 s BEFELUCYy oo i

iRary atat ocooticall hewsone omjghalt eellsi mtereattlaesfadtédy witht (SP(KIIQNLI-

BNIEPREPL BRI or T BTGB R otplercs

WERE/pRépaRRAA 80025 (1g AMRA thixk@ GlithPeptidReSHIpksse@! Snd PEI600 at
expressed in relative light units (RLU)/ng protein.

Nibpagiopaf 28w Setpspestivels. Fugiferase agitvaiées\warh nopgred 24 h later
AR Y@l&tﬂeﬁ%ﬂ%@n‘% F%ﬁi%gﬂng protein. **P<0.01 compared to the

neurons treated with DNA complexed with (SPKR); and PEI600.

[0023] Figure 9: SPKR4NL1-2 mediates in vivo gene delivery to dorsal root
ganglia (DRG). Complexes formed from 4 pg of pCAGluc, SPKR4;NL1-2 at an N/P
ratio of 2.5, and PEI600 at an N/P ratio of 10 were injected intrathecally into the

lumbar spinal cord in rats. DRG and the lumbar spinal cords were collected 3 days

10



[0024] Figure 10: SPKR4BL1-2 bi nds and condenses DNA.

(A): SPKR4BL1-2 binds to plasm d DNA and reduces its
wore@si2t7y8 duri ng el ectrophoresis. The DNA i s PCT/SG2004/000257

conpletely retarded at an NP ratio of 2 (0.075 nno

of peptide with 0.1 g of DNA). (B)-(D): Atom c force

m croscopy i mages of DNA and SPKR4BL1-2. Each image

covers a field of 2 mby 2 m (B) pCAd uc plasm d DNA.

@ftb)f inReKeu BRasults ape pixputesed (D) reBRKRABLNL - Ehita nNARIAV)asgri mwhotein.

PG <P b B ER R e e BRusEk R g

primary cultures of neurons and astroglial cells.

I 48- t |
[0k ol 1 SRRRFBEI S tihpre ey PREAG o (0. 25
gwesPR R, BIHLH00ndand $R ﬁﬁﬁBL}jNg ahd Gl QRSB %&Bl}{ﬂyt | ®fng

were assayed 24h |l ater and are expressed as rel afive
¢lperaphongsis.sTHeRNA i eomplEtelyagtapdedtas amN/P patiorafi2n(0.075 nmol of

ﬁ%@&gggmoﬂa%%oﬁﬁg bars indicating one SD. (B): In a

ry astroglial cells were
tB)e(ﬁ)s)f Ammad fovice mcxpem@y UmASRKIUBNA- 21doSPRRAT 142/ REhGORge

VR GERE by on el () BE AR ptSEIA B8 By sarapy 12

ﬁpﬂﬂel([b) SBRRBI B0 2] plkéraid TN A 2elf- Bﬁsémﬂ)ﬁ%ﬂt@@bhdbﬁﬁﬁspamcles
TrkA, Erk and Akt. (A): Activation of TrkA and its

rel ated signaling pathways. PCl2 cell were incubated
[0625PM Fiigado1 mmbbﬁtmédiate@g@eﬁﬁpﬁ%mhwaﬂprﬂﬁ%y cultures
hto se sery tr%? Fatedfor 15 mn with 10 ng/m NG,
% Ibek‘/foﬁﬁﬂn SUGRKNLIS ok NL4- 1 OK/ DNA conpl exes (NP

(2t o a0ﬂ|f8 -l @rates ebtiznlf ﬁ@a?anFere éﬁf&ewvc\i Wﬁttrlplg;iiofrﬂp\lﬁés of
collecte ar stern ottlng

Bek Aol 43 a elns Bbions Sag ST b ot i dere

zﬁ@@%ﬂ QQh ﬂ’eﬂélx/ zﬁﬂ?aré\@PpKes%d 43 rl@ﬁﬁ{?@héﬁgumtﬁ RLU)HdtAalized bil total

i nhi bitors bl ock NC4-10K-i nduced Erk activati on.
preteinscagigng vtheerror hess buliaadngprhSI3r wi t hout 100 nM

25 r44( 9 0O,.m d e 1
oD 4 48 sl MBI i Phingd oSl BL Ced© hrere 2 lficted with
m@(}Glu'El‘Sé’thBLHZy@ap@AGMflﬁEIéQﬂ templexksf 025 \Wes b2 pBAGluc was
tin nonocl o bodi es
g oo Akt Thmr sy P dGireS5a R gpeotein - s
pronotes survival of neuronally differentiated PCl12
[0026] Figure 12: NL4-10K activates TrkA, Erk and Akt.

(A): Activation of TrkA and its related signaling pathways. PC12 cell were incubated
in RPMI-1640 medium containing 0.5% FBS and 0.25% horse serum and treated for
15 min with 10 ng/ml NGF, 5 uM NL4, 5 uM NL4-10K, NL4-10K/DNA complexes
(N/P ratio of 5) or serum free RPMI-1640 without additives. The cell lysates were
collected for Western blotting using primary antibodies against Phospho-TrkA,
Phospho-p44/p42 MAPK or Phospho-Akt.

(B): TrkA inhibitors block NL4-10K-induced Erk activation. PC12 cells were pre-
incubated with or without 100 nM K-252a or 10 uM AG879 for 10 min and then

11



cells in serumfree medium Differentiated PC1l2 cells

were deprived of serumand NG for 4 days. NL4 and
workeshKssver e added at the tinme of serum and NEFT/SG2004/000257

wi t hdrawal and 10 ng/ Ml NGF was used as a positive

control. Cell survival was estimted using a MIT

assay. Cell survival nediated by the pol ypepti des was

expressed as percentage of naxi mal NG pronoted

treated asalescr{b@@ 28]A)FiThacell lydatesSPeRANIGIE fac Westatreldofling Asing

and Erk. P ceI re|n bat n RPM -1640

Hea? ?Hae%[{%géﬁ?ﬁ%anbs W%@J; horse serum for 2

days were treated for 20 mn with NG or peptides

diluted in serumfree RPM -1640. The cel | sat es

92 an&igpre &3 INL4-A0K petmales sunyvalQt ﬁﬁurﬁrlal%si%ferenﬂated PC12

@é’lfs'lﬁ‘%gﬂuﬁﬁfrt?@%ﬁfuh{: ﬁlﬁel%hﬁiﬂ&f PCPf‘Qﬁﬁthry&ﬁn@erd of serum and
g{ t%rory ated Erk 1 (A): Phospho- TrkA Western

heso s oast LAOKC watcradd NGIIg( tigeraf/ sefym and NGF

SRARANLR1 48 ol REIRIN-c?l DN ORL AR (MRl v

mmtamdnuhhpta. MTig asabfl Selbesuevital embdiated yh tHeGpolfRdptides was

ous once t.r |ons 0 SPK ANL1-2 from 1l
B asiprosRigRe o DR S PRI G SRR, N b t or

bl ocks SPKR4NL1 2-1i nduced Erk act i vatl on. The PCl2
cells Pre i ncubated with 0, 10, 20, 50 and 100
0e8r K Fe 4 PPRRAN A Jctiwates Trkd and EghiHG 12 sels prgpincphated

A wpNaeh QJ(?mEéilﬁﬁ‘itdEﬁﬁimﬂg d, b%N@'_S AN 'hH}s): sétim for 2 days were
SPKR4 2 (8 M. Mdlecular weights of protein

@@m’dﬁn @Q rainavidh D@ asrpeptides (dilpied 1n oo po}ireei RRYIE164D. The cell

SRR 528 ST Bl AP S Bl spprice i cier

plicspheirkal otph®sphyhflatd ESPKRIL. (A) or SPKRANL1-2 (B)

L& ol Tl Wsp Bt o Tt <8l e Pubeiyp?’ @0 RFm,
spmmr-@t(ﬁom) S PIGRIKRANL/DNA. cbimpkés (P uMS WP #Ebef 5), or

added at the tinme of serumw thdrawal and 10 ng/nl of
NBER)a wWMdd as a positive control. Cell survival 12

%Tgﬂo gﬂg) %:rl'lzwjest gl' él&G%‘BQ 4(41%%9&3%? Zreatg\?%ltﬁ%dﬁ%eng%‘rlglp Hlious

and ‘expre as a percen
bﬁﬁentpxlh@ﬂ@difESPIﬁe;NLlSMﬁMh\l ab g8 pJDE'BNSLpEDom)PTI ON OF
PREFERRED
(C): A TrkA II]EIbl'[OI' b{vE{}lTSPKRL;NLl -2-induced Erk activation. The PC12 cells
were pre-incubated with 0, 10, 20, 50 and 100 nM of K-252a (TrkA tyrosine kinase

inhibitor) for 10 min before treatment with NGF (20 ng/ml) or SPKR,NL1-2 (8 uM).

Molecular weights of protein standards are shown on the left.

[0029]  Figure 15: SPKR4NL1-2 has NGF-like bioactivity.

(A) & (B): SPKR4NL1-2 promotes neurite outgrowth. PC12 cells were treated with 8
pM of (SPKR)4 (A) or SPKR4NL1-2 (B) for 3 days.

(C): SPKR4NL1-2 promotes survival of PC12 cells deprived of serum for 3 days.
Different concentrations of SPKR4NL1-2, from 0 to 16 uM, were added at the time of

serum withdrawal and 10 ng/ml of NGF was used as a positive control. Cell survival
12



[0030] The term "pol ypeptide" is used herein
synonynously with the term "protein" to refer to any
w@odogier7sor chain of am no acids. Pol ypepti desPOEYGI®94/000257
linear, or cyclic. The terns "pol ypeptide" and
"peptide" are distinguished only on the basis of the
nunmber of residues in the polyner. Cenerally speaking,
the term"peptides" refers to am no acid polyners
wenestimated) babmuMTIE(hssny dndvexprassesl due percomage ¢ mbamabNGF-
§&nowécéﬂ% Tldues and nost preferably about 10 or
Pever ¢ &si Hﬂ@?' As used within, the term"am no
acids" refers to the standard set of genetically

Bﬁﬁﬁﬂ? 0 Masgartlc

oo o

hi sti di ne, |sofeu0|ne VIys{he--Iéucfné ﬁﬁthlonlne
Ho34} angrlilé tepp oTHOFY@ePtQie tianseé, hesgin syneryymouslyr with, the term
te | I

oI {I%S}gtt? Seéfgﬁ’tt@ aefg %’ﬁl%%/ &Ic‘ﬁﬁﬁ%? gglﬁj% atc%/ sofélg(%%ptlde%qgaydbe linear,
or cystipt ifHe terms émlmpbye”M“psgmieh etei chstmguls]hﬁelmm.}abn the basis

0 re ers .
P e P sl n P O mRE Cien Y s BB o peppices
telf@rs gﬁmmb@aidl POLBIEOCtRtai i a‘@ouaGO @s fex{e@?éii'duesjr More preferably
part romth

invention is d
g@ avgﬁfesgdugw&fflgﬁt ?eral?lg by r19 OF figtter resigs b used within,

hRitéiH PniiBd Adidd raPRRAtLS sthddd @&:‘Uf QbXRBAY eneadtd L-amino acids
sel ectively bind to neurotrophin receptors and retain

Frainey fystEBe, atpattiseadidil glutarrig tapidn eliwilalopig, rely @ Hhistidine,
fsﬁﬁgéfﬁ@t iéf-sm\éh géhcﬁlg Mhl ARGk t %g?leg%ﬁ?,l/ *o?/m@c fliplingi Minine,

p;.‘*J

el enment’ provi means o |ver|ﬁ

seuigk-etheccaiied velinec gy btsplempmdstyiasie)) emd aterivghiien thereof In the
tor |nvent|on i.n,one as t ..t herefor

LRGP byl B KR Bt B BY e BB AT friesi meods

the cbren Earaimb Chchi”nﬂhon@feed nahhodagtual egido dcafsgad Wl as the D-

el enent. which.is a i.n motif that selectively
BPRES Oﬁ‘gﬂeageﬁ"etlf? ?@Bﬁ?@@‘@%é‘ﬂfl%r The invention, in

anot her aspect provides a neurotrophin agoni st
rising a hairpin nmotif that selectively binds to a

W@gf lot r dBRiPEespECBpIGPD i doivefl, pheart diom Hisi appliepngisyrprising
GESFEORS 1§Mﬁe@ﬁélgﬁ?ﬁfbtlpﬁ%ﬂ& o ﬁkﬂl?&ro?hﬁlt craﬁlgg%ctlalely bind

connecCted by a regli on an
wQeéqutroalnlgaeqﬁe@wande@am\mﬁ hnctmrozf thel 311\ g OQRIF @RPHEBS Such

ﬁ%%%%ﬁ@g@%@ g%géstrandg&w%g%éag%&%ﬁQ %&%?éFgEE3%Q§%ﬁ(ﬁ

mla‘cﬁi/eiy eletivdrimggiveleicoadid nmalsséy@bésangmhe&bphlmarebmgs The
he 13-.strands rﬁ]lﬁ fn g%d en Qded for exanple in

lﬂ}wﬁﬁ"& 1B JOE £FPSh Pt IgHR reFesPROImpH Pl eRtider Gnprising a

BRIP4 binding element and a cell targeting element which is a hairpin motif that

selectively binds to a neurotrophin receptor. The invention, in another aspect
provides a neurotrophin agonist comprising a hairpin motif that selectively binds to a

neurotrophin receptor.

[0032] The term hairpin motif describes two adjacent hydrogen bonded B-strands

connected by a loop region and as the term is used herein also describes two or more
13



descri bes a fragnent of neurotrophin that forns a
hairpin notif as defined herein but excludes a ful

wO eqogbtu7seur ot rophin. The term "hairpin notif' PEi/S62004/000257
includes all functional equivalents as descri bed
bel ow. The term "selectively binds to a neurotrophin
receptor” or other simlar terns are neant to describe
binding to a neurotrophin receptor, while
sudbsstmotuieslih yandert. Fihedingth d)ﬁh@ﬁlfx;&andsym@svarfl buiemefptabiysis of

et t es nat antjally. bind
bt 1ch 89S ol LT B e Ry B0 RSB Sratip diipeen
boudztj fomicngmele ih hﬁyﬁ&l@@x@&loiolut{oﬁg3fﬂlef&tﬁett‘ﬁé MRrm, for example,
Heur trophin in accordﬁnce W th |ts usual definition

FPOPRe Sirtement of aetiophinbetrippes fhaign mptibps defimed herein but

Skdlbtiek W &kl Yen%ﬂld néudbtedphANalihy ©ah ahSiehih G T8 NinEludes all
factors. resentative exanpl es of "neurotrophins

fipetionsd, e%wﬁaﬁeamlﬁsqrnbnd thetbw.o Abe \ternyr'selediivelyabinds to a
A B 50 Ty L o

needirépieieaeptohwhile suhstanatnlt;t ok |d»h11d1ng;armhaltjfg,es roéi@lelstotso A
eurotro | udes neur.of
Tl B0 or bR bR LS S0P 5 it e
plysidloxgcal ﬁqmumﬁn@mdhawcqnms pecies. Reference to
neurotrophin receptor includes p75NTR and
neurotrophi n tyrosi ne kinase receptors TrkA, TrkB and

0088}, ante drn Ifé‘ilﬁﬁlroEElﬁgﬂ AQrdREERER" R WRfial Vefinition in the art is
neur ot r ophi n. In different enbodi nents, the

verto descbe p ﬁagm&ﬂ rptetusadly and Sincponallsrwelpted @euratrophlc factors.
1, t
E%&ﬁlfaﬂpg bﬁ%ﬁﬁ?s%f Elé'tﬂ&rrﬂgf%% ﬁﬁl&g K&J Qﬁot 1%9%8% ntfrve Erowth

pirn noti a neur rop inTsS
fetpn ENGE),cmeintdes vl squrctrophiefeton (:IESNF)mBuho&bﬁhy-?, (NT3) and

AR BRI B OB RSl e

Blimajf:heurairbphnarldlt falfocinchided hyuroedpimdiraml 4 §feb®s including
i e. that may differ fromthe parent am no acid
@ OBRERBIRE: BYCHE; e @G%Wtsﬂ?ql??n§ef?%¥ﬁeﬁP agyrpieRhin

ﬂ;&ept&dlﬂbﬁlﬂ&WS Hadd Gﬁ@ur@ﬁb% oﬁ ftﬁS&n@%'n@&trbéé‘ﬁto?é ’T'lqun Frk® and

a neur ot rophin receptor r ‘exampl e, am no acids may
Caaerby]! ethercognaie TeéWdOféPf 2 h@lfg“f@ﬂlmand Wi t hout

affecting the formation of the hairpin notif and

sel ective binding to a neurotrophin receptor. In one

B834di mindifferenterhbndimends dlhe @ﬂdﬁl\gaﬂimlembﬂt lis Bairpin motif ofa

AREADb T p IR RSy BFR0: A popdfuu ol redroipnin s

foomed bp andep cequeatemeintht e stédiidrieqamices BROERES L@Etréalﬂﬁ and
i val ent t he parent am no ﬁﬁfd sequence. In
(iogggfr?qna 8&3% O 5§ ’encpheT e term "functional equivalent" is used to

describe structurally and functionally related amino acids sequence that may differ

from the parent amino acid by one or more deletions, substitutions, modifications or
additions that do not affect selective binding to a neurotrophin receptor. For example,
amino acids may be added to either end of the B strand without affecting the
formation of the hairpin motif and selective binding to a neurotrophin receptor. In

one embodiment, the functional equivalent will be substantially homologous, meaning
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functional equivalent will be at |east about 50% 75%

90% and 95% honol ogous. [0035] Honol ogy i s neasured
waigisg2eesiuence anal ysis software such as SeqP€Tn862004/000257

Anal ysi s Software Package of the Genetics Conputer

G oup, University of Wsconsin Biotechnol ogy Center,

1710 University Avenue, Madison, W 53705. Amno acid

sequences are aligned to nmaxi mze identity. Gaps may

Het therd {s @Isdisla}ltlall mneemmd@nte |b|atvmeeh ke amipvesdid® séquence of the

p p allnrrent the optinmal._ali
E%&%bgehé na{ngi eflCuP e hEIYR ke S%?ueﬂ%eno %Bgﬂ’eF‘?C Mf‘%@dﬁe
functieed eqliividera il bé atumt abpass 0%,013%5, 90%MHA R4 Kien GBS,
aci ds of both sequences are identical, relative to the
total nunber of positions. [0036] I n one enbodi nent,
[0985F UnGdnely & Uhaadik8N sl s&{u%ncf,er AMHE BAWER Nsuch as

not i f sequence of a neurotrop in by one’or nore

eesriaAralvas SefAwree Bedkage ofithe Genafics Glomputeo fiseipy Blnivewsity of
C t g t ng

ST REE ISR EhliBl 3780 QAL AN BRI 5505

Axamphed sagiencesaae dhgrtedvuongaxmmehdmgﬂayi pi}mbaﬁne@l lekeartificially

S,u as as e tani ne, ser}| ne,
?%r%g Gk o %ﬁelensc?quefm?gs"f%% png;% ieaments Qneg thiyoninel alignment
kdsdiseenhst N, tisa dégr&S of )hStnBR)gy aik Wstablghed aﬁldrel&bﬂiﬂgd hID&F the

am . no aci Vi n aci di ¢ side chains, such
RRSHAOE 1w Wt i piid Cbetha%?%FnC%ﬁﬁe idgfigeb relativasto the total

RaMbed of paRAkar Si de chai ns, such as glycine, alanine,
val i ne, | euci ne, isoleucine, proline, phenyl al ani ne,
nmet hi oni ne, tryptophan, and cysteine. [0037]

86" al Iy .onk NG I de one .
e e Sk kiR, 88 ERLA BRI dleerf B B
ladtzlf tSﬁmw rofneneaortephine By s etfu en ca®rea ra:dnsgesraewal dnyino acid

| ortant. for..bindi a neutotro
r ecep %‘?S \?\‘? cmsr%%tfve & Ay ?gflesagsq‘f‘ﬁgms A1 FYGStHes ?é‘lfﬁ?g FEno
afidsvell thesameedlssot rThebd Blasseamstiideeifsr S@EPMIAMMO acids having
uct a{ el enents have been studi ed and am no acids

W’Iﬁé%rlg?(gﬁf’ aF §ide fhping U6k RF FShAERM GUtENING: FginRaPEeonfge And
tyetRile] 4rhid acid®haBXEPARlSi@SchaRS kP §§jly§’i}ﬁe VA’rﬁﬁﬁ{@ nd?ld%‘istldlne
al. (Nature, 1999, 401: 184- 188) fof NGF.

2migR goids hawng asidicrsign diapesushtas @a@eﬁlcegclﬂayd Bbltaamalaylzle dnd
aln%né!@c%@%éﬂé ]nz)ﬁﬁolg C‘g{é@%% 6%0235;(150111? aq:ﬁ'[nﬁeré mgﬂ%s ucine,

conserved sequences using, as
i errlingy pmllge&lh@}mlaignm, gothiorting, u&pmbhm; fnd cysteing| .

Nucl ei ¢ Acids Res.; 25:3389-3402 (1997). [0038] In
specific enbodinents, t he pol ypepti de conprises as
[863738, @Gsnetdlly}3he Amctional equivalent will include one or more deletions,

substitutions, modifications or additions in non-conserved sequences and generally

amino acids important for binding a neurotrophin receptor will not be altered. The
amino acid sequence of various neurotrophins, and their secondary structural elements
have been studied and amino acids important for neurotrophin receptor binding have
been identified, for example as described by Wiesmann et al. (Nature, 1999, 401: 184-
188) for NGF. Homology among sequences from different species may be analyzed
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17-57, as 69-79, or as 81 to 107 of SEQID NO 1; as

33-45, as 48-56, as 22-64, as 76-86, or as 88-115 of
WGEE@shR 78K 2; as 25-37, as 40-48,aa 16-56, as BGF/SG2004000257

as 80- 107 of SEQ ID NO 3; as 28-40, as 43-52, as

19-60, or as 79-89, or as 91-118 of SEQ ID NO 4, or a

functional equivalent thereof. [0039] In one

enbodi ment, the pol ypepti de conprises am no acids

fo7 detgrngihe donsesvedNgiguences using, as an example, the BLAST homology

A R S At N e AT v gt o PO O

targeting el enent consists of a hairpin notif of NG

and additjonal. 10 am no aci ds that
L@f*'ﬁﬁt 5@( f@&ffl qﬁlgmfig?%& fhspolypeptids SOmRTIFSSian 2AI0) 42 Hrd9, aa
$7b5eChal 6997¢3|dﬂ@lh RY tb QoﬁoﬂgﬂQQUN@h‘ Ra @@121%}0529118 56N 22-64, aa
addi ti onal am no aci ds have been i nc

fedpiqrpafd 1é§< Of BEQIIBANQR; 2a1s-3 e evhditBani 6- 5émaﬁ8e7p$t pifan, 80-
e h

g@npﬁif)ﬁEa IS %g@gg‘%@tﬁa %hﬁﬂ%d{ BER} 14180, 6P 51§ BSof SEQ
O N Rtk mDBRIANARIENRhEEAMC (aa 80- 108 of SEQ I D
NO 1) In this enbodinent, the cell targeting el enent
consists of a hairpin notif of NG forned by as
AD39D7 andna @ysidehae, g SRptidedompiles \¥ido 0ol 2768 of
E’ épsgé 04/ 000257 [0041] In one enbodi nent, the

i de conprises ami no acids 22-74 of human BDNF
and has the foll owi ng sequence:
S| SEWTAADKKTAVDVEGGT CTVL EKVOVSKGQLKQYFYETKCNPMGYTKEG
EéaV TSR AFD S H VHGEN N TNRSY RE QY BBt GRAEVISke (a2
eeLk 7t aF agdd ngh afengnt consists of a hairpin notif
for med by as 22-64 of BDNF and additional 10 am no
aci ds that enhance stable expression of the
0 b |l targeti
B lé%@f?ﬁéﬂﬁem{ﬁgi‘%ié D, dagrhérﬂ Hofisi§E e oL RIBEY Wlfhr of NGF
fremsdhy skil 7 45@ dnd additienahi ® amfrxoracﬁlx alnp lde nobyffdce el fognation of

eelh%{:rfnlnvrrelotﬁJ or se{]egtlveoblndmg to a neurotrophin receptor. The additional 10

amino acids have been included to facilitate expression of the recombinant

polypeptide.

[0040] In one embodiment, the polypeptide comprises amino acids 80-108 of
human NGF:

CTTTHTEFVKALTMDGKQAAWRFEIRIDTAC (aa 80-108 of SEQ 1ID
NO:1)

In this embodiment, the cell targeting element consists of a hairpin motif of NGF
formed by aa 81-107 and a cysteine at either end.
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neur ot rophin receptor. Neurotrophin receptor binding
may be assayed, for exanple, by displacenent

w0 ec@spet7sg | ve bi ndi ng assays using cel |l s expr eBGT/AG2004800257
coghate receptors (See generally hag et a
J.Biol.Chem 269:19941-19946 and references therein;
Ruden et al J. Biol. Chem 217:5623-5627). As used
herein, the term "cognate receptor"” refers to a cel
$idibce In ecmepqrmmddam,btle pdlysptide cbmptises bimidd regids 22-74 of

[ For exanple, TrkA is a cognate

?lg%gﬂ %bﬁlF a%lﬂk% %ﬁ ol?%n% %quenc%gnat e receptor for
BDNF. The p75NTR receptor is a low affinity cognate

BDNF
SR et TR v eaL oy BCORRA Sl T Dy bR e fam
target bngsed ementot2g bind to a neurotrophin receptor
is denonstrated by the reduced binding of a |abelled

full-length neurotrophin to its cognate receptor. The
TEFEh'i‘sOéiﬁde%ent,ptﬁé fceﬁ Wrfink '&fen&éﬁﬁ@&fsisf(' s @Y ﬁaui,m ﬁ%ﬁ%ed by
assays woul known"to a person s Int art.

FoP2-64 @ﬁ@lﬁw ﬂmba@htlorph &0 eminonarddst tbmen(hemde stibieee@ssgion of
So1T KA and p75NTR receptors and may be used

?ﬁqﬁg@gﬁpetltlon assay with |abeled NG and

polypept|de conprising a putatlve receptor - blnding

004 ti wh t.h
AN Y -
A} Bcbeﬂs@n%:ﬂ&&lsmnmy aBe fEe st W inth FdiescRRE0Y @ﬁﬂih% to a

tyrosine kinase activity of Trk receptors. Wen the

BRHTPIPIRY e Riofg NFUROFQpbEpteatpiordsding Bya &e dgsanpd: Homexample,
?'dlsplatc%gﬁt /cH R@c tﬁi@eﬁhdﬁgdasbdﬂlstﬁﬁnngﬁﬁeQ}gpﬁesQf‘n%athe cognate

source of hat e bi nd mg
masm@z@%gemaﬂysmwma@d@@ﬁhm I0HAF L dOMP alereferences

R{E}MP Rufbn £ %1ﬁp e RHagpi §62T7r) kAg &s%ﬁ?é%fn ahe term ¢ cognate

ernatively neur ot rophi n“agoni's
becmeart’ eﬁfmnte)da oyl amfaoe rrecepfor a;apa]uhda ef seiéctweﬂgvmﬁclmg ampec1ﬁc

se.substrates the Trk SI n
SR RaRE o tuips, T R ol 3 Epler el NP EATTeR fifosnate
adceptuofiot BUN[OVTH&I?VSFB‘ I(éeépﬁlﬁrtls b hlkﬁw ﬁﬂﬁm@'c@@ia@fﬁeceptor for NGF,
or. exanpl e through. | munob] ott ]
%@@ﬁﬁ"%ﬁfé delFB‘?m]In Hyer HspacemgRI{compRition 3stays.dhg pbility Stacell
tafdBiRk | e Bl S0 tahﬁﬁro%fahﬁ@ec@ﬁﬂéf Rt deaPRkthate PGP e Sbduced
may be screened for their ability to pronote nerve

Bisfing 66 Jbobed ﬂlﬁdeng@xwt@ph@eted@@omiezreemtcprsT@@e@e@s for
gé}fo?ﬁf Thi E&ﬁp&R@h&sﬂfbﬁ%@nﬁ%ﬁ%ﬁp&{ﬂﬁ% Hg&)%ﬂ t%e}slaﬁ sﬁlled

urviv rate can be
tuthe erte E@edxanplPLﬁlaRlanheoa@omosytoma cell ling chétexplgsses TrkA

eldle IPPSMR rec tors § and £n%§7‘ e %se]:cdo fh at clzqc%llpretl c?rll lesztny w1tﬁ 1dbe %Q%SF and

polypeptide comprising a putative receptor-binding element.

[0043] Alternatively, where the cell targeting element is a neurotrophin agonist,
the binding assays may be designed around the endogenous tyrosine kinase activity of
Trk receptors. When the cell expressing Trk receptors are incubated with a cell

targeting element and in the presence of a source of **P phosphate, ligand binding can
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survival in serumfree nmedia. [0045] Neurotrophins

have six cysteine residues that are oxidized to forma
weywsiozres knot notif. Other growth factors, i nECTUSGIIR4/000257

pl atel et derived growh factor (PDGF) (Cefner et a

EMBO J 11: 3921-26, 1994), transform ng growh

factor-B (TG-B) (Schlunegger et al Nature

358: 430-434, 1992) and chorioni c gonadotropin

bt apbdvordbyethe amonstad raliGiel:ledimsiiio-TikaeeEptans. Sdtenzatigely, the

cystei ne knot. tifs. Human, NGE h three disulfid
BoRagortih, Adatsy RpLid; maY Dsdeemingl By il Gnge 13 grumber of
H%w?mhmgm% XRIrass inothe gfrk B%Q]gﬁiﬂgrpaﬁlw@o kdr dxelﬁplletE‘rki,rErkZ
1 or with i nproper isulfide pairing, resulting
PhAkbdue PR oTkBid 2 et wopls ?@w PPt tiett, tﬁBira@eliabled
Bh | sBBEprotBing H6MxakBle tBrohp® AflmuddRing BendidiRs.r econmbi nant

pol ypepti de of the invention only 1ncludes a portion
of a neurotrophin sequence, residues not inplicated in

t ot bindi he . . '
(GRS a0 FRYGHE il LOEING 0N, peworopi
agmnts mbebe sordehedifos thefri ahdity or mroipbtengriervell kavival. | For example

l e urgtrophin.  Furthernor as ler . ..

P g 5RRoReR o oTeLirbriEe g S SRoe i il ot the
Elhaﬁaﬁratef ghd ;bb angtRed yiriatindppi NGF [iﬂgﬁ@]cuﬂufrﬁ th&lia. Putative
airpin tif contains cysteine residues, the sequence
ABRPIYE ceflofaneting clipeptompl rhei regned g%htﬁfﬂa GBHity & gurraqte cell

Qv kil Gecoisdigl ne so that only two cysteine
residues are present in the hairpin notif. One or nore

cysteine residues in 18 WO 2005/021758

E@éﬁ?%ﬂo%%ﬁz habd i %&&ﬁ@ éggfuig% t}E%yar9|0§ﬁii£a to form a

or cystel ne residues adé at a cystelne
cyssienkukndt sngiife ther growtthéactond, machatie plateled xipriveel growih fftor

ajtpin noti ) j N ecul ar_di sul fi.d
BGPRORE o Evh ot ey 2er yOOTT Ry Pl e ffor B
{PGF-B) )(?ctlﬂdlﬂl&ggerr% hﬁ?ﬁf&ﬁlr@ m:&rg)-@cﬂ, dogxychntl @h&?cnm @bnadotropin
i.ntranol ecul ar dj sul fi .. Formation of a .
Gragiors leal 52363-0%%8& Cy algy havntiedRaf ki sHuman
KiGgPMhad Ghide dRRAHRN bSKds! [REvdeR Ecydfeinedf 1P8®t $4-108 and 68-110.
chem stry, for instance by air oxidation. Wthout

Beterjogaupexpigssien ahPIRHF iR dl Gali rasaléy yn 10 tformas wathj isypseper
bRalkd | ofnuf aildaapBloeidl 2l Sinthde & di! Biosci.
stgigll %ﬁj;ae he ﬁa{nﬁgilanr notif, a?%g; nay“?tlrxcﬁeasle t%ﬂe » DI0SEl
Bite¢hn Biohemof0; ORE-97ht1iOPEX oks the crogmbinentpetypppioie.of Tednvention
r.obl em.of m smatched di sul fide bonds or.. disulficde .

B9 oBITR, TR SETCP BB T SR Bty Wjghieteed in
e¢sjiter biading Shaugsdéléted, including any cysteine residues, thereby avoiding
the problems associated with disulfide scrambling in the full length neurotrophin.
Furthermore, a smaller neurotrophin binding element may be less immunogenic than a

full length neurotrophin.

[0046] If the hairpin motif contains cysteine residues, the sequence may be
modified by conventional techniques to delete or substitute cysteine so that only two

cysteine residues are present in the hairpin motif. One or more cysteine residues in
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sequence. In one enbodi nent, the disulfide bond is at

the open end of the B-hairpin notif. [0047] The
woembeiosaci d bi nding el enent nmay be any am noPEDEG2004/000257

sequence that binds nucleic acid in either a

sequence-specific or a sequence-i ndependent manner. In

one enbodi nent, the nucleic acid binding elenent is a

DNA bi ndi ng el enent. DNA binding el enents are known

the hafrpinamptif mayl alsmbleud@ed,f mrcyeteérwpiesiduetsheid@l\l@o Hiahdicysjeine

ns_fromtranscri ors eral |. .
BRI 25 gt ah R R B CF b iy B hpd meg ppgform o
innramosaeqlue drelfidp®dond.ile vaHomesmboMatnts, sheraastt grbips of the two
uence- specific" s fhat_the receptor selectlvel§ 4
on

F5é9 iTosidues ” eqhe oF £ 9XidipRda 1R cfpian el mfpmolgeylar disulfids

BopiHibh JTuNde e %ﬁﬁ%\%laﬁcéﬁﬂlﬁh&gb§ REMRDEE ] nidin$ RA®vn to a
enbodi nents the bi ndi ng el enent may be derived

porean slibed thenyt of pratan chemisBy.sioitipg@ceNX aib |om§1awg1 Without
a h I
gﬁ%l?? ¢ gr:?ntﬁ %Xb@u ?p@%ﬁ:ﬁﬁ? tﬂgorﬁro?te i9 i)e?]‘,%g%t(ﬁ;ﬁt E&‘FnPC fl of an
BtreololecdaPdipvlfitie ivilb stabihze uhe brigss C!llqtlf Tand mapinessgwerthe affinity
ei sz. al PS7373 982

b7 g Tor R somaly Sechoracthe saghietn ot soigachid Aghde figas or
Bisolifide k82AmbHAg ]:8!2 be (Zjhgﬁﬂed Sﬁﬁﬁdlﬁcﬁngtonm t\%éabw&ae r651_|c_1ues in a
317: 782- 786 odonmi ns Ant apaedi a a o
SearEeetn gP¢ ¢ b ipengthg 7136“&5’% Oa&l%%trtg%w@teﬂgwf Q@ f?-%alrpm
BRtif. 573- 580)) zinc finger proteins (TFIIA Sp-1,

Zi 1268, see generally Krizek et al JACS 113:
4518 4523:1991), steroid receptors, |eucine zippers

gfe a7 | ns{[‘h@,g EIE Ic aacgd' f)lﬂf‘lmgc%ileéﬂﬁéélg n?w?y(\a?@? o GERE sequence that

‘maﬂa; madlmo peith&l ¢ither pregraicaspdchicod asmequeancerjmlefdndemmaonet In

i ence ,251: 761-766,,.1991), and .B- s ,.19 WO
St et e R nfes SO bRy APr s PR haigideiqiiRoe. DNA
biaping Sdrients e Iknbws in @Ldalr drg rihd @uilide) forl dxadplell (heBDNA Binding
1991; Berg et . a re,.346: 586- 589, 1990
gﬂ“?@% 9D Y GHRER OB .N%nﬁrgﬂy efREAEREs t‘iaﬂ%’FlHH%nSt fagtors
reldliy i HNIO iR b RéquehiccYedifit @RIrRES OWhal [bdmteeﬂﬁf bﬁREequence-
rev resgon3|ve element) fromH V. [0048

snesiiisC rip pleat ghe frepepler selastively) tpsegnizes i smé]m D%@q SRYERES, OF
Qi'ie?naémf@fgj @Qhﬁl ?ﬂ’nbep up higﬁhﬁ@fa@eﬁ ncéd. t]ﬁrsgglg Y-g)'o){rmetn Ghe

sequenceé- speci |ns nmay erive
Phgwbmdoteeelasentiaty be derotd frorartbc rtraptqrxph@l ﬁ@:mr@ rvsehosef OINA

i)lngm%n(ﬁ)glaﬁ;g 8Ha% elfngzncinﬁ ol%q}? s?vians st galt h f -turn—hehx

us e e nven con
proteins (A Cro, A cl, E.coli CAP proteins. Lac repressor, Trp repressor (Steisz et al

PNAS 79:3097-3100, 1982; Ohlendorf et al J. Mol Bio 169:757-769, 1983; Kaptein et
al J.Mol Biol. 182:179-182, 1985; Sheritz et al Nature 317:782-786;) homeodomains
(Antennapaedia and MATo2 (Qian et all, Cell 59:573-580; Wolberger et al Cell 59:
573-580)), zinc finger proteins (TFIIA, Sp-1, Zif268, see generally Krizek et al JACS
113: 4518-4523:1991), steroid receptors, leucine zippers proteins (C/EBP, c-fos, c-
jun, GCN4, CREB (see generally O’Shea et al Science 24:539-544) , helix-loop-helix
proteins (MyoD and c-myc (Weinrib et al Science 251:761-766, 1991) and B-sheets
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use of full-length DNA bi nding domains, as well as
fragnments of any DNA binding donmain that retain the
wa@piosioeysg o bi nd DNA. [ 0049] In various ot her PCT/SG2004/000257
enbodi nents, the DNA-binding el enent binds DNA in a
sequence- i ndependent manner. By
"seqguence-i ndependent”, it is nmeant that the protein
binds DNA with little specificity for a specific DNA
dgubntm. an8u iMlatrbyesmeqlﬂfiﬂipe, Curdey @pdeion ihStrdé dBjol 1: 89-98,

SRR RERRS B3R AR R uEHL et TR Ring

skeabnd Sndtudd 1ho em\m bindiigd Hehine Sf GAT 4arepRewrf il the RRE (rev
enbodi ne bi ndi ng el ement i s DNA bi ndi ng-

HORASH® enF‘ﬁ@t - first used by Fortunati et al
(Gene Therapy 2000; 7: 1505-15) and has the foll ow ng
sequence: SPKRSPKRSPKRSPKR (SEQ | D NO 11) [0050] In

8knb ddanyerenscriptien rINTHAA eﬂqngd, @he theinsequepcdsargavailable on

gﬁfi tdaYa%L%’ee c g&%%@gvel m ﬁuesncg rgpe%m Lblﬁ‘dlﬁghé)xgﬁhg ma¥ be

derh@d @mhypnetelmf thatmmonac trdschptwns gfa&:tas; cfors idlanch adstriction

are_ Dbel e nd 'n
Shlnbileter RRalE iBent et e PRTgledl 1bf BuEp o dofariates te
us eff falltleryis DR viReing dogaai] AOWEIC aP Gbyii®its 8Nshyt DA binding
ni oni ¢ nucl ei c_aci d pho&&ﬁa backbone. It would be

PraRip b sdeip {heabpity todind ed in the art that the

strength of the interaction between a cationic
olymer and DNA wi || reflect, anong other things, the

kr & veuaus office emberiments, thp DNYe-bjsdingrademens hendaBINA in a

B EOR b Sy EL ey, o SARRARER R, i moey it the

protean sbrmisl bNA wrtbddtlmmmﬁxhtyt fre pspsdint DAY seduende, SUItable

s RO ) b el G bt e o e oy cid

p:fq&ertdey ef medﬁlﬁAgﬁdhldg)ﬂlﬁ&hﬁnmﬁlhlghEQ)ablb peotéifs §1&Jh| as histones or
surface, _and tger %Ey enhance_t bi nding of th

REQIAHRTS- i sPeqide smhedipmgtt &%PNR bidecetngny s R A binding:

BEHhSANT $Hdtbded iRt L@ WForﬁﬁlﬁn EAYGele Tﬂ&ﬁﬁy 30000Y NB305-15)
suj tabl e DNA-binding €lenents. For exanple, sequence

asblgs fhecfobppmingise¥ierss: nay be assayed by conventiona

gel retardati on assays enpl oyi ng nucl ei ¢ aci ds

contai ning one or nore DNA recognition sequences.

APKBP AR $ MR SEKR\WSE® TReNDMNALbiI ndi ng el enent is

cationic and binds in a sequence i ndependent manner,

DNA bi ndi ng may be assayed

[0050] In one embodiment, the DNA binding element may be a positively charged

domain, for example, a cationic polypeptide such as poly-lysine, poly-arginine, or any
other polymer of amino acids having basic side chains. Cationic polymers are
believed to bind DNA in a sequence-independent manner through -electrostatic
interactions between the cationic polymer and the anionic nucleic acid phosphate
backbone. It would be understood by a person skilled in the art that the strength of
the interaction between a cationic polymer and DNA will reflect, among other things,

the number of cationic monomers in the polymer, and more particularly the overall
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by neasuring the el ectrophoretic nobility of the

target DNA in the presence and absence of the
w@eian2nes DNA bi ndi ng el enent. DNA bi ndi ng by BCT/SG2004/000257

cationic polymer w |l decrease the net charge on the

DNA- bi ndi ng el ement conplex, and will retard

el ectrophoretic mgration of the conplex relative to

t he unbound DNA. The el ectrophoretic nmobility of the

o@wp&m et thewgtidyec pdyreenrilne dpduyﬁonmmhodnnem nédhe pepaem $evention,

cldioPhares, ]
R S P RRER T areitir EoabR kB R PRI as
ﬂilserWbdld)\m Odudly peélﬁfﬂiflbha'-ig&lf dod@air elaky a‘ls’éﬁﬁﬁd tcﬂ@allbsurface and
epent. ma conti guous or .exanp the car boxy
ﬁj&%ﬂﬁ? ﬁalPanPéghe lreﬁof%hf‘ehwa rgpti to aéwotspml Fr§eRiPement
may be covalently linked to the am no term nal residue

of the cell tar?etl ng element, [0053] In different

H955ki neperson skilled an theearti e rerdily idsntifyeathes owitables@NA -binding
b e t

E]llglgl%@gl I %?g%g‘g‘?‘ n’g%gedﬁ%ne %pe%l en I\?ﬁ glge{h&g i e&%m%b?%%rq g by

Mbmlonnbmlabﬁamaﬁd)massmeqmphwmg nukleig abids pomyinthigrogre or more

B COREES SRS ot o G
eAohicoind inds[i0 @3équehet @BEpRIRO ﬁia@cﬁt DNhBindlinB 6@fy be assayed

equence i s a, sequence of_ geneti caIIy encoded am no
%&%&ém}ﬁﬁe & relisfrgPhogiicy Irﬂﬂ‘klgw othgelaest POEY ihéte prseqngeiand

%s@ﬂ&t@tﬁ@?utgﬁvevﬁ\ﬁo&ﬁél Q2 LiéRRnt? @Nﬁcﬁg&ﬂé B Q%%ﬁomc polymer

[ 0055] Suitable |inker/spacer elenents wou known
Vil decsense dlie Beéichirag on ﬁhq éIA-bmﬂmganh@nqnﬁ @pmabx and will retard

El@é‘%}?ﬁ?ﬁﬁg? SmfCAENGE By hees LA @H MNA.  The

acl taln a ercen age OPESWBP
elacdtophgrstic savbility aﬁihdsorflplexes ngly e |da’$rm1$ted bynegnventional agarose

4310 o, IR B RPE- B B ol R g ot

serine and gl ycine residues are particularly

referr terna e a suitab
ﬁmgi]er/ gb&’i‘% “gﬂoé’ﬁ‘??% h%y})i\%tbﬁdﬁlgae@é‘aﬁeﬁ@ethekﬁgmr&eﬂng
aeapitt rﬁayslféeéﬁnﬁ%&)ugy %P&Qiﬁpre Sthé BbdLternhifalS O ®ae of the nucleic
enbodi nent s e |inker sequence forns an a-heli cal

agid hindingesloment sudydre @aﬁlenﬁbhk@fedsr@ derramo rienips acsidne of the
SHGESSSh8ehitpct i onal el ements frominteracting and/or
agg%ggatgl/n%. In a specific enbodinment, the |inker
sequence is an Hl a-helix and has the follow ng am no

ﬁ%ﬂ S R WFR & embodiments, the polypetide may further comprise a linker

sequence between the DNA binding element and the cell targeting element to enhance

the DNA binding and/or neurotrophin receptor binding by providing sufficient
conformational flexibility to allow joined elements to function essentially

independently to each other.

[0054] In one embodiment, the linker sequence is a sequence of genetically

encoded amino acids. Preferably the linker sequence does not include a cysteine.
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TYLSEDELKAAEAAFKRHNPT (SEQ I D NO. 30) [0057] In
anot her enbodi nent, the pol ypeptide further conprises
w@2esm2l788 de bond i sonerase. Wthout being |iPCT/862000000257
any specific theory, it is believed that disulfide
bond i sonerase activity will enhance the solubility,
stability and folding of the polypeptide. For
i nstance, the disulfide bond isonmerase may prevent
W55 e pSuiteble ligkprisprsei deméngs weelddieriomnyto a person skilled in the
At . sul fi baonds., The disul f.i de .hond :
P R e e B TS e e et it contain
& dngiuperodntageeomsdll sichblged diind fdide (i.d) @Rbinel Eer‘ih%,r kiR&thine,
nbodi ments,. the. pol ypepti conpri se other | )
EPO reiine S RaRcyr DF ety SPapigides CaBie ivigh arkih
patdnige iof YerineRH BHCME resktibs 40 barkib il Pref@redPr O | NE
pepti de i sonerase. [0058] In another” enbodi nent, the
pol ypepti de conprises a marker or tag such as a
jos&ri di at faghd b [ :
S 1 GuichRH") s b e RERRELRY, Gt a sequenc
Kiosin i adopt g speaifis weepderyc stsictire.plnl yori stbodimentshéie linker

) h ffini . for. dival ent t al
BB LSE DOUA Ry e APV Tt e

gotabive fldctiogalkelanentd Grotohimt@sotiag ndior ladpe@githgt "B @lspecific

t hat.. such, histidi ne tags e. exploited in ) .
SRR 8 e ienes P s L Areh nh bty Teaveing amino acid
Reodnee:n purification 22 WO 2005/021758

PCT/ S&004/ 000257 step. Cenerally, the his-tagged
protein is incubated in solution with an i nmobilized

T S8 DR IO A A AT RG99 (BEQL Bh o WM 4d) associate with the
i mmobi lized netal, whereas proteins that do not

contain a His-tag are washed away. After a washing

, the his- p Lns.ar | uted off th
PO, | PEufuins e PBRENDhPbE PR Tull bifo G " figeqpons
is¢radraseor Wshaht bamgHETieddo any pecHichthedry Cio ixcieieval thandiafifide
i m.dazole. The.length of the histidine-tag is. ...
P BBty ATFuu TR SuneBir, v el s Jpi dpldingspy the
lypeptidk. resiidiase] M8 disuffideSondrisdth&hsR) may PredeiARH debde

enbodi ment, the pol ypeptide conprises a histidine-tag
GERUIPTy BY | TaGY A Eymolicyler ghwiiden bendsnyha dwifide bond

ibtfdrhdetridyeal ALHBmER! diMfide ex%flzﬁﬁgg itk ﬂ@oﬁlrgfqﬂezl‘ﬂl)g st61b|<1ae disulfide

het er ocycl e structure in histidine displays

bepduria VBriowuembesimens shi golapentide endynepraprjsacittiey clementsethat
aRHok YrRSA Tl hkan BhaBiRY ORI dinke. TR facg'tat i
veg{% cﬁ) ar escape ol? %%[R(% lrugllljl 9%%&6%{%#8%“5‘[6% go; broline
pepladecisimerase] 0059] The pol ypepti de may conprise one or
nore cell targeting el enents,

[0058] In another embodiment, the polypeptide comprises a marker or tag such as
a histidine tag that facilitate the preparation, isolation or purification of the
polypeptide. Histidine tags are sequences of poly-histidine that have been shown to
have affinity for divalent metal ions, such as copper, or more preferably nickel or

cobalt. It is known to the person skilled in the art that such histidine tags may be
exploited in immobilized metal affinity chromatography (IMAC) protein purification
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operably positioned such that each cell targeting
el ement may bind to a neurotrophin receptor

w@Rovslozar758/, t he pol ypeptide nmay contain nulti pPE@r/SG2004/000257
DNA- bi ndi ng el enents. For exanple, a pol ypeptide
conprising nore than one cell targeting el enent may be
particularly preferred where the full length |igand
normally binds to a receptor diner as it nmay bind
pep-e Coneraliyy|the hisddgged ponten spiacilfatedah Isylution svithhanaimmobilized

Ef‘efag ?5618 r Ir%sgtg eET;ﬁ'otems #lyagéoggi?eb Wil tﬁeg HP@B%IEE)%]J;%@I Wh@reas
procaisatba defrot mrﬁﬂmy Hif-tdghee wikhed oady. Zaftéonwahidgh@p, the his-

t t t docyt
RO RAR e S ol R PRzt M0 SpThG! B0 pdtion of
tag] Eildievdutl aS BDURNGS: IE/Q i gﬁ@@ﬁ:\%’faﬂe}'\@%%% The length

RFI Rl DTACK KKKKKKKKK ('S % his 29 am no aci
ekt é‘#ﬁ‘i‘éln\ﬁié%g gdﬁéﬁ%ﬁbbw wl%@sﬁﬂna.( iFolaanidrivorgireferagly- 3 08 10

REidudMBRY qﬂD@ 103 § ol%% fﬁeempb%&{ﬂ?eﬂf: nd uﬁk?’%p éﬁ@ergomprlses a

to and condense nmpact str
histidipg-rag red ttérf residnes (<H1slo)oerStdene tags may atsodacitimtedgeas defivery

B- f
%1{396‘)‘%}1%41 ﬁ%%l%te%lcd asilltustgge];ﬁlgfpﬁﬁgq Dﬁlspl%tfsre? % Slagﬂﬁlﬁy%: thus
bdssasigh attivéfefing wayaciay i0 the ey ds10@RoMAIQIHI Sarlde! VIR prb may

rands. . The 23 005/ 021758 PCT/ SG2004/ 00025
E‘ﬁﬁiﬂé S YSHERE PYARE Ofgﬁ‘«%\é{lﬁw@ 3 érPtaPtsmgesmsﬁ;am%d by

the disulfide bond forned between CB80 and C108 after
OX|dat|on [0061] In another enbodi ment, the DsbC

19089]ei nThepobpeplide mag usamndise wador mossee sterasting stigwuits,
&11%1’ bﬁ‘}ep&mdﬁgd tsﬁthhﬁ}%%cl? lftla Efi'é glgfngntq}?éj lgl{lﬁ@odaslgﬁotrophm

pol ypeptid Inthis e od| nt- co
lfemnt@vmsngﬂagbfq e pelypmmamtmmwml@ﬁmems

m% W&épi#ﬁ%\@ byt %‘%&%ﬁg element may be

faviichD T GEM e CbiinEQVADAYNAL B IEMEM HoAmBREIMBSto a receptor dimer
‘%‘ﬁg Mﬂgﬂé/ CAKDKNKAFD (gVMAGKSVAP SCDVDl ADH YAL G;)Q_ G/S
TS RKETDISeI IRPSISCEESR S TsSeRipi

ﬁﬁﬂ BmeﬁTMWWLTTMME) s @TMlMﬁEWpected

I D.NO 6) [0062] I n another enbodi nent,
dlpcsyifjaé‘i,?ﬁﬁ@@n% he gdernalizatigng fitlegfupign proteins by receptor mediated
endocytosis.

[0060] In one embodiment, the polypeptide comprises the following sequence:

CTTTHTFVKA LTMDGKQAAW RFIRIDTACK KKKKKKKKK (SEQ ID NO:5)

This 29 amino acid sequence was generated by combining amino acids 80-108 of
human NGF and a 10-lysine sequence that can bind to and condense DNA into a
compact structure. The hairpin motif consists of four amino acid residues of loop L4
of NGF and parts of C and D B-strands of NGF to stabilize the natural conformation
of the loop through the formation of hydrogen bonds between two B-strands. The
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sequence: MGHHHHHHHH HHSSGHI EGR HVBPKRSPKR SPKRSPKRGG
TYLSEDELKA AEAAFKRHNP TGSCSVSVW GDKTTATDI K

WOREYNRAZSEY NI NNSVFKQY FFETKCRDPN PVDSG ( SEQ PCI/BiGe09)/000257
In this enbodi ment, the hairpin notif is generated by
| oops L1 and L2 of NG-, together with A and B [3
strands derived fromresidues 17-67 of human NG~
(SPKR) 4, from Hi stone Hl, which can condense DNA upon
thiendiimenstonal secturanio furtigr clabitized ty ths dniuldigle dond formed between

- fi.c leic acid binding noiety (Khadake JR
Q@&Iﬁ%ﬁ%%ﬁﬁef%%gwgm stry 36: 1041-1051, 1997). These
two el ements are separated by an a- helical |inker

se uence fl anked by flexible glycine sequences_.t
nceld Aapeneehedimget: jth D:?%Ct Rt fn t%P@‘étql%‘gﬁde bond

ROAFRR WAL D R ﬂEE’ %hﬁxh&teﬂﬁl'ngs bt A8 hBPpik B Mhd tlienpolypeptlde

particular, the flexible interaction of the |oop
mtthla@mbwcbmew comprieasrthe follpiving se@wagtors. The Hislo tag

EPTﬁ O, AR %h&% pabﬁfgeéhAO&mﬁsmydg Phayy A xake
(0] e

e escape endocyt osed

%Wé&& DPEXETET | %@W%‘éptﬂv{w@%ﬁ%r AR FBFEMIY

exrsloekier rz@@@ﬂyﬁ:@&asc@dﬁ@@mmmdmt;@izwmbemﬁm@ms
17-67 of huma der to facilitate

POTERHES Oh &FKBK%%F& fP%%&HﬁPw}}ﬁ‘fDXBHD& ngATs%V%GVﬁGF
@p 0L 2005102 27 B HRCTABGEA04H0 0 0B EGKE Q06 3 s bhrksGSher

‘ ypeR TS
O L e S PR S O
andican) al pha- heI ix linker and conprises the follow ng
am no acid sequence: MEHHHHHHHH HHSSGHI EGR HMSPKRSPKR
SPKRSPKRGG TYLSEDELKA AEAAFKRHNP TGSCSI SEW/

[DASIIKKT By Db BEGTamiEo didvEn SKIBEL POy RIpRYE TE@MPisMGYTKE® lowing
%SE I D NO 8) [0064] The pol ypeptides of this

AVENTi on can be prepared by nmethods known in the
BCHHEAEHARE udiHSgGRIEGONYBIRHRSAAR CIRERSERRGGTE &NS SEPRIKA

%_é‘ﬁ%&aﬁm? SQHGSQS§§\%\¥Ve é%ﬁfﬂ%ﬁ (ﬁ{'ﬁm\a@ﬁéﬁ\g N&Nﬁ%l&ﬁ

noc am no aclid derivatives. Alternativel
B BKOBPEY d Y DRty (SHse IBxI? €dsed usi ng recorrbl nant DNA
technol ogy and an appropriate expression system

Particularly advantageous are cellul ar expression
Blytkmsembmmm thet hpdrpire motif éh geratgyl Podowspel yid pLi efeNGF,

%%et eprlewkt Rv n Idoﬁ bsstrtaﬁ(?snﬁc%weg efgon‘?qrgm&l[egnlsi-@” %‘f‘ human NGF.

(SPKR),, from Histone H1, which can condense DNA upon binding to the minor
groove, is used as a non-specific, nucleic acid binding moiety (Khadake JR and Rao
MR, Biochemistry 36: 1041-1051, 1997). These two elements are separated by an a-
helical linker sequence flanked by flexible glycine sequences to enhance independent
action of the cell targeting element and the nucleic acid-binding element, in particular,
the flexible interaction of the loop structures with neurotrophin receptors. The Hiso
tag is used for peptide purification and may play a role in the escape of endocytosed
polypeptide/DNA complexes. To stabilize polypeptide conformation, a cysteine
residue was added immediately before aa 17-67 of human NGF in order to facilitate

the formation of a disulfide bond with cysteine 58 of NGF.
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sui t abl e expression systens included but are not
limted to expression in E. Coli, S. cerevisiae,
wor@hiozn7prast ori s, bacul ovoi rus/insect cells expCBESG6200#000257
systens and eukayotic cells in culture. Expression in
any of these systens may be driven by constitutive or
i nduci bl e pronoters. [0065] The expressed pol ypeptide
can be purified and isolated from other biol ogical or
chem cal constituents by conventional techniques,

(ot TR apiPo SREARRE i molReRl By GEBPHS Mgy mots of

apedseshd 1.2 edfeBDNTP Har 22-174) QSPICRY, OB Q8 APIY-Kelix linker and
techni ques. The identit the purified pol ypeptide
ﬁ%i?Prégle%gl cpRllevgng F“?‘H@d‘%{sewg‘i spectronetry techni ques
and, where required, by M5/ M5 sequencing. [0066] In
vari ous aspects, the present invention provides a
VEUHIRFFREN{HHRFCHEFER &P BRRAFIREe UP REHSPBREGA| T SADELKA

pehnmepib derddcst bewy NRAbEMVERY MR OXBT €S S8y sk

gﬁﬁgon t heref ore provides a reconbi nant nucleic
8@%( NEC&?GngﬁEOH?hI%g 1R N&dlypeptide of the
i nvention. The nucleic acid may be RNA, or DNA. The
Ewﬁ y.. 25 WD 2005/ 021758 PCT/ S&004/ 000257 be

éfm dtf aptyeeptisies abihés igvertien £an he arppied bytethetisknown in

HGry H}%Iudﬁfgq;ye&ﬁbéﬂloﬁhlr&l%ﬁ:ﬁl mgégié bl gxeﬁfq;l@ ndgg- S%i thesis
encodlng t he “pol ypeptides of the invention nay
eepleying ﬁ@wqr&mcrmmm @oid dstvaibRs e fblﬁemmekyo bylppépntld@bemay

I e uences for.
E% u?lg[te{gg% Ellgn %ﬁe :lnnl(l)l{}m Dfal% dtegg/%ﬂl?% il an algm‘o rlate expression
siestearh aBarticdartsh a(h&n’@gedma rake. cellittah eiﬂTesskmmMstedlg @vh!afelrt the gene

B R BB R i pRE e, Bpples of

mable rmblemresaysqum@sdfmgfaﬁmslnﬁfedrtu RUpRESIQPRI M Coli, S
uence ould be anplified from neurotrophin cDNA

lﬁm lapoqa;smﬁsaaé@cwﬁ‘éﬂlws/ﬂ@s@t Cels  exPrESYion | gystefnﬁeand
BUkEY QR dcllS iS QAMABC eﬁxﬁlfess"i’oﬂ INKBY oSRELEHSRms Tha b@ Bfiven by
tags and nucleic binding el enents may "be derived
G@S?f@tl‘éﬁpfwmpfﬁf@wg%netl c code. Preferably, nucleic
aci d sequences conprising codons with a high codon
bi as are used to prevent m sincorporation and high
[@ﬁil S Ehe mptee:'}ed podppapsilo rr:a'n nbtalpymﬁed tandulsalated from other

Qs ee era n t.al . .J., ..
B0 ] oaiest > BRSNS 1y ol dehish rdiriuding
o*.}hanatngtﬁﬂ)hgil tmachepreodpiecivh endibeike. S phAey e RiMIRd @foteins

SEQ | D NO
mabee assessed 115y electrc%horetlc or c%romatographlc techniques. The identity of

the purified polypeptide may also be confirmed by mass spectrometry techniques and,
where required, by MS/MS sequencing.

[0066] In various aspects, the present invention provides a recombinant nucleic
acid molecule from which a polypeptide of the invention may be expressed. The
invention therefore provides a recombinant nucleic acid molecule encoding a

polypeptide of the invention. The nucleic acid may be RNA, or DNA. The DNA may

25



SEQ ID NO 29 and SEQ ID NO 31. [0067] The
recombi nant nucleic acid nolecule of the present

WO pws02i7651 nay be constructed by standard tecPi/§GE®4/000257
known to soneone skiled in the art and described, for
exanpl e in Sambrook et al. in Mlecular Coning: A
Laboratory Manual, 3rd Edition, Cold Spring Harbour,
Laboratory Press and ot her Iaboratory manual s.
i ginglestranded arohere yireferablgydooble Gh‘emﬂedahﬂdj mSMl'Iirbfe&lb@eﬂrcular

h d exanp
oS SR ERRLSReERe 466 SRIGAS epn g this s epton aysbe
ﬂ"ﬂtﬂnlﬁm 41‘0#5 &eQﬁﬁwnadéq’udnbéiBﬂﬂﬁ mlypd #tldé@ uERk 8RB dASown in
401 4,373, 071 [ 0068] Nucleic acids
Iaétc u SeeeRopRefor éﬂélﬂrafr%@masn%re &aamn sad avalable in public
d:&ﬂia@éseﬂlchtas gefbdiRaniyifh@t khmleﬂgé) bf I?ed o@ﬂ&fe egﬁ&ce a

been substantially separated o pun

BRTHREy skillpdpiaribe g, cag yeddiliglesign IObwmleou@Tpmnastsach thiat PNA
I r | a MeEX 2

Lt on R rocRleHR o B E BELERES ol ner i gom

namdtsphint €BNGY oproBa@s . polineerher chdis ladiied. t hSErﬁﬂiairye the

i n¢l bst fied . b stand rd pu cation
T R TS Bl R
rmpbedérdRd using ah @fproprafe Yaklic asleC PeFtERly| MickYNI e fqtiftes
subst ances. A vari ety of 26 WD 2005/ 021758

PEFSEBFO4P B0 7 l@t fodor bias sreansed 4 Rravem) misfngprporation and
sigRéwRg an @rdté@aéxbf@lohniﬁ' éﬁ'ydﬁhfi‘ﬁcunéfcé ke%sﬁﬁ'}ﬁi)ﬁt (see I%%nerally

nmol ecul es, pendi n e nature or 't

Galderpre ethal nb M‘él 1%10hé?9f8 %62)(4bé0’I -#at émj Valaoussmltodbh@lts the
ept I )
LA S0 LI S 08 SRBRLL 930 19 K8 NS
A H@NOT’@@@@GS@QENDO@M the DNA fr agment s nust be
ligated in the proper frame to ensure that the
resulting gene encodes for the desired amno acid
[086encEhe E@Gﬁﬁinaﬂmﬁcl‘bﬁf adlé pestdculf oft 1A préwﬁnih{f@fﬁlon may be

\"A! l on vector conpri sl n
%E}Iﬂfﬂ%ﬁ’é( t%‘I 10483 'gpowm; te éwp%on@fsktlwgm.thﬁ/@h addescribed,

fB"l @xatisle Gh Siﬁibr&ﬁ & Al ﬁﬁMoqjecuEf C%ﬁﬂlé ug @Jboﬁa'tcfrgsi\/lan al erd
derlved The construction of such a vector tan

(ERJ@SSPTW%I Haghogy beborasory Rigssvand cpthmelab@ra@m.mmyls
I@Llﬁiléﬁ: abid &Bﬁcﬂ%% malj_hﬁae X&%l@d’llsfhsg&thteﬁgecp LERE Q%c nigues sych as

i nvention nmay a contain I sequence®e
disgdased, tfert exampbs, or Iipkw;rp aydtiOPat Nmd 5@610491 Canthemn ehalsSWS Pat

€LY SO, SRR o B RAMCIGER g 9BLATRTD €, | o

in the art. In addltlon the vectors of the

[0068] Nucleic acids molecules may also be isolated and combined. By isolated it
is meant that the isolated subtance has been substantially separated or purified away
from other components, such as biological components, with which it would
otherwise be associated, for example in vivo, so that the isolated substance may itself
be manipulated or processed. The term isolated therefore includes substances purified
by standard purification methods, as well as substance purified by recombininat

expresion in a host, as well as chemically synthesized substances. A variety of
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present invention may conprise a sequence of
nucl eoti des for one or nore restriction endonucl ease

WO e@ogri7ss on sites. [0070] An expressi on vect oPCDSGL00€000257
present invention may be introduced into a host cell
whi ch may include a cell capable of expressing the
protein encoded by the expression vector.
Accordingly, the invention al so provides host cells
é@'ﬁ@%‘i’ﬁﬂafﬂ glvalﬁableefcp rcembing rand dighting ofdittidhe] InnwlemtacﬁhmofEblﬁes

[ " refer not . onl t he
] MRk fi Yt po G SRy ot P gtithid S dahiged. o
sxfltablwcsltra&gjz @sh]ll reaBﬂﬁBMﬁp;)areﬁﬁfot dleRkI®Dinfthe ak.] ABSviMBY apparent
ccur in i ng _generatjons due_to either cellu?

F P e i S HOHRGH 36 loy: the AN CREET Itibe digsted
UGB pRspRe Q'ﬁl}rherf@)énﬂﬁ& that thel RGliting B&he! hEHIcs G8Y EE 1t Uelifl amino
parent cell, but are still included wthin the scope
8%d f3@eR%r m as  used her ei n. [0071] Vector DNA can be
introduced into cells by conventional transformation
or transfection techniques. The terns "transformation”
Qa9 t r éﬂIQﬂEC Elf'}p@c't' of tlef ipverttion pr@ddesiagweaprebdon vector comprlslng

S ROl R0 B RS Lol s DR s pasi
moa mrm:mrpmrﬁtdleﬁffed DEAEomdeudtioa s Reel aatvedéoﬂ f}ﬁﬂﬁfdﬁﬁttbﬁﬁuques
ec

271 WO €005 %1758 PCT/ SG2004/ 000257 tion
BHLAFS Bp B KnoHD tohemeoborfinasy slgH 1m fe e\rrr e Yesigrsafdhe present

invenmhasiy 8o cSithih e secfﬁ%ﬁ&oa&n&ﬁg td ERDR{tO er&tgrgrtng ar%tlon

transfectlng host cells are well known in
drseleclipn wvdiasheedls fier sxaunlg, Wﬁil@mldmks for S@lbctable markers, and

fég&lté?géh@sr kbR 't(g] erstﬁlb L&H%% e allyarﬂzf %8%15_15)% tgle %gtlztg)rltsg 'the

pring Harbo oratory press
Pragsot mvertion manesaipsise p 0@7RhceAfmatleotides $etmme ob hg@residiction

i ¢h has been introduced a foreign
%%%ﬁﬂ$%£%%£6]nus %%%srdered "transforned",

"transfected”, or "transgenic". A transgenic or

@h sf or.nmed ceII or orag@rsnralso |ncludes progeny of
cel fIgPPreSTgL NPl @F%@‘grﬁ}vﬁ‘d’rt@@l deEgbe igRfuced into a

Huseed, Rhidhragy HREERIcO cARbR JITRPIUEHY fhe %t&ﬁréh&me@% %he
arent and exhi biting an altered phenoty e resul tlng

XPEHTIOh EeGhpte sagrordingly, the invewinn, arlﬁmrowd st CQilSlCQn’talnlng an
&PRsdiby Cvtectop‘ off rtﬁ@ QRS oflﬂ:a%lnﬁmﬂéﬁt L%\E‘r Peffr%E %10‘? to the

organlsnrt at has been trans eter gous
negfequiar subjegtell bnt toike proga oy pohtidyrdgean obsghni sih Blémhse

daeggiéglggﬁiﬂ'éﬁﬁ)ng rrﬁsﬂfs 9&0F in -Elqgcelecﬂgg rlgtellleorgtulmg & %ooc%ﬁler cellular
differentiation, mutation or environmental influences, such progeny may not, in fact,
be identical to the parent cell, but are still included within the scope of the term as

used herein.

[0071] Vector DNA can be introduced into cells by conventional transformation
or transfection techniques. The terms "transformation" and "transfection" refer to
techniques for introducing foreign nucleic acid into a host cell, including calcium

phosphate or calcium chloride co-precipitation, DEAE-dextran-mediated transfection,
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provi des a transgenic cell and a non-human ani nal

conprising a reconbi nant nucleic acid nolecule
waewsnei7eg) t o vari ous enbodi nents of the i nvenPCDRG2004/000257

[0073] For stable transfection of mammalian cells, it

is known that, depending upon the expression vector

and transfection technique used, only a small fraction

of cells may integrate the foreign DNA into their

lgmtﬁmtmn, dlectiopdation, Gnlbrzimnédtiby aad dirabediated ttfa@sfection. Suitable

ran ene tha sel e bIe rker
PEYER B0 st ol G o SRORNT G o8 v L bR ey Sadedqan
ﬂofl tanigle b sind G BhiEbdblo BalWMSleb st @BRIRE0A LaB&ﬁ{o%S Manual,
eferred_sel ectabl e markers i nclude those that confer

%résﬁdétl% cleolfl oSpaing gdarber, abegatoryaamess (2R mpd i qthes ngboratory
AelARt rexate. Nucleic acids encoding a selectable

mar ker may be introduced into a host cell on the same
vector as that encoding the peptide compound or nay

ntr e epar lls st a
Ot Lo T B bl g
nuteint iatide dis byordidagd s éﬂrz&xsfollmad” [‘&fh?léi]scthm’ ome “transgemc” A
enbodi nent, the e reSSJon vect i ses
PSR e A eATIARA R P ST Tt AP st or
okg: rér EhfcpIdude BOm o GrebEA) r@ﬁT&%g;@a transgenic
CAATTCAA TAGCC AAAATGGGECA 100 28

BRI 297 B@ewepﬂs@zlbmg@eelzevd ph@mweew@m;cﬁwmweence

wmmwnaswﬁ@rmmwm@r@mﬁ@mmwMT@m@@ny

EATE PG b RS R T G aspcs
PAGOBFGTTAA GTGATIATT AGoRSNIME EERABTTAR TGOCACARBGant nucleic

TGCATGA TGOCAGAC TACAACGOGC 400 TEGOGATCAC
Foc FHEQS é@%@f@é@ eparsaBaC 450

GATGCAGAGA AAGAAATGAA AGCTATCTGG TGTGCGAAAG ATAAAAACAA

B s D b R ARl RS9 o dending

PO TICCAPEE it EOOEITABC B8R cti AT AGTEEGE CAGKT S8GAIT fraction of

P AT rEREN SRR ELCARORRARIHECA B and seect

these integrants, a gene that encodes a selectable marker (such as resistance to

antibiotics) may be introduced into the host cells along with the gene of interest.
Preferred selectable markers include those that confer resistance to drugs, such as
G418, hygromycin and methotrexate. Nucleic acids encoding a selectable marker may
be introduced into a host cell on the same vector as that encoding the peptide
compound or may be introduced on a separate vector. Cells stably transfected with the

introduced nucleic acid may be identified by drug selection.

[0074] In one embodiment, the DNA expression vector comprises the following

sequence:

ATGAAGAAAG GTTTTATGTT GTTTACTTTG TTAGCGGCGT TTTCAGGCTT 50
TGCTCAGGCT GATGACGCGG CAATTCAACA AACGTTAGCC AAAATGGGCA 100

28



GCGGTAAAAG ATCAACTAGT GGITCTGGTC ATCACCATCA CCATCACTCC

750 GCGEGGICTGG TGCCACGCGG TAGITGTACC ACGACTCACA

w@enFNErSAA 800 GGECGECTGACC ATGGATGGECA AGCAGEHE@ISG2004/000257

CTGGECGGTTT ATCCGGATAG 850 ATACGGECCTG TAAAAAAAAA

AAAAAAAAAA AAAAAAAAAA ATGA( SEQ | D NG 14)
anot her enbodi nent,
conprises the

t he DNA expression vector

fol | owi ng sequence:

ATGGECCATC

[ 0075]

In

TOTBRTECAT QA MIGATCAT CAT COATCIRCABGCAT GOBEOCAAREASFT 150

CURNAGETECTC CATATCAGIE CEHANICCEAC TXEAAAACATA TABECENAAGC

TEREECASTAGECTIRAAA CECTBCLEESTAACCT ALKSGF

EHCAUBET

ATETARATCE TS0 CCRDOBREEERTS CATTEMIAGS TEACRACERG
THETESATCCTO GORBHET CAGCHB0" COPGTECURT, CRPRtiARon
R AEC A BABATCAKGP e

2CAT T ELARCTA TGAGAALCGCG rACTGGA TEEEAA GOMET ATTAGEZOAD NO:14)
TGAGTGGGTA ACGGCGGCAG ACAAAAAGAC TGCAGTGGAC ATGTCGGECG
250 GGACGGTCAC AGTCCTTGAA AA
[@ﬁﬁhcwdiw&¥@%m; erpbodmentsT e

RIS

effect neur ot r ophi n

Aﬁ”ﬁ@?‘é@é“ CaéFEIATCﬁ?Eﬁ HSTRA

E%%g%é

AsBes

GE?*GF%%G

e

NO:26)

[0076]

following sequence:

ATGGGCCATC
CGAAGGTCGT
GTAGCCCGAA
GCGGAGGCGG
TGAGTGGGTA
GGACGGTCAC
CAATACTTCT

ATCATCATCA
CATATGAGTC
GCGTGGCGGT
CATTCAAACG
ACGGCGGCAG
AGTCCTTGAA
ACGAGACCAA

CTGA (SEQ ID NO:29)

[0077]

receptor mediated delivery of nucleic acid, such as DNA bound to the nucleic acid
29

e

GHEUhe T hein

TTTTTTGAGA CCAAGTGCCG GGACCCAARAT CCCGTTGACA GCGGGTGA

TCATCATCAT
CGAAACGCAG
ACCTACCTGT
TCACAACCCG
ACAAAAAGAC
AAGGTCCCTG
GTGCAATCCC

R YE o arp
HEd SOSchh@rd OhLow
&AE@AAE%E%MT@%@AW

recegtor

éw@SO

300

© 750
Tk@@AcéFBQGEEEKE&% COETE3CEET800
Géé@H%MXEEGKT@Eﬁ%ﬁ@%ﬂ%&%ﬁ&@ﬁ&ﬁA&ﬁﬁﬁbdémkT CECCNBEBREEE50

%CCCTG TATCAAAAGG
AR T HRANT
GACAAMAGAAGG 350 CTGA (SEQ I D NO: 29) [00771

eptides of the invention can be used to

medi at ed dellve

Bourd - eo" ¢ife Gﬁg%

@%&C@@%% o T
G %EcﬂAédA Z%@F

P cAAACAGTAC 300
(SEQ ID

CATCACAGCA
CCCGAAACGT
CTGAAGATGA
ACTGGATCCT
TGCAGTGGAC
TATCAAAAGG
ATGGGTTACA

%”rTé*

P sl

GCGGCCATAT
AGCCCAAAGC
GCTGAAAGCG
GCAGTATTAG
ATGTCGGGCG
CCAACTGAAG
CAAAAGAAGG

é@@pnses the

o%

In yet another embodiment, the DNA expression vector comprises the
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The polypeptides of the invention can be used to effect neurotrophin




provi des a conposition conprising a pol ypeptide

according to the invention and a nucleic acid. The
w@oiogpezpss de and the nucleic acid may forma PCT/SG2004/000257

non- coval ent conplex. The term "non-covalent” refers

to all atom c or nol ecular interactions other than

coval ent bonds (ie where electrons are shared between

two atonms). As used herein "non-coval ent" i ncl udes,

binding selemasnt [of ghet eadyiwptide. Héhef miclemnbaid) mayt Ascabd RO including

t oni ¢ _bonds, -hydro pol ar
%111 1? %?{g\g ’i a%ﬁss SnSng\rI ophobi" %OW%H P é’g%e &ﬁf{gﬂaeﬁwmn@on
pmmtdas:hs;on@ndtlm osraprisingsh P kipBetidedcedrakiki tdNBe invention and a
Ceneral.ly speakin nggﬁa§9valent bonds are nuch | ess
Tyt it yhR POSPER AN Ieicncichmay, §958 4 §onpyovalent complex.
TRY &l ¥Ho8-colAEdte def@Rtho DAL kB ic bP nftidhBE QHﬂ%ractl ns other than
enbodi ments, the non-coval ent conpl ex nay ? med

sqvalent; bangs (e gFhor eloaiiass treosusad bethemelacionns Aotddnrein
‘t‘lﬂ)%—éb‘?fgﬁhﬂ” e RE 864 hﬁmgé%h %CFeSI 6% ?%ltgragtlo nugecﬁré)ﬁtatlc

acids and the p03|t|ve harns o
@fp@éicfb(mdmdmgnld bmglseﬁmntanumel[aélﬂ)?l&] hyldlt‘o;rhb&c interactions, van

nuc d ses ene
2%3@2%%30& th BcEmENG ke R aﬁjaotﬁr Seafiply Riebiitoron
tdveleaidtstingjars quﬁ e sthisle shdnhovapebohds 648 REn u§ﬁﬂy| 88 ESersible

her uences i nclude, but are not
ﬁT ‘f Sﬁ%@%e% ﬁ’ééhfg%ﬁ}trﬁgn ofsrentsy, dhepprscovalent gormplax may be
RAhéd SEATSURNE (R IEARIMAR SuterhRfonk! @bt@\%eﬁ%eeﬁéélaﬁel}\”cflﬁged

é¥¥rotroph|c anti-apoptotic or anti-ox
Phate haskbongof apqieie peids gnd th@psipealy pl@arg’eirﬁede cheips @fie@on-

ﬂ@Mﬁ@@n@@@ﬂd&geﬁ£EﬁFt genetic therapy by replacing or
suppl enenting”a endogenous defective gene, or by
encodi ng an endogenous or exogenous gene product.

9 n € CO ne sequence
[hg%eLc%ld%&a%n@ra ﬁlgaﬁlrcoa&lfigfompfﬁgs ?égﬁ%ﬁfﬂkeg?equeme
Igeme embodimett df’ $hd4:ﬁ*é§én151ﬁﬂ@ﬁi}6ﬂ&h§ todind debudn@P Rl tBérap@BB ene

uct..to refer to a ene d%ct whose presence can
BATPEE Frelpop lsront Puttenoe aROTGR Iyt &P BRb RS do Eepesooding

foy pRAhE stnsBRGR] hivtt-Fensé RN A RN )ResO H&?Jdﬁﬁgs f'holecules with
totoxic or cytostatic agents. A nunbe

D@é‘ﬁ’go I6ARHRORBYS oF and- Qé%‘éﬂnﬁathltteﬁe A@embwly,équapeedc gene

i AR N —

eP@HGSQEOQ@lfF@UQZMG pr dOB’e errodBggal @udagsihalaser; exogenous gene

~hdeuroni dase (GJS) and chl oranpheni col acetyl

I%%%ngferase ( CAT).

[0079] In another embodiment, the coding gene sequence may encode a marker
gene product. The term marker gene product is used synonymously with reporter
gene product to refer to a gene product whose presence can be readily identified,
generally either visually or by conferring cellular resistance to otherwise cytotoxic or
cytostatic agents. A number of marker gene products would be known to the person

skilled in the art and include, but are not limited to luciferase, green florescent
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[ 0080] Advantageously, in various enbodi nents, the
conposition of the present invention will be stable
w0 poophyssol ogi cal sol utions. The stability mayP@ESG2004/000257

increased by increasing the stability of the conpl ex
formed between the pol ypeptide and the nucleic acid,
for exanple by increasing the val ency of the

DNA- bi ndi ng domai ns_ of the pol ypepti de and DNA
srtinn degrlactasisiged, z dluppranidase o (EES e didn dihhgardplivaicol acetyl

Eﬁﬁﬂg q@ §‘t|on may be formed by m xing the

ypept and the nucleic acid in an appropriate

buffer The conponents of the appropriate buffer wll

d the nature aof the nucleic acid and
E"E’B@Eep%%a@q%ﬂe8ﬂ§¥n1§ vaoysesrabadimagnty, thq)compasitienpfithe present

M@Hﬂltdan WNDY stBc s hlEi6l081RRI é&h{tbﬁ& %’é%#a'ﬂhi Hlag%@%&éa&@é by
pronote the stability of the conplex

%Wﬁ%i%g ttheoptabifigy of e seraplex |ff>rmd\11eb¢twn@n thy belypeptide tand the
RUNPERN) BF eBRh1e E? Fri/ Pegigfng I‘5196 %n%y a? tﬁeh]SN%xolgg 7 élg Eslﬂlglglns of

is nedi ated primar I oS icTn
tha@opyeensisa aadk DINAe ebqlucnd;eh Bscagltlzeddlyl the koppatettindig@domain. The

h rel el It ..concentrations to
S PRABIBR ol A T by e pEPmiioE P s ipic s T an
appmpmateabufm a‘hmblﬁm&nw the a F}%ﬁﬁaﬁé 'Bﬁﬂexbx)(zllfidéﬁéﬁ@%ﬁ the
on the size and

f 1 al t hat
P B 5 0E s SO G0 APEIC Sl A Iroronekilisg e heige would
P k@ XséTahe Bfprosteli® sOuAsH BYiNBRStoS gﬁ)‘iﬁorté)rfﬁat k¥bili lgf I’[he

per neation/ size exclusion chronato r Y, agar os
emalex 18 Sroroeposition o Fgtastyncani the hy@lmg bthpemhe pmlypeptlde and

&8 28 Sic aﬁH%‘ﬂE'cg PQ%UM‘E ﬂ{{&ll&e&f }%ﬁﬁﬁﬁfg gi;ectrrr(lastatlg 1Et8ﬁgtlons

brom de intercal a
hnaespen skillpdtim theoare mauld keovalty sises sanidord y\mﬂmrﬂatNegh tow salt

a i.S 0 ther e of
c%%@éntu?égr{eég‘&o ?1%{/%112 t1on 591 %éh% oﬂjﬁ"ﬂf at‘ﬁona atalb[emw ?cgfélgnt
cwrrlpd&)qes)may bp dbtysfmned Fhe nambeost R ahatid mdtifodd Bhdt 83$En the
to i h t he ativ Iy charged backbone of
Y4e? 6|°@?f © IH’ noeila‘i?éfig‘ﬁg Eﬁ<on Fagramalst the gempleg may be

c&t‘drﬂ‘ﬁrﬁ@'bypﬁlﬁisl SRCEOTRIE Xgel %eﬁﬁ’é&gﬁﬁ}’ﬁﬁe e%l@su?rfna oﬁ{atclg'?a?p'ﬁy,

negati vely charged partlcles These smal
Ao Bl HSHOR e Pl yagsridege! refprdaton msesrsn amqnsbmg of the

t%ﬂbg&g?nf%ée idf géttlﬁgﬁlhy pRﬁme G %Qlﬁteg‘;lg Q%I%O E?J}%g 0%%90 Sf]%;é%efope

agplysiaizeia netentigrnelyge hyhdsmemiaiight seittpring aniyss,

pol yl ysine, pol yargi nine, polyornitine,

pol yet hyl eni m ne or basic peptide sequences derived
[PO81h 3h atﬁtlﬁﬁ&fdb@ﬁﬂﬂeﬁﬂ oP@ld a2 4hOEI3R, 7 the bédshposition also
o rot.ei ns uch iﬁrles Preferably the

pgllf’{)%f‘ts ma Pﬁllf}npﬂ n}eg ¢ SREORYF BRlyMSE 15 beheved to interact with the

negatively charged backbone of the nucleic acid, causing the non—covalent nucleic

acid/polypeptide complex to condense into smaller less negatively charged particles.
These smaller less anionic non-covalent complexes may be internalised more
efficiently by receptor-mediated endocytosis. (Schaffer et al J. Biol. Hem. 273:28004-
28009, 1998). Suitable cationic polymers include protamine, polylysine,

polyarginine, polyornitine, polyethylenimine or basic peptide sequences derived from
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wei ght polyner, preferably with an average nol ecul ar
wei ght (by weight) of 600 (PEI600). PEI600 is

waledosmest from hi gher nol ecul ar wei ght PEl, SPCISG@%04/000257
PE125K that displays high toxicity and efficiency of
gene trasfection (Boussif O, et al., Proc. Natl.
Acad. Sci. USA 92: 7297-7302, 1995; Abdallah B, et
al ., Hum Gene Ther, 7: 1947-1954, 1996; Goula D, Cene
Thade apysinSsugh 2s isong OBleferatly t]ﬁaQﬁaleﬂsmdzmmmermaﬂowlrmlmular

ty but { f ff
SERBh B0l it preton) R 0 e TAElac Hisiys [ TRt o0
PREIE00)! aPEIB@(l) Ekedlﬁbtghﬁﬁaﬁlelﬁtgheaf%(ﬂém;[?@ |w@%ht rm;g{ fueh ak ek 125K
into, a ex .and endocytosed intg ce
5k GisBlayaihigh U GG e B hhen (P b ot fl Proc.

SRO2RBaRScl, @J@asg plo7ihen DPJ9‘$PRBEHIQE QR eﬁum[@QéZﬂher
The invention also provides a nethod for targeted

d&H1-V 234y 19%6; Rigelad?.GaaeiTdsrapy.nt: 6l 2a7 el 98 hnkE i§pdays much
t o o

B Y RSB TR pHRAPAC Ll SRR ERINPE. 3 IO Uitains 12,2

amiJB‘bztmmpd; leachrvethetpe potsntial\id eoprotondted, affed bemig mobrp(nra‘ad ynto a

articular theory,. 't I,S i.eved .t

B3PDISE o GadoRioretinossel BEBHEPES P rtomy myanssgnd

brmaethl esdapé acelcaguidid mypeptidesorlext, and the

conplex is then internalized by receptor nedi ated

endocytosis. [0083] Any cell that expresses at | east

B2 EUr e iRRRSh aﬂﬁ%ﬁ@{’lﬁés @ﬁ‘i@th@@ er%rg&E@ Q@llvefyrkf—i4 nﬂgl'eﬂglc:lds

cells that express such K B and Trk

&Ho pF SIHRAhANEPTisesr @@uml&ﬁ@uﬁrgo napor@@qu@n peposding ntel M@reous

I e {

BRBRmR R R, el RO G Reur APl Abdptors.| Without

being llmmted tto mwayhmﬂarsmatihsthehevedem cblnwpcﬂmﬁpt)dmnuclew acid

neural cr

SEHERH 5IEGHRAD s 5 s (R o i S55pi S5 S0l

@thﬁ{m&elhdlﬁedlﬁyﬂeb@tdieﬁédﬁuﬂéd ayiséyessid. ncl ude astrogli al

cells, oligodendrocytes, Schwarmcells, mcroglia, and

neur oect oderm derived cells. Cells outside the

MRUBSPUS A5¥Sdefihdt R IHQSS B lleééf'Bﬁ@ﬁéﬂir&ﬁ)phfﬁ re&ébfﬁ?%@ﬁlﬂ& geted,
mast cel | s, nonocyte macr o Ap{&es and unpr

&slyding qedlp thet expess J@hﬁ@@msﬂé yKdi;mTr et P&y . Among
gérmru\é' I{eggon EB&1sC M, é‘?ﬁ deC?isHﬁl\E}Qo(rﬁ%%bﬁ%@c %%L%H‘s?rs?natal-

I pl escri be n-vira
dledline@wnwmse}wpas @rlclsmeuoqm's,mpml b@rdbn@blenmmisogynpathetlc
002, 13: 128-13 (ene., 32 WD
S o b BetAbisnbrb60aua P MBS sndg RS ety
pewspe edtimal gamphion &llls ved bthess. GRaccellh ar ﬂupmervBGQsttem include
gét&)%ﬁzl_ gg?s, )oligodendrocytes, Schwann cells, microglia, and neuroectoderm-
derived cells. Cells outside the nervous system include B lymphocytes, T

lymphocytes, mast cells, monocytes, macrophages and many tumor cells.

[0084] The composition may comprise other non-viral gene carriers including
cationic polymers or lipids described by Davis ME, (Non-viral gene delivery system;

Current opinion in biotechnology 2002, 13: 128-131), Niidome T and Huang L (Gene
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and Li S and Huang L (nonviral gene therapy: prom ses
and chal | enges. Gene Therapy, 2000, 7:31-34). The
w@oiogpezpss des nay al so be used in the context PET/SG2084/000257
vectors after chem cal conjugation or replacenent of
endogenous viral ligands. Retrovirus-nedi ated gene
delivery for use as gene therapy has been well
characteri zed and protocols for producing reconbi nant
t@rapmpimgx@@@ndtpnbsp@ts norfvat i/en:g)rs c@blhesTliemapyL E@Qi B1164Tr1652)

' . th i ruses .can found in Cur
B 24 bl iHRe 6 LRGP ReC Bihs BerpS Atetibst Aok pllsngesy Gene
(Thetapy, 200@,eN&1-Bab| Tihiolgepided Ghat £ bd 1989 the @WAsxt of viral
ot her stag%ard Laboratory manual s. O her known vir

al
Veders rater COREBHINY of Frolagemeniqeh spdqegaous viral hgands

R@ﬁ&\ﬂnﬁﬁﬁé&hé’d egn¥i B4RRS, apd Rac ué enk uaae%gﬂ ‘ﬁ§sd been well
vect or (Sar is Cet al, Proc Natl Acad Sci

oleradezed 43d pmmﬂs for mpldu@ngw gect)mblnwmte@@\rm@r a,nd ﬁon infecting
gals A Qlrotdt @giﬁlﬁ cAlP 8¢ ¢&%dln p H&m&%@&s in

6, 180, cel t-specit
Mq@‘roakis iBmiogss Aussl, rFeM bbale(feﬂae):ﬁremé yulﬂrshmtg Assxmlqzes (1989),

d b
A5 bBe it RSBl hudls, OMRr HREF Sl ks ors oy g toreoy
hfehﬁlé\aaéﬁo&gﬁg uslbiyo- M;"s@diatbd|1 vg@dae aﬁc%l Bﬁcﬁlm(zlﬁlﬂdﬁrﬁ\%atvector (Sarkis
eur | SOr cludl n SUIoKe | sgnhem a
Cot b g0 NHL AT G 8 Ut At A58 43 AOE. inctwivicfor A detivery
& &Ba5LMe nbhBhd SR hs HedbriBEPRAUS Hgh1 @l 1RBl615. di sease,

anyotrophic latéral sclerosis, and neurogenetic
di sorders. For exanple, in Par ki nson’ s di sease, a

@Lj bs{ es Sﬁi%l? lévglsaﬁldcbfell qﬁ%ﬁ{q %;éﬁ% gﬂéﬁﬁﬁf‘oﬂr@ Rag{uirgj ttohe?fectlvely treat

ant1a nigra ul
defiy gicarpdogicah dilm bt gede rthdrapy. i e po’r;spﬂpsdesAog dwepresent
ellver rgets Trk.B receptor
S ebteBaha? SR BEhavah ARARAS Rl i ol AR 3o segs neuronal
gRoudens inchding Ostioke,ussehethiaf @pilapdy,aheidand esptnal h&rdplyauma,
%ﬂ% Par,ki.nson' s_di seasge. AISOA#@g Al zheiner's dis

mﬁ?rbﬁl ﬂlssa?se§1 iRgtons tdllfe?sﬁe ifmep 'S ShseRsen 'tlmyotropﬁlc lateral

RA&BAY, OB L AburoghiRng Efisdd®s. Pap@! ckQHABr Bl PafiiRbhBeli%aSe, a
neurons that respond to all neurotrophins. A gene

HepTesHrs/losyeftdoppmingreia naugnas in e srkstantp gk wla@éﬁstyapsﬂts ina
A8phnied BoelcRnty Qr%és%cmt%d"ﬁ&@pﬁ% ifmeAfs & éérfétoﬁh{l System that

neurons to augment cholinergic function
@meﬁewawrWPwmd dnrthe mmbgaimwutfa@atfttbls go@ipe neurons

| ncodi n o) rotein .
gﬁ’(\ﬂﬁ dﬁge dggitugg? ?@a%gm geng ﬂ?qr apy for 5’ &}ns%r% % t(féslgeﬁ%e i ﬁﬁso in
Alﬂellmfes’lsl diseakd, kike ggcmpV\bﬁ'lnélﬁoltsowltﬁ am Inyost paﬁﬁinent pathological

r?l%hlg‘%s;a;gr)g gés%i %o%ebqgig%ﬁolgnle?éclz nglro tge%tnrgsspogfl tobglll neurgtrop%ms A
gene delivery system that targets neurotrophin receptors may help to transfer
therapeutic genes into the neurons to augment cholinergic functions. Therapeutic
genes that can be used include growth factor genes (which include genes encoding
neutrophins, proteins in the fibroblast growth factor family, proteins in the insulin-like
growth factor family), and anti-apoptotic genes (including genes of bcl-2 gene

family).
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WD 2005/ 021758 PCT/ S&004/ 000257 [0086] The invention
i n anot her aspect therefore also provides a nethod of
w0 e@an2yies a neuronal disorder in a subject conpCi/SGIIR4/000257

adm nistering to the subject a conposition according
to various enbodi nents of the invention. The subject
may be any mammal, and in one enbodi nent, the subject
is a human. In various enbodinents, the neurona
di sorder is stroke, ischen a, epi | epsy, head and

iopal hot rauma, Par ki ns Hunt.i ngt on
gtlmg Egse,ﬁl 7 geenlttlr?% r sanc?thseéaag}%e(:?g]lleretére aﬁ? JBRYdes gt @th?d of
sedtingr o séwsonad rdmrcteetmﬁ @l @Qieﬁlﬂdon@brﬁmg%ﬁnmlé@nﬂ\g ltd tl’&esubject a
apparent to t he conposition can
EERRiep asrufhae i RDG ks R YRR o AC gy dr ey be
PR ARG |8l Iny 0d6 CadaRne 8RN Eutféct Ok &I hidef - In various
[0087] Met hods for |ntrodu0|(%ﬁDNA into mammal | an

emppdimenys.ythe gepionalidigmper ianeichay spenia etpilepsyadipddhingt einal
BNA Codml exl%?klﬁéc;nh dﬁgé% PER ?ﬂlﬁquén'@ fdﬁ%lc{'%r 'réll\ré]tﬁaltn'teﬁsg dﬁsgase,a or

subj ect for gene therapy
aaygfeaphiselptesal apldemels,r omahewabgisal atisrderh Ascwithbs hpfiacmt to a

[ ni st.er Jntra hec ecti into the. . .
EBE MR ] S nbilon B S5y Btopi o " Sppadinivgion
smgpﬁmatewcaﬂlg aaeapafamalca@ﬁf bidiluenta particul ar region

of the central nervous system it nmay be adm ni stered

by stereotactic microinjection to a specific

MY 0Adthdde doP thirodcih® DNOWio infhniifiad! dells FiP R,IVIZ}LLC{{@ ‘iknown
patients, the stereotactic frame base wll be fixed

Pt B2 brevssr e pdminester RN A eamplexafegidipelgpangides ofihe imvention to
‘?t?’c?éd‘t' Tdr%névﬁilera G0 o‘aﬂﬁén@t’[ﬁe a%%'i gé:ﬂsaa% ﬁéﬁronal cells and

war e, ges W trans
Blemomnsh@naﬂ actmmswmdabsemtxa@lpcrada pﬂUEQ’ttOB 1fm»rthe amgbltoepinal fluid
tact

é(g%lﬁ]c teIJ)c()éﬁgh&ert Blelé{? Islgegns icg] y{ eur %lgcl,?%lf nap :ml%ul%{ region
sfibe cdntial neamismmtemj it ragbe admmiskerai lﬁpsthebiﬁcﬁcﬁnicﬁﬁlg edtiod to
speC| i c subtype of neurops at. a rennte

AP PP Aeom ) KPah Ep i B | Py Hpgp patients, the
ﬁ@&ﬁﬂa&icﬁf‘r&rﬁe badeew ARt @GRtoOhe skt AR08 ARaiAXARSId using high
transport to target neurons in the CNS after

freelrpeneMRL Using @pprionriage stexepiacticorofiare: fsrimagysevithba gndated
{n%o Wﬁﬁéﬁgﬁﬁal'cebﬁﬁ{akég rzlpfvl% i ﬁ)ﬁar@écﬂi‘lj e@ﬁ% 9f3§1\blkn §tBRtactic

spinal cord. The app roac bypass ran
aactiprerof SMNApeawploxed withrralsipeptides dfhibe dpeention igtor atspepjfic

Jél?t;mlheﬁ 12804 IV&HH 0\‘11%1 iR t%ﬁ? I Is%efm subgylllg\e/ o%lneuronsn at a remote

ypept| es an oSi entron have
mgmn theaple detfograde maumabttnaﬁqpbrtn -1t iskelsapdssibid toetak@Bdvantage of

n PC 12 h Trk
%%r % ee gxo%ept?ancégoljt ¥oe{a¥gelt neurgl:ls]in tl?ee&kg atftefrJl {)er?p era? 1Sn?ect10n of
the composition. One example is muscular injection to target motor neurons in the
spinal cord. The approach bypasses the blood-bran barrier and provides a practical

therapeutic strategy that is non-invasive to CNS tissues.

[0088] The polypeptides and compositions of the invention have been tested for

neurotrophin-like activities and targeted gene delivery in PC12 cells that express Trk
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WD 2005/ 021758 PCT/ S&004/ 000257 A and p75NTR, as

well as rat primary cortex neurons that express Trk A
w@ees0eks8B. The pol ypeptides i nproved transf eRCBEEGON@R00257

expression by several hundred to several

t housand-fol d. The specificity of the conpositions to

target neurotrophin receptors has been confirnmed in

inhibith&n experiments using neurotrophins or rel ated

Aomdimdb ™ “pep el es raiprimmmy etritdxi neardns Hhdbiekess. Trk A and Trk B.

- LT ne deliver si ng the

T b A PRAS bR YEHTRC e iR i tondy esebiSippsed dysovgea
thbesané-lfMduSF hS)spécﬁfm@f bfthe doftpbsilicizhia targey @uitdt@Phin receptors
€ gqlfl C ﬁ eased gene expressi on was observe

4R co B“fng jin idRition, gxeriments ysig; NSHIOLephiBS &f Fﬁéated Contol
p@mésom¢danﬂeﬁﬁe@mm§mr§\bm%eymo 6 RaPg &féedéh%r& Rising the

ol ypepti des conprising (SPKR) 4 andp a Hslo tag may
Efflifli’e@ﬂé%t ?%ﬂhetlrlmlpé rhag diepws demonstiated inntlie ingrvpuy gystem after
e

e RS STRLRAR ok BBl AT I, S550RG i e
dirsa) wot igengle, rmeurg @ptmemrr@uaptaphmr edcapters. SiNpiatily, DNA

and axert uro in-1li bi ol o .
PRSP BB RS oSS, Ao i Sk o mgpienty
Bm:rsfeir eélls.in 'ﬂ’tﬁ) dndiin pivﬁ withouif thé 8set dT@EEtOMhet Ilp endosome escape,
Er ot rlﬁphl .n st, nmeaning that it is capable of
eHorgayipe ¢ -one of the biological effects
associ ated wi th neurotrophins, such as neurite

out grow h, neuronal survival and neurotrophin

[088%pt orbe ePAYRegtidisg o ethviid mﬂoﬁﬁphlnnrwﬁﬁoam@d signal
&Qﬁ&l_ﬁ:ftlgfl €and! Qfert hEHER lﬁ’ﬁ]hfeé %Ydl ?al fﬁa%lrér c%mét neurite
agoni st conprising a halrpin not hat se Ive
bitgrdwtlt endh nnumnait supphialn Tee dpirpin. mGThIl"Elsh’dllemfmre m)helirotnmhln

t
%’%blﬁ'{? glféaﬁ g aé rltel(sj fca%afble of pggrlﬁétg%gr %\Fbi goneI ?ﬁgﬁ §10 ogica Ii]aq”fects
asutdedédrenith, netdnar@gﬁm sﬁchf b mberite CoUBEIO WL ShedBropsls buriivel Ynd
ot her_ enbodi nent s,

har ged. domai_.n and ri ous
Ige(‘)lﬁoﬁ'%?glé‘ Effﬂ?i?f-réraé#e fiegal ARy (Ro¥lE a¥get iissgfore, the

iab@iten pt@ides @XRIRIOpRn %bﬁlﬁb%ﬁl kibifl %rﬂaﬁﬁﬂ%étlf*%ﬁit%ﬁ%@twely
the hairpin notif and t ep03|tp|vetycarge domai n

Yrdsoptona mewplprhie Jeqentor. cHisabrerintpetifsmanbeia Pairpin motif of a
I%Qll‘dﬁk%billlnt ¥f er fRkidhd9 e(gflve{ltgﬁ th@lgtgﬂegt desL%%O]ab%\é et h%t oge

being limted to any particular ry, it
qopkpdimeng thgyegonist {nethyr ermaprigesch Imsrtmelry qbangmb tlergain @Utépt\caurlous

SRS AAR Sl MRS DRy BESCL s o

axayplea sityble hinkdrispaet Yetohar ‘@e taipgih yr[mllf aad thepoRitivéelg icHsrged

n ncl -
o?na?ne %% rolth%?deleerlﬁ)e% se th%t %njlan%ebtl e stagl 1t}>: solubility or folding of the

agonist.

[0090]  Without being limited to any particular theory, it is believed that the
positively charged domain promotes receptor binding of the agonist by binding to
negatively charged cell membrane. The positively charged domain may be any

positively charged polymer of amino acids as described above and includes poly-
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35 WD 2005/ 021758 PCT/ SG2004/ 000257 |ysine and SPKR4
domai n. In various enbodi nents, the agoni st conprises

wao b@s/osesgience of SEQ ID NO 5, SEQ ID NO 6, SEZT/EGNOF00257
and SEQ I D NG 8. [0091] The neurotrophin agoni st
according to various enbodi nents of the invention has
many uses, as will be readily apparent to a skilled
person, including in the study of neurotrophin
tystne pargr SPRIR¢ tdommin. | fn vayiowd smbbdimestedthienagonist comprises the

MR b tlp RO RERID N ERD RO N B AP R0

i ncludi ng the aforementioned di sorders. The invention

fore al so ovi des a nethod of treating .a
WA gorthe cudirmuPhi BaSherSorBRnith THHoR SUjdgents of the
GREREdnShaR nAg kY, 8 R1l1 Blrchdily §DadPioSL kil RidoBCinkNRing in
amount of neurotrophl n agoni'st  of the present

thevsBilyi frnewiotraplib AgseBtor fstiens nfirmayi #lgp hmw@flfv@ ¢hd Wyeatment of
ABMBLS Jold oﬁﬁ}}/@ a4 rt%hfo%phlﬂ Hﬁétﬁt £ extaHl?Iep ﬁﬂ‘ or neuronal
i ncl udi

i nventi on. ect rra
Hisomlars [roB@iig Arq:oafmmmpmﬂt dtsbrdetse Thev erveitoom pilewfomealso

a . cof 05|t n n neut r ophi,n agoni st. and a,.

Brok PR 20 bingd i eRling s Sftaer AP of rRERMoRin 3 Jubject

canprixdig admlilnﬁ&yin@@o thRenubject dir eftbciive An6IN\GE AbUOREPhin agonist
ner general, a diluent or carrier #?F sel ect ed

8 %Bre’é%l%l VEFIOR i AnSERPATECT, SUTRIIE FBATRrEYS ampwR, of a
Aldod AN asshist [Tt BBR&Uh FRbntRINAatht b egtuhfa?bdeeany mammal
phar maceutical carriers or diluents, as wel
Hﬁ&dﬁﬁf’e@ﬁa@al necessities for their use in
pharmaceutical fornul ations, are described in

Rem ngton' s Pharmaceuti cal Sciences, a standard

[0y ena"elotlﬁr(taspmt toﬁiﬂ@e fiivehigona prbvides a bempSRioNFcomprising a

gﬁ%@ﬁ#ﬁt Iﬁ%?orr]l%t Caa rrﬁg al t?(%llfyj ??cc%pn%bﬁ? C%l ge%tf ]folf‘e g (2:1}'1'16\1[ The
bmrﬁlaisrtmﬁtma;if be&n@hﬁa@hﬂéﬂ inc ccﬁlvsmfmﬁlﬁﬁaﬁnhﬁ r BQfeheral, @rdlluent or

exanpl e,. a suita Iyd The effective ano

oD PP L U S a gLt i of SRS o b slandard
phtneedutitQ ﬂi@ctfcé ea‘glﬁﬁb@nﬂlam&:edh&@ rcgﬁferﬁﬁld dilﬁ&lts as well as
severit routinely determ ne

Bharmpesy %IIFEH n{“v‘Ff-@Slé‘?St for thels use nepharmacelirgly ﬁafrmah}éow preglgpaibed
f@R%h@%h@@’hMcpﬁtmﬁl S@zérf%s g%tahﬁzﬂ'ﬁ ﬂ%x%gcé 3xt in this field and in
neur ot T ophi n treat nent escrib exanple, In
e USRSNFe Farmulytionecay be p@eaneq} & ongsfin e effestiiveptvionnt (meaning
C n S Phar macokj net
E:h%ngsn?g él? gltlfitﬁglﬁgé: f éijfe%} tregltg{gﬁg ?ﬁ% Co%gc?erfnor (1@ mkthereotl) for
STl G, sulfzﬂﬂ)a‘ldalllyrdom €l ]Er‘dﬁﬁachmmouhfmldeﬁﬁa&ﬂé daily depOWilt vary

Idéc’pegglng on Qhe sub}e%t ]’Eg be tregteE and the disorder and its severity and may be

routinely determined by one skilled in the art. The effective amount and suitable
formulation can be similar to that used in neurotrophin treatment, as described, for
example, in RT Thorne and WH Frey: "Delivery of neurotrophin factor to the central
nervous system: Pharmacokinetic considerations" in Clin. Pharmacokinet, 40(12):

907-946, 2001. In one embodimen, the effective amount is about 0.03 to 1 pg of the
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36 WD 2005/ 021758 PCT/ SG2004/ 000257 agoni st per kg of

body wei ght of the subject to be treated if
waedivsieser ed by injection. [0093] Al docunePtESG2004/000257

referred to herein are fully incorporated by

reference. [0094] Although various enbodi nents of the

i nvention are disclosed herein, many adaptations and

nodi fications may be made within the scope of the

agoneshpérdug df bodyaweightdd thesubiicttio bh geatahifedmppéstaediby injection.

know edge of those skilled in this art. Such

nodi fications include the substitution of known

equi val ents for any aspect of the invention in order

to achi eve the sagﬁaresult in substantlalgggégﬁgsane

Y31 A All aspmpnts sfersgddo Sereinrs filly mcopppgat FgPn
have the same meaning as commonly understood by one
of ordinary skill in the art of this invention, unless

HeP#hed Albong variges epipggsintsrafdhasventionarpdisdosed heteln, many

ti al
{50 A0, AODESRAE AT e, AOHL YL
pdeoaisece’ agh cbhedcangmbm géreenl lqnnwladgé: ofi ”tl?lcxsc; sklﬁed:m thingrt.t Guch
RSP hBR Sl PSP Benbl o SRCRE o
iRt @Norddh® idhidvevkheﬂ SarfX 883k €6 substtinlly Wisd sambd way.Of All

various aspects of the |3€ent|on and do not, Iimt the
IsPhnierl Fadercicatifip feieuseh skt AvadhcFurg Gsapng e efammonly

MR daSby Mita le' &hfnaﬁln Q{lfl/élhhﬂ’lgsart BPltHiB SR dnfBn, unless defined
productlon linés [0096] A PCl2 (rat

@ﬁ@@@ﬁ?onncytona) cell I|ne was obt ai ned from ATCC
(American Type Culture Collection, Manassas, VA, USA)

?TES]C ul triaE egordan R 1smé—6450 yb&Rdh Y %Séﬁ%ﬁleﬁa&f‘ tt&ﬁil Vé"l,lf)stﬂantlally
0% fetal bovine serun1égBS and 5% hor se serum

ealivadens fathi phuese tiacledipg, dasnatrliontedrie’. pFiBNpiReseé e@mcbmgto the
» (A
ARl LSRR S MORHATY L VSRR s o

BoBEe @R Evib8diREChis SGAOD heGO Rt tthiﬂmemch ‘BhenfotlbWingdtxamples
%r 8*11}%%‘[1%‘5 (()jtl varlol(,ls aspects o' llnevrég éne %né{"‘ do no r%’tfthe brload aspects

of the invention as disclosed herein.

EXAMPLES
Materials and Methods
Polypeptide production

Cell lines

[0096] A PCI12 (rat pheochromocytoma) cell line was obtained from ATCC
(American Type Culture Collection, Manassas, VA, USA) and cultured in RPMI-
1640 medium supplemented with 10% fetal bovine serum (FBS) and 5% horse serum.
PC12 cells are known to express TrkA and p75™ '~ receptors. A COS7 (African green
monkey kidney fibroblast) cell line was obtained from ATCC and cultured in
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serum 50 Um penicillin, and 50 g/m streptonycin.

The cells were maintained in a 37 C, 5% C02,
woeossd7sed | ncubator. Primary cell cul tures [POPF(2004/000257

Primary cultures of neurons were established fromthe

cortices of enbryonic Wstar rats at gestational day

20. Cortices freed of neninges were dissected and

i ndi vidual cells were dispersed nmechanically by

Dulbecrozt modified Eaglels eatdiu @MEM)rsuplededdbEMithe@Pwfetal bovine

suppl nted w FBS, The suspensjon was al.l owe
B R P et e A 5D gl iR ST RE  Tof P P A Bined in
§wp@r§d,gt@thdgﬁﬁglegg{ch§aq&ed by centrifugation and
resuspendéd gently in DVMEM with 10% FBS. Viability of
the cells was assessed prior to plating using trypan

Birimery Cell bwitwes e pl ated onto mcroplates pre-coated
with poly-L-lysine/lamnin at a density of 7.5 x 105

ells/cnP. After a two-hou cybati on peri.od
{921 7 o Rimaby bones o peins et bl fo o el Sl of
6:@bdyBnieEMastiE m&v et g@ididrapldagem. Worﬁ@ésuﬁbefd Qe MMeElxzere
nediumwi th 1% N2 supplenment (Invitra Carl s

dissecigdgpd indiwidead) qellpsices @lﬁ@ﬁwldﬁéfi%‘a‘iﬂ%? 2Ry smatlw 0%%mced
5Be iR D WREM hRGiubD E&@%%ted%fﬂ? hoR FRSIaYS sﬁ%ensmn was

culture, the neuron cel were used for transfection
@lkp@di tne;ﬁttls in poegigfugertipen fre cells irthe supferngtang verseddllscted by

2
R A S bR RE P OUEE S Fon P ViabiBsfor thecpis
was dﬂsssed Ipeidr thpleiing Udinge trgiednl Muasvaledls preat @thteat ordo microplates
ensi t vi abl.e cells/c .
BTt il ot T A v R P oL S0 vighls iy ' Aftera
senhdurefedafi®d peticda SalloW RIMEMs Fo h&ad]i}‘(ﬂhdJﬂibdlum and unattached
?erlg pl enent ed VVI th 10% FCS. The d% bef or

nEFECPPEYRd dercplarqdsbxuesrameate P@M/Fé% dngdivge ggthy hreoN2

SEpl Gl iy A 0SA) il S thsebi fec o

bt C@Z nga iiumﬂhﬁﬂ:ﬂ’]inyuhmmmgﬁr@y@bf t:lﬂture cﬂ]mnmon cells were
Bsefi%r %HS%gfa?{P%pg@%ﬂtso” nucl ei c acid or

ype acid conplex. For cationic
pol yners, this refers to the ratio of nitrogen atons

glg_?_f]ggz gg&%ﬁ%ﬁ%@gﬁ off %hilh:ells were\8aBIBbd ﬁBﬂﬂtﬁ@coﬂicqs of 20-day
phosphat groupSInt e, nu iCc

ol bryess Wer - phdEal st Aelishide dergre 5 4pe¥s- The

Eé?fs Wb C;ﬂ"ﬂlacy RE Qtdegs‘?ﬁ/’ of WP xtlé‘k@laf)llaeceﬁyme ncijolﬁﬁgﬂrs‘}ne/laminin

amno acid residues’in the
coated dishes and grown to conﬂuence for 7 days in DMEM/F12 medium

supplemented with 10% FCS. The day before transfection, the cells were detached

and plated into coated microplates at a density of 2.5 x10 cells per well.
N/P ratio

[0099] Thel nitrogen/phosphate (N/P) ratio is a commonly used measure of the
charge balance in a polycation-nucleic acid or polypeptide-nucleic acid complex. For

cationic polymers, this refers to the ratio of nitrogen atoms in the polycations to the
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bi ndi ng domain to be the nunber of "N' noieties per
pol ypepti de nol ecul e. DNA retardation assay [00100]
wahios/ozwsay qualitatively assesses the abilityPof/S62004/000257

pol ypeptide or polycation to bind to DNA and thus to
retard its mgration (by decreasing its charge/ mass

rati o) through an agarose gel under el ectrophoresis.

For a range of NP ratios, polypeptide was added to
phasphate rqups émihd npileicrasitls. Her the pAfhokesvaftdalcelating the N/P ratio

R oIV oy B S ol PN g R e

bindingaibadinat be demutrbape A uhsiefiepedfolipaptiiemokeilor e
being subjected to electrophoresis in a 0.8-1.0%

5 s- bor at e- EDTA agarose gel stained with ethidium
&%H"d@rqagfméf%&al i zation under ultraviolet |ight.
Et hi di um brom de di spl acenent assay [00101] In this

pose0). e SUSTRAAGA adsBRel hABEREENE oi0lerBiObADation

)m de intefcalatedin DNA I's us
N inBNdgangritiusciorrdierssitsigigaiidni (by decreashigditsushatgebmissl eatio)

| % ' dded t . of .
iton Yonfhe s SR 0Bl TP 00 S WP g8 i
whs &ddet to D11 pedil Hasafid DNKG nwEk hap 1d 20 QP adh&itheVAEPBSLSuffered
anpu of _pol ypeptide were placed in a volume of 50
paling ohha? i ot &agk 29 BRRER I i 2 9F 57 o elugeses Bhamivgpres
weee Askesdd aﬁﬁtigéubfai_’rﬁg e?tlnfoﬁiiht &ngefartte Xfog B0 HAhids b%rr? being

wat er was added. Th uorescence reading was ta
sbiastpdvia vlerisnptesis if 2 48510 Trisdrorais-EITA agarosargdl BHBedwith

oM SSi- : (EIF@ P i cropl ate reader
%@%&%{I‘) ﬁ)ﬁ}ggﬁﬁggg@?ﬁ@w zgllrlﬁ%‘a@? Hi&h? m c Force
M croscopy [00102] DNA sanpl es, pol ypepti de- DNA
Ethigiuexkymide dispiaksipaptassy- pol ycati on- DNA conpl exes
were prepared with a DNA concentration of 0.02 ng/m .

sanples were diluted ten-fold in HPLC grade .

B ahlﬁ@Sﬁ%fhee%aﬂdgam?e%égw_mg@e%oicﬁélsfh@mmnde
ineFaRited 9 DOR2f 7Tused RO Blchffle INUR-UFER: Ahd COnddNsin@! ability.
one mnute, the mca discs were washed with HPLC

Bthidiem hearaide g5 rdof @ @019 selutiond aves eflded; t 96 g fplasmid DNA
e i e e
WSt epeurt bhgplypeptidpwemncplatedén b Kohinte, of BB 1gtoNAIIER 50 E of
t L:ll)il\%g-gthtitiiileti b(rol%li zetsgllltion was added. After five minutes of mixing, 100 pl
of water was added. The fluorescence reading was taken using wavelengths of 485 nm
for excitation and 593 nm for emission on a SPECTRAFIluor Plus microplate reader

(TECAN, Maennedorf, Switzerland).

Atomic Force Microscopy

[00102] DNA samples, polypeptide-DNA complexes, and polypeptide-polycation-
DNA complexes were prepared with a DNA concentration of 0.02 mg/ml. The

samples were diluted ten-fold in HPLC-grade water, and 20 pl of each sample was
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Instrunments). Reporter gene plasm d [00103] To

determ ne the transfection efficiencies of our nucleic
w@eiod/ozhsks very systens, we enpl oy a reporter PCESGR004/000257

pCAd uc (a gift from Yoshi haru Matsuura, Nationa

Institute of Infectious D seases, Tokyo, Japan),

encoding firefly luciferase wunder the control of the

conposite pronoter, CAG CAG conprises the chicken J3-

dpositedpmanmioa rdisas difteh ene:mirmnme theel roiea disss wenawdhslatdewitaHPL.C-

h
G Ao e S, BF VATl Py, Daes  wete ctepiged gp @
NEIﬂfQSJFE%CIIIaOz{tomfbf forde ﬁﬂﬁ(yscdé;fb (Dlgrta InBinftiehds, (sIﬁﬂaABaaBﬁa CA,
ﬁ?SNT positive) cells an neurotroph

8¢ psrating gt RS cedesin THe uél@gﬂga%ewéve gPileen tigs (Digital

ﬁgﬁ&gﬁggpnfluency in mcroplate wells (24-, 48-, or
96- pl ates). The gene delivery conpl exes were

prepared according to specifications presented for
Bepdrtangenp pbismid ansf ecti on was acconpl i shed by
repl aci ng the ser umenriched nediumw th half the

d
DG, ¥ 2l efering, 16 - Aot et B o o s delivery
é@f@%ﬁﬁ gfg%gipimycaakdpm&?ﬂamm qsth@Q@ (Mgirt fiohl YosdiHainn ®atmsra,
al SO a e (0] cO es_escape
Nalrnab fsttutenpf E\feeﬁle\ssr D%s%ﬁegp “EﬁiYPnJﬁR p dmlg%eﬂ?é yciferase

Welef e SInRHELE 8 ckﬁg?ﬁe Jmlnot@le ¢t A m@m%nﬁﬁgs #87dAMen B-

concentration, eit topping up wth di um

mmtmcbmbua]gartdvth@e't@rhgaerad; ingeediate @aﬂm@lhamat i on

(RPM -1640 with 20% FBS and 10% horse serum for PCl2)

gr bé coqgletely replacing the nedium [00105] Gene
ERS QPG E SR exes were also tested on primary
cultures of cortical neurons and glial cells in a

fomb4)ar 'Ifﬂ@@i’drgéhng"@éﬁﬁV@éhve@l rd@ﬁpleﬁ@ WVE]VHéEteHZdeZtransfectlon
medi um t he neurons are cu in does not_conta

eféicighey WW@T@W@(@%@%W% mﬂz%ssﬂbmw@w (nSurotrophin
£ gﬂt% 69 QAR Ehe%ﬁ?jwléreagrg% 16150604 ¥oﬂfﬁleﬁ’d} ﬁrfﬁiémplate

N2 to nmake up half the usual volune. Four

welly §24-atté+,  ora¥p-welliplatesy| Uhe ggme ORI compleResirgre prepared
Bt | B0 0RLaGHE bR, AL cANET Skt s
adcnsplishied by vesl e e berffhemeidhglahediem (WBS)alf thnosighvolume of
rF\e)%lBé.)erdEs%{umL yr%ecﬁum, Opti-MEM (Invitrogen), containing the gene delivery
complexes. Where specifically mentioned, 100 pM of chloroquine was also added to
help the complexes escape from endosomes. After four hours of incubation, the cells
were restored to the normal medium volume and serum concentration, either by
topping up with medium containing twice the usual serum concentration (RPMI-1640

with 20% FBS and 10% horse serum for PC12) or by completely replacing the

medium.

[00105] Gene delivery complexes were also tested on primary cultures of cortical
neurons and glial cells in a similar fashion. However, since the DMEM-F12/N2

medium the neurons are cultured in does not contain serum, the complexes were
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Buf fer (Promega, Wsconsin, MD, USA) to cover the

bott om surface was added to each well (50 I/well for
waoaet175pl ates). After one freeze-thaw cycl e, P€TI8G2004/000257

| ysates were tested for luciferase activity using the

Luci ferase Assay System (Pronega) and a single-tube

| um noneter (Berthold Lunmat LB 9507, Bad W/ dbad,

Ger man &@d The total protein concentration of each

$inphit é‘i/ irgetle tariam ehounsti wngMfé»/I{RIZ/ﬂ*IQotoemakasp dmlf the usual

g(g{ﬁl?lgsaio gltrj h{;]%g ?ag% afhl e Iviog e)(ffrﬁ BI(}EM'F Eﬁ%}% W38 Pd‘fﬂdr li gram

of total protein. Gene delivery in vivo [00107] In

piovaclge Mmede inivy iy @8 tradsfebien, By célDEtﬁlﬁﬁ‘&" ffedium was removed
rats (8 weeks ol d, 180-200

i nj ections of, adul tar

gt £ s rigin shewbNe g isginerE Pap dinophBaporier Lysis
Bﬁ\ff&c@hﬁﬂe a0tWigRgiin MPe T RDaG Rioka! the ’%t)&@fﬁ shlt8ceSi %1added to
around L4 gL5 was exposéd, the gene delivery co
<eab vsalb(@0yni/ wiplefuret-well platdsy $ﬁ¢1mcfnmemasvpa3aée uhé ﬂ];g;ates

R RGBSl 7 LFORpos AFOD e dugirangna

Mmge-ltlﬂfet lummomime(Bﬁeﬂholﬂ iIEnarilBI b §E7, tBhd' Wﬁnubadi iddrighydN The
sure [tiple |nject|ons wer e

S y backf| ow_p
@%ﬁa §°‘i‘°§8|‘6"i‘“r°8d’f ¥?ﬁt%@s %@W using] thenb CoProfaip assay
@ RaexHehles! CANUBAYT Phe rdslifs Wekd eMRSsEd A5 GFatiWel lﬁgqt units
surgical clips and the aninmals were kept warm un
nepmiNigraet totalprogin. After two days, the rats were
anest heti zed and perfused transcardially with PBS.

dbse 4 ﬂ?@%f ggment of the spinal cord and the | unbar
dors ot ganglia were excised. The tissues were

honogeni zed in 100-400 | of Reporter Lysis Buffer
(091 ®ie g &) vide pardictigerp vas isﬁldledlw istuhheal @fbctionst dTag6lt Wistar

S. sat es were centrifuged at
fiiggdveak% o g%né(ﬁ tﬂﬂe IS VS anehthsfired Binttrapasiioneal iggpction
dfapdiuhisntodbdael. ackt ﬁhbtskmléﬁcbtﬂlﬁ 1i4bes lva@é)f k&S ﬂaep%ﬁé‘liehvery

ﬁem (Proinega) in a single-tube 200 21758

Cr%y@P HEHI P decred infonihe 8%19@{3@?11%1‘{5@1?&'@?1 Biing ¢ syringe 48 slight tail
B8R fent J&%nﬁ)ﬁﬁé*d E@?ecy\ﬁl'é@enﬂa% Hp{hle%’l%gdlpyAﬁg}q%]E@thl hhe sesgnge

pr otein confent of the ysat es as neasure
asolei i placeafpr (e gnimatey to Detiediffusion shused ki mﬁﬂswgneusure

001091 .1 ob otti
SSIEEAGLA R, B! Y80 LR OB P
0(&‘>l'npimur Adter jpixictigre pliei steswasoulbsdd withlsargNG@F clipsrgld eiés animals were

kaeggvgggnoaﬁﬁ% Irgctok/&gd of TrkA and activation of

[00108]  After two days, the rats were anesthetized and perfused transcardially with
PBS. The lumbar segment of the spinal cord and the lumbar dorsal root ganglia were
excised. The tissues were homogenized in 100-400 pl of Reporter Lysis Buffer
(Promega) depending on size and subjected to three freeze-thaw cycles. The lysates
were centrifuged at 14000 g for 5 min at 4 °C. The supernatant was tested for

luciferase activity using the Luciferase Assay System (Promega) in a single-tube
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its signal transduction pathways. PCl2 cells were

seeded in 6-well plates at a density of 2x106
weedos®tved | and cultured in RPM 1640 cont ai ni PgI/S8GBME/000257

FBS and 0. 25% horse serumfor 2 days. The | ow serum

concentrations were necessary to reduce the basal

| evel s of phosphoryl ation. The nedi um was refreshed

two hours before beginning treatnent. The cells were

Jurduraeterd(Bertheld ivenap bBy3590). |'JﬂEsrea1hngsl(§ere moerlized by ée total

BTG5 o S M ol "

resol ved by SDS— PAGE and transferred to a

Detecti@ed Tikasad sigid hanedction| cBivhiisl. The
pri rrary anti bodi es used include Phospho-TrkA (Tyr490).

@3 Phaspho- p44/ p42 MAPK ( Thr 202/ Tyr 204
ﬁ@ﬁ | oRIRUBGHlo RS FXPerimsats prrse penslugRe g gétrwmger the chimeric
g@?@‘bh@&a&ouﬂnhk@w’ irdthée QR{S&?J E@ 15t o(fellricAg Q@J{\}aﬁgn of

nol ogy (Beverly; orimetric
Wa-‘éjg ﬁﬁ@ﬂdﬁ@wnwt@taah d’zﬁrlét cellewhrei sqered imbtvenll plstengt a density

t ed.
B SRRl R LR AR IR AL BRPRO D g 0 Sp e
senin thort 2 daysKTRS Rav mrun%@ﬁﬂ&n(rblﬂiﬂ@ Wer® ﬁbceﬁ?ﬁf}bfoﬁ@&@m tlhié- Basal
ce S

ol.l a USA). In these cases, PCl .S .
iy o iPﬁASE!?B%&Y@Wmﬁ e 78 “WWP(S E&@ahe&r%ﬁwr%g%é@ beginning
thekaer. Abeictlsowerf inpeHaydaeRith ARS p@fypeﬂ\t%s oPSIEF G&lskbrum-free
sur.vi vaI assay [001101 Undifferenti ated or

gedirafenty-21 ’élal @5 cBlsusre thea seashadin RBShlyses, argd saniqad) The
RE1Zs6Rk | werd eRMGOM,0SHRLP KGR NGO Qltag&%l?s%il' :’E‘?nl d Mr&effiose

wer e exposed to serumfree RPM -
BYRPERG ifqirgrr@mnblpttmﬂhﬁ pr@piycusibedieceset] risdlidenBhospho-TrkA

R pinoRP RGR BT MAPK, RS A i sRbocy,

adskhospl@eAkt é&@r4/7 B)/ aionmﬂenaé xamnb@@e dll aﬂ)taaneplefrﬁlﬁl’ltldg Sigdhling

bl adinbi Aobmn st BessRRotr e b brovieyiad

tactmiitjied QB3rlddingChbrs@fadEh ARtk HRE@RE O MERT Sc6 BN BEhoiRE. I
i nduce neurjte outgrowth in PCl2

their ahility
DB SRR P RGBE Y Kot S r awm gty &om
cdbigchel) 1L.L9Gdi, ceA! syl erGQSe'dn T Sheddt @(ﬂ%& CL c?]lls were

RPM - 1640 nmedi um The cell's were i ncubate ree
igenpated reithpHISt 0G KapFracorehPa 2@8TP. before addition of polypeptides or

NGF.

PC12 cell survival assay

[00110]  Undifferentiated or differentiated (by 6-day treatment with 10 ng/ml NGF)
PC12 cells seeded onto collagen-coated 96-well plates were exposed to sérum—free
RPMI-1640 medium containing either NGF or various concentrations of chimeric
polypeptides. After 3-4 days of incubation, cell viability was measured by the
standard MTT assay. Cell survival was expressed as a percentage of the viability of

the NGF-treated control.
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EXAMPLE | Design of NL4-10K [00112] NL4-10K conpri ses
| oop 4 of NGF and the flanking (3-sheet sequences

W@ biod/021188 no aci ds 80-108) |inked to a Ctern PEi/SG2004/000257
nucl ei ¢ acid binding domain of ten consecutive |ysine
resi dues (10K). The first and | ast am no acid residues
of NL4 are cysteine residues, which forman
i ntranol ecul ar disulfide bond to stabilize the |oop
212 aewnite ogfgroweh Fsky- bi ndi ng regi on. The amino acid
sequences of NL4-10K, NL4, and 1K are listed as SEQ

k‘@ﬂ,'ﬁ]ﬁ] %Lger%g&ly%%ﬂdersgﬁ gcLvel &g Pﬁg ag)g}ty 5 nduce neurite

sgztgtohels iz @0 1D Yeltd PoBIpepiitalin aP@REd O cstBith#ishs were added to

ues. L4- 10K and NL4 were synthesized

{éég @&u CHRYM™ SSTH- FF%&%?\PWP iy Jaig celfs were incubated

Bir @abeddyS 3 SpHoR@ymkbanrbry b)Y, 10K was obtai ned from

Bi o- Synthesi's (Lew svi l I e, Texas, USA). NL4-1OK binds

DNA [00114] The ability of NL4-10K peptide to bind to
DNA was_nonitored by DNA retardation during

@WF%EHM esis. Binding of NL4-10K to plasm d DNA

reduces the charge-to-nmass ratio of the DNA. Fig. 1

PRQYS of WRk-1hke mobility of plasmid DNA was reduced
' %E?ncr easilang pepti de concentration. Between the NP

ratios of 1 and 5, the conplex becane i nmobile,

[00d12]at Nig-1OBMdmirses apoe oleIﬂ}H add hatfaRingfB-tieet sdYAences

Q@Lﬁ% WO 20%@ %31758 PCT/ SG2004/ 000257 | contrast
afpiRocA7d 5851 ORbtnked ip &iCrrtcamiRinusiuRid bindingidemaioeten

SrbeduialyeinBNAIdueE ook PRe ik ddlAl HGAb adig §eﬂﬁfé§ of NL4 are
delivery to PCl2 cells [00115] To exam ne the efficacy

istergeseidyes aghigh dere ae ditramalseulpe disoHide hong ke xtebilize the loop

%tg%gr??gf%gﬁ%én @%&@6 uOfrhé Qﬁu@?ﬁ er gn%g?sa%jih@y v%/t(e)lféNM

@mle]di)Kt aye listechast 91 IIPTDS: £, 4nd. 10T hespeasivplyexes wer e made
addi ng peptide drop-wi se to DNA while vortexing,

%}mﬁ bot'?] conponents dissolved in Opti-MEM nedi um
&Pration was al l owed to proceed for 30 mn at
room tenperature before transfection. To each well of

PO WeNL4{10E] &IL45@nd 10K GerPiRMically synthesized by conventional
peptide synthesis techniques. NL4-10K and NL4 were synthesized, cyclized, and
purified by Cambridge Research Biochemicals (Cleveland, UK). 10K was obtained
from Bio-Synthesis (Lewisville, Texas, USA).

NL4-10K binds DNA

[00114] The ability of NL4-10K peptide to bind to DNA was monitored by DNA
retardation during electrophoresis. Binding of NL4-10K to plasmid DNA reduces the
charge-to-mass ratio of the DNA. Fig. 1 shows that the mobility of plasmid DNA was
reduced with increasing peptide concentration. Between the N/P ratios of 1 and 5, the

complex became immobile, indicating complete charge neutralization of the DNA. In
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was added, containing 1 g of plasm d DNA Since
NL4- 10K | acks an endosone- di srupting domai n,
wehdosozss ne (100 M was used during transfectPONSG2004/000257

[00116] Fig. 2A shows that conplexes forned by 0.3

nmol of NL4-10Kwith 1 g of pCAduc (NP ratio of 1)

resulted in nodest gene delivery, but the transfection

ef ficiency increased markedly with an increasing

apmitast, N34, Nhich Hoks ndtedntamra NINA-bigtliag gletuaing doksmt retard DNA

ggg%%mpor 10K ( DNA- bi ndi ng domain only) nor a m xture
two exhibited this dose-responsive trend. Wth

1.5 nnol of NL4-10K per g of DNA (NP ratio of 5),

NIAREUIC fifedfiesiefic ddively MEBCIDé@Isef f i cient than that

achieved with a mxture of NL4 and | OK pepti des.

NL4- 10K- medi at ed gene delivery to PCl2 cells is

APk § Lo eremine|theefficacyof Ad - ﬁm giehgenetdghiyery vector, complexes

g FYadl §eS
e T Ry 2o PINE g B PRBENE b, peaGiue, ot
differ¢ng datinst W@mrwgd ¢x dransfetyGC12 pills, ThedoMplxdOKetecomade by

conp s for _acc
%.&){[gg f) tl\gle S r SNEef%}eC téo R Cﬂ% V0¥ch w1él%§|ﬂ%%(ﬁ]i1poge ﬁaa s%ogved m
OpardERL tniedinmt €dmpled fbﬂnmtloﬂfvsfas allewed/toofroged eoldxﬂ miiﬁ[t)toom

by 74-90 % (Fi g. .2B) res nce of excess
b%frﬁeracr‘g h‘%xrrevérsf“&%r %Faq%a el gf ai2grivsli plates 5%&@ & complex

m@%ﬁderdeébﬂtglﬁmﬁ ug Qg %F Ipialgffﬁd % S ﬁfg-lgkelgc@eﬁ endosome-
delivery to recept or - spec
tilsmphﬁg(dnmainmmmcgﬁme(ld@ LM)evag ub@l quringaaysfedtiohur es of
neurons and glial cells. 44 WO 2005/021758
PCT/SGQOO4/000257 00118] TrkA expression in cortical
HO 6 s Fig 2nethows hah somplress, fonmprdrby43 nmolypf NME4-10K | with 1 ug
GBRe ti | t
%h ggrﬁom egv@/gtrgtg 3f lfﬁre'sccr’lre?l i Ihoc?espgé%gfcelh%r% O%H tﬁ%&f‘aﬁectlon
¢fficienpy increapdd Iparés@mmﬁut anailnbl;easngﬁnomlt ()4 Méslsﬂé@ Neaither NL4

OB ASERE TR ool S ALy bl Pl X Y

Nl(ﬁsﬂillﬁiteﬁﬁhlp dbgeaeyponsivé teRd vmh neummaf Nand om pealug of DNA
s isqlated from 20-day old enbryonic rat
7969 oEghbiapstetion gyagddo érneﬁ anare gEIctsmhthen veat /agl}lereétw@ a
ﬁflxtgre7§f1\{LMa%dr1@K'p@ fdfes. 2.5) by self-assenbly of
NL4- 10K and reporter pl asm d pCAGLuc were used to
transfect both primary neurons and glial cells. Fig.
DT 4sHiirmmedinted gemedakiveyy 6 BQ2 cels is sprecificoqui ne, NL4- 10K
pepti de/ pCAGLuci conpl exes were 22-fold nore efficient

[00117] For further evidence that NL4-10K-mediated gene delivery is specifically

ok

targeted to NGF receptors, a competiti\;e assay was carried out using excess NGF,
NL4, and NL4-10K to compete with NL4-10K/pCAGluc complexes for access to
TrkA. The presence of each of these molecules during transfection reduced the
efficiency of gene delivery by 74-90 % (Fig. 2B). The presence of excess 10K
peptide, however, did not have a significant effect. These results suggest that NI4-
10K-mediated gene delivery to PC12 cells is NGF receptor-specific.

NL4-10K mediates gene delivery to primary cultures of neurons and glial cells.
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than the non-targeted control in gene transfer to

primary neurons. In primary glial cells, however, the
waledosmesee bet ween the transfection effici encP@S61004/000257

NL4- 10K and 10K is not significant. NL4-1COK nedi ates

gene delivery to dorsal root ganglia [00120] Neurons

of the dorsal root ganglia (DRG are known to express

TrkA. Intralunbar injections of gene delivery

conpl exes were perforned on rats to assess the

F0fLil8lac oA eXpressi@Kini eortidal oeur@hd srocliestablisizd, bhewauseglial

il eb Rt itg T 1o s i e R G oRRER AT (i Rev

Slomosuit LA0T; O 124quRs e df Waesesk bie all, OXHO\ 1§'|%ﬁlﬁesse&\ﬁn a small
added t he L%/c ti n Io nol.ecul ar wej

peesatags At s. Wy %@}nedtt]ée glﬂgty of NL4-10K to

B&RkE ?@A@M pl&RP k&ﬁ:ﬁﬁarﬁz%ﬁlt&r&%ﬁﬂéﬂﬁﬁﬁfﬁld jiiaf A4k aga&ted from
abi | i and its lowtoxicity. In formng these triple

8%ﬁasr@15éeeglbmca@ts was first mxed with DNA for 30 mn,
after which the peptide was added and the m xture

RSN e PP e B RS FBES LR B mgo of
Sg) (bfy REAEdnhly BED@QQI@K andrreIMrBr ddshid @TAGLRMere used to

F |dg Slel,ther NL4-1O gfs | OK control) at an NI P
rgiisfest Bpth psimagy aeypyea ke gii§c 8 showhiiaj yprflg presence of

SREFGHNnS, Nf_AIliOK §ﬂitlﬁ@/FCQ@L@c@B(§nﬁl@§es%e M¥Rfofd more efficient
col l ected three days later and assayed for luciferase

ghenithe pon-targptedheondtel frapeneoransicn éaprimaey newengr In primary glial

SR U SNBSS 08 PR USsbgu Y 96
1@ atnoy eighidicate 10K control. In contrast, luciferase
gene expression in the DRG resul ti ng from

NE4 B Rt e s el ot dings 37 “Fnena.

results denonstrate the specific nature of NL4-

fodii2@nhareRms HERRe deisdlViBbY gdr3li¥ I(DRG) EXANRSFm 2o %)éﬁress TrkA.
Desi gn of DspbC- NL4- 10K reconbi nant protein [00121] In

Bﬁﬁ%ﬁlﬁmag dHeqtions ek avsi deHKYTY popplsyercweremesreRdsson ﬁ@p@. a§8ess
XNARes) SN 4-FIET 63). @iﬁsﬁ\%@%ﬁe ihSd BERLHIH VE vARP ! 1%2;?%4-

chain-length limtations to show that
HOK/BN An cvriplsresLrsenpe fom ¢udasonais, bwm*elﬁ nphesefyd & wive Hedanseghe

{?.or{( %ﬁ?&%ﬁy qgcgnrag Lg& hnbev éé?(tlca ! ﬁgnclet ve Qérhlileicc:lt Yhe! Sol%a({iiiog,t fow
molecular Welght polyethylenimine (MW 600 Da, PEI600), to the peptide-DNA
complexes for its endosome-disrupting ability and its low toxicity. In forming these
triple complexes, PEI600 was first mixed with DNA for 30 min, after which the
peptide was added and the mixture incubated for another 30 min at room temperature.
Each rat was injected with 60 pl of complex containing 3 pg of pCAGluc, PEI600 at
an N/P ratio of 5, and peptide (either NL4-10K or the 10K control) at an N/P ratio of
5, dissolved in 5 % glucose. The lumbar segments of the spinal cord and the DRG
were collected three days later and assayed for luciferase activity. In the spinal cord

near the lumbar injection site, transfection mediated by NL4-10K was decreased
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protein DsbC-NL4- 10K (SEQ I D NO 6) consists of NL4-10K
attached to the C termnus of DsbC, an E. col

waele@altizée bond i sonmerase that shoul d enhance PCDS€2004/000257
stability, solubility, and folding. Plasmd
construction [00122] The DNA sequence coding for NL4
was PCR-anplified froma bcDNA3.I/GS plasmd
containing the NGF gene (lnvitrogen H X52599M, using
perlatrmrt@ the- K sparal DINCenipast, alndlf@asebge(nsE@prdmmms)le DRG

¢ [ lude
. ltIngﬁ]Cﬁ’ltl IﬁﬁO@Wlﬁc@Lqulg ’Wsalg ulecre]:caes ag edéated by
iPEIGOIOliJ@\GluﬂMK OFg - }0Dhesy r&{shhﬁ/ddﬂi@g’&ﬂ}: tltee;tpmﬁm nztthle of NL4-

i éﬁ ghndll S|tes, downstream of the coding
@gﬁ TEEC # Y& @d°% Hi s6 tag. The sequence of the

const ruct (D c: SEQ ID NO 14) was confirned by
exwaetjponal DNA sequenci ng techni ques. Protein
expression and purification [00123] PpET-40b(+)-NL4-10K
was transformed into the E. coli expression host
3tlrRysignet Dsp Opih4-1AK giepnyningut prefeinf freshly

transforned bacteria mas suspended in 200 | of water,

at ed, rn| resul.ti
(RNILF 38 ooy REEREL A brq RGLT Bt Hpugys oy
Ehembieal Bﬂ&‘th(ﬂiﬂlls é)LIB)lsWﬁaﬁhdeincé‘smHaﬁl-]’eng’tg li&ﬁtatlgvismw ®fvish to show
SETR Sl 434 Saut 2B S TR R rSiile Bl &S
Bﬁélﬁ%@lﬁ/ OQBBIy t@ﬁ‘ﬁ%d'ld%@ @Mﬂar%&eﬁ%waﬁwy "@he5 canerlc

mM i m dazol e cont ai ni ng

YRR &gsbpg}%%ﬂ% F8R o ) st of NGRS sfises fto e C-
ardifS R shagat Eogolz dsBidS WRRA ns%'ﬁﬁfgse WRs sPAld thietlcd Yrotein

ni ckel -chel ate affinity chromatography on an
Atnhey polobibty, #ELfoldinerer sham Bi osci ences,

Eﬂghﬁ@g&&g&?h&§ UK. A1l m HsTrap colum (Amersham

I 0OSCI ence was used; washing and el uting was
performed by increasing imdazole concentration. The
food22]i orthe cONAAI seijmahcp ucddinge dor PND4 ewds \iIETRe-appbfiet] fadal a

BBV S corgaie e NGE R Mipbaci i abr M pousie
fﬁﬂntﬂ% 1H 08 NG N ArdiO KolERASI RORSA 1Hét dos@BiRGHm primer,

uIIy condense it because of the bulky DsbC domain.

e ekides - BEAbFoRDs B 108 10K T binsemiongg e inseried mi-frame
ﬁﬁ(g bBT b ¢RvRRAZED between the Scal and Hindlll sites, downstream of the

coding sequences for DsbC and a Hisg tag. The sequence of the construct (D1-c: SEQ
ID NO:14) was confirmed by conventional DNA sequencing techniques.

Protein expression and purification

[00123] pET-40b(+)-NL4-10K was transformed into the E. coli expression host
strain BL21(DE3). A single colony of freshly transformed bacteria was suspended in
200 pl of water, re-plated, and incubated overnight. The resulting colonies were
pooled and used to inoculate 400 ml of Luria-Bertani (LB) medium containing 30

pg/ml of kanamycin. After rapid shaking at 30 °C for 5 h, the cells were harvested
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protein, DsbC-NL4-1OK is able to target gene delivery

to TrkA receptors. PCl2 and COST cells grown in
wW@ge0aeL1759p] ates were transfected with triple cPopbexe$000257

containing 0.1 g/well of pCAduc, 0.2 g/well of

protam ne, and various anounts of DsbC- NL4-10K. To

formthese triple conpl exes, protamne was first m xed

with DNA for 30 min, after which DsbC NL4- 10K was

adidlysedain 20t i NikiP( 0. SMMIEH) mdf iraid@zdim pH 30 containaig 1

& erat.ure. In TrkA.ex res I n Cl2 . .
BR8P Bt R i tias AR BEGRP dpd Fetritugetion.
thecm@af Slatagt amsu?mﬁieaf bipsikiCkdNicHeld0 Katfindty hcmmétﬁgtap/ S?\YIA on an

sfectio iciency occurrln protein
%* CKfprer altltldf dfrmgrsgain-_Bioscigpqss.,y Bofln @tamfsurq FPg)- Aaj, ml
AtsTrdp @bREnP (&h@sﬁﬂn@%o&@éﬂc@@ wBX GRS whARRUAA] eluting was
DsbC-NL4- 10K mi ght have given rise to conpetitive

PerFrBRY by rinespasingxintiiazglecfoneentigtionclysy Bsctionn c@tgning purified

?Pt%l e gene delivery

ﬁ@leéiwﬁ%}?g%glgﬁ%é?&ﬁ%dj%gga %%gg%ﬁ%ncenent effect in

PC1l2 cells is NG- receptor-specific. DsbC NL4-10K
re-tre i nhibits DsbC- NL4- 10K/ PEI 600

ﬁ?'é?‘&le‘@i‘ﬂgrf“@?“% Y Lol hl Sat?’%‘,‘gF hWery e 2712 but not

CoRb26lis To obtain further evidence of the specific

nat ure of gene delivery nediated by DsbC NL4- 1CK,

PC12 cells were incubated with free DsbC- NL4-| OK 30
0h2rtle s DsbeNriel A binds wlPNArbut Tingt filly-condeasmis hecause of the

BUEELRIG ) B SORLSRALERPPLARHRSH iy b
poldig rbE-NELe40K ds ghle ko tabgst gere @wetm taITblumtrweptlérsg PC12 and

0657 sk SRR ETt el Rkt FRR el A TR Dirpleh e reftlaining

@)1 nrgessat o pBAEIuD B DORYVIINAT eaBRineX 881 FdrRdusl aﬁﬂuntértwmbc-
lies that DsbC-NL4- | OK-nedi ated gene delive

ry
%ﬂ-dpg Te ey gﬁser @@gpqqg}plgqeﬁcgrﬁtgmtrge\gagﬁét mixed with' DNA for

2] ﬁuﬁ Leat m@ﬂ D\é\ﬂ)(t,‘ INLWﬁﬁ( %@&d%hﬂn@ﬁ% &b i Etﬁﬁtedtf&eanother
receptors. E 3 Design of SPKRANL1-2 [0012

MRMLIQOIQW(HSE@WD NO 7) is a chinmeric protein that
contai ns a DNA- bindi ng domai n, SPKRSPKRSPKRSPKR ( SEQ

iOQli\ﬁ) 1}& Trkr_)k—expressmg I}I'C,I 19" nTler lélxsdose-response trend was displayed with
increasing amounts of DsbC-NL4-10K, with maximum transfection efficiency
occurring at a protein/DNA (nmol/pg) ratio of 0.3 (= an N/P ratio of 1) (Fig. 4A). At
higher protein/DNA ratios, excess, unbound DsbC-NL4-10K might have given rise to
competitive inhibition or toxicity effects. However, in COS7 cells, DsbC-NL4-10K
did not improve gene delivery (Fig. 4B), suggesting that the enhancement effect in
PC12 cells is NGF receptor-specific.

DsbC-NL4-10K pre-treatment inhibits DsbC-NL4-10K/DNA/PEI600

transfection
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linked to a targeting domain including |loops 1 and 2
of NG- by an a-helical linker, TYLSEDELKAAEAAFKRHNPT

w@ SEQ02DSNO 30). The sequences of the hi stone PCT/SG2004/000257
H1- deri ved DNA- bi nding domain and the |inker were
first used by Fortunati et al. (Gene Therapy 2000; 7:
1505-15). The linker is flanked by flexible glycine
residues and serves to allow i ndependent action of

{0982 @INATloi ofytsiim Gur therdke videngreofi thyspgoifiinatire offgvee telhvgst inedjated

HOBERCARPIG 6020, 0 SRR L RS BE A e

bdtereQymsfeetsond Thisae-tresipendgraglyt 2dG&d the traﬁd@iuoﬁaﬂﬂﬁbn@p of

e A r e of W esmann
gb%ﬁ%dtf%&?ﬁfﬁﬁé% WPl Te ed CHTPUEhAR 16 cOHS Brerraatsd with
otk yuth idighiR (FiRe4CR1E bhRE:, FROBEAMBSSWAR ﬁsB@ “NL4-10K or
native confornation of loops | ‘and 2. Plasnid

boyiag Fenen iannrinospBin fsrsigilgrtragssane expespuhes RGP 0/DNA

s SO U U DS LB o

thyovgh PERptarddiding degane prstsaimng witht ficed DI alidEnsafurates
E €(::clentlor Bi oTechni ques 1992; 12(3): 392-8).

ssen ﬁly, three |l ong oligonucl eotides (D2-a, D2-b,
D2- c: SEQ ID NOs: 15, 48 WD 2005/021758

EEAMERRBG4/ 000257 16, 17, respectively) nmaking up the
codi ng strand, two short oligonucl eotides that were

onpl e r the junctions (D2-d, D2-e: SEQID
ﬁf%g mlﬁ‘t@pectivel y) and two end priners (D2-f,
[‘fmwz] SEEXRINNOS: (880 IblNomsp@@hﬂmeﬁh)p}otmrtﬁat Eoaft@fhs laMDNA -
%I e, PCR react| on roduct as a tenpl ate,

t he
Pdig $F§<1%63E HD Y1 B) g Epecrismis,
t §1]
md tggﬁ%ﬂg%%%d SEQﬁ{IH[?)JdH 5 aﬁépB 3§ N #h@h%cgé e 1 tiker,
MLSEDQEKIAMMFKRWW @E@ IIBaY®H30arithel segadrees bhHtle hiktone
%k@en@ ?N%%l I edr e%lr-ll;l] X tge )éfnjé?ersv%%rg 1r)s/’&e lgste:(g Ibg a]%ogtunati et al.
@E’ﬁ& ﬁ"—h&ﬁlﬁj@bﬂﬂ] Keer 505F Inié)l [DhB\(ljlﬁl&ﬂ deflatked & catibhggliytink residues
cl oned i nt TA vect P ,
s S R R RSRARR 4f (it ONA- RS oS, GrEting, domains.

Bled @rgdtih® dotkdin cbiBfises BNSysBAGRSRBUSREEDY 6917-67 BOREHAONGF,
to asg%%wg)G?o @ r@yrrpllfled V\Ath}(orlrrers -]

Bl tp Adigufidy bm@er«@s foun with theCys masikye ceﬂew@ng to C58 in
r r t o
Ao B ISR g P 1
& wh judpsd ghat emth@dlsulﬁdﬁ(b;qndsmm@hdp the targetmg domaln assume the

native conformation of loops 1 and 2.
Plasmid construction

[00128] For a prior work (unpublished), we had constructed a DNA fragment
encoding (SPKR); and the o-helical linker connected with a third domain by a PCR-
mediated gene assembly method (Jayaraman & Puccini, BioTechniques 1992; 12(3):
392-8). Essentially, three long oligonucleotides (D2-a, D2-b, D2-c: SEQ ID NOS: 15,
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In addition, the forward primer introduced the

addi tional Cys codon nentioned above. The constructs
waowgos/oztisscked for correct insert orientation andI/SG2004/000257

sequenced by conventional nethods. The coding

sequence is given in SEQ ID NGO 26). Protein expression

and purification [00129] The E. coli strain

BL21( DE3) pLysS transformed with pET16- SPKRANL1- 2 was

1/6 g]6’r, @ngbqtivs}ya leakiregt uiB theCGadmgl Brane,diwenshociooli gonnéleqids® that

oo PoimBsey Lo iRl o & Bt SRR IEREC D Bnkyeivety
?@o&iﬁd?’?gﬁ%@%f O2ei: SEGED NOSI20i 2t uespdctilely3 et Mjked in a
P8y ﬁﬁggﬂﬂea?@ndf%wgggaprsm By P 470N Ee e PRtpercopiopeReafing to

thRONAGREA BN RAT 16 Sihed “kax amPBA&d byf P@Rtvh@ﬂh@@nﬁlb&‘s D2-h
| ater and frozen. The cell pellet was resuspended i

s Pa-i KGEQAD Np,s@zzmdwsmmcgs rugt wos SigRplrb @it Myl and

B L PR EE) o BB L BT ol BEFTER xS orP LRI Ay agen)

thyvsmreamasf asdisioc tage do Lomdaid pEEldS—SHEBnhnlqes c'ths DAY sequence
cl eare centrifu i,0 ern

P RE Sty S st bned o S VERH ARG mpligeasion of
B AKDARK }@PNAE [(frbilL Clon{eAEP 16 3t d3i ©A ;3 Usages ihe k?NA $etjuence
H sTrap. col um m Bi osci.epce upl i br
Wl’fqﬁpqrxﬁg}gstomflf7e@n§é§8ﬁ ﬁﬁﬁf 2%18211 @smgls(&EQ
b NOS:34ERE 239eBikts ) Brimé® n\@@dﬁ%@?c@;ﬁiﬂé@trlctmn 51tes at both ends to
PCT/ S&004/ 000257 “and el utin erforned

prablecthe fliggstechagmming sl ligatedrie ﬁtnP éﬁl hahe ashghcal #laléqrusmnce

|
PLRloR B9 R PHb R AL Db PO R oy ghove

Bhadonstoicts! snd d:h@ﬁtﬁd [b@l@@]ﬁctThEle\mdMamdn nepdasequendeyd by
of SPKR4 ;2 essed i.n.
s T e

the nobility of DNA through an agarose gel under

Blsteinle@pression hfid purificétédn Ng that the peptide had

bound to the DNA and reduced its charge/nass ratio

E{wg ,é% g[OOlBl] The ability of SPKRANL1-2 to hind
dZYonden FecoipirapnBLlal OF3RLyES Hendormed ity PHIE AtFR L 1-

T o R e

shidoppegmd bﬁctﬂbmn@hemml)\ﬂnﬂl thetoptcad idesditg wbach€d 0.7. Expression of

h f  SPKRANL1- 2 f DNA
@g%gﬁg@g%gaprgpﬁgo v&lfjagtgjio Tl}%élced at 30 °Cn eb?’dﬁl% adcc)htlon of 1 mM

isopropyl-p-d-thiogalactopyranoside (IPTG, Bio-Rad). The bacteria was harvested by
centrifugation 90 min later and frozen. The cell pellet was resuspended in lysis buffer
(20 mM Tris-HCI pH 7.9, 0.5 M NaCl, 20 mM imidazole) supplemented with EDTA-
free protease inhibitor (Calbiochem, San Diego, CA, USA). The cell lysate was
sonicated until no longer viscous and cleared by centrifugation. The supernatant was
purified by nickel-chelate affinity chromatography on an AKTAexplorer FPLC
(Amersham Biosciences). A 1 ml HisTrap column (Amersham Biosciences)

equilibrated with lysis buffer was used to purify lysate from 1.6 L of culture; washing
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results of the ethidiumbrom de displacenent assay and

the DNA retardation assay are simlar. [00132]
wolowewer758 at omi ¢ force m croscopy reveal ed t haeCT/6€2004/000257

peptide only partially condenses plasm d DNA (result

not shown). When PEI600 (NP ratio of 5) is added,

conpact nanoparticles are forned (Fig. 5D). SPKR4ANL1-2

enhances pol ycati on-nedi ated gene delivery to PCl2

@od ehiting Ve Pericomdl yxiesreasutethe rlmndazéllﬁmmmrztum ThDMActions

vveak f ef fi n
bu{%’[@@ﬁ%ata 1{1%& |; WFI‘C Lo fe(c)lnalné dgg¥ 1{1%1: cﬁﬁﬁeé Wa'?ér at 4
caondense the DNA cr eat ed an effective gene delivery
system PEI600. and | ow nol ecul ar wei ght poly-L-Iysine
gg;L MV 1000) were chosen for their DNA-condensing
IRNLd<2 hings tq pasmiddNAound transfection effici ency.

In 48-well plates, PCl2 cells were transfected wth

SPUBIE PSR Ry AR Ao RG] B

aevtatdvtmn @smy arvhent mncdi SRKF{ﬂbkxﬂidZDNFheSBKmmLhZ waduced the

g)elgy ? C}S&\Eﬁgt %’Eﬁg g{l %rose %%I L%e %g«léyc@ggr%ggt i%gicgt?nrg t%gt the

eﬂd‘soiaﬂ)eémﬂ&aa&bmfahe Fedubddats dhhrgeRRsy fdibi(Pig. 535
added and the m xture i ncubated for a further 30 m n.

Chl oroqui ne was al so used with the PLL-contai ni ng

IMStexedie plobyzef FHERNEA-ZHoweing apd pEidsne- Pé\m avasg also
QRNStEiRADY %eablfrmg}k@@ﬁﬁgnnré%pﬂﬁ%s%éﬂc% WY idtCAIERSE bffHium

t he amount ~ of ransgene expressi on using
brﬁemm g‘»hbszlacadolllm flesfresspucRAINIPPe@ shasply edi awéﬁP 5@Q0ef ablout 10,

EAL(%Q%%I} ated geneﬁgbl@’ﬁq\\i&elr?llgeﬁ?%ﬁog‘@%l on dé’fse\f%on% ey yB)- The

wistilts ¢fitbe etbjpliunratonddodisglacemeBRISEA NN 1 DINY. rdQAtion ﬁl@éﬁy are
§,99< er than without SPKR4ANL1-2 (Fig. 6B).

NL1- 2- medi at ed gene delivery is NG
receptor-specific [00135] To determne if

NL Hodveves i f@eNRiciibopitvedls thitkhe s&ias bhi§ patiill
sﬁfﬂgg?]ed the effect of adloTl ng ea200 nganéi)@l1 ur i gpa Y

£onlsnses plaswif m(@kmmm/w PEI660 ONdorefip e% bis added,

E&BPAcEhshopdric ¥ ard§6micd¥Figt £16). @ddi tion of NG greatly
reduces tﬁe transfecti on effl ci ency of

SPKRANL1- 2/ DNA/ PEI 600. However, when SPKR4NL1-2 is
SBEKIRaNEA-2nthancdsqobysationmediatechgsnie clelieqy itd BCI SRHR) 4,
NGF pre-

[00133] Complexes made from SPKR4NL1-2 and DNA alone had relatively weak
transfection efficiencies, but the addition of polycationic polymer to fully condense
the DNA created an effective gene delivery system. PEI600 and low molecular weight
poly-L-lysine (PLL, MW 1000) were chosen for their DNA-condensing abilities and
low background transfection efficiency. In 48-well plates, PC12 cells were transfected
with triple complexes containing 0.25 ng of pCAGluc reporter plasmid, either PEI600
or PLL at an N/P ratio of 5, and various amounts of SPKR4NL1-2. The protein was
added to the DNA in Opti-MEM medium, incubated for 30 min at room temperature,
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treatnment has no significant effect. Since NGF is a

conpetitive inhibitor of SPKRANL1-2-nedi ated gene
wa@ledoswzr’ys we can conclude that the action of BPRSEN04/600257

2 is targeted and receptor-specific. A so, the

di fference between the (SPKR)4 and SPKR4ANL1-2 groups

i ndi cated a 1400-fold increase in gene expression

resulted from the use of a polypeptide containing

la§epwhith ghecbolyRatién WaFaddSPRRUMNE haiRtuspimcitiatedafot y further 30 min.

tes dellv prinma neuron cul tures
F%@ﬁ-%?n asa‘%%%? P%§ﬂﬁﬁﬂﬂm§@§%§ Eﬁ@ﬁo-nediated
gene delivery was also tested on primary cultures of

Toqu4]ex [igS YA Ostofkt e PRESODONEliaAaD Jonk AuBe@sr G | &hanced
cells o] ated from 20- day old enp%yonlc rats.

émﬁtle%l Y Bieticeasing e amquaf ob @PKR4NIql-2 gTrapggene pypagssion using

/ /
2 3 AN S 1 5 00100, . i e

B@AGI ilary, wabttldemediatedgeny delivatyi trandfedsion 'Elﬁféclency w1th the

RS SRARATLL 2, ol ol TR i, e

&ng. 6B)cubating for a further 30 mn at room
tenperature. 51 WO 2005/021758 PCT/ SG2004/ 000257

SR s g apinau AOVGF TossRiTctesiiccel | 5. when
the control peptide (SPKR)4 is added to the conpl exes,

A 3spddid deaifind EPRRMNIENS A d it éeh& Helﬁi@ﬂﬁ‘i@ m s%emﬁc we
transgbge expression in both tﬁ pes of cells, ough

stydiefl i effeqt @f Bi¢jipg NG (240 ing/mab) albring traesfectins w1mom4NL1-
ENI@A&‘E?WLW@RS C?ﬁh@'ﬁ%’e 9 W%Fﬁég‘lthl!rt]‘tbégﬁﬁghg Q)# rl\‘?GlI? greatly

times nore ctive I'n uf ons t han
colupdsethe dransfattion effieiencyi sf SBEBANL BRIDNAGPEH6GOL éfoemer when

PKR4 R4.in
Eﬁﬁgﬁﬁmﬂ St §ifohs <hak %vaﬁe&%g%eaﬁé%?@%%% NGF pre-
gasglehia hb@&ikﬁ@ign'ﬁhaﬁv afferdt SidcBeNefrf i &C)tmﬂf)etltlve inhibitor of
ggﬁgégk ted transfection in v ?
268% goedelivery, fyesRp sepglygert P"}/Of PRIRANL1-
Qh@ tlu‘g&?@@ranﬂ QB PivS-spdci il 541% thd @H‘feren-gg %e&%@ﬁltﬁ‘é( %§Pm @nd
formed in 5 %glucose in th e order descri bed above and

APKR4INk 13 @aeyps éndlmda«ob‘l%}tfownnwp@erlmgp@ @pression prguigl from
AEse 9{1 p@%ﬁﬁe bdhtdiniY iol(sgtm%d Q,fngﬁre injected per

rat. contaln expr essi ng
neurons, were dlssected three days | ater and anal yzed
SBKR L.l f2espzeificaltyt modintes gene delivery to primary neuron cultures

[00136] The effect of SPKR4NLI1-2 on PEI600-mediated gene delivery was also
tested on primary cultures of TrkA-expressing cortical neurons and TrkA-poor glial
cells isolated from 20-day old embryonic rats. Cortical neurons and glial cells in 48-
well  plates  were  transfected  with ~ SPKR4NLI1-2/PEI600/DNA  or
(SPKR)+/PEI600/DNA complexes containing 0.25 pg/well of pCAGluc and peptide at
an N/P ratio of 5. The complexes were made in Opti-MEM medium by adding SPKR,
NL1-2 to the DNA, waiting for 30 min, adding PEI600, and incubating for a further

30 min at room temperature.
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Transgene expressi on brought about by
SPKR4NL1- 2/ PEI 600/ pCAd uc conpl exes was nine tines

wao bas/ozif75¢8 he PEI 600/ pCAQ uc control (Fig. 9). BEXE&&L084/d00257
Desi gn of SPKR4BL1-2 [00139] The design of the
chimeric protein SPKR4ABL1-2 (SEQ ID NO 8) is
anal ogous to that of SPKR4NL1-2, where the targeting
domai n has been changed to bind TrkB by incorporating
| oops 1 and 2 of BDNF instead of NGF. This targeting
[ﬂﬂﬂ&ﬂn FunSi vws dfat genCydeliverg ibg REIGH d1omeeid nbyligilsle 22 ndigtonal

h r disul fi.de
Bl BTE WEen ¥ ot bosfile GEKRETS GIELRT ME MRS, e
aiﬂiinoﬂameA—lcafﬂens‘i@ (Etighaedhsced tRntdheRYSdssion Bt it ypéﬁ of
% &O rmati ons f the receptor- binding | oop s
¢ %Sgé Héh %ﬁ‘ﬁl’aﬁtﬁ ighgpincgliadhas ip peuross. M@m @ap I§ qognlexes
EdRaifiRB HIRR NP RERChiRG tl%g%(ﬁe Ne@LHVE Mutdak ThilE&SPRR),
an a-helical |inker, TYLSEDELKAAEAAFKRHNPT. 52 WD

ripbseomloss, oy @@zowsmmlmno diffarenieibeywesnt SREERINIAL-2 and
é h the construction of the plasmd

nco fng&éuﬁ?{%\lu- 2, an internediate plasmd,
PET16- SPKR4 |inker, had been created that contained
SPER Nbil2ngediaws garakliofryith dofshiPyrdoit ganglta domai n and
a-helical Ii nker A unique BainH restriction site
' of t owed the insertion
Ittste afryabinghe sBiarn of SERRGI A TBritied sopeonr vivo
%Bre Rleliwiecd l% wefe ﬁ‘lj&teaaﬂtratﬁééﬁll}ﬁ ﬁ‘ﬁd‘ﬁl@ GSinbdr 95@151& of (Wlstar

s 1 and of BDNF was arrgl froma plasmd
P'ﬁ §omplexaprgre fgmge ik f dne cpsedmthp ﬁ@namlﬁsmlmdrabgwd 4

B% %F‘XG&IQ BR1R6 *EQ %rhm ?ﬁtlg @Egmp pegﬁl 1% a VOlltlme of

sités at elther en rarre fon In
NET1 6w &SP icd ek .rat. ThR Tuﬁﬂdaﬂ‘ tDRIQ SOt Ediftdin VIBRA -expressing
checked for cor%%qtnal nsert orientation and sent for
t

YRS JEere gHise f. dayp elates g 28dvsdnts Beiferase activity.
PladdlnSRIGHRick Brolight Hb¥&Nby BP Li @M@%CE@R& &ofhplexes

expression and purification [O E. colil strain
By pihyed ﬂkfe%ﬁlﬁwp%@q@@molmﬂl 2 plasnid

was cultured in LB nedium (containing 50 g/nm of

PR k4N and 34 g/ nl of

Design of SPKR4BL1-2

[00139] The design of the chimeric protein SPKR4BL1-2 (SEQ ID NO:8) is

analogous to that of SPKR4NLI1-2, where the targeting domain has been changed to

bind TrkB by incorporating loops 1 and 2 of BDNF instead of NGF. This targeting

domain consists of a Cys residue followed by aa 22-74 of human BDNF, such that an

intramolecular disulfide bond is formed with C65 of BDNF. The disulfide bond and

loop-flanking [B-sheets are intended to stabilize the conformations of the receptor-
. binding loops. The targeting domain at the C-terminus is separated from the (SPKR),

DNA-binding domain near the N-terminus by an o-helical linker,

TYLSEDELKAAEAAFKRHNPT.
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chl oranphenicol) at 37 Cin shake flasks until the

optical density reached 0.7. The flasks were noved to
wa@20som7senper at ure shaker and i nduced with 1 PO/S&EHE/000257

after waiting 15 mn for the flasks to cool. The

bacteria was pelleted by centrifugation 90 mn | ater

and frozen. The cells were thawed and |ysed in

one-tenth the culture volune of 50 mM Na2HPO4, 1 M

Rigemid qqnshvetion dazole, 0.1 % Triton X-100, pH 8.0 with

EDTA-free protease inhibitors (Roche Applied Science,

[IREA61°" Druclfe 1B Ml L 360 GBS0 SR EAL CPRINT 150 o

I r vi SC us an ear e
@Rmecﬁatb Flavis, pE’rFM SEKRS, Nt hﬁdsbh@ﬁ r @@ thabYeontained the

i cke hel f h h
RSN TI e O Rt BN B SR i teAES) LiketrA unigug BoRHl
ek fctb® sitdjudl 306f e lﬁﬁgé' &ldlﬁgﬂ'cfe %W\Nggélgagﬁlgﬁr@ Lﬁ% tapgeting

Germany) resin was equil brat ed
famgic Using thenarimgrel B3 o and PBb3(STQ mm&m amh2®)| tHei sequence

0 SR R\ e 045 e v

gmet elpmed/\érom ;aohimaah bdaial g/ImA dpgaingClaitesh). | TiEg Wah&! pair
05/ 021758

once 53. WO 20
ot SR 590 i B hier Gea it S SR Rriaker.
TR0 tebdlting henstaick i eecRRKRABbredt tidseh] &@en%n"\ﬁﬁl sent for
exam ned the DNA retardation assa Fig A shows

TA%RCG FO o The perling seguencg of DRT kb K&B}Llsz nmvmg SEQ
NGO 29SPKRABL1-2 is able to conpletely prevent DNA
frommgrating under electrophoresis. Atomc force

m croscopy (Fig. 10B-10D) also revealed that at an NP

Rreteip expresdon SRkRudfichtionwas capabl e of condensi ng
pI asmd DNA into particles of under 200 nmin

i te PKR4 i.at ene, de bot h .
PHToF el Bl s R Tpon g b Gy wiomic
mlmﬂmdaid VB aM&iihatentsigink 30 Hgfiﬂtﬁaﬁmﬁéﬁfneaﬁﬁl JA kB of
Caiggr efore, the_ transfection ability of SPKR4BL1-2 was
waphenicol)iaf 3 °Grin shakeetagks watilithe erficet depsity reaghed 0.7. The

MK KBS BRA1Y b %on‘ff‘eln{ C%QE ahdieladd AR vﬁffxy ]K%M \MIWPP{% after

enbroyoni c rats. neurons are
veatibirge 5% i éor fthe ﬂaSIke ttgcdml THHeBacede ptas pelledst by ginitrifugation 90

G IR MO A0 B 52 e
of 60 mavINZHB O, BBIBNa(EiSl(SﬁﬁM hiaidaza 6, % Tiafon SONE0, pHl 8.0 with
Ellff]&tﬁ%e Tr-)rrl()(tlegasesinlia IDI%OI‘S (Roche Applied Science, Penzberg, Germany). The
lysate was sonicated until no longer viscous and cleared by centrifugation.
SPKR4BL1-2 was purified from the supernatant by nickel-chelate affinity
chromatography on an AKTAexplorer FPLC (Amersham Biosciences). For 1.6 L of
culture, 4 ml of Ni-NTA Superflow (Qiagen, Hilden, Germany) resin was equilibrated
in 50 mM Na;HPO4, 0.3 M NaCl, 10 mM imidazole, pH 8.0; washing and eluting was
accomplished by raising the imidazole concentration. The fractions containing
purified protein were pooled, dialyzed against distilled water at 4 °C, and

concentrated.
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expressed. [00144] Cortical neurons in 48-well plates
were transfected with SPKR4ABL1- 2/ PElI 600/ DNA conpl exes
weovsaerissig 0. 25 g/ wel | of pCAQ uc. The conpl eREFSGENE000257
made in 5 % glucose by addi ng SPKRABL1-2 to the DNA,
waiting for 30 mn, adding PEI600, and incubating for
a further 30 mn at roomtenperature. Wth PEI 600
fixed at an NNP ratio of 10, increasing the anount of
SPKR4BL1-2 dramatically increased the transgene
SREReBE1-drbindsmndxob@énskoDNAat t he hi ghest ratio used
(Fig. 11A) It was also reveal ed that PEI600 was not
r or. ff' ient nsfection. [00145] In the

xg%!?rl e by ef SPREpELY B, Pin @Igémse%@@lm BY s DNA
tes@dhtio .adfy. 4 mJIAl shofys RAG MENVIESLE QPP I(@qa%e\m t‘oho 8 nmol/ug
&Igtéher PKR4ABL1-2 or PEI 600 (not both Cene delivery

)i SEREaBE W1 Y adls jteicomplafle presnt DOPKFE®R Imizrating under
He&ebph¥fedi 1,0
B O Y (L PO Mol B T on e
fatp of 191SER.BIA leaszmbmﬂ@sdda@“ﬁgmﬁwmmw particles of

Q&Aﬁ/ﬁgﬂﬁ]g- . 4- 10K activates TrkA and its signaling
pate ways fxg%%% "NGF binds to and i nduces
phosphoryl ati on of TrkA, which in turn elicits

SPERIBL 1Y noxaliatesdgeae idbktery ity Bothi coetida® nb i@ nd hd shidl\celly
of NGF. Anpongst the involved proteins are Erkl and

&hr@ p Lt of the Ras- MAP ki nase_ pat hway, and Akt,
g 4§ ST Q rpﬁg}n@eéﬁglly CﬂVéllthfs <ell| lirgsr that/ ;ﬂxpress TrkB;

thSefdr&Nhe Wadifed HYY Q36| test@l)
LA e s L e E%E’"O i, oy

GuRurss:ph certirgl aewrpppandligl edlls obtainenifront Dk day owmmmnmats
[ tibo

ChSrRad) 8.0 BRI B AT AB R oo

Gedo fvgrenteng thougit dwexpiress leinty. tha&mcatetinaﬁdsmm Tl\szt butNﬂ‘.lﬁnent et

B0l (et PO E 58 TS Sty e Gl jeef B oo

exptelssadty when conpl exed with DNA. [00147] To further
assess the hypot hesis that NL4 (with or wi thout the

ﬁ&ﬁ“ itiagn) acts via TrkA, two inhibitors, K-252a
A4 hceTyticaletcurons i #3wsiloplptes keae twaaﬁe@tpch Wifly SEKReBL1-

SRR L IR 083 LR R

mide-in 6K ghudese bt agdios §BKR;BE1-|20(» tImeIE:'AkWaltlng for 30 min, adding
PEI600, and incubating for a further 30 min at room temperature. With PEI600 fixed
at an N/P ratio of 10, increasing the amount of SPKR,BL1-2 dramatically increased
the transgene expression, up to 500-fold at the highest ratio used (Fig. 11A). It was

also revealed that PEI600 was not required for efficient transfection.

[00145] In the experiment on glial cells, triple complexes were not used. 0.25
pg/well of pCAGluc was complexed with either SPKR4BL1-2 or PEI600 (not both).
Gene delivery was increasingly efficient when more SPKR4BL1-2 was used, with
transgene expression reaching 180 times that of naked DNA and 50 times that of
PEI600/DNA (Fig. 11B).
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and Erk2 (Fig. 12B). These bi ochem cal assays
denonstrate that NL4 (with or without the 10K donai n)
w@2am5azt758 hr ough TrkA to activate sone of the BEIBG2004/000257
signal transduction pathways that NG- activates. 5.2
NL4- 10K pronotes cell survival of serumw thdrawn PC12
cells [00148] One nmanifestation of the
survival -pronoting bioactivity of NGFis its ability
to pronote the survival of PCl2 cells grown in
%?LHQ?F medi um which otherwise results in a |oss
ce viability. Differentiated PCl2 cells were
grown in serumfree mediumcontaining a range of NL4
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[00148] One manifestation of the survival-promoting bioactivity of NGF is its
ability to promote the survival of PC12 cells grown in serum-free medium, which
otherwise results in a loss of cell viability. Differentiated PC12 cells were grown in
serum-free medium containing a range of NL4 or NL4-10K concentrations. The cell
survival rate, measured by the MTT assay, was compared to the survival rate
promoted by NGF (10 ng/ml, optimal concentration). Over a range of concentrations

from 0.125 to 2.5 pM, increasing NL4 concentration resulted in increasing cell
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of (SPKR)4-treated cells (Fig. 15A) and
SPKRANL1-2-treated cells (Fig. 15B), it can be seen

W0 bats/08PBRANLL- 2 has NG--1i ke bioactivity and pCDeGL08$000257
neurite outgrowth. 5.5 SPKR4ANL1-2 pronotes cell
survival of serumw thdrawn PC12 cells [001511 W al so
assessed the ability of SPKRANL1-2 to pronote survival
of PCl2 <cells deprived of serumand NG- for 3 days.
Fhaivabites |fv@m -1 @I RA el opmp BN -pramotef eursiom Luate I(Eig. 13). A

T G b S PR

The survival -pronoting effect exhibited 'a

BOSPKRANIONS activaRAdT®RACAnd #Esi 1 v M of
SPKR4NL1 2. 56 WD 2005/ 021758 PCT?ggzoo /000257 WE

.__A reconbi nant pol ypepti de conprising a cell
tl%[’rlé%lt i r?&lawelﬂﬁem@aﬁlél phates ieskreireateowith SBKR@INhgze:bmmmnons

|
PREIRLT 1% 80 e A B E TR o, REKGEUT TR e
higterplevel pe Brk dendBAOY @tidgichhal i bf YH%%?K‘R)} bt ehdptide

targ element is a hairpin notif of
ﬁ@& ifilwo%m shogy that fthe dick etivatien mww@qﬁpqcrf@alésofthrosgh TrkA
PhapRAMREPT L. @El%ofen%' t?éltetdo“ﬁ:t a{hren B Z(Sg%:’;ﬁéAn tgnlagme kinase

neur ot rophl nis nerv ar owt h actor
Bvhdiiter ¢epdevié dirla @hmhmmm woabt be r(dBBNF Fig. 1dGr shbwe plt Erk

gh‘%@g %‘F&%Pe 11glcc tr(r)] H Qﬁﬁ%ﬁgl\ﬁﬁ%llﬁirﬁ%‘widtaéldseventuauy

elinipates by fricreasing GomBntraafonddr ¥I52as 17-57, as 69-79 or

as 81-107 of human NGF (SEQ ID NO 1); b) as 33-45, as
as 22-64, as 76-86, or as 88-115 of hurman BDNF

?ééﬁﬁ% NI pyometes neurite onteramthin PAY28lls 6- 56, as

68-78, or as 80-107 of human NT3 (SEQ ID NO 3); d) as

Eﬂ}é‘(ﬁ I\I;ﬁl'rz /egﬁ%%% (50 ?\%}lﬂ-%bé\’% ce@l§ s?o% ér%?fe?e{tltng ang]dlf]fél'rentfaé e jnto

#ienathetic nsurofFhike sollsy ﬁ@mmd?é da;csowdeGﬁ tteatnadmy, @rﬂanafphology

gﬂaﬂééﬁn& n&%tes (%]1%% %éerl]l ptrcl;]J%cthleg [ %efls We tested SPKR4NL1-2 to

see if it could also promote neurite outgrowth in PC12 cells. The cells were treated
with 8 pM of either (SPKR), or SPKR4NL1-2 for 3 days. Comparing the photographs
of (SPKR)s-treated cells (Fig. 15A) and SPKR4NL1-2-treated cells (Fig. 15B), it can
be seen that SPKR4NL1-2 has NGF-like bioactivity and promotes neurite outgrowth.

5.5 SPKR4NL1-2 promotes cell survival of serum-withdrawn PC12 cells

[00151] We also assessed the ability of SPKR4NL1-2 to promote survival of PC12
cells deprived of serum and NGF for 3 days. The addition of SPKR;NL1-2 (8 uM) to
the serum-free medium maintained PC12 viability at 80% of the maximum survival
rate promoted by 20 ng/ml NGF (Fig. 15C). The survival-promoting effect exhibited a
dose-response trend over the range of 2-8 pM of SPKR,NL1-2.
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receptor is TrlcA, TrkB, TrkcC or P75NTR. 6. The

pol ypepti de according to claim5 wherein the receptor
WO 20050k1458 7. The pol ypepti de accordi ng to any PCESG1004/000257

claims 1 to 6 conprising as 17-67 of human NG ( SEQ

ID NO 1), as 80-108 of human NGF (SEQ ID NG 1), or as

of 22-64 of human BDNF (SEQ ID NO 2). 57 WO

2005/ 021758 PCT/ SG2004/ 000257 8. The pol ypepti de

according to any one of clainms 1 to 7 wherein the
VQ#?ﬁﬁh@PaCid bi ndi ng el enent is a DNA bi ndi ng

el ement.” 9. The pol ypeptide according to claim8

wherein the DNA-binding elenment is a non- specific DNA

bi ndi,ng el enment . 10.. The pol I de.. ' Lo
10} & B RER ereapite Ao R BEA fiiEoAr A Bl 4 fctec aci
bindBigt dlansdny whiasirg éd. cell ltargdlive, gahgnp éphitdepiacoatiidibatgselegtively
bCIaimlO ﬂgein Hhe non- speci fic DNA bi nding el enent
WQSQEP§EngH188ﬁ§?ﬂLor pol y-L-1ysine. 12. The

pol ypepti de according to claim11l wherein

poly-L-lysine is degca-L-lysine.. 13. The | ypeptide . .
2accolth RYYRRLdH golng fo E%Ei‘ EBWlier‘le e, C?lﬁ?atr%%P £eleent is
GO foGiF 6¥0: iRurctyBlie N g futtidnhleeqaivhlenx tharebft he car boxy

ends of the hairpin notif. 14. The pol ypeptide

according to any one of clains 1 to 13 conprising a
3l i NKehe pARRPENS RecBRANPEE RIabHC, RUEEIAI Be Adirdirdphirdl Agrve growth

el ement_and the cell targetin e'ﬁﬁﬁﬁt' 15. Tﬁe -
fasgnry FRD; dneinsderisied BeyratioPhin faditre (SPNE) grepiotpriug 3 ANT3) or
ng,grg{ggﬂh%ggg}qfugsﬁequence of SEQ ID NO 5, SEQ ID NG 6,

SEQ I'D NO 7, or" SEQ ID NO 8. 16. The pol ypeptide

according to any one of clains 7 to 14 which is a

neur %}%ﬁ i bk to Anf-ond BECIABK YRS B ChFriskgg or di ng
4t' 0 cl(i)g(lg ggté%@n%r&?gﬁ%éo énéle sequence of SE%I?%:NO 5

SEQ hD264B8.62a HEEY, |aB) INeY 77 2 FO-SEQF p BA0B of figmam NGF (SEQ ID

recog@igant nucl ei ¢ acid nol ecul e encoding a

reconbi nant pol ypeptide according to any one of

cl ai b ah 33-951%. 468, WD2200 570761365 8T PR3- B o 0IROgHRF (SEQ
ID NO:2);
c) aa 25-37,aa 40-48,aa 16-56, aa 68-78, or aa 80-107 of human NT3 (SEQ ID
NO:3);
d) aa 28-40, aa 43-52, aa 19-60, aa 79-89, or aa 91-118 of human NT4/5 (SEQ ID
NO:4); or |

a function equivalent thereof.

5. The polypeptide according to any one of claims 1 to 4 wherein the neurotrophin
receptor is TrkA, TrkB, TrkC or P75NR,

6. The polypeptide according to claim 5 wherein the receptor is TrkA.

7. The polypeptide according to any one of claims 1 to 6 comprising aa 17-67 of
human NGF (SEQ ID NO:1), aa 80-108 of human NGF (SEQ ID NO:1), or aa of 22-64
of human BDNF (SEQ ID NO:2).
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19. The reconbi nant nucleic acid nolecule according to
claim 18 wherein the nucleic acid is DNA 20. The

w0 ewspi7emnt nucl ei ¢ aci d according to clai m 1BCT/SG2004/000257
conprising the sequence of SEQ ID NGO 14, SEQ I D NO 26
SEQ ID NO 29, or SEQ ID NO 31. 21. The reconbi nant
nucl ei ¢ acid nol ecul e according to any one of clains
18 to 20 which is an expression vector. 22. A
conmposition conprising a nucleic acid and a

gl ecoml ?ﬁ;ep%g %g%@ﬁ# argﬁ&%ogfcgl%s 190 3, Cf:?&ﬁ f nuc eic acid

clalns 1 onposi tion according to c al m
b2dingkkementns b PN Abiolieg elementd i s DNA. 24. The

conposition according to claim 23, wherein the DNA
conprises a coding gene sequence. 25. The conposition
9ac c OF et prodyy peptidel aacamlidg tondhedmed wherdie the AN A dpiginpeleegtisrnoen-

i S. rapeuti c gene sequence. 26. The conposition
ﬁ%@@%#@@&ﬁ“@§%§%vﬁ%ﬁe of clains 22 to 25 further
conprising a cationic pol ymer. 27. The conposition

0T LR S B b R RGP

positively charged

11.  The polypeptide according to claim 10 wherein the non-specific DNA binding
element is a (SPKR)4 domain or poly-L-lysine.

12.  The polypeptide according to claim 11 wherein poly-L-lysine is deca-L-lysine.

13.  The polypeptide according to any one of claims 1 to 12 further comprising a

cysteine at the amino and the carboxy ends of the hairpin motif.

14.  The polypeptide according to any one of claims 1 to 13 comprising a linker

sequence between the nucleic acid binding element and the cell targeting element.

15.  The polypeptide according to any one of claims 1 to 14 comprising the sequence
of SEQ ID NO 5, SEQ ID NO:6 .SEQ ID NO:7, or SEQ ID NO:8.

16.  The polypeptide according to any one of claims 7 to 14 which is a neurotrophin

agonist.

17.  The polypeptide according to claim 16 comprising the sequence of SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.

18. A recombinant nucleic acid molecule encoding a recombinant polypeptide

according to any one of claims 1 to 17.
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19.  The recombinant nucleic acid molecule according to claim 18 wherein the
nucleic acid is DNA

20.  The recombinant nucleic acid according to claim 19 comprising the sequence of
SEQ ID NO:14, SEQ ID NO:26 SEQ ID NO: 29, or SEQ ID NO:31.

21.  The recombinant nucleic acid molecule according to any one of claims 18 to 20

which is an expression vector.

22. A composition comprising a nucleic acid and a recombinant polypeptide

according to any one of claims 1 to 17.
23.  The composition according to claim 22 wherein the nucleic acid is DNA.

24.  The composition according to claim 23, wherein the DNA comprises a coding

gene sequence.

25.  The composition according to claim 24 wherein the coding gene sequence is a

therapeutic gene sequence.

26.  The composition according to any one of claims 22 to 25 further comprising a

cationic polymer.

27.  The composition according to claim 26 wherein the cationic polymer is

polylysine, polyethylenimine or protamine.
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