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[0003] One approach for targeted gene delivery is to use ligand-associated

delivery vectors. Via the ligands, the vectors recognize and bind to cell surface
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 fraHSport 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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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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the treatnment of neuraol ogi ca
neurotransmitter phenotypes. In addition to their difference in sensitivities to various

neurofransmitters, different neurons may also respond differently to another type of
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
3
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neurons, sympathetic sensory neurons, and neural crest-derived small-fibre sensory

neurons. Other neurons responsive to BDNF include midbrain-dopaminergic neurons,
spinal cord motor neurons, striatal-GABAergic and neural crest-derived medium-fibre
sensory neurons and retinal ganglion cells. Other responsive neurons to NT3 inchude
locus cernleus 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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paired intramolecular disulfide bonds is required for full biological activity of a

neurotrophin. A study using BE. Coli to express BDNF has reported ten protein
variants with incorrectly-paired disulfide linkages among six residues of cysteine, and
all of them had much lower biological activity than that of native BDNF and may
significantly inhibit the biological activity of authentic BDNF when used together
(Shimizu N et al., Biosci. Biotech. Biochem., 60: 971-974, 1996). Other potential -
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[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
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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




responsi ve to neurotrophin treatnment in a subject
conprising admnistering to the subject an effective
anmount of the agonist or a conposition conprising an
effective anount of the agonist. In other aspectR April 2006
the invention provides use of an agonist of 7 12 April
2006 the invention to treat or to prepare a nedi canent
for the treatnent of a disorder responsive to
the imentiaphs trettr eratonprepare BRINEH cRESERP TteOMe s BRAMN, NS rder
00151/ g:i urz 1I'. NL4- 10K, but not NL4, binds to
PPR8FH HOBRATOR N dReaiment.i t s nigration in agarose gel
under el ectrophoresis. [0016] Figure 2: NL4-1CK
nedi ates target-specific gene delivery in vitro, (A):
BRUFBESCRIPIIQN OB DRAWINGS)CAG uc plasmid DNA to
PCl2 cells. Short peptides, NL4, 10K, and a m xture
of NL4 and 1OK peptides (NL4 & 10K) were used as
[6exH r ol Ezlgul@tfl ITQ'F%@CI% lbma1/ms t\ﬁm Bhdwitd gﬁiﬁlﬁmlelD@erﬁnd retards its
ont.ai ni n uc/well in a 24-we plate in
‘ﬁ‘%@’ﬁ?&"&%@égé?‘ “fgﬁrﬁi}cgf’l’]%‘mi%oqui ne. Luciferase
expression was assayed 24 h after the transfection.
sults are expressed in relative light units
@ﬁ@f» hudsye ot Bif-10K mediates preayt-grecifisgsas edivery iwortta. ol s.
)y oLt Rt ¢ i ne
QTN EAORkb W, " Bk PR Mt ENIER Pi9 SR shon
peptitdes et 0K, i & mixtyreof Bl dand f10KGRptidds GNLE I 00Ky weRtised

i L [ p.CAG. uc .cappl exes prepared with_a
oB bl Pl e SR iReb = noE Lok 85 PCAGkygivel
1106 MividIDpthteGa -thd) SrésHcE QF 100 tpg/i fog gﬁlohﬁgle{\%ﬂcifelmgé eRbression

NL4- 10K, *P<0.05 and **P<0. npare
was 3pray et iq Brafigr thedtanstegtion Reswlts fr€pxpriiisad 10 kelatbdi lathe nits

(ﬂﬁUﬁmg?HtéfiﬁWSﬁ.%@<@bg Falad P Qgognd ol fal cells.

Priary ~neurons and s fromthe rat cortex
(B (Competitingf inbibéibnve i NL 4 ddiHnsedesedcgun aleliverg intb PT10fby NGF.

PRSAMEE e S e o iy S 0
10K/pTRIG16¢1LérkipIBx FBHb AR MREA @%gﬁ'de?ﬁm &ﬁt&@gg? gfl‘iS "N ratio

h _before | uciferase expression assay.
OF Shriyith €8 withopire-inonbation with | frse NGO INIA, 1PKqurNLB10K. *P<0.05
' ' 4.0t 0 dorsal root
alMa_\ﬁ'PIL@aél 'E?%B%;e& ?Ongéﬁ%gﬁéﬁlﬁﬁﬁ%a%%ﬁsai ning tripl exes
((%é }&«%Mda@s @esc délbedy into primaryBeanmsaad ghel cells! Primary
n%.{{?rglarﬁg ?ﬁ%l ctgpse fg?l%%é r%%c%lé \&gerr]é réu?slféc%?d “ruﬁ} clso?ngi@xses %bnStaining

1 pg of pCAGuc/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

h before Inciferase expression assay. *#*P<0.01 compared to the 10K controls.

[00¥7]  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/ug) ratio was 1.5 (N/P 1atio of 5).

Triplexes were administered intrathecally to rats under anesthesia. DRG were



Tripl exes were adm nistered intrathecally to rats

under anesthesia. DRG were 8 12 April 2006 collected 3
days after injection. Results are expressed in

relative light units (RLU)/ng protein :k SE. 100WBApril 2006
Figure 4. Gene expression nedi ated by DsbC NL4- 10K

(A) and (B): DsbC-NL4-1 OK/ DNAi protam ne tripl exes

were used to transfect PCl2 (A) and COS7 (B) cells,
coHentaslc} daye lafter Mjpctimr. Resii ate éxprayain rﬂaﬁ)@lwh‘ﬂuhits(qﬁul)/mg
thO.tgzl and pCAG uc plasmd (0.1 g/well in 96-well
rS? ‘'were incubated at various ratios at room
tenperature for 30 nun in 20 1 Opti-MEM After adding

rotamne (2 8 per g DNA), the conmpl exes were
8l patkgure 87 Caprormesssign metliated Ry REbCNE#-40Bx pr essed i n

34320 DA S e gty P

(42 rid/€OP7(B) mzresleﬂctxsely blo fdod-the kiple:es; Bty 1 0RGhtein

oS PR LR PHE L B Vel o) e sy 2 warous rasos

o 80 5 G o g 5o 15

HERDIRA), dhei epmplxeq WeredinwhatedtforcinoRisr 80 tnimeResaltitae exredsbdin
N P rat of 20. Cells were exposed
%&%‘%ﬁf&‘%@*g@}i‘%? 10 ' 96-wel | plate. Results are
(@x mﬂﬂﬁﬁadoﬁmsba-nLaimKa)NAg*EIG@mhkam{engbkmél&eﬂ%ei)@'l@cens
&5510341@3]&6& I gu re‘§E SPKRANL1- 2 bi nds to and condenses
4ri0 catiant, PG| 2eqlls Gysrropretreatedwish DseG-NIsd- Mg errayine
@h{ﬁ Ahindit Pefoie fdh Bas-
“SPKRANLI- 2 bi nd| nﬁ&@i%gf’lﬁ%ﬁlnamun%qgﬂ?ﬁglgNW%Emoo friplexes,

DigpGed¥t-4n} Ky weretaddedyto DIDA/AL protein/ DI A frenalfg) fatib df®r3 @mp ratio

| (B The
oEF B8, R T PR SUBTS eI S VBB 6 o cons
“tei'eeexpashdl m. o pefDISRKIRE Mell in2a 9Mell®b1§tﬂ| REfRfs %Pehé)&%kéé&%d in
e{f l E %He\ di cated, ampunts of peptide were ad
g g ‘1‘“@13 P8 PRIRBE M-t h et hi di um br oni de. (C) &
(D) Atom c force m croscopy i mages of supercoil ed

&éasm d DNA and s~ SPKR4NL1-2/ DNA/ PEI 600 conpl exes,
140d2h e c Fignes 5. SPRFaMNYIR bindy togmd toplepssis @hlsEMDDNAnd

(&3’?5@@90%6 2 oﬁ ifgtjog %ﬁggl}éA)fDﬁA ljil?o%%ﬁ G 1'%/ géa%‘bse gef was reduced

I'mages
by SPKR4NLI1-2 binding. Various amounts of peptide were mixed witk 0.1 pg of

DNA in a volunie of 20 pl for 30 min before electrophoresis.

(B): The fluorescence of ethidium bromide intercalated in DNA was reduced by the
addition of SPKR4NLI-2 that displaces ethidium bromide. The indicated amounis of
peptide were added to 0.8 pg DNA. pre-mixed with ethidium bromide.

(©) & (D): Atomic force microscopy images of supercoiled plasmid DNA and
SPKR(NL1-2/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



n2 fields and the scale bar represents 0.5 m9 12

April 2006 [0020] Figure 6: SPKRANL1-2 enhances

pol ycati on- nedi at ed gene transfection of PCl2 cells.

To form conpl exes used for each well of a 48-wel |12 April 2006
plate, 0.5 pg of pCAd uc plasmd was first mxed wth
varyi ng anounts of the peptide and incubated for 30

mn, after which polycation was added and the m xture

[umaa]u batrgshrd €SP N /1 Pénhadéds rﬁo@cattdﬁemé&ataé ge@%n!fektyon of

given in relative |ight unltss 40 t ot al
P@l%p@lﬂm To forp @E}lﬂé@@s alﬁechfprr\#aph reegtli of Bf 81\@e11 plYe, 0.5 pg of

n rati
RN egiphiA N ik el v iy i R e epfdiincutetea
foe 8P mein saften whkl@fpolycaFTwahs adjietiané X]jHlﬁB{SUI'@ ﬁlzcgbﬂbcalt‘c{ird father
PKR4ANL) -2. PCl12 cells were.treate we )
S, d-veHs e Y Dy KSR olgived ok oot (RLUB 157 g g proten,
h f - ter
RN ST o3 950 i LDt

i ncubated for 30 mn, after which PEI600 (N P.ratio

L) IS 70454000 LA 2 s SR Sy fon. o

intibits gembuaxipregsion mdi‘atpdtbyo?PKRJNldi-i RCGIdeccls wiexd ﬂréa&sl e 48-

wREPRYT g B CerRete BEgagl vl Heceas A Gl e Wb Fit

mixe@ ifeitiet SPKnﬁ\Iﬁlaﬂ%l Nlet an N/Mot’&l $9And Q{mtﬁé@ﬁr
but w_t hout ure8 ecificity of
30ypjoRafiey whigh ?@Tép%l gl)apwé@éd nd tigpriaNe incpbated for

cortical neuro
Lugiiferdse etivitieswwers meawséde@# ehd latgrt indSEHGRANIIL relative hght units

s e S R A s S

2/DN%/HBIG®G cump]bqudmtwdh&;tNGF present and PEI 600 at
NP ratios of 2.5 and 5, respectively. Luciferase
activities were neasured 24 h later and shown in

[ODEi]at i F%ufd ght gpetifisitg Rbt) SPRRNDL-2ifedidied’ <§1311@1 ehprdessmn

a ;ﬁ-gigf‘%@l%}:ﬁg Flgfg ?ido\éﬁ/%%)ﬁ \9/21 {}H A% fond \%ﬂsahurﬁlgl drstrsfeBon.

ared tq the neurons treated with DNA conp
K] IsbRrigylistes ggnprelitsny tq perens mdygliab colls. émmqll plate,
prﬁﬁay aia@scdrt'iba}“ﬁéﬁlo&i@n@r %ﬁ'&l‘r vty weRe Ol%a%tea ORith SN -

exes forne
2/ SRARRISH, EE%BKRMDWEEQ% w w&mao%mmmmmmmxes
jected.intrathe
will rgtaaefll .23 BPrDNRLAGRE St VbRl et P8 R
NAiPomties ule?.8 aadls| mpﬁﬁvaydﬂuﬁferase activities were measured 24 h later
and shown in relative light units (RLU)/mg protein, **P<0.01 compared to the
neurons treated with DNA complexed with (SPKR)4 and PEI600.

[0023]  Figure 9: SPKR4NL1-2 mediates in vivo gene delivery to dorsal root
ganglia (DRG). Complexes formed from 4 pg of pCAGluc, SPKR,NL1-2 at an N/P
ratio of 2.5, and PEIG00 at an N/P ratio of 10 were injected intrathecally into the

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

10



10 12 April 2006 after injection. Results are

expressed in relative light units (RLU)/ng protein.
"1-.*P<0.01 conpared to the rats treated with DNA

conpl exed wi th (SPKR)4/PEI 600. [0024] Figure 10: 12 April 2006
SPKR4BL1-2 bi nds and condenses DNA. (A): SPI04BL1-2

binds to plasm d DNA and reduces its nobility during

el ectrophoresis. The DNA is conpletely retarded at an

aleP imjattion. desalty 6re0 E‘ﬁ)res?sed)lm afelatipe ightl @mis t(kl@l)lkng p@étem
ma

D tomc f m Crosc
"ThED ShRARAT t 58 31 opied gt DG moieced ih (SPKBIGFRION.
2 m (B) pCAd uc pl asmd DNA (O : SPKR4BLI -2
,ptl de.. (D) SPKR4BL1-2 and plasnid DNA self assenbl e
90745 coﬁ%&'@ﬁé@os%ﬁﬁﬁldr%bmd{ wm]gdmwlgAll SPKR4BL1 2

(ApdispkegRALHE HERT f5S] H‘D&@\( A TBked 4 1§q%slgy afiuring

neurons and astr ogI I
elegtrophozgsisn@he DA wsmmplla’cdyl sétadeddf ai NIP lfatlb pre (0.075 nmol of

uc (0.25 g/well), PE1600, and
péﬁ@@ﬁlﬁ&ﬁgea Fase activities were assayed 24h
(BRE Aammcafoeceemmmqu izl OF TN Qndl ISPIKR B0 125 E(aEiL thage

T80 o oG g, o
péftide O@) SPKIGBLI S dﬁﬁ"pﬁisﬁn'i@DNfAes%lfeﬂsé% t1dinto ?ondensed Barélgles

pCAd uc/ SPKR4BLI -2 or pCAd uc/ PEI600 co exes

of pCAd uc was used per well. Transgene expression

[(HI'ZIS]Er Hgure 91 eSRKRBIAD afdintetloBEe HiRésSio in ﬁ?pn:[‘x%%&z@uhmres
ure 1 activates TrkA, "Erk and Ak

’E ?fﬁtaln ﬁ“fﬂgll'?’qu%i $-and its related signaling pathways.
(BF18 Co8-tvellgifle, d%?ﬁ&ﬁh@lﬁond ﬂ'eBPMnsfe@ég W&WQ com%lexeé of

cont ai ni horse serum a

n 5% .
p@éﬁluolgo ﬁg NLWG{I?‘D Zﬁﬂ?@ mndN@?KRﬁBIM -RIl_ 4 nciferideNaativitls, were

1K/ ot
R A PR o8 kT B Bl Uy ) pBGR b o
prodain eentterd, wish 6W‘E§Dﬂsrmdlbdtmgtongu3| ng primary
t Ph h 42
O ol - FHIE | Py DASBRY Ffelsl . 5P EY ek psdoded with
pmmmlacz iow pCA@’luc/PEIEBO @BhipRx¥R 02 of ﬁ& Q6hs

t hout 100 nM K-252a or 10 pM A
usr?‘fi I;?exéwall %%’ngnf expressmn after ggh is explessed as RLU/mg protem ﬂ: SD.

[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
colle:_:ted for Western blotting using primary antibodies against Phospho-TrkA,
Phospho-p44/p42 MAPK or Phospho-Ak.

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

11



12 April 2006 treated as described in (A). The cell
| ysates were collected for Western blotting using
nonocl onal anti bodi es agai nst Phospho- p44/ p42 NMAPK.

[0027] Figure 13: NL4-10K pronotes survival of 12 April 2006

neuronal ly differentiated PCl2 cells in serumfree
medium Differentiated PCl2 cells were deprived of
serumand NG~ for 4 days. NL4 and NL4-1OK were added

tredted dedeseribRdah (AR rTHE ceN Byshfek weld 6&]‘1@61@8\’?& Vo 81 smg
51193 as a positive control. , surviva
mé’g?‘flﬂ%i‘ié'éf fes geaingtkirospa-pg4/ P@%MAEW VI vaI medi at ed by

t he pol ypeptl des was expressed as percentage of
maxi mal Erom)t ed survival. [0028] Figure 14:
[042%RA NFigupe 331 NL418K protectessuwtvigni of ndaghidlly diffesentiated PC12

odlsi SBEHPRRE thoalufhy, ThiHereabiicn HECS WS Bt deputiily of Srmepnd

le:hfm4t6 gasmeuilhm a"lﬂ’“fm fbbfeuacm@di a tﬁf rn%:j bf 88um and NGF
- e.ce sates were ana e

WiOFEBEHEE 1 AGNGE AT Ay s mosibts onisple CPH ivival wes

esBiral@Ir usifd) @S Mer -%%s Qell pﬁ&ﬁ?&loﬂﬂﬁkﬂdpﬁtﬁe v\é gﬂ Ebiiles was

(A): Phospho- Tr kA tern reate
exprasredasperceptaggypimyximaldi@Rpramoted g@vivi, SPKRANLI - 2/ DNA
conplexes (8 M NP ratio of 5, or (SPKR 4 (8 M.

(B): Phospho-Erk Western blot. The cells were treated
[08R8]h NBigutbt: @I%Ml-\lamhwﬂ‘s TrizArendrHrk RE1N@11OPre-incubated

to 8 SPKR A
in KA Nt ool Mot it 69 agtseqemindor 2 Bhs were
treatddi fmun @fin vﬂ'l’heN8@|£ pﬁde,@ dilWeRH §n BEBm. HSLRBIEY 619, the Qell
I ‘ﬁ _ Ol 100 uM K-252a (TrkA t&POSI ne ki nase
yigles: ?rF 3ryive Yk }1@1%14913 (0§ ysing @rgpwgrﬂntl dies sperifi¢ 2 either
plmpﬁourﬂmcurp‘ﬁegg,%%ecﬂmﬁﬁ Mao. Mol ecul ar wei ghts of

protein standards are shown on the left. [0029] Figure

(As)_s PhesphoAigkcA- Weptgen Rof-The edishiversc treated with( MGF&(A0Bhg/ml),

SRR 1F MR SO RAEAD WA B oS

(SPKR)&SdzM)s (O : SPKR. 4NL1-2 prom)t es survival of PC12
Di.fferent

riyed of serum for .
(B ioRnitr i WREodbISpRber el st ot with 3IGIe (mng/mb arious
coﬁ@esmn&is of BREKRLNE 1.9 fron? €/ m t ;EM'% %‘ﬁﬁ 10 ng/ rnl
NG- was used as a0p03|t e cgg r ol k( i survi val
(Ci 2A TrkA inhibitor blocks SPRKR4NIL1-2-induced Erk actlvatlon The PCI12 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 SPKRNL1-2 (8 pM).

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
UM of (SPKR)4 (A) or SPKR4NL1-2 (B) for 3 days.

(C): SPKR4NLI1-2 promotes survival of PC12 cells deprived of serum for 3 days.
Different concentrations of SPKR4NL1-2, from 0 to 16 pM, were added at the time of

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




12 April 2006 was estinmated by an MIT assay and
expressed as a percentage of maxi mal NG~ pronoted

cell survival. DETAI LED DESCRI PTI ON OF PREFERRED

EMBCODI MENTS 10030] The term "pol ypepti de" is usedl2 April 2006
herein synonynously with the term"protein" to refer

to any polyner or chain of am no acids. Pol ypeptides
may be linear, or cyclic. The terns "pol ypeptide" and
Wap egstimaied byram NS assgyuinsch expredaby aom ng*@nfa & io$ maRfmdl NeGE-
nuani %I estues in the pol yner. neral ly speaking,
PIYROPEPTH MpE¥ des" refers to amino acid pol yners
cont ai ni ng about 30 or fewer residues, nore preferably
20 oG;femer reild%es_and nDst o&Fferany about 10 or

aci ds” refers tot he st andard set of genetl cal | y
[€038bdedlhe fammnt P@Weﬁhde”( i asednbereiny syreinpepusiys eitit it term

» |
ke P s S0 i R R v s,
oneyxdicadihe ekmnr‘ipbiypqmdg‘r MIch]ﬂep@d ¢ kg iistin}Rished Bl A the basis

eoui.ne, ry han_and _tyrosi ne
of e e of YEHPE iy ol G oRk s fern i pandides”
réfrs 6 RinkRERICHEANGS chiitain Bl abSH IR b werdbsi GRS r'Eh&%l]pleft:'.rably

met hods, the term "am no acid" also refers
28.6h wa%%ﬂueaﬁ%@omwsmbww 10 @rsfewwereaduqssAmed within,

tetEmPenshb @kt HreRAGH Q%dsr fhida xgl%e?&f' t%oLlH? g’&t]od?cﬂ]g-ammo acids

present invention is
(2dmyins, comteins, sspapid seidg glutinsic caced, ypltehyialnameJ glyeitte, histidine,

ny | S 0of a neurotro
QRGB! Holci RO TSR, Pulfith (ReD i imipe, arsipine.
setrms fhremﬂmeo Wahiﬂe tﬂwﬂg@hﬂﬂdaﬂcb@@wnd) a;lrcp_aérg@ﬁ@,dg.tg@ggﬂw In the
n combined with a nycl ejc. aci i ndin
PoliogBids of PRAMIEE Crshiod Det seBtsEhsicden piqahgrettods,
tlj’ettéhﬁi FEmBol £bidOaléeldfds X BNl SR nAGrdl YIRS LA well as the D-
receptors. The_ invention in one aspect t hérefore

ISB’F’GWO&&" geneticallisnoeded apBPYEERt i de conpri sing a

nucl eic acid binding element and a cell targeting

elenment which is a hairpin notif that selectively
[093%ks (Idheprefeni Bvensioniisn dplé‘(@puropart'lﬁmnltm epptlicaut’s siuprising
d

B o SRR bl HoT B RSP BRG SRR O Blestivaiy e
tqwur@mpbwhbwpw@s:apitrdmn thé ﬁmaﬂlonTblfe‘,ht fulhheingth n@irotephin. fSuch
e t wo . ad] nt hydroge nde B-stra

SESREL, i AL gt S B8R Elepignt ot duppeans of
seheetieelp deliserimbesmidid acd ttveelly expreRinglidurotrophin receptors. The

invention in one aspect therefore provides a recombinant polypeptide comprising a

nucleic acid 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 bairpin 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



12 April 2006 such structures in tandem The | ength of
the 13-strands may vary but preferably is of

sufficient length to forma stable 13-sheet, neaning

the 13-strands renmai n hydrogen bonded, for exanpl2eApri 2006
physi ol ogi cal solutions. Therefore, the term for

exanpl e, describes a fragnent of neurotrophin that

forms a hairpin notif as defined herein but excludes

sichfstiubtutes rig tdndeau ok gk f f:ha_fl'!‘35tlta‘fau!lé"?na1§;I Fhrly R gf@?érélﬁ is of
‘{a;Jgso [ cI udes all functional equivalents”as escrl}é

Figh} lengld tocPr aseatle Brsheety mepning she §-serandserenain b]zdrogen
b&lﬁﬁﬁpf‘oﬁ’ rexaﬁl 1e%fb<ﬁ9sx§1' ok PorifRATS e?e &%Wﬂlt 90,967 %}rcamp e

binding t neurotrophin recep
d@gggqsmﬁ$andny oﬁmurcbjrqpﬂmngau fortnd & halqt iy mesif @b deihﬁad [efdiss but

I el e 0 n subst a 1y bind
Ao 2, Ul PAGRRRE 138 GrT b mophy i fasdides a1l
funotietal csuivgleafs hd‘leleicﬁ@&i)tbvlow 10Q88] tekh e"sbREWMely- binds to a

neuroiq Fhln i,n a ordance with its usual defi'nition
netgotrqphin, Feceptgr” et; ek dermBeare heasd Ity deferibe’ binding to a

neéirStithit Rbd oraﬁrﬂﬂé b’iﬂﬁfahﬁﬂgj Do bﬁlﬁilﬁ%ﬁ)d%tgﬁr:&g?ésro? %He tors. A

factors. Representative exanples
cqllferegtes elpmentaloes muyisubstantiakiyibing tmerecepiyr it thoes ﬁ:at:afﬁs:ct the

;gﬁlf otrophl c factor (BDNF),
Pl{ g 1cai’hﬁfc{‘oxﬁ§%+#§€re@%géi neurotrophin 4/5 (NT4/5). As
used herein, the termneurotrophin generally refers to
ur ot r ophi n ut als |ncI des neur qt r ophi ns
(B3 o5 SRR HR o st B CoURLAEGoR b at s
used te deveribed Binllly EmduaiiaBy afd ﬁﬁicﬁ&aal ETélﬁfeﬁ Re&rotrBphic factors.

neur ot r.ophi n e tor includes
RO B L APISp Sf Sue o e 61y e Bisk 2 BoriRifd (T Riume gregvth

fadtok @VGEY thrath |deﬂ{réﬁeﬁeu§d¥%ﬁfcefa5tﬁp ?’bﬁﬁz r%{wo"{)m{)hm% (NT3) and

neur ot rophi n. 034] differe
neyEqtophigy él(Nﬁ@/ 5)3I éﬁ@ﬁﬁd liezein, thaiterpi meunastdphinogenerally refers to

huG Réﬂr&?&ihﬂ% Q:ruF A1sb UREHEGD ﬁé%rgt%ﬂh\f&l ﬁ' nexgre %@%%fgs @ﬂﬂdmg

hai rpin a neurotro
mereng. bpise,avihet bacing, spinemid senaperss., |Rﬂfﬁdnc&tte Ingurotrophin

AN MR SN i R SSEE S  w
TrkCy arst alir athdryogumtt decspedrs of@hduyotisiihat. ed ami no aci ds

sequence that nmay differ from,the parent am no acid
by one or nore del etions, substltutlons nodi fi cati ons

[0084]) adHi differest driidikhid) Ale @ﬁlft%‘"gEtnﬁ%eél&ﬁ&ﬂt\{@a Bélgl:g g%t&‘ Bf a

a neu&ot ro hi n recept or For eXa am no
negrotrgn g&rtacﬁnaqtpn@reqwﬁaleeﬁr thengef. 14 I@trpmuotvﬁ ctﬂammotroplun is

foﬁﬁ&ﬁﬁ} aNBog Q@queﬁ&rdﬁﬁtﬂng'ﬁ Qfanfl ré%% 'césoinﬂngqqﬁtélg Lﬁ)sfjeagh and

sel ective binding to a neurotro rece
dowmslerinmintihe dopp fegnence.onhe degun \)ﬁllnemnnalxvleqmwﬁmt" is used to

de%fﬁ%ts@lﬂkﬁzﬁlllklyanh%Atﬁgﬂ%srelﬂecﬁ amm% 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

14



14 12 April 2006 that there is a substantia
correspondence between the am no acid sequence of the

equi val ent and the parent anmi no acid sequence. In

speci fic enbodi nents, the functional equival ent WiApril2006
be at | east about 50% 75% 90% and 95% honvol ogous.

[ 0035] Honol ogy i s neasured using sequence anal ysis
software such as Sequence Anal ysis Software Package

thdft thére 1Garmbstm:aC0mmspaideﬁfwb¢tweéﬂn théedrhinb Yackf sequence of the
ot echnol o 1710 University

onsi nter,
eﬂ\’ﬁ@ﬁ'ﬁ wgab% é’ﬁfenwmef%’m@‘ SCEHENTE adh PG @ﬁtb@éxnwn@, the
B AE qhivaleB b &t ie@Abavt K0,CAPS,. OPY a9@9%ﬁabﬂqbfo'g61hé y

|ntroduced into the sequence to attaln proper
alignment. Once the optinal allgnnent has been set

th f o] S bv. recordi
(0351 UPEOEP 18, mBATRACMI SeGRHR0 ARG aE?" Gisfibas
Sselqmeméeslyas SofteferetHackeige of Gledfdneticy @oﬂljm&elt Gtoap, Univesiey of

oSi Lk ons. 00 I n e,.enbodi f uncf.jona
WS Bie8Tnrbey Sebtept fHRCURRRREY e verses MadSHboleosos.
Aanine Weidl ﬁdqnélices bie dlighedlo HRKENIGO REAHNAL GYS ARY B8 Affidally
substltu Conservative am no acid substitutions

ingroduesdiiato ‘3&??%&0eéﬁeﬁgn@mmbahm% Ence the optimel alignment
h§§ B8ch sNGS ethelcﬁgl%esof' ﬂb@ﬁdlgggn Qgtaﬁféﬁé?'bg re@difa.ﬂg AC b She

havi ng unchar chai ns,
pesifiensag iwhich the emalman!és oEkoth pesuendes em’ldem;ca]aredhtwe to the total

no aci ds having basic side chains, such
na%ﬁﬁ%ﬁﬁsém&ggrgl ni ne, and histidine; amno aci ds

havi ng aci di ¢ side chains, such as aspartic acid and

anlc acid n ci ds havi.n ar side, .
st e 15 G o e Ruftane 0 yarpst GHR ol e Haipin
mo&ﬁl @qﬁmme oPra0 lnewStrofie byl Andnpm Qnor@”ebcfﬂs&%ﬁ\’% amino acid

rﬁ&t phan, and cysteine, [0037] Generally,
SYRSHEHPRH 2 COBBEAI%E BRinovdold subsétutions wa éuwwmp% among amino

aél@d 8f RN Same SMBST Thesk | BRSes iADHES, 'ﬁf"'ékﬁﬁ@l e O8miAg Uclds qg&ung

i n non-conserved sequences and genera am no acli
upghatged pelartside phaingi ﬁlgshaaSn@um@gme,pmmanna@ eptins, thichitingatnd

tﬁ@suﬁ:‘ taﬁﬁrﬁfjacujmﬁvmg %ﬁ@ sigé Eﬁjan‘?‘se gl%%rb%q C %{%rﬂu? o %Pd lﬁ%tﬁcilge

neur ot r ophi ns eir secondary st
amaxsaeactsbelmvmgmmb@ sideghaind, wechags mpantnmrct amlt glitamic acid; and

r n ave. been |dent|f|e
w5 BB R S B0 G e M i,
istleB6ine, zt@dll_nelﬂibnylhﬁﬂme,fmﬂhmﬁiﬁe, trignephegyand kpPaAgns equences
fromdifferent species nay be anal yzed 15

[0037]  Generally, the functional 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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12 April 2006 to determ ne conserved sequences using,
as an exanpl e, the BLAST honol ogy searching algorithm
of Altschul et al., Nucleic Acids Res,; 25:3389-3402
(1997). [00381 In specific enbodi nents, the 12 April 2006
pol ypepti de conprises as 26-38, as 41-49, as 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 SEQ ID
toNdet2mifs cdbsedved 9@;}1{%&3&&8@@ 4620 6exat®Hid Ghe ﬁAS’I’ h%%mlogy
80 10 of SE g 3;, as 28-40, as 43-52, as
segFehing aigprifm of Alischubpr.al ; Buelpic dpogls Res.; %34891?3{40%(1997)
functional equivalent thereof. [00391 In one
enbodi nent, the pol ypepti de conprises am no acids
[0038)67 &f spenificeambii@iznents, the polypeptide comprises aa 26-38, aa 41-49, aa

PAR SE-E Wpe L ) RSt PN St ha oo percst e

76-86,9ehi BY-185 eftSEQ IDANG 254525937, @a hawspa nevat ad 68378 NEEa 80-

SR B s ol R o BB e st e

Irsﬁb@ptm\éefuhw&hmpwmemﬁ@x%ptrophl n receptor. The
additional 10 am no aci ds have been included to

facilitate expression of the reconbinant pol ypepti de.

[05)%40) i 3y aQ rbgngﬁa?glg&{t MRt O%SR%%!CX&SHéGIS daemi(ﬁg %Hss f767 of

amno aci
h@TER IVIEVKAL TVDGKQAAWRFI RI DTAC (aa 80--108 of SEQ ID
NGO 1) In this enbodinent, the cell targeting el enent
consists of a hairpin notif of NG forned by as
s@ﬂvmmnbxmmhmnxﬂGNEMMMmGaVNeNﬁBEFK?mﬂFEﬂﬁE§ﬁ@N¥UﬂdG 2006aa
004 0 iment, the po epti de conprises
1% ‘i%éﬂ§§q§§%ggqg human BD&F gﬁdphas then?ollomﬁng
sequence

é DKKTAV%SGGTCTVL EKVOVSKGQLKQYFYETKCNPMGYTKEG
i embodiment; theeell tasepimeoglement qengists A o baignie matifeof NGF

foﬁﬁ;tl;cinté}t & ORbY BEd f4RISRI 16 ARRoSeRts Mat Ao MRt ARLR G dation of
the hairpin motlf or selective binding 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:

CTTTHTFVEKALTMDGKQAAWRFIRIDTAC (aa 80-108 of SEQ ID
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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as 22-64 of BDNF and additional 10 am no acids that
enhance stabl e expression of the pol ypeptide. [0042]

O her suitable cell targeting elenments may be

identified by nmethods known to a person skilled iZ2April 2006
the art, for exanple, by testing for selective binding

to a neurotrophin receptor. Neurotrophin receptor

bi ndi ng may be assayed, for exanple, by displacenent
[Pedirpetnt onecelvbordinag, aks aylypeigide geonmirisss amioe a&inQ2tMeof

ogn e See nerally Ilag et al
n%p%ﬁﬁ?@fhagggf%@g and references therein,;
Ruden et al J. Biol. Chen 217:5623- 5627). As used
herein, the term"cognate receptor” refers to a cell
SIGFIYCBAPEETAY BYS Qb I RYOVSHGRIEOYEN FTECHBIRYTEEG  (aa
BPeei birC spherpofd opni n. For exanple, TrkA is a cognate
receptor for NG, TrkB is a coghate receptor for

BDNF. The p75NTR receptor is a Iow affinity cognate

4 ln_the.
1, 6 Pl S0l bieTeon e dachy 2059T 0L ey i formad by
ag QB@étofrEDNF eamé ratldltlonek])lmchntm)o acldaetlraotaﬁhmbé statsle eepregsion of
ti SO? nmopstrated by the reduced binding of a | abelled
4 HAYARYR h neurotrophin to its cognate receptor. The
met hods for perform ng the conpetition/displacenment
ays uld, be known to a person skilled in the art.
l ex &Mpereitiie coli-terestinmelpmeninmay beridentified by methpdsimown
e k C
"‘?’é"%@i‘%‘n%%‘ﬁdt B Gy Doe NP BE SR SRR BiHARE o o
npypiypn regepte niypireirehimreseptor bmélng emB'pbﬂ)asszmeddfom gxample,
b?lacrﬁ e%l'.{eﬁlge{ltgﬂ%ﬁi] eﬂuyeef)ﬂﬁ}n' X?%%(ya U?_] %eceﬁh%xﬁ%ssm% H‘ée cognate
régeptisnFeasgeagrsllyrdiaghs «d eTslBlgh@hierar (032! t99t4ha 9046l age refdfences

ki iy LA BT et r S b2 A e e i g oopaate

rezeptbr” fefdig el hﬂ:@ll shfaRMecepdd dapatilp &f F%él@&tﬁ%“)}ebﬁlﬁm% a specific
of _32P I i gand blndlng can 17 12

sour c q%"d
PP 0RO BEs | P M8 Y SRaToTAEAPIAT 165 NCHW TEHhicd exgaste
rRBRe PR BONE. I ?E@ﬁ'ﬁ@'mrecéﬁtbﬁﬁ 'a%év\éﬂiﬁig/ ddpRate receptor for NGF,

neurotrophln agoni st bi ndi ng term ned. by any
» OF -3 apd BpdP- o th %@W{&e%aﬁwmmag@n agseiest thetabidity of a cell

t#@ngr HeSbANg |bhﬁlgto QGHEBWPHBQEC F (Ei;] 'trgdeﬁ bg ttﬁ.zredlgd'ed

A person skilled In e ar ow

b@étﬂe@[f aﬂﬁ’i@ﬂﬂhﬁﬂldbwh ednomnimpwotsr@gmtn sgceptor. Tk angiods for
e VROl Db B0 PL0Y S e ot rpopitie

imnthe asls"FarenamplepthbiRat pheochromocytoma cell line PC12 expresses TrkA
GNTR

and p7 receptors and may be used in a competition assay with labeled NGF 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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agoni sts may be screened for their ability to pronote
nerve cell survival. For exanple seeded PCl2 cells
exposed to serumfree nmedia have reduced viability,

but the survival rate can be increased by i ncl udi2ngpril 2006
NGF in the culture nmedia. Putative agonistic cel
targeting el enment may be screened for their ability to
pronote cell survival in serumfree nmedia. [0045]

bRieafiréORNKB Srdano fThdoRYSlkE pRRPhE T RS 16 B A lidh fively, the
oxidized to foama cystiene knot notif. O her growh

neufptrephen agpRipty Binﬁlglgprray ebedeiganingd byy pBMIRE @i Bopumber of
(
PR es StheEbioh H I ighitng el dor itbte B prc
oaLAldNawrlmr@ﬁSsldlk@ 3the @9 I@uldkdow howi dmidetect 1he radiolabled
dotro orpn.et a e 369: 455-61,
PP 08 R rab PR RimuBouigBhe nifiien *“Ner: has
three dISU|fIde bonds bet ween cystei nes 15-80, 58 108

d 68- , Fbterologo expressi on of BDNF in
l@grﬂa t?P?éW?lﬁ, PRk ﬁéf\mrsﬁmg npPopes thai a§u|awzfénotrophm

fighd My bé M&d ﬂﬂ et mﬁg@&ﬁcﬁm Mmﬁ@h s@ifiday. '71% sxample

Shim zZu et al, Biosci. itech. Bichem 60;
S@%?Clkcellh expesedrini seann-fioo| medipthaye reduced enahnlwtanbuio the

SLQ'WVXI fa%: &ﬁjﬁé ﬁcrpﬂg% It g/ dm?lft]ldf'ﬂgnﬁ@f‘olhr E g:m%er%g(?lgcel”utatwe

esi dues not eceptor g nmay b
aglmhm exéll tangelmgj elemenanyhag it m'e’eﬁed dai the@abilitheo E}ﬁymote cell
avoi %H $ !g blens associated with disul fide
SWEVABSTHE T PHE%f ul | | engt h neur ot rophi n.
Furthernore, a smaller neurotrophin binding el enent
nogenlc than a full_|engt

be | ess i
lqr@é} ot Nﬁ:lmtrﬁp HOEET SPF cyiene Jpsigies thet ‘i‘ffv‘ mm #s form a
cFXiShERRR HAT) cmﬁ& grol¥eh %«m NEQuABY pd?eletrﬂéﬁ’véd gﬂwdw factor

conventional techniques o delete or substit

(RYGFe{ Qrdnes ot tah aﬁMBﬁ| 5/ limb921c%ﬁst1@94be tﬁae@b@ues gmveth factor-B
CRIESG IS Bebds 491 3008y T34 019290 IRt Shhfrowopn

(Iaalpﬂmrdoet attNamte 360: éi}%-ﬁk,i 94y elso diaes cystiedlasd mdidt. &Human
Si ent at  the LRO carb
"ERUSHS bR BT Dot A0 sl R Bidro.

Hdteﬁﬂdséolud ?xhﬁMbn bfi BRI i SE. eOdlp désalta tis ,10t fgﬁnﬁ hhgi nn%roper

s of the 1) tein ues .can. _be. oxi di z

B8 afing. posplRoinc e Bioliaioel GERWGA P IID) fafh dHosl

BRéchaBibhem| 60; 9¢1-98%, 1906 RCLOMP rdcoR®thalipolfpyedd sfahddnvention
means, known to a _person skilled the art of protein

oty cipludgsya gogtion ﬁgtaaﬁE‘é:mB?Phé'i‘ rseqenerat fedifues\ pethuplicated in
receptor binding may be deleted, including any cysteme 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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being limted to any particular theory, it is believed
that formation of an intranolecular disulfide wll
stabilize the hairpin notif, and may increase the
affinity of the notif for a: cognate receptor. THReApril 2006
probl em of m smatched di sul fide bonds or disulfide
scranbl i ng can be avoi ded by including only two
cysteine residues in a sequence. In one enbodi nent,
thehbaiiin mdtiif dmymiswdbd mowntd, oheygigies resithep hddddeso that a cysteine
halr 7]...The nucl ei I d _bind]

SR oPisty: b, ppine A cendeh BGnERE Rl BAHGE form 2
inttehodtoulaaclighlfide WnihBr vaions ¢uBdogiateaRe icl thibl @Foups of the two
sequence-i ndependent, manner. |In one enbodi men

CHRIEIFE | FSI4R9S OB R ABCEPRntn fos a8 Expenesalan gdléulﬁﬁee frond.
tloﬁ' mé Hﬁuﬁfd@rﬁdﬁrtl% Qr{gzgmg\%\gg %c&z'%&t bt mBAR known to a

i nc exanpl’e, onal NS from
PPESQIM§1§ﬂ1¢¢)tthQ) artfof qrotein, cf@‘n@ryalfblymskaam(byl @ir oxidation. Without

kL RAER 0 Ay | RSN AB0RLE 1 vl Dyt -Cefhioncet on

uftpamléclutaf disnlfida atill stabilize &ema&plmbte@ b/ Bhy iHcER0the 28%nity
atively

of BRBP Uk i SRV PP T CoRTaBlsER A disullde bonds or
dRtHREi KRMbing an HaNArolied BynBic Rl V\EEMY Y cpgeﬂs Nbd®Rs in 2

fromthetranscrlptlonfactors ose bi ndi ng

sefysRaCn S opA eaibAdigient, Sivedigiidaeondds |abmer9gels end ef the Athairpin
ifs: helix-turn-helix proteins (?, Cro, X cl,

E.coli CAP proteins. Lac repressor, Trp repressor

(Steisz et al PNAS 79:3097-3100, 1982; Ohl endorf et

ey Bl i B0 Gl ey BERLT R peaf ocuon? st

bRy n@eie i&lﬁ i eikchemle egpﬂmjen@eclﬁé\m eon@apaedhdep &ménMﬁa'rm%r In
t

obghRbainef e st 814 Bichag Sl lonal R ingind gment. DNA

bididing6demente agaaRmal ih th&nitzald atluad, BABRmpld,3he DNA binding
4518-4523: 1991) , ster0|d receptors | euci ne zi ppers
doymging; flem Eepispption flactorsc Gengrallygepgpkingretgmpeintions factors

g&ﬁa?ﬁfyalblh?l Iﬂlﬁhﬁ% Bhucdte ﬁ%cﬁ’fbclﬂa&f'ermﬁhaﬁ‘}@n Igl;:by “se uence-

hel i X-1 oop-hel i x protelns(l\/y and c- Vi nr
specifictj g fbet ths recepior Beletivedio 19cognidesta spewtic 1sRqukped, | or

aﬁé%ﬂa@ﬂ(ew snl | fhfib@TY Iolhk\gfﬁy ggﬁ@g&%@b%{h edrn%sex?l%éfﬂu?n% the

Inlo t r uc
DM birsli8y GleB8 G- BSP bt akaysd fuaht éienmnsm@tmndhhens Witde DNA

S i TR Y e
pfoteme @l Cro, A cl, E.coh 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 MATa2 (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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[0048] Many transcription factors are cloned, and

their sequences are avail able on public databases.

Al ternatively, the sequence-specific DNA-bindi ng

domai ns may be derived fromproteins that are nof2 April 2006
transcriptions factors, for instance restriction

endonucl eases and the like. In various enbodi nents the

i nvention contenplates the use of fuII-Iength DNA

(Miend Ag: SRMAVIASTe tp?e%ox‘éqt’ hilESS, Uuﬁ%gﬁﬂﬁ)ﬁu&f CDM%I 1: 89-98,

bi ndi ng domain that retain the I nd

108b4Bpre) gt whiYague HOHSE-BHIEMe mlsmanMy Dm@rbpm thipding

S hohots, A g, BRANEGECALESBARIGT o K o

rqzspommeraldanmﬂbﬁchHIWth little specificity for a
specific DNA sequence. Suitable sequence-independent

bi ndi.ng el enents may be derived fromthe am no acid
[&BIB]J enadsanyofransEretiohlfadid B die Wortd "Bl d tBeif Eeqﬁlb&@é YreB98ilable on

gccf r%s such as histones or prot amnes. In a
Pgw atabasesniddigrieirely, the sequrpeersipaeifia PNA-binding dognabmanay be

d@l‘l%‘ ﬁgm ﬁl‘?ﬁ@ﬁsn tHaf ot %gp rﬁ%%ééi"lfé%lgss L{qg&b?? AroDYinds B'iﬁ [5 ek Yagthiktion

et al e Therapy 2
en@mdmsng agbthadikee:In smmmmkmme(@mlbmcmmﬁmes the

9 h
s LRl R Ay IRt g, A% i o Syl s a5 DA Bl
dcmamhatcetﬁmltqudity CtEblﬁdlﬁN&S pol y-1ysi ne,

pol y-argi nine, or any other polyner of amno acids
havi ng basic side chains. Cationic polyners are

[60ab] eveadl vifoli ofisbr iDodieRtsS ﬁﬂmﬁ%lhﬂﬂf %&@ﬁrﬂmﬁaﬂﬁ 8in a

t hrough el ectrostatic |r‘1‘teract| ons between the
seERSmndensafisntananigy Bk “saqueniccingependsnt’, deiisdmeant that the

pRIGR MfAfsEDNRAGHRORB e stmﬁ'&Wh gmbs %Q&iﬁg %I@Rdseggeng? Suitable

person skilled in the art ren
sqqueraegndapsndept thiding leagnitomay ol ;lmredaﬁdem winlido acid

s%?glé%c%g trois‘ ﬂlﬁw% lﬁﬁ&lffé d&!ﬂhfﬂ@ %f lnrg‘(i)nb b%gr}po%ms 5}1{::1 ﬁgtones or
pw(mmmdasl 12@ sp2cifip renibo&lﬁﬁﬁt r’th«t DNva rogedigf elbﬂil@ntclatDN)AHﬁndmg-

PR RE Fasrom i EREaed i AP Gb E ik foe ThEraB S as05-15)

aifd had the<isl16Finklskdtien&=Q | D NO 10) . As di scussed beI ow,
such positively charged domain may al so bind to cell
surface, and thereby enhance the binding of the
SPRREPKRSPRASHKE O(smQNaw @fo:qpli n receptor. [0051] A
person skilled in the art can readily identify other
sui t abl e DNA- bi ndi ng

[0650] 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 overail
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el ements. For exanpl e, sequence specific DNA binding

may bqg assayed by conventional gel retardati on assays
enpl oyi ng nucl ei ¢ acids containing one or nore DNA
recognition sequences. Alternatively, where the D8Mpril 2006
bi nding elenent is cationic and binds in a sequence

i ndependent nmanner, DNA bi nding may be assayed by
nmeasuring the el ectrophoretic nobility of the target

ﬂamaarrge ofite patRaRYOBNRAIIn @@%&m enfbdinleat @Mh@bfe}!&t m\lénnon

B BN i e o b . .
cﬁécﬁ%ﬂ%e%ﬁ&%posﬁ ng"\éﬂa{ H%Bﬂﬂaﬂl mbY G rb régl dsﬁgm;& and

m gration of Belative ot oun

tigreby @h@@‘tertbphmdmg iof thedbirpin myotiffo & helrcmnhhlemeqatmray be

determ ned by conventi onal agarose gel

el ectrophoresis, and the DNA visualized by ethidium

[pOs1Yi deAquﬂsloﬂ iskitjed {006 Ak chinreadity ﬂﬁﬁtﬁﬁloﬂﬁﬂ buitabReDIPAWinding

Elndlng | ement and the cell targeting. elenent may be
T SuoE, exagpl Bxdprnee spgeific AP Piddingipay) b caspdigd by

BhvdnliendlUgl Ritdatan sy REpRE Y ﬁf&?e% aémyc&ﬁamg %!n@ Bf knore

| inked to the amino térm nal res

INA gRecogTiliQn sprAumRCes.| OﬁB@‘}latEWIYleheé@ Ghe %dﬁﬂ@ww@ment is
c{df‘@m@ Qhy 9 %é %ﬁ&ﬁ%ﬁ &H r1ﬁcﬂe§ n&ﬁf@ﬁfgﬁeg, I?ﬂA' lﬂﬁﬁﬁ{]g Pﬁ?%lét%?s% ed

et ween e ce
byl mmntmg dhee nhampém etib emiblﬂky nifnidie nggetnDNw in the presence and

t ff
oBEAPS bl A RV EREA Binafie §esphen DuSh Hinhelfy B tasians yper
willnietiease the Ienthangd on Merndﬁnaﬁﬂ@ﬁg leJentcat e@ﬁ;kle;gtdﬁarwﬂl retard

the |inker sequence is

5 I.n one enbodi
"i“é 8@?&@‘%1‘“‘5‘%@? |Q% a‘iﬁgy‘m&%‘?}‘od%‘elt“&mt% @%é?lb%und DNA. The
eﬁc&ﬁﬁkﬂ&id’m&ﬁ]ﬁ 1 df ﬁi%&fon%?éi@@ﬁﬁ%bg a&ermiifdd Bﬁ‘é‘o‘n’v‘gﬁmﬁal agarose
steine. 21 1 ril 551 Suitab
ae ﬂﬂfé?%%@&lérané Iﬂtf’r%NAé"%hﬁeé bbf@thédv@mnpl@ld& spéiBDN
skilled in the art, and include polypeptide sequences
of | ess than about 20 am no acids that contain a high

[$R524 e nt Tagenco pmberimenty Hich aPYéd bmrhllaoelancrdsal(ll the.cell targeting
QJI]ﬁ/e‘ﬁt Hﬁy be %Hltgm%l% %reegtgzlnnl% the é’arl?o%é Qemﬁl?ﬁ gsrfu[% ﬁ)@%mﬁ?ug}glc

b aci ds,
apndrlnnding gh:ntmt gay ibe ceomiehtbl hddedh ¢o thesamiue seraital residue of the

ticula referred. [00561 Alternatively, a
c@@%?‘%P@ PP#% r/ spacer el ement nmay contain a sequence

known to adopt a specific secondary structure. In sonme
{rbdi nt.s, the |inker
[& 53? n él?ferent emjbodxments, the polypetide may further comprise a linker

sequence between the DNA binding element and the ceil fargeting element to enhance

the DNA binding and/or neurotrophin receptor binding by providing sufficient
conformational flexibility to allow joined elements {o 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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sequence forns an a-helical structure. An a-helica

I i nker sequence may prevent successive functiona

el enents frominteracting and/ or aggregating. In a
specific enbodinent, the |inker sequence is an |L2April 2006
a-helix and has the follow ng am no acid sequence:
TYLSEDELKAAEAAFKRHNPT (SEQ I D NO. 30) [00571 In

anot her enbodi nent, the polypeptide further conprises

[0a58li sulsShitsige llﬁlﬁﬂi/spdc&ﬂél@:ﬁét&@ wolldteatowdieth "ég)ek'éomskﬁl@d §Pthe
any specjfic theory, it is believed that
ath el ﬂf“i@&&%@%@q seqnangesffilpss dhanaabout 2haming|agids Ithat yontam
n t k
* Mt ey i SO FE0 i, By, fronioe
WmleGmﬁwne and rshptaniiog). l§¥ theﬂstumnmg ands lmkers w1th a hngh
I f,i de bond
per e B GGl 3ha B1y3ihe Ll DR URuin Iy Betdtids ©° PO
favour of the nost stable dISU|fIde bond I n various

odi nents,, the po tid rlse ot her
["@g@men teﬂ"ﬁ‘gf’ely’c%lt%’aﬂt%;’g%ﬂ R elsmsmh GHAY SEOREAT it SPAMEREe
kenUR) hddpta bptelfiedicdhdaBlbtridire | inséiB6 eBﬁ)odlB:[eﬁJ sl r&% linker
pepti de i sonerase. [00581 In another enbodi nent,
SeavANgY) é@mpsd@n @d;pbpqlssé@c@rqmmecp-h@lmal élgl\guspnuqme naay prevent
sulaée%fljvg leifetbRdl él@lﬁ%ntg Hohd ntté}{xcﬁltng%d%r %Fe%al%n%g In a specific

ion or purificati
embaﬁtmmtnféeﬂmgs SRAECISS wwmﬂba—lmhx pmtl;hah theet fotlowiag talndto acid
“ﬂg%sebeen shown to have affinity for divalent neta
IYons,” such as copper, or nore preferably nickel or
cobalt. It is known to the person skilled in the art

i 1.1 1. dj t y._be _exploited in
T}%M@*@Ef f(sﬁét chIPﬁbn%{f)ogr aphy (1 MAC)
protein purification 22 12 April 2006 step. Cenerally,
th “his-tagg rqteinisincubatedin solution wth
O%if‘ésm pimgnt, thgpolyppriide 5@@@ cpmpriges g glispifide bond

1S(§lﬁ§5’s‘é' a\t\’ﬁhﬁ‘ﬁttﬂ'én{ghlﬁm'tém Bl 's%é%ﬂ“x br’ 1t‘4§135[§:@§d Hmt disulfide

pr oteins that do not contai ag are
boxdaiyomeansee actiyvitia Wil sphasee ghe Sﬁeb!hbs stawgge@dpfomleg e the

PR oy b TR 55 5k MR i

ator su
aggieghtiopo by evstinaitg @ny dfiteinmiletato| disulfide bordsy t']fhe difulfie bond

B N RO e e ML L

bohil.s d0)variblls ambpditehts,Cihe I’ﬁ@l}l{ibﬁ&ﬁt may b&m?ﬁéey‘ﬁﬁ@{ éléiﬁents that
sao)

rlses hlst i ne-ta ten residues
°aﬁfyg P&‘?‘F\‘é‘ §J i ang SPg@fl}tY’tlﬁ‘Ele‘Qéﬁé‘t agl linv 49d,to, proline

peptide isomierase.

{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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since the i mdazol e heterocycle structure in histidine

di spl ays a pK,, around 6 thus possessing a buffering
capacity in the endol ysosomal pH range. This property

may facilitate vesicul ar escape of DNA through d2 April 2006
"proton sponge" nechanism [0059] The pol ypepti de may
conprise one or nore cell targeting el enents,

operably positioned such that each cell targeting

steg). eﬁalﬁmllyajbebﬁlisrdhgged arotedn isaincubatedrin solatienp tvith. an immobilized

BRI AR R S5l R LR ELPLE ), whers

profie I’ﬂheﬁ idB Qol&ynaik B #is-RBAre-RAshed ANGLt ARG a&b&ﬁﬁ@tstmﬁne BR-
partl cularly preferred where the full length

tapandRIPeins pith @dtech off the depmobilizes] mstal sugpork byrdle mgdntwn of a
mbBal GeBtdrR0&H ¥s EB% aWaehI%H%& J,feh&ﬁlohyofﬁ&fggﬁag aan length

receptor, (eg T am’l'y I mers or
ofttbe éﬁbdllﬂlﬁ‘di@&¥ Prdﬂﬂrablyl @ms@asabngl(Hdss)nagldl mowxmﬁetﬂy 8 bn10

B (AL R0 oL st Ho PRl BLbRiphok e
lugtilm&%g Ioﬁ temnesidndsq@isipn tHistdiee pgs yag ralmct’acmtafmgdns &i8livery
CTTTHTEVKA

he, fol |
sifge, i SPIRYOIRRRFIBKIR SFigtise b INGEYe (e B0 Refronad cibis
po‘é@e@ﬂﬁ@ﬁ%um@_@ 65}%@} ﬁﬂthesen@amsamqﬂme A oﬁwg‘y

hunman 10-1ysi ne sequence that ca
fa@lbfaéﬁwebhamw @Wﬁﬁhreu@ 2 ‘(rapfon eponge’ weehapism. The
hairpin notif consists of four am no acid residues of
| oop L4 of NG and parts of C and D 13-strands of NGF
[0059]st abhd ipzb'pbpi@lenmaw‘aimmismcmbnm mone cofl thtgetnhg)@ﬁbments,

ok 300 B 5B Sy SR ER RS B e

reeaptancSumlmlvs tlieu polypeptide aldyl coresin bwultipie DNAL&;ﬁdhdg cleidts.
- bet veen C80 and Cl108 after %‘ dation._ [0061]
F PR P RRBSEE FERPS 1 ors e BROER} fareeting elemspt may be

patticalahllyi plefeRO dhhele IRETRITAE S NG aﬁdﬂ)@ﬁaﬂyﬁ’bﬁﬁﬁtcﬁé"}é&gptor dimer
termnus._of the hairpin notif and the pol ypepti

astif ey dypb Jio%e ﬁ?o%‘rﬁll‘iﬂg’é@o%ﬁwfﬂéicﬁlbv\/ﬁm guchies) tREARTEY, (eg Trk

i gﬁl}{%l\f(}{% Tt QGPIWDVSGTAPV W@fﬁt@%ﬁp ected

towsg@ﬁwmmﬁ)hw THEGNAID NsioGpTorElYS IAFRRGBUDG:diated
enAGREMKA V\[‘AKDKNKAFDDVMAGKSVAPASCDVDI ADHYALGVQLGVS

[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 -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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GTPAVVLSNGT L VPGYQPPKEMKEFL DEHQKMI SGKGST SGSGHHHHHHS
AGLVPRGSCTTTHTFVKAL TVDGKQAAWRFI RI DTACKKKKKKKKKK ( SEQ

I D NO 6) [0062] In another enbodi nent, the polypeptide
conprises the follow ng sequence: MEHHHHHHHH 12 April 2006
HHSSGHI | EGR HVBPKRSPKR SPKRSPKRGG TYLSEDELKA

AEAAFKRHNP TGSCSVSVW/ GDKTTATDI K GKEVMVLGEV NI NNSVFKQY
FFETKCRDPN PVDSG (SEQ ID NGO 7) In this enbodi nent, the

thid@idfnfdnRioiBlt stfuctute i@ mﬁfea&tﬁ@kheéﬂ Egﬁﬂi@ Hisulidandnd Lorffed Be#veen

together with A and B (3 stran derived fromresidues
C8pand 188 afieralidatior:.  (SPKR) 4, from Hi stone HL, which

can condense DNA upon binding to the mnor groove, is

used as a non-specific, nucleic acid binding noiety
[0 ad alee adkFhearnemBRatimeNR thdBiRsbBe picdtin,y aB GE-cal) 4disulfdl bond

. 1997). Th | t t ed - .

isqharyeb b EREL o Be G- il B B8 BBt S0 gtypeptice

in SRSeIREUIRG eﬂmompheaae&dﬂo:lﬁ@ﬁ@m hce;act i og_ o:‘j “the cell
argeti.n t _an e Ic_a I ndin

B O b S inAIBORES | S RELS5 Ot BRER Ry,

LTNBeVIOOp SOLEKETIINGES MITVSCEREV ONVIFRMALEE C ephoEsEMIThe
el : ¢

YI%IF%E&&Y Iﬁ g?‘ék g eg%KaIRl 38%’?"9 n@%b{[osed ‘i’.ﬂg?ﬁ&;ﬂﬁ@y

DABBENERIHT | @éﬁww@npb‘é\msvm ﬁS@DiVDHzlﬁi pYRLGERIAVEe

Gm@gw’/@gﬁ@t bﬁ@peu@#&stmanﬁﬁé' %@s@ﬁés@sdd%féean HHS
i mmedi ately before as 17-67 of human in order to

AGLYBRPFGTat €¥H?1F1‘€‘Afl‘6’r TSR ABRY a %I%P‘FIFIH% BEREEH t(FEQ
Icyst& ne 58 of NG-. 24 12 April 2006 [00631 In anot her
enbodi ment, the pol ypepti de conprises the hairpin
notifs of |loops L1 and L2 of BDNF (aa 22-74), (SPKR 4

[0662] 2aNmalaRbfen edmbodihetethé 0B | fisee el kawwise
am no aci d sequence: MGHHHH HHSSGHI EGR HVBPKRSPKR

SE@PRISPKRGG TYLSEDELKA ~AEAAFKRHNP TGSCSI SEW/
Mcﬁﬁﬁ@ﬂﬁﬁvﬁam\éﬁ IREDKRE SR K prRYPRIG MR MepTiR G

ARG SHIon TERE N BT ATRYA hEPRILEL MFTAYF Qe
mekcmml euDsy (Brocomvent7ional chem cal neans, for

exanpl e, solid state synthesis
In this embodiment, the hairpin motif is generated by loops L1 and L2 of NGF,
together with A and B B strands derived from residues 17-67 of human NGF.
(SPKR)4, 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 eieinents are separated by an o-
helical linker sequence flanked by flexible glycine sequences to enhance independent
action of the cell targeting element and fthe nucleic acid-binding element, in particular,
the flexible interaction of the loop structures with neurotrophin receptors. The Hisg
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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enpl oyi ng t-Boc or Fnoc amino acid derivatives.
Alternatively, polypeptides may be expressed using

reconbi nant DNA technol ogy and an appropriate

expression system Particularly advantageous aréd2 April 2006

cel lul ar expression systens wherein the gene encoding

for a polypeptide of the invention is transcribed and

transl ated. Exanples of suitable expression systens

i ncluded but are not limted to expression in E. Coll

.., Cerevisjae, Piclria pastoris, bacu)ovoirus/inseg

(00641 < BRIl dspbosiusibnie® RlYDeifle£PGBF ok, D e moits of
lo6pd LM hd EXRIFCBBNGN(ah M S t QpRa-

cﬁ%yeﬁﬁ%y cqnstﬁ?u??ggagg’?ﬂgggﬁbﬁg§§§6ﬁ teﬁ%&zggg%gTd
compisescibe dallpaing atnipoaptidisaguenesy be purified and isol at ed

fromother -biological or chemcal constituents by

conventional techniques, including chronatography,
MGHAAGABBR e HHRFSEHIEGM ANGPERFPKRI KBPKREPERGE@r | TYHSBDELRRe

ABAHFRRISS RCRESESSy MXabBcay e SRR RY R e! ewpcezg{aeggxﬁé e
or chr ormltagﬁgraggl c techniques. The identity of' e

QPTHETKCRR t (e FByWHB30 be confirned by mass
spectronetry techni ques and, where required, by MS/ M5
sequencing. 1. [00661 In various aspects, the present

ent 'bx Pplypeptides obthisciovention gan be prdpared byaoéthiods known in

(60
. f ' ' f i ny-ent.i A
of3HE5 i YR AR o YA
empoying it tor Mndcedntinaacid deribvaiues.e Lhterodively, dolypeptides may

ol ypeptide of t i nvention. The nugl ei c acid may be
bR 1ilRe Fertptt Al A Bns ok Pi 38w naiengypesssion
sﬁbfn?ﬂﬂh&ﬂb?tﬂiﬂm‘alnﬁgafug raeégikeylgﬁa t@iaﬂ:resc?sdgr @@Dﬁﬁﬁ ,wlﬁi’éidn_ HRSgene

refera Cirg oub) ed stranded. encodi ng
cropng Gt AAOEBIS i FRCITR riFarBeT e Fus iangplecs r Ffappdps of
sthta B8 lek PiesHKAOMYRIcHRGHANER W afd RotRRhiYRBdxBRSsibS i B, Coli, S.

met hods _known in the all. The DNA sequenhces for

coiaisies r Bishion spagiosisk regploenimsinsgst spile $xprossipni systems and

e“g(g%aﬂa&ﬁé i Wat@S @ﬁgﬁm iV Nof & Sﬁkﬁgg&:sgﬂ;% g& g&a?& by

rotrophi n_sequence, a person sKi

capsiffutieaatithdncihds prpmotdrs.gonucl eot i de priners such that

DNA nol ecul es encodi ng fragnments of nueurotrophin

sequences could be anplified from neurotrophin cDNA
[0065]ni . WA daprepsrdy pelypgeide hannbé gagified nandSisolatalr Ifyom tokieer

.n ' n ol l.i nker nce,, histi )
-hlf));g{gglgtn%d ﬁ(ﬂ%}ené 7 %S%&]gﬁﬁ% elblérre(fﬂnge esneti ga Ctgclnllclluség,l nlgceludmg
chromatography, immunoprecipitation and the like, The purity of the purified proteins
may be assessed by electrophoretic or chromatographic 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
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may be derived using an appropriate genetic code.
Preferably, nucleic acid sequences conprising codons
with a high codon bias are used to prevent
m si ncorporation and high |levels of protein exprl@Apmil 2006
in any particul ar expression host (see generally
Cal derone et al . J Mol Biol 1996, 262(4):407-412. In
various enbodi nents, the nucleic acid nolecule
Cs‘iHQIH bﬁ"cﬁx‘éled Be ﬁﬁ&gﬁf&gﬂ?goﬁmsﬂrﬁdw an%l“mos%?@t&@bl@@mular
an
dorlblé@ rﬂ@qanﬁwt niblAe ieacadéngd tlwo pelyperiides Q hﬂlep rlwg@tmn may be
[ £6
cclgifibh BBIBY Ky SRREhl 5 i pbifp B 2R Rl iRy WGy jn
thexanihe DNAaedpreoacds fet nalrotraphinytire kudwn and avallagle 1A public

ca g S1EH § PRk Wit itk Bten: bl iy IR sedbbnic,

peleg |sRilled ag sk 5 lcss WagBy ABNeD6li BI'eSt@clé fimﬁéi’@tsﬁ&lsthéﬁﬁNA
u3|ng techni ques such as disclosed, for exanple, in

mqlecalasregceding| asjsematof KEeurgiraphin mgenceancawlﬁéaesmmhﬁaﬂ from
1135’1%&8% éblégs 010 @1 g}i [00 %ﬁ eEhEﬁl} %tl’gﬂt engﬁmm the

96 and 4, 3 Nucl ei ¢ aci d
nunbbtaimﬂee@eunwofaa Knkehepqensk shistinda taps codicleid bn@ymg clements

m Zbgeln gd t‘gl?ﬁ ?Rr{)?gpg‘ltélb %txc ngl PR Ift? %ﬁgunugg%cayc?c? selgﬁgnces

coﬁ:pfismg @bdhﬁ:s weignp <h{rg<brntoﬂox|1q bias hreamseﬂ) it® bmgemainsgloa@mﬁm and
. it wou aQt herwi se be associ at.e

h*&jﬂﬁﬁs of; protaix, &XP%‘O’E H £20 HRATHCUIAT (PRPEESEIgH HOsh 6983 rﬁ%}emﬂy

Calldebdlel et € IRV B1bRISE, 262(R): w;emedln Wﬁodseérﬁnddﬁﬁéxﬁé QR
t herefore includes subst ances purif ést andar d

muplgici ik melcshlefopmoRs the, seqpenqe QisSEQJB%th PEQ 1D 8936,
SE(%em Ca?ggﬁg SEONPYRSI PN in a host, as well as

[y synthesized substances. A variety of 26 12
April 2006 strat eg| es are avail able for conbing and

[06&7%6“ "ﬂ% feggllnﬁ%le - fl}kbgllc% ?xﬁifgcb?e op h%%lf{e)sgﬁfi ﬁggl?%lel may be

endi'ng on ermni
comstaictet] by astandardttechizued lgmvado samemisi skidbd @ the amamggteswiilbdd,

for B0 . SeBRERICE ity S SIRTsfr SiSime Ac Sy M, I

Edifidng atdlar Spring ®laybout, NEatobitordyr agee g odisd maraltdxg al@ehals.
in. the er. frane to ens {é{ethat the resulting gene

Nusleitaeid BlecleR Rspe Shpmif osyndisiged L8 Hedniqugy éé‘}h as

difoRREd) 26r SARPL, npfxtakﬁls et VD PhiAT0. 1Y, 518! Ojlgscﬁxﬂth%i‘spét PR YAt
vector co risi ng he reconbi nant nucl eic acid

Narbfek06s 2ug Itelgea PWHﬁtRﬂtﬁﬂfS Note 44847 anceds3 0. pl asni d

[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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or a virus or virus derived. The construction of such

a vector by standard techniques wll also be well

known to one of ordinary skill in the art. The vectors

of the present invention may al so contain other 12 April 2006

sequence elenents to facilitate vector propagation

and selection in host cells for exanple, coding

sequences for sel ectable narkers, and reporter genes,
stialepies dr@ apsilablRNor Skinbing And Nightigs ﬂfdhudtlam nﬁéiéictdcﬁﬁmotebﬁes

ve éﬁ% of the present invention may i se a
%@ BS 9P %eqlterstqrdh%t%rm@.ﬁéheoﬂwrmlpl@q @csdsﬂo&eu liggted, a

su@tasie @H&tlagya%m FRGRORY dop@RnSlol e skﬁéh%%e 40 RY% lﬁ%éla rent

vect or t he pr esent |nvent|on may be | ntroduc
tog perrgntskidled fin thwart@ﬁ mﬁyulianblblsn@, the DN A fragiperiss mustfbe hgated

m\e/ﬁég %)goij.%f ﬁgré% qg eﬂgw?é ,ﬁsa{] F]le 158 qt%}% gehe tJ] ﬁodes gﬁlr @1'3 (Sjigglrerc]l agilmo
acdbsdekigermeont ai ni ng an expressi on vector of the -

invention. The terra "host cell"” refers not only to
the particular subject cell but to the progeny or

[Opﬂige Nt Aabther 2@edtior e iavsiltioR pfdlides aBESPHSSon &@kdromprising
i fications_ may occur in succeeding generations due

the gecampppapt %@I%Mﬁ molgryle of thetinvpntion, Thevestar srrydie a plasmid
ored”\Vszod}r{Eﬂs 3En¢ré?1f II‘]He,eE](ﬁl% ctRU G sREPS %Fn?f 11% stiiRfard fe{:hqlcﬂucs

entical to t parent ce t are s
Wlllmﬁml@ba‘del\l\llqltbwm tot dme 0§ oubmmﬁkdlhe theeartn ’Ehe veo’smloﬂth@ piesent
r.oduce

ereanon ma EIE confain o eF ﬁac%L egce elslinexftp g% g g?, vlgctor p%pagatlon

conven I"ona rans
arileseleoti gpuimshostéedls far examplel eothiigOsaqatncen forasldetable markers, and
refer t.ec

"transfection” t h ue f r i ntroduci ng
roplyfe oo KOPRR 40 Beamns Sl aHBe it i Additiop (4 vHgor of the
pﬁﬁh@in&léﬁu@hﬁ@p&b‘iﬁlﬁls@ﬁ s€qilefideldn rﬁlhie@ﬁdldé%r one or more restriction

cO- preci pi tation, DEAF-dextran-nedi ated transfection,

englonuClease teCPEBURTSIeS- pof ect i on, el ect roporati on,
m croi njection and viral -medi ated transfection.
Suitable nethods for transform ng or transfection
[OAgHt  cAnl sxprsgonepdtork@lothn presenthiaventionanay bamtrodyeed into a

k | |
110 gérfll})hgxléﬂzm%}g Elgglg grcg?%ﬂ %ofeetxgxae Sué%NF: p?ﬁt’ginanlc%ded by the
e)@msa';ing vetdob oA cdoadinglnt the mmnMsaléQﬁ&&)dps hestctelis dvataining an
al s. 1.A $S or or
lpFRERE by JFO Yfen b LR o st st 4185 PGy 18" the
pammlalsﬁbjaml g}l bustoaheipiogatyest potendiabprosemydf,such a cell. Because
transfected", or "transgenig'. A t rans eni c
copth PRI JPRY 0Pt B e 7 Giear,celplar
ditfBentietioh, Mtation 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 techmiques. 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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organi sm and progeny produced from a breedi ng program

enpl oying a transgenic organismas a parent and

exhibiting an altered phenotype resulting fromthe

presence of a reconbinant nucleic acid constructl2 April 2006

transgenic organismis therefore an organismthat has

been transforned with a heterol ogous nucleic acid, or

the progeny of such an organismthat includes the
lipbfeRBGE %trg ur\ﬁﬁ&ging tof ﬁ‘fxﬁu‘avﬁxeﬂﬁ{%ﬂct}a%sfe&fo‘?xv islfshle

a transgeni non- unan ani mal conprising a
metkais foi tnausformmﬂ @i teansfacting Jmst mﬂalaee welt navmip the art and can

ol BRI o TRER aFRToRk ot M ERE: s R iberiRly Mponat,

3rd IEfitiond e Bprigg I*IEI?BdSr Lbllﬁ)rau@r pﬁ@&» QBOOA@)Qt&ﬂ @het laboratory
nsfection technique used, only a small fraction of
m@é‘&ﬁs may i ntegrate the foreign DNA into their genone.
In order to identify and select these integrants, a
gene that encodes a sel ectabl e narker (such as
(00733 stAsel tissue, prgnil.ior orgapism intoywhich hag basd iteadupash aofordign
t [ L ne. % st .« 5 e
R oBL 18 BB bR PD o Bhel BEBCR! CirabdgBl< ok
tran@n&t a:nd:ansforunbducgw OrS brgan@amn al@dhﬂcludip,sgpmml off ﬂmdcell or
nmet hot r exat e. ic.acid C a sele
R PO PSR PR RDG PO HOSRRLETPOGRE o esah
orpihPls @parbModnd @REIBRINE @n taltered PREAIEDE 1QIMARUIGN e FFo3ence
e introduced on a_separate vector. Cells, stably

of 4 Zprombinagh THFIEK 10iE CORTITICH b CERPSERIIS organisE é theyelpre an
or @%@ | jthat REL lﬁ*)éﬁ Ao ol S 9ﬂcteio%&>ﬁ; nhdlei®38d, or the ¢ progeny

di ment, expreSS|on Vect or conprlses
offsgth amqngam@edmémm@desm@nwm GHeTImARGIT IGVITRGETIPESts

Y el T Rt el 9B TR el

aciIGAABABCAGOATZT TaAGCCEEoAnETHETARTTBEaMPnGAAGACAGT T150
CTGACTAACAGCGGCGTGTTGTACATCACCGATGATGGTA AACATATCAT200
TCAGGGGCCAATGTATGACGT TAGT GGCACGGCT CCGGTCAATGT CACCA250
[00TBAA G ECTbie napsdimhaT PEammaoaien Tl il AC KT NGRRCGEPSUiing
A A e (

R R, Al g o

cenfmmm@m@mmﬁwmm@emmmmmm

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 enofading a selectable marker may
be introduced into a host cell on the same vector as that encoding the peptide
compound or may be infroduced 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:

ATGARGAAAG GTTTTATGIT GTTTACTTTG TTAGCGGCGT TTTCAGGCTT 50
TGCTCAGGCT GATGACGCGG CAATTCAACA AACGTTAGCC AAAATGGGCA 100
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GATGCAGAGAAAGAAAT GAAAGCTATCTGGT GTGCGAAAGAAAAAAACAAS00
AGCGT TTGATGATGTGATGECAGGT AAAAGCGT CGCACCAGCCAGT TGCG 550
ACGTGGATATTGCCGACCATTACGCACT TGECGT CCAGCT TGECGT TAGCE00
GGTACTCCGGCAGT TGT GCTGAGCAATGGCACACT TGT TCCGGGT TACQAGNEXil 2006
GCCGCCGAAAGAGAT GAAAGAAT TTCTCGACGAACACCAAAAAATGACCA700
GCGGTAAAGGATCAACTAGT GGTTCTGGTCATCACCATCACCATCACTCC/ 50
GCGCEGET CTGGTGCCACGCGEGTAGT TGTACCACGACTCACACCTTTGTCAA800
Tm@@mmwmmmmmm&so

TANEGESYCE mth@mmnmAMGmbedmmaG;rct NZEI‘C-BNACCA 250
ATHGAESCT ITTRABGCRG COARATHIES THEARAMRAGR OGATHRATSETL E30e:
TWMMTWWW@M@A@WWO

CTGAAGATGA GCTGAAAGCG 150 GCGGAGGECGG CATTCAAACG
[0UTHCAARCGGOAET GRADGGENOAST INBAG X B8siol GACKBC®Ivprises the

QCEOCGCAG ACAAAAAGAC TGCAGTGGAC ATGTOGGRCG 250

EEETEAEAGTCCTTGAA AAGGTCCCTG TATCAAAAGG CCAACTGAAG
300 CAATACTTCT ACGAGACCAA GTGCAATCCC ATGGGTTACA
ATGEEOAEAAGECS0AT (T CAAT GEQAIDCAIE ATRECR 08TGHCCRRAT 50
CRPAIGHBERT | IS TERCT EGARARENAGO ACCEARAGET LRGN AGE f 269
GYREGEEERD HHGHGGCGET ACCTACCTGT CTGAAGATGA GCTGAAAGCG 150
GCGGAGGCGG CATTCAAACG TCACAACCCGE ACTGGATCCT GCAGTGTCAG 200
CGTGTGGGTT GGGGATAAGA CCACCGCCAC AGACATCAAG GGCARAGGAGG 250
TGATGGTGTT GGGAGAGGTG AACATTAACA ACAGTGTATT CAAACAGTAC 300
TTTTTTGAGA CCAAGTGCCG GGACCCAAAT CCCGTTGACA GCGGGTGA (SEQ ID
NO:26)

fo

(06076} In yet another embodiment, the DNA expression vector comprises the

following sequence:

ATGGGCCATC ATCATCATCA TCATCATCAT CATCACAGCA GCGGCCATAT 50
CGAAGGTCGT CATATGAGTC CGAAACGCAG CCCGAAACGT AGCCCAAAGC 100
GTAGCCCGAA GCGTGGCGGT ACCTACCTGT CTGAAGATGA GCTGAAAGCG 150
GCGGAGGCGG CATTCAAACG TCACAACCCG ACTGGATCCT GCAGTATTAG 200
TGAGTGGGTA ACGGCGGCAG ACARAAAGAC TGCAGTGGAC ATGTCGGGCG 250
GGACGGTCAC AGTCCTTGAA AAGGTCCCTG TATCAAAAGG CCAACTGAAG 300
CAATACTTCT ACGAGACCAA GTGCAATCCC ATGGGTTACA CAAAAGAAGG 350
CTGA (SEQ ID NO:29)

[0077]  The polypeptides of the invention can be used to effect neurotrophin

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



receptor nediated delivery of nucleic acid, such as

DNA bound to the nucleic acid 29 12 April 2006

bi ndi ng el enent of the pol ypeptide. The nucleic acid

may al so be RNA, including sense RNA anti-sensd2Rwjl 2006
or a ribozynme. In one aspect therefore, the invention
provi des a conposition conprising a polypeptide

according to the invention and a nucleic acid. The

binBiak edaRdnt d€ twﬂ)lyﬁb@tlﬂﬂcﬂﬁi Buchié d.cﬁ&ﬁayf flkéNba RNA, including
non- coval ent co The term "non-coval ent" refers

sengey R4, asficsanse %IPIAWBT é(ﬂhoa}’m? Niengcaspesh $hesefqes the,Hyention
pro@ﬂ\éé‘%%h:g%ﬂ&‘é c&h@ gﬁtger R %ﬁﬁ%eg%ﬁg@'i iy @2@5 q%&ﬁgmgga a
nudjei¢ a¢id. Thﬁpoﬂympm@oandyhe nindeié aditl owiyrfgrnt aner-aevalen sopmplex.

eI ectrostati,c » QL I opi nds rogen. bo ol.ar
T 658 B Bleny FEeekol S AT o AP SAE n BB HUR e
covalent B@ﬂcﬁ (1ea\ﬂﬁierale1wmbnscars isharbd Betwieit ev@atohB)S As used herein
CGener sSp n-, vale t. bonds are much | ess
“nagregye n{ H%ﬂ“@éﬁéﬂt ot BWG Mae liqwmrelr%ptlgxés\ electrostatic
or fo%ibeﬁoi'ldp' lﬁldr(f%éﬁ %ﬂd@%MQK@thubﬁb %&foﬁﬁdﬂ“é interactions, van
enbodi nent’s he non-coval ent conpl ex_may be f or med
deraWalls rconfapts, erfd erpmalic etackingt mferactions. cPeneraltynapepkingeaen-
V.
co{g&ﬁagﬁglggfetrﬁ%% 1943% agﬁa a1paﬁ/§féﬁta gﬁpﬁqgﬁgfyo %l/e%xﬁle
formpdetahtﬂ ibcokBhA Ini dlffenegt ehbmrhmbnts[mem}l cbmalentecomplex may be

R L L e T R G R

phdsﬁﬁht@ BAbkbBEneSEGuER R cid sad tepaRpRly chaged Cide $REHEOLL non-
eutlc gene sequences i ncl ude, but are not

speci l‘hq bindingeleaeitooding for proteins, sense RNA,
anti-sense RNA or ribozynes, including nolecules with
neur ot rophic, anti-apoptotic or anti-oxidant

[0058} i vile joae emhpdimenta the,Buajeic EAIdreapwIsisc: gedieg senscRsaRee-

In 6{1%3{31%%%&1'1%%%1? e EfeEé?ft‘ inBGRGE 't]% c,#o %.%Qcﬁleﬁé’e s %Qﬂléi‘&jbeﬂﬁc Blne
suppl enenting a endogenous i've gene, y

sequered T heyapeutie rgdmfgmqwsem nncadogbtntcmrs nglehmited fop apds. coding

o B P SBRENA  55  gBEE

neujmhm, anmapopttmcmadnwmanwmmiey Witerinatiwsiyg thezapeutie pene

GBS0y 12 ELIE RIS AR R0 B SRSl

en&gemef@fédwe 26t | & By é@saxﬁgadapenddgemiaewreﬁ&genous gene
cytotoxic or cytostatic agents. A nunber of marker

Progéfte products woul d be known to t he person

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

skilled in the att and include, but are not limited to luciferase, green florescent
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skilled in the art and include, but are not limted to
| uci ferase, green florescent 30 12 April 2006 protein,
13- gal act osi dase, pgl ucuroni dase (GJS) and

chl or anpheni col acetyl transferase (CAT). [008012 April2006
Advant ageousl y, in various enbodi nents, the

conmposi tion of the present invention will be stable
i n physiological solutions. The stability nay be

pilotii, e Bs@dacisidabe) C TRASIAGiIdRE §GEE) | hidy MorhMBh&RIBP! 8%etyl
forned aghﬁeen the pol ypeptide and the nucleic acid,
posferase by increasing the valency of the

DNA- bi ndii g donains of the pol ypeptide and DNA
sequences recogni zed by the cognate binding domain.

[0P88] c dvdverdpgeonsiy.ninyvatioust @nmm;ts nthx congpositéon of the present

BTSSR Sy A AR o

iudmlaa'mgl tha ;Iahﬂilty nﬁtﬂtw eo:zf;leié anmtk; Eeulufagxgchﬂ paljrgep;?dte and the
. e e nts | | .

it REEib St G e e e 071 RN hdisg dlomeneot

the @o%é}f’fﬁfe@n& W5 bfbhdel Yec@ém&&poy ﬂ&@ @9&1@% B:Hdlhé‘ Bomain, The

onposi tion. For instance, "if bi ndi ng between the

C%@?Oﬁﬁl@ptmft}’ebeammeé by mimeche pab'nv@ptm i ghe ongleisiacidorin an

oy PE B8, PTGt 5L 6 Sl il SRR

naztmielspf tlmnmcmctahldrwki@bly@exbtideleinmm tA pmmx:sdmﬂladah itlerest would

I t1on
aisP NE e, 10 aBordlie ofion DR aiuSHETR offndh B Srotiimens, e
coafiplexinahé eommioaitione Fhoidstatideaif thebiydiag béﬂ%en ﬂiezpﬁly@slﬁdd@rand
e non-caqval ent pl.ex... For exanp

ch f .t
OSSP O Mot ORar B BRI RS Ar 0 Sl integiptions,

thB §fer@A kiRl Sh 2Re 8% Ghdiad Qtﬂo@anmatseﬁ.haﬁwuh rRRAVAS GoW ekt
el'ectrophoresi s, polyacrylam de g retardation

coRSempHons i RENPHgionie enelding) | She derarnsion X wiattle aiopnepvalent
cdfy Eﬂeg Shaly Ve efeBhALE @ 'a'hl% )@g}n‘ﬁeﬁt dx‘ﬁ@th%s%?ﬁ%ﬁpoq\ the
s and dy

ana SIS, zeta poten ana nam C
sizecait rqhnzgeaxﬁ aﬂleymxscowamw_qnublnx afiot hmmpécnﬁmohmmm oy be

deztlélﬁlr%rde%? Hasd pge%a&neql_%egéi Sef AR &eO&cﬁ'smS SEaRG V%rap

ner
agagosg rgtaleqslaqitophpmhs tiodyacrydayaitle \gel xptacdmmg edsalpg clubnehéngodf the

he , | | ei.
dclFosPi) ATl ontRlE ol s Mo o RREA T WP, e @rioescee

anaB@B] teveporertiabargBdispad dyin6e light oGeing ARV Y. | ess
ani oni ¢ non coval ent conpl exes nay be internalised
nore efficiently by receptor-nediated endocytosi s.

[0680haf {1 bndtherddmishdiR! of #H8MrestAB iRRAY; the composition also

comprises a cationic polymer, The cationic polymer is believed 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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28009, 1998). Suitable cationic polyners include
prot am ne, polylysine, polyarginine, polyornitine,
pol yet hyl eni mi ne or basic peptide sequences derived
from31l 12 April 2006 basic proteins such as 12 April 2006
hi stories. Preferably the polyethylenimne is a | ow
mol ecul ar  wei ght polyner, preferably with an average
nol ecul ar wei ght (by weight) of 600 (P131600). PE1600
Uaﬁcgk tE186 Qi dsMTel O PesfariBlyefy halyettiGles ﬁ‘ﬁm? Bla lo%“ﬁﬁle.%ﬁlar
t hat displays high toxiCi ty and efficiency o
wright noburdreprefesibly Bolisayt pvegageamolghular weight (bxaraight) of 600

S, gl e 85 386, G 1 p

tharalisppays hightdLieifyl andl &BiBjencyPod gy Qr adfesiﬁh]a&fﬁ)um@ etl ab, vafoc

Nt R Stk to: BB Thoan fod: Ssafidt bogh a7 gy, R mner 7

19972054, al096; G DI GbITBRREby, 3f7121710ebogy. iPRE GO@ﬂfsﬁfa?éjmuch
into a conplex and endocytosed into cells, th

losen qyirtoxipist biptadmest ag eoRAMATE PiBRCYa NS Pﬁim@famel“ 2°
o 3P, &l @ﬂ&&e%tehha 9% gfb%& Fo %Qﬂn )J(nco%ggﬁgd into a

e 1 nvention al so pI‘OVI or targete
cdmplexemg eodoaytesedingo eﬁdlsdﬁle pohmarahsmqm exdosiorno menibsaes and

admi,ni,stering a,co iti.on ng to various
IS e aé’e%f f“t“‘r?&%ﬁ@%ﬁ?%?ﬁ@% 3 fex: expr essi ng
neur ot r ophi n receptors Wthout being limted to any

i cular, theory beI ie t hat L.
lﬁﬁaﬂlﬁpepﬂﬂf‘d&vw&ev Lise pevides aé’%?ﬁliﬂde'fg @é&e&&&e}éﬁw oppyiec pejds
1ﬁt’ﬁea0@éli apldr 5&5&159@ wdﬁhﬁ@@hhg 4 QRBRb8fion a&doxhth% fo various

mplex is then internalized by réceptor nediated

6@4’1"9 ’é‘}finéﬁs?fsthe [B(RBHPn n gelisceHpresping newisiTerkia geqgptors a fYithout
ORKEUAAPIAIBEOE, 0] 084 e

cpmpt;wﬂﬁmlve};nbmgs tovthe icoll surfrsa mewatroplsh Ireceptoh egd the complex
il igh HAEnPRRA Ly LALERY ALARHBhIRSIGLC neurons, striatal-
chol i néergi'c neurons, locas cerul’éus neurons, spinal

cord m)tor neurons, synpathetic sensory neurons,

eriv S | -, medium, .and | arge-fibre
B Ko S ALt sl oois bl 86, Gt
1@1ﬁmﬁg ealsl tﬁatleﬂpkkbel‘ﬂk%hm&) BSTEYA] BIK Bt Ok C @758 Uﬁhong
cells, oligod ocyt esd%ga chwann cells, mcroglia,

VABONS BT RRD R S T ipElyde Desal Torebrans gt neEDs, striatal-

cAEHNERHE nSWShE Tdal Gl Belr¥ Al @aﬁmt &%d mbtor! R4TRAS Y hPathetic
mast cells, nonocytes, macrophages and many tunof

SeRsorss ne{!l@osqeumecréﬁrdwgﬁd isgwilnagediyrpr pad lengpdibre sensory
dfdny, | Eilal S5ifioft SRS tﬁé}gl 5@15@? Qells in the nervous system include

astroglial cells, oligodendrocytes, Schwann cells, microglia, and neuroectoderm-

derived ocells. Cells outside the nervous system include B lymphocytes, T

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

[6084]  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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cationic polynmers or |ipids described by Davis ME,
(Non-viral gene delivery system Current opinion in

bi ot echnol ogy 2002, 13: 128-131), N idonme T and Huang

L (Gene 32 12 April 2006 therapy progress and 12 April 2006
prospects: nonviral vectors. Gene Therapy, 2002,
9:1647-1652) and Li S and Huang L (nonviral gene

t herapy: prom ses and chal | enges. Gene Therapy, 2000,

tHer@ily- @4 jressTamg podpy@spiondiesd vedtyrsalGune Thetdpg P00, 9: 1e17-1652)
a)n[r f wrat vecgtors after chem cal coni'lulgation

a3 %lag f(@RABG SRR hefATY a Preigesngad challenges.  Gene

TRefabP V20005 7@¢¢l4yt ¢He F&ysep@haéé M8Y ¥ish Bk W&Lin?he G6MEkt of viral
t her ap has been we characterized and protocols for

vgeteru @%ﬁgclre@v@ﬂ%mmtmetor deplnepsient af cendogenions evirel tigands.

0 [ 0 c C
B el e, SR PO 1 WTdel] AR TS BEen v
charsctbrited dﬁerotetolafol prebhsing rexcpeimnPuditovihicagnd for infecting

RO AR e R 0 B

Mas&muiaslamgga,omswa Fadenat 4&5 9 GradnePublishinseAssdbites, (1989
bacul ovi r us- derlvea vectorétsgrkls C et“@%e Pr oc Iéa )

apgd gtherstangards Isboraiory magnals4 Ptherdmoyn ViRt verots dor grme r_tmapy

11§t@tlldevﬁeﬂovﬁ@ Ed%!nb %ss%fnafeﬁ Q/lﬂ?ésva%ﬁ%a&){lﬁ%ﬁm &?WQ{F $&%6rA&rkis
In US patent 6, 180 [ 0085] evel

Ceetl 4l-Rrpe &atli &cageﬁﬁetbséﬁr 84463843 29@(aumple1duxgcfor DNA delivery
SRR St e PSR FEOLET2 2 27
may t her ef ore be advant ageously used i n gene therapy
(N SH  RBS  pSh  F  Bepotvely e

naaykmeusmgmaldms@-aaesw pleiat tlﬁﬂiﬁ?n sh@llpag?slﬁldes of the present
Al zhei nmer di_sease, atera scl erosi s,

BT BB JBFENOTE Da edBREeatS spaﬁedewaaﬁslﬁé eippy 1o treat neuronal
dBRrdel) SRBuAing! SRASE ischempY, Oéiﬁl és'ir' ViRall ORI %mal cord trauma,
dO am nergl C neurons in t e Su fantl a n|

Pﬂﬂ*tllﬁsﬁﬁtsé‘l%?a?eésﬂplﬂtﬂlgF% sadisafem AriEirrimerdy fhéwmayny@ﬁdphw lateral

[ nt I

PR SRRl TORUUERT Sor AR08, 1 ERPY SR, o
pragi¢ssing boss of deppmingfgic hewony iode substamtinmogrs ulthadely desblis in a
d aqlfuﬂé d&%ﬁlﬁg\éﬂg %s %8 noéérl 13153‘3' S%lgtgg{k %Hg Id%}?v%{}' System that
targa:ts G‘rls chtdptctrh expmsstd pri dre maﬁbrammhfdca of dad groapafgesons

r asal I n.cholin ns that,. respo ,
sy BB OfoF Sotethine Reney Doty or Joorinechot sk, Al in
Ale{edftrS AREAse! ﬂﬁpﬁbﬁ}p lof GRRHoAE Sm’fﬁi&hehﬁibﬁ Promiiead %Etﬁbloglcal
t herapeuti cfgenes into the neurons to augnent

chanses Fférbgﬁaé PigheH dielinergicaienioas thag respond o all neurotrophins. 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 bel-2 gene

family).
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genes that can be used include growth factor genes
(whi ch include genes encodi ng neutrophins, proteins
in the fibroblast gromh factor famly, proteins in

the insulin-like growth factor fanmily), and 12 April 2006

anti-apoptotic genes (including genes of bcl-2 gene
famly). 33 12 April 2006 [00861 The invention in
anot her aspect therefore also provides a nethod of
treating a neuronal disorder in a subject conprising

adm nistering to the subject a conposition accordin
[0086lv ar Tbeisneanbion ineancsien faspast: tharefern AR, providess @b]ne@p of

1"
ué@i}igkéhneu?&]&éﬂ ?ﬁ%@;# ‘mo ggq gﬁbccobgn%rg[gg adn Ntt-.‘.l‘mé| I?l? th b?ec{ a
calppsitide nciosding tolaious smbedimants ep tlieepsqu;tloh edtle aﬂjjiect may be
i nal chord. trauma, Par on sease, Huntington's
oy eBmel, ARG gt Y g G e FubIShey D, ¢ oA | dbapagfous
erfbdBIBERS | the nShirofal Byl ke JiscIRERS epildPsyitksd B spinal
agfar ent t o a skill ed person, the conposition can be

ey, Fegdntoad diserse Huplingionit Hissrss: ralheimery siissepe, or
R oRiE Abetat AHIoRE CRNPAGRYIGgiCAdilcRlor O A Bl hpparent to a

I\/lethosfor intr ucing I'nto mamma
skalédd| pergom, dievepmposition @am be anithbiga prepared ol int vivadwininisttation

i R Al RPN o BhePerboi ot the

target cells are neuronal cells and the conposition

istered. by int ecal injection_into. the
lﬂeg?lebﬂ*/@&r%laﬁmf inloguct &%EFA nareﬁl%lan Geg 1R g9 (ng T
arRINBH) Bd wsdl ty adBinikey wml:o@glekeﬂ Wwith golpgélﬁmss%ﬁhe [RBhiRA to
of the central nervous sys it may adm ni st ered

a gpiest o GERHRBIETARY N PR Qiiljﬂ@étmeélﬁ ttl%tar@t §§}@qu§ peuronal cells and
th@'?:@fnﬂgglﬁﬁl sl ﬁﬂﬂlﬁﬁteré'asb}} ﬁm%{h@c‘!&i‘ 1 Qct olﬂeinﬁ)r B c’é%i) Jg#ﬂﬁnﬂmd

atients, the stereotactic ase W
(G0 Te Heliwk tid coamgsitine slmceﬁcnlly Wa@etbnalsti:qﬂg ith{ garticular region

of 2 lathl A Byt P RPL BT RE1 51 SLESRARL bbroiccton o

a 3p@h1ﬁreraﬁatomaial aegmnjl matsekncappiopiid atte For humaggiadents, the

sttrghEfte, Bing pese Wk SR B g ot S o iR b bing high

rewﬁﬁdxiMRI einp apbreptiate etgreaﬁcmi dofivaks @%dmﬁia@edxomtwmma@d
sSpeciTIC, S neurons a a renote
°n-°r wwswlé%l{wsaﬁda&&es ARRRBIate Foaf@%?cf mjqefion of ﬁhéo Sterotactic

inRef&i REONA takSleadvafth %ﬂéﬁude% e&fr aﬁrad@nﬁasomd a specific
ransp ort to target neurons 1n th after

alw&imgﬂi aegipn iwill adsoihelp tof targehe swrﬁfowbwwmf ICHEONS vh Arjpraote
regfon TG HirdgRid8GxbRR talsgod 98ls HBS Phssiié i Bike laBvdlifge of

retrograde axonal transport to target neurons in the CNS after peripheral injection of

e

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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spinal cord. The approach bypasses the bl ood-bran

barrier and provides a practical therapeutic strategy
that is non-invasive to CNS tissues. 100881 The

pol ypepti des and conpositions of the invention haleApril 2006
been tested for neurotrophin-like activities and

targeted gene delivery in PCl2 cells that express Trk

34 12 A ril 2006 A and p75NTR, as well as rat primry
Acond pFS NG s ovedl atshat pEmpryassted nkurdn@thet Sxpfesd. Trk Fhend Trk B.

ol vpept.i des | ved.transfected gene expression b
B PP ERP s PO B bled R Fptes Dy ol faaron to Several
thicm@ahdf-ﬂolzi t 'Yheoﬁpebiffélt? QTRRS bdrhiRffioh® td BRER neRRUbMHIA QR Ars
recept or has been confirmed in inhibrtion

has Ber; Geptiracd i inlibiion xpewpentn ysing npwpherivnscerrelatad control
e re t

PPAREL SR AOERRS Ok LAY g A ¢ TRy g,

pplwamduesm Mlmubreemmdhmhemr denarehsirated Ime thee iMoo “sySleat affer
f I f I

BBl B SR ot B 587 5 e
dgﬂag koca, gadghi€ga QBgien pdmpii@Ism WRLOHIIR NeBepidi.e PNOFably, DNA

I\]I%tpﬁbldy, . conpl exed wit gﬂ%l pepti des conprising
corapiREsd With polypepides comprisge (8 ik # isip tagh apg etficiently
tiafdfbroell§inWidkd ShdBidhivd wihot® (i dsh Bflﬁgebﬁ%éﬁlﬁl %d@sgﬁﬁ&%ape

that hel p endosone escape, such as ch oroaw ne an

syt as chlopgyine pad PEB| ypept i des al so act | vat e

neurotrophin receptor-related signal transduction and
exert neurotrophin-like biological effects in

[H188hot iThg pell)rpd:nt'@es oaltcgrmwhte anebroteephim adeceptisreMt . signal

h i rpi m) foeanurtrahin ) )
RREOR BhL oRRh epiokop e BBRIRE P BnbPrngne neuit
ohgmﬂl cind 1mfmdnbb shivﬁlabgl'ﬂﬁ hzﬁfpﬁnﬁ‘@ﬁcﬁ:f i8 Sh&refodd anéMdd‘bphm
neur otr op eur| te ouiﬁar owt h,. neuron

B PRR h EUPBE RS SR PiPaute g IS B sk SpgRaR ofects

adsbaiaed ugit @BurolrBplne 81‘189 &t nduliRy Shigf cﬁvtht H@uroﬁeﬂ‘ VéaRbY@ Nand
rOVHﬂ¥S a neurotrophln agonlst (0] ISIng a hairpin

e irgphit Jecepioradited etignal fiaaduction.a fib et 2sppi therefore, the
ifveftEdal lﬁﬁwd%@n&ﬁ& fﬁﬂuﬂ%o‘nfst Vg"'? Batgip! IBn?‘iI%aI gel@th@iy

neur otrop hi n of nct1 onal ent t
bigds do Iablqumbr@ repwt@n eThe mpm mmf ,mayhbe aduoirpit motlf of a

I d
oA B AP SR PSP LRI o 10 o
emhedimditnipe aposs fodisr cotnprsea Iatpuanvcﬂp chargedaduntadn #nd in various

i Li.nker/spacer btvventhe hai.r moti f and
ok, BRForrSl oGP e RsHan i oot Refbhed afts, for
e)emﬂilﬂms suitable adcaiipatdrbetviseh ulkd Illdntp&h P6tif Slddthd gosvelyéharged
domain or other elements that enhance the stability, 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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agoni st. [0090] Wthout being limted to any

particular theory, it is believed that the positively
charged domai n pronotes receptor binding of the

agoni se by binding to negatively charged cell 12 April 2006
menbrane. The positively charged donmain may be any
positively charged pol yner of am no acids as descri bed
above and includes poly 35 12 April 2006 |ysine and

lystiKRd mndoﬂlﬁnV ali Qikfoul NRRSHIRENS,: the ﬁﬁ@ '&bﬁ’l nses the
conprises the 8 uence of SEQ I D NOS

segpacs of FEY ?DMS iIDNQaﬁﬁBCB 0o d1):7 7 SERQ dtI@&phu n
agoni st according to various enbodi nents of the
i nvention has many uses, as will be readily apparent
[062]a sKid Inedrofreplinnagonist | asdomdingi to \taﬁeussteudrpdinrﬂents of the

hin recept.or, function e us
infplbS RS o e SPY #piesdnd il orsdt, oS Ediug T
thé Etudjbbf afttotophireRtERH funétitn. O aip|abso Belibed fin t1RF treatment of
i%onal di sorders |nclud|ng the af orenenti oned

¥ despeusiven o peiratienivh tiepaieat dioe expmple, HHBRNTJ@sngpTonal
dlﬁ@eﬁ@qn&ﬁdlh% SRk | Jfgreﬁleﬁlﬂuﬁﬁﬂ d&iori&sPaRe! ¥Sedion therefore ?lso

neurotrophih i n a subject conprising admnistering
previdessammetead af tredtingca |dwer®rm@apbnawe nemsmptrqpﬁm rn a subject

coﬁig;i}gﬁﬁ tadmﬂ{lstgﬂlegr @L@% ect ¥ %ﬁf{ect%n amourzllte af neu (%?S)tlﬁcgﬁh?{ln agonist

anou
ofaﬂye nprsdento invtaiﬂﬁaonp be secsthnpo@ineﬂt ¢ontprisigeas whifetble Amyudcof a

an nuri al cl udi ng .a human 0092 aspect
nefblioREn, TR0Ht b A PR vSR BEn DS PHREH B8R S grgamel
indl@dthg @RtknAn. agoni st and a pharnmaceutical |y acceptable

di luent or carrier. The conposition may be
manuf actured in a conventional manner. In general, a

[0692] YENknGher Eét' @F t]ie inSEltRa! vﬁ@s tah@onlﬂﬁﬁi ﬁnoéonﬁﬂ?ﬁmg a
o RS

e and rout dm ni strat and stan
negtephim cgoRistc and per &bemzﬁeeutsemlx eﬂgbf@faphhardlﬂuaéuplr @amex The

coﬁ'@%i{igﬁ fhlag Fsoe gl(?r Hﬁﬁtﬁejrc‘ed i3 c\eﬁJ/cJ,utx a) 11%51“%%%&1&?5 diluent or

necessi use I'n ar naceut
cafrr nuscddciedris, tha besideSthe infned and mouRe of adybiaistration, and standard
Phar a st n rd reference. text P
g ﬁ 11 as

tical Scj
phaguiceptical’ pradfiee. | Sulighie thespRptiaD R, iofilioel, Heve
phpfmeqeanitee] ideiiits ForthéinuefihpimteadivalfoimilaRadi i¢ deidibed
yunt sufficient to effect tr aér%nt of a .di sorder L
in ie@yﬁmfw hapapesyfisal SF@f'ceSe&a%ffaé ereRger ) iR ﬂa%liﬁpfsl an
thélOSB/NF hBorgfulfiohd ¥ W RbepeBidbtonttid APbRectal Labﬁoﬁ‘&jﬁleanmg

wll var dependi ng onthe subject to be treate
thy prowRtswiiicient afﬁ cPffeﬁtstf%W@i*tl afya disardenyr Besymptom thereof), for

example, a suitable daily dose. The effective amount and suitable daily dose will vary
depending on the subject to be treated 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 ceniral
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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routinely determned by one skilled in the art. The
effective anount and suitable fornulation can be
simlar to that used in neurotrophin treatnment, as
described, for exanple, in RT Thorne and VVH Frd@:April 2006
"Del ivery of neurotrophin factor to the central

nervous system Pharnmacokinetic considerations” in

A in. Pharmacoi dnet, 40(12): 907-946, 2001. In one
agemisd peli kpeof botih ecightf efcia subjeanto b trehied dadtiinitefdd by thjddgion.
of the 36 12 April 2006 agonist per kg of body wei ght
of the subject to be treated if adm nistered by
injection. [0093] Al docunents referred to herein

are fully incorporated by reference. [009413 Al t hough
10983} ous‘ﬂgﬁlﬂ%mﬁ?ﬁéfﬁ ferregito hpwsinl ave &rbyi ipporpereted by cofercncs.
-herein, many adaptations and nodifications may be
made - wi thin the scope of the, invention in accordance
[08P4]n t Hdthougimumiogeesbalimbntood the gfyemtﬁoxt drodiclesddllesth, immny

hjs art di fication ncl ude the suhstjtut)on
adsPlafof hod, Briitice B uney, Be Lt ulfiny 08 seihfeeot et iiaien,
adcBrdandbewith cuh:ae&amam ghiiteal SRWIddRS Wrtthdse seilBa iR miit att! YSuch
technical and scientific terns used

th . i
mpgierpms a“@i@%@es%wmm Enoyen CawNHARY for ate pspedorf the
inR¥ntRREInObrdey & Mdieve thd kdmd E‘etshﬁ Gn %Bﬂ?&txaﬁlj" Jﬁe sANE Wa&lonAlI

unl ess defined otherw se.
techyienbrand; seépntifie tergsdusgd herein dere éhm §eine @nraaping as commonly

ngég%oﬂnf) Ak Yof &‘a{ﬁhﬁfaﬁlﬁﬁt inl fe! J}F of %i@sﬁv%ﬂél%(i,lo U&ﬁ%g defined

not |mted to phrase” "accor
othetwaset i on" or "according to various enbodi nents of the
invention" is intended to include all enbodiments

[0% Jh' n'I‘thwg'xﬁo'%% %I‘l{il{lgt 15! r&\é&?taé A o};{ gen]::l&il gscﬁlxb%tﬁ%ually

| és ar e Ive OT varl S asp ec
equmm tothe phrage 'dnclmhhg,lhumwt lhimedktbbafﬂh@aplnmt‘&ccoﬁidmg bethe
end, On

.in S her i als

kRt ey it SATe R arOat 4 et RpBge fufndil b

lnfE’IGEIéZ all eatodibent widlio Emtmbpﬂﬂ)t; he hxhvehtlflfe ‘!‘&Sfoﬁbw&igmﬁdmples

Aneri can Type.Cul ture ec

arR/é‘ﬁ%inbA}é 1o e“é%é/‘g‘ﬁ IVERERPs |aﬁ‘?§P’IVPt "3?64’66 broad pspects

oﬁu@&bsﬁmta@%smogéa nesda fetal bovine serum (FBS) and 5%
horse serum

EXAMPLES

Materials and Methods

Polypeptide production

Cell lines

[0096] A PC12 (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~

monkey kidney fibroblast) cell line was obtained from ATCC and cultured in

receptors. A COS7 (African green
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PC12 cells are known to express TrkA and p75NTR
receptors. A COST (African green nonkey ki dney
fibroblast) cell |ine was obtained from ATCC and

cultured in 37 12 April 2006 Dul becco's nodified 12 April 2006
Eagl e' s medi um (DVEM suppl enented with 10% f et al

bovine serum 50 Um penicillin, and 50 .tg/nl
streptomycin. The cells were maintained in a 37 C, 5%
Dl codi b dified $agle'd GuARIn? (DMEN Y RiphletRnted GhitH W‘ﬁ ~°feta1 bovme
[0097& Primary cultures of neurons were established

sérmn$ @ Héankpamidiltiesandfs0 peyibt steptoonyins {The celstweramaintained in a

SARCT R bR Cor s were di speroea

mechani cally by trituration of minced tissuein 3 m
PRMEYy el cimSy PPl emented with 2% FBS. The suspensi on
was allowed to settle in a centrifuge tube. The cells
in the supernatant were collected by centrifugation
[09A3] r e Fuispsen dadiurgs nof yteumnmmpatablmm RS the adortides yof

R R e S b e
dipseeted cad eindividubl qeilk wrete Higpdrsue IhetfhaﬁiCIllyﬂEy aritdLibish ttt))!’trﬂflced
our I ncupatl on

“f?@g ﬁ%g’stﬂi @ﬁlﬁ %@ﬁ%%@?ﬁ@%ﬁ%&/ﬁh %%%%dﬁ%nﬁ%smﬂ was

allvwddt 8GRI in Gedeh&ifve Bbe. eme\eerﬂs Afhe rsﬁpélﬁéiﬁﬂ vYe collected by
serumfree DVEM F12 nediumwi th 1% N2 &,@eman

- coufnipetiyged resesendsskapntiom DA withhk0% EPS! Vishility pishe cells
wbp sg@&w gnaf togglg?ﬁ Tlé%qrg%t ie. aca}maleféﬂ,ﬁé’d b6 qﬁﬂogﬁaaes

days e neuron cC wer e
prremoated a\nﬁméx Ldmsm(l;aemunem densitp 0D B> HP ivirebteycedlslctlirAtiter a

[ Ilshedf m ortic
il Rbusffon BeleEf, SRYPBASRE Al Y it i€ Hpached
ca&lsr\eere crbxlnemdemhdafeplieat:by batnabey DMAMA 12cabdismvweitle 1% N2
I ted a den f x_ 105 viable cells/cn2 on
L@B lept ﬁ%lflﬂ%?ﬂv §m¥1%33 %a‘#%@) die ﬁ@éwamhawamateé at37°C in
S%QP(f)J: HER %ﬁmﬁ(ﬁﬁecﬁm@%ﬂ RrEVEM §21.2 oFRdinkta) the WRRbLR 'ESMH &re
with 10% FCS. The day before transfection, the cel

usé fer tepseleREXDERReE.at ed i nto coated nicropl at es at a
density of 2.5 x 104 cells per well. NP ratio [0099]

[O-Jibgll Nipliy %gfﬁél&p%ﬁg :é Q*bil%\l()vgl)e Js?a‘a 181&1%1‘0% ﬁi? @B[Ri@ésy oi{ﬁ)

sure’ o ance’In a i'on-"nucl’ei ¢
old cintbrponip AVigtae pats. dedmuiuh]ecaﬂs anirel commédeas desaibed above. The

cells were plated at a density of 4 x10° viable cells/cm® on poly-L-lysine/laminin

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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cationic polymers, this refers to the ratio of

nitrogen atons in the polycations to the 38 12 April

2006 phosphate groups in the nucleic acids. For the

pur poses of calculating the NP ratio for our 12 April 2006
pol ypepti des, we take the nunber of basic amno acid
residues in the DNA- binding domain to be the nunber

of "N' npieties per polypeptide nol ecul e. DNA

phedphatd giro\qn mslsa;uc[dima@ms] Fohitle mepays qf edlcdlatidgviae W/P ratio
assesssth abilit ol ypepti de or  polycation

Bt o R PSR S fe %f'?ﬁgm?‘bép O£ basih apyo i Ff’ét‘%\/’%m(‘g? DNA-
RGeS tol HeShSRMMLBe 6B mbkibOper pblypBiil ridled@iar ose
gel under el ectrophoresis. For a range of NP rati os,

pol ypeptide was added to 0.1 .tg of plasm d DNA made

DIYA refapdntion agsayh ei t her HEPES- buffered sal i ne ( HBS,
150 mM NaCl, 29 nM HEPES, pH 7.3) or 5% gl ucose. The

' r . d_and neyt ted at roo - .
(bbb s MRSl TRG tp B MG 2 Fonble o agbieation
tebmdits ONW aed tlﬁs kdretard it8 ndigltiod (ysddtagihg ik lAsagasNah0)

st ai ned Wlf et hi di lﬂm bropni de for uaI|zat|on
el S et 851 Ghder PIBHOPMBIRE TR BREh PN BT dtobrpepide

w%§ 28%d Q1044 ot a&ridsnﬁﬁsxﬁélde rﬁ‘t% AUENGHL e?ﬁ{ﬂ&*ﬁ%-mgmed

| uor escence of et di umm i nt er ca ate
SalsleL@Eﬁi 160 mad NaCd, Zﬂ\ml\/bil-}ﬁﬂ]:ﬁg pHn"dB):mnﬁ)%rgucrmge &lthie| hixyures

hi di um.br om 1 of, a 01%.s0 tlon
et B L oS it S o fpatafe 510 b0t Biep iFope, g
stitgecied io{&ch‘ﬁpﬁdﬂéﬁs lﬁfa (68-0i0P% Ttig-bueatd-BDTA a’gaxgﬁe yé&tlstained with
cr at.e varj,ous a un S pepti de were
ol RerRaE for b SisaliPn SRToARa BBt 20 | Cof 1 e
DNA- et hi di unz brom de sol uti on was added. After five

Dthiaiid Hrohidd didplibembRPadsay Of water was added. The
fl uorescence readi ng was taken usi ng wavel engt hs of

485 inn for excitation and 593 urn for em ssion on a

[MPBBTRAR| thisr aseav Sheriquenushing: ef theafuerescemeecafethidium bromide

PSSR o gl 0 dicuhonho e MECOReARt o
Eftodippeipbinite- (063 yCaft4 @ﬁ}%@hﬂmonmhsmd weP@ upbephsmid DNA

i t t of 0 /m.. Th l
ot bt POREPCR BT RS gilale vl of & S IoB o,
vRdsi a&ﬂ:‘ﬁﬁ’ts%f\f»@ﬁjpgﬁde were placed in a volume of 50 pl, to which 50 pl of

the DNA-ethidium bromide solution wag added. Afier five minutes of mixing, 100 ul

of water was added. The fluorescence reading was taken using wavelengths of 485 nm
for excitation and 593 nm for emission on a SPECTRAFuor 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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12 April 2006 deposited onto mca discs. After one

m nute, the mca discs were washed with HPLC- grade

water and dried in a streamof filtered air. |Inmages

were acquired on a Nanoscope Illa atom c force 12 Aprl2006
m croscope (Digital Instrunents, Santa Barbara, CA,

USA) operating in tapping node in air, using Nanoprobe

Silicon tips (Digital Instrunents). Reporter gene
deg#,aﬁmoﬂto[ﬁ?@&%i} ‘A‘?te%ﬁ Hufle tﬁe*}g] gﬁfsﬁﬁv%%twa%f‘edt with HPL.C-
fi1ciencies of our elc aci rver

gradep water sandegiied @r apStwam df fiErad ai. (Imagasf Weﬂer amlmred on a

i h ts i tut f f
NoSREQRIAH RS S ahre g ey S FibugeCa,
Usmﬂepemh@g Gﬁ)rth}ﬁ}ﬁﬂlg elodehia &ioMRSSE (MardprRIFRL smcoz%ﬁs (@?&al

%rl ges the chicken J3- actin pronoter and th

al ovirus i nmedi ate early enhancer. Cene
deI ivery in vitro [00104] TrkA-targeting gene delivery

Rl ¥Es fgtested for transfection efficiency in
%Bt ro%| n E’lgﬁ% (TrkA and p75NTR positive) cells, and

COS7 (neurotrophin receptor negative) cells. The
[0613] s T@rdetegnimﬂhe dgrabffectdio effinfehcien of oiufl nutlercomaﬁehvery

sy s EPlgu Aeroport 4TS MGAN R 1 Bith MO Bt Maguts,

Netiogslembigiatel o InfRE6usEDigsagess Toky@NRbAO! biddi@Sirefly Juciferase
acconpl i shed by replacing the serumenriched nmedi um

under; the jggniroliafdh¢, seraposife Pmaotm CAG b Edcozanrigen the ¢higken B-

| delivery
oo pioheY bt (e PRERL i RS e ML ARAE 0%\ o
chl or oqui ne was also added to help the conpl exes

Gasdkrjieerfyrinmizandosones. After four' liours of
i ncubation, the cells were restored to the nornal

une..and ser concentratl on, either b .
ol B TRRRE (et ARSR SRR, Wpice skl e gnsfection
efS@sneNi% PIRGER PCARI(DXA( ﬁﬁ"ﬂﬁ‘-ﬂmﬂbmti’ve) &ali% Q%a 83 7aR6hdBSFhin
horse serum f or PClZ? or npl_et e’éy3 repl aci ng the

reGrRier dRg2tvaD IS T pllsdegre \séwl &3%179 %or\ﬂ@mcyang@croplate
wetllgs(@md 483 Bf loBR¥eY| ﬁl'd{eﬁ)“ r'fh% g@ neC@1ive komﬁl@kgso\w&e a{{}gpared

glla ls in a simlar hi on. vvever Sl nce
acEoNing th 2$m1ﬁcn@y|s u mqsnéedu efroreachnr examplle. uTaansfentiefpewas

acéb%plﬁﬂm 159 fepREt Me steﬁﬁl-gfﬁ'@eg Xl WRmBRue the usual volume of

reduced-serum medium, 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

mediun.

[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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12 April 2006 sinply added directly to an anmount of

DVEM F12/ N2 to nake up half the usual volune. Four

hours |l ater, an equal volunme of DVMEMF | 2/ N2 was

added. [00106] One to two days after transfectior2 Aprd 2006
cell culture nmediumwas renoved and the cells were
rinsed in phosphate-buffered saline (PBS). Enough
Reporter Lysis Buffer (Pronmega, Wsconsin, NMD, USA)
sitplyc eddsd diteetlp o o mount af DMENM-EIAA td make aphhaliethe usual

A8 o B S il

activity using the Luciferase Assay System ( Pronega)

[‘gg O;a %ﬂg '"tgv |t\|€>o tdti%"i‘aﬁécg ;Hﬁgﬁg&foﬁr ﬂn@ Ref tchﬁ’l.llrg néééﬁt‘figxltx waB removed

altsiofhe epilsrwere aimsesk lna@@whwémff@rmhmtmsm Eﬂmghl &epg“cerﬂ.@sxs
P%n‘?%%f @ﬁ?&%sxn(ﬁﬂm tol lvEY! h%sbottgﬁ sukjt'S %2 wai Qﬁc@d to

resu e expressed 1n relative
egobrwetl (301 g¥wetl tﬁcﬁr 4 tvall p}tut@slj el fier ﬁﬁnﬁeﬁelthaw leYcle,Nth¥ i 1ydates

d tudied by
whig e for et A By, G 8 e Storech sipy Syssetd (hramagiead 2
sifd16LtubbSmdon By (B-Ehﬁolﬂéliuﬁnéﬁﬁﬂ? 930YE S Wi A, tk)fem‘napy) The

intraperitoneal injection of sodi'um pent obdrbi ta
topef PEGteln gaNGERIrFFioR o leAch Iysate wapdetemniped edng thed> @ @radein assay

(Bi@ gﬂaﬁ efbrcufeSTBAC )US@S THE Qdulfs | 'vwrg G %sseu{i‘ ing 1%latt1ve Jight units

rachnol d space Using a syri nge.
Gﬁﬂﬂﬂnennn@wmnﬂbahlﬁﬂkmnrrect pl acenment of the needl e
After injection, the syringe was left in place for
mnutes to limt diffusion caused by baclfl ow

GfI V§ v
R 8K ¢ pl e injections were sometimes required
to deliver the full volune of the conplex. After

[oommt iPtivo ghie deliverywas saldisias) itrhiledl ifétidhs & Acﬂﬁ Wi
kept warmuntil t heghr ecover ed

Séddf L§0- @Q?Q)g)dg g raty wereranesihetized by jrdeperitonenb ineatian
oi%%ﬂﬁkhsl%ﬁtdb%ﬂﬁ‘ﬁp ek ale! s‘lﬁn"‘drBtﬁhd 1‘?43}@5 3&@ %x;%dég;? Fhe %egn% gﬁéﬁ&ery

of the spinal cord and orsal rdot
copilex wes@owlzdnjeatpdingg the Lﬂ@@rwbn@dhpmglemg 2esiringe. AGOigh0ail

dj
SN T T e
whsy fit msplamefoe foenninufesge dinzit difAGRGH gmﬁeﬁﬂr b bmldﬁloazt px-ﬂsssﬁre
5 RSO0 BEL T A A b
com;ﬂlgd Afietihgechdn, 1Re i ivhs A0 with surgical clips and fhe animals were

kept warm until they recovered.

[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
excisfed. 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 centrifoged 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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| um nonmeter (Berthold Lumat LB 9507). The readi ngs

were nornalized by the total protein content of the

| ysates, as nmeasured by the DC Protein assay

(Bi o- Rad). Detection of TrkrA and signal transdudiAgprtil 2006
pat hway activation 1001091 . I munobl otting

experinments were conducted to test whether the

chinmeric polypeptides could, |ike NG, induce

1u1automhsa SEBblﬂ[dId AtinenLB 9587 Aha Rehd @ggfslﬂ/efl\f n6inalized b ghedtotal
cells were seeae

%eﬁal trafnﬁ%]slctl on pat hwa %ﬁf PC1
Pf?fﬁ ORiep| ofgpesygalesa s theaguted vy yhe BE Bxgteigswy|(Big-Red)l  and
cultured in RPM 1640 containing 0.5% FBS and 0.25%
DABERS of IFKM RnliAgndl A3 cARE phitlhal HodTAGRCONt rati ons
e asa eve ,

were necessary to reduce t s of
phosphoryl ati on. The nmedi um was refreshed two hours

[0REIOp elniregriobiitig e;dpemabﬂte miere ddiducied ketesewleetharahbéiigeric

in serum di um for
olpeBlitel SoRlE i TG b Byl mhetphaROHI 4t T IRAERd Agigtion of
1ts%i§i1a§ﬁﬁis§@h@ﬂ paf Ws Pelih cENSRERSNRE S BSR s BYa density
erred to a nitrocell ul ose menbrane

f
of %}06 Cﬁ%‘ﬁf%gmﬁ ({q?tﬁﬁd irREMII6AR ﬁgntalmngﬂb’if( o EBSpmd @.25% horse

e
seﬂuﬁggdi' %odagg ?11/5%28 d&éﬁx‘f‘?gﬁé} }%2{%&2%%%/ rvﬁegé §x AS red\rce the basal

levglst ¢ BWPhOfﬂnﬂomﬁﬁsph@ilmhtWQMWMﬁ Mnhmllrs)hwore beginning
. I CEII aI|n echnol o
roRichBOfl ol Wik A by R o iGE 55 SRRk
meaiéunf (ﬁcrrriégZOb%uﬁ TMC&IS @verd ﬁleij] !Wa@ﬂﬁﬁlé @BS?Iysétﬁ bidsonicated. The
o) radi s r Qx| dase- co ated secondary
°ef§ VPR e Tpiplvedo g %ﬁ%i’ﬁ%gﬁv& trepsdorred, fo ritrgseHulos
1ndnliﬂih1hi o9 Iizﬁmlﬁn&ﬂé’tﬁng’ rTh‘écfrﬁﬁarff %‘Elbo&ésoﬁ@ed GReIOBRPRo-FAA

ol | a, wer e used hese cases, PCl2 cells

(TWé re aqt‘ﬁﬁ% A’@@%Phwpﬂﬂ{ P42 HIARK KTQ@Qa/TdFZOﬂ) mynpglasit gntibody,
and qfh@ﬁ[ﬁm@@&' (Ebm3)01‘no%&1é6{%@ %hh?ﬁ‘?e a1 ob’t\% d P Pomh2CaF Slgnaling

survival assa Undi f nti at e
Teelml@ydﬁpvcakye H&Sﬁ@l @a;ormmm detection] was ptﬁomgddﬂby 4GEprd

- -wel | nl at
e
some rexpérimands, dirkAetyrosiBE ldnase anhlbuersCKlm‘SEmtof a&(E&TJ@S(Bth from

CoBBTEG) S PRl OB VAR Py PR b TR A Ve
inoRBABY witkaloh nd4Kv252alor W@I\&:M G EBERAoR RGBS 0F g&&@ﬁﬁd@g or
the viability of the treated control,

06

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 sémnl—ﬁ'ee
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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PC1l2 neurite outgrowt h assay [00111] Chineric
pol ypepti des were exam ned for their ability to induce
neurite outgrowh in PCl2 cells. Polypeptides in a
range of concentrations were added to PC12 cel | 92 April 2006
cultured in serumenriched RPM -1640 nedium The cells
were incubated for three days and phot ographed every
24 h. EXAVPLE | Design of NL4-10K [001121 NL4- 1K
PCapeudteutgoptd agshy NG and t he fl anki ng R-sheet
sequences (NL4, ami no acids 80-108) linked to a
m nucl ei c .acid binding dorml n qf ten
l@aiﬁec et DT RAR  B o foF T A 10 dRdHCE grite
(ﬂ\ﬂh @1@ ipe 10 @silsl Wy&?tuﬁ@s“maar fangé 36? tc@ﬁd%ﬁnit?dﬁk %&?@ added to

forman intra ecul ar di Sul fide bond

P§i%mlls|cﬁk§urpﬁ i sepuprensehed RAMe 1 GH0 mediurmy R qgﬂmeregncubated
f NL4- 10K, NL4, d
e By R A B e R e ™ 0 and 10). "

respectively. Peptide synthesis [001131 NL4- 10K, NL4,
and 10K were chem cally synthesized by conventi onal

EX&MPUHE Isynt hesi s techni ques. NL4-10K and NL4 were
synthesized cyclized, and purified by Canbridge

D seaﬂgg‘ﬁh chem cals (O evel and, UK). 10K was

EBE%P om Bi o- Synt hesi s (LeW| sville, Texas, USA).
NL4- 10K binds DNA [001141 The ability of NL4-1OK

[opepsiyi deyrison o Bﬁnﬁr‘i’se% VRS IR bR At ﬁé&ﬂ\%-sheet Sequences
retardation duri ng el ect rophoresis. Binding o 10K

(W, pdmacidsi§Qal 083 dokrskstotae-termingl gecleio anéémdum ciicmlemli of ten
chﬂgcu@bLé‘l sﬁ:l'e gcs\}méutea Ialﬂjr@r ﬁ“ﬂ@hr& I:ll‘fd ﬁ\ttgp Jg{ﬂntt%c%f ? !il?et% rgf %L%e

uce easi ng concen
cthmmeesuduweWﬂsﬂcﬁ Torn iaosntufmdlecaﬂui chulﬁdeebmﬂanptabmzb eh:eambp

ca et e.char.ge neut ra t'

st R ERA ey R SR a8 s R Sy 3 Wikl o,
anmlommﬂuxammaasmlmmws,r@mﬂbm @speip@dy.not retard DNA

m gration. NL4-10K nedi ates gene delivery to PCl12

cel | s L001151 To exam ne the efficacy of NL4-I K as
Pepties¥nthe very vector, conpl exes
[00113] NL4-10K, NL4, and 10K were chemically 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).
NLA4-10K 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-inass 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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formed by self assenbly of the peptide and the
reporter plasmd, pCAGQuc, at different ratios were
used to trans feet PCl2 cells. The conpl exes were nade
by adding peptide drop-wise to DNA while vort exi RgApril 2006
wi th both conponents dissolved in Opti-MEM nmedi um
Conpl ex formation was allowed to proceed for 30 mn at
room tenperature before transfection. To each well of
caniredt, M4, whlicht dves 26 doniin & DNA-BidingBdonailtl@ldes not retard DNA
containing I g of plasmd DNA. Since NL4-1OK | acks an
THEHYbne- di sr upti ng donmai n, chloroquine (100 M was
used during transfection. [00116] Fig. 2A shows that

0 ') NL4-1OK with | g of
“}Q@Iﬁgﬁ? d;t%r%@tgldgﬂvg mr%g%ﬁ {sed in nodest gene
delivery, but the transfection efficiency increased
[Oﬂiﬂﬁ}edl’gp eratriineathe efficagyact| Nilg4 a(DK)umh gode ddlideryOléctotjebinpiikes

BNt SRRl B T ARt s SR RN CAGHE, at

dihb‘ﬁﬁxt rlﬁﬁcmw&evl@sea e rtf:husfé%tt bciz Eelw Ohe Odordidked Qier® $hadd by
(NP ratio_of transfecti on was 110 ti nmes

B%p@mdp drapnise AN llea‘@ﬁﬁeé%dww both sompenentsdisselved in
Cphista BN b, RERIPIArrpofl WA RIBTRA B HidoGRIEr SG it B doom
tenhmrative bef@ tipsfedioGdTgeneh well iof er%ﬁl-wsll Pl i S0i | dadd] qomplex

weh A opini: i o e A WPae Mg B e Bitosome.

h cess to
ABRIPREE Soithiny %‘*g%ﬁﬁego IOGARHin QIR S °5° ng

transfection reduced the efficiency of gene delivery
(01184 - IGg.%4 Hioys tRBLompleeepioasaiice 0.0mnet o€ BLAUDK with 1 pg

ept.ide, weyer I hav a significant effect,
ob RE Al UPENE o4& oo Bithin e ede ftyesis Byt Gerfimsteotion
cHRidnY e intré@ePlradddlgelitiban ﬁmi\ﬁﬁng @ﬁﬁﬂﬁtodf NIECORK | Reither NL4
NL4- 10K nedi at es gene del i verdy primary cul tures of
(tarestingdompg qpily)dior d8K| @NADinding %mm oplyp ;of @onixye of the
r I I [
G B TR R W Wi sl i g-10K per g of DNA
(RPestn of Shftrafsfkdionswast §i 110l tirsesmaore exfficiént cthmlt thatt dchieved with a
.S0f r QRi€ t Rev. Neurosci. 2001; 24:
m&%;f- %ﬂ“ﬁfm pegtnﬁe{é at all, Trl;Ais expressed in a
smal | percentage of glial ceI s and at |low |l evels. W
NEdarKvackaidied pdviel delivergfto WCA2 el s Specid | ver pCAG uc
plasmd to pri rrary cultures of neuronal and -glial

cells isolated fr
[00117] For further ev1dence that NL4-10K-mediatéd gene delivery is specifically

targeted to NGF receptors, a compet1t1ve 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 NL4-

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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20-day ol d enbryonic rats. [00119] Conpl exes fornmed at
peptide/DNA (rnnollg) ratio of 0.75 (NP ratio of
2.5) by self assenbly of NL4-10K and reporter plasmd

pCAGLuc were used to transfect both primary neurl@nspril 2006

and glial cells. Fig. 2C shows that in the presence of
chl or oqui ne, NL4-10K pepti de/ pCAGL.uci conpl exes were
22-fold nore efficient than the non-targeted control
in gene transfer to primary neurons. In primary glial

[sEhBp, THRASMKBfessibNe BotitANRIRAs REWeRREabIRAed, whereas in glial
transfection effici enC| es of NL4-1 OK and 10K is not

oelisythe presgrre. of Nirkd 1ol gaatier eScqpiantion BYqiinaiey atal.dbpiaRev.
Nvegf&?g Qﬂgi ' @4 [ 09524y “ﬁ“}{\@&ﬁt Qf auh Q‘rlg&ré 34)1})&9&.(1 in a small

gang are Known to exp ress TrkA. ntral

percpriage er@laéfce@eem aldow Jewels. &‘émpxaaxe@l the rabilite of Uﬂ;ﬁel@K to
d%\feépgalﬁhg Ss e%g’f% 8H[|;11§ (%lﬁt{lxceg?)y{:gugmyll'é%cﬂ'&%l Rﬁr_ll 153{2%8(1 from

rn vi

20QKy bendoyplieres escape from endosommes, but it is
not useful in vivo because the concentrati ons‘
requi red woul d be toxic. Hence,

[¥91c at‘?%‘i*i’le’{eé\meﬁ’él aé@emtaie/%fxg(mnoybz)yrétlﬁ y’f Qﬂﬁ 2 ratioef
t
2 by Ryl or (B4 DR, BRI Oe P PAGKES ool plddto
tnsferit bgtht présay remiops end gltpd lcelke Fig. PE $00s Weed i thespresence of
after which th
i, BB TRt P ZRsuRaposo e

tiain th@mbmagmd abntrad .in gEm:haJrsﬁdr tmqmg nhady @edrens. \Ih tpRinGy Iglial
0 onp ainin CAd,uc, .PJ31.600

R h R b Seta tapel 4 et RFeness of NLad Ohored
10RN4 Adtlsigndicagf) VP ratio of 5, dissolved in 5 %

gl ucose. The | unbar segnents of the spinal cord and

the DRG were collected three days |ater and assayed
Nlet-10) medintessgeng delivery yo donsakneet gpighal cord near the

| unbar injection site, transfection nedi ated by

(30 OB RCRE B e BBl GRS IGEMA' Vol b

cont con rast rase ene express
Ixhtrahtﬂﬂmr DE&:tione Igemm@;ali’vaxymoﬁlﬂcﬁ@@mﬁrfmmm 4n Iﬁtb( t(WaSeSS

SRR, L, AT B oS RSP st
10K/DINA cofmphdxds esbR¢ fedih andmsomes hat 6 not exsgfui M WiioMlcause the
Cgl’éél%ll:‘%ll%ng required would be toxic. Hence, we added the polycation, low
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 ul 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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2.1 Design of DsbC NL4-1CK reconbi nant protein [00121]

I n conparison to reconbinantly produced proteins,

pepti de synthesis by chem cal nethods is expensive

and faces chain-length linmtations. W w sh to shi@&April 2006
that the am no acid sequence of NL4-10K, when

incorporated into a reconbinant protein, retains its
ability to nmediate TrkA-targeted gene delivery. The

rélfivEeto fhe mmtcahﬂaole@Qutht L{KitrafQghild Eﬂr@smﬁ%sm%t BRG
of NL4- 10K attached to the C term nus

r@ts@hmgcfr%|Rﬁlé®/malup@,ﬂrf’el@se~ashmcesmbig@ aénuhahmeduated by

PRIRBICROREAOK ey 3y TR S Aitale S tc g e
10 nRoRedgpicidelienty firdm.a  pc DNAS 1/ GS plasm d
contai ning the NG- gene (Invitrogen H X52599M, using

% 1-a (SEQ ID NO 12) and D1-b (SEQ I D NG 13).
treamprinmer, D 1-b, includes in-frane

codons for the 1 K tail. This sequence was inserted
zI1rbésfgmfDsbmmauiﬁxﬂ.@%ﬁmm@hpy Lde&iR9en) between the
Scar ‘and Hi nd sites, downstream of the coding

sequences for DsbC and a H s6 tag. The sequence of the
[@03RL) r Jdu comparison tSEQonibinangy Iptydused poueifs, peptideosynthesis by

ue |n tec ni Pr ot
BT 0R  BE PN BLLP L IO B BoE 8, Yot
thua!ﬂaet a{mlélﬁ ;afrddeluem:z G)ﬂNE‘li-EOKQ ;thn eﬂc:cml?&&b@ intB @S tecombinant
strain ). Sif on re
PR RHRGL® BRI 1 Safate chEBufadad) grne Fsgvary.oThpshiseric
pFofeiR b eNLANOK i (SEQbﬁ_*o Q@b%‘} oRdighlof N‘iﬂﬁl(ﬁl@%&ﬁeﬂ gco the C-

col oni es were épool ed and used to inocul ate 40
L

teryiug oB&sbanpn EL by distlfide bood tisamarssg thy shold] enb#nce protem

tlg@m Al Efordi@Pi d shaking at 30 C for 5 h, the
; W\/\erésﬁgrvestnzgg 46 12 April 2006 and Iysed in 20

Plﬂvmbm@mcnms M NaCl, 10 mM i nmidazole, pH 7.9
cont ai ni ng 1 ng/nil of hen egg | ysozyne for 30 mn on

Al n| ce gatio

[dsogg?é]r na S% uérnlgg tﬂ)l ck@‘# CRe| gct:%‘ ? ifigd ( fom a
pthA&Hl@Bg lptqshn}d omtamngﬁtﬂﬁMEl gene r(Livittdged AJFBITSS!MQM), using

Bi os ' £ 1.ngh r Hi sTrap
PRIFR L R Japtat Bt @FQ%@NSQQ Tt S eeai grioer,
Deluy ﬁﬂcllﬁley\/ﬂlsfraxﬁ@liédbhﬂﬁﬂ thy 1010 edie q‘ﬁisrsgqueﬁhéiﬂmn@emd in-frame

congcent r SI on, The fractions containi I?lg Pur i f
into p’c".T-4Ob(a (Invitrogen) between the Scal and HindUI sites downstream of the
coding sequencés for DsbC and a Hiss tag. The sequence of the construct (D1-¢: 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 were pool ed and di al yzed agai nst HBS at 4 C.

DsbC- NL4- 10K enhances protanm ne-nedi ated gene delivery

to PCl2 but not COS7 cells [00124] DsbC NL4- 10K bi nds

to DNA but cannot fully condense it because of tHhe April2006
bul ky DsbC domai n. However, in conbination with

protam ne, an arginine-rich basic protein,

DsbC-NL4- I OK is able to target gene delivery to TrkA
arrdelymi inr2). mPOVR,HRQ, 0508 el 16 ngVvl dinidaisle 3 Wl dontaining 1

TR B P G e —
ther SipRifate: WiRdpi#iddows ABRILSIaRS aBRRG c}hlbﬁat%géph? Oon an

formthese triple conplexes, protam né was m xed

A%Tﬁvxnimrfﬂ’rw iéllrﬁrshalnaﬁ@plemsC Bugkipghamshire, Odkdad 1 ml
t t f
e Db L5 9 0 AU gl o

p@rﬁirmsd by idogsssingesnidarole taneerdratias. Thes frhctioas! cmmthilning purified

creasin no wi t h maxi num

PfPFB&h@?r&aﬂsBﬁ a%*??@?@%%?lﬂsﬁﬁ%ﬁ Sé at a protein/ DNA

(nrml/g) ratio of 0.3 (= an NP ratio of 1) (Fig. 4A).

her protein/DNA ratios, excess, unbound

Ek%@%?hﬁli @uhnn@ﬁtpmmngwwtpd gene olehwwpfet PELY dut not

cokbipdion or toxicity effects. However, in COST
cells, DsbC-NL4-10K did not inprove gene delivery

(Fig. 4B), suggesting that the enhancenment effect in

[0PT24Y c&IsbE-NIgh- Mbinds:e:plt)lir\ lspeeninfoit d,’u]ly[ambd‘edsltit bk€Mise of the
t ment 0K/, DNA/ PLI

ot R C DB HoReR 5 RpTRger b PAUFIARG BBpiRe-rich basic
proteid, MabCNLACOK ds aile td@irgad gend ddlivest o rBkAfre@pides. PC12 and

Livery medi DsbC- NL4- IG( PC12 cells were
c8§ B‘gﬁ awwvcﬁé léag Ef@r?\ms{@e Soitthiriple ORPlayes epgaining

r [ r
04 VAR IFGE PORGHENI0% BE el B oD o HHRES s Ssec-
NE#11gKe Yo Sormathesoimpée eunplexes,rprowhdine wasefitst mineddvidi DNA. for
3(P191Yﬂ ?rﬁ%lg\?ﬁlwp%@?@4&(%€ Rﬁ_%fh%&ncli ﬂie o \}tlrfeﬁ 1S E\%bén}eﬁl 'or another

3(amhuanrmmmierahnm the simlar transgene expression
when PEI 600/ DNA conpl exes are used. This inplies that

DT c 5t TSI 08 QLA G GRD Petr S Bh (eps Pis frogled wit
inbieRindNlaindualé SAtDETNE4-10K, with maximum transfection efficiency
occurring at a protein/DNA (nmol/pg) ratio of 0.3 (= an N/P ratio of 1) (Fig. 44). 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/PEIG00

transfection
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the receptors. EXAMPLE 3 Design of SPKRLNL1-2 [00127]
SPINLI-2 (SEQID NO:'7) is a chineric protein that
contai ns a DNA- bindi ng domai n, SPKRSPKRSPKRSPKR ( SEQ

ID NO 11), near the Nterminus, |linked to a 12 April 2006

targeting domain including loops 1 and 2 of NGF by an
a-helical linker, TI,"' LSEDELKAAEAAFI M| NPT (SEQ ID
NO 30). The sequences of the histone Hi-derived

[001%1 bi M6l obginifarméreyeacd dtahd ipakigic naREsof dehs Hel%%dm@diated
rtunati_et _a ne . Ther apy 2000; 7:71505- 15) The
by ISTHECIL A0, BEHB aelliw o xchBrtad B anDsnEsN B 8% rinutes

befié VasstQicd! lrﬁfg gﬁgﬁﬁ%ﬁgﬁ%&ﬂ?ﬁﬂg&d%e ggﬁsf% %kﬁh%n@g of

and targeting rgeting domalin co
DQCWE%IQK:’IENA/RMWQJWPIEWS&SS temparedfto hin ralis pl@ﬁreatesduwhh

h | f d f h th '
o e DEEP B 5] LB SN o
bo:ivinzzr Westut elboﬁnﬂ\ﬁEul( W mm&mﬂm &ian@éene ekﬁi%&ki@ WRGOPEROG/DNA

cobShse e o SR L SN R L IS L
thie QK SdcaBiol BMdRiy, b&aR% freaRfiment R}xﬁ%edDMlﬁtﬁLﬂW rates
[00128] For a prior work (unpublished), we

thewpenteisct ed a DNA fragnment  encodi ng (SPKR)4 and t he
a-helical linker connected with a third domain by a

EXARPIedi at ed gene assenbly nethod (Jayaraman &
Pucci ni, BioTecluiiques 1992; 12(3): 392-8).
Essentially, three I ong oligonucleotides (D2-a, D2-b,

Dmnmfmmm 15, 48 12 April 2006 16, 17,

d t h
083D RN TSI W0I £l ISR o 4R 2 B
biljdintg;tiomam, fSIBiI—RS,PK]gE;PKR%KaQ (SEQIaBR NE): lll.)f9 ,nefgz the N—é?zrmmus,
t a . rrmers -1, -q. ..
kgl targehink Aogcin ing gk Lear %eéNﬁ#“ by ansprhgligal
TYMEIQQAAM(RI’I‘HP’PV(QQQCE <’1\$0§ E @ﬁ&‘encwsf the histone

sequence correspondi ng t bi ndi'ng domai n an

lemfmefl rl;klgA higding ﬁpmalm aag tb«y hnm wre Hirsthuseg by i etal.

(O30 cRBsty 607 B Sl w0 LR R Ebe

ang |smvbatd §'11Q‘W g&bp@dﬁlpﬂ:_ﬂ'ﬁtwll ob ﬂ:eeDHAelsindiug] aué ¢4rgeting domains.

Thg 'é%%%ﬂ%ﬁg@ﬁug gémgrls%ﬁe_%e@yml%ug &5 ch\gedai%' aa P7 67 6f }Juman NGF,

such that a disulfide bridge can form with the Cys residue corresponding to C58 in
NGEF. Based on the crystal structure of NGF (Wiesmann et al., Nature 1999; 401: 184-
8), we judged that such a disulfide bond would help the targeting domain assume the

native conformation of loops 1 and 2.
Plasmid construction

[00158] For a prior work (unpublished), we had consiructed a DNA fragment
encoding (SPKR), and the a-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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encoding full length NGF was first cloned into a TA
vector by PCR anplification of human brain eDNA (from
Clontech, Palo Alto, CA USA). The DNA sequence
corresponding to as 17-67 of NGF was anplified wl2mpril 2006
primers D2 -j and D2-k (SEQ 1D NOS:24 and 25). These
prinmers introduced BanHI restriction sites at both

ends to enable the digested fragnent to be ligated in

If6(r:i 3mprmmhvﬂyb?aﬂmglu§cmb dotlifik Estraﬁdiétmns&ﬁfthollgﬂgtéclﬁotxdes Ithat

addi tian, the forward. priner, troduce e additiona
ST COBRIG e P SHroinetiogt D02 e SRR TP NOS 1l respectively)

agﬂ Bk 8l promers QD”QCD%JﬁngﬁQtIDWﬂ)@QQ a1l %8@&'1@6 SORRNARE in a

conventional ne The coding sequence Is given

SM@@E@‘ rezchion. A8sing thepreduat asxpleaplite rthfammmmlcrbnfeﬁpbntbng to
thePRANindRE dlmafind e B ey B b A D2 1

and 2B (BEQ UNNQSAL and |2l); The PPRrprodiciawis digbdtédwitR MleBdnd

/ chl qr. en| unt i optical densit
Eﬂ'@g@ﬁé‘a 1’(&3478 %9“3"?1 Slﬁest?@fié% FEPRSSION Y5FIGE Beyagen),
Mﬁs&%ﬁﬂ ofﬁdﬂ!ﬁﬁﬁl tag, t%ocl@atQYpE’ﬂ% SFidRJlinR&' Ofhel DR sequence

i sopropyl - (3-d-thiogal act opyr anosi PTG,

cos e}l et NGH e Tt HESedBIOE Etpctsy by FCR amplification of

hﬁﬁ)lgﬁ Hrhid SGSNANGERE, 18 é&g&ﬁlt Palo f‘mo %SA{S@ WE}N‘A sequence

[ et was resus en |nI SISb
cyrespoRing ma71967 of 5GH mmplmdmmm pnnhawd]’k) and D2-k (SEQ

[?E@(P%E%ﬁ% %51) g’g Ig‘lz'l%-rp& m&k&?u%ﬁjgkom ﬁeésh i 0f1 S}t?ssaétbgtmgs to

esalnié thatdégbsied thiagmant tb ('ba tigated insfeamis with ¢hecd-Bélicallitker sequence.

B D S R e

TAKTAS RS eerk Plifeckdd @ SE1A400 iBicRS GieNEEes -and éeqﬂénced by
H sTr.ap. col u Amer sham Bi osci ences equi i brated
CORERtPRAL P@tbé)gn CRABE SRAEENCE b5 BV aﬁﬁ@&l\@ 3®om 1.6 L
of culture washing 49 12 April 2006 and eluting was
PREGIOLPREssIN drfdfifitafign t e | tnidazol e concentration.
The fractions containing the purified protein were

ool ed and dialyzed agai nst distilled water at 4 C
[&1@;4 NITheZE. [sph @gain BL3IN é&Eﬁ)pMs&Arammmﬁeq with@ET16-SPKR,NL1-

f KR4ANL 1 -
T Ll SR i 5 oo
afmPkRAMl of chlbﬁ%tﬁx@ﬁicélb‘ Bntil IRDéptichddabityPRAcHeA 001 Bp ﬁgblon of

agar ose_gel under el ectrophoresis, indicating that t he
the recombinant protein was then induced at 30 °C by the addition of 1 mM

isopropyl-f3-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-
freelprotease inhibitor (Calbiochem, San Diego, CA, USA). The cell lysate was
soniﬂcated 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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pepti de had bound to the DNA and reduced its

charge/mass ratio (Fig. 5A). [00131] The ability of
SPKRANL1-2 to bind and condense DNA was al so
characterized by neasuring the quenchi ng of 12 April 2006
fluorescence when intercal ated ethidium bromde is

di spl aced. The fluorescence dropped sharply at an NP
rati o of about 10, indicating the anount of

aPKIRdM a8 peEeed Hyoiclebitng drRdaNgeblcOdbntdrit@tioR Bhe Fd€ons
results of the ethidiumbromde displacenent assay and

c?rrf@nmmh? eYGiighpLotsin yg@agm&adeand@#wealragapv@o%t@]ed water at 4
wever, atom c force mcroscopy reveal ed that the
p'epti de only partially condenses plasm d DNA (result
not shown). When PE1600 (NP ratio of 5) is added,
SPRRNEA-bindp & plagthidsDAe fornmed (Fig. 5D). SPKR4ANL1-2
enhances pol ycati on-nedi ated gene delivery to PCl12
cells hg)gl 31 Conpl exes made from SPKRANL1- 2 and DNA
(09130 BlAsbingieeyaciuify of; PRIRBNEL Rowas fassessed nigi asDNA

réié%ﬂatkﬂe aé?s‘éi? R RfixdBOif bl QRidC IREA Y @PKRAQLL@" tbuced the

condense he DNA created an effective gene delivery
mppdite ! [REAshoughdn lagevosmedomdar elrelrgioresisp indicating tiah éhe
nd i ng
plyfiop g WS 90 B PRed Y rbalRlbast PSR F 1L ency.
In 48-well plates, PCl2 cells were transfected wth
[aoa Bl emenwnmyesf CSRRRGINILI1 FIY ta Bid gaef caﬁa%ﬁwemﬁp%st Qlso
lgaﬁasmd ei t her 600 Qr PLL at an NP ratio of
i By oA naee Gredibre aorgsceweﬂwpdwacalawa@hldmm

br@dist Bsplated Dl flibréRbice WMF%B Qhéfﬁly étrhﬁll@/?trﬁﬁb Bpﬁbo'ép 10,
m n _at roomteorgerature after which

indiratipg g amaushoh i Bl dd? asrded Iﬁ@.r lm\%t wéensmmd&we dB).ckhe

1é§u1ftsl_4£fgfrilkfegtlh ¢ Iﬂﬁg‘o{:bénr}%&} X[ﬁﬁc%n f‘%g%?aﬁ}g_iachéﬁyﬁsleeﬁarﬂtﬁp ﬁgsjﬁ are

sip#He500- nedi at ed gene transfer is enhanced
dramatical Iy by increasing the amount of SPKRANLI -

N L e e
cEAEfE0H plasdinbhPNAS{redultaiot mowm) tWhelh PEIGO0I (A ehti@&ITS) is added,

dellve% t.ransf ct| |ency with the optinal

COpRAGhRaTgParElerarR ‘im? O ti mes hi gher than
wi t hout SPKR4ANL1-2 (Fi g. 6B). SPKR4NL1- 2- nedi at ed

SBRRGNE 12 éi\%%ﬂcés%ol\ﬁlftiéxﬁﬁﬁsﬂfﬂéd siRelivéry to PC12 cells

oo

[00133] Complexes made from SPKR4NL1-2 and DNA alone had relatively weak
transfection efficiencies, but the addition of polycatlonlc 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 pg 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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[00135] To determne if SPKRANL1-2-nedi ated gene
delivery is TrkA-specific, we studied the effect of
addi ng NGF (200 ng/m ) during transfection with
SPKRANLI - 2/ DNA/ PEI 600 conpl exes. From Fig. 7, wel2s&exil 2006
that the addition of NG greatly reduces the
transfection efficiency of SPKRANLI -2/ DNAI PEI 600.
However, when SPKR4ANL1-2 is replaced with the control
afignwhiehitloe pelpdatide waSRIGEH 4nd Hchmixhee itchBabdEiMa f0ABer0 min.
qsni[]]cﬁm f.i cant leffe& . San js a conpetitive
PR Wag plso ugsg ity the BLIncomtaining compiexgel i very, we
can conclude that the action of SPKRANLI- 2 is

Rget a I SRRt Rt S | 0 h eJ.e
%‘Z‘E&Eeﬁﬁ%hgﬁ% SPKR) 4andﬁﬁﬁgégf}g Iﬁ?\i}_@k& 1{‘*u ef?q{sgﬁ’gu %a%&g“md
drangdicaldy By invreasimgdhd amoen ef §RKR9HEndnTrmgdnh edpiession using

theielSE B SOSURERIE SR asin B o Biber B ik o

amnenﬁmNlelaﬂguwﬂh RILH mwleﬁg[g@ﬁﬂaﬁ]ve'ﬁh Q:jaﬁlﬁffa@ﬁﬁl éﬁiclency w1th the
medi e deljvery was
095@59@1%1 7 SRR L2 e 0B i gt s e SR RHA-2

ns and TrkA-poor glial- cells isolated from
day ol d enbryoni c rats. Cortical neurons and gli al
ceIIs in 48- well' plates were transfected with
SERRPNIN-2-nediteds gepe Prlbveyy is NEBRyeptOEsBRHICDNA
conpl exes contai ning 0.25 pg/vvell of pCAGI uc and

B Sl Al S0 el R B R

stuelietl i they effeat cBQdding ;Ncaw (ﬂOIOglgFiEl)&ﬁx@mg &f&dsfcd&t&hhﬂﬁh BBKRQNLI-

f 30 t 51 12 |
2BpA rER s o Bloat, B 4 Rl esciha! fhi 240y a8 NBE sonsly
reuedicthie SravefRbiici BifRichéy 0L SPRRINL 1 2MOINA/PILOE eflﬂ)@evewwme

SHRESELY B B0 5 i bt b R, 0 e

tbAtAREODRE RX RIGHRAAN of bt DRfiktet YR8 192 c%rﬁ%lat?tweaﬂhm{ég hof

thelrrPactls igher in glia than in neu However
lﬁﬁ%gene@ehtw,mmnspkmmaﬂhmn of RBKR,NL1-

2% 'Hﬁ ot fa%d%ée”p?&lsﬁc?mﬁd“ @?&é;ﬁ@%ﬁ%ﬁk OQuf the r(gggiezi and

exes
SBK-RWéb h2 geeupsindicatedn MOOGEB@):Fbasmngenmbxmeshﬂoﬂ resulted from

P - ' s .gene liver orsal root
aREE ST A el SR BERER0d T 2atnRCy 5
SPKRANL1- 2- nedi at ed transfection in vivo,
SPKR(NL1-2 specifically mediates gene delivery to primary neuron cultures

1}

[00136] The effect of SPKR/NL1-2 on PEI600-mediated gene delivery was also
tested on primary cultures of TrkA-expressing cortical neurons and TrkA-poor ghial
cells isolated from 20-day old embryonic rats. Cortical neurons and glial cells in 48-
well” plates  were transfected with  SPKR4NL1-2/PEI600/DNA  or
(SPKR)4/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 SPKR4
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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gene delivery conplexes were injected h trathecally

into the [unbar regions of Wstar rats. The conpl exes
were fornmed in 5 %glucose in the order described

above and 4 g of pCAQ uc, PEI600 at an N P rati d2dfpril 2006
5, and 32 nnol of peptide in a volunme of 20 | were
injected per rat. The |unbar DRG which contain

Tr KA- expressi ng neurons, were di ssected three days

| ater and anal yzed for luciferase activity. Transgene

[oexprIes FOR Hoeyaht gaie%hvaa[{, r@?ﬁgg&%&é E gg%&%gﬁ’a@%nax

COlTp exes was nine tines

andogiial sellf. Fivgen the. comicolvpeitids (s)glgk@msoefdd@pmlgmo@lekes, the
rig pr otein SP
dgg%ﬁfg%gﬁ%%ﬁélwana o%%@gw IIF | e@%%%%ﬁfﬁﬁg%ypes of
cal\lh,aitﬁougtethe ampyet lsﬂg}ghéf)hiﬁglm tliaﬂugﬁmm hfdgﬁgdr triple k-%mﬂ?xes
T&B tin oQps an i nstead_o
copgming PRAEN I et nin ks TeG R &Bedveoi howyd oL IR,
tripf doavekeBywhite thére/i§ efentidiiRsd SiFencsysthebh @PKR@NTGI{Z and

i ntranol ecul ar disulfide bond is forned with
(SBKMp« inghial egllsul i de bond and | oop- Tanki ng n-sheets
are intended to stabilize the confornmati ons of the

SPRRQOL LD m i E&e‘ d%?i@é'yftx'&ﬁrs%ﬁ{é&?gbﬁ% gomain at the

-termnus 1's séparate rom 4 DNA- bi ndi ng
domai n near the N-term nus by an a-helical |inker,
[om&}SEDE-Zb AkahABRKReINETy ob BPEKR,MNDL2kmedifted Rlaaseitidn in vivo,

structlo 40 he, constr on of the
B AR BOTRRET R B Fsmthalally Rike B jGab e prsad itar
raRETA&c Bﬂes' Wdik Edrmel 36 596 @TuceiL@liBS oid@ﬁﬁes@ﬂwdadb%@l and 4
the codin uences of the DNA-bi ndi ng donmai n and

HeapkpGaglug ﬁl@@ at go N eptie abdnrppd 32 esﬂpl o mapéde # 4 volpms tof

203 l%c%ré ng_]ecfg@:ﬁeﬁ rat (nghenﬁl%% aIeI e Trévlhé o a%gt Jg.r?c%gex'gretsmgg

nei(lﬁ'EQ I\&?ré\l(?;sg&e? retie Ee)ﬁ 8days Iakeg :-lﬁﬁlg !Aﬁiﬂ?fbd ¢sd M&Qfexfaﬁﬁ actmty
oops 1 an i

ToGgR SRS R ST et P ABR b BB e oempiates

wasl i¥ficinted tBAITHRCPRIGOTPCAGRIC d¥Rfro@igl 9).i Nt roduced BanmH
sites at either end for in-frame |gat|on into

1T16- SPKR4I i nker. The resulting construct was
EXANBR 4t or correct insert orientation and sent for

Design of SPKR,BL1-2

[00139] The design of the chimeric protein SPKRBL1-2 (SEQ ID NO:8) is
analogous to that of SPKR4NL1-2, where the targeting domain has been changed to
bind TtkB by incorporating loops 1 and 2 of BDNF iistead 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 [-sheets are intended to stabilize the conformations of the receptor-
binding loops. The targeting domain at the C-terminus is separated from the (SPKR)4
DNA-binding domain near the N-terminus by an o-helical linker,
TYLSEDELKAAEAAFKRHNPT.
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sequence confirmation. The codi ng sequence of

PET16- SPKR4BL1-2 is given in SEQ ID NO 29. Protein
expression and purification [00141] E. coli strain

BL21( DE3) pLysS bearing the pET16- SPKR4BL1-2 pl asri2d\pril 2006
was cultured in LB nedium (containing 50 g/ m of
anpicillin and 34 g/mll of chloramphenieol) at 37 C

in shake flasks until the optical density reached 0.7.
Phibid ¢amstriustiover e noved to a room tenperature shaker

and induced with 1 mMIPTG after waiting 15 mn for

ks t cool b eria was pell et
b Ly | B Pugiei © sttt of Gbe aueions oomBating APICEINIL2, an
1nmlhedlhthay‘lﬁsiman§Eil‘Y@SFI\RH‘ lﬁ’lﬁ@f tlﬁﬂt breh r@ezﬁéﬁ 'ﬂ‘r&'ﬁ: Q:oﬁﬁb#ﬁethe
of 50 mM Na2l 3PO4, | M Na nmM 1 m dazol e, O.

coping $5Auones0ef, the NG -binding NOHEDTahdf m—hehq@lr baleask unique BamHI

w06 b R 5P 5 AR S5 o5 TR 06 oE BN

durﬂna&mrIésjng)ﬂaeq:&nnars mmﬁ11mD3-bk@P@ﬁBFK:927??d psbr *tlifd Reuence
er nic -chelate a Nt

cop R DaS L0 2 MR Ve aGifed Bpmarblesmmid et ee BONF

gaBb 086N GRE) a h@hanl Baik EDNAC Ublaty §ClchtdEh). OThib pdl& pair

erflow (Q agen, Hlden, Germany) resin was
m@ oed Fanill dites # eifherandNgD p&ame disation MeeCpET HGSPE Ralinker.

Tlie‘ﬁééﬁﬁﬁkeconﬁ’tﬁ% s, YRR %orap&regzag%ﬂeﬂgoﬁ\aﬁau on %qd gont for

acconpl rshed by raising t e concen

seqirace cerdfirvehen. dbateding seguenpeof pEEH6-BPERBIN] -2y given in SEQ

e ld, dialyzed against distilled water at 4 C, and
concentrated. 53 12 April 2006 SPKR4BLI-2 binds and

condenses DNA 100142] The ability of SPKR4BLI-2 to

Piloiteinl ekipidssias akpiiifi@diony t he DNA retardati on assay.
Fig. I OA shovvs that at an NP ratio of 2 (equival ent

bV on?” BB N GERAABS e D PEEI G SBRBrSs é%%fslma
wél Qfhufed B £B hGEASEOMenbl Syt 4@%&'115961&@%234 fl of

that at an was capa
chtmsmelmm@ A 3ALK it s HasksSumilrthe optiml dénsity mc‘:kehe(QO)G Tihe

el SRR SO B o S I P00

waitinge$ aiim ifdrythe fasks arbb(ﬁ)l CHiid bdctefiaswdshetleted By e&firifughon 90
min later and frozen. The cells were thawed and lysed in one-tenth the culture volume
of 50 mM Na;HPO4, 1 M NaCl, 10 mM imidazole, 0.1 % Triton X-100, pH 8.0 with
EDTA-free protease inhibitors (Roche Applied Science, Penzberg, Germany). The
lysate was somicated 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
cultuze, 4 ml of Ni-NTA Superflow (Qiagen, Hilden, Germany) resin was equilibrated
in 50 mM Na;HPOq, 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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therefore, the transfection ability of SPKR413L1-2 was
tested in vitro on primary cultures of corti cal
neurons and glial cells obtained from 20-day ol d

enbroyonic rats. Cortical neurons are well knowd2tAgpril 2006

express the full-length TrkB receptor. Astrogli al
cells were long thought to express only the truncated
isoformof TrkB, but Cdinent et al. (Neurosci.
Letters 2000; 288: 53-56) have shown that sone full

SPIEREI- T hinaBan & caldefsesaxpaessed. 1001441 Corti cal
neurons in 48-well plates were transfected with

SPKR4BL1- 2/ PEI 600/ DNA conpl exes contai ni ng 0. 25
[09343) welhe #lity CHSPRIER B2 dofihd DNA weaseexamakd byn the DENA

s RSB Ak P B e

D), RKRBLisbm peieper atmpletel\\pidveEDBRO fidnx atigrating aimder

P.ratio,of .1 i ncreasi ng.the a nt of SPKR4BL1-2
el cpRetsap R crt BULGFOoPY g DRe LN Slseyprealea toR i wp/P
ratfolo 50 SPUIRGBB-2t¥AR dApaHIE BE corfehsind! SRSMIFDIA dntd Mrticikd of

was al so reveal ed that PEI 600 was not required for
undsr 200 nrip digmgless ecti on. 1001461 In the experinent on
glial cells, triple conplexes were not used. 0.25

SPRIUBL 2Pty ohls A or o Sl U hA il R

ef ficient when nore SPK R 4BL1-2 was used, wth
[00143)s Géwe expmes sommerciAdiyhavajlabBO céll kst hat cRprefaKRKB;

, d 50 ti hat of /DNA (Fig. |I.1 B). 54
e BOls o, Ehis s i oE SEKRREA o Aesioci vio ok arimey
cultirss of @fidal Rgrd@tabdvglsl defld dveineMNGFon2 0085, 418 eﬁfﬁ%glonic_rats.

I nduces hosg}hﬁryl ation of TrkA, which in turn Icits
Codtjeglngurony e, well daewn ko expspspehe flblengthi kB weesatori Astroglial

celRfwdeikt ' ly : £ r
RS i M U
al. fgueesct. hietigrs 2800; 2B% ot ¥ thaveshewinrhat epe Sult leagth TrkB is also
exgredbd oni ew at al ., Annu. Rev. Neurosci. 2001; 24: '
1217-281). The activation of TrkA, Erl 1, Erk2, and
Akt in PCl2 cells treated with 5 M NL4-1OK or NL4 for

[00284]i ﬂovhé_@l chetrong éul 48ywelinplatebwetd itagsfedtéc witht SPKH}BIS] -
2/ TR Sorele g resrell oAb her e gomploteswere
mag@iﬂlaﬂr:ﬂéw‘blﬂ&& by sumassEcRipat > /NneDNA Kewitiks for 30 34, e
PEI600, and incubating for a further 30 min at room temperature. With PEIG00 fixed
at an N/P ratio of 10, increasing the amount of SPKR4BL1-2 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
ng/well of pCAGluc was complexed with either SPKR4BL1-2 or PEI600 (not both).
Gene delivery was increasingly efficient when more SPXR4BLI1-2 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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Akt. Furthernore, NL4-1 OK retained its activity when
conpl exed with DNA. [00147] To further assess the
hypot hesis that NL4 (with or without the 10K
addition) acts via TrkA, two inhibitors, K-252a d@dpril 2006
AGB79, were used to block TrkA protein tyrosine
ki nase activity. As expected, pre-treatnent with these
inhibitors greatly reduced the extent of NL4- and
NL4- 1 OK-i nduced phosphorylation of Erkl and Erk2
Fi 12B). These biochenical assays denonstrate that

M%F ‘ or without the 10K donain) can act through
TrkA to activate sone of the same signal transduction

i OK pronotes cell
SHNDIGUR deliddeed EICR Sh YR ERal Gty [00148] One
mani f estation of the survival -pronoting bioactivity of
[00TR6) s NGE bindbitd aﬁ@/mﬂucqs mmw-mGnsuﬂ Mk A pwhich PGLR elicits

cel.ls n, Ser um ot her wi se
S{EE e, Aoy, g 38 e rorfe Wiopih oF B AGicbees s gavolved
pR&EIE: &elBrk] Wed Gril, Paft diMthe RAEAD msas&hw% CRRt ﬁ.ktn Wheth
a range of NL4 or NL4- 10K concentrations e cel

plays & U%H‘miaﬂft rgle ipeglt spaiyab(Sofinaiewt ahoAnnn. RessN @@ﬁq@a 2681;
24 012&*7‘-98'@“‘1’1(& Yatvalid & TrRA%/E‘i‘?‘? eﬁrk@an%ﬂ%{t?&?C@éﬁ{s trepted with

opti mal ‘concentration) a range of concen
5 fuvd ANLE- I0XS ot N2 f&r 20 ifin vac detestédoy Mumhm:tmrg withiaatibodies

resulted.,in incre i 206sur .val
i S R iR 60 Tt Db oo Bt b fhowa n Fig 124,
treatimentvigith Nakesad (1\FL49101<1 Bducl activifidnodt TIRACENES IBQ&P Eﬁc Yeshd
ob erved for NL4-1 OK between 0.125 to 5 .t M

AlpFppthgrpozs. Nldr I\Péﬁ ré?ﬂf'ﬁdm aghiity] Waensogwlaed @’Itbém%vay s
1001491, PCl12 cells in 6-well plates were treated wth

[o%ﬁlfeﬁmh% %ﬁeﬁ‘ag@w e theEi@%h@ﬂ]%%Km fﬁ Mﬁogf tHe® 10K

all these concentrati ons uced a
aMI@mwé ractls aiacTrkd§ tvgy juhibiiars, Erdé2a aod AGSTP owert msadl 1 bpockl TrkA

ol GBI 800008 by, TS

whtbjs phivced theiestent o NLY- amd NLﬂFE)Kt-mdadedobhuslﬂimﬂlhm)n of Erkl

0S ki.n hibitaor to
iR Reiby 201 e bR e At dbonehele it &iuih of ot
thEr KOK pidﬂ&ﬁk)Obad at:ﬂ ﬂﬁmhghd Teeal t’@yacﬁlvMeoﬁon%:’}@B“thlsa&el Signal
Euced and ev I{IJQQ( el i m nated by increasing
resflRsHion PAPBHS Foghuatess 4 SPYMANL1-2 pronot es
neurite qutgrovvth in PCl2 cells

5.2 NL4-10K promotes cell survival of serum-withdrawn PC12 cells

[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
seruin-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 conceniration). Over a range of concentrations

from 0.125 to 2.5 uM, increasing NL4 concentration resulted in increasing cell
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[00150] In response to NG-, PCl2 cells stop

proliferating and differentiate into synpathetic
neuron-li ke cells. Wthin 2-3 days of NG treatnent,

cel |l norphol ogy changes and neurites can be seerl2 April 2006
projecting fromthe cells. W tested SPKRANL1-2 to

see if it could also pronote neurite outgrowh in PCl2
cells. The cells were treated with 8 pMof either

siroPKRats @ronﬁﬂim lof amf@hmal NeFsproferBanivival the (Fig. 13) A
phot ographs of (SPKR)4-treated cells (Fig. 15A) and

sigplarAqe Tesponsediasofsered for NEAJ 0Kilmbyeen 012540 5 bé seen
that SPKRANLI -2 has NGF-1i ke bioactivity and pronotes

N [
5?%{%‘5 g? Qé@%ﬁbﬂﬁ%%ﬁﬁ s'ﬁ’éﬁ’%&g\t ‘rgmt (e)glgi] W al so

assessed the ability of SPKRANLI-2 to pronote survival
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rgeti rpirn notif of a
neurotrophln or a functional equivalent thereof. 3.
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of (SPKR)4-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 SPKRJNL1-2 (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 uM of SPKR,NL1-2.
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NGO 3); d) as 28-40, as 43-52, as 19-60, as 79-89, or

as 91-118 of human NT4/5 (SEQID NGO 4); oi . a

function equival ent thereof. 5. The pol ypeptide

according to any one of clains 1 to 4 wherein the2April2006
neurotrophin receptor is TrkA, TrkB, TrkC or P75NTn

6. The pol ypeptide according to claim5 wherein the
receptor is TrlcA 7. The polypeptide according to any
one of clainms 1 to 6 conprising as 17-67 of human NGF

Vﬁ§€£%i NGO 1), as 80-108 of human NG-F (SEQ ID NGO 1),

L.

or-as of 22-64 of human BDNF (SEQ ID NGO 2). 57 12
April 2006 8. The pol ypepti de according to any one of

SN TR O R -

biAdif® eRMBEL Whereinathencl \tdagem'g reldnieat ENALRinsia i m@ifeh&reRbtively
|

ndi ng el enent. 10. The

s a non- specific DNA
'mﬁ%ﬁ9ﬁéﬁ¥?ﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁng to claim8 or 9 wherein the DNA

2.

bi nding elenent is positively charged. 11. The
pol ypepti de according to_claim 10 wherein the

non-1418 OHPERIASNGECRR g taorlaim) bvhsteln thescellsiarasiing glsigntnis 2

ha??ilﬁ%tif‘o?a h¥ibéphinlet-a fiitGioRA YRRt dRrgcor ding to

3.

aim 11 wherein poly-L-lysiné is deca-L-lysine. 13.
The pol ypeptide according to any one of clains | to 12

car oS o RARI oAy LPUBREL Worfion W aad Ko R s

faglot @Nﬁ\éh gorein-deniyed meurgfropdicaifator | (BIYNH)3 newiepiephin 3g (MT3) or
néui'&%ngﬁhm" m_e bet ween the nucl eic acid binding
el enen

4.

5.

t and t cell targeting elenent. 15. The
pol ypepti de according to any one of clains | to 14
c

0 LS | ﬂﬂﬁﬁ@ ) : | D
mn?hgég%g&%%a%% or EB' ?‘% %Qghpll%@ %1]11 poFypepti de
accardi6iig, bo 4hid), eméT-67, 2l @i-Wsor7aa l-107 efhhwhan NGE (SEQ ID
neu§a55gphin agonist. 17. ,. The pol ypeptide
accordifig to claim 16 conprising the sequence of SEQ
| D Ng)#a,33-45, aa 48-56, aa 22-64, aa 76-36, or aa 88-115 of human BDNF (SEQ

ID NO:2);

¢) 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); of |

a function equivalent thereof.

The polypeptide according to any one of claims 1 to 4 wherein the neurotrophin

receptor is TrkA, TrkB, TikC or P75NTX,

6.

7.

L3

The polypeptide according to claim 5 wherein the receptor is TrkA.

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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SEQID NO 6, SEQID NO7 or SEQID NGO 8. 18. A
reconbi nant nucl eic acid nol ecul e encodi ng a
reconbi nant pol ypeptide according to any one of
claims 1 to 17. 58 12 April 2006 19. The reconbi ndnipril 2006
nucl ei ¢ acid nol ecul e according to claim18 wherein
the nucleic acid is DNA 20. The reconbi nant nucl eic
acid according to claim 19 conprising the sequence of
SEQ ID NO 14, SEQID NO 26 SEQID NGO 29, or SEQID
NG 3 1. 21. The regonbi nant nucleic acid nolecule |
8. accikedpﬂapipggaﬁgfom 19fang 17 s clains T, 1 b Whigepe the ol acid
birRKReRHTnOR MBI A YindingZlenfenf ONPOSi tion conprising a
nucl eic acid and a reconbi nant pol ypepti de according
to any one of clainms | to 17. 23. The conposition
9. gz C@ﬁéﬁﬁ&gpépﬁdé:élc%bmn%go YheK §We&ﬁQ11€E§JAebiﬁdiﬁg bfdnder iPNRon-

4. The conposition according to claim 23, wherein the
speDix RN Arhinddegselementdi ng gene sequence. 25. The
conposition according to claim24 wherein the coding
gene sequence is a therapeutic ?ene sequence. ,26. The
wi

10.c onPlsspelypaptide eevoriinggiotadpimbyorchwhertinghe DA Pidding elguent is
s nprising a cationic polyner.. 27. The
po%%ﬁ%%@%#%@h according to claim 26 wherein the cationic
polynmer is polylysine, polyethylenimne or protam ne.
59
11.

element is a (SPKR)4 domain or poly-L-lysine.

The polypeptide according to claim 10 wherein the non-specific DNA binding

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 amiino 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 NQ:5,
SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NQ:S.

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 2 coding

gene sequence.

25.  The composition according to claim 24 wherein the coding gene sequence is a

therapentic 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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