WD 2004/ 069176 PCTI US2004/ 002763 5 POLYMER CONJUGATES OF MUTATED NEUBLASTI N
CROSS REFERENCE TO RELATED APPLI CATI ONS This application clains priority
fromlInternational application PCT/US02/02319, filed January 25, 2002,

whi ch cl ai i fv0d/epifsy from United States provisional appéhﬁggmganﬁﬁrlal No.
10 60/ 266,071, filed February 1, 2001 (abandoned). FIELD OF TILE | NVENTI ON
The invention relates to protein chem stry, nolecul ar bi ol ogy, neurobi ol ogy,
neur ol ogy, and pai n managenent. 15 BACKGROUND OF THE | NVENTI ON Neur ot r ophic
factors are naturally-occurring proteins that regul ate neuronal survival
during devel opnent and regulate plasticity and structural integrity of the
adult nervous system Neurotrophic factors can be isolated from neural

ti ssue and fromnon-neural tissue. 20 During the last twenty years, many
neur ot rophi c factors have been di scovered. These neurotrophic factors can
be classified into superfamlies, famlies, subfamlies and individual
speci es based on their structure and function. Neurotrophic factor

superfamlies |nclude famly, the
neur ot ?Ophl n superfani p} ??ﬁe trans]?%\p% ng gr om?tﬁh;%égﬂ?g (TGF-R) 25

superfam|ly. The glial cel I | i ne-derived neurotrophic factor (CGDNF)-rel ated
ligands are a famly of rot' nsvmthlnthe ," suerfamly GDNF-r el at ed
| i gands i ncl ude GDNF, % MRS and neubl astin (NBN;

known as art enifhis@pplaguh alums ﬂ\%ﬂb;e&&n%itemh@or@uﬁnwi@tmmgﬂoﬂs oafilelly are
di stingui shed gzys garmnggcot her things, their seven conserved cystel ne
B

resi dues. hiclpings pﬁwtar%rre@@rte&rsmﬁprpm@pﬁwebwgn Sewal No.

2004/ Q91 %@%9&%7 bri dges and give rise to the

terti gréy §§%E§§Z%Jer nary st g’c%tog?g&(%&dtn%@ di meri zed polypeptide |igand.
Menbers of the famly also share the ability to induce signaling through a
mul ti conponent receptor conpl ex_consi sti of AN gl ycosyl phosphati dyl i nosi t ol
(GPl)- anchored co-receptor of M@Ma menber of the GDNF-rel ated
l'i gand subf anm iTe inventivhdeltee tdrbteiny/dhemishg, Kbleasier HislgpimRurobitddyyat ed RET
initiates a 5| nal transducti on cascade that is responsible, at least in
part, for DEWelo PREIAMSEFREYs of GDNF-rel ated |igands. Accordingly,
activggion of RET mmy represent one desirable aspect of a therapy which
acts through a GFRa receptor pathway to affect downstream cel | ul ar

processes. 10 Neublastin is dAf EDNF fam |y because it

shares regions N%Ilrotrophic factors are naturally-occurring proteins that regulate neuronal survival

during development and regulate plasticity and structural integrity of the adult nervous
system. Neurotrophic factors can be isolated from neural tissue and from non-neural tissue.
20 During the last twenty years, many neurotrophic factors have been discovered. These
neurotrophic factors can be classified into superfamilies, families, subfamilies and individual
species based on their structure and function.
Neurotrophic factor superfamilies include the fibroblast growth factor (FGF)
superfamily, the neurotrophin superfamily, and the transforming growth factor-p (TGF-f)
25  superfamily. The glial cell line-derived neurotrophic factor (GDNF)-related ligands are a
family of proteins within the TGF-B superfamily. GDNF-related ligands include GDNF,
persephin (PSP), neurturin (NTN) and neublastin (NBN; known as artemin or enovin).
Members of the GDNF-related ligand family are distinguished by, among other things, their

seven conserved cysteine residues. These residues form intramolecular and intermolecular



honol ogy with other GDNF |igands including the seven cysteine notif (e.g.,
as described in EP02/ 02691, PCT publications US02/02319 and US02106388),
and because of its ability to bind to, and activate, the RET receptor as
part of a RaopedsplceX. Specifically, neublastin is higptyssplgRpidsve for
binding to the GFRa3-RET receptor conplex. In that respect, 15 neublastin
contains unique sub regions in its amno acid sequence as conpared with

ot her menbers of the GDNF-rel ated Iigand famly. Current data suggest that

neubl ast i &smebﬁ&g%san@g%%é ithﬁe fnthry SOUEqRAfeRldry Srichirs of the dhferiZ@r i pher al
and central nervous systens and a result, may be useful as a therapeutlc

agent f opolypeptidel bgmde Merlyess of th@fmlwlsosbare dheabity to mduee signaling thrqugh
bl ast
nour ons. 1 B aiupontfert KobbibPLorilePC AR o Syl GElPRAPA LA RBTROTY /

cul tur ed anchsted cbireceptoy bhthd GGRRu family) a:mﬂabﬂr@ﬁﬁle(ﬁiaNEhelatedéigand ibfanoly, 21:
1291- 1 &qull?%% | t. t erefore a pears that neublastin may pronote survival
of neu aﬁ"tﬁeﬁ?ﬂ g sensory and dopaminergic neurons. This is

irrportant becaﬁl&@vatdaqmﬁﬁﬁa@ﬂw@gl tr&ﬁdudﬁbﬁ&ﬂ@ﬁdétﬁﬁti@fesp@mrbwat kagibeen
associ ated with disease states. For 25 exanple, sensory and dopam nergic

neur on paP#bl @rgtheéowmmpleéfeﬁépfﬁﬂwaqelaﬁéd}%m H\Fearding ){P&Pﬁk‘faﬁ%ﬁngBl sease,
ti f
oo Y popudsefi e QesirabRYEb G 8 4 Bblaph wBlonaE MBI LORY cBleplte fitvny OF,

and dysf unciffeotdoviigiveans cellud@pbdbersdes.n is rapidly cleared by the body, which

may affect the blastln ! ired in, 30 therapgeutic
o PABET e ntanta 36 e el i e i bt HAbEEs PP Bt | des wi t h
enhanced Bbﬁalégymhloltﬁek GD}HCHQ{nds ﬁﬁhmmgltﬁe sese@éys&me%énfqé gl, BedeRérvee il
invention to identi or s astin_ which exhibit enhanced

bi bavai | a@ppz/ogﬁmmﬁmmymom?m@@mmesd besentereitits enilitiip
| NVENTI ONy G, | GO0 HRTE B3Rk W or £ ORRUSBA Bl BukahiflyNRbhaR! | 1
ach I'rs po conp

di eters. cont ar ns ypeptlce Ising”a fiIrst
ani no-t er iis kighly asfective dimi bindingitocths EFR0.8-REToteyqpéqrtconhplexo ﬂ]ptha*srquaca second
am no- germ’ | .am no, aci.d. Each .pol. eptlde 1 di vi duaII con a@gs (a) an

ani no 1aci gewlastin fentainp uniqug subjrsg talam]tr@gg S?@%“"%@)%

sequence ln%ﬂkfsto\ftw@bmtpeﬁfbdq%hﬁ@faﬁn@lB of SEQID NO |; (b) a cysteine
resi due at each of positions 47 80, 81, 109, and 111 (nunbering

according to SE@remdnt@sapgesy iyt nenblagin ma kive 8 pralestive and regenemiive rate i the

position 0sJ 1 | (3 at
posi 1 on ot pnd GRicd RvaiE syqerfarli Bl 410l By bEuBMER dacibuBecit ¢
position 46 netdodegeherafivesdiborders4For dxamplepdesa suggest 4at nﬁbmsumnm'yhhmuﬂavalG at

posi t PBn #3maBngeRIE bt plfralsentorkpolf rom ol oos b gt e wiggiind o

ganglia, and on cultured substantia nigra dopaminergic neurons (Baloh et al., Neuron 21:

1291-1302 (1998)). It therefore appears that neublastin may promote survival of neuronal
populations including sensory and dopaminergic neurons. This is important because the
degeneration and dysfunction of neurons has been associated with disease states. For

25  example, sensory and dopaminergic neuron pathologies underlie peripheral neuropathy and
Parkinson’s disease, respectively. .

Therefore, administration of neublastin may be useful, for example, in the treatment
of diseases associated with neuronal degeneration and dysfunction. However, neublastin is
rapidly cleared by the body, which may affect the neublastin dosing paradigm required in

30 therapeutic applications. Thus, a need exists for modified neublastin polypeptides with
enhanced bioavailability. Accordingly, it is an object of the present invention to identify
modified forms of neublastin which exhibit enhanced bioavailability.



position 105, A at position 106, C at position 109 and C at position 111;
and (d) an LGLG repeat, an FRFC notif, a QPCCRP notif, and a SATACGC noti f
The dieter includes at |east one amno acid substitution (with respect to
SEQ I D NO g 200¥¥¥ot#s Provides an internal 15 polyner COPtH@@&hQ&nﬁ%te to
whi ch a polyner 1s conjugated. The invention also provides a

pol ynmer - conj ugat ed, nutated neublastin dieter containing a first

pol ypepti de and a second pol ypepti de, wherein each pol ypepti de contains

90-140, e.g., 95-120 or 100-1 IWoF A% RVE }IO§EQIDN06with16arrino
acid substitutions, each sub pol ymer conjugation site
to which a pol ’yhnanvmtlm@mymdqs polytmsttcortpgatads mutamdzmplblwndhmprs )Ejpdpdlnmés of

h | ud NBN1 4 NBN116
(820 1D Negeihind Lk PPl Forboiignes s s 1op R ERE ARl 38 507 ¥R 0 (S0 1 0
NO 10), NBOWARHISESR: raum Sekdnd Ml S BROESE) pol AT rd BTl
NG 16)5 NERHEES: (SEREINSIA MR RISty B ket 107 06 NBNEB0oE0 1 D
NO 19), @}Eig&e(l&%@tyl YA 28)acRISE- IPﬂngEQ%E@Jd)@ fﬂ?a@%s)teme fekidhesh akthr at

| east one the two am no-termnal amno acids In t dinmer is conjugated

to a pol ymtlonpﬂéﬂér‘%@o’a&h HY, andh 1d 1 {upsehetingiadcondingita SEQID Nepg)dekamine of an

i d
o 9101 eSS e e e L AR 018 ARG, VASERCRRs EuthBaBRR 20l |
a | ysi ne aasisition 29 Naatfipition 3a,rG30pasﬁma|3ﬂaEetpoeﬁliod86 Ehtqﬁ#iﬂ)on 48pRat i C

Cr DL RO B Resig qhed2n o RGtR 43, Gtat Boitign 40, 2L Paspen/ b CAPPRTRR on i s
NO5K. 3 V@)Z@%o@i@i@ﬁ@ﬁ RToLER8 AP0 B poliionof @a%@elﬁbn ogrbitned

nmol ecul ar melght of the polyners on di mer is 20, 000- 40, 000 referably,

t he averag@smﬁﬂ KISy &t Posiliopnt06o€ %H@W%dl@l@ﬁficlaép%lmﬂllw b KL Gnpr e
preferabl y, %@)}H Kk 000

Da. The po yn’er can 9‘9? Qﬁg@(?% ancﬁsg_ re iehPta{ F@%m%%%%%ﬁgtrlg%s a

pol yal | cybmsmnigd ymd)bubstltnmxe(lwyﬂlrapgctﬁo SEQG]DNQ i) wdich prbyided an(if€M@al noi ety. I n
sone ?ﬂgodllments tt ohm(hf?p Weptl gI ycosyl ated. In sone

enbodi nPgW?%@ﬁaﬂ%ﬂe B AP ?ﬁ%?on&?ﬁ gat ed diner contains a first
pol ypepti de anmh@nsamndlsa oM taipdBmenka6iijegated, (nm)ataﬂfdabn@duymtl de

i ndi vi dual | y .conprj ses to 110 am no aci ds of SEQ | D NO (b) each

pol ypept i & %Pl%@@O%eﬁﬂﬁé‘Pﬁﬁﬁ?@n@ BOIWHHQSHWF@I%B%%HOW%’PHWM acid
number 95203465'%% 193_ 19 or 100180, A0 Adi& FISEEY TFROK Wik $-63mifb adid PEG noi et i es,

wher ei n t he nol ecul ar wei ght of each PEG noi ety is about 10,000 Da, and
each PEG subistitufionss eashispbsiisution psaviding andlymer eonjrigatien site tamhucgnsa pRdyrog is A

prefepped conjugated. Specific examples of polypeptides of the invention include NBN113 (SEQ ID

NO:2), NBN140 (SEQ ID NO:6), NBN116 (SEQ ID NO:7), NBN112 (SEQ ID NO:8),
NBN111 (SEQ ID NO:9), NBN110 (SEQ ID NO:10), NBN109 (SEQ ID NO:11), NBN108
(SEQ ID NO:12), NBN107 (SEQ ID NO:13), NBN106 (SEQ ID NO:14), NBN105 (SEQ ID
NO:15), NBN104 (SEQ ID NO:16), NBN103 (SEQ ID NO:17), NBN102 (SEQ ID NO:18),

25 NBN101 (SEQ ID NO:19), NBN100 (SEQ ID NO:20) and NBN99 (SEQ ID NO:21).

Preferably, at least one of the two amino-terminal amino acids in the dimer is

conjugated to a polymer. Preferred amino acid substitutions include replacement of an
arginine residue with a lysine residue (Raa#K; where aa# is the amino acid number based on
SEQ ID NO:1), and replacement of an asparagine residue with a lysine residue (Naa#K) or an

30 aspartate residue (Naa#D). Specific examples of such substitution are R14K, R39K, R68K,
N93D, and N95K (numbering based on SEQ ID NO:1). A particularly preferred substitution
is N95SK.



enbodi nent is a honodi ner containing a pair of nononers designated 3(,4)x 10
kDa PEG NBN106-N95K. 15 The invention includes a pharnaceutical conposition
conprising a diner according to the invention. In sonme enbodi nents, the
conmposi t i ORy§ @ tWwo or nmore different diners aCCO@gkﬁgﬂhgmhaﬁ

I nvention. The invention includes a nucleic acid, e.g., a DNA expression
vector that encodes a polypeptide for incorporation into a dinmer of the

i nvention. The invention also includes a 20 host cell transforned with the

nucl ei ¢ acid. ﬂ%rauw%ﬂo&mcéﬁmhw,ﬁ&eanwagqo?meﬁolﬁ@éréaaaaﬂwr@pathl c pain

in a mammal . The nethod includes adm nistering to the manmmal a

t her apeut 26800-40,00G Bat Preéerably the avstage molesnles weight Ofteﬁéh pelyam is@i00 n sone

a1 kg, 1 ouurod et BRI 000- 0, i BRIl A o doo B0RY 500

t he di ner Daaﬂn‘hbpolbmemmnihad&eammbmph@ @rqferab\twtherpelgniears amﬂ&aﬁkyﬂm&egmcsl or
t hod ' to . th 1 t.he, di
i i £t oTRIFH 8 & DI B8 ENGRLE EO) FHEet: T GTRORREHY BUPGLERS et hod of

activati ngof Sﬁ%ptﬂEE dlReeyahted. in a mammal . The nethod includes adm nistering
to the manma an effectlve amount of the diner. Oher features and
advant ages of me cbadimsats,gf the igentign theprlymersanjugated dimenserigns sdirstet ai | ed

descripti | LED
DESCRI P &y@ﬁ%ﬁéﬁ e gl DRSS (et bR dR bty ot e 1o &
neubl ast | h0Gxtei 116 amdnadacpdsif SEQWIhNGbe (b) eash polypeptide comprises anasbanginesto-

il1us d. I D . 1. .Unl ess f i, ned I technlcal and
scCi enﬁ Eys]tngrs\%s @388 aﬁ%”]@?ﬁcﬁa\l}@ fh%tlgg:;‘g ﬁ)re;géel (g thaed e“fompnsgferst ood
by one of o4 HEGamdetsdsj Wwhertin thdw@olketiilartvoei ghtiof Bach PEG mmeem Iabdiut lbﬁbomgs .

Al t hough net hods _and materials simlar, or equival ent, to_those descri bed
herei n caftbeechEE %s’%%‘e'iyﬁs fonugsted at pn amigp-te ‘}sr?@ablfys’i‘ﬁgslﬁd%#ﬁr , suitable
met hods  agglbS@meAt idth Bordb&imef 8GAihiAB d phi? bPMiondihirs Reidrataald(ANE10 1054 BRG
applications, patents, and other references nentioned herein are
mcorporal‘@dﬂl@?N%Kerence in their entirety. In the case of confl ict, the
prese speci f I I on, the
mat er ?gl S, Jﬁﬁ%%%on eé%?fp gg&gd];cée&f%ll OSI |ve yggan ?0%9& ded to
be limti ttgthe #ivertion. I» €orhe er@bodiments,| thie ¢qn|qmsmenbbraahs twqomlmqne[diﬁ‘eim’t means a
natural | y-occurri ubl ast. n pol ypepti de sequence. A wi |l d-type neubl astin
pol ypept i ﬂ’én%?ccﬁ@g? ?kf‘Fe‘P FPned

The invention includes a nucleic acid, e.g., a DNA expression vector that encodes a

polypeptide for incorporation into a dimer of the invention. The invention also includes a
20  host cell transformed with the nucleic acid. ,
The invention includes a method for treating neuropathic pain in a mammal. The
method includes administering to the mammal a therapeutically effective amount of the dimer
of the invention. In some embodiments, the therapeuticall}'r effective amount is from 0.1
ug/kg to 1000 pg/kg, from 1 pg/kg tol100 pg/kg, or from 1 pg/kg to30 pg/kg. Administration
25  of the dimer can be by various routes, e.g., intframuscular, subcutaneous or intravenous. In
some methods according to the invention, the dimer is administered three times per week.
The invention also provides a method of activating the RET receptor in a mammal. The
method includes administering to the mammal an effective amount of the dimer.
Other features and advantages of the invention will be apparent from the following
30 detailed description and claims. ‘



by the source of the neublastin, for exanple, human, nouse, or rat

neubl astin (see, e.g., SEQ ID NO 2, 3, or 4). A consensus neublastin

pol ypepti de sequence is provided as SEQID NO 1. 30 As used herein,

"nmut at ed WHQ{;@%E&% pol ypeptide,"” neans a pol ypeptide t Soogdbs at

| east a specified mninumlevel of sequence identity with respect to a

wi | d-type neublastin polypeptide, contains at | east one amno acid
substitution, insertion or fusion, with respect to the 5 WD 20041069176
PCTNS20041 002763 wi | d-type neubl astin pol ypeptide, and displays neublastin
activity (e.g., as described in International application No.

PCTI US02/ 02319 (WD 02/060929).) As used herein, "internal polyner
conjugation site" means a non-termnal amno acid residue in a mutated
neubl asti n pol ypeptide, which residue provides a side chain suitable for 5
conjugation of a polyner. As used herein, "nodified neublastin pol ypeptide,"
nmeans .a pol ypeptide that contains at |east one attached polyner. As used
hereié, "fusion" means a co-linear, covalent |inkage of two or nore

pol ypeptides through their respective peptide backbones through genetic
expression of a 10 pol ynucl eoti de nol ecul e encodi ng those proteins in the
sane reading frane. As used herein, "identity" refers to the sequence
simlarity between two pol ypeptides, nolecules or between two nucleic
acids. Wien a position in both of the two conpared sequences is occupied by
t he sane base or am no acid nonomer subunit (for instance, if a position in
each %f the two DNA nol ecul es is occupied by adenine, or a position in each
of 13% wo pol ypeptides is occupied by a lysine), then the respective

nol ecul es- are honol ogous at that position. The "percentage identity”

bet ween two sequences is a function of the nunber of matching positions
shared by the two sequences divided by the nunber of positions conpared x
100. For instance, if 6 of 10 positions in tw sequences are natched, then
the two sequences have 60%identity. By way of ‘exanple, the DNA sequences

CTGACT and 20 CAGGIT shaDera@%oDesckiryyoX 8F DE INVENGTOMt al positions are

mat ched) . Gen |1y, a. co rison i s nade en two sequences are aligned to
gi ve ‘maxi mum FBB’S‘/‘M%%QFB&&W ?FE?&C%HG‘%SBP@W%%?%@?SH&P €l nst ance,

t he met hogQéfeNOQRE ML iMdstrated in §B¢) IBIND:1. 48: 443-453 (1970),

i mpl ement ed conveniently Dy cog&ater pro%rans_such as the Align_ program

(DNAst ar, | nc Unless gthgiwige de pehwical andispigntific ermesused hergindiave edame har e

S denti cal ) g . . = . N .
conser vaiT o oabHch ¥ erBiBa 87l AT IR Farblo B e iRyeitEr 2 ©
cor r esporelongs. aAdthomgh methade andimeterials siarilan br guedlentfoctheseclescribedibeeiaean I n t hi s

regard, "conseyvative substitution" .of a.residue .in r ef.er ence sequence
isg a 2% %e use 1n%e practice or %Iesang otuche mvention, suitable methods amfl matengls are 9

described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In the case of conflict, the
present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be limiting.

25 As used herein, “wild-type neublastin polypeptide” means a naturally-occurring
neublastin polypeptide sequence. A wild-type neublastin polypeptide may be further defined
by the source of the neublastin, for example, human, mouse, or rat neublastin (see, e.g., SEQ
ID NO: 2, 3, or 4). A consensus neublastin polypeptide sequence is provided as SEQ ID
NO:1.

30 As used herein, "mutated neublastin polypeptide," means a polypeptide that contains at
least a specified minimum level of sequence identity with respect to a wild-type neublastin

polypeptide, contains at least one amino acid substitution, insertion or fusion, with respect to the



substitution by a residue that is physically or functionally simlar to the
corresponding reference residue, e.g., that has a simlar size, shape,

el ectric charge, chem cal properties, 30 including the ability to form

coval ent okydydyeg@ens bonds, or the like. Thus, a "consepyptiyGsoargstitution
mut at ed" sequence 1s one that differs froma reference sequence or a

w |l d-type sequence in that one or nore conservative substitutions or

al l owed point nutations are present. The "percentage positive" between two

SeQUENCES yia el Boberle, Y ERFEyedleuSladtaaN (DP9 fesBETH 1452004/ 002763

positions_that contain matching residues or conservative substitutions

shar ed byhttmatlomﬁaP@éRﬂ'Q@hN@sPQﬂ%US@Pé@%%(W@é)ZfQ@HB@r)-)Of posi tions conpared X
100. For insta iof @ [ L kR, L £e1) and 2
of 10 posi 1 ontss Gl latchl pBRRAcE ek AP REELE AGE R HEGAEE 2TC 2
have 80% pmsklue inembhatad| neglastin ddlypeptidt, Meich resgiue pravidey peplei ctain sifitablanfot at ed
neubl agt i n%xgol%seg{./%dels of the invention retain neurotrophic activity and
have enhafiT8WEHPRALAPTEN ity as conpared to the wild-type neublastin

pol ypepti de. FAEuse@haiRl, Bnodifiéd ibublastatholypeptidas neass Diolypebdd thateoithifdat
activate the RET gene product in assays in 10 which the wild-type neubl astin
act i vat es lepgtpne atfachednofyamer. t he nut at ed neubl astin pol ypeptide will retain

at |east one ohs bt Hoflid, OsA" hRAH @ o g]kéné Bfdlisb bPRA tomGRIPI | Se at

| east one ITDdI_?I cation, su nat an intern r conjugation site is
creat ed: polypeptidesthrough theirgdspegtivegiepiederbagkpnestheough genetic grpression of3, 47, 80,

81, 109, and 111 ..when nunbergd in accorda wth SE NO 1-4; 15 (ii)
o no e Bofmictebtigg BRfeos TG At tBse i fiE sathd Rpdipsame 15 Y 4
posi tion :2%? EAahseﬂQﬁ:rdhil,O‘fﬁeggty” gfa’s tdoihe Eédume%g%ildﬁéﬁbetpﬁ&i M@blﬁﬁgﬁcﬁ;,at
pOSItIOI’l at pOSItIOI’l . at osition at pOSItIOI’l , at
posi ti on Hplectlespr between tye nusleicacids. Wﬁ%ﬂ 3 pastilon 48 boig oéﬁhepwgiwmahrei?, C at

posi tion g&;ueﬂee@fs &Q@iéd Wthg %amﬁo%tfe oP&%inb 288 nfomBr sibusi? (ﬁ?ﬁﬂsﬁh@?if&g’ F at

position 91, A at position 93, S position 105, A at position 106, C at
posi ti on pogticmia ehxef theobya PYA maleculesds beonpied by adiniteedr ¢ positiandbeadirede with

SATACGE Y} POkt #Becubtef B, @ R Ecpdut oldhuldk HonBRlebhe 7S, 2
nut at ed néhabpesitidnn The Gpstparideddentivyicdetween twesegnenves iserfomction ofthetnmber uncat ed
Tt ur o neQEaRE DR BReRLY P sodigices Q4R by heudte RAPoiBenal pol yrrer
at t achmentompired £160 F6r insfaBcd, i RAIsibisth 8o BRMBARS hfefnatched, then the two
sequences have 60% identity. By way of example, the DNA sequences CTGACT and
20 CAGGTT share 50% homology (3 of the 6 total positions are matched). Generally, a
comparison is made when two sequences are aligned to give maximum homology. Such
alignment can be provided using, for instance, the method of Needleman et al., J. Mol Biol.
48: 443-453 (1970), implemented conveniently by computer programs such as the Align
program (DNAstar, Inc.). “Similar” sequences are those which, when aligned, share identical
25  and similar amino acid residues, where similar residues are conservative substitutions for, or
"allowed point mutations" of, corresponding amino acid residues in an aligned reference
sequence. In this regard, a "conservative substitution" of a residue in a reference sequence is a
substitution by a residue that is physically or functionally similar to the corresponding
reference residue, e.g., that has a similar size, shape, electric charge, chemical properties,
30 including the ability to form covalent or hydrogen bonds, or the like, Thus, a “conservative
substitution mutated” sequence is one that differs from a reference sequence or a wild-type
sequence in that one or more conservative substitutions or allowed point mutations are

present. The “percentage positive” between two sequences is a function of the number of

6



pol ypepti de, when dinerized, activates a RET pol ypeptide. In sone

enbodi nents the 30 nutated neubl astin pol ypeptide induces dinerization of

t he RET pol ypeptide. Such induction may require additional polypeptides or
co-fact or s,w@seoyasvhsk be apparent to one of skill in thepcghkoodontées

2004/ 069176 PCT/ US20041002763 Am no acid sequences of human and nouse

neubl asti n pol ypepti des are disclosed in PCT publicati onW00/01815. Exanpl es
of wild-type neublastin pol ypeptides according to the invention are

pr esent edpésitiohs thae cotain MY rdsiHhdd of BEHEEIVENE SHBSIRIIS shaeNBEMS ko W t h
respect to human, nopuse and rat) is set forth in Table 1B. 5 Table I A

W | d- t ypessaiensesdivigied b whep of ppsifiony compared x 100. For instance, if 6 of 10

3 theow
AGGPGSRA : o .
AT B CHATRPE 15710 Bffons containconsrvative

AGT RSSRARMIHSHRGOR, REDthetweAb@ieGHSdBr $0%-positivel Homalogy. | I 111 1il11111 111111
[11l 1L ag---srar---argcrlrsqgl vpv-al gl gh-sdel -rf consensus 41

RFCS RARSPHDL SLASL L GAGAL RPPPGSRPVSQPC hunman
RFCSGSCRRARfaldRINSub sttt RopeptidésSRPI SQPC nouse

RFCSGSCRRARSPHDL SLASLLGAGALRSPPGSRPL SOPC rat 1111111 i ..

LEVLETi t1nn i t P mpiefedinepblpstinpo m%fgg g veRgE R PERpEAPhicAS UM A g p
consens usy ik CREERY BAXIEMNSEWREYHRL 8/ e SREB SR B PHME Bor
CRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG nouse ( SEQ NO 3 ) )
CRPTRYEAVSFumpl s/ rmtedinspbizgticsp{3hisinvenienpativatishe/RET gene product in assays in
crptrygav tyd-| : I : T In
some éﬁbom\éﬁiwpﬁ%ggg@%%%%%t Flﬁeﬁgp%ité%?ér@’ angl t%!rgd ﬁ%ub(l)arsmég%lgﬁ g;%?%e (Asn
or N) resiillitetsin atieawnongoflthé fbllowingafbateres Butivéilladdisibnallytcechprisé it leastiorief er ent

amno acid residue. In a preferred enbodi nent, the nutated neublastin
pol ypept i FOdKcatiop, F?ﬁlahith@ a(’EV?“B{I’OEQ}"‘?%’QWBE%%TGHE{fb’ﬁal?‘}[ﬁut ed for the
asparagi ne at @y Nosedéd cdnRReddidyaBinResiduddGt paditRes D5, 48/47280,811 9, and 1Tabl e | A,

and is referred to as NBN-N95K. In general, the NI95K substitution results in
i nproved sol ubi | i tyhenmymbered in accerdences withSBEQ M NOxL-4: hi gh concentrati ons.

Tabl e 134B. NBNJZ:A3 s Consensus sequence: (SEQ ID NO 1)
1 & Hell Pestdalh-Hs tifows!
C at position 16, L at position 18, V at position 25, L at position 28,

G at position 29, L at position 30, G at position 31, E at position 36, F at
position 40, R at position 41, F at position 42, C at position 43, G at position
45, C at position 47, C at position 80, C at position 81, R at position 82, P at
20 position 83, F at position 91, D at position 93, S at position 105, A at position
106, C at position 109 and C at position 111, each when numbered in
accordance with SEQ ID NO:1-4;
(iii) an LGLG repeat, an FRFC motif, a QPCCRP motif, and a SATACGC motif.

25 In some embodiments, the invention provides a truncated mutated neublastin
polypeptide, wherein the amino terminus of the truncated neublastin polypeptide lacks one or
more amino-terminal amino acids of a mature neublastin polypeptide but is mutated to
possess an internal polymer attachment. Preferably, the truncated mutated neublastin
polypeptide, when dimerized, activates a RET polypeptide. In some embodiments the

30 mutated neublastin polypeptide induces dimerization of the RET polypeptide. Such induction
may require additional polypeptides or co-factc;rs, as would be apparent to one of skill in the
art.



Ala Ay Xaal Xaa2 Xaa3 Ser Arg Ala Arg Xaad4 Xaa5 Xaa6 Ala Arg Ay Cys Arg
Leu Arg Ser An Leu Val Pro Val Xaa7 Ala Leu Ay Leu Gy H s XaaB Ser Asp
G u Leu Xaa9 Arg Phe Arg Phe Cys Ser Gy Ser Cys Arg Arg Ala Arg Ser XaalO
Hi's Asp LeyySSfosbsirdN @ Ser Leu Leu Ay Ala Gy Ala Leu Pro Pro
Gy Ser Arg Pro Xaarz Ser Gn Pro Cys Cys Arg Pro Thr Arpgélfrﬁlf28&1@2'763

Ser Phe Met Asp Val Aen Ser Thr Trp Arg Thr Val Asp Xaal3 Leu Ser Ala Thr
Ala Cys Ay Cys Leu Gy wherein: Xaa, is Gy or Thr Xaa6 is Gy or Asp
Xaal , s Pro Opuil aoif s 004 RERAAAI RIGTLS FBtadaR2al ot O AT
Xaa7 is Arg or Ser %éai I'S Vg{ or xaa3 Plg Her Xaae ?s Arg or
Ser Xaal, PCE pubgca@anQOO/()Iaail Emn‘-ldlqs Qf rwﬂdlstypix aag)lasgnvglypcgtldm accmling tps Al a

or Thr | n udes a

mut at ed nouomiLtiph s dross AT A inlsi Mol BEnRE cRBRRIET |
for exarrpl'£peo&tolim§m3ﬁ§é)and@ﬁt)is@aﬂfoftbnﬂmblb‘)lmm ds 5 8- 113 of SEQ | D NO 1
(al so ihown in Table 1). In one enbodi nent, one or nore of the arginines at

pOS|t| nn0|t4 fa¥al QQ nncwftnn 69 or +|'\ aspar an'L na._at._nnaciti an QO | S
J._I', rJ rJ TG L) VU, PUI; Ul LILA>J AL rJU\)l LA L N

replaced; by an am no mmdmt hvnd&mmaﬁmmmlpogﬁpﬁwl ne. In one
enbOd! el 1 GOl '\!T':-.T;.E;q%% ; . . .|
T
h to 1

cysteine %ﬁs@ oy ‘ﬁ:‘Ft eﬁl" ubl asti n pol ypepti de can

be chose B AT B CRIB N YA cRe 1 YT rate g., a polyal kyl ene
gl ycol polymer fhe qu§ﬁl|t|qu Bd anine {|1a¢id- Advant ageous sites of

nodi fi cafi on aa@——t—hﬂe&e adrgspl regipvasiaigh+ddkb-tfegéamrsndus t he neubl astin
pol ypept |Lde Such sites can be chosen based on inspection of the cryst

structur¢ of the relat ed neur ot r o hic factor, such as GDNF, whose crystal
structurg¢*ts d oL E@‘%‘}% Pvse th““gt‘r uct. Biol. 4:435-38,

Gk fo
o0

1997. Sifes al SEicabh %E IS i c%gzgfal structure of

neubl astin, wh i1 Hrje ermnation is descrifbed
bel ow. Al so, sg ﬁ%ﬁ@ﬁig& Eﬂ@lm quﬂtﬁ fl‘t‘? ) dpecCt ednakndusnct i onal i nformati on
provi ded|for persephin/neublastin chineri c pr otel ns. These chineras ane
described in Balch et al., J. Biol. Chem 275:3412-20, 2000. An exenplary
listing ¢flsol GWYW(E*E@%"ENETV@THPR%F‘F&SBG exposedh““ﬁéub‘iEastq Ho#t no aci ds
i dentified thrqi@; ?@; St fort ITHeT oer ;N? Table 2
provi des|a |IS£ gi n hurman®Heub tTn t are
expected| to b Mi@ié &Zé@aﬁt&ﬂ g t col ungodseffifsS () Shiwbage exposed
resi dues|{determ ned by exam ning the structure of» thmsneat CDNF di eter
formed by chains A and B (PDB code 1 AG)) ‘

In some embodiments, at least one of the arginine (Arg or R) or asparagine (Asn or N)
residues shown in bold in Table 1A is substituted with a different amino acid residue. Ina
preferred embodiment, the mutated neublastin polypeptide has a Iysine (Lys or K) residue

10  substituted for the asparagine at amino acid position 95, indicated by an asterisk in Table 1A,
and is referred to as NBN-N95K. In general, the N9SK substitution results in improved

solubility. This facilitates formulation at high concentrations.

Table 1B. NBN113 Consensus Sequence

Consensus sequence: (SEQ ID NO:1)

Ala Gly Xaal Xaa2 Xaa3 Ser Arg Ala Arg Xaa4 Xaa5 Xaa6 Ala Arg Gly Cys

Arg Leu Arg Ser Gln Leu Val Pro Val Xaa7 Ala Leu Gly Leu Gly His Xaa8 Ser
Asp Glu Leu Xaa9 Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Arg

Ser Xaall0 His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg
Xaall Pro Pro Gly Ser Arg Pro Xaal2 Ser Gln Pro Cys Cys Arg Pro Thr Arg
Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp

Xaal3d Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly

wherein:
Xaa, is Gly or Thr Xaas is Gly or Asp Xaa;; i8 Pro or Ser

8



and determ ni ng whether a residue was on the surface of the structure.

structur
i n Bal oh

e was
et al.,

colu

Thi s

then conpared to a sequence alignnment of GDNF and neubl astin
Neuron 25 21:1291-1302, 1998 to determ ne the proper

resi dues i RudsiPb@sis N- The second and third
to the surface exposed residues determ ned by exam ning t

ms,

Eéﬁ@%h&ﬁ%& refer

structure of

the human neubl astin diner formed by chains A and B. The nunbering schene
in Table 2 is that shown in Table 1. 30 9 WD 2004/ 069176 PCT/ US20041002763

Tabl e 2 TAba nBrecdléd atg+ ZTAT gdab+iH Brglor- SeB1CyS-[xaal0ilsVakt b+ 1123 y nin
22Leut+++ [&dEN@F-GlyOdt @BF T+ SZPK{h,- is MOJASPSet 3 QIRaalis Zog valris-- 43|C ys
--- 63 Qi¥ad FtsEiaPsd Thr- 103|Ae4] ¥ val BH o1d1nn 24 Pro + - + 44Ser +- -

64Al a+++ [FETNAEFFalOATEY- - - OTkYa, 108 p26 ovdblim - 4OGLyF-- 050 y++F B5AT Jt++
105 Ser -=="6 Ser nnn 2Z6ArgF¥++ 40 Ser -+ obAl af++ ZoTyr +++ 106A a--- Arg
nnn 27 Ala + - - 47 Cys --- 67 Leu - - - 87 Gn +++ 107 Thr +++ 8Ala nnn

28Leu- - - 48Ar 91hid ifk e diHclu@EA 08 b Aed tutatbdrubl i fgs 49Ar g+++
69Pr on++ 89 Val + i 109Q/SP-- fg%hgérrmﬁ&%mu#f 50 1,&I a- +;%%%mn- 90Ser +++

110 Gy + comprising @ aminopcid sgqueheerthat is, foy qrampleyat leash70% ideptieH ¢o aminp jagidy +s - - -

ooy o TSRO kU AR R, o B oy 0

S53Pr o+++ er--- S
T4Ar gn++ afpisitestat pdsitidry 14, poSGAS RO pasificin 68; pr the asiaPrgine at pOGHHGNISHS repl@@ey s- - -
36GLu+++ %6Leu+++ 76, Val - ++ 96Ser +++ 17Arg+++ 37Leut++ 57 Selr 17 Ser---
97Thr +++ 0¥ &R ane,aciho |tbmﬂ§1§tn&9!?ﬂm?§@enmn%%ﬂnﬁﬂ% e Kylg-fype agng o1 ++

S9Ala+- - 48idRY QibstituRA A Tysine &QFSteihe.+ 40Phe--- 60Ser +-+ 80Cy+s--- 100Thr +++
n indicates that the residues are not present in the structures of GDNF or

neubl astin. Thilhe pupstitutedyesiduss ipthe mugatednsublastinnolyreptidmcantbeshossnéo r egi ons,
! A g . : i e rE T
Ot 0a0L " TaciRaB AR ot pbBRL! L o bl neelyedl pbifiRel i did dubstiuldlahi® °° | NS

acid. Advantageous sites of modification are those at solvent accessible regions in the

neublastin polypeptide. Such sites can be chosen based on inspection of the crystal structure
of the related neurotrophic factor, such as GDNF, whose crystal structure is described in
Eigenbrot et al., Nat. Struct. Biol. 4:435-38, 1997. Sites also can be chosen based on the
15  crystal structure of neublastin, whose crystallization and structure determination is described
below. Also, sites can be chosen based on structural-functional information provided for
persephin/neublastin chimeric proteins. These chimeras are described in Baloh et al., J. Biol.
Chem. 275:3412-20, 2000. An exemplary listing of solvent accessible or surface exposed
neublastin amino acids identified through this methodology is set forth in Table 2.
20 Table 2 provides a list of residues and numbers in human neublastin that are expected
to be surface exposed. The first column refers to surface exposed residues determined by
examining the structure of the rat GDNF dimer formed by chains A and B (PDB code 1AGQ)
and determining whether a residue was on the surface of the structure. This structure was
then compared to a sequence alignment of GDNF and neublastin in Baloh et al., Neuron
25  21:1291-1302, 1998 to determine the proper residues in neublastin. The second and third
columns, respectively, refer to the surface exposed residues determined by examining the
structure of the human neublastin dimer formed by chains A and B. The numbering scheme

in Table 2 is that shown in Table 1.
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in disulfide bonds.
the residues are
surface exposed in the GDNF structure or in the neublastin

al t hough

GDNF nononers (presumably flexible).
i n neubl astin

i nsert
pol ypepti

As this protein is a cysteine knot,
on the surface.

a great majority of

10 + indicates that this residue is

structure,

t R0 2deDBsogRNt @i ni ng residues 66-75 is visible bEn%@&Mu&ﬁﬁmOf t he
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desi gnat ¢
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SEQ I D
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t he poly
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desi gnat ¢
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substi t ut
PCT/ US20(

NQﬁBer dabl e 6iAkd 13t r at é6Set-her r el a6 Abmshi p [BetTyweisn theluﬂlAml-ose
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iéA@ M bvi dE Lt - pol yHiR e of S6E®RTD

The
is

)
tide

iStic of the GDNF sUbTam | d Ol the TG-beta super tamly.
of the_ human fuII-Iength p’r‘feﬁe& NBN poI ypept i de (SEQ D NQ 5)
AV © a1 T eygHEF F01 VAl
iA- ese fér s | ncI udle - 10 047 069176 P 002763
GYoRy Bept iZdéetigdi gnat’dde her ei nSHLUNBNL 462 Afvi-ch poggéé%‘é‘s* t
BGlysequencezsdfelsl-gnat eds @s--SEQ | B3 6ip+6; (i i8p Plohe- 116 mAApphype
e N1 ,16 poss s+t he aigo,,,aci digegupence
>g ol B 34% 7; ndx{ge(ﬂ i) tﬁéﬁl%l:% AA pol ypepti de eS| ghat 4
ﬁBNInIB viAiveh - posseﬁ%@% the AhF¥dTaci d 8éRkihce d¥SiSemat ed

V:'. i A e .
g

ati

b
as
qﬂ

uences¢pfo the i nvgpgian. Li QL ovi
ine 2 prOV| des th ol peptl e of SE(

nd | {%B&l4*gr o
DOrg alen Of QE(QlyHEHNO 249 ArpeHsevend pronser veoB90/yls+te| ne 109€si-dues

o RiaFHTDOlBLbiE '35 andogha) _to i ngisgate theyjorky Al ¢

" #50 Ala I+ :
th # ? th +% andlnterm)lecula "M dISU|fIde

3 4lsaian ¢ s Ot ur o AR Toed ADUBRAS: | n PHa, Tl CHer

lizalyesat he Jadjpair-agi nes¥estidue a2 Glmino aclzMepoisi ti om2$§1fH1at

SIALLY 2 |5ksa,T 0 NEVOGANOSKss 45 1L VIO B0QAL000170; 5,

002763 Table 3 ol ypept i sequenc 0 20 3
kg 43% 'SNCP - 'NBNlZ‘gE’ AR

15 Gl-y-l--:l-_ ---35AspHEt - - - S5Asp-«~ - - - J5Pron--- - - - GYBBSHHG
16 3G+~~~ " 56Len 3+ -~ - 76Val=++ -~ 96 Ser++
37 Leu+++ 57 Ser--- 77 Ser--- 97 Thr +++
38Val--. 58 Leu--- 78 Gln +++ 98 Trp +++
39 Arg +++ 59 Ala+-- 79 Pro - - - 99 Arg +++
40 Phe - - - 60 Ser+ -+ 80 Cys--- 100 Thr ++

des
D 1 D
i des
are
pcul ar

pelayRent i dey

YakAsh AN NG &

eptide of SE

PO

rk
is

PrePro

19 Arg +- -
20 Ser +++

10

15

n indicates that the residues are not present in the structures of GDNF or neublastin. This is
either because of construct design, flexible regions, or inserts in neublastin relative to
GDNF (residues 68-71).

indicates the residues are buried and not on the surface or are cysteine residues involved
in disulfide bonds. As this protein is a cysteine knot, a great majority of the residues are
on the surface.
indicates that this residue is surface exposed in the GDNF structure or in the neublastin
structure, although the loop containing residues 66-75 is visible in only one of the GDNF
monomers (presumably flexible). This loop also contains a 4 residue insert in neublastin
relative to GDNF.

Insome embodiments, the neublastin polypeptide retains the seven conserved Cys
residues that are characteristic of the GDNF subfamily and of the TGF-beta super family.

The sequence of the human full-length prepro NBN polypeptide (SEQ ID NO:5) is

shown in Table 3. Three mature forms of neublastin polypeptides were identified. These
forms include:

10



NBNL13 -----mmmmmmmmm o e e o e e e e 60 70 80 90 100
e e e e i i i aiie ou.. .. PrePro 83 NBN140
-------------------------------------------- 3 NBN116

""""" W0 2003/069176 -~~~ ------------------------- NBN1}311ms2004/002763
----------------------------------------------- 110 120 130 140 150

o .. PrePro 133 NBNI40 53 NBN116
-------------- (1) _the 140 24 poﬂﬂlﬂpﬂ@ dcs1gnated herein as NBN140, which peBess&0thd Z0ind80 190
200 PrePro 183 NBN140

103 NBNL16 79  NSiispavepse desigrated as SEQIDNOG; " *
.. .. PreP 2 D, NO NBN4 140 NBN 6 116 (SE
b o7y Ko £ e ST Aotk oA ER e hereif SERIB S F b Rbp ahig (SEO

sequence of the abivequdeetésigmatdaseSBQABING:7; pad ypept i des have been
truncated at their amno-term nal am no acid sequence. Exanples of these

includg: 5 (i V}’mj)th@113%&9%6{1&6@6&@@&:&%5&%NENIQYIMMeQdeEItHéS NBN1 12,

whi ch possesses the 112 carboxy terninal_anmino acids of a neublastin
pol ypepti de, e. g.2miapAcH sequencedesignatorpsaiESHRNOE-NO 6 (SEQ 1D NO. 8) or ami no

acids 2-113 of SEQID NGs:1, 3 or 4. 12
Table 3 illustrates the relationship between the disclosed prepro neublastin

polypeptide sequences of the invention. Line 1 provides the polypeptide of SEQ ID NO:5,
line 2 provides the polypeptide of SEQ ID NO:6, line 3 provides the polypeptide of SEQ ID
10  NO:7 and line 4 provides the polypeptide of SEQ ID NO:2. The seven conserved cysteine
residues are designated by symbols (“¥”, “#”, “+” and “}”’) to indicate the intramolecular (*
with *, # with #, and + with +) and intermolecular (“”’) disulfide bridges formed in the
mature dimerized neublastin ligand. The caret mark (“~”) indicates the asparagine residue at

amino acid position 95 that is substituted with a lysine in NBN106-N95K.
15

11



WO 2004/ 069176 PCTI US2004/ 002763 (v) the 111 AA pol ypepti de sequence
desi gnated herein as NBN11l, which possesses the 111 carboxy term nal am no
aci ds of a neublastin polypeptide, e.g., amno acids 30-140 of SEQ ID NG 6
(SEQ I D NOWo 284/0891h¢10 acids 3-113 of SEQ ID NOs: 1, 3 @crfusatvafoddids t he
110AA pol ypepti de sequence designated herein as NBNllO V\A‘lTIfUCﬁ possesses the
110 carboxy termnal amno acids of a neublastin polypeptide, e.qg.. anino
aci ds 31-{140 of SEQ I D NO 6 I cids 4-113 of SEQ|I D
NGs: 1, 3jor 4. (vii) the 103&&59&3 tliyg)é sequg]rllcee%eslgnat ed herein as
NBN109, which possesses 10 the 109 carboxy terminal am no acids of a
neubl astiln pol ypepti ° arr?Plo aci % 3% 14°of SEQSPD NO 6 (SEQ I|D NO
11) or ari aC|d_s__5__1_1_3_ ________ %Gﬁgﬁ | i < e 108AA

pol ypeptlfénmque.n.qe ﬂes_l_gn_at__e_@%’?% _____ SEoR R ‘f’)%sesses the (108
car boxy t|ewmMifgal anno.acids_of_.a_-neublastin. pm-ypapLLda_ e.g., 15 amjno
aci ds 33-|mbfi1yf SEQ-FD-N&6-(SEQ-+D-NG-12)-GF-ar-Ro--actds 6- 113 of SEC} | D
NGs: 1, 3for 4. (r) the 107AA pol ypeptide sequence designated herein as

NBN107, which posses es GQh ? I9 élds of a

neubl asti ol ypeptaL ' ' : DNO6 (SEQ ID
NO. 13) orq”’ ﬁ,’g S e A e e A g i o %? t he 106AA
pol ypepti (ﬁﬁfgqueme dﬁSLgnateLL her eLn__aLtﬂ_naIJ \zel_y._a - 106 or

whi ch podamases the-106.carboxy--terimnal--am-no-.acids.-of-.a neubl asti n
pol ypeptilde, e.g., amno acids 35-140 of SEQID NGO 6 (SEQ ID NO 14) or jam no
acids 8-113 of SEQ I D N@Ol 3 G|204 25 1§!|) the49.05AA pébypepti de sequence
desi gnat gd her ei : . ¢ LEN=R : | term nal lam no
acids of |§% | .?Pf?” SDPSRT NS | 2 0f SEQ | D [NO. 6
(SEQ I D g Or ==t o - S <. (xii) the
104AA pol|weapis de_sequance__de&_gn y28s NBN104 or| 30
N-9, whi dh possesses the 104 carboxy term nal am=no acl ds of a neubl ast|in
pol ypeptilde, e.g., amno acids 37-140 of SEQID NGO 6 (SEQ ID NGO 16) or [am no
acids 10-|/113 of SEQ ID MNé®: 1, 313P 4. 138WD 2004P069176 FPCT/ US2004/ 002763

PrePro 183
NBN140 103
NBN116 79
NBN113 76

210 220 230

PrePro 220 (SEQ ID NO:5)
NBN140 e 140 (SEQ ID NO:6)
NBN116 116 (SEQ ID NO:7)
NBN113 113 (SEQ ID NO:2)

In alternative embodiments, the sequence of the above identified neublastin
polypeptides have been truncated at their amino-terminal amino acid sequence. Examples of
these include:

5 (iv) the 112AA polypeptide sequence designated herein as NBN112, which possesses
the 112 carboxy terminal amino acids of a neublastin polypeptide, e.g., amino
acids 29-140 of SEQ ID NO:6 (SEQ ID NO:8) or amino acids 2-113 of SEQ ID
NOs:1, 3 or 4.

12



(xiii) the 103AA pol ypepti de sequence desi gnated herein as NBN103, which
possesses the 103 carboxy term nal am no acids of a neublastin polypeptide,
e.g., amno acids 38-140 of SEQID NO 6 (SEQ ID NG 17) or am no acids
11-113 of ve5Sokkdibes: 1, 3 or 4. 5 (xiv) the 102AA pol ypeRhddfsaaence
designated herein as NBN 102, which possesses the 102 carboXxy term nal

am no acids of a neublastin polypeptide, e.g., amno acids 39-140 of SEQ ID
NO 6 (SEQ | D N¢¥ the)llbf?xA@nimepthéiswen@dmmﬁed heggi a5 B 11 whigh pessdssey xv)

t he 101AA pol ypeps.i seqgue . ' [ej S N 1_% I ch. possesses
10 the 101 car box@ﬁ?glr?ﬁ n”é’?yr}ggr#]%% acl gs&%foqgnggﬂt}ﬁ%ggfgﬁ %qey%gp%{a’é‘g, e.g.,
am no acids 40- 1abidsd0- KIBQFISBQND NO(EEEQ ID NO: )9 aminocarids3- HEIodSEQRDL 13  of

SEQID NGs:1, 3 I%?Fﬁ gx i) the 100AA pol ypepti de sequence desi gnated
herei n as NBN10O, ilch r%gossesses the 100 carboxy termi nal am no acids of a

neubl asti n pol ypepti e.g., .15 amno, acids 41-140 D.NO6 (SEQID
NG 20) or " an ndibhedd0aa T bipensice setgnreoRianaipd e s 2By TP chipgssss

pol ypepti de sequejhe €10 esbaiAtAnA A acdidstofh ReabIYEnboRPHePIRNID o O hmin 14,

whi ch possesses the 99 carboxy term nal anmino acids of a neubf”astl n

pol ypepti de, e. g.2cidsAlnkt00fiSER IPNOA(SEQ B¥0r 19) moamgino geids ) IR SER 1By  ani no
20 acids 15-113 01§10§|§.Q3FP4NCB 1, 3 or 4. The pol ypepti de sequences of these
truncat ed neubl asti'n polypepti des are shown in Table 4 for NBN113 through

20047 069176 PCH UIbFAYb B s left® STpRSAIR el HNBRIDS i g, ,

Pol ypelgt i des 10 2fhe 309 d4ib&ify terminal amino acids. of a.neublastin.polypeptide, e.g., amino. . . . .
nrog 20 e 14000f SN0 TaNges(SHO 1 NYE Por amin6 acids 5113 of SEQ D

NOs:1, 3 or 4.

(viii) the 108 AA polypeptide sequence designated herein as NBN108, which
possesses the 108 carboxy terminal amino acids of a neublastin polypeptide, e.g.,
15 amino acids 33-140 of SEQ ID NO:6 (SEQ ID NO:12) or amino acids 6-113 of
| SEQ ID NOs:1, 3 or 4.

(ix) the 107AA poiypeptide sequence designated herein as NBN107, which possesses
the 107 carboxy terminal amino acids of a neublastin polypeptide, e.g., amino
acids 34-140 of SEQ ID NO:6 (SEQ ID NO:13) or amino acids 7-113 of SEQ ID
20 NOs:1, 3 or 4.

(x) the 106AA polypeptide sequence designated herein alternatively as NBN106 or
N-7, which possesses the 106 carboxy terminal amino acids of a neublastin
polypeptide, e.g., amino acids 35-140 of SEQ ID NO:6 (SEQ ID NO:14) or amino
acids 8-113 of SEQ ID NOs:1, 3 or 4.

25 (xi) the 105AA polypeptide sequence designated herein as NBN105, which possesses
the 105 carboxy terminal amino acids of a neublastin polypeptide, e.g., amino
acids 36-140 of SEQ ID NO:6 (SEQ ID NO:15) or amino acids 9-113 of SEQ ID
NOs:1, 3 or 4.

(xii) the 104AA polypeptide sequence designated herein alternatively as NBN104 or
30 N-9, which possesses the 104 carboxy terminal amino acids of a neublastin
polypeptide, e.g., amino acids 37-140 of SEQ ID NO:6 (SEQ ID NO:16) or amino
acids 10-113 of SEQ ID NOs:1, 3 or 4.
13



NBN1OB ------- 42 NBNIO4 -------- 41 NBNIQB ------- 40 NBNIQ2 --------- -
39 NBN1O1 -------- "" 38 NBNLOO ------- -- " 37 NBN99 ----------- "." 36 60
70 80 90 100 .... .... .... .. ... NBN113 100
NBNL12 99 wPBNbddeoPa NBNL10 97 NBNIO9 96 Elit 91 NBNlp ,%9200 89
NBN101 88 'NBN1OO 87 NBN99 86 |* A 110 NBN113 113 (SE 1 2)  NWB. 12
112 (SEQ 1D NO8) 11811111 111:(SEQ ID 110:9) NBN11O 110 (SEQ | D NO 10)
NBMOO irJAr 1691)USED3IA pidyneptide s@MNECs de@amtﬁdhenmaﬁss@lobmm® 12) NBN107

N 15) | KeNior 189 teetiraol St Emdids At P R 1,
(SEQ I D 110: 18) ahidiScoidsHR1140SEQEQIDINO:CIGEQ ID NO:17) or amino acids 11-113 of
SEQID NOs:1, 3 or 4.

5 (xiv) the 102AA polypeptide sequence designated herein as NBN102, which
possesses the 102 carboxy terminal amino acids of a neublastin polypeptide, e.g.,
amino acids 39-140 of SEQ ID NO:6 (SEQ ID NO:18) or amino acids 12-113 of
SEQ ID NOs:1, 3 or 4.

(xv) the 101AA polypeptide sequence designated herein as NBN101, which possesses
10 the 101 carboxy terminal amino acids of a neublastin polypeptide, e.g., amino
acids 40-140 of SEQ ID NO:6 (SEQ ID NO:19) or amino acids 13-113 of SEQ ID
NOs:1, 3 or 4.

(xvi) the 100A A polypeptide sequence designated herein as NBN100, which
possesses the 100 carboxy terminal amino acids of a neublastin polypeptide, e.g.,
15 amino acids 41-140 of SEQ ID NO:6 (SEQ ID NO:20) or amino acids 14-113 of
SEQ ID NOs:1, 3 or 4. ‘

(xvii) the 99AA polypeptide sequence designated herein alternatively as NBN99 or
N-14, which possesses the 99 carboxy terminal amino acids of a neublastin
polypeptide, e.g., amino acids 42-140 of SEQ ID NO:6 (SEQ ID NO:21) or amino
20 acids 15-113 of SEQ ID NOs:1, 3 or 4.
The polypeptide sequences of these truncated neublastin polypeptides are shown in
Table 4 for NBN113 through NBN99. Disulfide bridge formation is as described for Table 3.

14



NBN1CO 100 (SEQ I D 110: 20)

PCTI US2004/ 002763 A nut ated neubl astin pol ypepti de according to the

i nvention can be, e.g., at |least 80% 85% 90% 95% 98% or
am no aci dsy§deldeffs SEQ | D NO. 1. In sone enbodi nents,
sequence of the nutated neubl astin pol ypeptide includes
sequence of a naturally occurring rat, human or

99% i denti cal
Pkt}ﬁls%&/ﬂﬁm%c !

NSN99 99 (SEQ I D 110:21) 15 WD 2004/ 069176

amno acid

nouse_neubl astin pol

5 at ani fo aci ds 1-94RadRddd o TrbhGeaH BRI AgAR, RO yPoPy

e.g., the polypepti am no_acl equence 0

to
d
pepti de
le,
3, or 4

at these|positions.
from thoge disclosed in SEQ FD
am no acijd subs t3|o-",A -
neubl asti(n polymﬁﬁlﬂb“ﬂw,w;f
aci d subsgtituti BR1110r - TR
substi tutli ons, inssEIOti O
biologiceh act i WBN109 g
am no aciid for XA%%fer- Wit
substi t utji ons

al anine and gly
glutam c| 15 aci
t hr eoni ne; [
non- pol ar C
val i ne, ﬁrolineﬁmﬁhény+a+aﬂ%ﬁerﬂﬂv
am no aci|ds i ncMEEE | yrine;-~serikys
asparagi e and §PHt%ani fie” "~ Tha" poss

i ncl ude 4arginine, |ysine and hIStIdIne
am no acifds include aspartic ggid and7|Iutan1@°aC|d Agy
one nenber of the above- i

menber of
subst it ut)i ons caAEYHE rEE
art. For exarrpl“@“”flor
from any [one ofgggﬁg ,
D-cysteine. For ysid
D- ar gi ni ne, honyefi@i
D-orni t hijne.
may be eﬂpect ed NBNIO5
pol ypeptildes ar &2 Hss
threoning, is s
| euci ne, |i sol eu
substi tutled for
el ectropgsi ti ve xeivgke CREE

o o s oy

110

NBN113 y 113 (SEQ ID NO:2)

NBN11l2 112 (SEQ ID NO:8)

NBN11l 111 (SEQ ID NO:9)

NBN110 110 (SEQ ID NO:10)
NBN102 109 (SEQ ID NO:11)
NBN108 108 (SEQ ID NO:12)
NBN107 3 107 (SEQ ID NO:13)
NBW106 3 106 (SEQ ID NO:14)
NBN105 105 (SEQ ID NO:15)
NBN104 104 (SEQ ID NO:16)
NBN103 103 (SEQ ID NO:17)
NBN102 102 (SEQ ID NO:18)
NBN101 101 (SEQ ID NO:19)
NBN100 100 (SEQ ID NO:20)
NBNSS 29 (SEQ ID NO:21)

The 20 negatlvel

509 euci
p®l ar
he,

b3%ci ds
charged (agidic)
subgll t uti on of
gr.ougs by anot her

A mut ated neubl astin polypeptlde dlfferlng in sequence
2129 morP@ consgrvative
nav=y eteq

am no

aed protein's

of one

i ne,

and

ne,
neut r al

X her

'ir t he

t aken

T ardinine,

o
[
>
D
o
=

93egidns t hat

ghesidue is
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histidine, is substituted for (or by) a residue having an el ectronegative
side chain, e.g., glutamc acid or aspartic acid; or (iv) a residue having
a bul ky side chain, e.g., phenylalanine, 1is substituted for (or by) one not
havi ng suchy@a&deishai n, €.9., glycine. The |ikelihood pichafsich@0di%3

2004/ 069176 PCT/ US2004/ 002763 one of the foregoi ng non-conservative
substitutions may alter functional properties of the protein is also
correlated to #hau ﬁ@m&ﬂdwmomobmqﬁygbgwnﬁnstheﬁhﬁﬁmﬁeypéﬁt&&oﬂﬂﬂﬁttionalIy

acoor di ngly RE S PG YN0 TR AP T SR BINO kP T

ogl cal “prope 571 n many
cases, a poinymbedimentsghe edinoscalsequenceibl the mutatgdaleyblegiin mdypgeptidentlodager
serumhal f-life relative tq th |f-1ife of the wild-t ol ypepti.de or
ot at ed paiSATIEp P Shareles i aaiburBiocarrh el movse XGRS BIHR s ( ne
pol ynes capidataids 194 aha 96-119 ePihe shutdtePubRSHEE poifpepade, Tigdthd polsptblide

I ncreased potency in vivo relative to the potency o the pol ypeptide or

gl ycosy! athasiths amjnesasid seguenge oHREQABAVRE 203, of Hat thgsapasitions.0 The
I - ' t i : 4 p | k t hat
Prcl nacs ot | SR aig R ARk aRE AL R A e o el |1

I ncl udes at | east one po ugat ed stin po me
enbodi ment® NO@ k-4 mkiyehelnde enezor mmre donsenvatife qpuha amd substifutiges. ltematiaelyd

neubl asti n_pol ypeptides. .l n ot her nbodi, ment s...the diner_is a honodi ner of
e oo - R ROARER, i iang pebbSn ndVERHTTaY ficret B pfH Fibotsdel |0 ok ho
enbodiioe ntg&nseﬂhﬁvdéi:ﬁmegriidfsu‘_sstiﬁﬁio;ﬁﬁ,w iby’_ﬂgleﬁ(hﬁtgr hmeﬂtiuﬁsledshefmbm Ittw“rebl r 15

conj ugat ed mut at ed ,neupl astin pol ypeptide and one wild-type ne astin

pol ypept i éE‘?StlFl’rﬁmn%tlll‘?éﬁil%ﬁﬁb‘Eﬁq?F@ﬁf é? netabolig %’rSOIF‘?dQY%%‘Pé¥B§? gy

i ncl udes one po| yiBLvARRIsHERhASn 1 ha besttituRien B Gttanin® id RERhbEEs widd one
pol ymer - conj ugat ed wi | d-té&i neubl asti n pol ygept | de where the polyner

conj ugat i ¢imilas charactéristiasri Genservativernybstitutinns i substitysions) yithini lewingor may

pol yror - oy Bt 2Jine b BB cl RiHE Tl SIORBRES, Soan R M e, .,

not bd5t r woiklpisparagiie and glathmite; iséréne, opstuid, and threeniteyf lysiae amblarpininecaided nut at ed

pol ypepti de sequences . conprj.sing the carhboxy-term nal - t amnq acid

Fes! tubs PRORRRRREHTIKRTB] SR EOLRe HCRep A B EBHORR AGPEP IS 5, and
whi ch ar e jgasicaRafide, R618 N piRshyliidbihe, tMiRéphaif and MBHRMER! Thd felarnsiar  of
carboxy-term nal residues remaining 1n'the referenced neublastin 25

pol ypept i daingesidsingludeglycine serinen hiesninst ¢ystens) ypspie; eparaging gadh glutaminhe
bi oacti ve . ' | g : : Sk age
reaction (;Ir|ril %?Q%ﬁi%# (Q%ﬁrgé C g{} gagﬁ]ry%%g | oﬁgdjegérrém%fgyﬁggé %(cglrﬁesseédq?ﬁ\r!o?n

r econtOnamegdiMélychaged (ecidic)@amimmacidsanalyd dspatic ecld afick glofangc aciduBhypst i n

pol ypeptides .incl ude, e. NI 40, NBN116 d,.NBN113....Addi t i gnal
Poubl agt | HBEYPBY pheEegber dlah R0k PIEOROneH EP A L SRBRIACKIC et B oery 10,
mgmigg, 3Qneniiuz Ofthe NBRE Sroup BENI feembBESYserviiBéldbstitididd]l 03, NBN102, NBN1O01,

Other substitutions can be readily identified by those of ordinary skill in the art. For
example, for the amino acid alanine, a substitution can be taken from any one of D-alanine,

25  glycine, beta-alanine, cysteine and D-cysteine. For lysine, a replacement can be any one of
D-lysine, arginine, D-arginine, homo-arginine, methionine, D-methionine, omithine, or
D-ornithine. Generally, substitutions in functionally important regions that may be expected
to induce changes in the properties of isolated polypeptides are those in which: (i) a polar
residue, e.g., serine or threonine, is substituted for (or by) a hydrophobic residue, e.g.,

30 leucine, isoleucine, phenylalanine, or alanine; (ii) a cysteine residue is substituted for (or by)
any other residue; (iii) a residue having an electropositive side chain, e.g., lysine, arginine or
histidine, is substituted for (or by) a residue having an electronegative side chain, e.g.,
glutamic acid or aspartic acid; or (iv) a residue having a bulky side chain, e.g., phenylalanine,
is substituted for (or by) one not having such a side chain, e.g., glycine. The likelihood that
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and NBN99 (SEQ I D NOS: 8-21). A preferred pol yner-conjugated neubl astin
pol ypeptide is a honodi mer of NBN106- NI95K conjugated either to three 10 kDa
PEG npi eties ("3x10 kDa PEG NBN106- N95K") or to four 10 kDa PEG noieties
("4x10 kDa wikSaohiyif6- NO5K"). Al so preferred is a m xedpedfsibldidnd/ 069176
PCT/ US2004/ 002763 popul ati on of NBN106- N95K honodi nmers conjugated either to
three 10 kDa PEG noieties or to four 10 kDa PEG noieties, referred to
her ei n asongef thy forepoiignoRRGNNENLITS sWiStktions mayxatep fimictionad gropsrtigs 8{thd) x 10 kDa
PEG NBN10§- K | JTer, erei.n .ahd No-~.. t ermn am na aci ds are
coval ent | §" %?iwe%%@gﬁ%%d%%ﬁo%@ 0%%&? %%P%ﬁl?%lg%trh\ﬁsggtg %h‘r"[‘:@’ﬁg& 5 noi ety
I S coval eiiportaht reigieds dbixhe prtedii. Sontemonttoadertative shbditalotsanaylacefeljngly Iaveome
enbodi nent, t he | ynmer - cqonj.ugat ed neubl astin pol ypeptide is based on the
e 180 Bk o0 i o g

consensus fn certain enbodi nents, a

pol ynes - conj Ugpt Bshy dasssbh pslliner-Betjvdaridinnidfed REILUEES palyhépRida fadiSlongef Of SEQ
IDNO1 in additi or¥ to am no aci dé éa8-113 10 In so?re%ér?giodi ment s,g t he

pol yner - csnpudalidife riativede therhalfdify pthe weld-tynanolypeptideanimutated Bolypeptidrmas. | n
some enbo gie%ggnﬁ of A€ pm'ssgiﬁjeﬂﬂﬁ%i}?{}flgﬁﬂg h@%ﬁeﬂco@%ﬁ@&%ﬁt@@ ! when

di meri zed, stinulates tyrosine osp pol'ypeptide, either
on its owneublastihpolypeptidd haosiGHEEotly increasetdepoteriop dh viro ralativielie the potency of

pol ymer - cgnj ugat ed, neubl asti.n I ti when 5 di.nmeri zed, enhances
neuron suttiR? eptide pr ,gPyéﬂWg\ﬂE%E&gﬁ%B?/&qﬁ%?bs_ﬁn%eeq@berg})lﬂgﬂr on. In some
enbodilgent s, t ke pslliners cd Gl sstiadlipaside tabe piooided gea divde that di meri zed,

reduces or reverses pathological changes of a neuron uch as a sensory

S
neuron.  Mlusshit leashens mg;éwmatﬁépwwﬁ%aﬂn@&'é@dﬁw@mea@pﬂiﬁr_lea&b heept i de,
when di megjze6 a@%ﬁ@dﬁ@ﬁoﬂ?#ﬁ%@%%ﬁ Ol%ﬁféfé&'heuﬁa.ﬁigpgg)ﬁ)eﬁ}gde?.nﬁ{r&ﬁerneur on, or

a dopam nergic neur on. I ments, t yher - conj ugat ed
neubl ast i empodiments theldiniendd algmsodimer, of polymer-comjuggted mutated trumeated refublabtin ani no

acid substituti.ans sel.ected f.r t roup .consi.st i f n.anno acid

o her ¢ haROXPRERPR o% BE b Pod bR AR S s fePASdiRt 9 Bhanad bR Bp el

pol ynas - C&[jhg@aihlﬁﬁiaﬁd hmymﬁaﬁtigq;elypqsﬁdarmmonea\]yildit;qkhleilibladnimpobypgptidenmdat
position 39 in the am no acid, 25 sequence qf .the pol ynmer-conjugate

pol ypept i aal_,er SRboimFRS, ks iramheishalngy mﬂg&&toge p%@m-smé%ﬂ?%fmmed

pol yner - CQ&H!&%?QIyBé}M&B?&Id'dﬂ@ po@ﬁﬁr—@éhj@%&té&%ﬁ? e BbdbPdstih BaRp@tidewdgiene  at
position 95 of the pol yner-conjugated polypeptide. In sone énbodi nents, the
ami no aci the polysees conjugaion inat thhreminaiterainusi endavhepothe pplypeptides mapor gy and 95

. | . o H _ - o
oyt AR on e M o e e

20 mutated neublastin polypeptide forms that may or may not be truncated.

(@]

Provided in the invention are mature and truncated mutated polypeptide sequences
comprising the carboxy-terminal-most amino acid residues of the preproNBN polypeptide,
such as provided in SEQ ID NO:5, and which are designated herein as NBN#, where #
represents the number of carboxy-terminal residues remaining in the referenced neublastin

25 polypeptide. Polymer-conjugated neublastin polypeptides present in the bioactive neublastin
dimers may be products of a protease cleavage reaction or a chemical cleavage reaction, or
may be expressed from recombinant DNA construct, or may be synthesized. Example
neublastin polypeptides include, e.g., NBN140, NBN116, and NBN113. Additional
neublastin polypeptides of the invention include NBN112, NBN111, NBN110, NBN109,

30 NBN108, NBN107, NBN106, NBN105, NBN104, NBN103, NBN102, NBN101, NBN100
and NBN99 (SEQ ID NOS:8-21).

A preferred polymer-conjugated neublastin polypeptide is a homodimer of NBN106-
N95K conjugated either to three 10 kDa PEG moieties (“3x10 kDa PEG NBN106-N95K”) or
to four 10 kDa PEG moieties (“4x10 kDa PEG NBN106-N95K”). Also preferred is a mixed
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30 identical to amno acids 8-94 and 96-113 of SEQ ID NGO 1. Mre preferably,
the am no acids sequences are at |east 95% i dentical thereto. Mbst
preferably, the am no acid sequence of the polyner-conjugated neublastin
pol ypept i dgyd heehpédess t he am no acid sequence of a natur i ng
human, nouse or rat neubl astin pol ypepti de at am no aci gg&@%@?/gdéz&ges_ll?) of

the pol yner-conjugated neubl astin pol ypeptide. For exanple, am no acids
8-94 and 9¢épuldtidnef NBNI 04NSTOUsBGHHEE chRGAtRPE0KY ©0R7?63 0tka PEG moieties

pol ymer - conj ygat ast.i.n po t.i de camp, i ' |

sequence 8f to n@q(ﬂ;a% n&lws’a{ﬁ%xgﬁglhﬁp%?s %é&]’ﬁqh%ﬂlég E’?gl{‘}%‘%@ SEQ I D

NO 3 or SBERolgeefoired #.a 3(A)x 10O REG NBN106-NISK Hotnodithér, wherer thetive #sineue at

amno acid posjtion 95 is a | s'é,rie or a._ cysteine. ention _i ncl udes
r

y The, in
a constru ming agidp areccoRalemtpr inkpd 1o RRGBieishiss ¢ thre ang/or fourth PEG

pol yes - C Ao At dalaRHPEASH tdlodd b bBik sabRHALIROSIE r@iductsie PO! Yhi sti di ne
(H s)-tagged neublasti'n provided in SEQ ID NO 36, or a neublastin fusion

plrgt ei n wher e Hromeembodimaents the nobﬂ%ﬂﬁ-cf)ium%gb‘dﬁ%ﬁﬁnmo(ypg)ﬁqgé? bqgeqaon?e, serum
- f
o ot o o CokBREh kel o2 SERDID RO i Shtat B SR e SHRAB ' 0, e e

i n vivo. hablastin polypeptidp invhidée smimoracids ¢+ 7cof SHQIDMICeL ifl eldétivnad amihoacidat ur e or
truncat ed 1ngbl astin polypeptide, with a nutated pol ypepti de sequence. The
nucl ei c a8 nol ecul e encoding a provided neubl astin pol ypeptide is
prefengbly proy Qe dnboBinYéfd, @e poBmsbr-coffigat@XiuSRStiPPolyfptias, whtn Nut at ed

neubl astin nucleic acid nolecule, or a vector including the 15 sane, can be

provi ded idineized binds HRode|Ih seme epbodimengs, thepolumerm¢anjugated ineublastingal cel |

G mese nRPeAROg e St BT GlosiE ohpp o B R L RET IR et on 1

a net hod efthdrek ite gwa op ¥hyibBoundaoGFRaBed neubl astin pol ypepti de, by
culturing a cell containjng a nucleic acid encoding a neublastin 20

pol ypept i de unbetomestrhodinasnss, thenohimeg-corpsasireublasgnpdyrRtife yBst i n
POl YP§RL i dfnerl-Bd, SAREE AN Ritival, . .eeﬂﬁﬁl'tbg%rg%givgl ofa s@ﬂi&h}'ﬂéﬁ'&g to a

naturally occurring noiety. In spec fic Iments,” the naturally
occurring noi elnsoms embydincents; therpoiyaney-conjngated neablastimpalppaptide, svhent he

gl ycosyl at,ed neubl astin is expressed . 9. kn_a CHO cel | . The invention
Purthor i Aimepad Fedues Ohspveryes Ratiaiogical biies of dpchuam, fucitas 2 sepsdyy DGR | o

nucl ei ¢ aci ds, Invs@aientbodingits, @l JobymestenjdatetDhenpRptin pelypoptide)itiean nmet hods
are discl gsed, here'l n for the fusion proteins (sych as the_  neybl astin-serum

al buri n f GURGHeGBRAACHEITGY LR AV AR BV AR R Eh Bb Y PRAFRIRCTBIG
neubl agti ReRghypeptide that is expressed in a cell is recovered and

conjugated to a polyner. In sone enbodi nents, the polynmer is a polyal kyl ene
gl ycol In some embodiments, the polymer-conjugated neublastin polypeptide includes one,

two, three, four or more of the amino acid substitutions selected from the group consisting of
an amino acid other than arginine at position 14 in the amino acid sequence of the polymer-
conjugated polypeptide, an amino acid other than arginine at position 39 in the amino acid

25  sequence of the polymer-conjugated polypeptide, an amino acid other than arginine at
position 68 of the polymer-conjugated polypeptide, and an amino acid other than asparagine
at position 95 of the polymer-conjugated polypeptide. In some embodiments, the amino acid
at one or more of the amino acid at positions 14, 39, 68, and 95 is lysine. Preferably, amino
acids 8-94 and 96-113 of the polymer-conjugated neublastin polypeptide are at least 90%

30 identical to amino acids 8-94 and 96-113 of SEQ ID NO:1. More preferably, the amino acids
sequences are at least 95% identical thereto. Most preferably, the amino acid sequence of the
polymer-conjugated neublastin polypeptide includes the amino acid sequence of a naturally
occurring human, mouse or rat neublastin polypeptide at amino acids 8-94 and 96-113 of the
polymer-conjugated neublastin polypeptide. For example, amino acids 8-94 and 96-113 of
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noiety. In particular enbodi ments, the polynmer is a PEG noiety. 30
Specifically provided by the invention is a conposition that includes a

nmut at ed neubl astin pol ypepti de coupled to a non-naturally occurring

polymer. T neubl asti n pol ypeptide in the co bt ferably

I ncl udes ag%airﬂdzm&ggi d sequence at |least 70% i denti Carpﬁ?)/h%irgﬂﬂ%&gsgi ds 8-113
of SEQID NG 1, provided that the pol yner-conjugated neublastin polypeptide
i ncl udes tregolymemrsprjugdted henblastimpolypdptids cAndnélode the amirpaicatsegquente ofamtine 19 WO

2004/ 069176 ,PCI/ US PO hstl m i.d~0f her than
ar gi ni ne g?ldsp ) ??Lll %ﬁ&?ﬁ?ﬁg}t@(ﬁg) Wﬁ@é@ﬂ%@%&%ﬁ@%%%ﬁgﬁ% 190 ‘Ihﬁ

pol yner - c diej abged embodirhstids; fiid gleferradiresidue ot adtihdlacid pevitidreisangsine sta at
position 39 i.n the am no acid sequence of the polyner-conjugated

pol ypept i 81854 anino acid other than arginine at position 68 of the

pol ynes - conj ugghervatlon ke ded 8 cordtifictBat3da Rdlerd@inttr or 2hOBbdikloRERARE a0 ne at
position 95 of the polyner- conéq-lsjgat ed pol ypeptide, wherein the positions of

t he ani nopelymgsceniesatndmsublestin sige protainsne.6., Wiemelybiridie|(Hidtaggednenblpséthce of
SEQ I D NO...1; ' hap | . . | | ugat ed
neubl ast i Rro;j‘)’%ﬁeﬁl/-%g%%dljggqur)g@%%%eg%%ﬁggﬂoﬂgﬁ%g%tsflug@h(ﬁ:&%rlreg?' gs%ﬂ] conpri sing
a neubl asimmupaglohmdin(igd polypeptidea¢rant alkhimie pblypattide opatephieeidddvalupl ed to a
PEG noi et wher ein the neuhl astin pol ypeptjde or., rmutated neublastin

ol ypept | BRIVPSEE, Hplestd Tt Betshir b eiybarced tharBHaRRFIC A o onre
enbOdilqEnbﬁavﬁﬁBiﬁk)a#bh&ﬁbyﬂd,ﬁoﬁ cl eavabl e by bi ochem cal hydrolysis,

proteol ysis, or sulfhydryl cleavage. In sone enbodi nents, the | abile bond

i s cl eavabl e ufbeinvertioppreyidesgrigicleicagid malsculg ensoding gingpterel9y trupeatednyent i on i s
a net hod ' |l G ' hat .. | onged
serum hal %ﬁl@k@@gﬁd\%ﬂ{n&ﬁ gﬂ%&%gg @%ei t?\%'u a%??ﬁ?ﬂe%ﬁgi%ﬁ%%aep‘%gl uded
provi di ngescodmglzl rasvided mrublastippalyeeptide ispredtrebly peavidedsn avegtot, gigepni de, and

coupling _the polypeptide. ar, nmutatedneubl astin ypepti de.t

on nat or RGBSR o st oot Bt 50 mifeY s RE et pot yiver
neubl ast i BarfglcxPBPprovided BIPel. tTheRell 2h bENE g P hiafBialian BElY Fakgaticdl)) yedsed
neubl asti n pol ypeptides of this inventjon Inglude. one. or nore amno acid
subst i t ut Fe}ﬂén%eﬁ ol ar hacterial cgll. Apreferredmammatiancellds o Chiness hamster ovgy selhe

occurs at «Rg3hLEey, 14 in the amino acid sequence of the polyner-conjugated
pol ypeptide, an amno acid other than arginine at position 39 occurs in the

amino acid sedlsorpreviddd hytthe pyentinaris e oisthod of makingaypobypadraenjugatedini no aci d

ther th i.ni . [ 1.i ce ' .he . - ' t ed
ol ypept | de AR pSpBlgt AR R AR REEMEZs bl BB SpocBle SHALHER 08
I Nt heopolpylypéptide nhdeg abwditi e ajlpirig fdeexprdssion dhengubiastin polgpeptitie.t Insomei no

acids are n ered | n accor.dance.with the po eptiLde seqguence SE
embodiments, the neu astm?s conjugated to anatgrafly gcc[am.ng moiety. specﬁ"lfc Q

embodiments, the naturally occurring moiety is a glycosyl moiety.- In certain embodiments,
the glycosylated neublastin is expressed, e.g., in a CHO cell. The invention further includes a
neublastin polypeptide expressed in a cell. Similar nucleic acids, vectors, host cells, and

25  polypeptide production methods are disclosed herein for the fusion proteins (such as the
neublastin-serum albumin fusion proteins) of this invention.

In some embodiments, a neublastin polypeptide that is expressed in a cell is recovered
and conjugated to a polymer. In some embodiments, the polymer is a polyalkylene glycol
moiety. In particular embodiments, the polymer is a PEG moiety.

30 Specifically provided by the invention is a composition that includes a mutated
neublastin polypeptide coupled to a non-naturally occurring polymer. The mutated
neublastin polypeptide in the composition preferably includes an amino acid sequence at least
70% identical to amino acids 8-113 of SEQ ID NO:1, provided that the polymer-conjugated

neublastin polypeptide includes one or more of the amino acid substitutions selected from the
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ID NGO |I. 30 20 WO 2004/ 069176 PCT/ US2004/ 002763 Synthesis and Isol ation
of Wld-Type and Mutated Neubl astin Polypeptides Neublastin polypeptides can
be isolated using nethods known in the art. Naturally occurring neubl astin
pol ypept i dggo edinéR7d Sol ated fromcells or tissue sour C%Tﬁ%ﬁztﬁ@oo@ms
appropriate purification scheme using standard protein purification

techni ques. Alternatively, nutated neublastin polypeptides can be

synt hesi z@buprmmisfaigquauamir@ acichmtuarfhbnmginindet pczs';t'rmﬁésihsshet@nihmhqmes. The

synt hesi ssof sho (g.tt am,no_aci g {1 .S wel. 3% @y t?lhed in “tfge pepti de
art. See, SEIY§R¢C %%@Ymer'@n%ﬂga P8 S’Saél aﬁﬂ‘?ﬁ VhT'REBECA ed.
1984). In pSﬁﬁBn 89ndle aiaﬁioSamdmeqwdnedofrtHelpcblgmbn-dsbnpxya;eﬂepplypdﬁdeamhoduaed by

reconbi nant ghg{lDNA technigues, For e a nucl ei c aci d nol ecul e

encodi ng QUhethep SEEIHEE ) PosioR 68;961*’5?;38@!113& orjugntedpalypeptidss and & FniRo geid: or |
€.0., 3N e fan ég?ﬂétd%osﬁ&ibi M@t&&ﬁé&oﬁﬂg@te&% &ﬁlde%ﬁé?giﬂ‘iﬁéj into a
cell. Suitable ceIIs I nclude, e.g i an” cel gguc as human cells or
CHO cel | sPosmqmsgeflthecmumg aclylsaagtnumbtneém 4cn@rémced@thl the peliiperitide sequende of el | s.
When expr reconmbi nant cell, the cell is preferably cultured under
conditi on WI ng for expression of a 15 nutated neubl astin pol ypepti de.

The mut at ed nemhb asentionioclydespt stable, amoh&oﬂx&ﬂmm;@teﬂmeubl&nn@elypeMrmenm on
if desired. As.u recovered" means t ted pol ypepti de

O e St B Re P sRenside FTSP T CSpr it pc b AR ok R oh [ (i
presenp phe@lasta ﬂo%epﬁ&cc@uﬁlédtd% PEG&ﬁnetJ %ef@&ﬂx‘é%eﬁblﬂitﬁ%%eﬁ@dé drncl ude one
or nore refolding or purification step 20 Mut at ed neubl ast1n pol ypepti des

can be cord4tpted peiplagkin pelypepjideis @Eﬂéﬁl&lthﬁgﬁﬁéﬂ@etywﬁé\mlhboﬁlﬁewe One such
method is @P% tide (or, if
desired a egirlr)g e %?ﬁé ts)%g%l ?e% g&%%%f}ggﬁeggsa?h?&gfé’h{s 1|~§'(|§11|sgér}der to
change a suligtdeylaidianageadn sorj@embodimelss, ithedldbilechbomdud ¢leavah1belndﬂ'f1n pivedet er mi ned
am no aci d ‘é si dues) in the encoded neubl astin polypeptide. Those skilled
in the art“F FPni ze that site 25 directed mutagenesis is a routine and

wi del yisused t ey sroeided By tha Gliventi®iig adhdtiRoddor wakiga nvdiff@aRablastinki (S are
comrerci al | aval | able. One such kit is the "Transformer Site Directed

Mut agenesiPSlyReptidedhat hagpr olongsft wEHm halfbferels iy el y wid-braneehlastia) iThemethodact i ce
of the pr Eiﬁ‘ﬁ&%eg gﬂdﬁ‘?&lﬁ%g Re %gfl‘i%%de UPiaefed ﬂl%lﬁﬁh%l%?ﬁ&é"hﬁ@cc 11ng

conventi ona ol ogy, cell ‘culture ecalar prol 0gy,
m cr obi ol d@s/polﬁ&ptlé@m‘rmmnudmeum polyneptide bhexmslatwallmmrrmntymgy whi ch

hi d h
1 Fer at ur 08Bty et ediblo paliteh phshh APoRRE eBRGHTAC el - 2na
editi @. (Sanbrmhe bolyﬁret-bﬁnjﬁlgawiﬂnﬁ@mdaéulﬂastlﬂ‘@lslyi)eptﬁeé of thisrihvegtibipinblude

one or more amino acid substitutions in which, for example, an amino acid other than

arginine occurs at position 14 in the amino acid sequence of the polymer-conjugated
polypeptide, an amino acid other than arginine at position 39 occurs in the amino acid
sequence of the polymer-conjugated polypeptide, an amino acid other than arginine at

25  position 68 occurs in the polymer-conjugated polypeptide, or an amino acid other than
asparagine at position 95 occurs in the polymer-conjugated polypeptide, when the positions
of the amino acids are numbered in accordance with the polypeptide sequence of SEQ
ID NO:1.

30
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Laboratory Press, 1989; DNA Coning, Volumes | and 11(D.N. G over, ed),
1985; 21 WD 2004/ 069176 PCTI US2004/ 002763 d i gonucl eotide Synthesis, (MJ.
Gait, ed.), 1984; U S. Patent No. 4,683,195 (Mullis et al.,); Nucleic Acid
Hybri di zat i Hai nes and S.J. Higgins, eds.), 1984, Lntion and
Transl at i OWZB({O?)?@?-QWES and S.J. Higgins, eds.), 1984, ?JST[;EE?@@%%Eni mal
Cells (R1. Freshney, ed). Alan R Liss, Inc., 1987; Immobilized Cells and
Enzynes, IRL Press, 1986; A 5 Practical Guide to Ml ecular C oning

(13. Perbal), 1984; Methods in Enzynol ogy, Volumes 154 and 155 (Wi et at,

(ISR i P st B ol of Wik, 1556 Sy hASEA NGB A Polypepud@TD | 50 F01 1S
| mrunocher ni Caﬁeﬁ@&ﬁﬂgﬁl}jﬁg%t%% k@&g&;&@%ﬁ%@hﬁb@é B GYRYES. A0k, ker .

eds.), Academ c Press ook of Experi nent | mrunol ogy,
Vol unes | otcurrny ieublastin/dlypeptidesCaCbe Bblatek i celle ds tidsue §@86es byni pul ating t he

Mouse Enbryo | d rj.n r bar. abor at o Press,.. 1986. Pol r..

Con; uglt i BHPOTRERTRelPRschis Bine FRRE-ERBlAR ol At PR Rtvely

pol ypept i dfsatétbreubRstid slppeptiddsican be syuthesited heiricdlly@ising staaddrd agtid upon t he
present disclosure., The hernﬁ&li noieties preferred for conj ugsati.on to a
neubl ast i symkasipieciniqyes- a1l sya S%ﬁﬂhﬁlﬁla@“t?cﬂc CAYCTCRS IRAHee 8 blished 0 e yner
| s advant 3gaQidSrt. SRCAYS SteWa, 802! Sl mﬁse/wpghe Sinthé&isAbli 8N egkagloes not

precipitate 1n an aqueous environnment, such as” a physiol ogical environnent.

Preferably, thi ssoieyamhodigngnts, putateronerblostin nodypieptides geeprpdusstl by tepombinant
repagati . r L.C.pr Lo Sit] ired, a single
o ymid iR lee Bl RBPUApIOBRINES o0 RGN, 5 Mbudog PGS ° ©' 10
pol ypept i gelypeptidaoargbe inpertedtiftan vector, pgl, yrexprassionowetter, aad thHemualeicaaeidam@n as

wel | . Conj ugat.ed neubl agtin, sitjqns of the j.nventio find utility
'n bot h 1 Keegueed Tyigajcell. Suitable dells g &t T arcella ek %Wellﬂ wi I

be recognizeHq duik), iligaliRns, Yoakt céll, RSYcY B8BTS, andBctetisllceBe Whin &lphéeddh@upPs .
noi eties, or other conjugateéd species, as appropriate to the end 25 use

propr { .
appl i cat i sombinapksellothe selhipmreferably cliyred undes spngitiqns alevvingdpisxpeassipwata t o
coval gat | 8?93 : r ;&Eﬁa' Qs B ' | sEsh gdat i on
resi s?g’ncé}m%r gh%f%ﬂ;ﬁ}gé) oﬁ? T(;}?e% er hprop%?@*ﬁﬂ%%ﬁ%@?%%t [ csgt o the
pol ymer . Asell suspensionaf desiredipA euseld thereim {frebeveradt aehagthetithe imutat@imwlypeplidedat | ons

to functionalize th | t i tiv. . -1j nkabl e i
Char act er TeyeR i Beb Aeibanet s ol Ao ettt SRRl E bit e i B o
30 conj ug¥cRderipidtessa| The ASoOES iphdtleys mayiaclngd HHi¥RsT nitRY ref6ldingio parification

functionality, repeating groups, |inkages, or other constituent structures
that do né®Pprecl ude the efficacy of the conjugated neublastin conposition

fOr i 95 | Nt eNCE Rl A ot piyiblibketn b0 cirdudtbd uithd hny it SR il ect ¢ he

desi red pol yner base
known in the art. One such method is site-directed mutagenesis, in which a specific

O

nucleotide (or, if desired a small number of specific nucleotides) is changed in order to
change a single amino acid (or, if desired, a small number of predetermined amino acid
residues) in the encoded neublastin polypeptide. Those skilled in the art recognize that site-

25  directed mutagenesis is a routine and widely used technique. In fact, many site-directed
mutagenesis kits are commercially available. One such kit is the "Transformer Site Directed
Mutagenesis Kit" sold by Clontech Laboratories (Palo Alto, Calif).

Practice of the present invention will employ, unless indicated otherwise,
conventional techniques of cell biology, cell culture, molecular biology, microbiology,

30 recombinant DNA, protein chemistry, and immunology, which are within the skill of the art.
Such techniques are described in the literature. See, for example, Molecular Cloning: A
Laboratory Manual, 2nd edition. (Sambrook, Fritsch and Maniatis, eds.), Cold Spring Harbor
Laboratory Press, 1989; DNA Cloning, Volumes I and II (D.N. Glover, ed), 1985;
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consi derations as whether the polyner/protein conjugate will be used
therapeutically, and if 22 WD 2004/ 069176 PCT/ US2004/ 002763 so, the
desired dosage, circulation tinme, resistance to proteolysis, and other

consi der at iwgy¥oos06diye €f fectiveness of the derivatizati opcfiB¥a0PfecaRser t @i ned
by adm nistering the derivative, in the desired form(e.g by osnotic
punp, or, nore preferably, by injection or infusion, or, further formul at ed

for oral , Ofgénucleatide Sbmthﬂsise@\/.[.dle(]}éit/ed )4 198)41t1éS)Eatem Nod 4,683, 09 1(Milis ersl;

ffect wat er. 5 tt limted
oL oL ViR A8 ORI TB I Sl oL YRGR e 10y Ml |1
car boxyrre'l‘i‘md;l@rﬁid(Blmﬁéam&@nﬁsaln}hggiﬂsyadsr)yl%m Culagt ofArmheg‘r(deﬂ.y(R pyrrolidone,

TR Y ST X T I R o

dextr am opraé&apehme o MdlBéhlaPE'ldrﬁHcF @9. P@ﬂoalﬁ’ﬁ@%ﬂ*’/[@ﬂib@@i‘ﬂ'lﬁﬂ?m@ioé? qrolumes
honmopol yners, pol y&r opyl ene oxi de/ et hyl ene oxi de co- pol yners,

pol yoxyet hA andd§5 §Wiwasbk, gds), dcadegric Bres New Yoerky GeneyTransferc\oesars fasnd ni xt ur es
th f b
brgrrg(r)\ed or un%e{anc%@h?@ gznda}g Mg%%?ggllgwa\%oﬁggéﬁﬂ{%%ﬁléa?ﬂ% 4 ies

bet ween ahmnuno’bhétMaththaﬂmthelIHid MdDeculaf Biclogy @ayete snd Wralkeasads ),n handl I ng

o epar at | DteHe B, Lotaus hofs Banasiodspr xeiingh Trspu iR ToRisls 117 kR, e
st at eg) MORGUNAIC. @ﬂBl@éﬁwellTBdl#), 1985} muiparauﬁgﬂemouss Bty d; @o'ld/SIﬁ'ﬂigq{afrb&d as

"average ml ecul ar ht." O her nol ecul ar wei ghts (sizes) may be used,
dependi ng eh?rzttha@eq 1r9§ t herapeutic 20 profile (e.g., the duration of

sustai ned rel ease desired; the effects, if any, on biological activity; the
ease in handling; the degree or |ack of antigenicity and other known effects
of PEG oRolymeh&oajugation o Neublastin Polypepdidesus enbodi rrent s, the nol ecul ar

wei ght is about, 2 .k out abo 10 t 15 qut 20
kDa, about 25 @Eﬂfm%&ﬂ?ﬁgﬁéjﬁeﬂgm%%ﬂwep%es prg%”o' Yy ol%%u"?ﬁ’ certain
pr ef ets edarebied upaithe preséift d&wbﬁrﬂgemmﬁﬂdaﬁimomleghfef@fedl& cdajugatiin@oahain is
about 20 kDa, In certain preferred enbodi nent s, th verage no) ecul ar

wei ght | snenblastin nelyRapiide sieavatgrragiiblegrolmRars, n%warrﬁrse ls%erm EMAGEOHSy
vary, andyQagsetkd profeth rowa?u@sréuacmdldbemt emcfpuhe lﬁlarf eqdeawentvﬂsmﬁéﬁtect on

function. One may nono-derivatize, or may provid di-, tri-, tetra-
or sone c#iwhiapap mlwcd@nwmnmtheﬁmbw,ﬂwmb@qm béphmﬁwleﬁiy cheni cal

30 noi eti Ec%gétgblgfor tﬂe%r épatation of ?r%)sebl {nfoﬁ{i&‘ %r ﬁgfb@l oh Of PEGS). The

proportion ecu ern pepti de) nolecules will
vary,2@s wl| Ifldecmdpaamgiapo%ennmlemﬂemwberenmhdyednﬁormomhgat&nvhth general , the

optimumr géulb?astg.rll Solgrgerpmae aflthOl];gfhI Igcl)rg rt}u&/l one p(r)l(}a’%%l'g Ilng Seule can ge attached as well.

Conjugated neublastin compositions of the invention may find utility in both in vivo as well

as non-in vivo applications. Additionally, it will be recognized that the conjugating polymer
may utilize any other groups, moieties, or other conjugated species, as appropriate to the end
25 use application. By way of example, it may be useful in some applications to covalently
bond to the polymer a functional moiety imparting UV-degradation resistance, or
antioxidation, or other properties or characteristics to the polymer. As a further example, it
may be advantageous in some applications to functionalize the polymer to render it reactive
or cross-linkable in character, to enhance various properties or characteristics of the overall
30 conjugated material. Accordingly, the polymer may contain any functionality, repeating
groups, linkages, or other constituent structures that do not preclude the efficacy of the
conjugated neublastin composition for its intended purpose.
One skilled in the art will be able to select the desired polymer based on such

considerations as whether the polymer/protein conjugate will be used therapeutically, and if
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there is no excess unreacted protein or polyner) wll be determ ned by
factors such as the desired degree of derivatization (e.g., nono, di-,
tri-, etc.), the nolecular weight of the 23 WO 2004/ 069176 PCT/ US20041002763
pol ymer sel ther the polynmer is branched or un d the
reaction ég(?\%l@?/iog\ri:?.e The PEG nol ecul es (or other chem ?Q?ﬂﬁmﬁg’?‘f@) shoul d
be attached to the protein wth consideration of effects on functional or
ant i geni c sdghmdesiredflosape; cprulationtimd mesistanae o protedlysis,Hndothek cartsidrudtionsnt

met hods avail able to those skilled in.the art. See. e.q. 401384
(coupl 1 ng DEeRRehdapl®E fedimafin sl b iolalied BY Srmiyferinghe dertjafve .,
(r epgr ti ngheI @d fotth ¢ g.0by Givhétfarpunsy, og r1:iolt'déﬁ‘ﬁfera.bf[&,(})IS'iiﬁje()tionE@ ﬁnfgsimt,e, PEG
may be coval en oun PEGy| ati on) thr am nq acj residues via a
reactive &“&Fﬁ@é‘ﬁ%dafg{ S@Eﬁ’f“ 40N (9“%?8%8’168’0‘3?9?3%9%%&@%@”&% no acid 10
resi dugs Raitignéssfree am no group include |ysine residues and the
am no-term nal am no acid residue. Those having a free carboxyl grou
i ncl ude aspar t Suitzhdé watersoluble polygierstinglude, but@rengt disitedde, PECh¢opdlgmes oEr ni nal
am no aci i d I b . tive group
for att ac%fﬂﬁg&? %Q@H&%e%%%&,ng&lg@ géﬁiglzogﬁ’tc%&%@% seg?al%@? gtchrrent can
be at an aolyvinytpwuglidore, @olyal, 3-diexdibnef polyAl N3 S-wioxines ethglene/midleic dohpdridey
specifically desire an. 15 amno-term.nal chem.cally nodifie rotein. Using
PG s an CPPIFEES BOYBRINGRO S B B SOBAPO S G TP oD B TRy PR F o o
vari ety ofpo | patdIREnd) PEGTDSréPyRne WRic8IHomdpb BS]:ypﬂ)F;?leﬁe the

u

proportion of PE nmol ecul'es to protein (or peptide) nolecules in the

reacti on rexide/ethylene pxide sp-pobumyars pplypxyethyiated Rmyqls)(ek%, grgerd). pelyvinghd t he

nmet hod of | M N hhEs & ted amno-termnally 20 PEGyl ated protein. The
met hod of a'g’%%lgl? %dr}glxt & a%eﬁg-term' nal PEGyl ated preparation (i.e.,

separ ati ng t hi Shepolytngr fuap be of &myrsuitshlombleyilat weightpamst mew b¢ branehedssar y) maybe

by purifi cg"gi n.of the am no-term nal PEGyl ated material from a popul ation

of PEGy| atBdr" 8‘[ ein nol ecul es. Sel ective am no-term nal chem cal

(rjmg} filgati oln M@gr pEG@@@t@lﬁt? Iaiéa??gﬂnbucular@wi@it iis}&ﬁbtxﬂédﬁ}dbaﬁtim& &altabextlooi t s
Ifferential reactivity o | fferent types_of primary .00 25 groups

(1'ysine véPaudhisprovidesfor eass i hradhneApdimangfasturige. Hews 9§~'{Rﬂia&% il o

parti cul AlapFeQibfeiiat in PSR BRE! Qihd BbRlleATh WG RORY, Sérfeifess, than the

substantially selective derivatizafion of the protefrn at the am no-term nus

with a carstatadyholgeudarpvaightt Ahws, mylgsolay weight is typidally spasifiedms “avesagoineoleculne nay
sel ectivel yv..RPEGyhAL e ' . 1T e . e] : .Ng. t he
encti on MEE OB mbREUATY AFnG (R NHR R s bIeRb R &) Y RS AARC 01 o
bet wee0 t eofilp$d.£. Pthe A0ralion obstistained féleqse ddsirediahd sffdcpiftang) dittslogina t hat of
the al pha (@).-am no group of the am no- term.nal .residye of the _protein. By
such sel e@é‘"ﬁ‘@’; ?&ﬁ%ﬁ‘f‘g@”@n&e Segrse Anlack ofgntigenjgityand other known cffdets of

PEG on a therapeutic protein). In various embodiments, the molecular weight is about 2 kDa,

about 5 kDa, about 10 kDa, about 15 kDa, about 20 kDa, about 25 kDa, about 30 kDa, about

40 kDa or about 100 kDa. In certain preferred embodiments, the average molecular weight of

25  each PEG chain is about 20 kDa. In certain preferred embodiments, the average molecular

weight is about 10 kDa.
The number of polymer molecules so attached may vary, and one skilled in the art

will be able to ascertain the effect on function. One may mono-derivatize, or may provide for
a di-, tri-, tetra- or some combination of derivatization, with the same or different chemical

30 moieties (e.g., polymers, such as different weights of PEGs). The proportion of polymer
molecules to protein (or polypeptide) molecules will vary, as will their concentrations in the
reaction mixture. In general, the optimum ratio (in terms of efficiency of reaction in that
there is no excess unreacted protein or polymer) will be determined by factors such as the

desired degree of derivatization (e.g., mono, di-, tri-, etc.), the molecular weight of the
23



soluble polyner to a protein is controlled: the conjugation with the pol yner
takes place predomnantly at the am no-term nus of the protein and no
significant nodification of other reactive groups, such as the |lysine side
chai n am neyg4opled1760CcCcurs. 24 WO 2004/ 069176 PCTI US200§(€'P/9§%§§002%§' ng
reductive al kylation, the water-soluble polyner may be o e type descri bed
above, and shoul d have a single reactive al dehyde for coupling to the

prot ei n. Ppelgnepselgsiednwheibénthiepolpmeriabrancipdar vnbrgiched,ead thamsactiodehyde, may be
used. The_p dgtf%gt i nvention includes nutated neublastin pol ypeptides that
are expresse 5 prokaryotes or eukaryotes or made synthetically. In sone
enbodi nment s, t'fﬂbehEGhth(ﬂamlds (érsotheg cyennisylinadietits) dh@ummmtﬁﬂmdltdﬂﬁpmthﬂdl ment s,

t he neublastin diner i me ated at . eac no- ter I nus and
gl ycosyl a °3?51‘ie:5@r?n "I%Fge é?n @ﬁ@@laf &‘3’“’ fomap %tatg]% e at he
nut at esl NREAHEDF aftachinRY méthoddviildle 16 Wdsk G116 inahe a@qsbeaég n@baomsaus and
pol ymer - conj ugated at one or both internal Lys95 residues. 10 PEGyl ation

may be cafopplingREG b/GLRF)sMalils g ad., BHG)H@WQJ G: 4023-1035, 1982 (remogtingPEGY | at i on
chem strl e.g., Focus on Gowh Factors, 3 (2
4-10, §G91|}__1§ %HP%QI g%h%ﬁg&m@gﬁd@ and the other publications ci ted( )

herei n that reF«ateaample PEBphaythe@nvalﬁhb' HBE@(RBGmhonhﬂmmgh@annomki out via an
cti.on _or react i ve. PEG nol ecul e

acyl ati on r]?;la an ?an fl'l %l

(or an anif 58%?*‘?@%?8?%%%%@8 Lof ffB‘f %““B8I°§/ﬁ¥ gxY E?uP’Eg SEPBR Y acyl ati on
gener af | yrdstiviéd hering' 2€d dnfliglo gidup Sidlude Isreeresidieds iakd the\uenifd-teifafaal amlily known or
subsequentlg di scovered reactive PEG nol ecul.e. may he used,to carry out the

PEGy| at i ofAcid pesilugs dhosshaging ja\fiee carbpxytgpaup dpclyde %1% agid Fosidugy sfygamic
N- hyd h
yar oxyaig Eésﬂiu@@r dfd ﬂ{e@@muﬁﬁaf#ﬁgﬁflﬁggsgdgg gmtg‘fﬂ% ] hdodeSusi dshout

limtation t efolovmngtypeso apeutlc protein
and a wat etreastwwm) oo httashingshe REG@andie@le(inF detherapeutia pumoseseatiaghmedtaaw, and

the like.,See .ocon are 5. 133: 14 199 Reacti o ondi tions may
be- sel 6ot B PR SaB ;56 ORI GoTim & W B Pa nsrray peg o iegr
subseq&enbjnmodmemhﬁlpﬂémcbnynﬁhmeﬂgrmi d condltlons such as tenperature,

sol vent, and pH . that vvoul I nacti vate the neub) astin protein or polypeptide

to be rodifiedUsipeBRCasiagl Wa'aww G BHSSCR POMRASHiOnS; ong May selegt ffom 3
pol y- PEGy k&t of'FE@lnﬁﬁéc'ufés %syoﬁlsle@ulmaﬁelgﬁo&mnﬂ@f)ethapio;sonfoh%fppanectI ng

| i nkage wi Il Dbe an am de. refera the fesulti roduct will be
subst ant i atolsgulss toprotsingor peptrds)wow@ﬂ@s m(ﬁl&re@ﬂtlon miix, REQMpapé EGpletierver, sone

speci €5 gl HSr. Al aes, At FERM B ORI PRy AR L ATRHD! S_dependi ng

on the specitic T ion’con pur1 fied
PEGy| a0 ed PEGgIateﬂSprdstam H&e mﬂﬁﬂroﬁbbﬁmﬁnglhc hﬂimonenxﬁmal@,Eqmated prapaation (lay eact ed

speci es, st.an cation ch u ncl udi\n anong ot hers,
G alye: s, SAMITAGSbEIe rom aRier F1ouot Y Sies Tt i affgsany) ey 56 BY
purification of the ammo-termmal PEGylated material from a population of PEGylated

=

protein molecules. Selective amino-terminal chemical modification may be accomplished by
reductive alkylation that exploits differential reactivity of different types of primary amino

25  groups (lysine versus the amino-terminal) available for derivatization in a particular protein.
Under the appropriate reaction conditions, substantially selective derivatization of the protein
at the amino-terminus with a carbonyl group containing polymer is achieved. For example,
one may selectively PEGylate the amino-terminus of the protein by performing the reaction
at a pH which allows one to take advantage of the pKa differences between the epsilon

30 (e)-amino group of the lysine residues and that of the alpha (a)-amino group of the amino-
terminal residue of the protein. By such selective derivatization, attachment of a water
soluble polymer to a protein is controlled: the conjugation with the polymer takes place
predominantly at the amino-terminus of the protein and no significant modification of other
reactive groups, such as the lysine side chain amino groups, occurs.
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derivatives _thereof (see, U.S. Patent 5,252,6714). The pol may be
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that would inactivate the neublastin protein or polypeptide to be modified.
PEGylation by acylation will generally result in a poly-PEGylated neublastin protein
25 product. Preferably, the connecting linkage will be an amide. Also preferably, the resulting
product will be substantially only (e.g., > 95%) mono, di- or tri-PEGylated. However, some
species with higher degrees of PEGylation may be formed in amounts depending on the
specific reaction conditions used. If desired, more purified PEGylated species may be
separated from the mixture, particularly unreacted species, by standard purification
30 techniques, including, among others, dialysis, salting-out, ultrafiltration, ion- exchange
chromatography, gel filtration chromatography and electrophoresis.
PEGylation by alkylation generally involves reacting a terminal aldehyde derivative
of PEG with neublastin in the presence of a reducing agent. PEGylation by alkylation can
also result in poly-PEGylated neublastin protein products. In addition, one can manipulate
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30 other proteins, including but not limted to, e.g., nono-(Cl-Cl0) al koxy-
or aryloxy-PEG 1In general, chem cal derivatization nmay be perforned under
any suitable condition used to react a biologically active substance with
an acti vat Qg Rrhyddpss, Mol ecul e. Methods for preparing a eubl astin
will generally conprise the steps of (a) reacting a 26 5@%%)@&@%@%
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present reductive alkylation, the polymer(s) selected should have a single reactive aldehyde
group. Generally, the water-soluble polymer will not be selected from naturally-occurring
25  glycosyl residues since these are usually made more conveniently by mammalian
recombinant expression systems. The polymer may be of any molecular weight, and may be
branched or unbranched.
An exemplary water-soluble polymer for use herein is PEG. As used herein,
polyethylene glycol encompasses any of the forms of PEG that have been used to derivatize
30 other proteins, including but not limited to, e.g., mono-(C1-C10) alkoxy- or aryloxy-PEG.
In general, chemical derivatization may be performed under any suitable condition
used to react a biologically active substance with an activated polymer molecule. Methods
for preparing a PEGylated neublastin will generally comprise the steps of (a) reacting a
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pol ypeptide is linked to the polynmer via a termnal reactive group on the

pol ypept i deyo Abd/Ggopat i vely, or in addition, the neubl aspEpusRéediSss
2004/ 069176 PCT/ US2004/ 002763 pol ypeptide may be linked via the side chain

am no group of an internal lysine residue, e.g., a lysine residue
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acti vity, newhlaséin; apd (bhebtaining the neectioppradust(flg, if possible, the half-1ife of
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car boxymet byl - N 4 LNes - [ d oxi de,
car bonyl i r%}‘) éé%%%ef'déndgﬁdél %ﬁl&btg'arrr taggaﬁgcg? W%E)%?A@tr%&%&&%éjé elﬂgtg b%% i nkers
can be sulis gerend]cifitHe@l is hewearjic arger axadyd ofipolyedey to proteirswill becdesied (i.e., the
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reactive groups are available, so fewer polymer molecules are needed). For purposes of the
present invention, the pH will generally fall within the range of 3-9, preferably 3-6.
Another important consideration is the molecular weight of the polymer. In general,
the higher the molecular weight of the polymer, the fewer polymer molecules may be
25  attached to the protein. Similarly, branching of the polymer should be taken into account
when optimizing these parameters. Generally, the higher the molecular weight (or the more
branches) the higher the polymer:protein ratio. In general, for the PEGylation reactions
included herein, the preferred average molecular weight is about 2 kDa to about 100 kDa.
The preferred average molecular weight is about 5 kDa to about 50 kDa, particularly
30 preferably about 10 kDa to about 20 kDa. The preferred total molecular weight is about
10kDa to about 40 kDa.
In some embodiments, the neublastin polypeptide is linked to the polymer via a
terminal reactive group on the polypeptide. Alternatively, or in addition, the neublastin
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cleaved in, .e.qg., bjLochem cal drol ysis,,  prateolysis, or sulfhydryl
cl eavage. riﬁﬂle %ﬁ?‘a\ﬁ’rﬁf ?m%efﬁ%?gfé@w‘ﬁ@eeﬁﬁkak%ﬁg%ﬁeﬂwmﬂ 3?6“1’(‘6%‘3’5 ol ogi cal )
condi ti oNSerformed with an N-hydroxylsuccinimide (NHS) active ester such as PEG succinimidyl

succinate (SS-PEG) and succinimidyl propionate (SPA-PEG). Suitable polyalkylene glycol

moieties include, e.g., carboxymethyl-NHS, norleucine-NHS, SC-PEG, tresylate, aldehyde,

25 epoxide, carbonylimidazole, and PNP carbonate.

Additional amine reactive PEG linkers can be substituted for the succinimidyl moiety.
These include, e.g. isothiocyanates, nitrophenylcarbonates, epoxides, and benzotriazole
carbonates. Conditions are preferably chosen to maximize the selectivity and extent or
reaction.

30 If desired, polymer-conjugated neublastin polypeptides may contain a tag, e.g., a tag
that can subsequently be released by proteolysis. Thus, the lysine moiety can be selectively
modified by first reacting a His-tag modified with a low molecular weight linker such as
Traut’s reagent (Pierce) which will react with both the lysine and amino-terminus, and then

releasing the his tag. The polypeptide will then contain a free SH group that can be
28
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In preferred embodiments, the composition is provided as a stable, aqueous soluble

conjugated neublastin polypeptide complex comprising a neublastin polypeptide or mutated
25 neublastin polypeptide coupled to a PEG moiety. If desired, the neublastin polypeptide or
mutated neublastin polypeptide may be coupled to the PEG moiety by a labile bond. The
labile bond can be cleaved in, e.g., biochemical hydrolysis, proteolysis, or sulfhydryl
cleavage. For example, the bond can be cleaved under in vivo (physiological) conditions.
Other reaction parameters, such as solvent, reaction times, temperatures, etc., and
30 means of purification of products, can be determined case by case based on the published
information relating to derivatization of proteins with water soluble polymers,
If desired, a single polymer molecule for conjugation per neublastin polypeptides may
be employed. Alternatively, more than one polymer molecule may be attached. Conjugated

neublastin compositions of the invention may find utility in both in vivo as well as non-in
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both at the Iysine and at the amno-term nus is enconpassed by the

I nvention. One or nore sites on a neublastin polypeptide can be coupled to a
pol ymer. For 30 exanple, one two, three, four, or five PEG noieties can be
attached t peptide. In some enbodi nents, a PE ' attached
at the am g%d%]fg?/%@%;s and/ or am no acids 14, 39, 68, agﬁ&'@g%%dé%geubl astin
pol ypeptide nunbered as shown in Table 1 and SEQ ID NGO 1. In advant ageous
enmbodi mentvivo applicabiohs rmddlumlugéwdhbmmﬂ ithat el oppiwgatingepolymer meay

ol st 1 R S RS Bbs T4 b B e et fude i Abiifs o o hd ¢ BF 1
|toﬁl ypeplt | dpplndatlbx_heBﬁm§ nﬁexagl{plé Elﬁnq:}cﬂmeﬁul m%bfrerappl?daﬁeﬂlsytp cOVah':nnlya:dgd tddon

e poly onj u ed neubl astin e in e conpositjan binds
GFRa3, actt/ é’ °h%6¥IH%‘FWiE’§a‘§‘5$W§€€T OR AR §°’8 BM.°Tenhances

survival ofheppfi@Hitieslor aradtERk@S R PolynRy! AR A itHer BRinible, 3 mREHE OF M6 a
conbi nati on o?fb?heseephym ol ogi cal functions. 5 In someeenbgﬁl ments, the

mut at ed n@dvaniagepys ipsomp apnlicatonsiio Frrtenalizeda polyeetoj rander HaeasinpPesiosias a
physi ol Ogr_lzégé b1t dhlabibr, 36 LRGLE ifivafrirog B&P L&Eaﬁ&@ﬁé opgle%fverafﬁ:RaB
of pat

bi ndi ng, activation, normali zat ol ogi ca anges of a neuron,
enhanci ng comjggatedmsigrial. \Aadcprdmgljamlml podyra¢rinmay qmatwnq;lxytfnnmopaluty, repéaang provi ded

by the inventi are multimeri 0 %ﬁ?% |n(§: de r- 10
o] ugat B R PRBEEon b SRR ehRER e Bp o reds i ME SrRA0%

pr ef enabl yofjugatedifsibRstin mufdlﬁ ecﬂ@bdmbhlfdfafsuﬁtemhwmé des. Exarrpl es of
mul timeric conplexes include, e. dineric _conplexes. The nmultineric

conpl ex can be lHsEe e Tpgors thsbigy BrrHISCOoCmEIeNFE1 e Aetiove dasts Eskblenus. the
mul i er i GheaKligis mdMeReibid H@t’eﬁrﬂémrek&nwept off QHera! ﬁf’covmh%ept | de

conpl ex including one nutated neublastin po de and one non-nutated 15
neubl ast i frondedspehtidecapplications, chepslymenmaydy fugctionalized lagd then icduplebioyiee x

i ncl udi ng two O .at eub. | ol ypeptides. In some enbodi nents,
t he pol yne @%oo?ﬁlﬁﬁ)g‘%‘% %&@?@%?ﬁgbgﬁﬁé@g}d?de bi nds GFRa3. Preferably,
bi ndi ng of theThe k‘e}&ﬁﬁdsrlsﬁﬁ)a‘}j tubaaplecé byeanp lsaiteblemethbd peeftfordeacting bidlegiedly

o

phosphor yl atl on of .a t|de To deter whet ol t|de
bi nds GFRAStIvepatgdadl w?E BeTR B tErahly 28 a‘eﬂé’égiﬂ%%cfw 7o B theco,
exanpl e, 1tBtiE BREPCAe 6h tha WpHal Afihd gfotqsr aﬁm@mﬁﬁﬂttanﬂﬁusddﬁneﬁh& thd scess
supernatants can be described using a form of a ternary Iex

assay desdnvabeas prspabagarcantizated pelymey mddherem reacm@e PRé¢in withAhe wgeﬁ
6238). | t | uat d
For 1 e 1 Habiefes 6 P8 fnocdifsdiib plokilifiblites ot BOE Pl ShofiflodiBeditd 1O O

RET ar2d t hreactient cmhe peoformedint several rﬂ&h&'d,?wh;chﬁfd?aﬁvolwmhe@%lﬁaﬁe stﬁpﬁ uble forns

ot ot o1 - bet ek ARESELFPRERt FGTPT BRArh oo 46 Vet ot R dameane "

length of the PEG can be varied. Most common forms vary in size from 2K-100 kDa. While

the present examples report that targeted PEGylation at the amino-terminus does not affect
pharmokinetic properties, the fact that the material retained physiological function indicates
25 that modification at the site or sites disclosed herein is not deleterious. Consequently, in
generating mutant forms of neublastin that could provide additional sites of attachment
through insertion of lysine residues, the likely outcome that these forms would be PEGylated
both at the lysine and at the amino-terminus is encompassed by the invention.
One or more sites on a neublastin polypeptide can be coupled to a polymer. For
30 example, one two, three, four, or five PEG moieties can be attached to the polypeptide. In
some embodiments, a PEG moiety is attached at the amino terminus and/or amino acids 14,
39, 68, and 95 of a neublastin polypeptide numbered as shown in Table 1 and SEQ ID NO:1.
In advantageous embodiments, the polymer-conjugated neublastin polypeptide in the
composition has a longer serum half-life relative to the half-life of the neublastin wild-type or
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al kal i ne phosphat ase (RET-AP) and a fusion protein between the extracellul ar
domain of rat GFRa-1 (disclosed in published application W9744356;
Novenber 27, 1997) and the Fc donmain of human 1gGl (rGFR((xl-1g) have been
descri bed Wﬂyb& geet al., Proc. Natl. Acad. 30 Sci. %Uﬁl%? oo ng: 6238).
The pol yner of the invention is preferably a polyal kyl ene g yco(f noi ety, and
nore preferably a PEG noiety. In sone enbodi nents, a polyneric noiety has
an aver agmutaml pnhqi@tlde/\mitgélabseﬂceaiﬁmctpob&ﬁerAltbmaamwor%a@ﬁﬁanme of about

1000 Da to about 20, 000 2004/ 069176 PCT/ 2763  or_of about
5000 Da t&8° ﬂf’°n2‘6g"8?5‘01°@as %H‘Bé‘&ﬁ GPEtResl °%E%Jmﬁé%%‘1§‘f’gn%° yeSRES ¢

noi ety ha%oﬁﬁhh%é’seﬁaﬁgﬁ—‘o éﬁf of"?ﬂeﬁﬁﬁl %aﬁ&@ﬁwﬁgp&%udﬁpo%lﬁgﬁes

nol ecul ar wei ght “of 000 Da: or an average mol ecufar wei ght of

about 20, @mommcvm, ¢TLR¢§inHD$‘1&P°IgbIB§H§n@Iﬁ themapl})’élomWﬁ@n@OI@l ycol noiety can
be, e.g., 5 cajh dehyde,
epoxi dg, car bon m azo %%Sther}gﬁb%g g%%gaﬁ%oly%udF Bélgl%n %%@%?te% a an

N- hydr oxyltlmmmpﬂaxrhade physibiogicalaktiviey selebted fromihthe gﬁﬁlp\cenmgbfm&ﬁﬁ, e.g.,
PEG succi ni ni dyl _sucg¢i nate (SS-PEG, . succinimdyl butyrate (SPB-PEGQ, or

succi ni ni HW%BET&H%Y‘@%"SPNB%FOHP cab pgaes Rffieurony, &1 kyl ene
gl ycol nDi,gi¥n sivival Bt flelidRatthgnéatophtBiR paioup of the neubl astin 10

pol ypepti de or mut at ed neubl astin pol ypeptide. For exanple, coupling can

occEr via a maAlseiprdddedgryothp invanticorapé mwltimenie pgbmamildeaﬂhahnhldeaapbmgr-oup, and
2 U gl 0L Rl Rk S RARAE R B bHEpASHBASY 40 pROLAF Bl RABE

nmut at ed neu conpri ses on our

noi et i es. phﬁﬁatmelumehoqlorweptmﬁs thanmbéswfmulumemmmd(es inchide, qxp) diperit i de at
a site on the eubl.astin t |s anN g\ I n, so enbqdi nents, the
e

pol ymer |§°IE‘B]|3§?S he guyliaericeq ande pra‘{"l SlerPmeTi R RPWPTERS|  ani no
acid of tkempRKbIRS ﬂién@lﬂhﬁﬁﬁﬁ@édrﬂ;ﬁe:@émrﬂétaﬁie&%duﬁ&li@bﬁ%bﬂc dgé&apt ide. In

sonme enbodi nents, the ner is coupled to a sol vent expose am no acid of

the neubl 2elypeptide lcyrpp#szc |1 ding mratetéfad Aeublastn polypentidy aecb@nwn-mwa@érre
nbod 20
mutat 48 ot P hUERh AR o ek o P PR Lt B LR (B o'
consi st i ngnové mmtwadawub\lastm;mﬂypepudlesam no acid of the pol ymer-conjugated
I tid t d f th b
Dol Ypept i de’ or ThiRvne Eborngidie ipertaayerattelsens popendde R 6PRas o
aci d sequeRgsraply, Eﬁﬁn@%F@n@%Iﬁdh—@%ﬂWdﬂﬁa&fn FONRbak feMitast i n

pol ypeptide, poOsition 68 in"the amno acid sedquence of the neublastin
pol ypept i phosphonylatian efia REﬂ‘mozlmtpmdeZH‘Opbteylpsptwlmﬁxer apolypeptide binds GFRiog, t he

am no 280| %ss%?sclcu 5i'be per%rmergi %éjc% & 1Ini \9088/]0%)@3 tﬁoggxa%ple,%é l?rtesee(lec Otl ypepti de.

neublastin in the media of CHO cell line supernatants can be described using a modified form

of a ternary complex assay described by Sanicola et al. (Proc. Natl. Acad. Sci. USA, 1997,
94: 6238). In this assay, the ability of GDNF-like molecules can be evaluated for their ability
to mediate binding between the extracellular domain of RET and the various co-receptors,
25 GFRal, GFRa2, and GFRa3. Soluble forms of RET and the co-receptors are generated as
fusion proteins. A fusion protein between the extracellular domain of rat RET and placental
alkaline phosphatase (RET-AP) and a fusion protein between the extracellular domain of rat
GFRo-1 (disclosed in published application W09744356; November 27, 1997) and the Fc
domain of human IgG1 (rfGFR(a1-Ig) have been described (Sanicola et al., Proc. Natl. Acad.
30  Sci. USA 1997, 94: 6238).
The polymer of the invention is preferably a polyalkylene glycol moiety, and more
preferably a PEG moiety. In some embodiments, a polymeric moiety has an average
molecular weight of about 100 Da to about 25,000 Da; of about 1000 Da to about 20,000 Da;
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Pol ymer - conj ugat ed neubl astin fusion proteins If desired, the

pol ymer - conj ugat ed neubl asti n pol ypeptide can be provided as a fusion 30
protein. Fusion polypeptide derivatives of proteins of the inventi on al so

i ncl ude vagPadaoedissuct ural forns of the primary protei pc.}/ngW{/&,&

bi ol ogi cal activity. Polyner-conjugated neublastin-serum u5| ons can
be constructed using nethods known in the art. Any of a nunber of

cr 0ss- | i nkeeofabbhtai006 ®rattaiabow 20000 Bap tmsbinmegemtiddinviit 80184 68d pdymeric

PCT/ US2004/ 0 63 amno reactive u ol reactiv oup. can. be used
Lo | ik nESOfPaEE o S omeeraes Yeiefhe el o0 adm dvEREs pofohriBiet et ude
am ne reagbowt @0,000D8; driallaREragd Molechlmsesiphtdf thdu®0,00€Pat | ve- nal ei m de. These

i nclude, e.g., SI\/CC AVAS, BMPS, MBS, E SMPB, SMPH, KMJS, or GQVBS.
Q her sui t abl eThe fwgtional group en themehalkyieas slrlautigysae Be.&t8% gr oup. 5 These

I ncl ud gkfggg non protected
t hi ol fgor%m?g,%ct [ on W tﬁmglu Igﬂgi Sda-??)al%s toa{;ti"f)ragaguc(?it ’&%um bl e |inkage
ar e SPDP, cg8hprylingdazole, otrPNEAafbormtet Cofiplinig cah oegue visgmmNe-hpdrakylyucainithidabl e

, AN d Vi Si on
WI t h al tefﬁgs? %cél gfﬁgrt egl'egg%‘?ehe%térc ebf ?gntﬁgﬁg&l&ﬁ%’qtﬁ%ﬁa&a@b heubl astin
Wi th ser usuainimidyhbutifitd (SPBSPHB)SOr suosthiniidyl @eopidiate (SPA-BEG). [ladome the art can
generate co ates to se m n that not targete
ani no-t er e@gw ribeBeyalkyie %EIY%& “t%“éyierPBﬂ’ S LPRiee grg@rﬁﬁfwawﬁhﬁw Ki
desir ag, @Sljv?é;ﬁﬁl%bﬂm%&'iédrﬁeﬁblla&’cﬁiﬂbl iR Fof , 9803 casl obtk Pid ag€NEL i C
engi neering techni ques, wherein neublastinis used to the serum al bumin

gene at i maleimidsgroupen winylsylfone syoun, ahalopgetatasgroum and g thigk groem de varioss Any

neubl ast | ’éfn%%ldéﬁéttﬁe h%ﬁasﬁﬁ%%%ﬂd? Pﬁnﬁ{a&qlﬁ%ﬁblﬂ]tﬁlrbeﬁﬁ%t?dg%gﬁ)ﬁs&ao% life,

for exanple, 1n vivo or I'n ani ma umans) can be
gener at edtws,lﬂmge,a)rfmmEIChmoteuesat egy. Anot her exarrpl e of a neubl astin

conj ugat e t hat result a, product wi.th ed hal n Vivo is a
neubl astin fusib Sbé’fl W‘rﬁ %@?&%@Bﬁleﬁ%& B@ngtlgiﬁ {@Sl

deri VEIB' V%éulﬂzistlﬂ(ﬂia‘{ 8N fRniEe! kol $Ribdaindnts, thB‘fablyﬂﬁr i&‘bﬁbl@d‘to ﬂié aggregate

20 conj ugat es of nmutated neublastin or its fragrrents with other proteins or

pol ypept i aehyperwe fat aigjte ipp nep-ierriul aming acidad ths nedblestin palypegtidesorsaefated onal
am no- ter tlﬁﬁ)efé/gé&@éyl'ntsgfn@e HbodiffRhts, tﬁé@gemg is LBEpIELR) Qe gexﬁgf&i' de may

be a si gna pol ypept| e sequen the ™ amno-term regi on
of the pr amioacikhifdhe mbtalsmmlapepudabﬂIyutaﬁedpwlastmanh'baltld@nal ly directs

transfer of th rotei.n fromigs site.of s 0.ts,site of function
el de or Cout o Pt S Raira bRt i€iouB R péqrh PO RERL

al pha2bac infitatbdfstblajtin Péliasdptias atn rbﬁ&fﬁh‘e&btc@ frointthe §roRp Bonsisviig of the apii | des
added to facilitate purification or, identification of n ublastin (e, g.

hi sti di netBRR aBimoeld af it Rolymerreoniygatad palypeptide dsieR 16 e aBmescid: " can
al so be |ispltRfe ot thdeublastin polypeptide or mutated neublastin polypeptide, position 39 in the

amino acid sequence of the neublastin polypeptide or mutated neublastin polypeptide,

position 68 in the amino acid sequence of the neublastin polypeptide or mutated neublastin
25  polypeptide, and position 95 in the amino acid sequence of the neublastin polypeptide or
mutated polypeptide.

Polymer-conjugated neublastin fusion proteins

If desired, the polymer-conjugated neublastin polypeptide can be provided as a fusion
30 protein. Fusion polypeptide derivatives of proteins of the invention also include various
structural forms of the primary protein that retain biological activity.
Polymer-conjugated neublastin-serum albumin fusions can be constructed using

methods known in the art. Any of a number of cross-linkers that contain a corresponding
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pepti de Asp-Tyr-Lys- Asp- Asp- Asp- Asp-Lys (DYKDDDDK) (SEQ I D NGO 22) (Hopp et
al., Biotechnology 6:1204 (1988)). The latter sequence is highly antigenic
and provides an 30 epitope reversibly bound by a specific nonocl onal

anti body, @rphbistgi7eapi d assay and facile purificationp@fuexplReHsd
reconbi nant protein. This sequence is also specifically cleaved by bovine
mucosal enterokinase at the residue inmediately follow ng the Asp-Lys

pai ring. 8®ingleantiye soep i thidTeactpoganpomisiisediodinkmevilagtipl to serpmi des The
_p0| ypept ' gﬁ)ﬁﬁfﬁ é p'leg\é?%ﬂa%ﬂe liﬁ&s%clﬁe%&egaé@ %H%S—M&% {haiy ﬁsérpz{ {Ho1
I ncl udi ng proterns, pro-p E&ime ure proteins,

gl ycosyl atmdu\m'-malelmnde ’ﬂlmse ughyle,oasgzl W@d: AI\MS;IBMPS ﬂMBSpEMQSI,SNH’tB pr ot ei ns,

non- phosp pr run 5 f.orns,

oot L ant SR RNTOSEHEHES” odtrapictncen iRl B therhatseri e ge

i ncl udgs ahaeliydhed) &gs SBA®, SIA (SIAB&ﬂﬂf'ﬂiaepromelap?dtéﬁtéd &&fdn prdtedied ®iol fgr t he
presence of a cof act or ﬁsuch as GFRa3, or bi nds_to RET, induces

di neri zat FeaatiQs withesulthydey %P%ﬁ?l%%‘bﬁbﬂﬂﬂa‘ilblé 1eeRETSPIRSMBT M dles of
the inven wWHikHRS b E&ng% dfind @l Fsut eh % thk0 Whi ch
pol ypepti §e pref er:}tagti y Is rg‘?{ycc?sl at ed %/he N-?e%?l ugjs %Fﬁiat ed 1n the
sequence aftica simglarly bmmsmnmthﬁhcrdatmerstratpglas thet wibldjuki theaminotterminuswdnt i on has
t he am no agl L d segt ence resented as SEQ ID NGO 6, holding a glycosyl ated
asparaglnglf&§Pﬂ ?Péh 122; or the amino acid sequence presented as
SEQ IhIDONO 14, ted dsmgw@sl@iemmyshmmbdaﬁ g&raﬂgigilageﬂdiﬁb dcotFugaEesab :Imwln ti onI 95, |
or the ana) ogous position |n any nutate ne stin po peptl e when aligne
by, e.g. ‘Jéflﬁ'é‘t P&reaﬂtﬁe&gefﬁ 3te BTt S el o e thg HBOIEI%Ppept i de
of the i ”‘é&ﬂﬁﬂa@lﬂnﬁ]ﬁs I RREirAThEAD]RfA-SerBRAMRAAL ﬁsmngéﬁﬁﬁcﬁgkn@ﬁteﬁ%@nh@e}ﬂ.@cﬂ
referred to herein as NBN113-N95K, containing a |lysine residue substituted
for the aspeinesgngéechrignes whereingsublestisis S5edio tlsasignmam@nzn gene af Heamimono 20
aci d sequ%}%ﬁmg LaREN-6 ﬁlﬁssﬁ%bpch'gﬁ) 4, referred to herein as NBNL06- N95K;
or the anal'ogous position in any at ed neubl astin pol ypeptide when

al i gnéf by, e. gnynéihlashalcwjumﬂlatmuhsm apmdmtvﬁth Sprotmgedhabfqhﬁelﬁ)o I ncl udes

nmut at ed neubl ast,i n. f usi on tei ns u - fusy scri bed, e.qg.,
O o ckgtule dn Sivose, Pacily ia prirls Gikaiine Sistate) P B oa aing S s e
enbodi Mentsfnilak aﬂategg,\é AHotIRR eRdnipié SLSneubRSY QRRigatehdt 2esuRYin Hrodutt Rahaci d

sequence shown as IDNO1 with the exception of one substitution, or an

ani no aci arolmgq@éﬂé—é Q Inaivena 8 ngeblastia desionotengrhgre thedusiompariienis andast about
90% rore pref gipblididtivedblymer-conjugated neublastins include covalent or aggregate

20  conjugates of mutated heublastin or its fragments with other proteins or polypeptides, such as

by synthesis in recombinant culture as additional amino-termini, or carboxy-termini. For
example, the conjugated peptide may be a signal (or leader) polypeptide sequence at the
amino-terminal region of the protein which co-translationally or post-translationally directs
transfer of the protein from its site of synthesis to its site of function inside or outside of the
25  cell membrane or wall (e.g., the yeast alpha-factor leader). Neublastin receptor proteins can
comprise peptides added to facilitate purification or identification of neublastin (e.g.,
histidine/neublastin fusions). The amino acid sequence of neublastin can also be linked to the
peptide Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys (DYKDDDDK) (SEQ ID NO:22) (Hopp et al.,
Biotechnology 6:1204 (1988)). The latter sequence is highly antigenic and provides an
30 epitope reversibly bound by a specific monoclonal antibody, enabling rapid assay and facile
purification of expressed recombinant protein.
This sequence is also specifically cleaved by bovine mucosal enterokinase at the

residue immediately following the Asp-Lys pairing.
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about 95% nore preferably at |east about 98% and nost preferably at |east
about 99% identity to the sequence presented as SEQ ID NO 1. 30 In other
enbodi ments, the invention provides a pol ypeptide having the am no acid
sequence Ofykik 12 with the exception of one substi ' an am no
acid sequefr?(l:e t/&r)\dagtlmhoas at | east about 85% preferably g%:’t'flv’ggisﬂ%mdgg%ut 90%
nore preferably at |east about 34 WO 2004/069176 PCTI US2004/ 002763 95%
nor e pr ef Biodsitiye Rolypeptidesabout 98% and nost preferably at | east about 99%
identity to the sequence presented as SEQ ID NO 2. In sonme enbodi ments, the
i nventi on pr ovildepolypeptidgpefithe thentoniongy belpeovadedrio any bidactive dorsn ixeclwfingSEQ | D
NG 3 with eh exgelption qf. one sugstitu Lon. . or a0 oarri pea actid seguence 5

t hat has BR Ot PRSP PTER Y pﬁ?'glfo %SDW ?prpgegjsstgg%gga P preferably
at :east %Eﬁbu§yl%§%/@;og&is¢pl&b’spﬁ(ﬁylaﬁﬁprcﬁéiné, aa&bh@dpﬁaﬁyla%@rd oﬁﬂlg,Etgm;&%e(Dr eg er ?bl y
at | east out oidentity to the sequence presented a Q3. In
sone eéboi?rﬁ@n?rsa}w%r pﬂw’a&ﬁn&l mﬁr@gwﬂf}ommwag@ P RYYPEREdE i no

aci d  sequgidsds QpolSpéptlde i) for dahdpld, MR dieRPbD 1088 oPMANS Pesdnks b4 0N, or an
am no acid sequencé” 10 that has at | east about 85% preferably at | east

about 90%cofapioe (speleisGERMY, axRBIhindsdd RET, 380ges dimerizatien ef RBT\andt | east

about 98%a @ngﬁggst ﬁr ef |y at | east about 99% identity to the sequence
pr esent ed Hop ?rﬁl R e *sonme enbodi ments, the invention provides a

pol ypepti de haThegolypeptides sxthéfiventioh@ridn gertichlaieldn X gNdoSylxkd polipeptide,
exception qf on substitg}i ?n“ g:lz)r an am no acid sequence 15 that has at

| east 1Qbothigpglynspldeprsisraplyis glycqslated e the Naosidyss msicatedsin thesequense | east
about 95%shamyse preferably at |east about 98% and nost preferably at |east
about 99%identity to the sequence presented as SEQ ID NO 5. In sone
enbodi ment s, t Besome/embadimends, @pobipsptules theguyentide basthey amipotapid sagtenes aci d

sequence Qf i t; ' ' ' g am no
acid sequ rrl%%ﬁ %ﬁ]ﬁ@pﬁ rl?g&’s'%a ol%%géﬁgg%#%g 9%]? %fegﬁgghtiﬁbtg{u%ﬁel%%tora out
90% nor e aptind soiduisquerte presasttd s BEQ 119 5H): 14rhoKingy eglgcasblaied abparapirss resiheeut  98%
and myst preferably at | east about 99% i dentit 0 .the seguence presented
2o SEGS DAHPIEHON T, 96 B IR AR bR RARFBLIS T O PR | e
havi ng t heyyagh NELARIW cofpditeSv#é. SEQ ID NO 7 with the exception of one
substituti on, or an am no acid ers;lleﬂﬁ]uence 25 that has at |east about 85%

preferably at [espime embndimergssthemnlypeptides afithginyendion hanthe aginn acibwgyenser e
pr ef er abl 98% Rsd; dq? ] t : 99%
identity ﬁéég?thgﬁss%%@gﬁéﬁo'%?’e‘%ﬁeﬁ‘?gt asél%Eg gﬁ?%@s ﬁI’ %AHZ%%ggﬁg%ﬂ(f i ments, the
i nvent i on rpsidue sdbstiteted for yipegspardginiresidngattpositiand 5 of SEQAD NO:2; or the amino
20 acid sequence presented as SEQ ID NO:24, referred to herein as NBN106-N95K; or the
analogous position in any mutated neublastin polypeptide when aligned by, e.g., ClustalW

computer software.
This invention also includes mutated neublastin fusion proteins, such as Ig—fusions, as
described, e.g., in United States patent 5,434,131, or serum albumin fusions.

25 In some embodiments, the invention provides a polypeptide having the amino acid
sequence shown as SEQ ID NO:1 with the exception of one substitution, or an amino acid
sequence that has at least about 85%, preferably at least about 90%, more preferably at least
about 95%, more preferably at least about 98%, and most preferably at least about 99%
identity to the sequence presented as SEQ ID NO:1.

30 In other embodiments, the invention provides a polypeptide having the amino acid
sequence of SEQ ID NO:2 with the exception of one substitution, or an amino acid sequence

that has at least about 85%, preferably at least about 90%, more preferably at least about
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sequence of any one of SEQ ID NGs:8-21 with the exception of one
substitution, or an amno 30 acid sequence that has at | east about 85%
preferably at | east about 90% nore preferably at |east about 95% nore

preferably va$ 24088 76200ut 98% and nost preferably at I%§h,sz(}32,b\;276%9/o
identity to the sequence presented as any one of SEQ ID NOs I'n sone

enbodi nents, the invention provides a pol ypeptide having the amno acid
sequence cHS%SEQrd; Dreftatdp atlieash athdue 98% cand mastiprefer abhe atdedss 4bauti99% identity tan  ani no

acid sequepce 35 WO / US2004/ 002763 that has at |east about
85% prefe asf)eﬂ enﬁ?pfeg?g?ddﬁgsg%iﬂggﬁqmre preferably at |east about 95%
nmor e pref erabl ynedmé eflddinbigs) ttheitbentiomnproniaes a golyplptidttaying the agdnd ackbpout 99%

identity to the ence resented as SEQ | D NO, 36. Infurther enmbodi nent s,
t he mventsmmn?frqf £ @ﬁﬂf%ﬂ%ﬁpﬂ@wﬁﬁéﬂ% PrpncARtigo adid seqyecice of

any ong ofthalhad tledNEBoht @5’%,6}5}9&%919%ﬁéasttahéut%%mdr@ﬁre%‘raﬂ?ﬁﬁtlééépﬁduﬁ ution, or

an am no aci d sequence that 'has at” | east about preferably at |east
about 90%95ke more pne&rrdﬂhbﬂlyasaabquw&%, ad aeast %ﬁi&abﬂmatelqut afoat 3P ydentityiteast

about 98% @ §é a@%“?B%aSt about 99%identity to any one of

t he sequences pres 1-21 and 36. In other enbodi nents, the
][mt at ed poIt ypeﬂn sahae mﬁbddnaents;Mvmnomplbddesﬂpr)@pidﬁei ﬁa\sndg)ﬁmmghgo acid e

i ngerprin i ne .am resi dues signated in
Tables 3 denie or SR B ARG nSsestoios e aRHtn. oF 80 £HES st ednesy

pol ypept i dRat@asadeddt Qwuass%%r&ﬂa%imnda@ﬁbsﬁmw%r@ﬁﬂeeéwﬂy af ledty Boutli zi ng

under high stringency conditions with t pol ynucl eoti de sequence encodi ng

t he pol ypePth moreprefeebly ps Irgst about P&’ oM@Wﬁfea&b}y atjeast ahoyd 99°% Adeatity to

sub- sequenge Jt&4 jrents, the nutated pol ypeptide of the
|nvent|onqﬁsseztEelncoggI y a poi §nuc eot i de sequence having at |east 70%

identity to thdnsqud gmbmliments, d@mwmﬂanmvﬂcﬂmlmpmdednapmgylmmihdecidf SEQ ID

NO 1. In sone |nvet|o ro navel tides

ncoded by SEREAR T2 G s o8 ShtEendh off Sbaitafol B it of i BBk ERry
stri nglsncythamaﬂattleaaﬂﬁodm 85%,t1heferaBQI N Mdayt abohtS0Ls, teors prrbeikle acleaspshong t he
pol ypepti de of SEQ I.D ' | ementary strand, or, a sub- %‘?guence

t hereof . W adEe E‘i?ﬁ%ﬁhlﬁéwf’%“ al?qpé9$,r?(;taélp@epsbgqe§p&b& aidgashabau 9%idepltP on | s

encoded bynasdaRbnte prdseftd ASEEAYRTES. having at least 70%identity to the
pol ynucl eoti de sequence encoding the pol ypeptide of SEQ ID NO. 2. In sone

enmbodi nent s, t Hesomeembedimenss.dhe mwhmpm pperlynspides beving theaguep 49jd a 25
POl ! o0kl BEIR9105 ARl AL O PRI,
one 0f20SE@hatBad\aidedst ébbnt 85% prefarabl}eamutaubyutsgl()l’/a rcbre prefeaatdy bt-1eastjatent e
thereof. | &%),tn?o% pr% ergbqgl gﬁggs% about 88‘%,“ an% most preferably at least about 99% identity to
the sequence presented as SEQ ID NO:6.
In some embodiments, the invention provides a polypeptide having the amino acid
sequence of SEQ ID NO.7 with the exception of one substitution, or an amino acid sequence
25  that has at least about 85%, preferably at least about 90%, more preferably at least about
95%, more preferably at least about 98%, and most preferably at least about 99% identity to
the sequence presented as SEQ ID NO:7.
In some embodiments, the invention provides a polypeptide having the amino acid
sequence of any one of SEQ ID NOs:8-21 with the exception of one substitution, or an amino
30 acid sequence that has at least about 85%, preferably at least about 90%, more preferably at
least about 95%, more preferably at least about 98%, and most preferably at least about 99%
identity to the sequence presented as any one of SEQ ID NOs:8-21.
In some embodiments, the invention provides a polypeptide having the amino acid

sequence of SEQ ID NO:36 with the exception of one substitution, or an amino acid sequence
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pol ypeptide of the invention is encoded by a pol ynucl eoti de sequence havi ng
at least 70% identity to the pol ynucl eoti de sequence encoding the

pol ypeptide of any one of SEQID NGO 30 8-21. In sonme enbodi nents, the

i nvention RiPbdiRsrgovel pol ypeptides encoded by a poly@f;ﬁ%ﬁgﬁdogﬁssequence
capabl e of hybridizing under high stringency conditions wth the

pol ynucl eoti de sequence encodi ng the pol ypeptide of SEQ ID NO 36, its

conpl enenthat kas a$ tepstatiout 85 %a psfidyably gileast abauh 8% ohorelpnefexably at bdastchbownt s, t he

nmut at ed eptide. of. th 6 4/ 069176 Us2004/ 0 ' ntion i
encoded ngap %gll'el ﬁeﬁ aélé'tait geélgtsag\éﬁ,?ﬁ%aﬁ 7P Sr%%ggéggﬁagﬁﬁﬁlﬁéé%ldf@gg’ tlhe >
pol ynucl etHeisegueacopresearrdassedi IDONOI6. pol ypepti de of SEQ I D NO 36. Bi ol ogi cal
Origin A non-conj ugat ed neubl astin pol ypep&i de di ner, can be isoglated and
then conj ugateﬁ‘ s gmeﬁl én"ﬁ%tf%?é?"é eESPB}é{P%H“ﬁe a‘ﬂ%?‘ﬁ_@?‘n&ﬁ?}%gat ed
neubl ast i peqREdckRERLY Sl JTSERY TPNOBNE21 AdavVIBRYitiPiRe eﬂ%ﬁﬁ&?%&%ﬁbéﬁhﬁﬁh}’&ept i de

di mer can be isolated froma manmalian cell, preferably froma human cell
or from aazahninogtidisaquenee that s at loast AbautrB3Pocpreferably @i¢astabout $¥wmere ovary

origin. ' R AY Lf4 ;on ' .. | NCl udi ng
Fruncat e S0 B A5k Bidtmbls JHHELbY R0 1A ShYC RO SR IRL R o

noder at i nipastabalt@Osidentity condry, ond iof the sequiehaes presental asSSEQ I NOSH{-2h amde3é&e or
neuronal cell._| artigcular, nodified neubl in pol tj.d e used to
treat or allev smi’&f@s?&é#e’a}“aﬁﬂg &@Hgﬁgéﬁqwgﬁgxﬁmm a human,
whi chidi sadahilyPfingdiptiB $e thSconSaRATYitMAe arhilo béi@ redfdubyddsignitbd M THBIEE QbR PhI C
agent. Such treatnents and nethods are described in nore 15 detail bel ow
Phar maceutt cal conpositions conprising neubl astin-pol ymer conjugates Al so
provided is a HinGa) R iﬁ&d IS | L bl astin
pol ypepti de di ?rie}r%{ﬂg%ﬁl%ﬁe prltégégl(ra\t [ nvdé1 tl O@\e?%%dé&%dﬁ&ﬂ:g?@%ébﬁ%ﬁ%?ﬁ

conj ugat epolyhudldotide sequende capabieofiiobadining usdes high sprérgeney conditiafs with theas i n t he

form of pharnmaceutically acceptabl e esters nd, ot her physi ol ogi cal |y
funct | onaPOSERIEF S BRERHA R FubRietih o S AN GR el RleritBh o
fornulist i etivid, érireEsubieduenes theof. Ugabme embodimasis, the tatitedqlypeptiddf afigdl y i s
utilized together with one or npre_ pharnaceuyticall ?; acg&ot_abl e carrier(s)

and opt i oFYFIHends gncededby 3 nelyaysisetide sqauence hrupg &t leash 20% ddantiyitodhe st be

phar maceubealdidotas sépbmitlcBedding e él?ﬁeﬁ:%d%f hmY Npppatible 25 with the
ot her ing?elgiﬁilénts of the feo?nuléatign and notsﬂg(?\dul y deleterious to the

reci pi ent  t helneome emtbodisesnisythe-invenfianguevides nevsb pelypiptidessengedsdibyi@d i n an
amount  ef Egl%ﬁc\fgotiﬁg se%%gﬁc%\(:gpa%le of hybridizing under high stringency conditions with the

20  polynucleotide sequence encoding the polypeptide of SEQ ID NO:2, its complementary

strand, or a sub-sequence thereof. In some embodiments, the mutated polypeptide of the
invention is encoded by a polynucleotide sequence having at least 70% identity to the
polynucleotide sequence encoding the polypeptide of SEQ ID NO:2.
In some embodiments, the invention provides mutated polypeptides encoded by a
25  polynucleotide sequence capable of hybridizing under high stringency conditions with the
polynucleotide sequence encoding the polypeptide of any one of SEQ ID NOs:8-21, its
complementary strand, or a sub-sequence thereof. In other embodiments, the mutated
polypeptide of the invention is encoded by a polynucleotide sequence having at least 70%
identity to the polynucleotide sequence encoding the polypeptide of any one of SEQ ID NO:
30 8-21.
In some embodiments, the invention provides novel polypeptides encoded by a
polynucleotide sequence capable of hybridizing under high stringency conditions with the
polynucleotide sequence encoding the polypeptide of SEQ ID NO:36, its complementary

strand, or a sub-sequence thereof. In some embodiments, the mutated polypeptide of the
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desi red pharnmacol ogi cal effect or nedically beneficial effect, as described
herein, and in a quantity appropriate to achieve the desired bioavail abl e
in vivo dose or concentration. The formul ati ons include those suitable for
par ent er al wRS0¥¥lsh 7?3 non parenteral 30 adm nistrati Or‘rcﬁﬁs‘io&@@%f i C
adm ni stration rmdla ities include oral, rectal, buccal, topical, nasal,
opht'hal m c, subcutaneous, intranuscular, intravenous, transdermal,

i nt r at hec alventiomis essoded by a palynudlevtidaseguereehaving silbash 76 Hdamititl toltheonchi al ,

st BVRRIRgE aEtinicGnecith BraP ol SOt IP Mtbpar ont eral

admi ni str t.ilon 1 th locally and systemcally, are preferred. Wen the

pol yrer - c IPEEANEIIEIB bl astin is utilized in a formulation conprising a
liquid solution, the formul ation advant.ggeously nay be.adnj.ni stered orally,
br anchi ai 1y, o 2o ErEE péphn BRRARERIT ot e Helfen 3o b Rl | 2
enpl oysd itdore drinibit PolytheRas sbiah d sulyikrabhjapated néublastip ptid® ditner of the

bi oconpati bl e carrier formulation, the fornulation nay be advantageously
adni ni st efRenina| The neplastianolypepiideiimsr o R Isplatod) framm A mamypaalipn opll, ey be
adm ni St € pR%er5 Blobya RimB GNRIR ¥ ecll e fuB Blibih 0 Rl JHpUEler 10 2
carrier gas, to'forma gaseous dispersion of The powder that Is inspired by
t he pati eham$temovary ¢rigist hi ng circuit 10 conprising a suitable nebulizer
device. The fornul ations conprising the proteins of the present invention
may conveiNeanatrgphibdctivigsented in unit dosage forns and may be prepared by

any of the nethods well known in the art of pharnmacy. Such net hods
gener &Pl y i ncl Widifted aewhlastin pblypaptidesi ingluding trandated @eutilastin pdiypeptides) of the o

associatign wth a c ler that constitutes.o or..nDre _accesso 15

ngr edi entd SR Eueh ForFiederibe pavatsmo SR ffstenyialen: o SRARRE P ek

i nti mat el vield6hdd géln dn bladiculad odified AdibReirestlypeptided i vasbtotteat drallevibttd a | i quid
carrier, a_@fi ely . divided solid carrier, or both, and then, if necessary,
shapi ng t Ofsf;bmﬂe%eawf& lw%wﬁbf-wamméﬂa@s&mﬁr of giSrape &t respensize

Formul at i %‘&e(aétixﬁi%fﬁrn%ﬁz%%pﬂi@k{%e%.' SUdh HehihiRRlsAnd Hetldd@hreAdSErBES I MbeON MaYbe
presented as discrete units such as capsul es, cachets, tablets, or |ozenges,
each dénpdetailhglow. predeternined anount of the active ingredient as a powder
or granules; or a suspension in an aqueous |liquor or a non-aqueous liquid,
such as aPharmpceutinaleiompiositionsicampriisingyneubdastin-pilymerheonjugatesul at i ons suitabl e
for parenteral adm nistration conveniently conprise a sterile 25 aqueous
preparati on of Alsecprexddédis apbarmagentical opmpesition ednanrisinga medifiebneyhlastin t h t he

bl ood of )] e . i 0l ogi cal saline solution). Such

f or mul atighg'ﬁﬁgl?%i nc%tr}géﬂespﬁ%ggtnlg?ér%m&agents and t hi ckeni ng agents or ot her
m cr oparti cul aThe pylgmervBeublustimn canjwzatts of the étlehtion may B¢ administered per se as

20  well as in the form of pharmaceutically acceptable esters, salts, and other physiologically

functional derivatives thereof. In such pharmaceutical and medicament formulations, the
polymer-conjugated neublastin conjugate preferably is utilized together with one or more
pharmaceutically acceptable carrier(s) and optionally any other therapeutic ingredients.
The carrier(s) must be pharmaceutically acceptable in the sense of being compatible
25  with the other ingredients of the formulation and not unduly deleterious to the recipient
thereof, The polymer-conjugated neublastin is provided in an amount effective to achieve a
desired pharmacological effect or medically beneficial effect, as described herein, and in a
quantity appropriate to achieve the desired bioavailable in vivo dose or concentration.
The formulations include those suitable for parenteral as well as non parenteral
30 administration, and specific administration modalities include oral, rectal, buccal, topical,
nasal, ophthalmic, subcutaneous, intramuscular, intravenous, transdermal, intrathecal,

intra-articular, intra-arterial, sub-arachnoid, bronchial, lymphatic, vaginal, and intra-uterine
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t he conpound to bl ood conponents or one or nore organs. The fornul ati ons may
be presented in unit-dose or nmulti-dose form 30 Nasal spray formul ations
conprise purified aqueous solutions of the active conjugate wth

preservati W@ Rsedbseand isotonic agents. Such fornul at 'm%f4/‘ﬁ5’%5 erably
adjusted to a pH and isotonic state conpatible wth the nasal mucus
menbranes. Fornul ations for rectal admnistration may be presented as a
supposi t or§mimistiation. Forrnulativns suitabls for agosohambparanteral ddutinistrationyehtivtpealiyt ed

fats, [ nated fatt rboxylic 38 WD 2004/ 069176 PCTI US20041 002763
aci d. Qohf"‘fofi y%%gn%glyhﬁlsgfe éc/5'Fmsc‘:iasuch as eye drops are prepared by a simlar
met hod to the Wlmﬁaie woibyrast-conjugatpd netitdastinieutiliieditta foemultibe comysrishigsa ar e

pr ef er abl j ust.ed to match that of the eye. Topl cal | at | ns conpri se
the conj uéawg olgtion e PRPBATPLA VBRSSO B Pe admpbsiFe BtioraBy; rogsalgronor &
medi a, 5su?&eﬁt§raﬂyn%ah th@'pblyn&?—rc&g{l@%ﬂ nmhaéﬁﬂﬁréwo G2 B BlySid sesrpeﬂél&lﬁr bases
used for topical pharmacéutical forrmulations. Inaddition'to th

af or ement fomalption gr asc pawder in sbioasapatiblgcraies qumulahp@, therfpemulation maybe further

| ud buf f
1 avor | ng o aieptaisfy AEERRRGIRIIEAIGTE Lok ARG Y Rl 2, BT ers

| ubri cant sdministsred nahlly exsbronchidllydvia getilizativni of thectmwtds) in aacackidriges, to fOﬂn aThe

e Oy o0 R iR g By e Bl RadePikd B BERUAR WP AT SR Be PhS) ™

Accordongbympﬁgﬁ@ @gmsmtnebﬁlmﬂaem i ncl udes the prow sion of suitable fusion
proteins for in vitro stabilization of a polymer-conjugated neublastin

conj ugate in s&heforgplations v@mpsl@@séher@etew pﬁ%l@ PERSPRIANVERROR BIY PoYeRientihe
i nventi Onbeﬁ eﬂ‘tétﬁh%t%g&gekf&&srzﬁa Hfé#a&\éﬁgyfaﬂgfoftﬁénﬁﬁﬁﬁmﬁl vl ease

the resistahce to enzymatic deg radat ymer - conj ugat ed neubl astin
pol ypept i d@mﬂrmfpﬂmmcyje%whmﬁdmdsg@feraﬂupndudeﬁge stb[ebfbriligirgthc aaivet enper at ur e

stability, i.s under s fore 0|n consi derati ons
apply. al & epaln(EFinle docidson! iR R ol ssicl of PORERRER et L ng ¢ he
human 18eubdgaediénts. human serum al bum n fusion proteins) of the invention. 20

Met hods of tre The. conpoesitions of _the,jnvention nma e ys f or
treating or &&’/‘F {Ypﬂﬁ qgt&naéqepaqpared,bgélggfgrrplp{ag d Iptimal yg 3‘5 primate

i ncl udi ng aalﬁqﬁgemeﬁif(bb Gflo SisSQLAIRT with 2 Hini8 8Rfed, 8 inkKRABS ébﬁdtcaﬁbh gractivity
of neurotroph| c agents. The conpositions of the i nvention may be used

direct |y bpt, and then, if nepessaryshaping therpreduct in® dosagerfgass efdhpdesirediceut i cal
conpositi g a%h jreat a pat hol ogi cal process responsive to the neublastin
pol ypept i € conpositions nay be used for alleviating a disorder or

di sea6é Formulations of the present invention suitable for oral administration may be

presented as discrete units such as capsules, cachets, tablets, or lozenges, each comprising a

predetermined amount of the active ingredient as a powder or granules; or a suspension in an

aqueous liquor or a non-aqueous liquid, such as a syrup, an elixir, an emulsion, or a draught.
Formulations suitable for parenteral administration conveniently comprise a sterile

25  aqueous preparation of the active conjugate, which preferably is isotonic with the blood of
the recipient (e.g., physiological saline solution). Such formulations may include suspending
agents and thickening agents or other microparticulate systems which are designed to target
the compound to blood components or one or more organs. The formulations may be
presented in unit-dose or multi-dose form.

30 Nasal spray formulations comprise purified aqueous solutions of the active conjugate
with preservative agents and isotonic agents. Such formulations are preferably adjusted to a
pH and isotonic state compatible with the nasal mucus membranes.

Formulations for rectal administration may be presented as a suppository with a

suitable carrier such as cocoa butter, hydrogenated fats, or hydrogenated fatty carboxylic
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of a living animal body, including a human, which disorder or disease is
responsive to the activity of neurotrophic agents. The di sorder or disease
may in particular be damage of the nervous system caused by traunms,

surgery, iwei@e7snfection, netabolic diseases, 30 nugétiéRedafdsf i ci ency,
mal i gnancy or toxic agents, and genetic or idiopathic processes. The danmage

may in particular have occurred to sensory neurons or retinal ganglion
cel | s, i netiddOpbthalmic frmulationhsuchlos syaldropsate prepegéd by osiniilar methodto thhe

follow ng tissues:. th ni gul at e rosal_ an dose ngl.ia;..th

vest | bul GBRBLEYS: xsREmalthe P sdronRihtias B APl Suddp Gt OF

PCT/ US2004eye.763 nerve; the ventrol ateral pole of the maxillonmandi bul ar

| obe of the trjgem nal ganglion; and the nesgncephalic,trjgem nal nugl eus.
In some enbodi {Pgmffgr}amﬁm%ﬁeeweéhe ORWERLY RHEP ?nq%edl%fptvsge{esuapena?é or der
s a peurPaRAR AIréiedR, Hich admtherdl b perBRume o1PMRKo B WcdhoRLSEIthé bR ONS,
such as traumatic 5 | esions of peri p’heral nerves, the medulla, and/or the

spi nal cowerd fertopiselpharmaseutigat forauletionst  danmge, neuropathy and especially
peripheral neufopativ¢o Bﬁrdf&gﬁ%ﬁﬁongfg&?ed;&?suﬁ@ Qi mulldtotE ¥f ‘s'iﬁfelﬁﬂgﬁ fhagt 1 OKe,
acute brain injury, acute sprnal cord-injury, nervous system tunors,

mul tiple futheeinohids pneoqmeneraecessory igredient(s)sslecter fiwhodiluentd) nrfees flawwing as

di abetes or renal dysfunctions. and d e caused i nf eciious agents,
neur odege AT AFRIGEE ST ARIYoREPHY TAEHRER B Prieanty preperdelives CREHR o on' s
di seagg, RatidkidnRY) ahd HeIARS The RirbddinScdnsierdorsupply AR o tHMRABIESHRI fifon

Supr anucl ear Pal sy (Steel e-Ri chardson-Ad szewsl d Syndrone),

d i vopont dedeieneltheinventios pg., neubtasiin-huspy seoym glunisy figiosasotelss) t i pl e syst ems
atrophy), Glame&&@inggs &b@?&@ﬂﬁme AT EPb& HOPRVRIn @gui@;bg&mhbﬁ fopdify @l
sclerosis, or any othéf c ngenltaP or neurodegenerative |seasg, and nmenory
i mpai r mentfordu mitoctabilizationlefaprlymer-cbBjugated nenblastib ootijngate i, sobging,asy and/ or

' . . b | icul. ' ' d
rmchanor oL UG OF Eoeiaio} e eaR} ifon. e RElah UG pry BEESHBIGIS: e,
C-fibas awrganfplbel idciehdealie fegistafdtsto ehrynatid dégradutios Wi poBines-camjdgated

parasynpat heti ¢ neurons of the autonom ¢ system ¢ E be treated. In sone
enbodi men§ublan gprlyaertids snd proxidepa rr@@@wfagpramtshﬂg fegTqomt SMRFraRES er 0si s 20

("ALS") angyipy, 3Rl HYRe U3l uitefsaind #ik Bfeebing %Bﬁsi’derdﬂ&n@&;ﬁﬂ% al8gTRQHE Ment s,

the neublastin nolecules of this invention to can be used to enhance nerve
recovery mhenblasiinrsgruny alourain; fosion pioteing (includingika hureanneublastimhymopni serwon, a nerve
gui dance ' : | X i ning pol yner-conjugated neubl astin

pol ypepti é@%b“%&’?‘g%ﬁ%ﬁfﬁ%ﬁ%@s of nutated neublastin pol ypeptides

can beg,us LNt herein descri bed nmet hods. Such nerve gui dance channel s
are Zgodi ?@?%g%sa"fﬁ'é‘?agw?nbni ted States Patent No. 5,834,029. In sone

enbodi ments, t l?‘ﬁe 8%0%&10% 8P e %v%ﬁtllc%srﬁgl &el{sgtll Porgl%gtgngog}aaﬁl%gl%gd cﬁ?clrder or

disease in a mammal, e.g., a primate including a human, which disorder or disease is
responsive to the activity of neurotrophic agents.
The compositions of the invention may be used directly via, e.g., injected, implanted
25 oringested pharmaceutical compositions to treat a pathological process responsive to the
neublastin polypeptides. The compositions may be used for alleviating a disorder or disease
of a living animal body, including a human, which disorder or disease is responsive to the
activity of neurotrophic agents. The disorder or disease may in particular be damage of the
nervous system caused by trauma, surgery, ischemia, infection, metabolic diseases,
30 nutritional deficiency, malignancy or toxic agents, and genetic or idiopathic processes.
The damage may in particular have occurred to sensory neurons or retinal ganglion
cells, including neurons in the dorsal root ganglia or in any of the following tissues: the

geniculate, petrosal and nodose ganglia; the vestibuloacoustic complex of the eighth cranial
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conpositions conprising sane) are used in the treatnent of peripheral

neur opat hi es. Anong the peripheral neuropathies included for treatnment with
the nol ecules of this invention are trauna-induced neuropathies, e.g.,
those caus@@ fvywbygi cal injury or disease state, physiﬁ@im%gommge to the
brain, physical danage to the spinal cord, stroke associated wth brain
damage, and neurol ogical disorders related to neurodegeneration. Also

i ncl uded hevesithe vantrolatesal @olernd iihepanihoroandihulas tahgrof thedrigerhiaek gapglion; end n
exposur e,th%qlgesg‘{c da%‘&‘??e%ﬁalnﬁmg further included herein are those

neur opat hres secondary To system ¢ or netabolic disease. For exanple, the
her ei n di scl oskhdomerepbsdimentsoftiEmethadofithe insadionptht kizaise oh disoddleis apy- | nduced
40 WO 2004/ 069176 PCT/ .US20Q4/ 027{53. %ieu%%pathi.esw&such ) b_hos ., caused by
del i very BYUredsgrRsTHiYe dissereitnvolyjns fesioned and trapmatig neyrons, juch as frapmaticy o

i nducesl n_wdiroﬁ@aﬁdgmpﬁeraqueﬁ@s,l thél e @ellaD M il dpir$ cord] deddbral i6tBbmici RidYal | Nduced
neur opat hi_es; i diopathic neur_oioat hi es; di abetic neuropathies; and .

post - her peamage, praggrgihy;and espsgially peripheral peurenathy; peripdershnerye Fawnogniyos and

5, 916, 555; 410 ot : ' he
hvent i on B B e O B PR b mifiple

pol y- neur egerdsis, esposiredtd meimtpxins ometaboligrdiscakesyushian diabetgs ornenal dasfhitations | n sone

enmbodi nents, ,the co iti.ons of the inventio nd ,phar eutjcal
conpost &1 Rkidis FRERES) bsAButech e R E A0y ¢ ARHBIHTREEMABnrh sor der s
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afflicted wt cul ar degeneration, retipitis piggentosa, uconm, an
similar dSulaaelear Pagy (3 _-&&aﬂéﬁ@r%&ﬁh sadr%q}pﬁ@moaw_gergbﬁ?lgr Rﬁeﬁm i on
provi des (GAORHISh) Drader S3hdrBfte @ﬁum?m&éielﬁs BRIphy), OUhmbhieRphREsbitéh | | €

al l odyni a, and for reducing loss of pain sensitivity associated with

neur opat hyemerie cpmplegamyot®phie laterdksclesesispor nymthes gppgeniialod neubl astin

pol ypepti ' LT [ | QIRL S ' ' full-length

neubl ast i ﬂagg‘?"’gg%‘%?t}‘@gg"%%’ | orgécrg?rﬁm?r U n%nlél? %@gﬁ%&a&;&rﬁ\ﬂﬁa’pol ypeptides. In
addi ti1®&n, the Inseoartembodinients, sknsoryhad/teaeroniasysteanmpensorisicambe treatgal ilsi ng a

pol yner conj ugated neubl asti ol ypepti de di ner suspended, dissolyved, or
i s per sedPRHCHAE, BOGIGARHLG S TEeAPAYPTeReR PR NATODS ot bq tatedppioRe bariquliFivery  of
Neur opat higeitafader, d-Ab&Rd NTH&S FiB& Heuroh) Eni JAHHBH, s9Mphihetid #fipatasimpdiRgdicl o

treating neuropathic pain in a subject conprising admnistering to the
subj ect aRcwensaftheauteneminsysiom candsitigaied. conj ugated neubl astin pol ypepti de

dimer. In SOWI&E&RQ&HS&%&mt&,%t&%ﬁ%HR&a& Qsdcmﬁm?o@hhmﬁmd bgating
neuropathic pain in a subject conprising agm nisterrng to the sugj ect a 25
phar n@¢ eu(iAda") sndespiratmniscalan atropity cah betrpaséd; fipothemamboganends, thersiblgstinn

pol ypepti gn%le%{lfé? bf this invention to can be used to enhance nerve recovery following traumatic

injury. Alternatively, or in addition, a nerve guidance channel with a matrix containing

polymer-conjugated neublastin polypeptideﬁ, or fusion or conjugates of mutated neublastin

polypeptides can be used in the herein described methods. Such nerve guidance channels are
25  disclosed, e.g., United States Patent No. 5,834,029.

In some embodiments, the compositions disclosed herein (and pharmaceutical
compositions comprising same) are used in the treatment of peripheral neuropathies. Among
the peripheral neuropathies included for treatment with the molecules of this invention are
trauma-induced neuropathies, e.g., those caused by physical injury or disease state, physical

30  damage to the brain, physical damage to the spinal cord, stroke associated with brain damage,
and neurological disorders related to neurodegeneration. Also included herein are those
neuropathies secondary to infection, toxin exposure, and drug exposure. Still further
included herein are those neuropathies secondary to systemic or metabolic disease. For

example, the herein disclosed compositions can also be used to treat chemotherapy-induced
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conprising, for exanple, wild-type, truncated or nutated neublastin

pol ypeptides, including, e.g., any one of SEQ ID NCS:1, 2, 6-21 and 36 or a
nut ated formthereof, either alone, or by also admnistering to the subject
an effectiyg ,g6Migsths ©f an anal gesi a-i nduci ng conpound K& &&ShEDIAL™M t he
group consisting of opioids, anti-arrhythmcs, topical analgesics, |ocal 30
anaest hetics, anticonvul sants, anti depressants, corticosteroids and

non- st er onelmbpatined (suchrefs|tboramsused byldeliysry( dfisheBherapeutia agendd, ergr,éakobobodi nent ,

t he anal gesja-i\nduci.n onpou is_an anti.convulsant. 1n ther preferred
enbod menp PRH" B Bl BARANR G 2t n SERAEE Vi BB 0 b7 e
conpound iRlugsiagnfphihies{ idiopatid o reaphiies adistetib auaopatities ahd pést-hebpetiy

pregabalin (S-(+)-4- anj_no-3-(2-nethyl pr | ) .butanaic acid). The neublastin
pol ypept i A84algHE 'S‘F_ﬁ-cﬁ-%ir?émé"@i%étewat?"_rﬁ é’%%ﬂ"ﬂéﬁlggﬁa phar maceut i cal
CONposkti ons CAAMikiHAIBndRbnk TR chPBY tAldekcdib ek iveRRbyREPt | de dieters
described 5 herein) are used in the treatnent of pain associated with

per i pher amonewmeungpathies nonarmuwigiplek acurppathiph endipolyraguropathics,dacluding ixonaln be
treated a ' thi.s.lhavention are trauma-induced neuropathies, e.g.,
t hose cauglg(g&%‘yyggﬁéltg}gc%ﬁpﬁﬁﬂﬁgy or di sease state, physical damage to the
brain, physi caln shateegtbodiindnts thepompbsitiansdf tirtiiventdon Ghd phatmadeutichln br ai n
damage, and neurol ogical disorders related t eur odegengerati.on. 10 The
vent | on RS SIS FHRESIRg S BRSR ot TR LBy QGRS BARIE hi o6
(suchipas idcfas fhRtelply 1ddein tHetetin®n fHAEHB hifBdtaPRith nfac@@eddgenertic, . ¢ axol
or cisplatin); toxin- Induced neuropathies, drug-induced neuropathies,

pat hogen- retiifisadgrpentesa, glayooms, andcpiradar\disepsesir opat hi es,

vitam n-deficiency-induced neuropathi es; idiopathic neuropathies; and

di abeti ¢ Methedsnud-FharmageniicabCompositionsed St at es Pat ent Nos. 5, 496, 804 and

5, 916, 555, each herein 15 incorporated by reference. The invention still
further can beThis&yentinn provides methodsfor fresting newgpdpigtiaine fr tieating tactile i pl ex

neur opat i SeynAl PR} eaIBHE RREDASDcenbilohy Msi B 02 o B6hrn s BN | 10

neur opat hi €s,” usi ng e ne n nuc es an 6 I'des "0 IS

i nventld on mellivds neypobymadrivbnjupaednevblastrepagseptidadiedtrsyirchidingdimbs comprising

peri pheral . neur gpat hi es 0.includi.ng: (a) trauma-induced.neyro hi es, (b)

P henot ner dispodeciahefitimbfitin RmePhds or bty tiiRuedi b Rrub s pRies

(i ncl udi ngn bdditidd thelihventiiwlprofideeplizpRadeliie:s cortigbsaRms Mﬁmdlﬁxﬁh vitamn
enic

B6 i ntoxication, hexacarbon intoxication, am odarone,_ chloranp ol ,

di sul fi r aspojugaiednenblastn polymegtidg dimer spspended, disselyeds or disperseddndazol e,
ni trofur a?ﬁ%hﬁ):euti%m %Eécfgﬁﬂl@ ;§d neuropathies, including thergpeutic
ed n t hi

drug-i ndu eur op pai n (such as caused by anti 25 cancer agents,

parti %I arly anti -ci,p@d@ﬁle@%ggf%r thifctpagh from the group consisting of taxol,

taxot é€re, cisplatin, noco I'ncristine, vindesine and vinblastine; and
such as causedybyne embodiment, the invention includes a method for treating neuropathic pain in a

subject comprising administering to the subject an effective amount of a polymer conjugated
neublastin polypeptide dimer. In some embodiments, the invention includes a method for
treating neuropathic pain in a subject comprising administering to the subject a

25 pharmaceutically effective amount of a polymer conjugated neublastin polypeptide dimer
comprising, for example, wild-type, truncated or mutated neublastin polypeptides, including,
e.g., any one of SEQ ID NOS:1, 2, 6-21 and 36 or a mutated form thereof, either alone, or by
also administering to the subject an effective amount of an analgesia-inducing compound
selected from the group consisting of opioids, anti-arrhythmics, topical analgesics, local

30 anaesthetics, anticonvulsants, anﬁdepressants, corticosteroids and non-steroidal anti-
inflammatory drugs (NSAIDS). In a preferred embodiment, the analgesia-inducing

compound is an anticonvulsant. In another preferred embodiment, the analgesia-inducing
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anti-viral agents, particularly anti-viral agents selected fromthe group
consisting of ddl, DDC, d4T, foscaniet, dapsone, netroni dazole, and

i soniazid), (e) vitam n-deficiency- induced neuropathies (including but not
limted towg dodided1812 deficiency, vitamn B6 30 defici pogysromddgh2istam n E
deficiency), (f) i1diopathic neuropathies, (g) diabetic neuropathies, (h)
pat hogen-i nduced nerve danmage, (i) inflanmmation-induced nerve danage, (j)
neur odegerenpdundrs g{blapertiar(@darhimbmethgleejshexane @teticl adidi bgprlegibatin(S-(4)M-t ed to

Fri edrei ch_at axi fam lial anyloid pol yneuropathy, Tangier disease, Fabry
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post - her pgeiighered newbppthips which vambe treatadraochefiing tethisinvéntios afeHravina-indited
papi |l oma_vi rus).. . (n aut o- | ne. neur opat hi es_ (i.ncludi but n limted
o’ cui | amHuripibiss 6, dosh gt FURRE AT PR S B Ty S dapie O e

pol yneur opbedim) physieud dahagath tigaspimapedrtiystroke assetiited withdfhin ddngapef andance and

ol yneur opa \ ri gem pal neyral gia and entrapnent syndrones

pol y pat hy) 6{‘8% aﬁ I I d trap t synd

(i ncl udi n&e‘Hﬁilog’r? qr rfg“gat?‘gm P{?ﬁ?gei“ A1) . and (p) other neuropathic pain

syndrqges | _“C'IHE’iﬂ%nt%satls'ot;{r@H&&t&eﬁuﬁ&w@cﬁéﬁothﬁﬁﬁﬂnﬁ%édi ﬂ%’ﬁroBQtiﬂ%s (ﬁb‘ﬂxt iple
sclerosis pain, conplex 10 regional pain syndrones (including but not
limted t@sthepe @msemmpiﬂlnwm chiyuathesgneytic agenissag.glanyl orsisplatin} texin-associ at ed

pai n, vas 1L hopathi ¢ . | at i | & pain may
be mani feg gﬁwagé%%h@?qﬂd}ggrg gé{saﬁréés?gag%%t%{é%d&ggd gﬁ%ﬁﬂghgén om pain.
2. Tr eat mastropdthiés oitamin-ddficietyyrimiuddd nbiwdpathies) idiopathicl reuphthity;rund 'diabytid cal | y
refers to the condifion in a subject re injs.ev by stiJjmul ati on of
the skin (‘8@8?3@8%#’5"" f'ﬁ'aﬂmtggt&{”ﬁg?%%nﬁg%g@. mﬂﬁ’%l%;%ﬁge#]i‘ qumi ncl udes a
et hod sf olindofRdted 8y teBéibrice ETIR ihRGhYiBh &ill fartBerSoaR]be Gbed fortréddmBnt@ThREbTENT S,
tactile allodynia is treated by adnministering to the subject a

phar mac eutiPeapathies manetmyltiplex senropathies aphbpalyrapurepaifigs; ancdiding axenglendeubl ast i n
pol ypepti | - ad ' y .1 on incl udes
et hod fomyAthathEREnGieIR, wiilk fhen Bkl nERARC R pollidph PRkl

adm ni st ednvegtiem® t he subj ect an effective anobunt of a polymer conjugated
neubl asti n pol ypeptide dimer containing.truncated w.l d- or tated

neubl astin pol 3 epriroRATc Phip gt Fosbetiba Wtts Riier StpermhdCadioif@e™) o,
6-21 apd IHchefing (2)Strathiindtccd detifoptBies @h) clndifsraptiadeced deurbyathies]i(¢)i st eri ng

to the subject an effective a t of a
tgxem-gnduced neuropathies (inrgﬁglrxlag but not limited to neuropathies induced by alcoholism,

vitamin B6 intoxication, hexacarbon intoxication, amiodarone, chloramphenicol, disulfiram,
isoniazide, gold, lithium, metronidazole, misonidazole, nitrofurantoin), (d) drug-induced
neuropathies, including therapeutic drug-induced neuropathic pain (such as caused by anti-

25  cancer agents, particularly anti-cancer agents selected from the group consisting of taxol,
taxotere, cisplatin, nocodazole, vincristine, vindesine and vinblastine; and such as caused by
anti-viral agents, particularly anti-viral agents selected from the group consisting of ddI,
DDC, d4T, foscarnet, dapsone, metronidazole, and isoniazid), (€) vitamin-deficiency-
induced neuropathies (including but not limited to vitamin B12 deficiency, vitamin B6

30 deficiency, and vitamin E deficiency), (f) idiopathic neuropathies, (g) diabetic neuropathies,
(h) pathogen-induced nerve damage, (i) inflammation-induced nerve damage, (j)
neurodegeneration, (k) hereditary neuropathy (including but not limited to Friedreich ataxia,
familial amyloid polyneuropathy, Tangier disease, Fabry disease), (1) metabolic disorders
(including but not limited to renal insufficiency and hypothyroidism), (m) infectious and
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neubl asti n pol ypeptide with an effective anount of an anal gesi a-i nduci ng
conpound selected fromthe group consisting of opioids, anti-arrhythmcs,
topi cal anal gesics, |ocal anaesthetics, anticonvulsants, antidepressants,
corticost ey sho4/@dth6NSAIDS. I n a preferred enbodi nent, pER@s2004/002763

anal gesi a-i nduci ng conmpound i s an anticonvul sant. In another preferred
enbodi nent, the 30 anal gesi a-i nduci ng conpound i s gabapentin
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at-risk patiments preventively. 15 In therapeutic treatnent, a polyner

conj ugat ed mut at ed neubl astin pol ypeptide dinmer is admnistered to a

subj ect who ha2. expEréatmerntof Tctileodll@abmia sensitivity as a result of
affliction wth a neuropathy; such subjects woul d be expected to be subjects
with d5l ate st dyetermetactieatlngyniatgpitallyatfeesto the donditiop dd ¥ sebject where gainés

nmut at ed neu tip p der such circunst anees uld serve
To. rescuo s B e e Sa e & oyl R nltrielyteb o5, 35 Hytbhent o

Viral | nf ¢gdliden & nieiibd Yor iedating BRtlealleghmhieaapBjedti es  Prophyl actic treat ment
of infectious and viral neuropathies is cont errBI ated., Prophylactic

treatnent is i M?%%@W@FS drstileraliodvnia isdreated by pdministeringito 8i¢ subigctidef or e
onset of ﬂﬁrﬁf BRRL }pef?e% Qead?o{[dt Bga%lﬁﬁg%ﬂ uga fad Bk M SRR eub RS St %&g g/t at ed
po

neubl astl ypepti‘de |rrer I's ad ste to prevent appear e of
neuroﬁ@t hidimeralomei ncl udi ng but not linmited to 25 neuropathic pain associated

wi th leprosy, &ﬁla relzgec? erﬁéo%‘lmelﬁ U bR enrho% 11[1)cﬁuc'f'es 33 Se(%ﬁodaito? g'ea}/t\fntg rt]actﬂe allodynia

in a subject, either by administering to the subject an effective amount of a polymer

=

conjugated neublastin polypeptide dimer containing truncated wild-type or mutated
neublastin polypeptides, including, e.g., at least one of SEQ ID NOS:1, 2, 6-21 and 36 or a
25 mutated form thereof, either alone, or by administering to the subject an effective amount of a
neublastin polypeptide with an effective amount of an analgesia-inducing compound selected
from the group consisting of opioids, anti-arthythmics, topical analgesics, local anaesthetics,
anticonvulsants, antidepressants, corticosteroids and NSAIDS. In a preferred embodiment,
the analgesia-inducing compound is an anticonvulsant. In another preferred embodiment, the
30 analgesia-inducing compound is gabapentin ((1-aminomethyl)cyclohexane acetic acid) or
pregabalin (S-(+)-4-amino-3-(2-methylpropyl)butanoic acid).
In some embodiments, a polymer conjugated mutated neublastin polypeptide dimer is

administered in association with a therapeutic agent, including but not limited to an anti-
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I nfection by a virus, particularly a virus selected fromthe group
consisting of a herpes virus (and nore particularly by a herpes zoster
virus, which may | ead to post-herpetic neuralgia), a human inmunodeficiency
virus (H Vyo Rbflecdi74gapi | loma virus). In an alternative g ' a pol yner
conj ugat ed mut at ed neubl astin pol ypeptide dinmer is adm mér'l;/tﬂgiroglz&{zgs 30
reduce the severity of neuropathic pain, should it appear. Synptons of acute
viral i nf eaicenagenf drawn antiajirategeht cAmip@mesragets influde,ibas fire nGt idited ytaRdIP TS

i ncl ude, for exanpl e, the devel.opnent of persistent pain i.n.the affected
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i nf ect i on ifculieltafeinot RAsed B BEEDIDT, 44, MRARROUAHBAY, HhetRiiaiia d/ 002763

neural gia can |ast for a nmonth or nore, and may appear several nonths after
any rash- I§OR#Zidsynpt ons have di sappeared. 5. Treatnent of Painful Diabetic
Neur opat hy Prog’pyl actic treatnment of painful diabetic neuropathy is
contenpl at ed. By oph¥res¢ment fos ReduetioneafLoss ofdRaim Sensitiibur opat hi es woul d
comence after _determ nation of the initial diagnosis of diabetes or
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neuron, 1InNncC Ing w mtuoation | esi nedarons and “traunma

20 4, Treatment of Viral Infections and Viral-Associated Neuropathies

Prophylactic treatment of infectious and viral neuropathies is contemplated.
Prophylactic treatment is indicated after determination of viral infection and before onset of
neuropathic pain. During treatment, a polymer conjugated mutated neublastin polypeptide
dimer is administered to prevent appearance of neuropathic pain including but not limited to

25  neuropathic pain associated with leprosy, Lyme disease, neuropathic pain associated with
infection by a virus, particularly a virus selected from the group consisting of a herpes virus
(and more particularly by a herpes zoster virus, which may lead to post-herpetic neuralgia), a
human immunodeficiency virus (HIV), and a papilloma virus). In an alternative
embodiment, a polymer conjugated mutated neublastin polypeptide dimer is administered to
30  reduce the severity of neuropathic pain, should it appear.

Symptoms of acute viral infection often include the appearance of a rash. Other
symptoms include, for example, the development of persistent pain in the affected area of the
body, which is a common complication of a herpes zoster infection (shingles). Post-herpetic
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neurons. Peripheral nerves that experience trauma include, but are not
limted to, nerves of the nedulla or of the spinal cord. Inventive
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neur opat hthat WsubEwSagénlefOTﬂeyelmegbab@s oe tiabetes-aseorized s mmpomsinDuiing eri ng a

con] ugar eavaiteth BROKERE Ratie RS E B o o o e BB %o, "o ™
t r unc & edpvern apigeace@ee df menrdpathic ik n toalfebiitive ebodimeiyt, a pehy@hf c ugated

subj ect, r dose Pref rabl.y t.he dosage is from1l / k 100 kg body
wei ght ofgl"l P mef 5 admpigered igeguce 5%8 é‘?P ? 1 g/ kg

to 30 gg/ 5&11%@5%18@65@%@&9& t he subject, per dose, e.g., from3 g/kg to 10
pg/ kg body vvelght of t'he subject, per dose Therapeutlcal ly effective

anount s of the forrﬂﬂ&ﬂlsﬁb’s@fmﬂmrﬂmentlon may be admnistered to a

subj ect in nee of skill in
the art, wt hoﬂl{éiﬂﬁéﬁg& xgér}i %gaﬁgﬁpg&%e%%@%fﬁétﬂ%g5$$%én%e%/pept I de

di et el5 useetvous stybtanfchnoe@o imgsubpch@deh asarhulrmn) dyiadinint seregg to iaaub;agt in seedt abl e
delivery st and pr fro he group consisti intra enous

ol | very, Hereef  penically SPeRyg mpocrtar A ap Rl eaiid aeb Ry ncheb@denBons
delivery, c@capbsiuwcaﬂﬁf gogmblastﬂﬁbdly;%gﬁde Jramitated ﬁ&ﬁm’@h yowp?uuew@mscul ar

delivery, intravenous deliver or subcut aneous dellvery he neubl astin
pol ypept i the palwaes or & ermpler higbinslyderestables aquepussolibleconipgatedneulastis 25 via

i ntrathec gblygéiyln'dé! 6f Muta%@rﬂeﬂﬁlﬁétﬁl%!ﬂ@pﬁe BmBRXBRprSAL b Hed1&Hn REHRLARE N

polypept| I'mer can
or mutated neublastin polypeptlde coupled to a polyalkylene moiety such as, e.g., PEG.

The nervous system disorder can be a peripheral nervous system disorder, such as a
peripheral neuropathy or a neuropathic pain syndrome. Humans are preferred subjects for
treatment.

A polymer-conjugated neublastin polypeptide dimer of the invention is useful for

25 treating a defect in a neuron, including without limitation lesioned neurons and traumatized
neurons. Peripheral nerves that experience trauma include, but are not limited to, nerves of
the medulla or of the spinal cord. Inventive polymer-conjugated neublastin polypeptide
dimers are useful in the treatment of neurodegenerative disease, €.g., cerebral ischemic
neuronal damage; neuropathy, €.g., peripheral neuropathy, Alzheimer’s disease, Huntington’s

30 disease, Parkinson’s disease, amyotrophic lateral sclerosis (ALS). Such neublastin
polypeptide dimers can be used in the treatment of impaired memory, e.g., memory

impairment associated with dementia.
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system c or local. The formul ations include those suitable for parenteral as
well as non parenteral adm nistration, and specific adm nistration
nodalities include oral, rectal, buccal, topical, nasal, ophthalmc,

subcut ane scul ar, intravenous, transdermal, | 30
intra- artlom a?rb% Ia,?ua arter| al, sub- arachn0| d, bronch| a‘?lt fz& ?tﬂsc,
vaginal, and intra-uterine adm ni stration. Forrml ations suitable for

aerosol and paAdiﬂﬁﬁfaabxaﬁ@ﬁsrﬂf%bﬂicﬁﬁdnsm disedsks dre dizbidyrs ottt peyiphetalimealouy, are

i ncl uded. Pref %Hlor mu| atLo re sui tabl e fmg{eﬁgubcuta eous,

intrarrusc?YISféFl’ ?»awébmgla 7S SYet 26 Fayma- 176

PCT/ US2004{eRidtheRpy-ifduck® Héurbsatiits, fRiRindAda feiPithies tdi'@g {ndeeBdSieapathiesl 0S| NY
for the pol ypeptide dinmer of the invention prow des for. adm ni sFerl ng to

t he subj evtaminfigfigiencatindured peusapathipg idiepafhie peurenathios) and\digketic neyropathies, t o
optinmige .astin 5
pol ypept | %&%@gﬁyﬁ&?éﬁ% (Fl?tg?g% %&r#g%%r e Wgéﬁq %’gfs“?ﬁ%&%@l mens. The
uni t dosedamage, 1nﬂgnmahordﬂ;ie¢mi nervefdaniage, sr nélmdegetmtamba A igventivhie speci es of
mammal i nu i ts th ht of . t he ..

Tyor cal | yRouBlegEkpenBoar Eies is iRy e e et HonRlyicast S Heatae

SCr eeni NOtaggle aAlsdyas 4@ fbr Riucinglobsbfpain se@ssﬁw §UcRERI0Mitieneworfthy. t 0 det erm ne
the efficacy of a given treatnment reginen. The frequency of dosing for a
pol ymer conj ugat ed pasagé ed neubl astin pol ypept ide dinmer of this invention
is within the skills and clinical judgenment of physicians. Typically, the

adm nigtrati onrli@mdgemﬁn&mdalabméﬁﬁﬁtmnﬁﬂmtam‘% tolthé @lbfect/prerérablgy est abli sh

Opt i mal adm ni strati on Ear aneters However ract I t1 oner may vary such
adni ni st r sstegticallyqp fopgula %mrwgl&ad)qlwr%wp%@d euegeé nepllastinpolypeptifiet | sex

and nedi Cgilnes it th ms@hmﬂqﬁasafe@%alﬁs%g o0 07 yﬁ%ﬁ%\é@%mc en acute

and chronic treat neur opat of dosing
may be vawexgut Qfehmaswjmg pmﬂQMer&wabﬂﬁéleﬂosagc mefmm il s1gfeecph 90 as/ﬂtg bodyr

t her apeut| | on rtheg ill rated 40 he, faql Low

o 1 ' gt nd GO pBfladeR Mabte Bfernly B LEGEER Ak | Nty s R boay

am ncr)ﬂi)s er weight oﬂmmbl ﬁ&f;@eﬂ\&ﬂsalez@ frdin @lﬁ@k@gb o pg&c@fﬂaoEy wlexght' ofathflﬁibjece@er

r econbi nant ne ast.i e observed to be rapi cleare rom

circul ati 898 f %lraPﬁuﬁF&Yeer\AgﬂtlYerﬁW the “Pﬂatﬂ%‘t‘gtgeﬁﬁ THOBMAYRE were bel ow

the threghohfltedd 1 8LB6ELGH neea th&6ofSE E'AHQa%Qi'égﬁiﬁ‘érf‘&c&mmeQﬂ%'é%fskﬂl in

adm nistration. To increase bioavailabilrty of neublastin,” PEGyl ated forns
of nut at ethepguwithent undugexperinentationgt ed. 25 Because no | ysines occur in the
neubi asti n sequence, am ne-specific PEGylation chemstries will result in

PEGyl ati on of .& wi |Belivepye neubl astin pol ypeptide at its am no

20 The polypeptide dimer used in the foregoing methods can be administered via any
suitable delivery system, and preferably from the group consisting of intravenous delivery,
intramuscular delivery, intrapulmonary delivery, subcutaneous delivery, and intraperitoneal
delivery, most preferably via intramuscular delivery, intravenous delivery, or subcutaneous
delivery. The neublastin polypeptide used in the foregoing methods can also be administered

25 viaintrathecal delivery.

Administration of a polymer-conjugated neublastin polypeptide dimer can be, e.g.,
systemic or local. The formulations include those suitable for parenteral as well as non
parenteral administration, and specific administration modalities include oral, rectal, buccal,
topical, nasal, ophthalmic, subcutaneous, intramuscular, intravenous, transdermal, intrathecal,

30 intra-articular, intra-arterial, sub-arachnoid, bronchial, lymphatic, vaginal, and intra-uterine
administration. Formulations suitable for aerosol and parenteral administration, both locally
and systemically, are included. Preferred formulations are suitable for subcutaneous,

intramuscular, or intravenous administration.
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term nus. Thus, for each neublastin diner, two PEG noieties should be
attached. Accordingly, PEG forns were first directly targeted to the

am no-term nus through amne specific chem stries. Surprisingly, PEGylation
of E. coli f wi | d-type neubl astin, even 30 W t hpdWBs2084/ 68233 PEGS
attached, had li1ttle benefit on half life, indicating that a nmechanism
based cl earance pat hway was overriding the enhancenent in half life that was
expected to be8. achRegie®sby PEGyl ati on. 47 WD 2004/ 069176 PCTI US2004/ 002763
Exanpl e 2: Construction of a PEGyl ated Mut ated Neubl astin (N95K) The

bi oavai | abi | i t In soimerembwidauents thel feegnéney o dosingHie3he pobypeptideidmmerafdle ani no aci d
resi dues was next exam ned.. A series of, .four. nu ts replacing.naturally
occurring 'vagg?od)lpég“é%ﬁr?of)ﬁ SiR08 i%ft,%ef?.g’?ecgg,‘”ré uif%gg,%hr\% e%ﬂ‘%%“r @EIH%OS shown
i n SEQ | Dwiseks. In okt  oifriigdiBerapentid effitaey, b pblyaieh eonjadataiahaialed deblistis i n the
sequence. These, | ysi nes_woul d, Brovi de.alternative sites faqr PEG attachnent.

These 2i t 88lyRetide dupexds Eryt terggeat df fosipg igeimens. She wppdoserpd . Struct.

Biol. 4. 4méh depaid on ARtors MAGHENGY, & of, thel spBditd JmaMhiiafennGRl AuSRmuhb e
per sephi nl ~ neubl astin chinmera nut agreney S study Q Biol. Chem 275:

3412- 20, swbe)thobedymeashtiof the ranmak (Typically, iporteinilgyelsip dissugare mewjiosess of t he

structure f. : i r r e w.ld-{ype

neubl ast i r‘ilg ’gga%&ws C%Pgﬂ\é%g%&g%sn%% %rcghggléﬁéstﬁgﬁgﬁggﬁ \% %g’ ﬁo\(gfﬁ{eer cont ent
and pr ef etheasffiacy 0Dh giventteatmentibgineyngene was cloned into two vectors,

ET19h and pMIR164, a derivative of pET19b. | n pET19b, the, sequenc

Pcodilflg 't ho e FeaEBIEr o5mE o ARoLEe: rOP B B TP AR VRGBS 1 0 an

i ni tiati ngimdRif MiPRvaRion iOwithihBhelddils 4nb 1181 Yii e SeRBI Mphodicine @y?ﬁ:&ilﬂ i's

fused to a histidine tag (i.e. 10 15 hjstidines), and separated tromthe

hi st i di ne theagmigisteation se@me i establisher by ghnjeal driale whishaayrsstahiigh: optimahnd 36) . The
LR 3

W1 - Type TR0 BitpRE RS SRRV OC 0B pRlokAURE riy§ dary KALh Sumhmiofofind BBREE 1 00
1 ATO GGCa@ATdimDd tAJubiaT s @g¢) hexiih, @aphiCick abdmadig] Faas.ADE Begierudyofl M G H H
HHHHHHHHSS Gis . 46 CAT ATC,GAC GAC GAC.GAC AA CCG GGA
TCT O GfibptiaYals Vi bty edn Py REHENE EPnait ok nayoPghy: B AR Con
GCA CGT Ggeqilddty 6XdosmpnayPe vekitd @4dnhp ofcWBethdbthe &latieht b pfophylacticde R L R S

QL V 45 30 136.C0CG GIG CGT GCA CIC GGA CTG GGA CAC CGT TCC GAC GAA CTA GTA
180 46 Pigraemic. G L. GHRSDE L V 60

The invention is further illustrated in the following non-limiting examples.

EXAMPLES

20 Example 1: Bioavailability of amino-terminal PEGylated Neublastin

CHO cell - and E. coli - derived recombinant neublastins were observed to be rapidly
cleared from circulation if administered intravenously in rats. The proteins were below the
threshold of detection in the serum following subcutaneous administration. To increase
bioavailability of neublastin, PEGylated forms of mutated neublastin were constructed.

25 Because no lysines occur in the neublastin sequence, amine-specific PEGylation
chemistries will result in PEGylation of a wild-type neublastin polypeptide at its amino
terminus. Thus, for each neublastin dimer, two PEG moieties should be attached.
Accordingly, PEG forms were first directly targeted to the amino-terminus through amine
specific chemistries. Surprisingly, PEGylation of E. coli expressed wild-type neublastin, even

30 with two 20 kDa PEGs attached, had little benefit on half life, indicating that a mechanism
based clearance pathway was overriding the enhancement in half life that was expected to be
achieved by PEGylation.
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181 CGT TTT CGT TTT TGT TCA GGA TCT TGT CGT CGT GCA CGT TCT CCG 225 61 R F
RFCSGSCRRARSP 75 35 226 CAT GAT CTA TCT CTA GCA TCT CTA CTA GGA
GOC GGA GCA CTA AGA 270 76 HDL 5L ASL L GAGAL R90 271 COG CCG

GTA TCT CAA CCT TGT TGT AGA CCT 315p4Qu&bodteRsP G S R P

CCG GGA Tc%d%g@,

VSQPC TOB® 316 ACT AGA TAC GAA GCA GTA TCT TTC ATG GAC GTA AAC TCT
ACA TGG 360 106 TRYEAVS$ FMDVNS$ T W120 45 361 AGA ACC GTA GAT
AGA CTA TEXa@ple 2CC0GACTEE obEPERYIatel Mutaed Nimblasta (ROFK) D RL S AT A C G
CL G135 406 TGA TAA TAG 414 (920 ID NO. 351 136 * * * (SEQ ID NO:36) 50
48 WD 2004/ 069m@blp@mlwshmmmgeubm fqrms REGylatedtat mt@melmmamd R68) were

t ar get ed S ive charges on
t he surfagéesnﬁeg‘% e %@%‘f%g%eeggﬁﬁ% ndi ﬁégpq Eat'%ﬁ%lggécuwng rﬁlgﬁfy
contri but a‘o‘pdsmohhm r38p6&j and 85 veteneunbered as shoondn SEQAD:NOrld weird desigaed toar get ed
at N95 t he nat ur al l.ation site | d-t eublastin, This site

i s nator aI“l‘Sﬁ EPﬁH}e? F‘é&%ﬁ{eg [§1tes 18 thespease: c—f;’reﬁ%\qéf &g\ﬁg Wb‘{ﬂﬂif@mam‘lfe?‘@? ore,
nodi fi cat lf&*PB@ htfachEenta trhbddi siieSivtr@ s¥iBsted ing B esﬁﬁaﬁﬂnfcﬁué SPGONFi(NRCt i on. The
fourth site m)l was selected in a re%on t hat was not covered by any

ot her of 1Sﬁ§0'¢n5 f4: 433-B01P97) 7% avinaragwork fo idpntify sunface esiduen g T heparscphiglie at
position ' ( " \( sen for

t he st udi Zlgu ﬁﬂl d&ﬂt el%e?lls 3%@69?01(1@1%?11“22?%%2?5@0? W%Esgg%f)asti ns
conpri si ngdannﬁf ﬁ:nctxmal@ imiptogtanit regings ofithe dtmctuvd that-shyywld bscaqmded:e of rat

neubl tin pol ypeptide were, construct Jhese. neubl asti ns

cont ai ﬁed si nngE ?ﬁtﬂgxg(g?sghgwﬂgttme&e}l ARLin eehoie riuﬁ% yngggskw Br NO5K. Tabl e
| A ident lcsmactwm mwrmt 8éniter? @hd preforica Fl @cnﬁcddansbom syhgenk R@is cRoASIL X2"
nonencl at ur e, refers to an am no acid of -ty%tmneubl astin

pol ypept i o “Kﬂ"‘?cé?fﬁr@ 118b anPMIBa4% %Q?“VEBV‘?)‘E@ETIBH IgpETiAEb. fhe segpenge aci ds i n
th t
e Sequegﬁiogg%ﬂ-nt s %aﬁﬁﬁf)ﬁéﬁbﬁ&u{ @QB?E@B}iJs)dn@Eﬁ}lﬁlsé’cf‘Q anifitib@fger s to an

am no aci the wld-type anmino acid at the Indicated
nuner i cal methiening. dmpMIB167 tlmnstumﬁpmaumf newhlastiogxfused tol acustidinertag Gei th,

o1 <o ko ROSORSIS A LTI P AR RT3 1

NOs: 35 and 36). The initiating methiomne precedes the histidine tag.

-

Table 5. His-tagged Wild-Type Neublastin Nucleotide and Polypeptide Sequence
His-tagged NBN

20
1 ATG GGC CAT CAT CAT CAT CAT CAT CAT CAT CAT CAC TCG AGC GGC 45
1 ™M G H H H H H H H H H H S8 S8 @ 15
46 CAT ATC GAC GAC GAC GAC AAG GCT GGA GGA CCG GGA TCT CGT GCT 90
25 16 H I D D D D XK A 6 G P G S8 R A 30

91 CGT GCA GCA GGA GCA CGT GGC TGT CGT CTG CGT TCT CAA CTA GTG 135

31 R A A G A R 66 ¢€C R L R S 0 L V 45
30 136 ©CG GTG CGT GCA CTC GGA CTG GGA CAC CGT TCC GAC GRA CTA GTA 180
46 P V R A L, 66 L 66 H R S D E L V 60
181 CGT TTT CGT TTT TGT TCA GGA TCT TGT CGT CGT GCA CGT TCT CCG 225
35 61 R F R F ¢ s 6 8 ¢ R R A R S P 75
226 CAT GAT CTA TCT CTA GCA TCT CTA CTA GGA GCC GGA GCA CTA AGA 270
76 HE P L § L A § L L G A G A L R 90
271 CCG CCG CCG GGA TCT AGA CCT GTA TCT CAA CCT TGT TGT AGA CCT 315
40 91 P P P G 8§ R P V S @ P ¢ € R P 105

316 ACT AGA TAC GAA GCA GTA TCT TTC ATG GAC GTA AAC TCT ACA TGG 360
106 T R Y E AV S F M D V N S T W 120

45 361l AGA ACC GTA GAT AGA CTA TCT GCA ACC GCA TGT GGC TGT CTA GGA 405
121 R T v D R L s A T A C G c L G 135

406 TGA TAA TAG 414 (SEQ ID NO:35)
136 * * * (SEQ ID NO:36)

50
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20 neubl astin nucleic and the am no aci d sequence of the pol ypepti de encoded
thereby are presented below TABLE 6. Wl d-type Rat NBN Sequences 1
ATGGAACTOG GACTTGOAGA GCCTACTGCA TTGICCCACT GCCTCCGECC 51 TAGGTGGCAA

CCAGCCTTGI, W AGCTGCTCTA GCCCTGCTGA 25 101 GCTTCC
W

CTGGACCCAA G CCCCGCCTCT 151 CGCGATGITC CCFCW%%&%

CCAACAGACT ACCTACCTGG 201 GGGACACACC GCACATCTGI GCAGCGAAAG AGCCCTGCEA

CCACCGCCGC  25Iwe\adTihe ehitafidnS{ECOGRABGE) weRTiradted =l aFegichMatBhsdd@h@ETCCT 301

CCTACA AT P BB PO SR PO FOLERSS AGse c

CTGGECCAGH @Iﬁ%ﬁ@&ﬁt ol (b Tapiddleardiict of tHePrdidthCA HirdCltsleld fardeldd@ONOSGA
C-RCACC—)C'I'CCCe CGATC'I'e 501 GQC'CI'GGCCOAGCCTGC[GGGCGCCGGGGCCCTGCGGTCF

ccTcocaaahe nafyml glycesylation siteinaritdsppeneublastinciissitas aatpratiy moditedanthaTC 35

601 TCLCTT, AGH : fesea CCGCCTGC
GGCTGTCB:TCTGO GA (SEQMFES ENS” E:Eﬁzg5)iﬁl&é%f’g_métpTA°Eglo_% BALSETLAAL

AL L SSVTEASpetisd/oABPAS furios.] TROIMRER Vit \R 14T Ws selaekétl inlalrEiaRhaRv@RROSPOPAP
PPPGPALQSP . 1 PAAL RA RAR, AT DA R VPVSALG L SDELIR 151
R CSGSCH AR TRaL  R SR BE A S TR h A8 FS PR TV
TVDHL SAT Afosition @5 wasképladed MathZ0ly siAd (MO NIFEAm afiY Gras¢hbk €500 ré/s0{dzé 6 3

Mut agenesi s of 5CIVDZO usi ng ol i gonucl eoti des KD3-210 and KD3-211 resulted in
f or mat i ondistloseddersinasni g pCVB027: 5 KD3- 210

5" - T CTTTCATR QI Gk \GATLRACHA o Brisih SR dndIOaA Bhiodf B 1211

5' - GGTTCTCCATGTAGAACATACGTCCATGAAAGATAC- 3" (SEQ I D NGO 28) 10 In pCwVB027,

t he codonwidtxmsispqpeneqriiraiienblastin pedwieptidevas corstrupted| Beasemmtated a  codon
encoding L. Anfal M- Aket AW Alashlichs REaL OERA DY SPhagemBRN Of
codon encodi ng argil ni ne position W Th a codon’éencoding"Tysine in the
neubl ast i hA ddediifiep thesgeremplanyf poirfiii@aidns in bold. In the “X;N;X;” nomenclature, X,

refers to an amino acid of a wild-type neublastin polypeptide, N refers to the numerical

15 position of the X; amino acids in the sequence, as numbered according to SEQ ID NO:1, and
X refers to an amino acid substituted for the wild-type amino acid at the indicated numerical
position N.

To construct the rat N95SK neublastin mutation, site-directed mutagenesis was
performed on pCMB020, a plasmid encoding wild-type rat neublastin. The wild-type rat

20 neublastin nucleic and the amino acid sequence of the polypeptide encoded thereby are

presented below:

TABLE 6. Wild-type Rat NBN Sequences

1 ATGGAACTGG GACTTGGAGA GCCTACTGCA TTGTCCCACT GCCTCCGGCC

51 TAGGTGGCAA CCAGCCTTGT GGCCAACCCT AGCTGCTCTA GCCCTGCTGA

25 101 GCAGCGTCAC AGAAGCTTCC CTGGACCCAA TGTCCCGCAG CCCCGCCTCT

151 CGCGATGTTC CCTCGCCGGT CCTGGCGCCC CCAACAGACT ACCTACCTGG

201 GGGACACACC GCACATCTGT GCAGCGAAAG AGCCCTGCGA CCACCGCCGC

251 AGTCTCCTCA GCCCGCACCC CCACCACCGG GTCCCGCGCT CCAGTCTCCT

301 CCCGCTGCGC TCCGCGGGGC ACGCGCGGCG CGTGCAGGAA CCCGGAGCAG

30 351 CCGCGCACGG GCTACAGATG CGCGCGGCTG CCGCCTGCGC TCACAGCTGG

401 TGCCGGTGAG CGCTCTCGGC CTGGGCCACA GCTCCGACGA GCTGATACGT

451 TTCCGCTTCT GCAGCGGTTC GTGCCGCCGA GCACGCTCCC CGCACGATCT

501 CAGCCTGGCC AGCCTGCTGG GCGCCGGGGC CCTGCGGTCT CCTCCCGGGT

551 CCCGGCCGAT CAGCCAGCCC TGTTGCCGGC CCACTCGCTA TGAGGCAGTC

35 601 TCCTTCATGG ACGTGAACAG CACCTGGAGA ACCGTGGACC ATCTCTCCGC
651 CACCGCCTGC GGCTGTCTGG GCTGA (SEQ ID NO:25)

1 MELGLGEPTA LSHCLRPRWQ PALWPTLAAL ALLSSVTEAS LDPMSRSPAS
40 51 RDVPSPVLAP PTDYLPGGHT AHLCSERALR PPPQSPQPAP PPPGPALQSP
101 PAALRGARAA RAGTRSSRAR ATDARGCRLR SQLVPVSALG LGHSSDELIR
151 FRFCSGSCRR ARSPHDLSLA SLLGAGALRS PPGSRPISQP CCRPTRYEAV
201 SFMDVNSTWR TVDHLSATAC GCLG* (SEQ ID NO:26)
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15 Site-directed nmutagenesis was performed on pCvB020 usi ng ol i gonucl eoti des
KD3- 254 and KD3-255: KD3-254 5'- GCTCGTGCAACGGATGCCAAAAGCCTGTCGTCTCGCG 31 ( SEQ
I D NO 29) 20 KD3-255 5' - CGCAGACGACAGCCTTTTGCATCCGTTGCACGAGC- 3" (SEQ I D

NO 30) Th&o Belsbizgd construct was named pCVB029. 25 Apcf6&isedids7s ed

neubl astin was forned by replacenent of a codon encoding arginine at
position 68 with a codon encoding lysine in the neublastin coding sequence

of pCvB020. Site-directed nutagenesis was_ perfornmed on pCvB020 using
ol i gonucl eot i c¥atagepssisofCHHPOpsme pligonugle 0%%31%210 and KD3-211 resulted in

5'- GGAGCC%%%Q’%;&ET ATCTAGACC-3' (SEQ I D NO 31) KD3-259

5' - GGTCTAGAT CCGECTCC-3' (SEQ ID NO 32) The resulting
constrgct was named pCvB030. 35 A R39K nut ated neubl astin was fornmed by

r epl acenefp3 4o a5r'QFWTHET%T%CH%TA&EWTB@TGWQMCFy%| ne in the neubl ast;

codi ng sequence of pCwvB020. Site-directed nmutagenesis of p

per f or medgysing ol i gonucl eoti des KD3-256 and KD3-257: KD3-256

S' - GACGAAY T Avtytt¥er T eeanchTAdeh ¢ & TmnataTASEQ (RS §8)28)40 KD3- 257

' - CCTGAACAAAAACGAAACTTAATTAATTCGTC- 3' (SEQ | D NO 34) Expression and

Char act eri zat i pGNIBB2(T, alicasbddie titdodinig iaspakagirte. at position 98 wasapplasal with and
purificatio @Ieﬂsm d encodi ng the rat neubl astin N95K 45 pol ypepti de was
expressed"‘i"ﬂ’nl’:mc §1y8i8¢-3 Hi s-tagged fusion protein with an enterokinase 50

VIO 2004/ 069176ARGTHSRARADOALRA wislBRABY r81icerio MBI B46 thoodigasgilnd O the

start of the mature 113 am no acid neubl aStin sequence. The E
grown in atmeiion 1fayithagoden gragding dysine veéhel negblastin epdingseanenersef pPCMBE20E, coI i

cell syyer cover ed
From the CicURSed Buediets (Y plforite 37 pENB R0 e b BREl AL oI 480D o
extract edKfDBeZﬁSt he pellet w th guanidi ne hydrochl ori de, refol ded, and the
Hi s-tag renoved with enterokinase (see Exanple 5). The product was then
subj ect ed r ?&HEX m(n%! Aagen) and on Bakerbond WP
CBX cati orlﬁﬂe)fg a(r%ggéér}gél n. {6r o asggt&%ggfcﬁé% of the H gghagofsl By oduct
resul ged in an aberrant cl eavage of

KD3-255 5'-CGCAGACGACAGCCTTTTGCATCCGTTGCACGAGC-3'

(SEQ ID NO:30)

The resulting construct was named pCMB029.

25 An R68K mutated neublastin was formed by replacement of a codon encoding
arginine at position 68 with a codon encoding lysine in the neublastin coding sequence of
pCMBO020. Site-directed mutagenesis was performed on pCMB020 using oligonucleotides
KD3-258 and KD3-259:

30 KD3-258 5'-GGAGCCGGAGCACTAAAATCTCCCCCGGGATCTAGACC-3’ (SEQ ID NO:31)

KD3-259 5'-GGTCTAGATCCCGGGGGAGATTTTAGTGCTCCGECTCC-3/ (SEQ ID NO:32)

The resulting construct was named pCMB030.

35 A R39K mutated neublastin was formed by replacement of arginine at amino acid 39
with lysine in the neublastin coding sequence of pCMBO020. Site-directed mutagenesis of
pCMBO020 was performed using oligonucleotides KD3-256 and KID3-257:

KD3-256 5'-GACGAATTAATTAAGTTTCGTTTTTGTTCAGG-3’ (SEQ ID NO:33)

40
KD3-257 5'-CCTGAACAARAACGAAACTTAATTAATTCGTC-3’ (SEQ ID NO:34)

Expression and Characterization of Mutated Neublastin in E, coli

For expression and purification, a plasmid encoding the rat neublastin N95SK

45  polypeptide was expressed in E. coli as a His-tagged fusion protein with an enterokinase
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10 the protein at arginine 7 in the mature sequence. The resulting des 1-7
neubl asti n product (NBNL0O6-N95K) was fully active in the KIRA ELI SA and
structurally indistinguishable fromthe mature formin its susceptibility
t o guani di {gyo de pg denaturation and therefore was uspgr,{lgyooﬁddpﬁgquent
wor k. Rat nut at neubl asti n NBN106- N95K was PEGyl ated at an average of 3.3
PEG 15 noieties per neubl astin nol ecul e using nethoxyl pol y(et hyl ene

gl ycol ) - scleaviage sited;tirnedﬁntejpiadjaeanmo(tmal?&fﬂlemanhe Ailihmh'nmubialrnenblssﬁnof 10, 000
Da as the_reacta The. resultin uy

ext ensi vesegﬁgnrcéc?é? Fz%oteill Wi gt U |%d50§§ndf'%/§?rs oz%% vpdésl Pt ‘gQCI usi on
chr omat ogThoBAycoliSENS we:redysed $rea ARYSGaullih Prdss andithe i lrat m&lﬂaﬁh&@SH ®s®fered
desorptio /| o i zat.i H nf#trometry (MALD/ | MS), peptide mapping,
assessmen ’6‘8%{8]? F\WaP le‘? PYEACRYIRA ELI SA, and determination of endotoxin

contensg. The Pkd NY5H0 nutA&d ndBlbAGAS ﬁu&&%&@%&le’t)ﬁtﬂﬁum&@' ation as
nmeasur ed by SDS- PAGE and SEC was greater than Yo The neubl astin NI95K

product nhifrechderidgneéaldeds andihe Eisige samenied vatheniezokinasg (see Exaleblﬁs‘?D dihent with
its predighs it t consisted
of a seri sﬂgﬁt%&%gﬁ :Héﬁe‘é‘%{ﬁhé&??%?‘%@?’%‘l lmga}ger 8)'%[6?1 whi ch was 5%
of 25 t heBpkerbhndtWP TEEGeiopnexchangersine, whi ch vvas 60% of the product, 4 PEGs
per nol ecul e, 0%, of. .t ro uct veral, mi nor, for

hi gher mass. Iﬁ%&“ﬁ’%‘i% y E?ﬁ?ﬁfé gﬁ"% W&@%‘fl aé’@%er gat es.
Resi dugl te\pedtsinat a:ugnm i‘nl mdmaﬁwaéeqﬁnw ’Ilha réstmmgmw ﬂ-UGieuBEé’tﬁ pedueiv t he

limts of uantltatlon he endotoxin content of the material is routinely

| ess than I‘?h%‘ass%‘blbfﬁ?ti"@ ip theiKIRAEIIS Arand stpetiprally andistiogwishadlei n i n t he
KI RA 30 Ebbﬁ%hé Srathfe M i R&&E@abﬁﬁ}% ggmqiﬁelmd%éd &a{aﬂyétﬁh%ﬁd Rerefort MOhNL in

PBS pH 6.5. The materi al h'is simlar in potency to wld-type
neubl astlwaﬁmdlforlsabseqnmws@muppl|ed as a frozen liquid, which is stored

ut a od noubl aS B8 JRLrAAENIOPA SRR g R i etilgps. AR P

_|

nmut at ed neubl as
subj e¢s ed nioibtlbhpermaﬁhiasmtdilﬂdﬁllé wringpmiethdxylly(ethylemEglytel)- smln&nﬂylas sessnent of

function as descr ove for, the NBN1 neubl astin eparati on of
PEGY| at edPWBPai‘teéé‘%g’@zg ‘8@’ REFs R! g goygg'})( reafignt. ér}{?lrﬁsg‘ﬁmﬂat N95K
hut at ed nPE dudt &amfojasoedw@&eﬂaa@ cpﬁsmenﬂﬁ@mﬁmdmgrhnﬁ sis8y! and stored
at 4Cin i um phosphate pH 6.5, 100 nM NaCl was dlluted with 77 nmL

of water, SES PzACﬁ@, sige exFusiPPEigomatpgraghy eﬁ’ﬁﬁ)zreserge phese B mpirixassisted  PEG SPA
10, 000 Da, ﬁai o , m
t errper at uraéép%?c( OlIEjPj:‘Qt!liél’glr;tﬁ|£”|s§ %Aar é?éﬁézg%r ea gapé%lﬁltﬁﬁ h‘@ﬁ#ﬁ? ag&éaz%ﬂq BPm

(finak9, imtivﬁtg irethe KIRA BIIS#, amddbtanminatipg bf enalbtos® cofitent. fFhechueity ofdbe gener at ed

N two bat cReR i RBsK YA b 16 BEGHESH as measured by SDS-PAGE and SEC was

greater than 95%. The neublastin N95K product migrated under nonreducing conditions as a

dimer, consistent with its predicted structure. After PEGylation, the resulting product
consisted of a series of modified adducts comprising 2 PEGs per molecule, which was 5% of

25  the product, 3 PEGs per molecule, which was 60% of the product, 4 PEGs per molecule,
which was 30% of the product, and several minor forms of higher mass. In the PEGylated
sample there was no evidence of aggregates. Residual levels of unmodified neublastin in the
product were below the limits of quantitation. The endotoxin content of the material is
routinely less than 1 EU/mg. The specific activity of the PEGylated neublastin in the KIRA

30 ELISAis 10nM. The PEGylated product was formulated at 1.1 mg/mL in PBS pH 6.5. The
material, which is similar in potency to wild-type neublastin (NBN113), can be supplied as a
frozen liquid, which is stored at -70°C.
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t he N95K bul k and the other containing 100 nL of the bul k. The PEGyl at ed
neubl astin was purified fromthe reaction mxture on Fractogel EMD S03 "(W
(EM I ndustries). The colum was run at roomtenperature. Al buffers were

prepared pypasRRBedvEe. Sodi um chloride was added to t hgy@a6dsfoben Xture to
a final concentration of 87 mM and the sanple was | oaded 15 onto a 45 nL

Fractogel colum (5 cminternal dianmeter). The columm was washed with one
col umm vol une Te K14KYIRSOK], mnﬁﬂiépiumﬁmhblﬁstﬁpol)&ﬁpmﬂdshd&ﬁ exptdsasd imiEt h t hr ee

one col um_vol.une, al i,quot s 0 a ont ai 50 Nadl .
e ¥ oot oo @t hE pussietas o fhe e sneltods HT BB iR P R LR el o oo
neubl ast i fimb@sn Bl désceibed bVelfO¥ahe NIBINTO6-NISK rieubladtil Nl steps containing 5 mM
20 sodi um phosphate pH 6.5, 400 mM NaCl, three steps containing 500 nL NadC ,

and six steps P&gaiaaioﬁsldr@pﬁﬁﬁaﬁ&’h\m%edﬂumalsﬁﬂNﬁmmﬂ(\/\ere anal yzed for
protein content by absorbance at 280 rimand then for extent of

nodi figation by3oRSoPiNekefofRl e4NSBK haafed ﬁé\fbla&ﬁﬁez 6 ﬂgzm}itha{ hadteged t hrough

a 0. 2pmf|Iter and diluted with water to r at

neubl ast i Progyced a £egoli-pnd stosedas 48q ind B ﬁp41@v@h@sphﬁem $ Q0N NaCl was ches,

th @?x? I

ma'?gryvzlr egglggd?mauot egﬁgﬁﬁéﬂsﬁ)?g’g’dﬁlﬁ ﬂt;‘%%sq,l}ﬁ%p%gag?r 01(j %ur iﬁﬂlg%gfna

PEGy| at edPRGtSRALD,000UD4 ehheamwatBROYBrete0 B ). Thesamplswesﬁlcubatt(dzatﬁomo nm of

ri ol car SMDrRp s opts s Bk e UikG iaR wa STRMEmi G 08I AERY. SRR, ALY ¢
| |

27?;} 23\% ?ﬁoﬁﬂ@vﬁﬁgﬂb?WCa{I%e pft;idlﬁdizcmmlgaﬁer&é@m&%t baﬂihe§oﬂe&aﬂiamln§13oe1?ns{ st entf

W a rve n e u I nternedl a In concentrati on O

t he qu/thaié"é%pb m@%&%m%@%ﬁ? %J@F PEGY i@éﬁdrnju@ﬁsﬁ@msnct i on

coef fici epérifd %%ﬂ@ré’&%ﬁ Qﬁ%&%@n@%t%%?ﬁﬂﬂj 9@%@?@1@@3@3&%&%}%@@&&6

protein concentration of the PEGyl ated neublastin bulk is 1.1
t ur bi di t ywasBIsE woentemperatuie AH hpffers a@re@remﬁm%mrf@el %&dtm@pmab%waﬁance at

320 P I

320 1 CHBIGHSA B Bl EE MRt oA AT RO Y
. Xg oiSthentpramdumEFrmgelmubme(Stcmdnﬁ@nﬁBﬁnﬁtbaE on a 4-20% gradi ent gel

(OM). The gel_was_ stained wi

) i th.. Coo SSIe rillia blue cul ar
Colghi o ko TR s e edhoh e Pl 4P DL > TaMS OGP L 6.1
PEGy| at edgonivaiNad], Rigialliasthtdd oNBREIARN V3Rl oLl 86ts BPS‘mMQodiﬁﬁl;bﬁbd’pﬁatéond' tions

reveal ed a serjes of bands corresponding to nodifications with 2, 3, 4, and
nor e t hanCcontyEog SBWMEh@esmwswﬁmmﬂ@WS ﬁmaiwa?t@md%@ddhe 98 kDa

cont ai ns PEGylated neublastin was eluted from the column with six ten mL steps containing 5 mM

20  sodium phosphate pH 6.5, 400 mM NaCl, three steps containing 500 mL NaCl, and six steps
containing 600 mM NaCl. Elution fractions were analyzed for protein content by absorbance
at 280 nm and then for extent of modification by SDS-PAGE. Selected fractions were
pooled, filtered through a 0. 2 pm filter, and diluted with water to 1.1 mg PEGylated rat
neublastin/mL. After assessing endotoxin levels in the individual batches, they were pooled

25  and refiltered through a 0.2 pm membrane. The final material was aliquoted and stored at -
70°C.

UV Spectrum of Purified PEGylated Mutated Neublastin NBN106-N95K

The UV spectrum (240-340 nm) of PEGylated NBN N95K was taken on the neat
sample. The sample was analyzed in triplicate. The PEGylated sample exhibited an
30  absorbance maximum at 275-277 nm and an absorbance minimum at 247-249. This result is
consistent with what is observed on the bulk intermediate. The protein concentration of the

PEGylated product was estimated from the spectrum using an extinction coefficient of
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3 PEGs per nolecules. In the purified PEGyl ated product, non-PEGy| at ed
neubl astin was not detected. The presence of a m xture of products with 2,
3 and 4 PEGS attached was verified by MALDI nass spectrometric anal ysis.
The ratio containing 2, 3, and 4 PEGS 15 wa ' by

densi torret%/”g‘?\@ﬂglg{;erm ned to be 7, 62, and 30 percen?%?ﬁ@o?g@%l,
respectively. Characterization of PEGyl ated Miutated Neubl asti n NBN106- N95K
By Size Eugite. 50 TherpoorsinaghentrytidoruBrheREGyland atublhstie bblkas 1.1 mgRN1 0% NO5K
was subjected.to size exclusion 20 chronat ograp on an a ti cal Superose
6 HRL O 3BTRBRCVELPER wstbﬁmqw bwthe?%?ogéwﬁw%% he nobile
phase. The colum was, nun at_20 ni/h. Elution fractions _were nonitored for
absor bance at SBerasterizetion piRIi(xlated Mutated Neuhlasn NBNIOGNSEDbYas a  singl e
peak with an aPBAFAMFE vl ecul ar wei ght of about 200 kDa consistent with the
| arge _hydrodynam c volume of the PEG No evi dence of aggregates was

observed. Fr eeAlguaieefifiE(aylated neyhiastin emiaining i +-5y G5, apdhed digrol s predichr mass

Mt at od. NS aoicteE g SACRERRE s 20% Arafiel RN Al B diiga fl T=0Y (2
neubl ast i GobiBdERGriN¢mKbIna R-25(hjMaltadartweight verless ((HBEO-BRLIweGunin a Vydac C4

(5 pm 1 x 2@% mm col um. The col um was devel oped using a 60 nm gradient
from40 tB¥8%9% B (Buffer A: 0. 1% TFA, Buffer B: 75%acetonitrile/0.085%

TFA).  The col SDB-PAGHE ateilsissTPREIMNitédheetel acutadata NENIE-995R dhden idrand
fractions collected for subsequent analysis. PEGyl ated NBN106- N95K was

f r act 1®naredicing eenditions yeyieplst 3 series 6 bangs sarreaponsing o seastifeptipesitis2.6h 4/ 002763
M), tri (o3mdre iy g%uﬁ% fﬁrﬁ%&}ﬁ&é‘g emoﬁﬁﬁamﬁﬁ)ﬁg&g@m@ layiéo%’a?ﬂsse

r 4
phase HPLC on a 4 The relative intensi t he peaks suggest
that the BREGspevmoletdess dmthermumified BEGylatedprodot, Bon-BEGyBtedmenplastinopasapt vel y.

Peak i denti.ti i fied b LDl -MS....T. i ]

oo Py MR et MRl B B3 B oL BB SE i s o
PEGyI at edbwblmmﬁnhﬁlébéoggmﬁg%dl\gﬁm&amﬁéﬁl tibyf podact &&ﬂaﬂ irrgme_r_ Ia‘midm ?t edd A
nmut at ne asti.n ) - was esa e n | | n ana e
mass Sgecwlﬁsﬂ%mn@rby %W-%chf@gp%eﬁﬁi% 3@?8@%@@%@% Y Y

mat ri x- asgdspdcfidlelyaser desorption/ ionization time-of- flight (MALDI - TCOF)
mass spectroneter 10 using sinapinic acid as a matrix. 0.5 L of the purified

protein was m gRgraMerizatior of PEG1atdP¥tutatePNedKIgsthPNBRI 06NV R By 528
spectronmetry of<Hipm @h%’m%k?ﬂp?ﬂ neubl asti n NBN106-

PEGylated mutated neublastin NBN106-N95K was subjected to size exclusion
20  chromatography on an analytical Superose 6 HR10/30 FPLC column using 5 mM MES pH
6.5, 300 mM NaCl as the mobile phase. The column was run at 20 mL/h. Elution fractions

were monitored for absorbance at 280 nm. The PEGylated mutated neublastin eluted as a

single peak with an apparent molecular weight of about 200 kDa consistent with the large
hydrodynamic volume of the PEG. No evidence of aggregates was observed. Free
25  neublastin, which elutes with an apparent molecular mass of about 30kDa, was not detected

in the preparation.

Analysis of PEGylated Mutated Neublastin NBN106-N95K by Reverse Phase
HPLC

PEGylated mutated neublastin NBN106-N95K was subjected to reverse phase HPLC

30 onaVydac C4 (5 pm, 1 x 250 mm) column. The column was developed using a 60 mm
gradient from 40 to 60% B (Buffer A: 0. 1% TFA, Buffer B: 75% acetonitrile/0.085% TFA).

The column effluent was monitored for absorbance at 214 nm and fractions collected for

subsequent analysis. PEGylated NBN106-N95K was fractionated into its various di (60.5

53



NO95K reveal ed singly and doubly charged fornms of three adducts. The observed
masses of 43803 Da, 54046 Da, and 64438 Da are consistent with

nodi fications of 2, 3, and 4 PEGs per nolecule. 15 Analysis of PEGyl ated
Mut at ed Ne ' BN106- N95K by Peptide Mapping The kdohGd of the
PEGyl at i on@e@g{@glnﬁwas eval uated by peptide mappi ng. Eﬁ@#ﬂ)‘g@&%@ubl astin
was separated into di, tri, and tetra PEGyl ated conponents, which were then
reduced, al kylated, and further separated into their single chain conponents
by HPLC on ma C : TEARO PG Ste AR AHOR

non- PEGy| at ed)'%l(\léf)gj& gﬁa-%%ﬁg% a contrc}?tev\ergogi gest g%p?%\%&%%a

prot ei nase Grralunme Themiative Hiensifiesaf sgpcnis surget shajthe satiop phibe Fumnenes &y
reversed phageohPh{d 300 % n %g&pve@ PediqadRitics werRRifiEAhy MATHIMS STHE @as60 MM
gradient fromO to 60% B (Buffef A 0.1% TFA, Buffer B: 75%

acet oni t ri | %9 @yidgewouf ngEREGYlatad NBHI1 06N & felutesrat Swhismmbini thepredict.or absor bance
at 214 mm The rat_ neubl astin sequence contains five internal aspartic acids
and t her®fore wddalysisef BEGYlatedMutated Neublasti,NBN10G-NOIO b Mashf i | e when

di gested with efBePFOMehase Asp-N, All of the peaks fromthe Asp-N di gest

i no-ter m nal . SEQUBR AP A DS NERD OSSR que Reptecln A3 4RGP Y 5 si mpl
beak. | The e i peako ot r s P vect oo i n Tabl & 7. 30
Table 7 pedkiiyarieairtdrn Sl oo natret Hakt CPLTI OTAR AP RE guence
1260, 4 02 A e D o J0ades 40.7
1090. 9 1092m3triygu the fargahRigteyass pactpniety 8f BEGiered mutstyd geubiystin RENHSSGSCRRARSPH

46. 0 2437. ONG5iSrvéhlelizingfl dad Roymebfdu'ot imfducts 1 THe obderfed maddea£ 0 55- 86
DLSLAS ... CRPTRY 51.9 4134, 4 55-92 oxid DLSLAS ... CRPTRYEAVSEM 53.2

4136. 3 * 4143§0%Ds,54846 Py, aph&t438 Da exeroppsistont/with modifirations ofd. <08 4iPEGHRES *: due
t 0 oxi dati oforeéuldret hi oni ne contai ni ng peptide on MALDI. Since neublastin
natural ly exists as a honodi ner, the rat nutated neubl astin NBN106- 5 NI95K

product (g ont ai NAdaBels oPPEEHated| Mifated NeublastREDENI66-RI5K b Pejstile Mappisy t er mi nal
aln nes

The specificity of the PEGylation reaction was evaluated by peptide mapping.
PEGylated neublastin was separated into di, tri, and tetra PEGylated components, which were
then reduced, alkylated, and further separated into their single chain components by HPLC on
a C4 column. These components and reduced and alkylated non-PEGylated NBN106-N95K
20 as acontrol were digested with Asp-N proteinase and the resulting cleavage products were
fractionated by reversed phase HPLC on a Vydac Cig (5 um, 1 x 250 mm) column using a 60
mm gradient from 0 to 60% B (Buffer A: 0.1% TFA, Buffer B: 75% acetonitrile/0.085%
TFA). The column effluent was monitored for absorbance at 214 mm.
The rat neublastin sequence contains five internal aspartic acids and therefore was
25  expected to yield a simple cleavage profile when digested with endoproteinase Asp-N. All of
the peaks from the Asp-N digest of rat N95K have been identified by mass spectrometry
and/or Edman amino-terminal sequencing and thus the peptide map can be used as a simple
tool to probe for the sites of modification by the presence or absence of a peak. The identity

of the various peaks are summarized below in Table 7.

30 Table 7
Peak by Retention | Observed Theoretical | Residue Amino Acid Sequence
Time (mm) Mass Mass Assignment
Average Average (SEQ ID NO:2)
38.8 1261.1 (VM) | 12624 102-113 DHLSATACGCLG
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fromeach of the chains and the two N95K sites that were engineered into the
construct. In the peptide map of the di-PEGyl ated chain, only the peak that
contains the peptide with the NO5K nutation was altered by the PEG

nmodi fi cati gy 2@ 17 the other peaks were affected byPUi‘l%S?%ﬁoona

nodi fication. The mapping data therefore indicate that the PEG noiety is 10
specifically attached to this peptide and not to any of the other peptides

t hat wend03creened. Wﬂ9.9seco$d0ﬂ ent il 88-18li t e of | AVKSEHR®Nt , t he
am no-t edfdnus is on|35Q8et i de2508H i s|80P4 t hr ee | DERIRRRFESCHCRAARSEHAN |i S
not det ¢db8d in the pafR7idde 43718 i s |ilBerred t hARRGERIRSDEVIRYSAREGEHSS
attachmdld are at thd4565i te. | G496 st enbSRPt h t hi $ DhekADN.. CRPERMI |
percent adé%f the raft 4hadtdat ed| neubl ast| SHONEEHR) i s | ALSLAT.UNCRPERNEAVEFMontlai ns
t he mat udd2Al a- 1 sequdidsesd * Thi| 412080t | d¢ 5382 e| ut es | RESERE pCRRATRYEAVEFN| blle in

t he pepti °¥H3E101f §t8éﬁ'1c ¢ hon- PEGyl at ed di gest, but is absent fromthe
PEGyI at eq.’ 'e a e%ﬁ upl as in. NBN%}%?%&I%%i%IW Exanpl e 3: Assessing the
Pot ency of lfntf)é)?‘ 4 ?r§/ Cat&§° P NEUB A Pr% NBN106- N95K i n a Ki nase
Receptor Activation (KIRA) ELISA The potency of PEGyl ated nutated rat

neubl asti n wasirze aciblffn nauffly Reidklag & hbmodidier, dRPROARBkedaRibl SN BN 106-
phosphor)f\lgggtion of c-Ret _as a r,eEo_rter for neublastin activity in an ELISA

that was NjEdreduct estainounpoientiat tes forfikCylationy the feiamine-tenyinal ABUneR 3 cel | s,
an adherﬁ%ﬂieéEH'bf{h%cHﬁHéBﬁtlﬁgmﬁ9ﬁlki:tes!ﬂ‘hd?§£%h%9m§%%o cend GFRas,

were plated at 2 x 105 cel p \ plates in Dulbecco's
nodi f i ed teepgptidemap ofith¢ BiVER S ylated ¢hgih.comlsnthe geaki thit cootairs fthst peptidowitmtheser um

and cul t or..18 hat. 37.C an % . 25.The s _were washed w th PBS,
and o1 eat SRR PRy RE e o PR SRR E N Y1 oferdRip YRR AR o To
m n at 3bythePEG modificalion. Fae happinp data Hresefavedhdicaelthatthe BEG theiatyds The cells
wer e shed. with 1 of PBS, and |ysed for |Ih_at 4 . tth 0.30 m of 10
mv Trils 1! %M%%%%hw el npiA9 2O G/&Q‘SHP?PH?EF%W%F%?@?&BO Y
NaF, 0. Ihahbdiad poeftial sidbiainmdre the/drtidb i@itusfis 04 b&RidvitabisdaR) thieer OCKi Ng
the plates. The 50 | ysates were further_agltate.d@l:%y repeat ed pipetting and
0.25 nlL @mirgaeidsdongandtis peisieteeted in the peptids mappItig FeditivnalFEH4/ 002763

96- wel | . ] L=

(a7, ByacHibellsthap iy d Rt Rl oM iy icilonils B i)\ o
room t enmeuntdsstinNI5&! is anetrnincated avd ¢antdisdhkmbiutd Ala-{ @Quenvk.TiThis pejiiildepH 7. 5, 150
mvi , 0.1 % -20 (TEST I ni % I d 3 %
bovi 18 &M P i iy 15 WiRiea e pephag T RO b poT g LRy LiRfoh AR o

vel |'s wermmie Pedyiidd MbGteWnbiblasiEFNBN 1080§95K08igbd. ed Ret was detected by

I ncubating the wel'l s at roomtenperature for 2 h with 2 gg/nL of

hor ser adigyantid X 6R36nd tﬁ%ﬁsaafepjowm&ﬁfhngfﬁﬂc,ﬂh@aM%wmémaﬁﬁlo, ant i body
| n_bl ock ] RLNOYIR $il'h Kin fve ReldEtorVA kfivation (KIRAY ETR§AUM | N HRP activity at

450 nm
The potency of PEGylated mutated rat neublastin was measured using neublastin

20  dependent activation/ phosphorylation of c-Ret as a reporter for neublastin activity in an
ELISA that was specific for the presence of phosphorylated RET. NB41A3-mRL3 cells, an
adherent murine neuroblastoma cell line which expresses Ret and GFRa3, were plated at 2 x
10° cells per well in 24-well plates in Dulbecco’s modified eagle medium (DMEM),
supplemented with 10 % fetal bovine serum, and cultured for 18 h at 37 °C and 5 % CO..

25 The cells were washed with PBS, and treated with serial dilutions of neublastin in
0.25 mL of DMEM for 10 min at 37 °C and 5 % CO,. Each sample was analyzed in
duplicate. The cells were washed with 1 mL of PBS, and lysed for 1h at 4 °C with 0.30 mL
of 10 mM Tris HC1, pH 8.0, 0.5 % Nonidet P40, 0.2 % sodium deoxycholate, 50 mM NaF,
0.1 mM Na; VO4,1 mM phenylmethylsulfonyl fluoride with gently rocking the plates. The

30 lysates were further agitated by repeated pipetting and 0.25 mL of sample was transferred to a
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with a coloronetric detection reagent. The absorbance values fromwells
treated with lysate 10 or with lysis buffer were neasured and the background
corrected signal was plotted as a function of the concentration of

neubl asti RypbRIBEl7d N the activation m xture. The pot epgynRboosfRRs at ed
mut at ed neubl astin (3(,4)X10 kDa PEG NBN106- N95K) in the KIRA ELI SA was

I ndi stinguishable fromthat of the wild-type NBN1L 13 material ( Table 8).
There wa-well ELIS#’cplatwfthat\hadbeaﬂmeted Wwatly Squetin B of anti-Ret mAbY AANGET.8) ind6i ng t hi s

t reat ment ere was a n e in the turbidi of the
sanpl e, |t IR PP p?’k?é gta‘*‘rﬁl é% ng a"’@é’? %?V"o’f‘ﬁmﬁaql@ré’{?ﬂ? ho gy, 1 n
lndependemhslbudbﬁ&r@mmwﬂgﬂtjw}msIMotxmqﬁamr 0duyrtweénidy (ipsag and  four
10 kDa PEGs per nolecul e separately, it was determ ned that the adduct with

three PE@@tam@silﬁmwbmpwsemm&%éw@eﬁem@lwrwhct had reduced potency
( Tabl - km@%&%@%ﬁﬁg@ Slobl tEmpdtatiure3the WelK whk \@%ef EAndBNHAG- N9SK and

3 X1 actlva ef to a simlar extent and with the
sane doseTBSERinsthogdatadRetomasisteated By énmbaimgybss\)/elim iodcans temperaliBblfck 2

However, alt 4.X 10 Da PEG N ctiv Ret . t simlar
ext ent as""’rtllibﬂau pERPrisRRdish P %s @g@i@m% E&sf’g‘g@ %6}20N95K is
appr oxi megribydylia-tlkbukes Sva@lﬂhgalmﬂebmm %ﬁ&%@ﬂnﬁg\m&im@) atNBNﬂlﬁa?’ in
activating Ret’. Estimat ed EC50"s are provi ded in Table Exampl e 4:
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remai ged Rba PRGNBMBLNGSK t he distidith RBt tofa sirhifar extent and with the same dose-
dependence as non-mutated (wild-type) neublastin, NBN113. However, although 4 X 10
kDa PEG NBN106-N95K activates Ret to a similar extent as non-mutated (wild-
type) NBN113, 4 X 10 kDa PEG NBN106-N95K is approximately 10—fold less potent than
non-mutated (wild-type) NBN113 in activating Ret. Estimated EC50’s are provided in Table
25 8.

Example 4: Pharmokinetic Studies of Internally PEGylated Mutated Rat Neublastin
NBN106-N95K in Rats and Mice

The pharmokinetic properties of various PEGylated and non-PEGylated mutated
neublastin products in rat and mouse models were examined (see Table 8 for summary of
30 results).
The data revealed that PEGylation of rat mutated neublastin NBN106-N95K with 3.3,
10000 Da PEGs resulted in a significant effect on the half life and bioavailability of the
neublastin. Following a 1 mg/kg IV administration in Sprague Dawley rats, peak levels of
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three day study. In contrast, no detectabl e neublastin was observed at any
time point 10 follow ng adm nistration of non-PEGyl at ed nut ated neubl astin.
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position 95) qr ycosyl atioon at an [pnterna M no agi e.gd.,.at position
95) resul t@}lqhﬂate%@étram & adpiRiSEions Ohe @@Piﬁ#@%aswéd%wgéﬂ?m%m
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were refolded and purified to >95% for ‘efficacy tests in the STZ diabetic

rat neur oparelugtedrigorats, it was dound jebe Bys higavaiadle mgets Hemptyes isnoioe/ Tioe 763

neubl asti 'H@EE%E £4d. I: | hoed testing whi e N9S5K was
pr epar ed Pd or %Fg;% ?%%g%ﬁfwgﬁ%ﬂk{ﬁﬁy%@%&ﬁgh%g%gl %dgﬂ&tsﬁ@olrnéf ol di ng
and puri f i Ioarels ammipeatached 1608fng/mil mfjenflirtand remadihddzat AQ0 sg/md aftec R4ibi. dn

chromat ogr a C) ,was devel oped, .t hat rrgtted the renaturation of

neubl ast | ncogg%%(réﬁe‘)ce&‘fverler?%%@\?gtn&gd’&?@sfq?%"‘fgatfrge quantities and 5 at high
concendor at i ons.Twdsudstibinig Did unexpekied rd3altsentbrgddiona fé FRVbtadies SibnrfisHzZddTh

chr omat og\r,\,gq%hy steps were enployed tg increase the final protein purity. The

protei ns Wbl 8:ém8§@w§@1 phthe aminestexpainglpaing-acids; of gon-glycpsidatedmevglaghiml ysi s by
SDS- PAGE, 5izfdt §uffidibititd therease serum exposure substantially; and 2) PEGylation of the amino-

terminal amino acid(s) of neublastin together with modification (e.g. PEGylation or

glycosylation) of amino acid 95 was sufficient to increase serum exposure substantially. For
25 example, glycosylated NBN104 (CHO) gave no detectable exposure after s.c. administration;
however, glycosylated 1X20 kDa PEG NBN104 (CHO) gave high serum exposure after s.c.
administration. Similarly, 2X20 kDa PEG NBN113 gave low-to-moderate serum exposure
after s.c. administration; however, glycosylated 2X20 kDa PEG NBN104 (CHO) gave high
serum exposure after s.c. administration. These results indicated that polymer conjugation of
30 the amino-terminal amino acid(s) of neublastin together with either polymer conjuation of an
internal amino acid (e.g. at position 95) or glycosylation at an internal amino acid (e.g. at
position 95) results in substantially increased serum exposure after systemic administration.
 Both wild-type rat neublastin and mutated neublastin N95K were refolded and
purified to >95% for efficacy tests in the STZ diabetic rat neuropathy model. Wild-type
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chr omat ogr aphy, ESMS, assessnent of activity by KIRA ELISA and
determ nation of endotoxin content. SDS-PAGE and SEC of the final protein
products indicated a purity of 10 greater than 95% The endotoxin | evel of

each produgfo ¥Wesoee1fe: 2 EU mg. The specific activity of pppi0iekfins in the
KIRA ELISA is approximtely 10 nM WId-type neublastin was fornul ated at

1.0 ng/mM and NO5K was fornmulated at 2.6 ng/m in phosphate-buffered saline
( PBS) pH6 néublaatih st fqrmutatadib e tiractiyzstozninggl mse'ng whiloN95K iwas tprdpeed diord st or ed
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unti | 2666‘13}31 . g‘agtgf ﬁgrglgﬁﬁgé‘c@d to 1§4i¢ S 1REL e P8 LORE 2« HpVelaiiftbags, W1 d-type

Neubl astin
Following centrifugation (10,000 rpm) to pellet the inclusion bodies, the supernatants from

each preparation were discarded. The inclusion body pellets were washed two times with
wash buffer (0.02M Tris-HC1 pH 8.5, 0.5 mM EDTA) then washed two times with the same
buffer containing Triton X-1 00 (2%, v/v) followed by two additional buffer washes without
25  detergent. Both pellets were solubilized using 6M guanidine hydrochloride, 0.1M Tris pH
8.5,0.1IM DTT, and 1 mM EDTA. To aid in the solubilization process, each pellet was
subjected to homogenization using a polytron homogenizer followed by overnight stirring at
room temperature. The solubilized proteins were clarified by centrifugation prior to
denaturing chromatography through Superdex 200 (5.5 liter column equilibrated with 0.05M
30 glycine/H;P04 pH 3.0 with 2M Guanidine-HCI) at 20 ml per minute.
Denatured neublastin was identified by SDS-PAGE. Fractions containing either wild
type-neublastin or N95K were pooled and concentrated to approximately 250 mL using an
Amicon 2.5-liter stirred cell concentrator. After filtration to remove any precipitate, the
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Neubl astin by Dilution. To refold neublastin by dilution, solubilzed protein
was rapidly diluted in refolding 10 buffer (0.5 Mguanidine-HClI, 0.35 M
L- Argi ni ne, 50 nM pot assi um phosphate (pH 7.8), 0.2 nM gl utathi one reduced,

1 mM gl ut a%fbﬂ@o@ﬁv’sdi zed, and 0. 1% Tween-80) at a fi nai,CT,%g@g%btﬁ@tion of
0.1 nmg/ M and incubated at roomtenperature for 48 hours w thout stirring.
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renmoved bynd ial_hﬁ-lihat“_eih@!ﬁ'c-cell]SP(ﬁtcihQI TKB"&dIlePWﬁé whehed o 19ithié cdRArY/vilemdRith t he
colum- and dilution-refol ded neublastin 59 WD 2004/ 069176

PCT1US200 288t bufées (40)pdd iraidazoleg kS M gpapidipeciih) MNewplastinayies then gluted fropies by
the additiQ8 9fn b@%_ﬁf&%l@ﬁ%ﬁ%ﬁ%@&ﬁ&?&ﬂ@l.ﬂ nal salt concentration
ne- 0

i ncl udi ng the remai ni ng guani di approximately 150nmM This
concentration ' Hﬁd]ﬁl ai ) Mt > %F\qi# ' y, 1 M
HEPES pH 7.8 vva@ﬁ% 8'2{5‘0? (r)B? %6(1) [ ng}e%ggnceﬁﬁlgs;ﬁlno% gFNT? ogtg&eagbt' the Hi s
tag, 1ysyl S epdpngRihaass lofedldiGocdr s fe4 994 BEMRNBREL N and
ent er oki nase waag added to n?ﬁgaﬁ%ggagswtdat edﬁ\&rﬂléuﬁeast in, Hl%otgﬁ) at an
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0.2 p polyether sulfone (PES) filter unit. To decrease non-specific binding, the protein

solution was brought to 20 mM imidazole prior to loading on a 100 ml Ni-NTA (Qiagen)

column equilibrated with column buffer (0.5 M guanidine and 20 mM imidazole) at 50 ml per

25 minute. Following the protein application, the column was washed to baseline using the
same buffer. Neublastin was eluted from the resin using approximately 300 mL of elution
buffer containing 0.5 M guanidine-HCl and 0.4 M imidazole. After elution, neublastin was
dialyzed overnight (using 10 kDa dialysis tubing) at room temperature against ten volumes of
5 mM HCIL. Dialysis promotes the hydrolysis of contaminating substances and decreases the

30 guanidine-HCI and imidazole concentrations to 0.05M and 0.04M, respectively.

Cleavage of the His Tag by Lysyl Endopeptidase or Enterokinase.

The next day, any precipitate that formed during dialysis was removed by filtration.
The following purification steps apply to both the column- and dilution-refolded neublastin
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to an additional protease cleavage site in the nutated protein at Lys95. The
sanples were stirred at roomtenperature for 2 hours and the digestions
nonitored by SDS-PAGE. 10 Hi s Tag Renpval by N - NTA Chr omat ogr aphy.

Pr ot ease-t bl astin was applied to a 100 nL Ni -
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protein st uted wth elution fer containing 5 nM phosphate pH 6.5
but with 1N Kh\mgtated Figublastim, beth pt a3t approximafelyil:d0praep ofpweteasgiie na@éastm;t t he

phosph e Ry MR her B e ARSI AR BP ON0NS Rl T AR, 1
fESt 1;] il tegoma?mumitammsb clbga@dlﬁte%t% églaﬂtddpﬁom’usvatj Ia@tsgslcrhmani lesgﬁkedt f ;)r |
urther characterizations an L ation mut at e
neubl ast i FUBPEEPATIFERERETS (BF figetiogs moniRred B SDRASE al ysi o to
assess their ahsorbance at_ 280 g a mcro quartz cuvette and bl anking
agai nst0 buf f er BisJA8; Rempya) by, Ni- Ft%g rwataﬂr@pb& or NO5K nut at ed neubl astin
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neubl astin at A280 nm E' =0.5 used for each protein). Less
é’tﬂgmﬁml

t han 1% preas gno rth%lsfanwdaslfﬂeﬂemnrp@mwm ofhithg seluraras@ooled 330 nm
60 WO 200%@{5&“1@%)3@3”%?@90? g%;?ﬁl Qufld Jec?%gﬁhgﬁwtg of both_ protein

preparatlons eac 0 slI excl usi on
chro graphy r I’g erdex 75 columm. The coI unm was
equi I rat ed Wl(tlﬂ % ﬁ 4¥§ “‘gﬁ 6.5 containing 400 mM NaCl and devel oped
with al.5 nL 80Mp. both
wi | d-type and I@g&w@gwfg{ eé ne fﬁé@t@’?\tﬁg&gg% a ?gﬁg&ﬁ'{u@g% @glagdst%a single
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it ot ed noReRE R Sgenatet sy 15RO e Baaednaty st BE2ERL o8 " e 5
pH 8. 0 andnihbiteMhDEdiumhReasvRERsOHitISareRtyeso i Rolaiasdfividh buffer (5 mM
20  phosphate pH 6.5, 400 mM NaCl) and the protein step eluted with elution buffer containing 5
mM phosphate pH 6.5 but with 1 M NaCl. The eluted protein was dialyzed overnight against
the phosphate alone to bring the salt concentration down to 100 mM for N95K and 150 mM
for wild type neublastin. Both samples were filtered through a 0.2 p PES filter unit, analyzed
by SDS-PAGE, and stored at 4°C until needed for further characterizations and/or
25  PEGylation.
Wild-type and N95K mutated neublastin protein preparations were subjected to UV

(]

spectrum analysis to assess their absorbance at 280. Using a micro quartz cuvette and
blanking against buffer alone, 100 pl of either wild-type or N95SK mutated neublastin was
continuously scanned from 230 to 330 nm using a Beckman spectrophotometer. Based on
30 this analysis, wild-type neublastin was determined to be at a concentration of 1.1 mg/ml and
N95K mutated neublastin at 2.6 mg/ml (A280 nm-E%'%#=0.5 used for each protein). Less

than 1% precipitated material was identified based on absorbance at 330 nm.
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over a short C4 columm and anal yzed on-line by ESMS using a triple
quadrupol e instrunent. 10 The ESMS raw data were deconvol uted by the MaxEnt
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preparati on 'SB%MM@%@ ENOSK ARSI hAB1aM {);}of'e%sq’? (&jé?i?ro 61“?:5215: prot ease

from Biozynme is a na enzyne preparation puri i ntestinal
mucosa ancguaxadmem,tﬁirh]Mhs:pﬂBalamdaMﬂMMTtTm&ucedsmﬂaswa'eldesaltéd) 25 ng

trypsin per n na heref b cfi.ng on the N95K
it ot ed EYBEEOT b+ SPBRE L arApAR codme B Rk vt s g Bola B oauce
t he prigdonihg EIMSLAG dakE Were ActdhvbRfeby Bt M&ma?;hfymﬂ @ gbnetaySmhss spargapept i dase
used to cl eave w | d- ty e neublastin Is a single protease activity acting on

the car bd¥is preedungll owsa@tmle %h@égeﬂy@ﬂétq@haﬁ?eme&n@ apakdhatgireethh the Hi s
tag to pr %thésg Igorms tc#slécm s@ﬁ?l&ﬁdé?déxg(ﬂﬂib éhééan{z&iﬁ%hnﬁgﬁbe&hﬁn 106 and

113 .am no aci neublastin are equall'y ‘active 1 n all" assays
t est ed andotoweildtype shaweddhd gredomgararspdmeses HO#6 Naaivhichtiyint agetement \Nduthb astin

activity was,. er.m ned by i i 4Lt 0 i.mul at e, ¢- Ret hos orylation in
Bl Ao nRPP] ORI i Dfor i 1t bl For i B ISR A
Phosphgry Imh@cboﬁprnenmas gisd eséeﬁdadlmosa Dapaiggedging Zhdwredense 6 (ﬂﬁﬁtlbl’[ ed
receptor with HRP-conj ugat ed phosphot yrosi ne anti bo1 y.(4GLQ; O. gr per

vel ). FolPresihehn g hrsreperkvieraideiiied mabe P mplated nayblagiy protsu -‘fmiey he

PCT/ USZOO%Q&%Zﬁéon&@aaﬁ&s&heed% Bardidt bidlelER mag i 11545 DR Rrdeméhi winget ect ed

at 450 mmwith a colorinetric assa The absorbance values Tromwells
treat ed withdpredictad masﬁfomlmﬁoﬁmm) asist foam ofithe meoteinr 3 he pbastwomeakydwdk gr ound

cor 1 ect ed., A0d es 388 19D HE e MO b B oSRAGRA Jrahd P Of

neubl astin pr esen he ac Xture nonstraté that the
puri fi2ed &mmmrmmemlcumptldes resulted in the appearance of

i s asshy. BxERsPEss pf B 4P and flzamgo o maRb ANy Scnbe LA IIBER] Lgat o

protein preparation is attributable to digestion with enterokinase. This protease from

Biozyme is a natural enzyme preparation purified from calf intestinal mucosa and is reported
to contain a slight trypsin contamination (0.25 ng trypsin per pg enterokinase). Therefore,

25  trypsin may be acting on the N95SK mutated neublastin protein on the carboxy terminal side
of Arg7 to produce the predominant 106 amino acid form. On the other hand, lysyl
endopeptidase used to cleave wild-type neublastin is a single protease activity acting on the
carboxy terminal side of the lysine residue contained within the His tag to produce the mature
113 amino acid neublastin form. Both the 106 and 113 amino acid forms of neublastin are

30 equally active in all assays tested and behave similarly in guanidine-HCI stability tests.

Neublastin activity was determined by its ability to stimulate c-Ret phosphorylation in
NB41A3-mRL3 cells using the KIRA ELISA described in Example 3. Phosphorylated Ret
was detected by incubating (2 hours) the captured receptor with HRP-conjugated
phosphotyrosine antibody (4G10; 0.2 pg per well). Following the incubation, the wells were
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Wl d-type rat neublastin at a concentration of 1 ng/m in PBS was treated
with 1 mM sul fo-SMCC (Pierce) and desalted to renove excess cross-1linker.
Since the wild-type 10 neublastin protein contains only a single anm ne at

i ts am no- (&5 sosleerRNd no free sul ffhydryl groups, reagtiR8odd763VCC Was
expected to result in site-specific nodification of the neu;f)l astin with
SMCC attached at its amno-term nus. Next, 60 g of the neublastin-SMCC

conj ugat e wastedisixctithest veith ¥BST, dhdGheHRP attbartyrdetected atdlOadn siithra caludineendd yzed f or
extent of cross-|inking by SDS PA BSA, contains a. Si e free SH group
and conseaﬁ’@ﬁtf‘y3 "rbé%ri’?‘?cﬁﬁy aljes OPH%%‘S%F%%’E‘MXS%%&%@W@Q‘%“?@W Hfected to
resul t i npeadirdd, BadkisRind borrdtied, 8id tBe Hith Plo8Bd A EfRBhd oY tREcabedtAfiobCC.  Under

t hese conditions, two additional bands of hi %her nmol ecul ar wei ght were

obser ved, noihlashn aresent inbthsaghivation mixtaies Shodets depenstratedhatdbe pirifiede neubl astin
oor : : i ; o o
ol oot e Dottt olfBlstidle 8K ih the abirind o PRS- RS RGBS | 1

consequenpiujfiat reublastingwasearkime inthishassali s noti on. Concurrent with the
formati on of these bands, was a decrease in the intensity of the

neubl ast i Ex&hkplé @nPreparationcofasSer@msAtiumin-NeeblastireGenjugatef t he r enai ni ng
neubl astin band, the reaction appeared to have gone to 70-80% conpl eti on.
The nmonosubst i Witdetypgrab deubiastia at peomicénitmtion oftlhmee in @BStwasrtreatied twithel thiyl

subj ectin h material, t tion exchange r omgt ogr.aphy, and si ze

excl usi ong‘élh?mg{%ﬁﬁfn@ﬂesﬁﬂ%ﬁgpﬂwxﬁ% C%ST'%r%gMcwg'%gsent ially
as degqori hesbldstih pfitédi aiithial oflyaGirRte dhif€ aSSehind Renibus &ad hdfed sudydrons from
the gel filtration run were analyzed by SDS-PAGE and thgse  contalning the

monosubst BFPdeasker with SMG@ was s¥rested 14 ipulpinsitespecilismedificalion b her bance at
280 nm Sh@@ﬁasiiﬂ‘%viﬂﬁ%ﬁC@aﬁ&%%dé?it%ﬁ@&rﬁﬂu@' y twice that of neublastin, the

apparent 30 concentration was divided by a fact or of 3 to give the
neubl asti n equiNext 6hpg offthe nefiblastiniSMCC worjugaihvesineubatedi with B20asgdfyhoivinef or

function in the KI.RA FLI SA . .C50 values f.0f. - d. BSA- conj ugat ed
neubl st | AR R s SrtielfortiRs iR Bk SrsiatE, EARAEC T

co rr}:)r asi s eﬁgfelﬂ‘bglslbgouﬁ&ld/@ng&ﬁléﬁtgﬁﬁdc%n Rﬁfﬂlthﬁﬁeﬁhel%ﬁmsm cothugate i§ hes eI ]
prelimnary stuydies were nerated,w, th BSA,  the correspondi r.um al bum n
prot ei ns FX% R EsUhn F@°§Ia§%1¥btﬁ pyghthe F‘é‘?“@‘lq??@%?ﬁ@ﬂagnif%‘}“a_ sinilar
approach ¢aQe &affRRs, the all@itieR Bhkis@f BighémASR PRl dH WePs Stabrva® Wilidstré N

conjugate for perform ng PK and efficacy studies in rats and human serum
al bumi n- haenststané inonasstwith medificatioa of themewhjastinivithosingle BSsmoistyrand svithy  SMCC
can be sulsh B el iiREY @l nlb BUTRESIe e PR ool BHFS orkli naP Rl 31 0 an
am no reactive group on one side and a thiol reactive group on the other
si de. 28xanpdeego whction ael coasuently are msagrdemehtewish thisatotions €ohcuarehtwith the

reactive-mml ol.m Sfindleands, was a decrease in the intensity of the neublastin-SMCC and BSA

bands. Based on the intensity of the remaining neublastin band, the reaction appeared to have
gone to 70-80% completion.
The monosubstituted product was purified from the reaction mixture by subjecting the
25  material to cation exchange chromatography and size exclusion chromatography on a
Superdex 200 column (Pharmacia) essentially as described for PEGylation studies discussed
above. Column fractions from the gel filtration run were analyzed by SDS-PAGE and those
containing the monosubstituted product were analyzed for protein content by absorbance at
280 nm. Since the mass of BSA is approximately twice that of neublastin, the apparent
30 concentration was divided by a factor of 3 to give the neublastin equivalent. This fraction
was subjected this to analysis for function in the KIRA ELISA. IC50 values for both the wt-
and BSA-conjugated neublastin were 3-6 nM, indicating that conjugation to the BSA had not

compromised function.
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AMAS, BMPS, MBS, EMCS, SMPB, SWMPH, KMJS, or GMBS, that insert a thiol
reactive- hal oacetate group are SBAP, SIA SLAB and that provide a protected
or non protected thiol 10 for reaction with sulthydryl groups to product a
reduci bl e lWokadgsafee SPDP, SMPT, SATA, or SATP all of pphichedbd-avai | able
from Pierce. Such cross linkers are nerely exenplary ang many a ternatlve
strategies are anticipated for linking the am no-term nus of neublastin with
serum al bumi n. Mﬁbk:hésleqacblmmiryamdab wsereqgenérdted evithrB8 Ao, thoeyrregpdndmgiseruger um

al bum n that are _not tar ete e am no-ter blastln or at the
Chi ol toi G ProkAE e st e e PR A B85 Him CATSAHORIY BOTURE. o eat ed
usi ng genapp@a@rtghmeappm t9/gerepaté) € £ kGmlialbuntin-rit weekladtia cohf aefdtm al bum n
gene at its am _no-term nus, carboxy-term nus, or at both ends, are also

oxpect ed RETHEIRGRE PR FHicAC PGS BTHb an LA BR B R RSHb AR P c |
adapt ali Ol eiApYIieH B Sifinay SMCELAE DAL ARh Sof O mitbk Br LiGsUl 11
a product wth a prol onged Ife 1n animals and 2 consequent y in
humans. BExlikers tha¥ contriyp gn ammozraaqtlan granpl osoneisideiansl a3biod reactieg growp @f theiuman
Neubl ast i Nth §e

ne I X A
standard proce gure %é’i]es'%?{i"oetrgaﬁg %8% %St%%% ésﬁﬁg T&}ﬁ%&jﬁgw ea? al .,
19|91 Sci AMASZBRPSMBSIEMICS,BNMIPB, SNIPH,'[K(MESWGHGI\H ithiat &igdrt athjl-c%l reactlve- _
sel enonet hi oni ne-i ncor oncentr te to in
0.8 M argi °ﬁ%etatera@u5@%§eﬁ$f gﬁlé % d B pERH %&@a tects ffzn%prmecﬁeﬁge
ar gi niqpe. fo&y&fbﬁhﬁthwfﬁ &Srlo%ﬂuéﬂ)fo gﬁbﬁu&%@&l ¥ REPDH, KM, QATAET hod
(Jancari k, J. I—?, . Crystal Fogr 24, 409-411) out of
1.25 M nag»ﬁ@MBmllgxi Mrhmheare available o lf;lPICC 6Swhaross figkers are meely exemplayad bl e

t al ted b
Crystals MBS sRBhBICH Y LA BRARHRT B (TRGe MOl Bemnlff B GLRGEPLRE! o0 DY

the addition”di cho ever seconds to a
concent r atsemmm aibumin?2 A Mlﬂml@nmruahmsuud germraté)cdnjmgabd&& i . athumam thaB4386 (v/ v)

Oyt als AbHEReda theyity ermting ALteyanr & Pt abif] mobliConsetiny Sl op "
ystal s (o a
beam i13e Xetiblagtin-§dh@m Nful@i Alsiony Bfehle® tigigg &ieﬁ@éng&ﬁéﬁﬁ whblRlineiblash)lis Dat a

processing with the HKL program package (Otw nowski (1993) in: Proceeding

of the editqthy SepBLAEbRMINEER G4 PRo\GURINDS GarPeXSeTIINGS.y 2 btk w3, are
Oollectlorhls%réq SRQAGE DS inRRtibmaver et al., Eds.) pp. 56-62, Daresbury

Labor atory, r| n tongﬁﬁﬁreveal ed the crystals to belong to a C2 space group
with 1 coval entThdilmﬁhocbmn lasytméadthmudnmuhncampmppnmmmneubi@tln-sctumens| ons
a=11 SA,  bh=33 A. 90 UGt ure was
ol ved by MR s e uAER it S VIR Sap PRas it it B 1
wer e ak edniequehtlyih Mirkhnd. for 4 hours, 10 MM IrC13 for 72 hours, and 10 nM

lrCl6 for 18 hours and data collected and processedl__lbl¥l Rle HKL .suite
(Ot wi nows & xample,y: € Crystallization and Structure Determination of Human Neublastin

Selenomethlomne labeled neublastin was expressed using a standard procedure to
inhibit methionine biosynthesis (Van Duyne, et al., 1991, Science 252, 839-842). Both
wildtype neublastin and selenomethionine-incorporated neublastin was concentrated to 17

25 mg/mlin 0.8 M arginine. The protein stock was concentrated to 17 mg/ml in 0.8 M arginine.
Crystals were grown by the hanging-drop vapor diffusion method (Jancarik, J, & Kim, S.H.
,1991, J. Appl. Crystallogr. 24, 409-411) out of 1.25 M magnesium sulfate, 0.1 M MES pH
6.5 at 20°C. The most reproducible crystals were obtained by microseeding. The crystals
were cryoprotected by the addition of 5% ethylene glycol every 60 seconds to a final

30 concentration of 1.25 M magnesium sulfate, 0.1 M MES pH 6.5, and 30% (v/v) ethylene
glycol and then frozen by quick transfer into liquid nitrogen.

Crystals approximately 100 microns on each side diffracted to 1.6A at beamline X4A
at the National Synchrotron Light Source (Upton, NY). Data processing with the HKL
program package (Otwinowski (1993) in: Proceeding of the CCP4 Study Weekend: Data
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supra). The two sel enonethionine sites were | ocated by inspection of

I sonor phous and anomal ous di fference pattersons. The remaining sites were
| ocat ed using SOLVE (4). The phases were inproved by RESOLVE (Terwi | li ger

et al., 199399 20086és37¢Cr ystal logr. D. 55, 849 10 861) to q,cfrhgg{?gm&fm:;rrerit of
0.56 and resulting maps were of sufficient quality to trace the neublastin
nodel . Alternating cycles of nodel building with 02D (5 GJ Kleywegt & T A
Jones, " 0ZDBllecticnandBrocessing (Saterveh nk, Bda) ppl 56-62p Deedsbyry 1aBdrptoay) Wardhgtosnent

wi th CNX usi a nmhl rget .and_.refi ned agai hst t he.sel enonet hi oni ne dat a
Moul Cou TRveRltd o susls foipftine 187 Colshice REToRoR ['Rovalenf aier BRETCRS e
first am padhgirodinete bl damRnae+dSA 3533l Ic=35 ABEnd\@t 9=90% pandcecul es and 6

sul fate anions. The final Rfi. is 28.5% and R-factor is 24.7%to 2. CA with
good st er eochefhe etyytal ushs wassohad by audtime vametphaps wplagements MNativeg of

He g S '
parig %ﬁtﬁ&ﬁnl‘é‘%&a‘tﬁb&% s&Ikeg F]-é?&lvﬂﬂcfl%fo?ﬁ h@&stl%ﬁéisqﬁ%@ u?s;('anrdelgoi on of

appr oxi mate equi eral "trran are cated on at the“ pre- el
t he neubl asMilrClsforfl8 heurannd daiacalected aad protesaedbynttie BKIssuite (OB@Anbwski kiegdar i n

|fate. Th th i that .to have k
"t or act | GHEBh Y R OE PR gt dp g o BERAS HORSIN & oge her

al | three aféthileaedifferédce phftersait] ThHéZ¢maihing sieackdro R ateBusieg SOLSEA@).STHW t h
sulfate #2, while its side_chain g(uanl_dl_ ni um gr ou forms a bifurcated

hydr ogen PEAES WeteHmpraved Py RESO Teowilljges el w%ﬁgicm Gesiadegralles T ’49)
forms 1 h%!i?%%rﬁ xﬂ\érh*&fé}skfaﬁ&Fesi."ﬁ%ngﬂﬂ%éwéﬂa'o@gu@imh{daﬁfitsyf@%é’é’tﬂe( RS 1)
25 hydro | fale #6. I Tate

forms a | on gen bond to sulfta _ These su may represent
bi ndi ng paciastinagdeh oblernatingislyélas ef model building with O2BJS @I Kieywegiok TtAvel y
charged resi du ol d reduc rin_ sulfate bindi n i rease
and/ or deﬁgr;lle%t :%Zzg éﬁ'g Seiﬂag tﬁ?ﬁ@%ﬁvéggﬁ ﬁp%%liaécl:%ﬁ%g%r@ Fﬂe@ﬁ@%&@(u@ﬁ%

adm ni st r atrhibhtargdt amitefinalf againeiths selerdethidrinddutauisilted ie B bbrapleteinddey ofb e

IR Sl R E I e ot

sacchani dgpdibdhkddnd B sh18itE gnibis. MEREMAIR S Ui 8159 SddoROrdchs: €24/ 75ab 2 DRI whgf ur e of
FG--1 conplexed to heparin sulfate are separated by approxi mately 8.5A

(Pel | egri rgoodstergpchemisy00) Nature 407, 1029-1034). This neasurement closely

h | f s _ sl | inth
neubl gt el e IR Sty Bl Modung bR ARG U1 %% 0 64 v

2004/ 069176 PCH dle2& oL sitfates attht sertisesitT anapproRinmteceqnéparabtrindgloyre8. 1 A.
Thi s di stgnce ,nmeasyr enent,, correspondance .coul.d indicate that .thjs .

RA8/ RA9] RALCHRGORA e BRS:PElixPEian AL (s APYPLASIR ARiape and coule papeesel g indize gy

si ngl @psi trer Hephrid sdfafe, qfheﬁ%g thrée arsihinBeeki dues ﬂlhtﬁp%é&&@hﬁk‘e layRheladtidhs OF any

ot her non-positive amno acid, mght reduce heparin sul fate binding

af finity withhibese spliates: i Thy arginine sesidye 8438 dinks tegethey allthye selfates(#hdithingst i n,
thereby resyl{d fldildhe AR RS 1Y suifale MEwRIORY Gle SR pdd@RiiBum group
forms a bifurcated hydrogen bond with sulfates #6 and #3. A second arginine residue (R49)
forms a hydrogen bond with sulfate #2 and a third arginine residue (R51) forms a long
25 hydrogen bond to sulfate #6.
These sulfates may represent binding pockets for heparin sulfate, which if mutated to

jo—

non-positively charged residues could reduce heparin sulfate binding and possibly decrease
and/or delay clearance of the neublastin molecule upon in vivo administration. A model of
heparin sulfate bound to neublastin may be constructed by superimposing the sulfates of the
30 glycosaminoglycan with the existing sulfates of the neublastin crystal structure. The n and
n+2 saccharide-linked sulfates in heparin sulfate from the crystal structure of FGF-1
complexed to heparin sulfate are separated by approximately 8.5A (Pellegrini et al., (2000)
Nature 407, 1029-1034). This measurement closely matches the distance between sulfates of
the 3-sulfate cluster in the neublastin structure; sulfates #3 and #6 are separated by 8.8 A and
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prol onged half-life in animals and consequently in humans. To test this
possibility, we are generating a series of constructs that contain one or
nore arginines nutated to glutam c acids. The nutated neubl astin products

wi Il be exgyenepsbot?da E. coli, purified and refol ded, angcri8sbHeb2tes"
function. Finally, the products will be tested for ability to ﬁi‘b d@hepari n

and for 10 pharnmacoki neti cs and pharnmacodynam cs in aninals. One or nore of
t hese si t eulfatésgiitand #2 areseparatdd byBHek. This distanos mPEGyenznt corresponslanaeaoulde

acconpl i she Lepl aci ith. nd | yving.the .neth descri bed
Sbove:  EifiameiRisieientclh 3t pbus P SRR SiatipdRik P RO IREEK on
Rever sal eingleaite imueationslofTR48, RAD obHRP & teoglgrmiate or AspaetttéCorlang atlicp fondposithle Model
of 15 Neurgpat hj c ,Pai n. W_had, previ pus) enponstratedq that 1 ng/ kg

wil d-type C W&htfmhmﬁgﬁatgg@aﬂ%&wm%&?“a&‘éﬁsmﬁ { 0% i n nearly
conpl ebe  bRMapSRtivia 6k HeablaBin, ARtdbY RestftinB @t BRRRIgYally Betivd préfidpihhitas a(t actil e
al I odyni a and thermal hyperal gesia) induced by spinal nérve ligation in the
rat, wher &gonzedbalflifsda apimals endrenseauentiydn hwmansd fortesd this pessibility, e &P nes per

week had . ef f %g ?[Mi - -ASt:j,

adm ni st e%gnd‘;%.nga Sgﬁ%s‘l %{e}gn%%u%tsm%é&tﬁggnl ?lltqg?%/e ate %P #agegﬁ S Qﬁ#\tﬂ{ﬁtﬁﬁ|§‘]é'=,1a§r?mdeI .

Here, we dheorutdted subbhstirsproducisivilHsesexiplessed v Er aodil, parifiselcind oéfoliedyandt ed NO5K

neubl astin tactil e_allodyni a.and ther nal r.al gesia in.the ung L5/L6

pi nal ne I ron- . - - 3809)

A sestsdor oo s the gt L e KRR S hinhipaud A fgp

were dovi @Bstniabélandtio® ast shaBsacoblhandbs ihahimdlgcei ved the spinal nerve

| i gati on. One grégup of rats (n=6), was adm_ ni stered vehicle by _subcutaneous
As

i nj ecti on. REmgreRfiihese siteprmight also nsevideptbensytenior BEGyltian ehichgan be

pegyl at ed 4 L : | NBYAOS ubcut aneous
I nj ection agt 0S g?%lgreﬁ%%lﬂ%g{%xﬁg% Oéga%g%@ng%%6 Nggc%dg%cg{r%? ?%(%vg. neubl astin

protein that ag,kndfl bosglel FaH AR MARN:E Sfr%ﬁ%Nltﬂﬁimwno aci d
substi tut 'lﬁgel_% E.)ieoeﬂl y?&% l?%laﬂ&i LGiduMsadibpncat i on of
7amq a S , an I na pegylated w an " average of 3.3 PEG
noi et | gs europatitte ey NBN, using mnet hoxyl pol y(et hyl ene gl ycol)- succini m dyl
' t SPA; s . . t. Th
Veni ol e consi st IR E e e T ity PSS ERE LT o T
o e oo
ol |l owi n e.operati 0S . : e
Von Pr ey bebmistaadie aiodvfiagud hers WSarralersie) iber by spio dem8 eding in te
Har gr eave'rgt, whéredsq). (o8 e Sildype fickBf8tin, alfdinisterdds.c. 3B pp el hay@ tests

were used to nmonitor tactile and thermal responses, respectively. These

pai n R8spsHedend8dangfise prd?.6 mngfkg wild-type mpeblasin administeredes.o. B Gime oy wesk
est abl i sh{DRGeL RS- SHANSEfis B0day 2 post-SNL to verify the presence of
Here, we describe studies to address the reversal effect of pegylated N95K neublastin

on tactile allodynia and thermal hyperalgesia in the Chung L5/L6 spinal nerve ligation
(“SNL”) model. Sprague-Dawley male rats (230 - 380g) were divided into two groups. All
25 rats received the spinal nerve ligation. One group of rats (n=6) was administered vehicle by -
subcutaneous injection. A second group of rats (n=6 per group) were administered pegylated
N95K neublastin (3,(4) X 10 kDa PEG NBN106-N95K) by subcutaneous injection at 10
pg/kg. 3(;4) X 10 kDa PEG NBN106-N95K, comprised neublastin protein that was E. coli-
derived and contained an Asn-to-Lys amino acid substitution at position 95, then truncated
30 (amino-terminus truncation of 7 amino acids; NBN106), and finally pegylated with an
average of 3.3 PEG moieties per dimer of NBN, using methoxylpoly(ethylene glycol)-
succinimidyl propionate (SPA-PEG) with a molecular mass of 10,000 Da as the reactant. The
vehicle consisted of 5 mM phosphate and 150 mM sodium chloride at pH 6.5. Subcutaneous
injections 'were administered on days 3, 5, 7, 10, 12 and 14 following the operation (post-
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5 tactile and thermal hyperal gesia, and then on days 3, 5, 7, 10, 12, 14 and
15 post-SNL. To assess statistical significance of drug treatnent rel ative
to vehicle treatnment, a 1-way analysis of variance (1-way ANOVA) was

carried ouyof26dsoevi®gl by a post-hoc Student Neuman Keul ¢ 14&3@;94,051?7% Bot h
10 types of neuropathic pain behavior (tactile allodynia and thernal

hyperal gesia ) developed fully by day 2 post-SNL, as expected. Subcutaneous
adm ni st rﬁfﬁ)oﬂ“heﬁoﬁ@‘rgg&ﬂtgplﬁﬁdi)alﬂﬁ%),kweﬂﬁ@zmw SBNSeB) hedHargreawdist ant i al

d stat I h t f th
Pt w t iiatarypeee il e Gl 1A SAS BBl B ard B 1S moRHAR e B "
ef f ect ofthék&agiek;gmae(sm)esﬁécﬁoelkEmhdaEﬁa]hlBéﬂﬁ&fsemalé mxsmﬁomlrpm tcsuhasplhalw ty and
tactile aIIo nlaflrs]éqzeca statisticgll flca,%h dag/ns after the
initiati GFYEFHE 'a‘?ﬂfﬁleét? baselige respoRsP PR 42 BP@t' foaentnthe prrsencgpf ect of 10
g/ kg 3(, 4&cﬂi%éﬂd§&>ﬁnaf§}%ef\ﬁé\% 6&11}1%&{1(1'&5'9!5@, 1@@@514édﬂ'lt5>bo§1!3§1\liaf6' le

al  odyni a reached a plateau approxi mte days after the initiation of
adni ni st rasiepoHiatistical gigpiippneerad érmzﬂm@eumlmﬂmvemeiream@@% 8 loyaypalyyis X 10

kDR, PEG NRVAQG: NS AP, wll Bt o BBbk U Sod 18 ShARNBLETNAL, Det veer

adm ni strations re was su nor mal i z ion of pain
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allodynia reached a plateau approximately 4 days after the initiation of administration of

20 pegylated N95K neublastin. The effects of 3(;4) X 10 kDa PEG NBN106-N95K did not
diminish during the 2 to 3 day interval between administrations. In fact, there was substantial
normalization of pain behaviors between the administrations of pegylated N95K neublastin

on days 5 and 7. In another experiment (data not shown), subcutaneous administration of 3
pg/kg 3(,4) X 10 kDa PEG NBN106-N95K on days 3, 5, 7, 10, 12 and 14 led to a significant

25 normalization of pain behaviors (tactile and thermal hyperalgesia) in the SNL model, though
the onset of the effect was somewhat slower.

These results demonstrated that of 3(,4) X 10 kDa PEG NBN106-N95K has an
increased potency of at least 100 to 333-fold over non-mutated non-glycosylated neublastin
on tactile allodynia and thermal hyperalgesia pain behaviors in the SNL model. The enhanced

30 pharmacokinetic properties of 3(;4) X 10 kDa PEG N95K NBN106 compared to non-mutated
non-glycosylated neublastin indicated that efficacy of systemically administered neublastin
correlates with serum levels of neublastin. These results demonstrated that polymer

conjugates of mutated neublastin can be used to treat neuropathic pain in patients with greatly
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Amino Acids Amno Acid Mce After s.c. EC50 -Max Adm nistration Efficacy vs
WI NBN ad 0.4-1.2 nM 100% NBN104 (CHO 95,95 nd 0.7 nM90% 2 X 5 kDa 1,1
nd 0.2 nM 105% PEG NBN 4 X 5 kDa PEG 1,1,95,95 nd 1 nM 80% NBN106- N95K
2X10kDa 1, fygodhsaid! 72% PEG NBN 1 X 20 kDa 1 nd 0.2 npbSa%uodbosiashed
PEGNBN 1 X 20 kDa 1 95,95 ++ 0.3 nM 110% PEG NBN104 (CHO 3 X 10 kDa
1,1,95 ++ 0.7 nM 115% PEG WI/ NO95K-NBN106 3 X 10 kDa PEG 1,1,95 ++ 0.8 nM
100% NBNiécdbddses3 and ﬁateﬁﬁailg rédaBedldobin® Frequétiey, due td tiRirthh@e4@ PEG NBN106
N95K 4 X 10 kDa PEG 1,1, 95, 95 ++ 11 nM >80% NBN106- NO5K 2 X20 kDa 1,1 +

0. 6 nM godioapgiiabiljtcompareditopmgonjugated peublagdis i ve i nactive Branched PEG

NBN106- NO5K 2 X 20 kDa 1,1 95,95 ++ 1 nM 105% PEG NBN104 ( CHO
Table 8. Biological Characterization of PEGylated NBN

Formof NBN  PEGylated  Glycosylated Exposure in KIRA: KIRA:
Amino Acids Amino Acld Mice Afters.c. ~EC50 ~Max
Administration Efficacy
vs WT
NBN nd 04-120M  100%
NBN104 (CHO) 95,95 nd 0.7 sM 90%
2X5kDa 1,1 nd 02oM 105%
PEG-NBN
4 X 5kDaPEG 1,1,95,95 nd 1 oM 80%
NBN106- N95K
2X10kDa 1,1 nd 0.2 oM 72%
PEG-NBN
1X20kDa 1 nd 0.2 oM 83%
Branched
PEG-NBN
1X20kDa 1 95,95 ++ 0.3 oM 110%
PEG-NBN104
(CHO)
3X10kDa 1,1,95 ++ 0.7 M 115%
PEG-WT/
N95K-NBN106
3X 10 kDa PEG 1,1,95 ++ 0.8 oM 100%
NBN106-N95K
3(4)X10kDa 1,1,95 (,95) ++ 1.6 aM 90%
PEG NBN106-
N9sK
4X 10 kDa PEG 1,1,95,95 + 11 M >80%
NBN106-N95K
2X20kDa 1,1 + 0.6 nM 80%
PEG-NBN
2X20kDa 1,95 ++ inactive inactive
Branched PEG
NBN106-N95K .
2X20kDa 1,1 95,95 ++ 1M 105%
PEG-NBN104
(CHO)

Note: nd denotes not detectable, + indicates low-moderate exposure, ++ indicates high exposure

5 Note: all are NBN113, unless otherwise indicated
Note: all are E. coli derived, unless CHO Is Indicated

10
SEQ ID NO: | Sequence:
1 Consensus mature neublastin polypeptide - 113 aa
2 Human mature NBN113
3 Mouse mature NBN113
4 Rat mature NBN113
5 PreproNBN - 220 aa
6 Mature NBN140
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Note: nd denotes not detectable, + indicates |ow noderate exposure, ++

I ndi cates high exposure 5 Note: all are NBN113, unless otherw se indicated
Note: all are F. coli derived, unless CHO Is Indicated 10 SEQ ID NGO
Sequence: g RIEGIFES Mature neubl astin pol ypeptide - 1p8r@Soo04ookkssan nmat ure
NBN113 3 Mouse mature NBN113 4 Rat mature NBN113 5 PreproNBN - 220 as 6
Mat ure NBN140 67 WD 2004/ 069176 PCT/ US2004/ 002763 7 Matur eNBN116 8

Truncated _NBN1 712 .9 [IWMameXNBNIUBN111 10 Truncat edNBN110 11 Tnntat edNBN109
12 Truncdted NBN108 |1TBuncandNBANINBN1IO7 14 Tnnrtat edNBN106 15 Truncat ed
NBN105 16 Tr urcat ed NBitibirdted NBNTtluncat ed NBN103 18 -Truncated NBN1O 19
Truncated NBN1OA 20 |TPrumed NEBNBNLOO 21 Truncated NBNI99 22 Pol a tide
DYKDDDDK {- 8 a$l 23 NBiMincate8BBN10 NBN106- NO5K 25 Rat wil d-type ORB - {675
nt 26 Rat| wi | di2 ype prBpucotdBNBPa08/ pepti de - 224 as 27 K132-3 10 Priner] 28
KD2-3 11 |Prinei3 Truncated NBN107
: 14 Truncated NBN106

15 Truncated NBN105

16 Truncated NBN104

17 Truncated NBN103

18 Truncated NBN102

19 Truncated NBN101

20 Truncated NBN100

21 Truncated NBN99

22 Polypeptide DYKDDDDK - 8 aa

23 NBN113-N95K

24 NBN106-N95K

25 Rat wild-type ORF - 675 nt

26 Rat wild-type preproNBN polypeptide - 224 aa

27 KD2-310 Primer

28 KD2-311 Primer

29 KD3-254 Primer

30 KD2-255 Primer

31 KD3-258 Primer

32 KD3-259 Primer

33 KD3-256 Primer

34 KD3-257 Primer

35 His-tagged NBN ORF - 414 nt

36 His-tagged NBN -135 aa

Other Embodiments |

Although particular embodiments have been disclosed herein in detail, this has been
5  done by way of example for purposes of illustration only, and is not intended to be limiting
with respect to the scope of the appended claims, which follow. In particular, it is
contemplated by the inventors that various substitutions, alterations, and modifications may
be made to the invention without departing from the spirit and scope of the invention as
defined by the claims.
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29 KD3-254 Prinmer 30 KD2-255 Primer 31 KD3-258 Prinmer 32 KD3-259 Priner
33 KD3-256 Priner 34 KD3-257 Prinmer 35 His-tagged NBN ORB - 414 nt 36
_His-tagged NBN -135 as O her Enbodi nents Al though particul ar enbodi nents
have been di sclosed herein in detail, this has been 5 done by way of
exanpl e for purposes of illustration only, and is not intended to be
“limting wth respect to the scope of the appended clains, which follow. In
particular, it is contenplated by the inventors that various substitutions,
alterations, and nodifications may be made to the invention wthout
departing fromthe spirit and scope of the invention as defined by the
clains. 68 1. A neubl astin pol ypeptide containing a substitution of one or
nore of the arginine at position 48, the arginine at position 49, or the
arginine at position 51 with a non-positive amno acid residue. 2. The

pol ypeptide of claim1l, wherein the.non-posjtive.amno acid residue is

Y A ok 4 neubladit bolpoa S o hBnigt E O kot 8 8RR MrmBRs ST Esi due
at  posidsitien 4‘ﬁ§tﬂe%r%¥l§1%tdt_tpﬁ§iﬁgn 494 riin@higldid & pRGitidn 54 withendiRpydig | de of
claiml, wherein the arginine residue at position 49 is substituted wth

gl ut arimminaefid reddueThe pol ypeptide of claim 1, wherein the arginine residue
at position 51 is substituted wth glutamc acid. 69 6. A nethod of

i nduci ng fol ding of a denatured neubl astin pol ypeptide, the nethod
conprising contacting a denatured neubl astin pol ypeptide with an anount of a
refolding buffer effective to induce folding of the pol ypeptide, wherein
the refol ding buffer consists of (i) potassium phosphate pH 7.8 at a
concentrati of 50 m i.l).quanidine-HClL at a concentration.of 0.5 M
(TS A o PieeclypdPtids me st Pfrely g mgn Bosiive SRR Rl i fpulani
concendci@tion of 0.1% (v) oxidized glutathione at a concentration of 1 nM
and (vi) reduced glutathione at a concentration of 0.2 nM

3. The polypeptide of claim 1, wherein the arginine residue at position 48 is substituted

with glutamic acid.

4. The polypeptide of claim 1, wherein the arginine residue at position 49 is substituted

with glutamic acid.

5. The polypeptide of claim 1, wherein the arginine residue at position 51 is substituted

with glutamic acid.
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7. The nethod of claim6, wherein the neublastin polypeptide is wild type
neubl astin. 8. The nethod of claim®6, wherein the neublastin polypeptide is
-a nmutated neublastin. 9. A dinmer conprising a first neublastin pol ypeptide
and a second neubl astin pol ypeptide, wherein (a) at |east one of the
polypeptides is glycosylated, and (b) at |east one of the polypeptides is

i ted at it term {0 t.er - sol ubl ynt heti ¢ . 10. Th
G er St “e1i Amshag e O fing of AuFR A rRuce TR e of dhd Bibiothy i ene.
gl yCOlco&F}E@ng coAtaktin %nﬂhf@ﬁrnegﬂl_a&bﬁi) W0 i) b dohSun? OF E‘Pefaﬁiiir% sequence

of the first "and sec%gd neubl asti n pol ypeptide is NBN104 (SEQ ID NGO 16).
12. Thmffér effectof teimduce foldingudties polypeptide; witereini the sfojdmgdmffef cotsisty off st and
second,. neub) astjn pol ypeptide i s NBN104 E .NO 16).. A

pol yneﬁ‘)-%?ﬁsﬁlgb?lé‘tfpg?tﬁé’%eggﬁb?F%’f‘?”r@tr%“cf"i 9@ ‘%M'g%%{ﬁ"ﬂ}én%mﬂ%i ng a first
am no- ¢ o BFOBVAGHIF L Athifind BCPOMPRIARAR O MOMPI TkAdsRaseoond

am no-termnal amno acid, erei n each polypeptide I ndividually conpri ses:
a) an amicenration of §dGuegmy exidivad ghttghiopedt byoraeniraamt of 1096vE @qd €vig eedudeht i t y

W th %gin . acids 8-113 .of ?ggéﬁ%r«l l; b) a cysteine residue at each of
posi t i H@hgne 33 copgentighon &4 V.2BY. and 111 when the pol ypeptides are
nunbered in accordance with SEQID NO 1; c¢c) amno acid residues as foll ows:
C at position 16, L at position 18, Vat position 25, L at position 28, G at
position 29, L at position 30, G at position 31, Eat position 36, F at
position 40, Rat position 41, F at position 42, Cat position 43, G at
position 45, Cat position 47, Cat position 80, Cat position 81, Rat
position 827 tThnedd!dcRim3 whEfdin Hﬁ%ieﬁbl@ﬂir?ﬂoly%y@iﬁe ROS{18 bRR rRdblagtiAt
position 105, A at position 106, C at position 9 and C at position 111,
each when nunbered in accordance with SEQID NO 1; and d) an LG.G repeat,
an FRFC notif, a QPCCRP notif, and a SATACGC notif; wherein at |east the
first pol ypeptide conprises at |east one ami no acid substitution, insertion
or fusion as conpared to SEQ ID NO 1, and wherein the substitution,

insertion or fusion provides an internal polynmer conjugation site to which
a pol ymer i & Tempethedad clapm 6, wherein the neublastin polypeptide is a mutated neublastin.

9. A dimer comprising a first neublastin polypeptide and a second neublastin
polypeptide, wherein (a) at least one of the polypeptides is glycdsylatcd, and (b) at least one

of the polypeptides is conjugated at its N-terminus to a water-soluble synthetic polymer.

10. The dimer of claim 9, wherein water-soluble synthetic polymer is polyethylene
glycol (PEG).
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11. The dimer of claim 9, wherein the amino acid sequence of the first and second

neublastin polypeptide is NBN104 (SEQ ID NO:16).

12. The dimer of claim 10, wherein the amino acid sequence of the first and second

neublastin polypeptide is NBN104 (SEQ ID NO:16).

13. A polymer-conjugated dimer comprising a first polypeptide comprising a first
amino-terminal amino acid and a second polypeptide comprising a second amino-terminal

amino acid, wherein each polypeptide individually comprises:

a) an amino acid sequence characterized by at least 70% sequence identity with amino

acids 8-113 of SEQ ID NO:1;

b) a cysteine residue at each of positions 16, 43, 47, 80, 81, 109, and 111 when the
polypeptides are numbered in accordance with SEQID NO:1;

¢) amino acid residues as follows:

C at position 16, L at position 18, V at position 25, L at position 28, G at
position 29, L at position 30, G at position 31, E at position 36, F at position 40, R at position
41, F at position 42, C at position 43, G at position 43, C at position 47, C at position 80, C at
position 81, R at position 82, P at position 83, F at position 91, D at position 93, S at position
105, A at position 106, C at position 109 and C at position 111, each when numbered in
accordance with SEQ ID NO:1; and

d) an LGLG repeat, an FRFC motif, a QPCCRP motif, and a SATACGC muotif;

wherein at least the first polypeptide comprises at least one amino acid substitution,
insertion or fusion as compared to SEQ ID NO:1, and wherein the substitution, insertion or

fusion provides an internal polymer conjugation site to which a polymer is conjugated.
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