POLYMER CONJUGATES OF NEUBLASTIN AND METHODS OF. USING SAME 5 FI ELD OF THE
| NVENTI ON The invention relates generally to pol ypeptides and nore
particularly to nodified neurotrophic polypeptides and net hods of using

t hese nodified pol ypeptides. 10 BACKGROUND OF THE | NVENTI ON Neur ot r ophi c
factors are naturally-occurring proteins that pronote survival, maintain
phenotypic differentiation, prevent degeneration, and enhance the activity
of neuronal cells 15 and tissues. Neurotrophic factors are isolated from
neural tissue and fromnon-neural tissue that is innervated by the nervous
system and have > Sifled.1 I [ turally rel ated
groups, also ref ﬂﬁM@tﬁﬁﬁﬂ@é%@%ﬁﬁwgwlN%Wm lies. Anmong
t he neurotrophic-factor suNMETHODSOBUSING SAMED| ast growt h factor,
neurotropbin, and transformng growh factor-(err) (TG (3) superfamli es.
| ndi vi dual species of neurotrophic 20 factors are distinguished by their
physi cal 5structure, their interaction with their cognate receptors, and
their affects on various types of nerve cells. Cassified within the TG (3
superfam |y are the glial cel|FiELp®FRIE REENTEIN ot r ophi ¢ factor (GDNF) °

| i gands, which include GDNF, persephin (PSP) and neurturin (NTN). The

| i gands of the GBimvenioh eantds gersrile toipalypeptidksand ek partidwlaly tomaeddiednduce .
signaling @r&aﬁﬁyﬁhyyﬁepﬁeﬁﬁﬁn{eﬁnﬁ@smfﬂéingttﬂefs&)ﬁﬂo&ﬁe ddofR8RidesThese three |igands

of the GDNF subfam differ 1ntheir relative affinities for a famly of

neurotrdBhi c receptors, the GFRa receptors. A recently described

neurotrophic factor is "neughagEifunn OF rERENvENMRID! astin is classified
~within the GCDNF subfam |y because it shares _regions of honology w th other

GDNF |'i gands an@iech@6aasheSa@bes hib far@ ity dcbbridOprBtbitinht QronfRtudthl, Mah@in RET.
Unl i ke ot her, GDNF Lg% i gands, neublastin is hi ghg{? selective for the
GFR( er 1) 3- FRASTOYRICBprgnatghpierspt depsrengtion 1AM BEHE rronghot fue |
subregi ans and tistuss. AErBGophRifsticdearesINel frdiicaral tidad 2l from ReLuAblssk | s cl ear ed
201y, O AR g 03 AR TSR SR BB R
neubl ast i n serchualy sladdgrovhsa veo ieflrgedaselinbico aumifhmibies, ortsybfar@ies| AGowenary of t he
I nvention the neurotrophic factor superfamilies are the fibroblast growth factor, neurotrophin, and
transforming growth factor-B (TGF-B) superfamilies. Individual species of neurotmbhic
20 factors are distinguished by their physical structure, their interaction with théir cognate
receptors, and their affects on various types of necve cells. Classified within ﬂ'le TGE-B
superfamily are the glial cell line-derived neurotrophic factor (GDNF) ligands, which include
GDNF, persephin :(PSP) and neurturin (NTN). - _
The ligands of the GDNF subfamily have in common their ability to-induce signaling
25  through the RET receptor tyrosine kinase. These three ligands of the GDNF subfamily differ
in their relative affinities for a family of heurotrophic rccéptors, the GFRo receptors. o
A recently described neurotrophic factor is "_neublastiﬁ," or "NBN." Neublastin is
classified within the .GDNF subfamily because it shares regions of homelogy with other
GDNF ligands and because of its ability to biﬁd to, apd activate, RET. Uniike-other GDNF
30 ligands, neublastin is highly seleciive for the GFRO(BERET receptor complex. In addition,
NBN contains unique subregions in’its amino acid sequence.
Unfortunately, neublasiin is cleared rapidly by the body. This rapid clearance can
frustrate the use of neublastin in therapeutic -applicatiqns. Thus, a need exists to identify
neublastin variants that have increased bioavailability.
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The present invention is based in part on the discovery of novel forns of
neubl astin that show enhanced pharnoki netic and bioavailability properties
in vivo. These novel fornms 5 include variant neublastin polypeptides
conjugated to polyneric nolecules. In one aspect, the invention features a
vari ant neubl astin pol ypeptide, or nmutein neublastin polypeptide, that

i ncl udes an am no acid sequence having one or nore amno acid substitutions
at sol vent - exposed positions of the nmature neublastin diner. The present
substitutions introduce into the native neubl astin pol ypepti de one or nore
sites at which 10 substances, such as naturally occurring or synthetic

polymers, can be attached to iSagmmAsy ¥P@iRiTindentish as t 0 enhance its
solubility, and hence its bioavailability, in vi vo Pr eferably, the present

variant polypepthdpsshihlds: AuRTlAL AR ST BET b SARLAAR: | dent | cal
i ncl udes onéhapshow geharced phagmoldpsitie and eaviilebitity properties inwive nThase nayRl FBM&Ci d ot her

than argisni %lﬁgw&ﬁnaibla@mﬁbowp@ﬁld& Jﬁgdtéﬂt&ﬁﬁyrﬁ’é%%le@ﬁbsd sequence of the
vari ant pol ypeptide, an am no acid other than arginine at position 39

occurs in the arlhﬂﬁbaﬁﬁdcdttﬁ&ﬂﬂr&lﬁﬁﬁ:a@:i*cshhﬁmﬁﬁfehiﬂﬂhnﬁ(ﬂizgéﬂ&ﬁ]ldrdﬁteuan am no acid
ot her than arg n| n 68 occurc{sﬁel n the vari ant H‘Qf“r'{é'ge t| de, or an

am no acid 8t "’tpﬁa)(ﬁep S\Qg"ﬁ 138| & 2 PRI PG HIYRE Fffe F i ant
pol ypept i de subafitationt fisolpans-Etposed poditions higheamatmwe nevbbsthslimercTheprdsat ed i n

aceor dance Wik eiRol DRR deIRReANGE Al peARRA DN e 80t USeC ner ei .

i
"wi | d-type neublastin refers natural 'y-occurring or native
neubl asti®n peisiapep sych as mémlymeaiting o byntstia fektmersf can e attagheddethe or  hunan

neubl astin (§esptideSo & to E‘J§EQB it? sOBilied,; anBhen® irshloavamiRGifiy| ih GivhapkRRbIyNeubl astin
pol ypeptides are referred tq herein as "NBN XINLX2" "or "X1NI X2- NBN' wherein

X1 refers tH‘Cé’FFS%i‘h’(aﬁ‘ént&E'iYEFPB@eséf‘cVﬁd?ﬁf‘%‘Wmdﬁé‘iﬂ?ﬁ“%%tll‘?‘lstﬂe%yﬁé% Be, NI refers

t o the numekinakci@®siiBicdSE@ID Nba )ﬂ:e amm&emdspdxype@dmeuﬁﬁdaawce as
nunber ed. accor d| ac;ﬁ I%Stggéi X2.re lﬁ g‘ @ an .am no act t?o%bSt' tuted
for the wil{ oA 44 ‘{W‘P‘h AmAfigie G 8o RRera L ORBE PRI n t he
sequencds Tﬂr&ls& thq‘mno agidaequbies oNBAvAR&EHoly pheprida, fi mnqetmlmlwr tamargin@gbt ast i n
pol ypepti degqdiddn ¥hb&lst ﬁﬁﬂésme@fm &3199%5&9% pgp'ilow La&@%&y a

| ysine. The variant neublastin po epti de can as mul timeric
pol ypept i dethargsiningef pesitiensiBoccurtie thrawaamolwm &5 1 #IpAC (e ha'é can be

provi ded asagpadiing pdsiiah 95 a&hm&&ae ﬁriaﬁt&@@ﬁepnw Rhdhdhd FHRitiokQ ik adinbn
vari ant

pol ypeptide. .| n so nts
neubl astin b%%%ﬁe‘ﬁ?‘?ﬁ%@ R ?eﬁé"’r‘thékffr'ﬁ’(‘} P%ﬂ??q“e?W€?Ws?a het er odi mer
that ¢l udes owneseddricmntwikisyiy raatilastin o 'y ENBINT @Rrsa0d nomellyscdriby ge

bl ast t i ant
R:ﬂbl :Z X : R g:g |v§ geggﬂadluggol%q%pﬂ& se%lghc% SEas Y of ACHULE of K\Rnaﬂ'n‘éﬁb?asr?d"&e vartan

ID NO: 2, 3, or 4). Specific variant neublastin polypeptides are referred to herein
as “NBN-X;N X5 or “X N X»>-NBN” wherein X refers to an amino acid of a wild-type
neublastin polypeptide, Ny refers to the numerical position of the X; amino acids in the

25 sequence, as numbered according to SEQ ID NO: 1. X refers to an amino acid substitated
for the wild-type anino acid at the indicated numerical position in the sequence. Thus, for
exarrrple, NBN-N95K identifies the variant neublastin polypeptides in which the asparagine
at position 95 is replaced by a lysine.

The variant neublastin polypeptide can be provided as a multimeric polypeptide. For

30  example, the variant neublastin polypeptide can be provided as a dimer that includes a¢ least
one variant neublastin polypeptide. In some embodiments, the dimer is a homodimer of
variant neublastin polypeptides. In other embodiments, the dimer is a heterodimer that
includes one variant.neublastin polypeptide and one wild-type neublastin polypeptide. Other

dimers may inclade two different variant neublastin polypeptide forms. |
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In sonme enbodi nents, the variant neubl astin pol ypeptide includes am no acids
1-7 of SEQID NGO | in addition to amno acids 8-113. In preferred

enbodi ments, the variant neubl astin pol ypeptide, when dinerized, binds
GFRa3. In additional preferred enbodi ments, the variant neubl astin

pol ypeptide, when 5 dinerized, stinulates tyrosine phosphorylation of a RET
pol ypeptide, either on its own or when bound to GFRa3. In still other
preferred enbodi nents, the variant neubl astin pol ypeptide, when dinerized,
enhances neuron survival, e.g., enhances survival of a sensory neuron. In
still other pr ef]&alkcﬁﬁﬁnﬂ:ﬁhﬁﬂﬁtﬁrﬂm‘&nant eblxdi paypeptitie ileludet aminopeitiypeat | de, when
10 dinerize r af hoIo hanges of a neuron, such as a sensory
neuron. In $GQQﬁbﬁFku1§%F1 Sy gﬁ% ﬁnents t he variant neubl astin

pol ypepti de, wheln pre@meenindagents thandes n@bﬁnﬂnv@lwwlﬁdeawmmrmmzcdeb@is an

aut onom ¢ neyas. 1yl ARATIASL e CHE Altune LB BATF,SIRRAL TRDL . L e

vari ant pol ypep | de"i'ne am no acid
subst i t utsi odsnesieddestimalitef t&mnthhosgmdﬁmmefméﬁ%‘whgemﬂe aitheperiitsowaoi d ot her than
arginine at posifinnckf.kn the amno acid sequence of the variant

pol ypeptide, an amno acid other than arginine at position 39 in the am no
acid sequence oflnstHkothenpicfemed paflogimeps, it anantneublagtin golgpsptideovitar t han ar gi ni ne

at position R&red, Jnhﬁceé%.h@m;mmﬁ JeRe Rinhiles suRf\el &1 sé}ﬁbz@(ﬂmﬁ&i d other than
asparagi ne at positjon 95 of the variant polypept.d 20 In preferred

embodi nent's, t he™ & asr sefegehembydiancys, ﬁi‘?ﬂf“é“b‘f“’“'?lhsé‘“ B%‘gP“tPP‘E?nghﬁ"M 39, 68,
and 95 i® Iydﬁﬂmﬁeed :Bhemﬁ.ssqﬁdhmogmhMgaaemﬁmsn Qachamdséaﬁmjla&maf the vari ant

neubl astin polyetl a st 9%|d At | no.aci ds 8-94 and
96-113 of SEQ | ﬁﬁ‘)ﬁ“%mﬂffg? dﬁ'l’lh?é‘?’?i‘ffrt%wflﬁ “e“biﬁath“opogycpe’g}éi “¥l&ences are at
| east 95% i dewtiradadnhanbssetvival of/b s¢urqy ef. o algbnomid fegroamrndopaidrg®?S sequence of
the variant peybl astin pol ypeptide includes the amno acid sequence of a

natural |y occurring rat, human or nouse neubl astin pol ypeptide at am no
aci ds 8-94 and QBSOHKEPBIb@#m@%tWé(MmamOUﬁ@%q1&@?4%“’15’(9%6‘;5@106@ teor exanpl e,

ani no acisds a@mg4ci@ssutfindslSlebd ﬁcmeme ¥idiig @ﬂglsuﬁgbmaﬁ.iﬂomc@@lh&mtl de can
i nclude the am no aci.d sequence of, am nos"ga‘ﬁl”?ﬁﬁ“ 94 and 96-113 of SEQ ID

NO 2, SEQ | a8t Ryt d iy fie ggjno Acid sgucpge. tRolyPERdE iR 2P0 &S i on is a
f usi on pr ot ether tikn agining peisitiche 39 in e amindlatid &zqueﬁce ofalie vatisint payfaptieiann

pol ypeptide,gf,, g i othe?thaxgglnln%lﬂppo.@%%I&o?&)ll @‘E‘E gzﬁepu £, afd Rl Bat AL TS a

di rer of two ne st on protelns usion proteins al so
have enhanceder fynasprragiokitpesiticn 9 ntthdyagan; ablyreblidei t y properties in vivo.

20 In preferred embodiments, the amino acid at one or more of the positions, 14, 39, 68,
and 95 is lysine. ‘

Preferably, amino acids 8-94 and 96-113 of the variant neublastin polypeptide are at
least 90% identical to amino acids B-94 and 96-113 of SEQ IID NO:1. More preferably, the
amino acids sequences aré at least 95% identical thereto. Most preferably, the amino acid

25  sequence of the variant neublastin polypeptide includes the amino acid sequence of a
naturafly occurring rat, human or mouse peublastin polypeptide at amino acids 8-94 and 96-
113 of the varian¢ neublastin polypeptide, For example, aﬁﬁno acids 8-94 and 96-113 of the
variant neublastin polypeptide can include the amino acid sequence of amino acids 8-94 and
96-113 of SEQ ID NO:2, SEQ ID NO:3 or SEQ [D NO: 4.

30 Also provided by the invention is a fusion protein or polypeptide that includes a
variant neublastin polypeptide or a wild-type neublastin polypeptide, or a protein that is a
dimer of two neublastin fusion proteins. Neublastin fusion proteins also have enhanced

pharmacokinetic and bicavailability properties in vivo.
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3 I n another aspect, the invention provides a nucleic acid nol ecul e encodi ng
a variant neublastin polypeptide. The nucleic acid encoding the variant
neubl astin pol ypeptide is preferably provided in a vector, e.g., an
expression vector. A variant neublastin nucleic acid, or a vector including

the sane, can be provided in a cell. The cell can be, e.g., a mammualian 5
cell, fungal cell, yeast cell, insect cell, or bacterial cell. A preferred
mammal i an cell is a Chinese hanster ovary cell ("CHO cell"). Al so provided

by the invention is a nethod of making a variant neublastin polypeptide, by
culturing a cell_containing a nucleic acid encoding a variant neubl astin
nucl ei ¢ aci d undBAnQtbss gsPest i EnHipprpdes 8 pudeigAciddrqicshle gpeoding a variapl

neubl asti n pehyRepigeptide.f TH:Que s afi@ehcodiffahd ik Atubleithoptitide B0l ypept i de
can then be [ ecC er ed dThe i nvention further includes.the varian

neubl astin (6 UG LUIOR G- Sy PRESER FtorgiAyaria neplast Belsiepge

vect ors, hosi aeetdr Bicludinglthp edmepeptbk gevigediaacdll. Ahe ealitcobls e.g; emalimadiaosed her ei n
for the fwsi r i.ns uch as, the neublastin-ser al.bum,n fusion '
pr ot ei ns)yofc%ﬁ?@ﬂgﬁgg%ﬁ co%‘.msiﬁtg?s)u’ﬁrr 3\%&13336 Hb?/\ d[rﬁgé‘?%nvemﬁ?alhg“né%% a conposi tion
t hat i ncl uddhimsatentrasay velhiCHPepltd.de 15 or variant neubl astin pol ypepti de
coupled to anon'ﬁfé H%ﬁhéd%y%qwehdi&gs Pﬁiﬁﬁ%ﬁ%ﬁﬂfa Vet 30iblasfifUP! astin

pol ypeptide in the conposition prefera udes an am no aci d sequence at

| east  70% iPglvpentideaby qubusing afell eentairingd nugigic agid scoyings yoant newblagiin ded that the

vari ant neulhasit hdid urRet WRERInk AR wikkrbiUGlB:3ssfR Bf OfarilR h&ubBdid foBpepiianaraci d
substitutions selected fromthe group conS|st|nghﬁgﬁan am no. aci d other

than ar gi%hi fgsisgt Bsoaqiant polastinipAlypepEdesap HER PQVY uwersion 8therhe v ar i ant
pol ypept i de,inchfiietdid MariadGieGblatif pslyfepmia prdGied by e &dll. Sosiak meftic3Bids,n t he am no

0t 4 Seauengs Ot i L bR ARk FEmoR B AR AEE gliGgdhan 2rginine

at positionvé e ARG ER"AM 10 acid other than
aspar agi ne a@totpoditch orihdBudistin-heum atbimintfusiop plojgrspofitdeinvedtier.ei n t he positions

of the am no aci Ldndidd i - ife sequence
of SEQ ID NO 1. g%%&%aﬁd%?’e er‘?"gﬁﬁ@nﬁ%ﬁ &ﬁﬁgﬁ‘aﬁfﬁé‘mﬁ%%&%@%ﬂn‘éﬁd&‘g‘? a

pol yal kylPenér gretarublpsiingolypepsidg coupleg g anep-Rifraliyeocgyryegrolymsy-cthy vaiupe) | | n

preferr fed-t ﬁmamsﬂgﬁm,?@pﬁamltmou?béﬁwn@,&&rﬂly?mmdem aalinh dofl s_@@@r{%& Qtde:igf) a{l_ ami-ne
roup o e i I N, pol.ypepLl si.ne | n._a varl an neupl asti n

Do ybent i tio TOBERIRRG sk StRE P Sea RIS EF T ES) nct | ve

ester. The aolypspededsdieies ondOr mam obthe aming acid RbGusintGEIndted fhyok the grogp nat e
SS-PEGQ, succi.pim . - . i i j-onat e

( ) kliﬁ%lsgﬂaafﬂ)f/ gﬂayf?&&dc{ &}e? tr(gr?ﬁ’%onﬁgﬁ osifidn 1430 GE hlnT LAY Leﬂu‘?ern&“&fo

( SPA- PEG) . e ene glyc can be, e g.caroxynet hyl - NHS,
nor | eucife- KpgSariant polypeptide, an amino acid other than arginine at position 39 in the amino acid

sequence of the variant polypeptide, an amino acid other than arginine at position 68 of the
variant polypeptide, and an amino acid other than asparagine at position 95 of the variant
polypeptide, wherein the positions of the amino acids are numbered in accordance with the
polypcptidé sequence of SEQ ID NO:1.
25 In preferred embodiments, the polymer comprises a polyalkylene glycol moiety, e.g.,
polyethylene glycol moiety (PEG).
In preferred embodiments, the polyalkylene glycol moiety is coupled to an amine
group of the neubl&stin polypeptide, or a lysine in a variant neublastin polypeptide.
Coupling can occur via a N-hydroxylsuccinimide (NHS) active ester. The active ester
30  canbe, e.g., PEG succinimidyl succinate (SS-PEG), succinimidyl butyrate (SPB-PEG), or
succinimidyl propionate (SPA-PEG).
The polyalkylene glycol moiety can be, e.g., cartboxymethyl-NHS, norleucine-NHS,
SC-PEG, tresylate, aldehyde, epoxide, carbonylimidazole, or PNP carbonate.



SC-PEG, tresylate, al dehyde, epoxide, carbonylim dazole, or PNP carbonate. 4
In sone enbodi nents, the polyal kyl ene glycol noiety is coupled to a cysteine
group of the neublastin polypeptide or variant neubl astin pol ypeptide. For
exanpl e, coupling can occur via a naleimde group, a vinylsulfone group, a
hal oacetate group, and a thiol group. In sonme enbodi ments, the neublastin
pol ypepti de or variant neublastin polypeptide in 5 the conposition is

gl ycosyl ated. Wien the neubl astin pol ypeptide or variant polypeptide is

gl ycosyl ated, the polymer can be coupled to a carbohydrate noiety of the

gl'yCOlSyl at ﬁd -ntiubix@%ﬂbadiﬁahw@@bﬁydgﬁ&e gl&ﬁ(ﬂh@}&iy iﬁlﬁu[hbcﬁ@faicﬂst@ﬁ gtqpppt i de.  For
exanpl e, the,po r. can be coupled to.t y.C at ed neubl astin

pol ypepti de® $ev%&%§ﬂPaW@ﬁ%F§§Y mﬂﬁ%@ﬁ@b?ﬁ@%ﬁ%%gﬁ¥8 ’%%ﬁﬂﬁfﬂbn of a

hydr azol e gbaupviog malsinéde ghop,grviiypulidne zivep,glhylomsiyde gicepl ankufbiohsbum 10

pol ypepti de or iant .n | asti i.de : [ 4 f.a.reactive
group of the p\gﬁéorrngcregnbfxﬁ%%ﬂésr @Sﬂglb%%%%ﬁtq es?r V? aélpﬁr%gﬁgﬁ 3?@?’%{’%‘% 1l;;/pept i de or
vari ant Aeubkgsmjositipoisglyepylitde Wity iesdastio padypeptido or takiang eolypsptidedur  PEG

moi eties. | gy, pLakey Er%gmﬁﬂip&%w Ors%dglhacd &Q%mﬁ&m@ﬁﬂﬁ So@glle?g Rlaflg, variant

neubl astin pol ypepti i r mer conj ugat e ngér serumhalf-life
relative to-““E“I‘?é“lf'i‘&’loi‘yp?ﬂtlfl@fdfrlaﬂﬂ?“%@ltw paprepiyle. Foyexample dapolypenraebt i de in the
ablsencet _OL E&l@le@@itﬁe{@ﬁeos‘ﬂle}?edﬁl%@clﬁﬁﬁ ﬁﬁdypeﬂ‘{aegé ViR ﬁaumltuhﬁ pOSpEpLidst | In e
pol ypepti de, .vari ant neubl astin pol ypeptide or polynmer conjygate in the
conpl ex hasfoébﬁ'r‘?ﬁgi“g?t’tf?@?@aﬂygré@? 5?‘?@ §'g?"é‘E‘E %ﬂ“pf"rfg‘ﬁﬁg'ﬁ‘?ylﬂ‘i‘:‘gﬁéﬂgg%nsi sting of:
GFR(err )18 bpsighepte oRENagakdbiaain mlypeids, Babiidaditn «fa reativp gionpbixd cal changes of
a 20 neuroPoIgﬁgr. enhanci ng neuron survival. -By "nornalization of

an

pat hol ogi ca ges of a neuron” is neant that the present conjugate
i nduces a changdn imionhembodinemss, ¢hegfutidstn fodipersidé eroyacast heyblastinpalypaptideer s

expressi on cJeygls o, 1o, flde U tdl PEG R N, @ neurotrophic factor receptor,
an ion channel, or a neurotransmtter, or, induces a change in_cellular

nor phol ogy, in dapmtepredumbedimants. s nouplastimralupartide vasant neublastia PAgReRtid5ar amet er to
the | evab t hgjos@fer tonjugatIid b WAp&Qfserlihl Balb BRI ive &ickE HaBLlife @ARPOkyYIPEAd hat i s

unaf fected by di segse, .degeneratio ipsult, or injury. The normalization of
pat hol ogi ca?‘yv@ﬁ%{ﬁB)@%PeB?dgé%ﬁ%%r‘?fﬁe%{]éW%B’“ani tored i munohi stochemnically, or
by assessing chapgfesged ambbiments vielnsutddstisgntypertidel vaiansiveldastie pdlygeptidepr oduct s,
or by assesgsi | ' ] i I kcal tributable to
Punct i on of *ugmiFeblupRe aBREEReL fs o gENRKRM AN LELcAGhER /' (|

pat hol ogi c edsistye of & Reé biadieg] RRETtabtivatioveuprogsation of patholpsisglelimgeseef apai n

behavi obg SR, ASuPUOSS LI SI-Avathypoal gesia, or allodynia, can be

noni t or ed. o ) _ ) _
By “normalization of pathological changes of a neuron” is meant that the present

conjugate induces a change in one or more of the following cellular parameters: expression
level of a structural protein, a neurotrophic factor receptor, 2n ion channel, or a
neurotransmitter, or, induces a change in cellular morphology, in each case so as to
25 substantially restore such parameter to the level thereof in a neuron of the same or similar
phehotype that is unaffected by disease, degeneration, insult, or injury. The normalization of
pétthological changes of a neuron can be monitored immunohistochemically, or by aséessing
changes in the leveis of secreted or shed cellular products, or by assessing in vivo changes in
behavior physiologically attributable to function of the affected neizron(s). For example, in
30  the case of pathologic changes associated with a neuropathic pain syndrome, pain behaviors
such as hyperalgesia, hypoalgesia, or allodynia, can be monitored.
- By “enhancing neuron survival” is meant extending the survival of an affected neuron

beyond the survival period observed in a corresponding neuron affected by the same type of




By "enhancing neuron survival" is neant extending the survival of an

af fected neuron beyond the survival period observed in a corresponding
neuron affected by the sanme type of 5 disease, disorder, insult, or injury
but not treated with the neublastin conjugate or fusion protein of this
invention. In sone enbodi nents, the polyner is coupled to the pol ypeptide at
a site on the neublastin that is an Ntermnus. In sone enbodi nents, the
polymer is coupled to the 5 polypeptide at a site in a non-term nal am no
acid of the neubl astin pol ypeptide or variant neublastin polypeptide. In
preferred edivesk, disnts, insuleorpgiuny iratmoi tsatedwish the neublaginohjugt or &sposed am no
aci d of | ypeptide or variant neubl astin polypeptide. In
preferred eﬁbgﬁﬂ?gﬁﬁw&?ﬁg polymer is coupled to the neublastin polypeptide
or 10 vari ant desﬂmeamhodmpm Wiseplyingids equplad focthe phlswentide statsisepofthom t he gr oup
~consi sting ﬁéubfanﬁ tl?amsrbﬂ N &&ﬁﬁﬂs”ﬁ;‘ sonﬂé‘étﬁlﬁdﬁﬁféh@ tﬁé p&ﬁer ¥2hipiato @e! ypept i de,

position 14 in the am no acid sequence of neubl astin pol ypeptide or

vari ant ﬁeumlwpﬁqﬁab&‘ﬁl&?’mﬁﬁqﬂd@ﬂmﬂbﬁmﬁq*’éﬁi°§§‘elﬂﬁ“tt1‘ﬁ@WPPmldaE‘i"éﬂa@equence of

t he neubl ashiuBlaBRlpyResiiade or variant neublastln pol ypeptide, position 68 in
the amno acid sequence of the neublastin ? ?tlde or_ variant neublastin
pol ypepti de, -and®B5ieFEd prbadimegss. thepofymer is gpypled g o4 %tc‘fﬁ@ﬁ?,dé‘%‘?o i neubl astin

pol ypept i ded@hedb!astl@uypeﬁﬂdypﬂﬂhh:d&eublaﬁdnsiﬁlypépﬁut ded by the invention is a

phar maceutical co Si n ,conp table vehi cl e
cont ai ni ng or h;%qgg 8é?nc?§5ﬂ 5t OP erg EeM%f %Sﬁ%m¥m5g3f a variant
neubl astiPn pmiagtpetpﬂasuepolmepiaie@wu@atséec@a‘d ftOhethpgrelamqnsmung/efn!tq mmno in a
further 2= PREhinal bllfio L BU SRk Qﬂmhcg,siyp% sﬁioﬂtam m@ﬂ;’d@f uérmegpéh@
conjugated 20 neubl astin polypep varlant neu astl% pol ypepti de
conpl ex conﬁﬁub!gsmgolap%dwaeﬁnhnwb‘empelrmeipa@ Bsitipn P9 Wihe Aing9ridst i n

pol ypept i deggaued (ﬁ@hetr@ulﬁasﬂﬁ)FMﬁfaBﬁeﬂeQﬂﬁnﬁﬁt)‘lGMasﬂpﬁﬁp}épude \e/eﬁﬁcﬂlse ut fie neubl astin
pol ypeptide or variant neubl astin de is coupl ed

pol yet hyl en#™g? %f%*q%?%?fy‘eﬂs?ubé”%%‘ﬂpéﬁﬂs Agaripn “%"M?é‘mé%‘?ﬁaﬁﬁnﬁ“e ﬁ?ds the labile
bond i s 15 cl gaMiabdEin e dﬁhﬁ&d&&ﬁ’ﬁb@.ﬂice bf/itle mduyiasts, polypepkidds ¥ Sriaa; poﬁfpe;ﬂidbf hydr yl
cleavage. In pr %flser Eoewdec?!% ﬁl Iyenkion rgtasharmaceu{lcapcom 05‘9[:(1)0?1%0 SnsC| gavabl e under in
vivo conditions: APSO dtb tRETAVENt fon e g Roaefor making a
modi fi ed nephybiplagi¢atly ambwiemh;@ewmhams hegvipg dismsgédlelamtal ngitlagtin i n vitro or in
Vi vo, relatiygelided Wik néu‘ﬁﬁ?un%ﬂr?épﬂ&é bt comﬁgaé Siheith fovBigh! astin

pol ypeptide or variant neublastin e, cou I|n the polypeptide
or nodified varMnitethagmesste W"‘?S’BPWE@ Pﬂé‘mﬁ% a&“eﬁ%“ﬁ’ saky F%W‘ig?‘e‘éccur ring

pol yner 20 30aei®lhskih YolypdpaeddYadaat EuhlgtRps epliRE NPy BRiprififtdleasiisiin  pol ypept i de
conpositiion

polypeptide or variant neublastin polypeptide coupled to a polyethylene glycol moiety,
wherein the neublastin polypeptide or variant neublastin polypeptide is coupled to the
polyethylene glycol moiety by a labile bond. In some embodiments, the labﬂe bond is
cleavable by biochemical hydrolysis, proteolysis, or sulfhydryl cleavage. In preferrad
25  embodiments, the labile bond is cleavable under in vivo conditions.

Also provided by the invention is a method for making a modified neublastin
polypeptide that has prolonged activity, in vitro or in vivo, relative to a wild-fype neublastin
by providing a neublastin polypeptide or variant neublastin polypeptide, and coupling the
polypeptide or modified variant neublastin polypeptide to a non-naturally occurring polymer

30 moiety, thereby forming a coupled polymer neublastin polypeptide-composition.
In a further aspect, the invention provides a2 method of treating or preventing a
* mervous system disorder in a subject (such as a human), by administering to a subject in need -
thereof a therapeutically effective amount of a variant neublastin polypeptide, a composition

containing a neublastin polypeptide or variant neublastin polypeptide coupled to a polymer,




In a further aspect, the invention provides a nethod of treating or
preventing a nervous systemdisorder in a subject (such as a human), by
adm nistering to a subject in need thereof a therapeutically effective
anount of a variant neublastin polypeptide, a conposition containing a
neubl asti n pol ypepti de or variant neubl astin polypeptide coupled to a
polymer, 6 or a conplex that includes a stable, aqueously sol uble conjugated
neubl asti n pol ypeptide or variant neublastin pol ypeptide conplex conprising
a neubl astin polypeptide or variant neublastin polypeptide coupled to a

pol yet hyl eneorglcyagdx tlim'irﬁmyes aEI.’aBIEQi’qﬁdbhély somble cﬁtﬁﬁgmtlﬁelﬁmatn%lyﬁﬁpﬁwcder is a
peri pher al nery usbIdlsor ucl 1 % @gﬂ g t}y or a

neur opat hi ¢ ‘paf nUREPS Pcp ec 335 Oénpﬁflﬁ o @glj"%c@fl t r eat nent .

Adm ni strat |r@nblwmpdb;@eptelegoqpleﬂysatpnimethybme diaalahaietin| ess ot herwi se defi ned,

all technical an erel ani ng as
commonl y under st g%%&kgn%%lféér‘go# : gtgﬁln%rgg%F{eﬁbll{éﬁﬁﬁgoug?l?m?%% hialc this

i nventi or® 1@riphefabregeopaihy %@@gﬁomm&w@mﬂenﬁhmwesp@‘mﬁdlS'ehieC@rfOfequi val ent
to those desghiRed herein can be used in the practice or testing of the
invention, suitabl e nethods and materials are described below All

publ i cations, paf@RPSEHR Fadhe) PhsysEise &de@l and ot her references menti oned
herein are incor Uﬂés@bﬂﬂm@é déﬂfe&,raﬂrﬂ&ﬁnwalhtﬂhﬁéxﬁ:fle&hhsrtﬁécyherekﬂhaiel’lﬁe amse of

conflict, the present ec f| C control.
I'n additi on,$f8 Wﬁ?‘@ﬂoﬁ ﬁhﬁ%ﬂe"igg q‘é@&‘r{% "étsmgi"@k?fhfsl“ﬂg?tpﬁtl ve only
and not 1lint e!:rehbegk tAthdugh hle«hbdmamymatéhdlneamufaeateqme&lenatmdhcadmmbage&lmmt he

i nvention w i ption and

cl ai ns. DETA%ITE%%BE%% Eél]' é@gg@#ﬁé ‘{ﬂk?lﬁhﬁq%%lﬁegﬁﬁﬁgd?%\?g‘n?%n provi des
novel vari arflescibedtsblast iAH ppllicplinep waigw spntipmipnse patenlseardotier tefegnce  enhance their -

phar noki net i fenafidd mraéma[{ca.labmeea ¥y i %@a@ena 18 en \%fﬁme%she\s%hmt moeubl astin
pol ypepti des have altered anmi no acid seguences facilitate coupling to

a pol ymer ad&Fent sReprifptigy ingludipe defiptipng N’él YrYRL ofn ag i e matshalsymethods,
Neubl astisn Rad ypaepikd ﬂeﬂluihevddmmah@mt@.ﬂmkbdeﬁmﬁeybl astin pol ypeptides that

have var I ant am Qt‘ﬁer%gait dCS- a%ggci’\lfgn (=] ‘y&lﬁtlg\ler eO%Q’Velﬁ B%%Pﬁgﬁﬂtﬁnﬁgcghe f%é e neUbl ast I n

pol ypepti de sequéence.” AMino acl equ c“'wmr‘%eubl astin
pol ypept i deslcaita déiciptlopgediclaims.\W00/ 01815. Exanpl es of variant neubl astin
pol ypepti des according to the invention are pr esent ed in Table 30 1.

DETAILED DESCRIPTION OF THE INVENTION
20 The invention provides noifel variant neublastin polypeptides that can be modiﬁe& to
enhance their pharmokinetic and bioavailability properties. Preferred variant neublastin
polypeptides have altered amino acid sequences which fe;cilitate coupling to a polyreer agent

such as a polyalkylene glycol polymer.

25  Varisnt Neublastin Polypeptides

The invention provides neublastin polypeptides that have variant amino acid
sequences with respect to a wild-type neublastin polypeptide sequence. Amino acid
scqueﬁces of human and mouse neublastin polypeptides are disclosed in W000/01815. ‘
Examples of variant neublastin polypeptides according to the invention are presented in Table .
30 L. ‘
Preferably, the altered residues in the variant neublastin polypeptide are chosen to
facilitate coupling of a polymer such as a polyalkylene glycol polymer at the location of the

modified amino acid. Preferred sites of modification of a neublastin polypeptide are those at
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Preferably, the altered residues in the variant neubl astin pol ypeptide are
chosen to facilitate coupling of a polynmer such as a polyal kyl ene gl ycol
pol ymer at the location of the nodified amno acid. Preferred sites of

nodi fication of a neublastin polypeptide are those at 7 solvent accessible
regions in the neublastin polypeptide. Such sites can be chosen based on

i nspection of the crystal structure of the related neurotrophic factor,
GDNF, whose crystal structure is described in Nat. Strut. Biol. 4:435-38,
1997. Sites can also be chosen based on the structural-functional

i nformation sBrvee{tlaQL%silbﬁa@olaﬁuéﬁpmuwaﬁﬁlﬁ&!yﬁ%aaen SGdH sﬂ@srchﬁb@éhege@bmd o These
chineras are described in Bi ol An exenpl ary

listing of BHPFERef Beewdd F‘B!c’émd}f@ﬁ?‘?t%@“fé%%§§@t%mwpﬁ? °gtho aci ds

identified tsh’lﬁﬁlé@kh defMibed lﬁrmthgﬂfaib lgg;y 4143588 ll§95't s&&rch:hal%dbeta&bxﬁbaged ohhe

i nvention includes a_variant neublastjn_po e f i.ncl udes an am no
acid sequerest{ H‘iaF -fugctiopa I‘I@‘?EE”E‘“"?‘G’%"F"G%’F?E P‘?E%I?Bhlglﬁe"g IMeFigRroing 3 of SEQ | D
NO 1, Wi ciThes: chin@yid are Bsciitied Tl Bl LCheth /275:04m2- mam:moll mmeﬁxplaxymstmyofnor e of

t he argi ni nes, at ﬁhe aspar agi ne at

posi tion 95 CIRIE ‘2 smbie 058‘“'%86 eég%sg%ﬁ%ﬁl@sémé‘? mB ﬁ%ds 187““%3 °‘d%h repl aced by
an am no aC|rcbtlmdblegyx‘shsamtfattlgmr‘ﬂabIe2or asparagi ne. Pr eferabl Y, the w | d-type

LYDe A0 20t It AR ARl f o EYRHE b0l A ool
AGTRSSRARTTW@S@EVW@M@@%BE@WC% 54 &3 of §§Q ID NO:1, which is shown

AGTRSSRARAT RpdrseRL. BS&Q{?[V@M%@‘@@QEEBB%f ﬁl@-ﬁrgmmes at p%sgxozrll f4 position 39,

ag---srar---a rg{ I vpv-al gl gh sdel -r consensus

RPCSGSCRRAREPHE Lie@smﬁpm%@@wm sequence of the polypeptide, is
RFCSGSCRRARW[&&MG&H RoEHGERRRIESAIUT aspatisi@e. Preferably, the wild-type type
RFCSCBCRRAR§P am%] acegA thI%SSIHS OI'C Stelg:)c rat 30

rfcsgscrrarsmh(ﬁ)l S asF'i’ga at r-pp gsrp-sqgp consensus 81
CRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG human (SEQ I D NG 2) - _ ;
CRPTRYEA¥SFMDVNSTWRTVDHLSATACGCLG nougg(;SEQ | D NO. 3) 35 }
CRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG rat (SEQ | D NG 4) |
crptryeavsf mdvnst wtvd- | satacgcl g consensus (SEQ I D NO 1) 40 Consensus |

sequence: 1 AGGPGSRARAAGARGCRLESQLVPVRALGLGHRSDELVRF  human
' AGTRSSRARTTDARGCRLRSOLVPVSALGLGHSSDELIRF  mouse
20 AGTRSSRARATDARGCRLRSQOLVPVSALGLGHSSDELIRF rat

ag---srar---argcrlrsglvpv-alglgh-sdel-r consensus

25 :
41 RFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPC human
RFCSGSCRRARSQHDLSLASLLGAGALRSPPGSRPISQOPC mouse .
. RFCSGSCRRARSPHDLSLASLLGAGALRSPPGSRPISOPC rat
.30 r_fcsgscrrars—hdls1asllgaga1r-—ppg5rp—sqp consensus
81 CRPTRYEAVSFMDVNSTWRTVDRLSA‘I‘AC_GCLG " human (SEQ ID NO:2)
CRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG mouse {SEQ ID NO:3)
35 CRPTRYEAVSFMDVNSTWRTVDHLSATACGCLG rat {SEQ ID NO:4)
crpiryeavsimdwmstwrtvd-lsatacgelg consensus (SEQ ID NO:1)}
40
Consensus seqguence:
45 Ala Gly Xaa, Xaa, Xaay Ser Arg Ala Arg Xaa, Xaa; Xaag Ala Arg Gly Cys

Arg Leu Arg Ser Glo Leu Val Pro Val Xaa; Ala Leu Gly Leu Gly His Xaag Ser

Asp Glu Leu Xaay Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg Arg Ala Xaag
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Ala Ay Xaali Xaaz Xaa3 Ser Arg Ala Arg Xaad4 Xaas Xaa6 Ala Arg Gy Cys 45
Arg Leu Arg Ser G n Leu Val Pro Val Xaa, Ala Leu Gy Leu Ay H s Xaae Ser
Asp G u Leu Xaa9 Arg Phe Arg the Cys Ser Ay Ser Cys Arg Arg Ala Xaa9 8 Ser
Xaaro His Asp Leu Ser Leu Ala Ser Leu Leu Gy Ala Ay Ala Leu Arg Xaa,r Pro
Pro Gy Ser Arg Pro xaa,2 Ser Gdn Pro Cys Cys Arg Pro Thr Arg S Tyr Qu Al a
Val Ser Phe Met Asp Val Lys Ser Thr Trp Arg Thr Val Asp Xaal3 Leu Ser Ala
Thr Ala Cys Gy Cys Len Ay wherein 10 Xaa, is Ay or Thr Xaa, is Pro or
Arg 15 Xaa, is Gy or Ser Xaa4 is Ala or Thr Xaas is Ala or Thr 20 Xaa6
is Ay or Asp Xaa, is Arg or Ser 25 Xaaa is Arg or Ser Xaa9 is Val or lle
Xaa, 0 i S PreeRraddms 230 néaaderiteu RO se ndpeteu Hganla 1y Alalreoraryl e 35 Kaa, 3 is
Arg or His Table 2 provides a |ist of residues and nunbers in human

neubl astin f‘?’?altprérl’é"e‘%%ﬁeg@féﬂg R X ¥ rFafEC &XpFEed e Sot fat&%xposed

resi dues swekg- Ge! Qa1 DiheENRMsPIvAY Ly e:S bk UedUER maf vhhepr at GDNF di nmer
formed by chains A and B (PDB code 1AGQ and determ ning 40 whether a

resi due was*dmw ¥HSs UL dbe A YHESFYUBMUFY. This structure was then
conpared to,a ..gequence alignnent of GDNF and neubl astin in Baloh et al.
Neuron, mol 21, pg 1291, 1998 to determ ne the proper residues in

neubl asti n. Ka‘léhes siymoeribng schene is that shown in Table 45 Table 2

Xaa, is Pro or Arg
15 ¥aa; is Gly or Ser

Xaa; is Ala or Thr

¥aas is Ala or Thr
20

Xaag i1s Gly or Asp

Xaa; is Arg or Ser
25  Xaap is Arg or Ser

Xaag is Val or Ile

Xaa;g i5 Pro or Gln
30

Xaa;; is Pro or Ser

Xaa,; is Val or Ile

35  Xaa; is Arg or His

Table 2 provides a list of residues and numbers in human neublastin that are expected
to be surface exposed. Surface exposed residues were determined by examining the structure
of the rat GDNF dimer formed by chains A and B (PDB code 1AGQ) and determining

40  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, vol 21, pg 1291, 1998
to determine the proper residues in neublastin. The numbering scheme is that shown in Table

1.

43 - Table 2

8 Ala ofa 16 Cys - 70 24Pro+ 32His+ 40 Phe -

1Alan/a 33 %Argu/a 17 Arg + 25 Val - 33 Arg + 41 Arg +

2 Gly nfa 10 Alanfa 18 Leu + 26 Arg + 80 34 Ser- 42 Phe +

3 Gly nfa I1 Alanfa 65 19Ag+ 27 Ala+ 35Asp + 43Cys -

50 4Pronfa 12 Gly + 20 Ser + 28 Leu- 36 Glu + 90 44 Ser +
5 Gly n/a 13 Ala - 21GIn+ 75 29Gly+ 37 Len + 45Gly +
6Sernfa 00 A+’ 22Len + 30 Leu + 38 Val- 46 Ser +

7 Agwia 15 Gly + 23 Val - 31Gly+ 85 39Amg+ 47Cys -



8 Ala nfa 16 Cs - 70 24 Pro + 32 H's + 40 Phe - 1Alan/a 55 9Argn/a 17Arg+
25 Val - 33 Arg+ 41Arg+ 2 dy nfa l OAlan/a 18 Lou + 26 Arg + 80 34 Ser-
42 Phe + 3 @y nfal | Ala nfa 65 19 Arg + 27 Ala+ 35 Asp + 43 Cys 50
4Pron/a 12Gly+ 20Ser+ 28 Leu- 36Glu+ 90 44 Ser+ 5 @y n/a 13 Ala - 21 Gn +
75 29 Ay + 37 Lea + 45 Gly + 6Sern/a 60 14 Arg+ 22Leu+ 30 Leu+ 38 Vat-
46Ser+ 7 Arg n/fa 15 dy:+ 23 vVal - 31 Ay + 85 39 Arg + 47 Cys - 9 48 Arg +
106 Al a- 49Arg+ 60 107Thr+ 50 Ala- 108Ala+ 51 Arg + 109 Cys 5 52Ser+
110dy+ 53 Pro + I11Cys- 54 Hs - 65 112 Len + 55 Asp- 1130y 56 Leu+ ~a
‘10 57Ser- 58 Leu - 59 Ala + 60 Ser+ 61 Leu 15 62Leu+ 63 Ay + 64 Ala +
65 A y+ '664@|Arag‘++ 20 ?{?GAIl_aen - 68 Arg.nfa 69 Pronfla 70 Pro nfa 71 Pro n/a

49 Arg + 60 107 Thr+
50 Ala - 108 Ala +
51 Arg + 109 Cys -
5 528er+ 110 Gly +
33 Pro + - 111 Cys-
54 His - 65 112Leu+
55 Asp- 113 Gly
56 Leu+ o/
10 57 Ser- 2
58 Len--
59 Ala +
60 Ser +
61 Leu -
15 62Leu+
63 Gly +
64 Ala +
63 Gly +
66 Ala+
20 67Leu-
68 Argn/a
69 Pro n/a
70 Pro n/a
71 Pro n/a
25 72Gly+
73 Ser+
74 Argnfa
75 Pron/a
76 Val -
30 77 ser-
78 Gin +
79 Pro -
80 Cys -
81 Cys-
35 B2Arg-
83 Pro-
84 Thr +
B3 Arg +
86 Tyr +
40 87Glu+
88 Ala +
89 Val +
%0 Ser +
91 Phe -
45 92 Met +
93 Asp +
94 Val +
95 Asn+
96 Ser +
50 97 Tir+
98 Trp +
99 Arg +
100 Thr +
101 Val-
35 102 Asp+
103 Arg +
104 Leu -
105 Ser-

10



25 72 Gly+

73 Ser+ 74 Arg nfla 75 Pro nfa 76 Val 30 77 Ser- 78 Gn + 79

Pro - 80 Cys - 81Cys 35 82 Are - 83 Pro - 84 Thr + 85 Arg + 86 Tyr+ 40
87Glu+ 88 Ala+ 89 Val + 90 Ser+ 91 Phe 45 92 Met+ 93 Asp + 94 Val+ 095
Asn + 96 Ser+ 50 97Thr+ 98 Trp + 99 Arg+ 100 Thr+ 101 Val 55 102 Asp +

103 Arg+ 104Len-

10

15

20

25

36

n/a indicates that the residues are not present in the structure of GDNF. 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, and therefore is
presumed to be surface exposed in neublastin, although the loop containing residues 66-75 is

visible in only one of the GDNF monomers (presumably flexible). This loop also contains P

-4 residue insert in neublastin relative to GDNE.

As used herein, “identity” and “homologous™ or “homology™ are used
interchangeably and refer to the sequence similarity between two polypeptides, molecules or
between two nucleic acids. When a position in both of the two compared sequences is
occupied by the same base or amino acid monomer subunit (for instance, if a position in each
of the two DNA molecules is occupied by adenine, or a position in each of two polypeptides
is occupted by a lysine), then the respeé;ive molecules are homologous at that position.. The
percentage homology between two sequences is a function of the number of miatching or
homologous positions shared by the two sequences divided by the number of positions
compared x 100. For instance, if 6 of 10 of the positions in two sequences are matched or are
homologous, then the two sequences are 60% homologous. By way of example, the DNA
sequences CTGACT and CAGGTT shﬁre 50% homology (3 of the 6 total [_J_ositiéns are
matched). Generally, a comparison is made when two seqﬁcnces are aligne_d to give
maximum homology. Such élignment can be provided using, for instance, the method of
Needl_eman: et al., J. Mol Biol. 48: 443-453 (1970), implemented convenienily by computer
programs such as the Align program (DNAstar; Inc.). “Similar™ sequences are those which,
when aligned, share identical and similar amino acid residues, where similar residues are
conservative substitutions for, or “allowed point mutations” of, cotresponding 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
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105 Ser 10 n/a indicates that the residues are not present in the structure
of GDNF. This is either because of construct design, flexible regions, or
inserts in neublastin relative to GDNF (residues 68- 71). 5 indicates the
resi dues are buried and not on the surface or are cysteine residues involved
in disulfide bonds. As this protein is a cysteine knot, a great mgjority of
the residues are on the surface. 10 + indicates that thls residue is
surface exposed in the GDNF.structure, and therefore is presuned to be
surface exposed in neubl astin, although the | oop containing residues 66-75
is visible in only one of the GDNF nononers (presumably flexible). This

| oop al so comafgia Ren@cal proﬂerﬁasnhduﬁng' RS eility ioriorﬂ\e:uhilmbri Hydiogdnctohdsportte CDNF. As

d h i s",or " d 15
i nter cﬁéﬁbga%‘f oy Tiles ed s s RERLSD R Soend R P aEE R0

pol ypept i destefermnéesequbms oon wildb&tpessgnentavo Ehamznber woacordegvatiih erpstutposert i on in
both of the E}[m c{:})%gpﬁ,l F'HO& st?é}&ﬁs is occupied by the sane base or am no
R MR il

acid rmnorrer tance, if a position in each of the two DNA
mol ecul es®i s occllmf@wwmééémﬁéapelwpeaﬂfbdsqoﬁlwo fhe invartipn &¥ 80t%wESBol ypept i des

i's occupi ed i, 85% W8HNE 9% iddikal REmERINETH- 11425 SBH 816 WOES 185&nehONDI Ogous  at
that position. The 20 percentage honol ogy between two sequences is a

function of FFRYFEHD & ABERoRSILSRIURRPeGF the 1SAY PeRplgEn R?&?Fﬁtidﬁﬁ‘acmgﬁélfeed by the
t wo sequencesnifb dﬂdd&ﬁeﬁb}é of hmmu[ytxfwurﬂ:ia rROiSiindah GNGouse AetipRstdGolypeple at For

instance, if_6 of. Q tlons i nces re na hed or are
honol ogous YHERC dﬁggg sec}ge é‘%vaﬂaf‘téle‘g’&f’&"}%j%?%@ fon/ﬁftuo?hatsaxarrpl e,
the DNA 1&egbhemuesclOrGACTceal SECABBF: ?sharéatﬁﬁ%humh@gy (3 of the 6 total
positions are 25, ”ﬂ%ﬁ‘ﬁ&%mxﬁ@ﬂ@h@hh&’dﬁf ﬁaﬂrrg@ e rd os@ﬁﬂaos\éﬁ‘ﬁ.rkﬁb"‘o

sequences are aligne X1 mum gnhnment. can be
provi ded usiRdNCsigt mayrigel eo{%@eﬁﬁﬁﬁwvﬁmﬂwuﬁﬁlﬂﬁo@% Aé?‘matl‘@ly Mol Bi ol .

48: 443- 453 §:12:6@ion, Emﬁ&gﬂst&%wgﬁmh@fnﬁiﬁﬂl@ b SMERK kFe noR EE e SUCh as

the Align program é % uences are those which,
when al i gned™afSsubstfers oz by 3ﬂ8“°§? PrifsgionsnPryterably e SUSHURS  where sinil ar
resi duesiar ensﬁﬁmmnﬂﬂémﬁ /@t aipitlis dhé bl Botkios bmlmg:céilal:simed poi nt mnutations”

of , correspondin ed. ref erenc equence. In
t h| s regar d a" g%%s%ar l\)’%f s 'mo“ggp Q%i mduraﬁ ot 6" 8 &Sélt%l Ofaneear?%o aéln%rfgf erence

sequence i s 2aotbulyith similas anrattwsacsrsedl @@@S@W@ms WBhlp Hyitrlbmgﬁr@ps freiimet i onal |y

simlar 1o tfuE R ARRRNMAE, VRHERRNIGHERS hhfic a6d ha glckiit ai@s @ Similar

si ze, shape, electric
asparagine and glutamine; serine, cysteme and threonine; lysine and argivine; and

20 phenylfﬂamne and tyrosine. The non polar hydrophobic amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan and methionine. The polar neutral
amino acids inclnde glycine, serine, threonine, cysteine, tyrosine, asparagine and glutamine.
The positively charged (basic) amino acids include arginine, lysine and histidine, The
negati'\.'ely charged (acidic) amino acids include aspartic acid and glutamic acid. Any

25  substitution of one member of the above-mentioned polar, basic or acidic groups by another
member of the sarne group can be deemed a conservative substitution.

Other substitutions can be readily identified by workers of ordinary skill. For
example, for the amino acid alanine, a subétitut-ion- can be taken from any one of D-alanine,
glycine, beta-alanine, L—cystéine and D-cysteine. For Iysine, a replacement can be any one of

30  D-lysine, arginine, D-arginine, homo-arginine, methionine, D-methionine, ornithine, or D-
ornithine. Gegerally, substitutions in functionally important regions that roay be expected to
induce changes in the properties of isolated polypeptides are those in which: (i) a polar

residue, e.g., serine ot threonine, is substituted for (or by) a hydrophobic residue, e.g.,
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11 charge, chem cal properties, including the ability to form coval ent or
hydr ogen bonds, or the |ike. Thus, a "conservative substitution variant”
sequence is one which differs froma reference sequence or a wild-type
sequence in that one or nore conservative substitutions or allowed point
nmutations are present. 5 In preferred enbodi nents, a pol ypeptide accordi ng
to the invention is 80 % 85% 90% 95% 98% or 99% i dentical to am no
acids 8-113 of SEQID NO 1. In some enbodinents, the am no acid sequence of
t he variant neubl astin pol ypeptide includes the am no acid sequence of a
naturally occurring rat, human or -nouse neubl astin pol ypeptide at am no
acids 1-94 apd 96- 13 of th varlat neubl astin pal ypeptide, . e . the

ol ypept | de. Fien P CR S Al SRe e SO SR RS o5oPhp 4 "oy

t hese positi afythedsesiduie] (&t}ta remmubheamtglamelmbgopmp& diddehsin fefge iysing, atgivisaguence from
t hose di scl osed.in cl ude one or nore. conservative

am no acid sﬁlﬁtédﬂe‘tlmug% o '\?’S yrj1, treSﬂa elyhavma oj eqmm“e éw?? on chalP'neeg 'vari ant

neubl asti n pghkypeptid d!easpzmyc abidf breliv) bscsxmamv mldle sidlo whaio pg.epheattialangne, ami no
acid substit ‘ i

substi tut Fongtsﬁb%ﬁ&?dn%{e 0tp ¥38%§L E&hﬁj}%est({hgr{?@? C?H 9? %%(P[FI gﬁéﬁﬁéﬁﬁfcslo gt ed

protei n's bi eiesibetaregaios net-¢ eopservagiysrpgestitptians ey alippBmetanelipepertiespbiheal | y i ncl ude

the substit ugtbeaia iQs0 QBiEe1 A5H t@%e%élﬁbnfo@&e suBRHARDE TwichedsPecBib mnl:@rnau‘yhar acteristics
such as substitutions within the follow ng groups: valin al ani ne and

gl yci ne; | e UtTIPREANE FoglpRs Al m“’é’FﬂT‘? Seltitel ‘i‘féservé%‘ﬁéi‘"c“?'i'}“"a"é v é‘i‘fﬁfd’ﬁglt‘:ithé‘fﬁ c acid;
aspar agi ne amdeglnubmaebxolsgﬁdlpﬁperﬁ:ggst ei ne, and t hr eoni ne; |ysine and

ar gi ni ne; ;and 20 hen nine a ros ine, hydr ophobi ¢ am no
aci ds inéPude al ARPRY, 1 %{;‘ tlhcmvenu?ns%r euéfnﬁré(:p \)’8? “gesrh’a? Sﬁflenaey p"r%enyl al ani ne,
trypt ophan awedblmtt pril et TEhsulg ok polyeeptifles|are pafrfwrntdy Bmvxdssl a pwifisdie gl yci ne,
serine, thr eﬁ’(ﬁ‘lhfﬂ& pBMﬁép%'dEke’E:Jaééﬁlgédf%ltméﬁp x&qﬂﬁﬁlﬂ Lh? @f.ne. The

posi tively char ed "(Bagi c) am no aci ds 1 ncl u gi ni ne,” ysine and ‘

hi stidine. THEPEREgak Pelierdremgleycarde payidyd aamhﬁw%ﬁwcpsh?weaae aspartic

acid and gl Udodplet. BHak,dhe dNMimeR cobPBE tan BE & %r&ﬁm&&%oﬂﬁl@bﬂ&lu&lﬁg dnbe

b d di th f th
e e o RO B R i 6 LB Pu o RSk BRBRT o' b pe

readily i deninelfidiggdwdyr mowe kedast ehblotidpoypestidski [ | . For exanple, for the anmno
acid al anine, a titut can b on D, al.ani ne,

gl yci ne, beta-al glﬁ?%%em dlme“ttséﬁﬁ‘émﬁ?f 'Eagnnsqogp %Hgltggcrlﬁ?ﬂoﬁsngm}em%ry épl acenent
can be any olmsiutzfof@@valdnymtmestm avlgmenim@tlmmtmglwwhwﬂatmmRETg| ni ne,

‘met hi oni ne, 581;{5%5 Pé Oy dl?eﬁrgxlﬂ% Qhétﬁl:'r Q?obap%{:ﬁd@bmﬁg Gty ASays gﬁ%@g@folnxw

substitutions uncti o regli ons that expected to
i nduce cA&ngscribeit in RGO Bk tFP'ia%iafén’le |t@mreaqne@ofpie¢b}es@¢)mnt@e@damécﬁﬁ@glé in

Wh' ch: (i) aideQiRhatants 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, GFRoul, GFRo2, and GFRa3.

25  Soluble forms of RET and the co-receptors are generated as fusion proteins. A-ﬁlsfon protein
between the extracellular domain of rat RET and placenial alkaline phospha.tésc (RET-AF)

- and a fusion protein between the extraceiluiar domain of rat GFRo-1 (disclosed in published '
application W(O9744356; November 27, 1997, herein incorparated by reference) and the Fc
douiain of human IgGl (fGFR(x1-Ig) have been described (Sanicola et al., Proc. Natl. Acad.

30 Sci. USA 1997, 94: 6238). | |
In some embodiments, the variant neublastin polypeptide enhances survival of a
neuron, or normalizes pathological changes of a neuron or both. Assays for determining

whether a polypeptide enhances survival of a neuron, or normalizes pathological changes of a
13



residue, e.g., serine or threonine, is substituted for (or by) a hydrophobic
residue, e.g., 12 |eucine, isoleucine, phenylalanine, or alanine; (ii) a
cysteine residue is substituted for (or by) any other residue; (iii) a

resi due having an el ectropositive side chain, e.g., lysine, arginine or
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, 5 is substituted for (or by) one
not having such a side chain, e.g., glycine. The |ikelihood that one of the
f oregoi ng non-conservative substitutions nmay alter functional properties of
the proteinis also correlated to the position of the substitution with
respect 10 1 ! S0kdibed 1 PL! HB001598 BOSY, cdlRuh AlEEAory 200, an
non- conservative substitutiohs may accordingl’y have |tt|g no effect on
bi ol ogi cal pﬂ@%@ﬂ@ﬂ@@ﬂﬂPOa¢M@@mH$@WPH@H by the |nvent|on are nultlnerlc

pol ypeptides that include a variant neublastin polypeptide. The nultineric
pol ypepti des _are preferably prOV|ded as_qurlfled mul ti meric pol ypepti des.
~Exanpl es gf Athesizgad Trolatianof Vaiant NepblasfimPolypeptides g gy j ¢ conpl exes. The
multinmeric conp n rovi de raner honpreric conpl ex.
Thus, the nult|n3¢? E%EEFQ%ngangcﬁﬂﬁﬁF 3?H%V?@‘§§W%W8§qgﬁ§1udlng one 15
vari ant neubNashilyncpatiygrepblbgie palpobptdee canda isviated &nin celswio ligsd somrcesrby an

het er odi ner { a
polypepllde;%mfﬁﬁﬂ%ﬁéﬁmﬁggé%gmgg Q%%@&%éﬁ%ﬁRM%ﬂﬁéﬂvgﬁﬁﬁﬁkbﬁﬁ§ﬁgw?yde bi nds
GFRa3. Pr ef evaiitpeublayinpdiymeptiges cambe syathesizat chamishilyatsing stapdardgsptisiel de sti mul at es

phosphor yj at { Qe cciniGheL. Tl%‘y){tﬂ&ﬁtdf Sort ar-ﬁﬁo 984 § &gﬂgn&?s 1&’\@‘9} J&ﬁﬁhsﬁecﬂf?h&é pepti de
bi nds GFR(err) 3 assays can Performed as escrib n W00/ 01815. For

exanpl e, t hePSBHESEMNEE: of- Sr‘%ﬁﬂl A ak-iSaiig ‘?Faiar?éptfi’ééV%h‘?ﬁF (@-ﬂé é%ﬁ“? line
supernat ant s canub@odleSsaibbORent hating n@bﬁﬂﬂlptnyp@ua@ 2P0 pad dudedbe EdahbinmO NP ex

assay descr col a, et Acad. Sci. USA, 1997, 94:
6338 1t nPSRaeBtpes e Saile  pilisebitiiennt Biodi LEIEEN M De eval uat od
for their abpdiypbptidé cmrbedisated ifdo adicrng <ge tvexprssidnhectex indabelukiel acid donai n of
RET and e r e ble forns
of RET ail t fanioliita il { SHCRMBLR colti o7 WA Bt o ne ohagBl ; C
protein betwééweqeﬂiefﬂémowmed;llsnMgald@halﬂﬁt e, figgect RELF, aad aqrialcelt al  al kal i ne
phosphat ase W%Lxﬁg’sked 18 GecBmbit i B4H, dﬁé sgqu ﬁefaemy\emréd%a&&wd%ﬁé lul'ar domain
of ratGFRcc-1_ (discl osed in published | ication WO9744356; Novenber 27,
1997, herei rf“‘“i"ﬁ’t?é F5 GFREFssign By YeBdns pevRlagtip pﬁlﬁEFPf“f‘Fe The V”HB?P&FWSB‘P human | gd

(r GFR( (err) Ipoh}g}puhacaa bb &R bvechd S0 drelll susmanbtiodRirel Bt recoRRFe@Cis aidaickhat Acad. 30
iLnments he var.i ubl astin

SCI . USAZd]‘ 99!: é anant gcﬁy ep?ule is rrérn()\cr) omrmosg components o a cell or culalrc medint in
pol ypeptide enhanc Berviarco

which it is present prior to the 1'ec0very process The recovery process may include one or

more refolding or purification steps.
Variant neublastin polypeptides can be constructed using any of several methods
known in the art. One such method is site-directed mutagenesis, in which a specific
25  nucleotide (or, if desired a small number of specific nucleotides) is changed in order to
‘change a single amino acid (or, it desired, a small number of predetermined amino acid
residues) in the encoded neublastin polypeptide. Those skilled in the art recognize that site-
directed mutagenesis is a routine and widely-used technique. In fact, many site-divecied
mmtagenesis kits are commercially available. One such kit is the "Transformer Sife Directed
© 30  Mutagenesis Kit" sold by Clontech Laboratories (Palo Alto, Calif.). '
Practice of the present invention will employ, unless indicated otherwise,
conventiona] technigues of ceil biology, cell culture, molecular biology, microbiology,
recombinant DPNA, protein chemistry, and immnnology, which are within the skill of the art.

Such techniques are described in the literature. See, for example, Molecular Cloning: A
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neuron, or normalizes pathol ogi cal changes of a neuron or both. Assays for
determ ning whether a pol ypeptide enhances survival of a neuron, or
normal i zes pat hol ogi cal changes of a 13 neuron, are described in, e.g.,

W00/ 01815. Preferably, the neuron is a sensory neuron, an autononmc

neuron, or a dopam nergi c neuron. Synthesis and Isolatlon of Vari ant

Neubl asti n Pol ypeptides 5 Variant neubl astin pol ypepti des can be isol at ed
usi ng nmet hods known in the art. “Naturally occurring neublastin polypeptides
can be isolated fromcells or tissue sources by an appropriate purification
schenme using standard protein purification techniques. Aternatively,

vari ant neubl astin pol ypeptides can be synthesized chem cally using standard

peptide 10 sua%ﬁa@gﬂmﬁﬁcmems@ {SaﬂB&:o@)Fﬂis&ﬂ%ﬂMaﬂiﬁﬂssmf)tcmPﬂﬁc agbé segulenges
Ol |

is well established in art. See Ste et al.
Phase Pept i de*&PiTHess slgﬁgzm\@‘o&O““ingHL}megIIﬁ“%ﬂé? Ngﬁi"éﬁb‘iﬁlgﬂ %ﬂt vari ant
neubl ast i n POl dopeRb SRS, mﬂ)d}m&d)h‘}mr H(Somhetnmuﬁtel 68% (Mﬂ:lhmt ayes. For
exanpl e, e .enco vari blas polypeptlde
can be i nser c&f’ cﬂ‘?ﬁ%{mdbmf%'&ﬂb Hgiocs a ‘lnéﬁlg?(ﬁj1 1lngseids h 1P s m *he nucl ei ¢
aci d can 15 Drenslafi¢nr(Bdudohes anlS. Jangglhsl edssupsfaﬂhl@lrcaﬂ AmnntallI'fi?(f;llﬁmé3 e.g.,
manmmal i an ¢ S ehls),
efl’r!es‘ﬁneg adf: leﬁfa RUTRR:. “1?!;7'0 &T&Ehz%}':déhgﬁr?d éh%fﬂiﬁ‘fseka%é?;E X9%Jx

fungal cells . I'nSec acter
expressed i nPfePUP?é 6391% forMpleculae Cloning H3 Perdal). 1984; MedbodsinBraymelgpy. Yplmesunder

condi tions @hlamws@mﬁwaleaawﬁéﬁbﬁepgﬁs ﬁewaﬂka@&neﬁ%%a@écto?sfepl ypeptide. The
vari ant neubl astin pol(}/ﬁeptl be recovered froma cell suspension if

desired. By Mprrdpetely SMWE%H‘E[N{?\&Pl"?Gdst)h]ec’g@*éjr"il%ﬂﬂ%gf‘?ﬂéﬁ?‘?rﬁ%‘y is renoved
fromthose ceanfenedhisal Metdeialdel Qi’dl\%l&ciﬂdfﬁoﬁ@ﬂam%ﬂdﬁd mﬂbdsl)t is present

prior to the cov ess e or nore
refol di ng or %ﬁ???‘% Hﬁﬁﬁ ﬁ%ﬁs ‘?Fﬁﬁ%pﬂéﬁ% §§TWﬂm%%%§ #%23% an be ‘
const ruct ed Wsir g C@(h}ﬂlavkwslewhdl%ﬁrmah@ulsung Itheavisnse Embidye, Coidt Spn@lﬁarquc h nmet hod
is site- dqug%ﬁg sis, in which a specific 25 nucleotide (or, if
desired a snal er o specific nucl eotides) is changed in order to
change a single amno acid (or, if desired, a small nunber of predeterm ned

am no acpygd wﬁgﬁthmudmmgmm&Moded neubl astin poI ypeptl de. Those skilled
in the art recogni,ze that site- dlreted rrut enes $ is a routine and
Giied ie

wi del y- used t echifgH thl"t’farfaﬁ‘c‘te“blﬁﬁﬁ’é/"’ Hieptige gy é’f"éf MABYARLPE kits are
commer ci al | Yusiviepolyabpeige dédvaiveuidfiprdidids of the inlhentiod slenisflodenvatiouSkitverubl r ect ed 30

Mit agenesi s ddyf or eé}rﬂnﬁ%prgeﬁ%h?c%u?t!ﬂgpgfo Fa?ﬁétﬁﬁ é«f’ ?d @' Oupyfl Leferd - Practice

of the present inv ess 111 t her wi se,
to a co-lipear, covalent linkage of two or more proteins or fragments thercof via their

20 individual peptide backbones, most preferably through genetic expression of a
polynucleotide molecule encoding those proteins in the same reading frame (i.e., “in frame-’;).
1t is preferred that the proteins or fragrhents thereof are from different sources. Thus,
preferred fusion proteins include a variant neublastin protein or fragmént covalently linked to
a second moiety that is not a variant neublastin, Preferably, the second moiety is derived

25  from a polypeptide that exists as a monomer, and is sufficient to confer enhanced solubility
and/or bioavailability properties on the néublastin polypeptide,

For example, a "variant neublastin/buman serum albumin fusion” is a protein
comprising 2 variant neublastin polypeptide of the invention, or fragment thereof, whose N-
terminus or C-terminus is linked in frame to a human serum albumin polypeptide (See Syed

30 etal, Blood, 1997, B9: 3243 and Yeh et al., P.N.A.S. USA 1992, 83:1904) and US Patent
Nos. 5,876,969 and 5,302,697. The term "fusion protein” additionally includes a variant

neublastin chemically linked via a mono- or hetero- functional molecule to a second moiety
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conventional techniques of cell biology, cell culture, nolecular biology,

m cr obi ol ogy, reconbinant DNA, protein chem stry, and i mmunol ogy, which are
within the skill of the art. Such techniques are described in the _
literature. See, for exanple, Ml ecular Coning: A 14 Laboratory Mnual, 2nd
edition. (Sanbrook, Fritsch and Maniatis, eds.), Cold Spring Harbor
Laboratory Press, 1989; DNA Coning, Volunes | and Il (D.N. dover, ed),
1985; digonucleotide Synthesis, (MJ. Git, ed.), 1984; U S. Patent No.
4,683,195 (Mullis et at.,); Nucleic Acid Hybridization (B.D. Haines and
S.J. Hggins, eds.), 1984; Transcription and-5 Transl ation (B D.- Hai nes and
S.J. Higgins, .eds 1984  Cul ture of. Ani r n ed).
Alan R Li ssthatllsnn({:’tgvafﬁ%tfleabllasun i emzag%ls&g?n%ngndé (El I?bd pm Ifgarsggj\séd 1986; A
Practical Giietter.t o Mol ecul ar C oning (13. Perbal), 1984, I\/bt hods in

Enzynol ogy, Vol u gg@g]@ I; New Yor k;
Gene Transfer Ve%%rlag&l?éem%amrgfésgéﬁs%tgb?kmfnﬁgﬁ)ml\lﬁﬁ er an “)Ii)l/lulgﬁéaétil 0s,
eds.), 1987, Awoifd napber afcrpsartipsrs thatisentaie opoyrespendingamivryetréivgrewp and/idhods i n

Cel |~ and bl ggal Sfroupi c@h BGYsed AYRAL heuBRSkin\ Ul Bl aiBES - BrampR§ SdGiIHbE 1HBERS S,
London, 1987; Handbook of Exper.inment | mmunol ogkg Vol unmes |-1V (DM Wir and

C.C. Bl ackweiff “dcéﬁ‘é“e)reacﬂ%ﬁ’ss'mﬁfsﬁltﬂt iggqrifghiphfgac deipidsy Jopse @gpde Sprj ng
Har bor  Labosatsmee, BI[\&AS,,BM.{%@IBSJ.EM[SMPH swuﬂotmm &GMBS onthgr ot ei ns | f

desired, the vari.ant neu rOV|d fusi on

pr ot ei n. Fu‘°‘s“|“atlel g % Bept ?‘5‘8 %crnl ?/(L'l%i&\?g = fmpp 5?S§|“ﬁ udge- gt’ﬁgAaﬁsI%htl on al so
i ncl ude var i 568 agd lrhatancmma prdtaxedsr gdn pnh@tep fHigtdoryeapticntvathrsuliitydayhgrowgs ai n

bi ol ogi Cﬂyl ﬁﬁgggo\eﬂh% tcd@ﬁblgﬁrﬁgn%mgﬁ’ﬁ? Mﬁ'%ﬁ,%@iﬁfﬁm&f%& n&@: | 1 near,

coval ent two or re proterns or fragnents thereof via the| r 20
individual pepmegalpaciladnéss. Fierst Cismidals) aPnopkillpg is thstirtigamamilaglyex pr essi on of
a pol ynucl e&.wsﬂ@wmm?c@aahee sﬁ%geh A WilDAKEhN-RhRiiof hdhblabteh Wit Bruieadi ng frame . -
(i.e., "in frame'). is preferred that the proteins or fragnents thereof
are from di f At sources Thus, preferred fusion proteins include a
vari ant neubl ast [m; qwocehexmanealthatdSragniamm&euﬁl:zarghhefaté édﬂjﬁgdestt@senan second noi ety
that is pot a varia Q’E ubl a ttlt N_Ifr ef era aﬂg% cond Gy m)l ety is derived
25 from & pol YPEpTHEE JohREetey e em"é'u% R SOSHPF P ent to confer
enhanced sol alipiniis. tlf/desmq:tblNBN—sbnuomﬁamrafumbnsmn qgrge@mtetdlmg gtmelidwgmwm astin
pol ypepti de. XA i @EJUEM g n fusion”
is a protei n‘e&gé“ﬁ?"gn S|éﬁ§%ﬁésa%%gﬁ@%e£ﬁg%@?é} %é%%ggﬁel Org; the Tnvention,
or fragnent ¥HEPEERdS.-whose N- terminus or C-termnus is Ilnked in frame to a

human serum al bumsrmmdrw&mpla@sa tRaDRy M&Lnﬁgat@maa&ésuuﬁhe@ﬂmud&aﬂa* 89: 3243
and Ych % prolbnged ha]tA' life’in anSAls](mcluﬂmgB (?u 84211 and U

nt.
be generated usmg a similar strategy.
Other derivatives of variant neublastins include covalent or aggregate conjugates of

variant nafﬁblastin or its fragments with other proteins or polypeptides, such as by synthesis in
recombinant culture as additional N-termini, or C-termini. For example, the conjugated
peptide néay be a signal (or leader) polypeptide sequence at the N-terminal region of the

25  protein whiCH co-translationally or post-translationally directs tranéfer of the protein from its
site of syni:hcsis to its site of function inside or outside of the cell membrane or wall (e.g., the
yeast alpha --faétor leader). Neublastin receptor proteins can comprise peptides added to
facilitate purification or identification of neublastin (e.g., histidine/neublastin fosions). The
amino acid sequence of neublastin can also be linked to the peptide Asp-Tyr-Lys-Asp-Asp-

30  Asp-Asp-Lys (DYKDDDDK) (Hopp et al., Biotechnology 6:1204,1988.) The latter sequence
is highly antigenic and provides an epitope reversibly bound by a specific monoclonal

antibody, enabling rapid assay and facile purification of expressed recombinant protein.
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Nos. 5,876,969 and 5, 302,697. The term "fusion protein" additionally

i ncludes a variant neublastin chemcally |linked via a nono- or hetero-

functional nolecule to a second noiety 15 that is not a variant neublastin

protein and is made de novo frompurified protein as described bel ow.

Neubl asti n-serum al bumi n fusions can be constructed using nethods known in

the art. Any of a nunber of cross-linkers that contain a corresponding

am no reactive group and thiol 5 reactive group can be used to link

neubl astin to serum al bum n. Exanpl es of suitable |inkers include am ne

reactive cross-linkers that insert a thiol reactive-naleimde. These

include, e.g., SMCC, AVAS, BWPS, WGS, EMCS, SMPB, SMPH, KMJS, or GVBS.

Q hlerd sui t abl esigg\gmﬁ%z\é iaalgdjs_ E'Ai\aeﬁﬁ&agj( ahavécﬁﬁ}'%iri)iﬁmht%h@a&&blaﬁa@% gieup. These

include, e.qg., . nd that provide a protected or non

pr ot ect ed tgﬁe%?“ef‘%’Péq‘ag%{%fOIHSWHWI%F%‘S%'BYSf%WEyI groups 10 to product a

reduci bl e i nkage are SPDP, SMPT,. SATA; or SATP all of which are

commer ci al | i Pl erc em,cals). One skilled in the art can

sinlarly é‘(r@‘@i“‘%%%fﬁ‘h‘g?%é” 'E’%‘Fﬂéé’?}“‘é%"%—s{—rgr‘%%%‘r‘e)s that will Iink the

N-t ermi nus of nelildesirsdiarvingletphlymer upiecuig oy bd empldyed foscanjugdioamithei oned t hat one

skilled in t : n +GONnI \ t are not
AHabIAT g&ﬂﬂ:p&ﬁ. :ﬁﬂl?&g% é&NQngro%g@éﬁ%édﬁm? g.lﬁ}érﬁxan%ﬁc S bBle b

targeted at the N-termnus of f t moi ety on serum al bum n.
| f desired, TBReSathgdpardlifrrumied pehlastsspmpssitigeséive ivenias rayfigeieyi
engi neering inbef AR well WiRin8h m&\@gmaﬁma‘s.mdmmy,_tih@ius:@Edéagr@e@mmm_gene at
its NNtermnus, C-termnus, _or at both ends. It Is further caontenpl ated
that any NBNCEBHPRERIERGERRY viilize gpot ther groups,jposefigs ot Yher fonjisated PeREso¥Songed hal f
life in ani neppspaeno tcnd gse Appliamon. Byavay beexgaplenahste ushin g samsi m | ar
strategy. o i vat ] f yari,ant neubl astins. i ncl udg .ent or
S00reaate conP RSl phintF oo H8 boril » REHRWANGAP btk BT ERUALST T
proteins or Tpditappreptdntieddatign ohothe plypertissot thesiteristies to the celpmbérnama gt ure as
addi tional Noh&fillicHay 1R adanth o iR bomefaRfiicRIATD ctidnifze GRPLHE! S tuade€Pt | de -may
be a signal (or |eadér) polypeptide sequence at the N-térm nal region of the
25 protein vihiEeHvER STRESHERRE PEtaress B pariopsprencrties oifhrpsierigit 8kt s transfer
of the pipt ethdlovkdhdBadjdpted fiatefal O ccbilinkI &Rd @lyh@r mbyScofitain@nPfundiiofidity, on | nsi de or
outside. of the cell nenbrane or, wall. (e.q.,. the. yeast al pha -factor
eader ). NeHraEE i PELBLEE: ot Sriuhafinstnipies S BRisr b Ra s 1
facilitate puitietonjusiied neublastingmtin fanpagiiiarforofs imenddsi pagtosen (e. g.
hi sti di ne/ neubl agtinuldsh that MAC usefilll Banffdvel S EGUED il UhsiAfN bl astin can
al so be |inked to the %@p@i&?e aAt\_spiF"Tsﬁr_!]{ys?"%sﬁ-A'?pﬂ'%o ASp-Asp-Lys ( DYKDDDDK)
(Hopp et al .chagtegstiss HWGMY@W@?@M{QT%B‘P'}‘PIWéﬂaFf&’PtS@PmSSegﬂeﬁ%@ﬂy

20  bonded peptide applications, the polymer may be functionalized and then coupled to free

amino acid(s) of the peptide(s) to form labile bonds.

In some embodirnents, the neublastin polypeptide is linked to the polymer via a
terminal reactive group on the polypeptide. Alternatively, or in addition, the ngublastin
polypeptide may be linked via the side chain amino group of an internal lysine residue, e.g., &

25  lysine residue introduced into the amino acid sequence of a naturally occurring neublastin
polypeptide, Thus, conjugations can also be branched Ifrom the non terminal reactive groups.
The polymer with the reactive group(s) is designated herein as "activated polymer". The
reactive group selectively reacts with free amino or other reactive groups on the protein.

Agtachment may occur in the activated polymer at any available neublastin amino

30  group such as the alpha amino groups or the epsilon amino groups of a lysise residue or
residues introduced into the amino zcid sequence of a neublastin bolypeptide or variaat

thereof. Free carboxylic groups, suitably activated carbonyl groups, hydroxyl, guanidyl,
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is highly antigenic and provi des an epitope reversibly bound by a specific
nonocl onal anti body, enabling rapid assay and facile purification of
expressed reconbi nant protein. 16 This sequence is also specifically cleaved
by bovi ne nmucosal enterokinase at the residue imediately follow ng the
Asp-Lys pairing. Variant neublastin polypeptides conjugated to a polymer 5
| f desired, a single polymer nolecule nmay be enpl oyed for conjugation with a
neubl astin pol ypeptide, although it is also contenplated that nore than one
pol ymer nol ecule can be attached as well. Conjugated neublastin

conposi tions of the invention may find utility in both in vivo as well as

non-in vivo aR@lbie %km&e&cm&bﬂpdrsté Rbidlids Ynd rhdrcaplol glro@eoﬂtmmsa@dft hat the
conj ugating poly utillze any other groups, noieties, ot her

conj ugat ed sb‘@é?beeéca“§§°bieseéb‘p’f“é‘ﬁ'ﬂeﬁtséesto the end use appli catl on. By way of
exanple, it nay hRndeBfftbn dbButI DTS atRPEI0intds DBV pdbMRt f bl obpdint 0 t he

polymer a functional noiet art.ing. UV- degradatiop Si st an
antioxidatloﬁmmgfl8?ﬁ%?ﬂ$?%ﬁ@&¥P3§s%&myﬁ%3§%§¥$wgngfa%ngﬁé%%%?yner As a
further &xanmptimiziog therigntiné the thactivh ahdonsiniring covesperiitl matificanms of the
functlonallz r [ R@E in
character, m&ﬁ %§3%¥§§%$%§§3$QQ$ cmﬁﬁﬁ%?ﬁ{ aract%$§s |ggmgﬁéggﬁ?he
~overall con j u@mselrb tiveet entidging, A@eseubh}l thehajf; life dfahquodtoindireipmably.ablimashizbautany
functional i typg, ofrtﬁam%@gac%%%e prd S R et Ot R ABher P Add 1BGs ST T UCT U es
whi ch do not grec ude the efficacy of the conjugated neublastin mutein
conposi tion ¥®e{t s i ntended purpose. Illustrative polyners that may

useful l'yipe enpl aye@adionsaedyi cﬁeéela&meeey sl mbth&d usedE REdigE bisthgiedtyar e
descri bed herein beJOM/mn exenpl a ﬁ@ctlon Ség%nes I%g ? Z ly 20
bonded pept i H&'HPBIPEAL L, PO p% ¥ 2 3R00 BY Sty gt PO i t hen
coupl ed to freative aoipsereaa e (atpha ahind gieug:mp:ta Mte(xxﬁr)ustmenfsﬂnynhb pbtese bonds. In.
sonme enbodi nent t he. neubl.astin LS I| ked. 1 e r via a
ternminal r eac?cl:l?/egpre;?annﬁgn act:vaf%'ecf po a/Fn lecﬁh) r'&f:z{c ff rote ththm aIBtn\.Jaé dition,

t he neubl astmqwmeptylpyqﬂegﬁth@@lmrmn #mtﬁmeﬁﬂr fwrraﬂ%tm '@!ed@\fe hadlﬁcaam no group of

an interpal lysh0&n B@?érf&Hﬁedb?s&mal RetBots| MRdnay iRIvE Y& dridlotlgbyced into the
am no acid sequence of a naturally occurring neublastin polypeptide. Thus,

conj ugat i ons can T8I ROY/I5E c3b RRIFIS o he FATENEcuRin ROBPPRIMP oY RERANPE gr oups.

The pol yrrer mmmmtﬂkbeartr FaLdxhvple G &w%&bmman ARsjofyarlesk élﬁbﬁhtﬂetﬁ& "activated
polymer”. The | ve ot her

reactive gr o‘i?ﬂ%le tﬂ i Yﬁ‘é‘e E‘g o ‘Léjfp%" ne Iﬁ%s(% F’lﬁg}yﬁ?t‘dﬁﬁt V%‘E‘Elﬁ‘?‘g’llaﬁmf l??éV P ﬁpcf't ?vg[ ed
pol ymer at anykagyvmitedizire grap bindstpeniormed with a Is(hygmqnlspccsrumhie @sd3)hetival pha am no

groups Ojg t rE‘EtePs‘&ﬁLJs%Gasmcﬂlﬂmﬁgl%&ﬁm% S§Pé(?ﬁlhg'§m£1 ﬂ?l‘]afgjll?rﬁ)glé alcer @phdues

i ntroduced int acid se ue ce 0 ypepti de or
vari ant PEG). Suitable polyalkylené glycol moxenes include, e.g. carboxymethy} HS, norleucmc—

NHS, SC-PEG, tresylate, aldehyde, epoxide, carbonylimidazole, and PNF carbonate.

Additional amine reactive PEG linkers can be substituted for the succi:iirhjdyl moiety.

These include, e.g. isothiocyanates, nitrophenylcarbonates, Epokides. and behz_otriazole

25  carbonates, Conditions are preferably chosen to maximize the seleetivity and extent or
reaction. Linear and branched forms of PEG can be used as well as other alkyl forms. The _
length of the PEG can be varied. Most common forms vary in size from 2K-100K. While
the present examples report that targeted pegylation at the N-terminus does not affect
pharmokinetic properties, the fact that the material retained physiological function indicates

30  that modification at the site or sites disclosed herein is not deleterious. Consequently, in
generating mutant forms of NBN that could provide additional sites of attachment through
insertion of lysine residues, the likely outcome that these forms would be pegylated both a

the lysine and at the N-terminus is considered acceptable.
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thereof. Free carboxylic groups, suitably activated carbonyl groups,

hydr oxyl, guanidyl, 17 im dazole, oxidized carbohydrate noieties and
mercapto groups of the neublastin (if available) can al so be used as
attachnent sites. Generally fromabout 1.0 to about 10 noles of activated
pol yner per nole of protein, depending on protein concentration, is

enpl oyed. The final amount is a bal ance between 5 maxi:m zi ng the extent of
the reaction while mnimzing non-specific nodifications of the product
and, at the same tinme, defining chem stries that will maintain optinum
activity, while at the sane tine optimzing, if possible, the half-life of
t he protein. PreMHkathmMﬂmmheﬁﬁﬁpGWQymksﬁ@%mﬂmﬂimgb@ohmgﬁ@mﬁnactivity of
the protein | ret fer I ar Q% S d. 10 The
reactions na{t eﬁ'l‘(%ﬁl’b? gasﬁygyapn%otéyw 1 a8 tﬁebl %’Iﬁe’ U (s)erlcc'fwec crEm il

bi ol ogi cal | yby fixstiréagtingraeisetng edrigntwith hiqvmmi@u#aow?gmmlger prkasdivatb sﬁamlt about pH

5-8, e.g. Elﬁ_ca) chh w:ll%aégwnﬂ Jorhl tm:el %r{e%ﬁtfﬁ'té{—&ngg QHPR rﬂ%l@asﬂlg ik Iﬂﬁt pha am no

group at the term nus f\:’@ € process | nvo ves £f epari| g an
act i vat ed> poFierelypeptide villdhengpntain a etk srony thaheanbe splestivelynedified wéthact i vat ed

pol ymer to ppafikimBidda& ol feztzh@c riaxcm&ip@ucﬁugmhalai%n&e%uwmlsatdne gmuJ he above
nodi fication 15 reaction can be perfornmed by several nethods, which may

i nvol ve one *&)‘Pa["ﬁfﬁt”éﬂ%?‘é’pgrafmTﬁ'eP‘%thr?& can be coupled to the variant
neubl astin pol yper&m ﬂeagéﬁﬂcﬁﬂbeﬁﬁﬂlitaﬂ&thdﬁ?ﬁmy:th&vﬁlh@etaﬁhspcﬁﬁfsﬂe&ﬁmﬂe in one

The. neub! st IATRBTy KE AECGRP 7k P raBy RSRR OB SREr SUPE L hage o

the |ysine gfmiup ocmfb(all p@ummmmmce)hmuwmmxymuwmmwja: A NHS) active

120 ester SU %E%ﬁ%%&ilﬁt?gng% QXLmﬁiﬁﬁfe&?EMﬁ%ﬁ(’if%ﬂ&%%ﬁ%ﬂkm dyl

propi onat e ( ene gl ycol’ noi ét1es I ncl ude,
e.g.car boxyr@ﬂ%lSMﬂﬁSSMﬁHrKM&@mﬁ@M ShﬂS@ﬁP“@K%ﬂ ke SR deny de,

epoxi de, cargilrinizrRg QﬁﬁeacaﬂngreElh{E.gg%p&%a@m@qm dohRnRah fr@SHNerE eact i ve PEG
|l i nkers can be substituted f t he succini md These include, e.qg.

i sot hi ocyanai’t“ﬁ@‘“”’i”ﬁ“i"r‘fﬂ&eﬁgﬁ%t&ea'%ﬁﬁlﬁ‘f ’é%mplﬁﬁ’&ﬂ ‘B@é‘ C“'H‘Hébl?%ﬂ?&ms?‘ﬂirﬁl e 25
carbonat es. rtiandl dfiteneteaniaalpgef er abl y chosen to maxi mze the sel ectivity and
extent or react near._and _bran d forns. of . PEG ed as well as
other alkyl for rr?% %éhercmbo«? e:nt [hte o %ﬁl nealxc I(r)nmeP 1sco peq\%sf:ﬂ‘ﬁammmn f OF IS
vary in si z@f@lp@fmhﬁwum@mmolwwnﬂeeﬂr VarhetrpufégempolchMQJ Seuphwgyer be t hat t ar get ed
pegyl ati on akredlifhis L) BbikimdO6rSug) Qbin AldiBEd prop ARk RSk, ALQRRGT i €S, the
fact that theemat éirhllgefﬁgrret al nedgrglhﬂ;m%?ogi ca‘m?unctl Ol’tl |nd| cates 30 that

nmodi ficati o™ P the site or sites disclosed herein is not del eterious.
Consequent |y, i nOneg:}i‘EiﬁJE‘fﬁsEtbm arvuﬁaameulﬁlﬁmﬁpolpjepmwaa Ratbuglw doddymayi de

addi ti onal %1 tes att acl?’1
or examp e one two, t

rg)ur, or ﬁve % moieties can be attached to the polymer. In
some embodiments, 2 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. | _
~ In preferred embodiments, the variant neublastin polypepti_dc in the composition has a
25  longer serum half-life relative to the half-life of the variant polypeptide in the absence of the
polymer. Alternatively, or in addition, the variant neublastin polypcptide in the _cmﬁposition
binds GFRa:3, activates RET, normalizes pathological changes of a neuron, or enhances
survival of a neuron, or performs a combination of these -phys_iological‘functions. .
* In preferred embodiments, the composition is provided as a stable, aqueously soluble .
30  conjugated neublistin polypeptide or variant neublastin polypeptide complex comprising a
neublastin polypeptide or variant neublastin polypeptide coupled to a polyethylere glycol
moiety. If desired, the neublastin polypeptide or variant neublastin polypeptide may be
coupled to the polyethylene glycol moiety by a labile bond. The labile bond can be cleaved
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insertion of lysine residues, the likely outcone that these forns woul d be
pegyl ated both at the lysine and at the N-termnus is considered
acceptable. 18 If desired, neublastin variant polypeptides may contain a
tag, e.g., a tag that can subsequently be rel eased by proteol ysis. Thus,
the lysine noiety can be selectively nodified by first reacting a his-tag
variant with a | ow nol ecul ar wei ght |inker such as Traut's reagent (Pierce)
which will react with both the lysine and N-term nus, and then rel easing the
his tag. 5 The pol ypeptide will then contain a free SH group that can be
selectively nodified with a PEG containing a thiol reactive head group such
as a nal ei mige.gg rtﬁdtﬁf;nuaal u}dﬁyys&uﬂyrﬁﬁﬁesugbmmydqmclmm:a@eﬁ axbeplghieipnd or a free
or protect eq:a H ol % 3 tea oomgg S_FI aced with any linker that wll
set up a speciti ea§° o deiAe iyt HERE By way of exanple, Traut's
reagent coul d be repl aced with SPDP, SMPT, 10 SATA, or SATP (al'l available

from Pl er Celpu Skl L 0 c Ol 50k LIBLRLOLERI Mhthug, am ne reacti ve
SVPB, SMPH, KMUShlsgprodiimsy a phamisasutionl eempositign iplblinsSpypiant 9pyRlastat AB) | or a

vinyl sul fon ?oﬂfn%nﬁﬁ@e Jf%cp}esénhﬁw&%yl tA HlaRh@AliGE cMhddRiten"REeeli Nat cont ai ns
a free SH. limtation to the siize of the |inker that is, enployed

is that it CHERWA GSF‘ES’@R cqrﬁ@%mg@alamm@smf@w% of g ipysation 4gpetsehal ¢ ag.
Thus, in ot heg pl@ﬁbl@ﬁﬁﬂ@lﬂ&ﬁpt?ﬂlé"\@hﬁ&l dptibliaflly @BrRaigihg/ 6@ lor iBre@thyr | sI coupled to a
ol ypept | de PR aR R Sk e b ETHEed e oR LTI SRy oup,
Vi nyl sul f0onen gicipniga; suah fxadaea,oed Gi‘tmbrgmﬂﬂtals @pdts, etbigerod, andyine tpmor? Cer@de or nor e
sites on a vyari a?ﬁhpﬁf@geﬁ?\%%%ﬁ’ 919& gE can be coupled to a polymer. For

exanpl e, one two |ve G noi eties can be .attached to the
pol ymer. “In’ sonEeontyoei- frobiasgn C@Jm pfdiednyeniion ragytba edraigistgred pérse & no

termnus ande@hs ff\mﬂerwm?&;pﬁ]ﬁmgeéutica]%;;acceﬁéblc%&grs %étsognd%th@%héﬁéléamy pol ypept i-de
nunbered as shown in Tab mbodi nent s e vari ant

n retrerre
neubl astin PEFYalserivEvisiherash Ieé'ffgagqushﬂ%b@damd%nqnbﬁ?wmgﬁ B hal f-life
rel ati vast o videc deabifistih b(fr@lgﬁkf?. pﬁcﬁ:&bwﬁﬁ bediatd Pgdihep @k briter indrelph@makarsang of the

pol ymer. Al rer i vel t he varignt neubl astin pol ypeptide
in the conpdst é}abge AT %F? i&?rﬂ?’é"ﬁ%&& a\?%‘i“éé“gﬁ%‘f:?m‘nor'rral i zes pat hol ogi cal
changes of a neuFemarriens) mnhaﬂpiesnacstuncadlywa(teptablemtheessmaarmf bagg perforns a

combi nat | on cffpaliBeSfi BYSEANAGGR of bl Ah AR ao Hot%%{lfﬁ&eﬁ&o@s@%' nents, the

conposition I's provi as a st , a ueou sol u 30 conj ugat ed
neubl astin ﬁ@&%@b@?(&eﬂ@Wmvatrqeatﬂ%stlﬁwmva@tl mnﬁ@r}we@crlwoeﬁwp &x conprising

a 20 desired pharmacological effect or medically beneficial effect, as described hergin, and in a

quantity appropriate to achieve the desired bioavailable in vivo dose or concentration.

The formulations include those suvitable for parenteral as well as non parenteral
admini_stration, and specific administration modalities include oral, rectal, buccal, topical.
nasal, ophthalmic, subcutaneous, intramuscular, intravenous, transdermal, imratheéél; intra-

25  articular, intra-arterial, sub-arachnoid, bronchial, lymphatic, vaginal, and intra—uterihe
administratibn. Formulations suitable for aerosol and parenteral administration, both. locally
and systemically, are preferred.

When the variant neublastin is utilized in a formulation comprising a liquid solution,
the formulation advantageously may be administered orally, bronchially, or parcntéraﬂy.

30  When the neublastin is employed in a liquid suspension formulation or as a powder in a
biocompatible carrier formulation, the formulation may be advantageously administered
orally, rectally, or bronchially. Alternatively, it may be administered nasally or bronc_:hially,

via nebulization of the powder in a carrier gas, to form a gaseous dispersion of the powder
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neubl asti n pol ypepti de or variant neubl astin pol ypeptide coupled to a

pol yet hyl ene glycol noiety. |If desired, the neublastin pol ypeptide or

vari ant neubl astin pol ypeptide may be coupled to the polyethylene glycol
noiety by a |labile bond. The | abile bond can be cleaved 19 in, e.g.,

bi ochem cal hydrolysis, proteolysis, or sulfhydryl cleavage. For exanple,
the bond can be cleaved under in vivo (physiological) conditions.

Phar maceuti cal conpositions containing variant neubl astin-pol ymer conjugates
5 Also provided is a pharmaceutical conposition including a variant

neubl astin- polymer conjugate of the present invention. A "pharnmaceutical
CONpOSi tion"y,g iyﬁg[ﬂ(ed \E)e{h@*u{ﬁedt froflSlokAGH, Ureaft Ul idbIBRMRALASL I N protein
or conjugate of t i nventTon, dlsperseg in a physiologically acceptabl e
vehi cl e, optde®igal |y containing one or nore other physiologically conpatible
i ngredi ents. ThetRhemBeSHchbRfsing UTRRMids! of the bRAbER: MY GARIyRbAVediBnBN eXCi pi ent
such as water, one or nore mnerals, sugars, detergents, and one or nore
carriers s (eRresiedin yiidpiaggforsand mppbepreparsd By sny ﬁf%‘f’ methpdsiwefl jnovaia

pol yner - rieubhest df phaE@mjyUgiak Sehdlk géBally Mvedd thodcpPl Yl @ducdiest ered per se as
well as in Lhevporgng yhannac.uticall§.$cc%ghable esterssc§alts, and ot her
physi ol ogi caFSHeRHHARP PEPFATIOHEIN &A1 o) BRICY FPEFEEe onF i R HCHBIR maceut i cal and

medi carment fiogredidngt i ons, the 15 variant neubl astin conjugate preferably is

utilized togethe j . 0. i cal Ly . gqﬁ& carrier(s)
and optionally a?\y wg?ﬂgr%q%ﬁ'g{a%%g%ipgpiﬁ%glgeg_l Beﬂrrlrgbg%nd%flgﬁ% rn%&l(tg? must be
phar maceut i @datveynzsdicatés a5 wsacitiqnethadiqeid catichefigely diddnsalid prriec. @i t h t he ot her
i ngredi ent S v8h, 4ndeheh OF Ndsey, Hapid the PRbudd Rl HoYael Al GlileQldsiell O t he  reci pi ent
thereof. The variant neublastin is provided in an anount effective to

achi eve a 20°8¥€f?%d phar macol ogi cal effect or medically beneficial effect,
as descri bed her®imfiylatunelof the feserd ABitioh Yuidllp fd pial AlithidvatictiMyéye t he desired

bi 0avail abl ¢ I 4,805 60l £ ANGENLL AN pllleod S ALk ATlificd ude those
suitable fof parenferé? as wel 1 agtnon parenter al auth nistration, and

speci fi ¢ admredetemingt popunfrefidhd activcarsridieot asd@owdea bg granglss: @t a suspeoster in aw opi cal
nasal , opht haleBhGique P HirPIyRRESiquld b RIUSGHb 3 elikif) b USRS dERgRS der mal
intrathecal, intra 25 articular, intra-arfefial, sSub-arachnoid, bronchial,

| ynphat i c, vagi nfrmulatings suitphiefor gagnferd admipisfyatips eoraniepiy, comgrtalatitons suitabl e
for aerosol agqReusPeip@aticoR the 36T Binfulghta Wb prdd@4blly & @6BAE With dBlosy&t em cal |y,
are preferred. Wen the variant neubl astin i.s ukLIized.i@ a formul ation
conpri si ng SETFYITHCSoPHOME! spHg SP oM, SaT BT AR PR JEB s TSPERUTE be

adm ni st er edgenrsahd thickdnirgngdnisal dtigr nocropeticeiatc@yseinds whicB Gre Vibigued fheargreubl astin i s
enpl oyedsgi Ny chifhhdloBHRR EskoR s o? bR : BlokedRl. TRS oSG haybE 2

presented in unit-dose or multi-dose form.

- Nasal spray formulations comprise purified agueous solutions of the active conjugate
with_ preservative agents and isotonic agenfs. Such formulations are preferably adjusted to a
pH and isotonic state compatible with the nasal mucus membranes.
25 ‘Formulations for rectal administration may be presented as a suppository with a
suitable carrier such as cocoa butter, hydrogenated fats, or hydrogenated fatty carboxylic
acid. Ophthalmic formulations such as eye drops ace prepared by a similar method to the
- nasal spray, except that the pH and isotonic factors are preferably adjusted to match that of
the eye,
30 Topical formulations comprise the conjugates of the invention dissolved or suspended -
in one or more media, such as mineral oil, petroleum, polyhydroxy alcohols, or other bases

used for topical pharmaceutical formulations.

21



bi oconpati bl e carrier fornulation, the formul ati on may be advant ageously
adm nistered orally, rectally, or bronchially. Aternatively, it nmay be
adm ni stered nasally or bronchially, via nebulization of the powder in a
carrier gas, to forma gaseous di spersion of the powder 20 which is inspired
by the patient froma breathing circuit conprising a suitable nebulizer
device. The fornul ations conprising the proteins of the present invention
may conveniently be presented in unit dosage fornms and may be prepared by
any of the nethods well known in. 5 the art of pharmacy. Such nethods
generally include the step of bringing the active ingredient(s) into
association with I i . 3

i ngredi ents. Typllngaéj? flon 'toethe é@%‘mﬁ@m@%? i ﬁéﬂgggheoﬁgﬂugﬁog%g&s %ﬁ%% and
intimtely bﬁurthegnmlgdtwor aotei agaesspy drrgeedicatid é@i?ctqdrﬁtom d@ls@t;cwﬁeﬁdhvwm"h aliquid

carrier, a f:*]ap% }glsﬂ él’agﬁcgm?fﬁ:le 'agwgﬁﬂreﬁtls %mkef?ér? ni’bﬁcamt ﬂ}cseﬁﬂg’eg dﬂ\%ﬁdmlrf

necessary, g tEI’O uct | nto dosage or ne O desired
f or mul at i on. 2nfigHASh pRbHe liks Th&ﬁ@em@mdeiaﬁwﬁwlbﬂ%ta meamb@stfrtfrm@fr al

adm ni st rat |?}&elwﬂmmdgﬁ&§(egt RelblasinHsSAGLASM).UNi ts such as capsul es,
cachets, tablets, or |qQzenges, each containin predet erm ned anount of

the active ingredf@riingy “é‘(’%?ﬂﬂé‘?’e“&?“@"@Wﬁ*ag’é%%?“ﬁm‘éﬂfssﬁ@?&wq n an 15

aqueous | i qq&ateﬁf toamrwx[bmuﬂﬂms oﬁa\qﬂmd neuBlastih oaﬁjughtély &dlmonemaapiefemw an

enul sion, or..a uitable for al adm nistration
convent ont | y!BHR AERieaaphf o ﬁﬁﬁ@é}a@%kﬂgﬁg}a& SR biaRefi.

conj ugat e, whiredse the Eﬁﬁnaadgltq/cnzﬁnaus@gmdamnwf thi vad‘mm ipligtn pdlypepilie andCi p| ent
(e.g., physi &Lﬁ&k&ﬂl'eaﬁ%k{] vﬁlg'sﬁ!eit‘h?é‘)momﬁ&ﬁ&r& 1 Q% HRY g ¢! ude

suspendlng agents an ‘Kering agents o croparticulate systens
whi ch are desidgptend thay ffteéﬁ’fg@eﬂgzmstdhféﬁ% ARPBIUHED P @etyﬁwfb%ﬁ‘ptﬁ%‘ﬁv% or one or

. more or gans. audbfpdt@hMihcdldind A hiBh d2fylashh-8S@M £fnl dlouki fusiblPfiSieinl) okt | - dose
form Nasal spray fornulations conprise purified aqueous sol utions of the

active conj Ug4P®™ wi th preservative agents and isotonic agents. Such
formul ations are preferably adjusted to a pH and isotonic state conpati.ble
wth thelpagﬁlthrmc S grtlanpranes 25 Formul ations for rectal adm nistration

Qs O cal . .
may be pre pository with a suitable carrier such as cocoa
butter, hyd r ogendteedriin negiblagin polyphptidrsratvet] af fusivy protinh oxgoinjugatesdiesirebf,

Cpht hai i c fy i bk 'f&%atﬁlggpalﬁﬁatﬁ%@ dfé&‘a r@fs&s@éﬁﬁﬁfn&%&)ﬂ wgys! M | ar met hod

to the nasal "spray, exce t hat and isotonic factors are preferably
adjusted to Aaelerally ?fhld{laﬂaﬂial more preferablyapmnate including a heman, which dzsorder or

‘disease is responsive to the activity of neurotrophic agents.
20 The compositions of the invention may be used directly via, e.g., injected, implanted
or ingested 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 diserder or discase may in particular be damage of the
25 | nervous system caised by trauma, surgery, ischemiia, infection, metabolic- diseases,
nutritional deficiency, malignancy or toxic agents, and genetic or idiopathic processes.

The damage may in paiticular have occurred to sensory nenrons or retinal ganglion
cells, including neurons in the dorsal root gangiia of the spinal cord or in ari_y‘ of the following
tissues: the geniculate, petrosal and nodose ganglia; the vestibuloacoustic complex of the

30  eighth cranial nerve; the ventrolateral pole of the maxillomandribular lobe of the rigeminal
ganglion; and the mesencephalic trigeminal nucleus.

In a preferred embodiment of the method of the invention, the disease or disorder is a

neurodegenerative disease involving lesioned and traumatic neurons, such as traumatic
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~contenpl ate

the eye. 30 Topical formul ations conprise the conjugates of the invention

di ssol ved or suspended in one or nore nedia, such as mneral oil,

petrol eum pol yhydroxy al cohols, or other bases used for topical

pharmaceutical fornulations. 21 In addition to the aforenentioned

ingredients, the fornmulations of this invention may further include one or

nore accessory ingredient(s) selected fromdiluents, buffers, flavoring

agents, disintegrants, surface active agents, thickeners, |ubricants,

preservatives (including antioxidants), and the |ike. The foregoing

consi derati ons apply also to the neublastin fusion 5 proteins of the

nvent i on {Gespso B E i PR AR PR e A5RCH) B b REiRRSGE: L vent i on
vVI'Si on 0 SUI usiton pro ernsTor rnvitro

st abi | i zat | dangde, reurvpatiyeant espm;ﬁily@stighﬁab@mrpmgatwnphwrasmmﬁtra@m Oramjury, pr ef erred

T ustrative,.anal énl%ﬁé LR @fin Ik a&h‘{ fraQBra u{ﬁﬁ Je{-!r%ﬁs% st&ﬁ R:Enoés’}ﬁu HRY

enpl oyed for exanple'to incr ase ﬁ resista IC egradatlon of

the vari ant sele/gHs SPPSUFe (9 APYPRHRY Betabotie disgsep pusly Pscﬁé@efas %ﬂﬁ%@&fﬂﬂcpﬁ?fr ovi ng

shel f 1ifse, ahPQMabLARRE 8 tfeBrichk hdslukasode@éﬁdm&mxéo}dm incluliin} A1z04REQr St 0od t hat
the foregoing considerations gg)r%ﬂ%a so to the neubl astin-serum al bum n

fusi on pr ot dfSeAse Huptineieg's digeape , disgasp P asidpsopFlvg pEdromes 81Resssh§ni n f usi on
prot ei ns) ofSuprh@clenweﬁ@tdala&akﬁld&&tdnezﬁasmynufoeﬁ; WEAdpordtb@rebellat Afépheubl astin

pol ypepti de Si 0 tel ns at es t her.eof may be
used for trZ%?‘?%gg@ g\/ﬂ% 25‘8{5 F%S&?P‘E%‘F"PB@-@ g-gggrépagfrmgqrﬁtw ng ani mal
body, pref ecxamtiyccmffp_lea, angrrmeghic Inerleclpogs, er @ btheeropgenitwte | ncl udi ng a hunan,
whi ch di 0r$ rodibenerdi R AREKe, aﬁ?ﬁ&ﬁ [}%la}éﬁer&f?os&l&%df&ﬁ dméhday Of neurotrophic
agents. e conpositions o Invention may be used directly via, e.g.,
i nj ected, inplantedeigrd prRpdineatsoptont seEETHINSEIC SEMSYIoRs nbe vt eat a

pat hol ogi calg [B)al’r@ﬁﬁﬁ §oc;c%§twe laﬁi M&hhRrebdpBve fRBBRY @S bd :&aﬁalﬂ&@@mcdﬁﬁy The
conposi ti Onself“rf%’f“d‘ai* used al leviating a disaorde di sease of a living

ani mal body i ‘bﬁt”}‘?iifﬁ'éﬁn In geHition, sypragiFifaad 8?‘aséif“§@5"§‘é“?“§°“ﬁ Egtbf‘ony ve to
the activi hgxommmuér@barrmalﬁeﬂecagents The di sorder or d| sease may in
particul ar be dagpge, of, tNE) &30 el Th3to? eﬁ}og sé’ae‘é%% tralfunalateraf”gery

i scheni a; infection, et ab ‘f arse S, Pl naI ‘l’ency, mal i gnancy
or toxic agesrssis (S ‘redepinad msculadatmputdanb,etpnatqéésmgnotheirbrefedalrrage may in

particul ar BAN&:RGE e LS RANSRE ¥ tﬁk@mma&@ card BlukddBlo ARG ALQD Cell's,

i ncl udi ng neurons_ i n the dorsal root glia of the spinal cord or in any of
the fol | owi F§OVer feayare trapRgicgRiny cifest Vebb%ftlﬁ G%d&fc’“eaﬂ?“ﬁ@&é%e gamsli a; the
vest i bul oacous b ik esHdifixg @fiadt Aeublastin polypeptides, or fusion of conjugates of variant

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

In a preferred embodiment, the compositions disclosed herein (and pharmaceutical

compositions containing same) are used in the treatment of peripheral neuropathies. Among

25  the peripheral neuropathies contemplated for treatment with the molecules of this invention
are trauma-induced neuropathies, e.g., those caused by physical mjury or disease state,
physical damage to the brain, physical darnage to the spinal cord, stroke associated with brain
damage, and neurological disorders related to neurodegeneration. Also included herein aré
those neuropathies secondary to infection, toxin exposure, and diug exposure, Still further

30  included herein are those nenropathies secondary to systemic or metabolic disease. The
herein disclosed compositions can also be used io treat chemotherapy-induced neuropathies
(such as those caused by delivery of chemotherapeutic agents, ¢.g., taxol or cisplatin); toxin

induced neuropathies, drug-indoced neuropathies, vitamin-deficiency induced neuropathies;
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30 eighth cranial nerve; the ventrolateral pole of the maxillomandri bul ar

| obe of the trigemnal ganglion; and the nesencephalic trigem nal nucleus.
In a preferred enbodi rent of the nethod of the invention, the disease or

di sorder is a neurodegenerative disease involving | esioned and traumatic
neurons, such as traumatic 22 | esions of peripheral nerves, the nmedulla,
and/ or the spinal cord, cerebral ischem c neuronal damage, neuropathy and
especi al | y peripheral neuropathy, peripheral nerve trauma or injury,

i schemc stroke, acute brain injury, acute spinal cord injury, nervous
systemtunors, nmultiple sclerosis, exposure to neurotoxins, netabolic

di seases such, as di abetes or_ renal sfunctions 5 and danage c f by

i nfectious dgERIEC reEaRptER: Ak liaberty ‘K?E%Bﬁ'jg?fr%?ér"sgrH@Fﬂ&F%Pﬁ?We‘%ﬁéﬁ

di sease, Hunind 3@L&FH5Seadi Eeﬁﬁﬁlﬁcorﬂ?@d‘téﬂh’y&éf&e[&:edl sease, Parki nson-Pl us
syndr ones, progr LV cI e eel.e har dson- O szewski
Syndrone), Qi vo%gﬁb bcfog‘géqnf teAp E}%B‘T’?% %{% erelﬁfﬁcr%legﬁoé%o%%a FSme
(multiple swsm&ﬁsurapaﬂoqsshm)m xﬁ)ﬁpmmeanpqﬂﬂﬂs}@nﬂmiymemmﬂmmnmddmotmml ex,
anyot r ophy ¢ tﬁltdg é%gua%ﬁéﬁeu%ﬁéﬁ%gs ein atﬂé/he%‘in £scr%8d‘ bsttﬁms or 10

neur odegenera gonnected to dementia. In a
preferred enbodl irewt)thelwﬂfs@dymmddmm,ﬂ&uor{m@mv@%!wmﬁm@mﬂdns can be

treated. | nRAtLdgh @Jmpoa%g @&nm,;(%esb %s&mg&&%&&% of bR RRRrCAN be

treated, nore particul arl ber neurons. In addition,
synpat het i ¢ 1B/ ep%r%@y‘ma&omcmrd@mrbthwmmn@entmfﬂ@%rwtb mgoidem can be

treated. 15 deﬂe;@ﬁﬁgnhf‘ehmﬁgﬁérﬁé’nﬁﬁﬂuﬁﬂmmg’;&ulamgﬁés neuron di seases such as
arryotrop c lat eiﬁ%‘f‘ scl er SI Sf‘é‘ﬂALS" and spinal muscul ar atrophy can be

treated. 4 n yet YFé‘P“‘b"F' Pefurthey ilusrasesigr thg Mlowing aoRgP8 2R ecul es of
this invention to can be used to enhance nerve recovery followng traumatic .
injury. Alternatively, or in addition, a nerve guidance channel wth a

mat ri x cont gk, Rhhe% V& dadsani INaé e REPLdullBSin OF fusion or conjugates
of vari ant 201\ IFllrléibub astal n po W I. egﬂgaﬂh e ljlsed!lll n the herein described

net hods. Such nef{€ ol ﬁ%?ﬁdécorr@waﬁﬁéw ngptdastip way hacavpd tebegepidlyplietred) St at es
Patent No. Srd?Bdicidhn if AWGRHiRIEAhRN AR LinRard) YNonk 6f B HOER. wak Betetrd@liefher r ed

enbodi nent, the ¢ 03| i ons di scl osed ereln tical '
conposi t1 r%onsm?:lff‘rff’lg‘i mey cé‘%flfé’)‘ adpinigteagion. Ig iqeppase; f°é“éat‘l%ﬁ"tyng?°“gléﬁlﬁnpher al
neur opat hi esacgﬂarmfgrmszr&retdostrpmd pher al neuropathies contenplated for
treatment wth tgcecalygg | g me%%ccur %! ﬁﬂlﬂ e ?&E %nggqecﬁi%% %?au!)rp& 9165

_neuropat hi es, e caus | Sease state,
physi cal danfageeselbmtpwlqammfmn Nﬁh&wﬁmwud@iﬁ#agem@ @rmlh@s gpisagdceashr d, stroke

associ at ed Weldlashs @}n@r tvﬂﬁ?‘ﬁgﬂmetﬁpg'loﬂﬁl% S’&a&%’dcﬁkm%@w ﬁ'ﬁ@r%rﬁlﬂv@&%@stt 0
neurodegjenerah on. Also included herein are
directly targeted to the N-terminus through amine specific chemistries. Surpnsmgly,

pegylation even with two, 20 K 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.

25  Example 2--Construction of a pegylated neublastin N95K mutein
The bioavailability of NBN mutant forms pegylated at internal amino acid residunes
was next examined. A series of four mutants replacing naturally occurring residues at
positions 14, 39, 68, and 95 were designed to insert lysines at selected sites in the seciuence.
These lysines would provide alternative sites for PEG attachment. These sites were selected
30  using the crystal structure of GDNF (Nat.Struct.Biol. 4: 435-8, 1997) as a framework to

identify surface residues and the persephin/ neublastin chimera routagenesis study
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t hose neuropat hi es secondary to infection, toxin exposure, and drug
exposure. Still further 30 included herein are those neuropathies secondary
to systemic or netabolic disease. The herein disclosed conpositions can

al so be used to treat chenot herapy-induced neuropathies (such as those
caused by delivery of chenotherapeutic agents, e.g., taxol or cisplatin);
toxin induced neuropathies, drug-induced neuropathies, vitam n-deficiency
i nduced neuropathies; 23 idiopathic neuropathies; and diabetic

neuropat hies. See, e. g., United States patents 5,496,804 and 5, 916, 555,
each herein incorporated by reference. Additional conditions that can be
treated usi r nono- hi es,
mono- nul ti pln(g}% Oﬂgtﬁr o%?’t E?lggl%ci()b@% ld%%%pfeaﬁérugmglﬁmé clint, el udi %Bg(g%%al 5 and
denyel i nat i rbptsieylddpatddeds, usi ng the herei n descri bed conpositions. In
anot her pref err e, eoRod i, (ah G dGRRPISE LR aeire$1&ﬁm5t@xs@aﬂ&d @o (and
pharmaceutical conpositions containing same) are uSed in the treatnent of
vari ous di solisgdhugon qf gosifiye chagges op W@:F%@rfglalﬁﬁ%ﬂf@?féééw bipdiagsite.d the retina in

patients aff dxépﬁﬁ?é’f tuu ;tf&mmuh ﬁfciy c@ﬁﬁs.ﬂesrtam @pid cl&ﬁﬁﬁc@ I A; !hﬁd plegnENt Osa,
gl aucoma, and s i nvention: e further illustrated

inthe foll d%ﬁ?f‘@d %BTHS t‘?erﬂawlaﬁély‘é’iﬂaﬁ‘m élgemW@%rﬁNBNr Thlﬁ“ﬁéﬁi‘é‘f‘ﬁag}ﬁl lity of
N-t er m nal pﬂ@)ﬁeﬁhﬁﬂal&ﬂ;ﬂbﬁﬁfbbli}/dﬁtd@rmhb TiRfefor€ thodificaioh WiRPEG Mthan
neubl astin s .,obs Ldly cleared om ci ation

adni ni st er ed™f AfY ng\seexﬁ%cqe‘ilm lmpﬁC[Pﬁ‘F e ﬁ% }gur SHp HRME) ﬁeﬂngregmfl g\a{ ed in the
15 serum foIWasvmtngvmdtbwunsammaf‘sthtamimdlﬁnascmsamnomt fﬁmhmhmeemglm csih& | ability
of neubl gstip osuBﬁr%’JwQé ﬁiactac?\;;m;a ﬁc%thgoﬁ?f}ﬂ R wa@%@éﬂ%@rt%%tdd?é ines occur
in the NBN seguence, e- specl c pegylation chemstries result in
pegyl ati on GFSC@FPdNBNﬂpoI ypeptide at its am no term nus. Thus, for each
neubl astin di ner pog H@chEt@atrﬁQ&bﬁsﬂuﬁﬁut&m&hﬂmﬁﬁ oﬁé&r%‘oﬁeﬂma&%ﬁrtﬁﬂ mﬂ y, PEG
forms were first 20 dlrectl%/sgtar geted to the N-termnus th 4%19 am ne

speci fic chefReSEPRE of i pepblistn pRiTRPtide e epugtrpiyd: dhemuigint elpdgshe gl pEGs
attached hadvdsKtdidien, bedwaé inticiagicoa@lning single subksirationditioft@r diteit thd ammB@tiani sm based

cl earance. pat hwa QV.er.r i p@%&ég nt hal f I | fe fhat was
expect ed%f HEY ﬁ%lv:?/[gablﬁsm gi&lg {S%}gﬁm e Xéi\rg’( armﬁr(‘?’t)f(on of a
pegyl at ed necfgdsasftnlanutN%KOﬁuwddﬂpél'mblmuua&lmebmsl Nj tpgprsm thmmlenmlant forns

pegyl ated at,,Lplekpglx, %&n@‘&m@s% fhe b&Hdndd @S nuntRRd Mﬁmﬁﬁﬁéﬂ d®NoA. 6! es_of

f our rrutants repl aci ng nat ural % occurring residues at F05|t|ons 14, 39,
68, and 95 VEFE BSMRagidsestitpedior the Véiiﬁ’é% argino acid af dhedpplicreg pumerigalt pe
sequence. Tbas® ih s kd@encwoul d provide alternative sites for PEG attachnment.

These si 5065 Iw%onstruc% th%%ttt?‘giil( neublastin mutation, site-directed mutagenesis was performed on
pCMB020, a plasmid encoding wild-type rat neublastin. The wild-type rat neublastin nucleic

and the amino acid sequence of the polypeptide encoded thereby are presented below:

1 ATGGAACTGG GACTTGGAGA GCCTACTGCA TTGTCCCACT GCCTCCGGLC

2 51 TAGGTGGCAA CCAGCCTTGT GGCCAACCCT AGCTGCTCTA GCCCTGCTGA
101 GCAGCGTCAC AGAAGCTTCC CTGGACCCAL TGTCCCGCAG CCCCGCCTCT i
30 151 CGCGATGITC CCTCGCCGGT CCTGGECGCCC CCAACAGACT ACCTACCTGG ?
201 GGGACACACC GCACATCTGT GCAGCGAAAG AGCCCTGCGA CCACCGCCGT
s 251 AGTCTCCTCA GCCCGCACCC CCACCACCGE GTCCCGCGCT CCAGTCTCCT
; 301 CCCGCTGCGC TCCGUGGGEC ACGCGCGGCGE CGTGCAGGAA CCCGGAGCAG
351 CCGCGCACGGE GOTACAGATG CGCGUGGUTG CCGCCTECGC TCACAGCTGE
40 401 TGCCGGTGAG CGCTCTCGGC CTGGGCCACA GCTCCGACGA GCTGATACGT

451 TTCCGCTTCT GCAGCGGTTC GTGCCGCCGA GCACGCTCCC CGCACGATCT
25



30 using the crystal structure of GDNF (Nat.Struct.Biol. 4: 435-8, 1997) as
a framework to identify surface residues and the persephin/ neublastin

chi mera nut agenesi s study 24 (7.Biol.Chem 275: 3412-20, 2000) to identify
functional ly inportant regions of the structure that should be avoided. Two
of the nmutations (R39 and R68) were targeted at a region that based on the
di stribution of positive charges on the surface m ght represent a heparin
binding site, a 5 property of the protein which likely contributes to its
rapid clearance. Athird site was targeted at N95, the natural glycosylation
site in wild-type NBN. This site is naturally nodified with a conpl ex

car bohydrate structure. Therefore, nodification with PEG at this 'site was
not expected t 054MRAGtrEddR ClchORcrcbNgctQEEdchc@bdBrddRdd)cBe: sel ected in a
region that was not covered by any other of the nodifications. A nmutant in
whi ch the aspar é.@-l WQCGGéquGU@GQQ}G@IC POTICEFBNCBDETORER: TRgE@8®d with a | ysine
(the "NOSK mit agh ) s, FHOSER Ol LG SLAdI ool sglaseduher ein. Four
different rat néublas el e conptal ning one or nore alterations in the
wild- type sequeence:mcfscc-m: Gmetdmbastmazpméaﬁpapm :dg were constructed. The

mut ei ns e ncl ude the single N95K nrutein, and the nuteins containing single
substitutions at other sites in the amno acid 15 sequence of rat

neubl astin: R14K; R68K; and R39K. In the "XIN1X2' nonenclature, Xi refers
to an anmino aci d of &enetdedrd ypermeudraseinapatyspephs demshiras efers to the
nunerical_position of the X, amno acids in the sequence, as nunbered

accordi ng to SESH | D RISESPYLAB(STOYLRACHT QHHCSERALR RREQSBRPAR iPBPOMMRSE i t uted for t he

Wi | d-type ani no;@Acisambadh bRttt SEARUIR i€ MysaROSsbi@id N the sequence.
20 To construct the rat N95K neubl astin nutation, site-directed nutagenesis

was performed offt FEMBOZOT ASPIPASH YLt ITGSHFE- EFPEYFRtL neubl astin. The

Wi | d-typ2 r at n%bgggvhgrwg%ﬁhsgmca&g@; heat o ,pci d sequence of the
pol ypepti de encoded thereby are presented bel ow. 1 ATGGAACTGG GACTTGGAGA .

GOCTACTGCA TTGTGCCACT GCCTCOGGCC 25 51 TAGGTGGCAA CCAGCCTTGT. GECCAACCCT
AGCTGCTCTA GCCCTéstagepess pHRCEAysiag eligeonydsalidgss KPR L andddidctiA sistBocecaG
CCCCGCCTCT  f@hatich bf HERENMEFTMBOET CGOCGGT CCTGROGCCC CCAACAGACT ACCTACCTGG
201 GGGACACACC GCACATCTGT GCAGCGAAAG AGCCCTGCGA CCACCGCCGC 251 AGTCTCCTCA
GCCCGCACCC CCACCACCGG GTCCOGCGCT CCAGTCTCCT 35

KD2-310 5'-GTATCTTTCATGGACGTAAAGTCTACATGGAGAACCGTAGATCATCTATCTGCAACC -
3’ (SEQ ID NO:6) .
KD2-311 5 -GGTTGCAGATAGATGATC TACGETTCTCCATGTAGACTTTACGTCCATGARAGATAC
3¢ (SEQ ID NO:7) ‘
30

In pCMBO027, the codoﬁ encoding asparagine at pos_ition 95 has been replaced with a
codon encoding lysine. | |

A R14K neublastin mutein formed by replacement of a codon encoding arginine at
position 14 with a codon encoding lysine in the neublastin coding sequence of pCMB020.
35  Site-directed mutagencsis was performed on pCMB020 using oligonucleotides _KD3-'254 and
KD3-235:

"KD3-254 3’ -GUTGGAACTCGCAGCTCTCGTGCTCGTGCAACGGATGCARAAGGCTGTCG-3
{SEQ ID NO:B8} )
40
KD2-253 5'-CGACAGCCTTTTGCATCCGTTGCACGAGCACGAGAGCTGCGAGTTCCAGC -3
{SEQ ID NO:9)

The resulting construct was named pCMB029.
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301 CCCGCTGCGC TCCECGEEEEC ACGCECEECG CGTGCAGGAA CCCEGAGCAG 351 CCGCGCACGG
GCTACAGATG CGCGCGECTG CCECCTECEC TCACAGCTGG 40 401 TGCCGGTIGAG CGCTCTCGEC
CTGGGECCACA GCTCCGACGA GCTGATACGT 451 TTCCCGCTTCT GCAGCGEGITC GIGCCGCCGA
GCACGCTCCC CGCACGATCT 25 501 CAGCCTGECC AGCCTGCTGG GCECCGEEEC CCTGCGGTCT
CCTCCCGEGT 551 CCCGGCCGAT CAGCCAGCCC TGTTGCCGEC CCACTCGCTA TGAGGCAGIC 5
601 TCCTTCATGG ACGTGAACAG CACCTGGAGA ACCGIGGACC ATCTCTCCGC 651 CACCGCCTGC
GGCTGICTGG GCTGA (SEQ ID NO'5) 10 1 MELGLGEPTA LSHCLRPRWQ PALWPTLAAL
ALLSSVTEAS LDPMSRSPAS 15 51 RDVPSPVLAP PTDYLPGGHT AHLCSERALR PPPQSPQPAP
PPPGPALQSP 101 PAALRGARAA RAGIRSSRAR ATDARGCRLR SQLVPVSALG LGHSSDELI R 151
FRFCSGSCRR ARSPHDLSLA SLLGAGALRS PPGSRPI SQP CCRPTRYEAV 20 201 SFMDVNSTWR

TVDHLSATAC GCLG* A(RSER nbdBiaMR dhkeidMbhAER3 0l erint FEVRRA ettdhiRgarghing@nucl eot i des

KD2- 310 and KD3-211 resulted in formation_of the plasm 7. 25

KD2- 310 5' - @ﬁmwﬁ%wm&amﬁ%ﬁ%% - 3
(SEQ I D NO: Gjitedid2eted hilutagenesis was performed on pCMBO20 using oligonucleotides KD3-258 and

5' - GGTTGCA! GATCTACGGTTCTCCATGTAGACTTTACGTCCATGAAAGATAC- 3' (SEQ ID
NO 7) 30 In pCMBO27, the codon encodi ng asparagi ne at position 95 has been
replaced>with a codon encoding lysine. A R14K neublastin nmutein forned by

repl acement of axBogfens eaaedtfGeRigiRrdec@bscaR@fbdktan b W iB. @) codon
encoding lysine in the neubl astin codi ng sequence of pCvB020. 35°

Site-directed nutagenesis was performed on pCVB020 usin oliq&Qgﬁleotides

KD3- 254 and KD3YBE®° KEFTSRGATCCCGGGGGAGATTTTAGTGCTCCGGETCC-3Y  TSEQ 1D
5' - GCCTGGAACTCCCAGCTCTCGT GCTCGT GCAACGCGATGCAAAAGCCTGICG- 3" "o, (SEQ I D NQO 8)
10 The resulting construct was named pCMB030. : .

A R39K neublastin mutein formed by replacement of arginine at amino acid 39 with
Iysine in the neublastin coding sequence of pCMBO020. Site-directed mutagenesis of
pCMBO027 was performed using oligonucleotides KD3-256 and KD3-257:

15 KD3-256 5'-GACGAATTAATTAAGTTTCCTTTTTGTTCAGG-3’ (SEQ ID NO:12)
KD3-257 5°-CCTGAACAAAAACGAAACTTAATTAATTCGTC-3' (SEQ ID NO:13)

For expression and purification, a plasmid encoding the rat NBN N95K mutein was
20 expressed in E.coli as a His-tagged fusion protein with an enterokinase cleavage site
immediately adjacent to the start of the mature 113 amino acid NBN sequence. The E.coli
was grown in a 500 L fermentor and frozen cell paste was provided. The E.coli cells were
lysed in a Manton Gaulin Press and the rat NBN NK recovered from the insoluble washed
pellet fraction. '
25 The NBN was extracted from the pellet with guanidine hydrochloride, refolded, and
the his-tag removed with enterokinase. The product was then subjected to chromatography on
Ni NTA agarose (Qiagen) and on Bakerbond WP CBX cation exchange resin.
Enterokinase treatment of the his tagged product résulted in an aberrant cleavage of
the protein a¢ arginine 7 in the mature sequence. The resulting des 1-7 NBN product was fully
30 active in the KIRA ELISA and structurally indistinguishable from the mature form in its
susceptibility to guanidinc-inducéd denaturation and therefore was used for subsequent work.
Rat NBN N93K was pegylated at an average of 3.3 PEG moieties/molecule using
methoxylpoly(ethylene glycol)-succinimidyl propionate (SPA-PEG) with a molecular mass

of 10,000 Da as the reactant. The resulting pegylated product was subjected to extensive
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40 KD2- 255 5' - CGACAGCCTTTTGCATCCGT TGCACGAGCACGAGAGCTGCGAGITCCAGC-3'  (SEQ ID
NG 9) The resulting construct was naned pCvB029. 26 A R68K neubl astin
"mutein formed 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 pCMB020 using ol igonucl eoti des
KD3- 258 and KD3-259: 5 KD3-258 5' - GGAGCCGGAGCACTAAAATCTCCCCGGGATCTAGACE 3'
(SEQ ID NO. 10) KD3-259 5' - GGTCTAGATCCCGGEGCGAGATTTTAGTGCTCCGECTCC 3" ( SEQ

I D NO 11) 10 The resulting construct was nanmed pCMvMB030. A R39K neubl astin
nutein formed by replacenent of arginine at amino acid 39 with lysine in

t he neubl as - dj ed m esi s of
pCVB027 wastcfbagar 39"#2‘9‘“3‘3?“%55‘35?‘8%%%’% !eéogétﬁl é‘zg‘“ “"qgkz'(’%gﬁ"“" ' ﬁds@% 15 KD3- 25G
5' - GACGAAT TAATTFETE HREGT TR @R EA Gs desorp prdiopipiiomass specipugiry 57

5'-CCT GAACAﬁMﬁﬁ%éﬁgﬁﬁé\HM@T&@I&eﬁc of(m% 1n|alé\1@111m3éu§man@><pr essi on and

purification, pl.asmi d encoding the rat K. mutein was 20 expressed

in E coli getﬁnﬁagm’c %’f@@@ﬂ“"fﬂfé’f‘%ﬁ B’F(Bt‘ré}’ﬁfq}\ﬁWNmSEﬁfoéF%Rﬁ‘%%gﬂTt@avage site
i medi at al yaeﬂeaaﬁamy SEE-PH@ES&d&JHC&Hsgﬁeﬂ& thatagv.e Thd RBEMNOSR padicd NBN sequence
The E. coli ‘@‘5‘8 L.fermentor and fr zenm?1 L‘?d ast e was

provi ded. Tﬂﬂégrﬁe fr “88'16??"\%?’5““%%8 injeh; CQSIHEAt ¥ 8%'56 and the rat
NBN NK r ecowdeaegflatom mélmulmg@kddbdteomm&kﬁ‘d serfie® bf mbdifiedadduce nonta2Goglhe NBN was
extracted f e n and the

his-tag r err%ggs %ﬁcﬂgg%toté [hg %Oﬁ%fg léapﬁ? /'moﬁ?ugééaﬁﬁgﬂhe ' (ﬁ&h4 f)ﬁf')s %qrﬁ

chr omat ogr ap¥¥ obthe prsfluchnd sepras! ogeor (Mém)lerams @ntaﬁgﬁlpibd)mPW@X cat i on

exchangeore%moé%faa&@eﬂmgee;ﬁ&%ﬂ%&m&fm lmﬁnﬁme ofkQelict resulted in
an aberrant Cleavage of roteln at arglnlne In the nmature sequence.

The resul ti Hﬁ%&@*@tﬁrﬁ\‘mﬂw@w&e erfatexip gtept of ffey material /s rquiinefyHess )lARA ELI SA and
str uc'éural | )E([jﬂd‘ﬂ;ﬂlrﬁédpagmﬁ:ﬁﬁ@&&E@%ﬁaﬁeﬁ%}?ﬁbﬂfcmfﬁﬂﬂf?lwﬁMSl]ﬁCeptI bi | i t%: to
guani di ne-1n nat ur re e or. u sequent WOr

Rat NBN WSRCQX%EEQB@B té?’ta g\'f g#ﬁ@w%%l? B Re z’é?‘%l ecul e _usi ng
met hoxyl pol yimdadiy peaey gl wcmm.mmmwhm @yl fropendjapidnaliieh i§ Sbad #EBPCW t h a

mol ecul 31'25 MASS  The R14K, R39K, and R68K muteins were expressed in E. coli and can be subjected -

to the same methods for purification, pegylation and assessment of function as described
~ above for the N9SK-NBN.

. Preparation of pegylated NBN
20 230 mL of the refolded rat NBN N95K (2.6 mg/ml.) that had been prodaced in E.coli
| and stored at 4°C in 5 mM sodium phosphate pH 6.5, 100 naM NaCl was diluted with 77 mi,
of water, 14.4 mL of 1M HEPES pHT7.5, and 2.8 g (10 mg/mL final) of PEG SPA 10,000 Da
(Shearwater Polymers, Inc.). The sample was incubated at room temperature for 4 houss in
- the dax_'k, then treated with 5 mM imidazole (final), filtered, and stored overnight at 4°C. The
25 product was generated in two batches one containing 130 mL of the NBN N95K bulk and the
other containing 100 mL of the bulk. The pegylated NBN was purified from the reaction
mixture on Fractogel EMD S0; - (M) (EM Industries). The column was run at roem

temperatore. All buffers were prepared pyrogen free. Sodium chloride was added to the
reaction mixture to a final concentration of 87 mM and the sample was loaded onto & 45 mL
30 Fractogel column (5 cm internal diameter).
The column was washed with one column volume of 5 mM sodium phosphate pH 6.5,
80 mM NaCl, then with three one column volume aliguots of 5 mM sodium phosphate

containing 50 mM NaCl. The resin was transferred into a 2.5 cm diameter column and the
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of 10,000 Da as the reactant. The resulting pegyl ated product was subjected
to extensive 27 characterization including anal ysis by SDS-PAGE, size

excl usi on chronmat ography (SEC), reverse phase HPLC, matrix assisted | aser
desorption/ionization mass spectronetry (MALD/ I MS), peptide mapping,
assessnment of activity in the KIRA ELI SA, and -determ nation of endotoxin
content. The purity of the NBN N95K product prior to .pegylation 5 as
measured by SDS-PAGE and SEC was greater than 95% The NBN N95K product

m grated under nonreducing conditions as a diner, consistent with its

predi cted structure. After pegylation, the resulti ng product consisted of a

series of nmdifi t P %,.0f product, 3

PEGs/ nol ecupeéytét?g/gggq'fdaggm%? %glﬂ(%l% Coﬁfmgl‘é@éf"ﬁg ecu go§%’%?%55r§ﬂﬂm&lr}§duct and

several mi nghosnﬁf@telnﬁﬁcﬁf. 40“@?1@%@@@96swwcqnhemmé@m@ti‘éﬂlwﬂrgketcmhere 10 was no

evi dence of Bt NI o Bl B AT rdeife Cordilby aBscldbfiocPr OClUCT
Imts o

were bel ow t quantitation toxi n cont'ent of
material i satrzégwl AR then farpxtepipd modification ppSDSFRAGE (Felested fackens “’9\"319901@51‘ t he

pegyl at ed Nﬁﬁér&d}hﬁlﬁk‘ﬂ ald %ﬂ@ﬁlﬂsﬁld'dﬁué@wwaﬂgwl Iglggyéyﬁkeﬁ%t@@m%t was

formul ated at 1. terral, whichis simlar in
potency to M‘\’?‘WS‘“& amfiomméwﬁb fig fé‘tlmé’é'ldaﬂl Pﬁ@’fb they weigpeledga eefiltered st or ed at

-70C. 15 Thg, mzm%mb@mTﬁéﬁﬁlmﬂeﬁa%gmﬁ&eﬁmgt&%&wmﬂ@E col i and can
be subjected o the sanme nethods for purification, pegylation and

assessment of function as described above for the N95K-NBN.- Preparation of
pegyl at ed NBM s3@wd30r sikified pekfiRed GBRINKSD rat NBN N95K (2.6 ng/ni) that had

b d | d at 4C h hat H 6.5,
00" mht 10 s i PEcegR CHO S0 Ao B i R O B RRRE LS B s
~and 2.8 g (SphyThekarhplaahs)andfzePmlrigRae e DEYlald sanfdBivahibivatae nbstibhacrer s, '
Inc.). The samml.g ét"’ﬁ§-2%ﬂ§}ﬂ DRt 59k aﬁc%%n%x?l ng{ﬁtz%% eThfls suﬁ 15'18%(%; cn{ n the_

dark, then treat mnlnrl zol e ored
over ni ght awiti@hat Figbsepsd pry el werpoditied Wﬂf&ﬂ@@eﬂlﬁe{% piptsitdeecsntEtan cont ai ni ng

130 ni of chﬁﬁ%’lms DB oAkt vias @é?ﬂlageﬁ?rom%eusé'ctrﬁtﬁ iR 4d RehchEOoobticigt of he bul k.

The pegyl at purified fromthe reaction mnmixture on Fractogel EM
S03 (M p EMzndetd T@“slafotemﬁ@m&feﬂawfmspeayénﬁedé‘{m%‘ms Il apghal- Moure. Al

buf fers wergrtidi§Ras SekeR)is BY Shupld 8 8vidsaPBl gt absdofbncwasszadged to the
"reaction mxture to a final concentration of 87 nmMand the sanple was | oaded

onto a 45 nL. 30 Fract ogel col um1 (5 cm internal dianmeter). The colum was
washed wi t hClpnetedpliomet pepllaxris K bylS ; phosphate pH 6.5, 80 nmM Nad,

then with three A? uotscc)? peg%te\é%%n amm l:j'OfSS OC}E and W PE O P the' pl‘O(RlIg[ Wi rehat e
20 subjected to SDS—PAGE on a 4-20% pradient gel (Owl). The gel was stained with Coomassie
briftiant blue R-250. Molecular weight markers (GIBCO-BRL) were run in parallél.
- SDS-PAGE analysis of pegylated NBN NK under non reducing conditions revealed a

series of bands corresponding to modifications with 2, 3, 4, and more than 4 PEGs/ molecule.
The major band with apparent mass of 98 kDa contains 3 PEGS/ molecules, In the purified,
25  pegylated product unmodified NBN was not detected. The presence of a mixture of products
with 2, 3 and 4 PEGS attached was verified by MALDI mass spectrometric analysis. The
-ratio of product containing 2, 3, and 4 PEGs was deternined by densitometry_and determined

to be 7, 62, and 30 percent of the total, respectively.

30  Characterization of pegylated NBN by size exclusion chromatography
Pegylated NBN was subjected to size exclusion 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
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containing 50 MM NaCl. The resin was transferred into a 2.5 cm di anet er
colum and the 28 pegylated NBN was eluted fromthe colum with six ten nL
steps containing 5 mm sodi um phosphate pH 6.5, 400 nM NaC 1, three steps
containing 500 nL NaC 1, and six steps containing 600 mM NaCl . El ution
fractions were anal yzed for protein content by absorbance at 280 nm and
then for extent of nodification by SDS-PAGE. Sel ected fractions were pool ed,
5 filtered through a 0. 2 tmfilter, and diluted with water to 1.1 ny

pegyl ated rat NBN'nL.. After assessing endotoxin levels in the individual
bat ches, they were pooled and refiltered through a 0.2 m nenbrane. The

final materjgg it ed
pegy! at ed NBN R T 52 %Weﬂtggtﬁﬁ %E&t“’“‘ aEQ%meaQ&g} WHBRQE P

40- 3 ated NBN NK was
taken on't HéowaER kDaengistent wilhte lrpgerhiydroduaamia el aldhd ‘iﬁ“—pq ?‘f/ﬁﬁii‘?f'&?%f The
pegyl ated sagRbfes@rRdBidrRd. AR NN WHRARRRS witR¥d 4Pgifed nofeélardiads dfdbou@Nd an
absorbance m.ni num at 247-249. This result is consistent wth what is
observed orVkRE Yaherdptrateddn RBRIEPIIUER nt er nedi ate. The protein concentration
of the pegylated product was estimated fromthe spectrumusing an extinction
coefficient, o{ 15 8100" : -0.5. he n %t ein concentration of the pegyl at ed
NBN bul k i 23S QoA RS ESpresent in the sanple as evident by
the | ack of absBasgbat&delBatNB% ﬁﬂhctecfﬂiad’v&@é]ﬂfate}mhmm aOfydpe@uy$ atetlx NBN NK by

SDS- PACGE Alj.quot.s .of |.at ed N co al n| 3 0.3 zg of

t he productjs\aver comy s%gxé‘f%rﬂw?s %5"%?%6& a?gé?deﬁrqgn%el (OM). The
gel was st dBnia A% Mrmlﬁsnfe 75%rac¢t¢mtaht0(185%é“FR) 250colivyl effngheraswei ght

ke 10l ClefiitRiRtol yBlb ok Wi fin BRY Riclidls coltetBPEP m%gs@g of pegyl ated

NBN NK under non re ng conditions revea a serl es ands
cor r esponditiegylates WENNK wastiaesionated inte it varBus di (60rrmbrsk €38 1mm), apd FE3S( ol ecul e.

The maj or RENGmM hdhyRRABERIhenfBY TR KB Y @) hamA. TEERLivED! ecul es. I n
the purified, f’%é'gy atrgxﬁ tn:&aigruct Sﬁﬁ%ﬁ dified NBI\CI was._not dtgt %ct ed. The

presence of‘“ﬁ“sﬁ‘i"&?fﬁ'?eé’ebkls S‘fﬁgﬁsﬁﬁ?&%‘geﬁﬁf‘?sﬁfﬁ‘ego%ﬁ?ﬂe"&s PEEE B0 1 ALY Avas verified
by MALDI W&S@ecﬁnp&ﬁﬁ’éﬂd’tﬂﬁnﬁh& uﬂﬁ&bﬁﬁdd&»y wm)z-matnhae@as 1 @il of gt ai ni ng 2. 3,
and 4 PEGs vas by .d r nd determned to be 7, 62, and

30 perc§nt zftfﬁg\} owelutfgseés{ae ‘Pmi: §%lu%nar acterization of pegyl ated NBN
by size excl u5| on chr omat ogr aphy Pegyl ated NBN was subjected to size

excl usi on %gmﬁﬁg&gﬁwbléﬁﬂéﬁ!ﬂ&“ﬁ&? Superose 6 HR1O 30 FPLC col um
using 5 mM e nobile phase. The col um was run

.9, as
at 20 nL/h. E u'tpqgﬂﬁteq‘ MBI o degafted eroyfrsZdn Ba apdanalytsd by Bassepecpmetsyg

ona Voyager—DETM STR (PerSeptive Biosystems) matrix-assisted laser desorption/

20  ionization time-of- flight (MALDI-T OF) mass spectrometer using sinapinic acid as a matrix.
0.5 uL of the purified protein was mixed with 0.5 uL of matrix on the target piaté. Mass
spectrometry of pegylated NBN revealed singly aﬁd doubly chafged forms of thrée adducts.

- The observed masses of 43803 Da, 54046 Da, ﬁnd 64438 Da are consistent with
modifications of 2, 3, and 4 PEGs/ molecule,

25 _

| - Analysis of pegylated NBN by peptide mapping.

The specificity of the pegylation reaction was evaluated by peptide map[iitlg.
.chylatcd NBN was separated into di, iri, and tetra pegylated components, which were then
reduced, alkylated, and further separated into their single chain components by HPL.C on a Cy
30  column. These components and reduced and alkylated unmodified NBN NK as a control
were digested with Asp-N proteinase and the resulting cleavage products were fractionated

by reversed phase HPLC on a Vydac Cyg (5 pm, 1 x 250 mm) column using a 60 mm
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280 um The pegyl ated NBN eluted as a single peak with an apparent nol ecul ar
wei ght of about 200 kDa consistent with the | arge hydrodynam c vol une of
the PEG No. evidence of aggregates were observed. Free NBN, which elutes
wi th an apparent nol ecul ar mass of about 30kDa, was not detected in the
preparation. 5 Analysis of pegylated NBN by reverse phase HPLC Pegyl ated NBN
NK was subjected to reverse phase HPLC on a Wdac &4 (5 m 1 x 250 mm)
colum. The col umm was devel.oped using a 60 mm gradient from40 to 60% B
(Buffer A: 0. .1 %TFA, Buffer B: 75% acetonitrile/0.085% TFA). The col um
effluent was 10 nonitored for absorbance at 214 nm and fractions col |l ected
for subsequent analysis. Pegylated NBN NK was fractionated into its various
di (60.5 nungadichf frord $3-68%BMBurrad 0@ T, BLES BS73W hccRAGNLADSF, GRIPONENt S by
reverse phase HPLC on a C4 columm, The relative intensities of the peaks
suggest t hatThe pRlupnalsgt was npopiorebiopbsshone 22 ¥ ®my.  60.5, and 30.1 %
respectively. Pepie it deliic& domhigs @ intfrh2 dspiryic M Ind Merefold@k € Was no

evi dence of non 15 lLated NBN NK (elutes at .5- 15 mm i pr.oduct .
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*: due to oxidation of methionine containing peptide on MALDE

15 . Since NBN exists as a.homodimer, the rat NBN NK product contains four potentidl
sites for pegylation, the two N-terminal arnines from each of the chains and the two N95SK
sites that were engineered into the conét_rﬁct. In the peptide map of the dipegylated chain,
only the peak that contains the peptide with the NK mutation was altered by the PEG
modification. None of the other peaks‘ were affected by the PEG fnqdiﬁcation. The mapping

20 - data therefore indicate that the PEG moiety is specifically attached to this peptide and not to
any of the other peptides that were screenéd. The second potential site of attachment, the N-
ternlnus is on a pepl&ide‘ that is only three amino acids long and is not detected in the peptide
map. It is inferred that additional PEG attachments are at this site. Consistent with this notion, :
a small percentage of the rat NBN NK is not truncated and contains the mature Ala-1

25  sequence. This peptide elutes at 30 um and is visible in the peptide map from the non-
pegylated digest, but is absent from the pegylated NBN NK digests.
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The columm effluent was nonitored for absorbance at 214 mm The rat NBN
sequence contains four internal aspartic acids and therefore was expected
to yield a sinple cleavage profile when digested with endoprotei nase Asp-N.
All of 5 the peaks fromthe Asp-N digest of rat NBN NI C have been
identified by mass spectronetry and/ or Edman N-term nal sequenci ng and thus
the peptide map can be used as a sinple tool to probe for the sites of
nmodi fi cation by the presence or absence of a peak. The identity of the

vari ous peaks are sunmmari zed below in Table 3 Table 3 - 10 Peak by Retention
Ti me Observed Nhss Theoretlcal Mass Assi gnnent Am no Aeid Sequence (mm
Aver age Ave ol .Argg"'340 7 1090.9
1092.2 93-1 RFRFCSGSCRRARSPH  46. 0
2437.0 2437 r&eftpr Bl 2. fi\‘VSALGLGHSS 51 4 3456 7 3456.0 55-86
DLSLAS. . ... CRPT, X 3.2 4136. 3
* 4120. 3 55- 92 Dil_%g %&%&@aﬁd éémgﬁ(“pﬁ h@sn%%%f BN o S

oxi dati on oPhQ‘%ElIOB{I%HP Alec- %%ﬁ%faﬁemrﬁgf%&ﬁ\ﬁaa&%w Ati@ "SiSﬁE?é‘ﬁF\IBN“&xl sts as a

honodi mes, HReeabt pmbho%t&r@p@atB@RﬁBMQselfs%adre&hﬁﬁmrélnem&msmaf or
pegyl ation, the two N-term nal am nes from each he chains and the two

N95K  si t esCcalline Wiish exnsssisp m@@mﬁ§’§qwt%%f 0 6?“5 PF%""?‘H%%T@E‘! i de map of

the di pegyl ataaglmqjme&osxmaif&d& thvatMy QpbenBGed Jith RePttdiBondd h the NK
mut ati on was altere t|on None of the other peaks were

af fected by“?ﬁ@aﬂ%%“ﬁﬁ§#¥ﬂggﬁﬁ ping 20 data therefore indicate
that the PEG noiBé yelissve&peeheﬂ IuGtB.IPBB zﬂaﬂtzaa:dﬂeudmtsmal tiksiopepNBiidn A08mlot to  any
of the her t reen second l.site of

att achrrgEr)lt I{Iﬁﬁgﬁfdfﬁ) atu3§ I's %%%a&?’eﬁ?mém p?%% a“alyze&)}“ CE‘P cr%eThgm no acids

|l ong and i scqibtﬂed@taé@ﬂefdhﬂmlidf@Bﬁeqmﬂﬂ)dei foridape 4 1G witls0. B(hlhbmf tonMhxts addi ti onal
PEG at t achngpy Spf?ff & o%t% NBhlﬁeciJhé B2 vz@%&?dré&e%mc el go ok Ra D1 @ Nay @ STTR |
percentage of the rat i's not truncat e contai'ns the mature Al a-1
25 sequence. OTIHF‘@’I H@BYIF‘&EY@V@%élu@l%de%ﬂ’[ﬂmﬂaﬁ@iﬂqﬂs thyiplatep| The lysateserpept i de map

L romthe giﬂ:rmaagwakaatb@ekpédtaﬁﬁﬁemnguha@§5@Dmaﬁlpré waskdnbenaag X batwdl NBN NK
' |gests

. ELISA plate that had been coated with 5 pg/mL of anti-Ret mAb (AA.GE7.3) in 50 mM
carbonate buffer, pH 9.6 at 4°C for 18 b, and blocked at room temperature for one hour with

block buffer (20 mM Tris HC1 pH 7.5, 150 mM NaCl, 0.1% Tween-20 (TBST) containing 1

% normal mouse serum and 3 % bovine serum albumin).
After 2 2 h incubation at room temperature, the wells were washed 6-times with
20  TBST. Phosphorylated Ret was detected by incubating the wells at room temperature for 2 h

with 2 :g/mL of horseradish peroxidase (HRP);cohjugated anti-phosphotyrosine 4G10
antibody in block buffer, washing 6-times with TBST, and measuring HRP activity at 450 nm
with a colorometric detection reagent. The absorbance values from wells tr_eated: with lysate
or with Iysis buffer were measured and the background corrected signal was pIottéd asa

25  function of the concentration of NBN present in the activation raixture. The potéency of
pegylated NBN in the KIRA ELISA was 10 nM, which is indistinguishable from that of the
NBN NK starting material. There was no effect of two freeze-thaw cycles bn.potcncy and
following this treatment there was no significant increase in the turbidity of the sample,
indicating that the samples can be safely thawed for the study. In independent studies

30 . accessing the activity of product with three and four 10 kDa PEGs/molecule separately, it
was determined that the adduct with three PEGs was fully active, while the four PEG product
had reduced activity.
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Exanpl e 3. Assessing the potency of internally pegviated neublastin in a

ki nase receptor activation (KIRA) ELISA The potency of pegylated rat NBN
was neasured using NBN dependent activation/ phosphorylation of c-Ret as a
reporter for NBN activity in an ELISA that was specific for the 5 presence
of - phosphoryl ated RET. NB41A3-nRL3 cells, an adherent nurine neurobl ast oma
cell line which expresses Ret and GFRc 3, were plated at 2 x 105 cells per
well in 24-well plates in Dul becco's nodified eagle nedium (DVEM,

suppl emented with 10 %fetal bovine serum and cultured for 18 hat 37 C and
5 %CX2. The cells were washed with PBS, and treated with serial dilutions
of NBN i n 0p2bmple 4. PRawokiaMiuidids of BitdihillyplgitaledFatiritblstie i0CRis al@ch sanpl e
was anal yzed . n duplicate. The cells were washed wwth 1 nil, of PBS, and
lysed for | ¥t 4 Cwith 0.30 mk of 10 M Tris HCl, pH 8.0, 0.5 % Noni det
P40, 0.2 % sodi Ufheqlhﬁmy)hh@ﬂc@toﬁf;rmﬁi@f vagiousdyefylat@l ahd ndd phigsBate B firodidks

phenyl nmet hyl. s f rid gently rocking the pl ates. The |ysates
were -furt % an9 e"lﬁ}ﬁgl LVFrgﬁegfl&g pi petting and 0.25 nL of sanple was

t r ansf er Sed to aneeatambﬂedIEat&V@MmfsﬁtélBNﬁﬁ{Wiﬂa%iﬁ' ek DedEGe cesvltedh 5 g/ nlL of
ant i - Ret mo‘l}h4%%3@:&5&%59&1%aﬁ%&ﬂ%lﬂtyla%éﬂlblaﬁh' mndwigs 2 4C for 18 h,

and bl ocked at om tenperature one hour wth buffer (20 MM Tris

HCl pH 7.5, 4@ I}fmlq!aaetraﬂoe lmﬁmﬂsa?e%ﬁﬂztra'ew?veb@ﬁmeawm%ww of 3908or mal rouse
| tser um atnd 3n&h@%ﬂ1|ﬁr&@ﬂ%@hﬁkﬁi& Mehd wteélmwo@ngt?rﬁ]b%leauaﬁdlaﬁ& zamhzaoolrnt 4 Ret
enper at ur e, e vells i mes wi sphoryl ated Re
was det ect eB5BY #HAT f‘ﬁ&g?ﬁ\%ﬂﬁfﬂiﬁrﬁgha&‘c?“gi’ﬁ‘iﬂf‘lré?ﬁf’é?yl 1\5311'13@? ‘“ﬁa with 2
gl L of10horr@ﬂagaﬂ|a$innxseﬁtmmld@sef [SeRRY/ mC.orjulyetiathf@an minplg bphiehyieosi ne 4GL0
ant i body in Kk er h i T HRP
activity at le gguﬁ%kgpc{r\%\f pte%m%% ﬂfnﬁ?lg?rre%hﬂﬁ }gtngég%e%e%ﬁ%g%ggiﬁﬁ 9%%5{83 sor bance

val ues fr onpsgylalien wareenea howiprdrodngertin gnimais tpgtadiwithpedybated NBNERY wer e measur ed
and the back@gramshsGehnfgehid Signal was plotted as a 25 function of the
concentration of NUN present in the activation mixture. The potency of
pegyl at ed NENowingaH angkgis. miminiprafian cifgylating leygly of pesylated NENItachi shabl e from
t hat of 15hematikdinM208L igyohll 7@ 2o :Bxﬁlréiﬂlamea- Behie1evél for e dabhkRGE the thréaway

freeze- thawc cles ovmn nment there was no
S on 11 cant e B sulet GBS e s o Bk b B ot gt ¢ he
sanpl es canadpenistafigt ¢f uninadibal NB¥. t he study. I n independent studies 30
accessing the a%éé{dai “lsgfthgéf’g%%‘li.at tﬂgﬁl% Coof %""{e‘ﬁwtﬁ;g‘e&% JFECs/ nol ecul e

separately, was det er PEGs was fully

active, whi 4déuffth@n%mg PrayddEEGs eer maipsalerdikhcad val displanadiffegent PK

20 profile. In early PK studies, mice were used to facilitate screening through a variety of

candidates and routes of administration. The mouse studies revealed dramatic differences in
the bioavailability of the candidates. However, when the 3.3 10 K PEG adduct was evaluated
in rats, it was found to be less bioavailable in rats than it was in mice. This difference in
bioavailability was particularly pronounced following i.p. administration. Levels in mice

25  reached 1600 ng/mL after 7 hr and rcmained at 400 ngfrL afier 24 hr. In coatrast, rat levels
were constant at 100 ng/mlL for 4-48 hr,

Both wild-type rat neublastin (wt-NBN) and neublastin with an Asn-to-Lys
substitution at position 95 (NK-NBN) were refolded and purified to >95% for efficacy tests
in the STZ diabetic rat neuropathy model. We-NBN was formulated to go directly into animal

30 testing while NK-NBN was prepared for pegylation with 10 kDa PEG-SPA. To accomplish
the refolding and purification goal, a refolding method utilizing size exclusion
chromafography (SEC) was developed that permitted the renaturation of NBN from E.coli
inclusion bodies in large quantities and at high concentrations. In addition to SEC, both Ni-
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Exanpl e 4. Pharnokinetic studies of internally pegylated rat neublastin in
rats and m ce The pharnokinetic properties of various pegylated and non
pegyl ated NBN products in rat and nouse nodels were exam ned. 5 The data
reveal ed that pegylation of rat NBN NK with 3.3, 10000 Da PEGs resulted in
a significant effect on the half life and bioavailability of the neublastin.
Followwing a 1 ng/kg IV admnistration in Sprague Dawl ey rats, peak |evels
of pegylated NBN of 3000 ng/nL were detected after 7 mnutes, and |evels of
700 ng/ m. were detected after 24 h, 200 ng/nL after 48 h, and 100 ng/nL
after 72 h. I'n contrast for non pegylated NBN followng a 1 10 ng/kg IV
adm ni st rat iNE®, anld@hﬁhﬁca&bluﬁﬁ@ﬂom@bgfhph\weﬂéﬁ m@cpuc@eu tﬁfxrtc&lﬁse?fhdﬁmut es, but then
the levels f!:u?kl Ogrgtc e Q:t] % oe ve acten r’:lonmcfugmﬂ %l%t ectabl e
~after 7 h. ?Lfte’f: 1 mf)%’ﬁ'&/rs'é f wé”%Sl char RS Ao ISR Y ani mal s
treated wit rbyrS@QyﬂA&lEedzd\dBNubw chgmipgtagine BHMS adwbsmesttof attwmmbylﬁ&-‘ﬂ owing a |
ng/kg S C. 3RO Gk AMouSE LAk LAl 881 Hanp SBY bALEH A AChd & 15

maxi num of 200 ng remal ned at r the duration
of the tHr e@rqﬂas‘;s indieagefya purity of exeetenthan 95%0“@@9@(&@%@@1 Nwhm@du@}b@éﬁved at any

time point fool ki Pthe s Qétﬁ:&f @ﬁuomr&émm ma%ﬁmﬂxmma%pﬂsﬁnmﬂws' s of the
pegyl at ed NBN sa%&as are co adduct s cont ai ni ng

| cate resence o
2, 3 and 4 W?ﬂféféiﬁlllaéed aphf E‘H’f‘ééﬂffv]N ‘m%ﬁr%t&?te& AR PEEM PK 20
profile. In peaphie fitcl wline @BSMHEES. mmmﬁdm@@wﬁm 13 diabiees seysered Ng t hr ough

a variety of can dmnistratio no estud ies
reveal ed dr Aif& F@%% ‘f’é‘]’%ﬁg gé Rlu“ﬁas S?q%eémgfo@ﬁv’ﬁﬁogﬂﬁl?r R @l‘qB%hnlg ﬁ%&l candrdat es.
However , 10when the 3.3 10 K PEG adduct was eval uated inrats, it was found_

to be |ess [eTMoT-\Y _ .SReﬂeuﬂngtﬁnﬁ“tL' erence in

bi oavai | abi T Ty W cutarty-p RO RES)Y 24T ni stration.
Levels in mice 2Bpth @BHH@@S %@@hwgﬁ'f-?d_mﬁf Qoérfls ?thtaﬁﬁtjfuﬂmpﬁq@élwa'tl am00 ng/ ni-

after 24 hr.endkfdiicRBLEASLe sith ﬁﬁmédf‘a\’e%} acé’l@fo%&é?ﬂﬁff%tmaﬁ{re 18Qmy/abl for 4-48
hr. Both wild-type rat neubl astln%(lm and neubl astin vvlth an Asn-to-Lys
€

subst it ut i orfPHEHSEFEpFPESNERItR ellepiop NGB e keipellst €St 0 >95% f or
ef fi cacyist esiigecteid fo IyﬁemSTIZer@hfaBshblﬁg 4 Ghulin gtt&@patohrmgrmdﬂugauw ¢IRRkD was

f | ated t 30 test d
For peay! at G PR SompicThete G ergaaus BB R PG e R and
puri fi cat i ofhgmalksionsbode paled inag: wastted el mnaslw:mlbn@ermW§‘mHGEplb&5 0.5 :
chromat ogr apfyy Eb%ﬁﬁ)wﬁ’@%h%ﬁ%@hﬂgﬁﬁé&rﬂ%@%ﬁt‘?&:%n‘?ﬂnaﬁ{*ﬁu&@ﬁ%dﬂr@%'wiN) of NBN

fromE coli _inclusion ies In uantities a
concent r at i 6?l@wed by tygadditionsl pfergrashes l%ttl?\lt figtergent. Both pellets were solubilized

20 using 6M guanidine hydrochloride, 0.1M Tris pH 8.5, 0.1M DTT, and 1 mM EDTA. To aid

in the solubilization process, each pellet was subjected to homogenization using a polyti'on

homogenizer followed by overnight stirring at room femperature. The solubili_z_ecﬁfprotf:ins

were clarified by centrifugation prior to denaturing chromatography through Supeirdex? 200

(5.3 liter column equilibrated with 0.05M glycine/H;P0y4 pH 3.0 with 2M G’uauidihe-HCl)'at '
25 20 ml per minute. '

Denatured NBN was identified by SDS-E"AGE. Fractions containing either Wi-NBN
or NK-NBN were pooled and concentrated to approximately 250 mL unsing an Amicon 2.5~
liter stirred cell concentrator. After filtration to remove ary précipitate, the concentrated
pfotein was subjected to renaturing sizing chromatography through Superdex 200

30  equilibrated with 0.1 M Tris-HCI pH 7.8, 0.5M guanidine-HCI, 8.8 mM reduced glutathione
and 0.22 mM oxidized glutathione, The column was developed using 0.5M gunanidine-HCI at
20 mL. per minute. Fractions containing renatured wt-NBN or NK-NBN were identified by
SDS-PAGE, pooled, and stored at 4°C uniil needed for His tag remnoval.
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33 NTA and CM silica columm chromat ography steps were enpl oyed to increase
the final protein purity. The proteins were subjected to extensive
characterization including analysis by SDS-PAGE, size exclusion

chromat ogr aphy, ESMS, assessnent of activity by KIRA ELISA and

determ nati on of endotoxin content. SDS-PAGE and SEC of the final protein 5
products indicated a purity of greater than 95% The endotoxin | evel of each
product was < 0.2 EU ng. The specific activity of both proteins in the KIRA
ELISA is approximately 10 nM W-NBN was fornulated at- 1.0 ng/ m and NK- NBN
was fornmulated at 2.6 ng/m in phosphate-buffered saline (PBS) pH6.5.

wt - NBN was aliquoted into 15 m tubes and stored frozen at -70C while

NK- NBN was subj ect ed to peg Iatl on prl or to ali uotl ng and freezing. 10
Exanple S. Hepe OofJYBLL by, JNi-NTA chsemateauphp BRSPIIIA). t he NOSK neubl astin
mutein Both NBI\Réxﬁtruféa Nmr@s el &SISE€ br hifleakt 24HOrk bﬁ&e protdeding R@OMe f usion
proteins with an_  enteroki nﬂﬁ cl eava@e site |m"red| ately .adj acent to the

start of th@“ﬂ%@ﬂ?‘ﬁ“?@ﬁ‘o'ﬁms efarmptio & iba NBYmqnamers; Dwing SUME 2 o t her W -

I(1 8 kg ]glse ngacbpuae foNl‘fed\dBtﬂ\lwﬂsa'erﬁavK@byﬂﬁightlﬁfl}llr&@ﬁ 8025 E&H]Eﬁllt@ﬁin&ct‘otcﬁcrgdég Io 3 in %
iters o usi s. Follow ng centrjfugation rp

to pellet tt’i‘g"'i‘??&'rf]gg‘f“b% EBBTO? Soﬁ'ﬁ‘é“ @ﬁﬁ@f‘%f&ﬂ"g‘“f%?ﬁo E Gk N"é‘%&r ation were
di scarded. otlha0d ﬁbﬂhug’rmmlﬂeﬁ}mpmh Egiilibrasrvathwelaing tuffen(D. IM pRsidint bt buf f er
(0.02M Tri s CI hedt ththe sane
buf f er cont a|b|n| ng %atggﬂpebwn%ﬁmymﬁﬁwf’r n SRR V\%m {hec‘)?“ 2441 i onal  buf fer
washes wit haushedextmegmsm Bo sdwmegufiereNENwes éutstbfrozmtﬂerfzedmz@ usi ng 6M

guani di ng hygdtochkay betemr O chitbd bief: wf.kaitungnsﬂagdmu%éf Hcﬁmow%ﬁ;m To aid

in the solubilization process,. eac et was s ected to honogeni zati on
usi ng a pol V‘tf'ieb‘ﬁ““"ﬁd\%g@?ﬁdﬁé‘i“‘*%‘l"tﬂ%&tﬂs‘woWE?‘W@%‘PE"E@W'iOP‘ﬁg at room
~tenper at.ur e terpaRtuszbibit B2 @6lomdd 065 IMEICL. DR:YSIs Glodtoteh the dydadtysispt ri f ugat i on

prior to denaturing chromatogra hr ough 2 iter col um
Baul T i br ar cdoi NG SRPER e IERREHs e B RSP PR ) ot o5
20 nil per Ri0hMtaed 0.DEvlatspeceeblNBN was identified by SDS-PAGE. Fractions
containigg either W-NBN or N C NBN were pooled and concentrated to

appr oxi rratel 250 mL u3|n an Am con_2 5- liter stirred cell concentrator.
After filtr&i9ay hg sagcaergnterdEmageoncent rat ed protein was

subj ected to r enﬁk‘déﬂt a@ %%{e&ﬂﬁmﬁm@(ﬂ&@ﬂgmmm Qé&gano'%'é@%ffﬂ&ahoaoo 30

eqU|I|brated with 0.1 MTI’Iﬁ lél' rquanl‘g(cf 8.8 nmM reduced
gl ut at hi one TESPFARH sTBPIGAS R k%”*’& the pridision of Sy gto P‘if’r#lll devel oped
using 0. 5M gaiméitdiidhéndhi@ing @t renZéhiny gumpﬁﬁe-ﬂcmh@roadﬁﬁm& L5madd. @aiRt ai ni ng
renatur %g V\%onlélel:?r’llﬂat?gn wNa'sféolgP e%gigg a conmltchwly meter. yAddll:mnally 1 M HEPES pH 8 was

added for a fina! concentration of 25mM. To cleave the tag, lysyl endopeptidase was added to

wt-NBN and Enterokinase was added to NK-NBN, both at an approximately 1:300 ratio of

protease to NBN. Enterokinase was used in place of lysyl endopeptidase for NK—NBN due to

an additional protease cleavage site in the mutated protein at Lys95. The samples were stirred

23 - atrooin temperature for 2 hours and the digestions monitored by SDS-PAGE.

.. His tag removal by Ni-NTA chromatography.
Protease-treated NBN was applied to a 100 mL Ni-NTA column equiliberated with
- 0.5M guanidine-HCl and 20 mM imidazole at 50 mL per minute, The column was washed to
30  baseline with the same buffer. Any protein washing off the column was pooled with the flow-

through protein containing NBN without the His tag.

LM silica chromatography.
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SDS- PACGE, pool ed, and stored at 4C until needed for H's tag renoval. 34
Concentration of NBN by N -NTA chromat ography (TR5919-138). Renatured NUN
was stored at 4C for at |east 24 hours before proceeding with the
purification to pronote disulfide formati on between the NBN nononers. During
this time, a 5 precipitate fornmed and was renoved by filtration through a
0.2 PES filter unit. To decrease non-specific binding, the protein solution
was brought to 20 mM i m dazole prior to loading on a 100 ml N -NTA (Q agen)
colum equilibrated with colum buffer (0.5M guanidine and 20 nMiridazole)
at 50 mM per mnute. Followi ng the protein application, the colum was

Ui ng 10" appr oxi har Ut R aRRph B opeh AR B AL Bl ik 51 7
guani di ne- HGurifieatorothepiveh GMcsdlica Fesin. A A¥ mb CMpdilipaicolmn mﬂlhm@dd’ﬂhloyilmi over ni ght
(using 10 kDOgedi @hXBhioshtiali poidk s, 350 LOANECH WEAFRAGALHM NGO R ph&Rin¥e! unes of 5

nmv HCL Di al ysi s prom)t es the hydrolysis of contam nati ng substances and

decr eases t hEhegolam? Apnwashid withieatys olmeppfcrash puffer tpbospigtegdivi and
0. 04M respess, udehM. Nal:ﬁ») ﬁhaﬁwm adp AR vilh SIukiBPb I dahitling rmloept i dase or

Ent er oki nase. The n te that fornmed durin i al ysis was
removed by fA bRl P bu%r‘ﬁ'g* 'p%ﬂ@’% %ﬁ%g‘%f REotgia a5 7Y oo %a%s HY° t he

addi ti on of ﬁMpsiteﬂ&mftabn@ thd ﬁﬂbomaiuhtxon@e\m&rmoamﬁ:ﬁNlImNBMéldngotrﬁ\e remai ni ng
guani di ne- H cent.ration confined

usi ng a con ﬁ%‘f‘i%@f@i ﬂbstag’?’fesﬂ%'ﬁ%f?r% a%fz*kﬁ"riﬁ a'g’l’(ﬁ&’smsz)gded for a
final concererﬁ, hielrstapéd ﬁgmntlrmedﬂdéa\fmhhmmag;zaﬁqnsyﬁd/celpdgymcpt| dase was
added to IEPE’ d

appr oxi rraq ely 1%@ &3‘?"% Swécg’%?% @kfm\':mta%r offlt%%sgeés t\ﬁ,%rs used in

pl ace of | ysplorenatap2ik U@iagenﬂcwqumrtzdwmedmddﬂmngagmr&dmfiter dove) 10ppottease

cleavage, eyl 4% AL BL SRl Va6 SRRSRAEREI TS0, 25

at- room tenperature for I ons noni - PAGE.
Hi s tag renopestophptoneteNBasediop BW@W%WW%@@&@BDQM%R@GCWWM appl i ed

to a 100 mb gl 1 MWEAGRA N@Nﬁwaim%@y@dom 1%, s@kédquaeaaphr&&n)kgss and 20 mM
i mi dazol e at 50 m_ per m nute. The c¢olum was washed 30 baseline with

the sanmelbufthal? H&?ﬂp“ﬁ'ieﬁf‘@feﬁal\iﬁé ﬂFﬁ’&e%?aFEdtol‘iéb%’Hﬁa&?ﬁ?t %@stmbool ed with the
flow through prod®bdas e pidy 6 toth pidh pepabdidhs, E4oR sdrlipte 03 Gng) (whd sBbjbdreia
chr omat ogr aQ(I;] Yize cxglusmn chromatography through a 16/30 Superdex 75-column. Thc column was
equiliberated with SmM phosphate pH 6.5 containing 400 miM NaCl and developed with a
1.5 mL per minute Tiow rate. Based on the absorbance at 280 nm, both wt- énd NK-NBN
20  migrated as a single peak with an expected molecular vﬁcight (23-24 kDaj, and they did not
contain any significant protein contamination.
Both wt- and NK-NBN were reduced in 2.5 M guanidine-HCI, 60 mM Tris pH: 8.0
and 16 mM DTT. The reduced samples were desalted over a short C4 column and analyzed
~ on-line by ESMS using a triple quadrupole instrument. The ESMS raw data were
25  deconvoluted by the MaxEnt program fo generate mass spectra. This procedure allows
multiple charged signals to collapse into one peak that directly comesponds to the molecular
mass in kilodaltons (kDa). The deconvoluted mass spectrum for wt-NBN showed the
predominant species is 12046 kDa, which is in agreement with the predicted molecular
weight of 12046.7 kDa for the 1 13 amino acid form of the protein. A minor component was
30  also observed (12063 kDa) suggesting the presence of an oxidation product. Three peaks
- were identified in the NK-INBN sample. The major component demonstrated an apparent

molecular mass of 11345 kDa in agreement with the predicted mass for the 106 amino acid
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Fol I owi ng Ni - NTA chr omat ogr aphy, the protein was i medi ately subjected to
further purification through CMsilica resin. A20 n, CMsilica colum
equiliberated with loading buffer (5 nM phosphate pH 6.5, 150 nmM Nadl ) was
| oaded with NBN at 20 nL per minute. The colum was washed with twenty
colum vol unmes of wash buffer (5.mM phosphate pH 5.6.5, 400 M NaCl ) and the
protein step eluted wi.th elution buffer containing 5 MM phosphate pH 6.5
but with 1 MNaCl. The eluted protein was dialyzed overni ght against the
phosphate alone to bring the salt concentration down to 100 nM for NK- NBN
and 150 mM for wt-NBN. Both sanples were filtered through a 0.2 (err) PES

filt t d .by. SDS- PAGE d st t 4 il ded f

Furt her " char GEF BrISERTB e ARer 5P PEBL G ARSH Lo NOK| B RESREN wor e

subj ect ed t' ONKANENedtdatianmnd helpyesénse diahealds emino bdikform, rapsdvdiance at 280. Using
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spect r ophot osteibatable Basadou)mﬂu Riterokinzt- )TQISQI'OEW-fNWWHmBM matuml g 0 be at a

concentraj | Ol%}eﬁ;a%ﬁmﬂpukﬁ%d?& aﬁTgeslﬁﬁail}ﬁN)sQLnd%s @pcg?éé%‘coﬁté%%@h dhPiyfpsih /0. 5 used

for each pro Less 15 than lﬁ)grem pitated material was Tdentified
based on absentmieiond§ 2B3@0lrHpsin pROLSEYEalinass) cThpraford, {rynsin trytbhaqingoei n

preparati onsNKWmﬁﬁém}b@xﬁ Qnéname Mﬁ@gﬁu ?}oﬁ&%ﬁl prJdeﬁhrEQ?@ifrﬁlll&%%idon

chr omat ogr aphy t hrou Super dex col um he col um was

equi | i ber at e@r%qﬂﬁhﬂa“»\gﬁ% Hﬁééﬁﬁéﬁéd%wtﬁ%“@ém%ﬁa}‘ﬁ WyNBYGs tapalgreoteashd devel oped
with a 1.5 ghiviBakdgion ukearfad»@\eermiaﬁsmeaaﬁsq/sﬁ&em@ caﬂﬁﬁéchﬁﬂﬁﬁh@ms%éo nm bot h

wt - and - ate as.a sin e ected | ecul ar

wei gt (35 o ot Bediiis agaip ac AN el Bamfleally 28 S RRR £ Ripat ol n

cont am nat i ONBNBetelualf actiedid alNKssdySheswe el bamluﬁmﬂhﬂyﬁn Qxaﬁldh;ﬂ:gmmmhﬂime HCl, 60
nmv Tri s pH-8,.0. and 16 nmM DTT. The reduced sanples were desalted over a
short C4 colum and anal yzed on-line by ESM5S using a triple quadrupol e
i'nstrument. The HEBNBctiviywasdetermiapdby)s abiitydpsrioiulatcecRy phasphonigingEit programto

gener at e NBSSBHASGIHIS. ce@;fakﬁg &ew&sj@m@ds&cﬁw@mmﬂuﬁ@ PhopadAfeh Riignal s to
col l apse into one peak t directly corresponds to the nolecular mass in

ki | odal t bhs ‘(’%Iﬂ&‘?ated'Pﬁ@CEF@E%@&P'&ff)éEF Gefued epeptor MR HRBroRpeaBN showed t he
predom nant ;&@@mbt?rssmesaml&aﬂ@d@a) 2 meetaeu)smm@gmeﬂﬁmhom Reftnerr edi ct ed

nmol ecul ar ht of 120 .k 3 a oamdformof t he protein.
A i nor corrp‘bfﬁ 1&&1&@%@@‘?%%&%&@%%‘*( %B‘;?ﬁg?()%&’&@ét’??fﬁmfrﬁe presence
of an oxi datdseu. The atgotdince Tdhie Grofp @l Streatat ivéth iyskedrivith@disibasférhendNiKer®BN sanpl e.
The 8] O COTRONE bucIETRISALELE L, e BRRALERL, . ARLEEHIAL o TRRR 8l ol 1345 KDR T

7}
agr eenent WII{l am no acl
- 20 npeublastin present in the activation mixture. The data demonstrate that the purified NBN

resulted in the appearance of phosphorylated RET, indicating that the punﬁed NBN was

active in this assay.

Exampie 6. Preparation of a seram albumin-neublastin conjugate,

25 Wildtype rat neublastin at a concentration of 1 mg/ml in PBS was treated with 1 mM
sulfo-SMCC (Pierce) and desalted to remove excess cross-linker. Since the wildtype NBN
protein contains only a single amine at its N-terminus and no free sulfhydryl groups, reaction -
with SMCC was expected to result in site specific modification of the NBN with SMCC
attached at its N-terminus.

30 60 pig of the NBN-SMCC conjugate was incubated with 120 ug of bovine serum
albumin and analyzed for extent of cross-linking by SDS-PAGE. BSA contains a single free
SH group and consequently reaction with the NBN-SMCC conjugate is expected to result in
modification at this site through the maleiride on the SMCC. Under these conditions, two
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formof the protein. The other two peaks had masses of 11362 and 12061 kDa
suggesting N C- NBN oxidation and the presence of the 113 amino acid form
respectively. The presence of the 106 and 113 amino acid fornms in the NK-NBN
preparation is attributable to digestion with Enterokinase. This protease
fromBiozyne is a natural enzyne 5 preparation purified fromcalf

intestinal nucosa and is reported to contain a slight trypsin contam . nation
(0.25 ng Trypsin per g Enterokinase). Therefore, trypsin nmay be acting on
NK- NBN on the carboxy term nal side of Arg7 to produce the predom nant 106
amno acid form On the other hand, Lysyl Eudopeptidase used to cl eave

W -NBN IS a,8difihGaRisQf RIZRE moRGldr Welol vASd d68GvNwhibear EAMAQXY inl Rdsi nal si de of
the lysine residue contained wthinthe H's t%g 10 to ‘(g{oduce the mature 113

amino aci d Nty mogifigatiopst the NRY withg siple BEA 3noiaty 418 VAl P B mgleepies SIBN ar e
equal | y act ¥ NBN @blecudShadis fwd N-Q8nimkhe E\ﬁlﬁﬁ&&%&i&mi&ﬁﬁdd}boﬁs&t@mﬁi ne- HCl
stability tests: NBN activity was determ ned ability to stinulate

_ ) ) its y
c- Ret phos pHbTE/AeHPRt SHMHHS Pt 1GR3V i f@”ﬁ‘é‘?’%‘ﬁﬂt‘?ﬁ’é’aﬂsﬁﬁml‘%ﬁgﬁsﬁescri bed
i n Exanpbe 3 th@hoaptyai yHe MBRESNREC andlES ANstdsd @Saed be the biyenbifyodf Bha kénmdpifg? hour s)
the capture ceptor with HRP-conjugate sphotyrosi ne anti body (4GLO; -
0.2.tg per \?\q/eq' aflgégﬁa\éw\lﬂnﬁﬁpe?lﬁ%m?%%e&%% ?g%"?%ﬁ‘gm@\% F's were washed six tinmes
w th TBST, and tTFie ndrPsubgiiitediprofuct etepirified @om 4 Geactivn wittive iy sibjectingithet ri ¢

assay. The aBRALABREE: KAlMESclAMaiEh) SulkERL Aol idhml (gl fnor W Lh | VSl S

buf fer alone were neasured, Dbg _ corrected, an € data plotted as a
function of Stprades dptectpeFPhaynaced essentiplis s depsritied fqs peeylatinn studies discusetli vat i on

m xt ur e.jpThebdat Bolt@n AR thdad fifeBGona bdd SR1NENy sDeTUldEaRd dsd he
appear ance of ph_os[ghoryl ated RET, indi Catl%% t hat tﬁe urified NBN was

active in tRPE3EHE mopgsubsified prodyst wyye pnalvzedforprotein e by ADIOEAGE- heubl asti n
conj ugate. 280 Ml Sihospee hak of BSADE AskdxinaAdly @vidce GE 6Mkubakiix) fhe@fpatentry/ Ml i n PBS
was treated wt mM_ sul fo-S i erce desal ted. t.o renmpve excess
e oss 11 nikerorotado s aftle B SRR EF e RN iRl SRR T o e am ne
at its N-tesubjacted thistd amdyshsifedurstd i the KYRA GEEBSW IC50eluet foohth the wh a8MCC was
expect edst OpkRSIhikoakdd NN Gerd RRGM 'irl?ic%%ltﬁa'tgo% o f3n Bfrnd i Mot £ SVOC
attached at its N-termnus. 30 60 (erryg of e NBN- SMCC conj ugat e was

i ncubat ed WFEPPHYRiISEdFHIEPhovi ne serum al bunin and anal yzed for extent of

cross-linking bywSlRSh&RAREmBRAGOR wirdiEenétaisd W BSA, iR ord3hbuding spurand _
consequent | phgact L on th t hd NBNaf?NCC conhéje%g’{_e 1S exX ected to result in
nodi fi cat i o% Wpin PEpreLasSoTLas A 3\5‘@%"& Q CHETRT oA "nder these
condi ti ons, agprciBiAn be applied to generate a rat serum albumin-rat NBN conjugate for performing
20 PK and efficacy studies in rats and human serum albumin-human NBN for performing
clinical trials. Similarly SMCC can be substituted with ary of a number of cross-linkers that
contain an amino reactive group on one side and a thiol reactive group on the other side.
Examples of amine reactive cross-linkers that insert a thiol reactive-maleimide ate AMAS,
-BMPS, MBS, EMCS, SMPB, SMP_H, KMUS,; or GMBS, that insert a thiol reactive- -
25  haloacetate group are SBAP, SIA, SIAB and fhat provide a protected or non protected thiol
- for reaction with sulfhydryl groups to product a reducible linkage are SPDP, SMPT, SATA,
or SATP all of which are available from Pierce. Such cross linkers are merely exemplary and
many alternative strategies are anticipated for linking the N-terminus of NBN with serum
albumin. A skilled artisan also could generate conjugates to serum albumin that are not
30  targeted at the N-terminus of NBN or at the thiol moiety on serum albumin. NBN-serum
albumin fusions created using genefic engineering where NBN is fused to the serum albumin

gene at its N-terminus, C-terminus, or at both ends, are also expected to be functional.
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addi ti onal bands of higher nol ecul ar wei ght were observed, which are
consistent in mass wth nodification of the NBN with a single BSA noiety
and with two BSA nol ecul es since each NBN nol ecule contains two N-termni
that can undergo reaction, and consequently are in agreement with this
notion. Concurrent with the formati on of these bands, was a decrease 5 in
the intensity of the NBN-SMCC and BSA bands. Based on the intensity of the
remai ning NBN band the reaction appeared to have gone to 70-80% conpl eti on.
The nonosubstituted product was purified fromthe reaction m xture by
subjecting the material to cation exchange chromatography and size

excl usi on chr omatRELARW R Be éctcnéﬁl%!i 8 YougDad &déHJ‘toQEMN@&-&ﬂMbuﬁﬁﬁeml ally
as described for yl ation studi es di scussed 10 above. Colum fractions
fromthe ge|°0wpsafert5§r~ewdrt‘aﬂt%P@d%y}%@alowd%fsh&mwnéhose cont ai ni ng
t he nnnosubsﬁm&gﬁgqlﬁﬁﬁﬁﬁgt wer e analyzed for protein content by absorbance
at 280 nm .Since the nmass of BSA is approximately tw ce that of neublastin,
t he apparent cowband ddinedie was di vided by a factor of 3 to give the NBN
equi valent. This fraction was subjected this to analysis for function in
the KIRAXLISA. |1C50 values for both the wt- and 15 BSA-conj ugated NBN were
3-6 nM indicating that conjugation to the BSA had not. conprom sed
function. Wiile these prelimnary studies were generated with BSA, the
correspondi ng serum al bumin proteins fromrats and humans al so contain a
free SH Consequently a simlar approach can be applied to generate a rat
serum al bum n-rat NBN conjugate for performng 20 PK and efficacy studies in
rats and human serum al bum n- hunman NBN for performng clinical trials.

- Simlarly SMCC can be substituted with any of a nunber of cross-linkers that
contain an am no reactive group on one side and a thiol reactive group on
the other side. Exanples of am ne reactive cross-linkers that insert a
thiol reactive-naleinmde are AMAS, BMPS, MBS, FMCS, SMPB, SMPH, KMJS, or.
GWBS, that insert a thiol reactive 25 hal oacetate group are SBAP, SI A, SLAB
and that provide a protected or non protected thiol for reaction with

sul thydryl groups to product a reducible |inkage are SPDP, SMPT, SATA, or
SATP all of which are available fromPierce. Such cross linkers are nerely
exenplary and many alternative strategies are anticipated for |inking the
N-termnus of NBN with serum albumn. A skilled artisan also could generate
conjugates to serumal bumn that are not 30 targeted at the N-term nus of
NBN or at the thiol noiety on serum al bumin. NBN-serum al bum n fusions
created using genetic engineering where NBN is fused to the serum al bum n
gene at its NNtermnus, Ctermnus, or at both ends, are also expected to be
functional. 38
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This met hod can be extended through routine adaptations to any NBN serum

al bumin conjugate that would result in a product with a prolonged half-life
in animals and consequently in humans. What is clainmed is: 5 39 CLAIMS 1.
A vari ant neubl astin pol ypeptide conprising an am no acid sequence at | east
70% i dentical to amino acids 8-113 of SEQ ID NO 1, provided that the

vari ant neubl astin pol ypeptide includes one or nore of the amno 5 acid
substitutions selected fromthe group consisting of: an am no acid ot her
than arginine at position 14 in the amno acid sequence of said variant

pol ypeptide, an am no acid other than arginine at position 39 in the am no
acid sequence of said variant polypep 10 an am no acid ot her than
arginine at position 68 of said varlangg%%¥$%eptlde and an am no acid

ot her than aspar ggi n@\a&mmamdsmrlpo%eﬁﬁe@apﬂm | o R0 ¥peRkladesse Wherein
the positions of said am no, acids.are nunbered in accordance with the

pol ypept i de @gﬂﬂﬁ‘ﬁ@étoﬁp“%@ §)1mele9§02 The vari ant neubl astin

pol ypepti de of chatidedlhat WMeerbfininetbladin Yélypefitle iftRidEN ok bl fore pOhy RGIAS | de furt her
conpri ses, am no aci ds 1- . The variant neublastin
polypeptldeiﬁﬁ ‘FQFWFTSdﬁﬁéﬁ@ﬁﬁg%%Pﬂ”@ﬁFF%H%‘neublastin 20 pol ypepti de,
when di neri zed, bi ndsn@kirbecid pBer than afgintne weposigini 14nie uile] ansiol acidpajuppepf | de of
claim1l1, wherein Jeubl astin polypeptide, when dinerized,
stinmul at es tyrosﬁ%&hgﬁxg&hgﬁ atlon of a RET polypeptide. 25 5. The variant
neubl astin pol ypepti deapfuoafid ptherthanapgining iahpositipe|3%/ia theamtinorreid stqpernce af

pol ypepti de, whegidi. ARl baisstou&nhances neuron survival. 6. The variant

neubl asti n pol ypepti de of aim1, wherein said variant neublastin

pol ypept iYe, when di # pRing gcid atherdfrogeinie ARosifion 68 AL SRd ¥arieDi BPlYPePtdy 7. The
vari ant neubl astina pol ypeptide of claim1, wherein said variant neubl astin

an amino acid other than asparagine af position 95 of said variant polypeptide,
‘wherein the positions cf said amino acids are numbered in accordance with the
polypeptide sequence of SEQ ID NO:1.
15
2, The variant neublastin polypeptide of claim 1, wherein said variant neublastin

polypeptide further comprises amino acids 1-7 of SEQ ID NO:1.

3. The variant neublastin i)olypeptide of claim 1, wherein said variant neublastin

20 polypeptide, when dimerized, binds GFRo3.

4, The variant neublastin polypeptide of claim 1, wherein said variant neublastin

polypeptide, when dimerized, stimulates tyi‘osine phosphorylation of a2 RET polypeptide.

25 3. ‘The variant neublastin polypeptide of claim 1, wherein said variant neublastin

polypeptide, when dimcrizcd, enhances neuron survival.

6. The variant neublastin polypeptide of claim 1, wherein said variant neublastin
polypeptide, when dimerized, enhances sensmir newron survival.
30
7. - - The variant neublastin polypeptide of claim 1, wherein said variant neublastin

polypeptide, when dimerized, normalizes pathological changes of a neuron.
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pol ypepti de, when dinerized, normalizes pathol ogi cal changes of a neuron. 40
8. The variant neubl astin polypeptide of claiml1l, wherein said variant

neubl astin pol ypeptide, when dinmerized, nornalizes pathol ogi cal changes of
a sensory neuron. 9. The variant neublastin pol ypeptide of claim1, wherein
said variant neublastin 5 polypeptide, when dinerized, enhances survival of
an autonom ¢ neuron. 10. The vari ant neubl astin pol ypeptide of claim1,
wherein said variant neublastin pol ypeptide, when dinerized, enhances
survival of a dopami nergic neuron. 10 It. The variant neubl astin pol ypepti de
of claim1, wherein said variant polypeptide includes two or nore of the

am no aci d substjtuti sel e . I 0 1.SL am no
acid other than %rgiE@%@“éﬁm%%%ﬁ?ﬁ%hgﬁﬁ&gﬁc@ﬁEHSWF%%%%g?%hgggﬁgﬁgg of said
vari ant pol ypkypeptidee whehSliraarizedrnovmaliges phiholopiesl changes odr gansirneeuzin. posi tion 39 in
the am no acid sequence of said variant pol ypeptide, an am no acid ot her
than arginine at position 68 of said variant polypeptide, and an am no acid
ot her. t han aspartgi nEreatarig asuplegip rolypeptidesf piginy b Fihgistn spig [vytainepldatin 20 12.

The vari gnt phgpdli@sHhdd dRedrivRe fihkates Afvival dautonowitaie@ion, sai d vari ant
pol ypeptide includes three or nore of the amno acid substitutions sel ected

fromthe group consisting of an am no acid other than arginine at position
14 in the am no @ci dTixeqtignaablitin Rhypgpetchf ¢Rin BRitedl syidepiandeyublatin am no aci d

ot her than argini.ne at .nosition 3% [Nt m no aci d sequence of said
variant pol ﬁﬁlg%elpél%e‘?l%gr?%%"z?ldomé%'fc S%‘F’hé‘?‘%ﬁﬁ“ farginine at position 68 of
sai d variant pol ypeptide, and 30 an am no acid ot her than asparagi ne at

posi tiony95 of sgi d yaur.am nera_giamqﬁgbézﬁde_ of Liim 1T RfReMAshidQhsiaEUD! astin
pol ypeptide of claim1l, wherein said variant polypeptide Includes 41 an

ami no aci d 8eWesPtideingirdey Ry AT Here gt thp praipe peghsuhsstigns splactethiromha g sequence of
consisting of ' . ‘ _ ‘
| an amino acid other than arginine at position 14 in the amino acid sequence of _
said variant polypeptide, _ |
15 ' an amino acid other than arginine at position 39 in the amino acid sequence 6f
said variant polypeptide, _
an amino acid other than arginine at position 68 of said variant pblypeptide,
and

an amino acid other than asparagine at position 95 of said variant polypeptide.

2. The variant neublastin polypeptide of claim 1, wherein said variant
polypeptide includes three or more of the amino acid substitutions selected from the group
consisting of |

an amino acid other than arginine at position 14 ini the amino acid sequence of
25 said variant polypeptide,
an amino acid other than arginine at position 39 in the amino acid sequence of
said variant polypeptide,
an amino acid other than arginine at position 68 of said variant polypeptide,
and

©30 an amino acid other than asparagine at position 95 of said variant polypeptide.

13.  The variant neublastin polypeptide of claim 1, wherein said variant
polypeptide includes
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said variant pol ypeptide, an am no acid other than arginine at position 39
in the am no acid sequence of said variant pol ypeptide,- 5 an am no acid

ot her than arginine at position 68 of said variant polypeptide, and an

am no acid other than asparagi ne at position 95 of said variant pol ypeptide.
14. The variant neubl astin pol ypeptide of claim1, wherein the am no acid at
10 position 95 of said variant neublastin polypeptide is other than

asparagi ne.. 15. The variant neubl astin pol ypeptide of claim 14, wherein the
amino acid at position 95 of said variant neublastin polypeptide is |ysine.
15 16. The variant neubl astin pol ypeptide of claim 14, wherein said variant
neubl astin pol ypepti geadihg Mt%th&&ﬁﬁ’ﬁ:?ﬁﬁﬁa@oﬁﬁ&ﬁl@i& e bo a8 fGhek dir om t he
group consisting of _an am no acid other than arginine at position 14; an
am no aci d ot hers2KaFaneRaliPRptide: at position 39, and an amino acid other than
argi nine at posi ti onabdnincdidlofher AL argRInk AposiR@BliindE hidinp adiy Re@ntadd of cl aim
16, wherein said substitution at position 14, 39, or 66 is lysine. 18. The
vari ant neubl ast¥ VB@I“W@'{?F?‘@E’ of claim 14, wherein said variant 25

neubl ast n pol ypept i geanfin dchisithee tiapargiais atpasitial 89f saidarion polgpedt ed from t he
group consisting ,of an amno acid other than arginine at position 14; an
am no aci d ot her fihan arginine at position 39, and an am no acid other than
argi ni ne at posi ti onaGin@@ididher Flapaspangimrt posiiohd asftshid vpsygebpeiide of claim
18 wherein said two substitutions are |ysine. 42 20. The variant neubl astin
pol ypeptide of claim 14, wherein said variant neublastin polypeptide
further conprised t hFse2gzmbaguplagrininglygeptide dfslajmplygrhergin thgwoiee 26644 ot her t han
ar gi ni napat pRan s Oaill4ani@RNncARhIEa pAghPiddiNQhertia Rsp@hgihd)l Ne at position 39,
and 5 an amino acid other than arginine at position 68.

15.  The variant neublastin polypeptide of claim 14, wherein the amino acid at

position 95 of said variant neublastin polypeptide is lysine.

15 16. . The variant neublastin polypeptide of claim 14, wherein said variant
neublastin polypeptide further comprises a substitution selected from the group consisting of
an amino acid other than arginine at position 14;
an amino acid other than arginine at position 39, and J

an amino acid other than arginine at position 68.

17.  The variant neublastin polypeptide of claim 16, wherein said substitution at

position 14, 39, or 68 is lysine.

18. - The variant neublastin polypeptide of claim 14, wherein said variant

25  neublastin polypeptide further comprises iwo substitutions selected from the group consisting

of
an amino acid other than arginine at position 14;
an amino acid other than arginine at position 39, and
an amino acid other than arginine at position 68.
30
19.  The variant neublastin polypeptide of claim 18 wherein said two substitutions
are lysine.
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21. The variant neubl astin pol ypeptide of claim20, wherein said three
substitutions are lysine. 10 22. The variant neublastin pol ypeptide of claim
15, wherein amno acids 8-94 and 96-113 of said variant neublastin

pol ypeptide are at |least 90% identical to am no acids 8-94 and 96-113 of
SEQ ID NO 1. 23. The variant neubl astin pol ypeptide of claim 14, wherein
am no acids 8-94 and 15 96-113 of said variant neubl astin polypeptide are
at least 95% identical to amino acids 8-94 and 96-113 of SEQ ID. NGO 1. 24.
The variant neubl astin pol ypeptide of claim 22, wherein the amno acid
sequence of said variant neublastin polypeptide includes the am no acid
sequence of a 20 _natuyrally occurring rat, man or. nmpuse neubl astin

pol ypeptide at arftno ivﬁ‘)é/a“%‘iegﬁ“&ﬁﬁ @%epudffgéiﬂ?‘qé'a‘ﬁ’hﬁm%?‘gé(ﬁ?mheubI astin

pol ypept i de. nedblastihlpalypeptidedmtheneiniphises thirsd spitiipi@pbs follwwaf cl ai m 23, wherein
am no acids 8-94 an[gmogc@&o]t&S said var'.a[g%; neubl asti n pol ypeptide are

of J
selected fromt hémagroup conesrfhél??rﬁlém&mqoﬁléo am no aci d sequence of am no

aci ds 8-94 and 9@r 4miBo adid @GeeQhaDadgi@ir2 at WE@d D, M. 3 and SEQ ID NO 4. 26. The
variant ngubl astip YREQL clal m.l wherein the pol ypeptide
a arﬁimr 8‘9 & rggn %fél&ﬁ'lle%{ ;ﬁgﬂugh 68

conprises amno acids 8-113 30 27. The variant neubl astin
pol ypeptide of claim1l, wherein said variant neublastin polypeptide is a

fusion protein. 43 28pne ThanvatbA0h phlestbiRSE HAmRO] MeRRishidenef clai m 27,
wherein said fusion protein conprises a human serum al bum n sequence fused

in frame to YPUBRFEMheubl astin pol ypeptide. 5 29. A fusion protein
conprising a neublastin polypeptide operably lI'inked to a human serum

al bum n otein. ,30. A nucleic.acid.mlecule.encodi ng the varia eubl astin
pol ypept %e of ¢ %i mﬁ\‘fv mfﬁt'ﬁﬁt.’lasﬁneoelﬁegt#d%é’%g Irniqg’iwglﬁm - ‘%?u“‘é’i%‘se.k"gﬁ'é‘édfd of
cl ai m 30. 3296-Mief seaictagint whublgsimipnly Bptidevineat &iast 98% idgnticalge gmino geidsrd-Bix pr essi on

vector. 15 33g96A1 F£&lskoaBM:{.Si ng the vector of claim32. '

23.  The variant neublastin polypeptide of claim 14, wherein amino acids 8-94 and
15 96-113 of said variant neublastin polypeptide are at least 93% identical to amino acids 8-94
and 96-113 of SEQ ID NO:1. |

24.  The variant neublastin polypeptide of claim 22, wherein the amino acid
séquence of said variant neublastin polypeptide includes the amino acid sequence of a
20  naturally occurring rat, human or mouse neublastin polypeptide at amino acids 8-94 and 96-

113 of said variant neublastin polypeptide.

25.  The variant neublastin polypeptide of claim 23, wherein amino acids 8-94 and
96-113 of said variant neublastin polypeptide are selected from the group consisting of the
25  amino acid sequence of amino acids 8-94 and 96-113 of SEQ ID NO:2, SEQ ID NO:3 and
SEQ ID NO:4. '

26.  The variant neublastin polypeptide of claim 15, wherein the polypeptide
comprises amino acids 8-113 of SEQ ID NO:2.
30
27.  The variant neublastin polypeptide of claim I, wherein said variant neublastin

polypeptide is a fusion protein.
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34.. The cell of claim33, wherein said cell is selected fromthe group

consisting of a mammalian cell, fungal cell, yeast cell, insect cell, and
bacterial cell. 20 35. The cell of claim 34, wherein said mammalian cell is
a Chinese hanster ovary cell. 36. A nmethod of neking a variant neublastin

pol ypeptide, the nmethod conmprising culturing the cell of claim 33 under
conditions allowi ng for expression of a variant neublastin 25 pol ypeptide.
37. The nethod of claim 36, further conprising recovering said variant

neubl astin polypeptide. 30 38. A variant neubl astin pol ypepti de produced by
the method of claim36. 39. A nucleic acid nol ecul e encoding the variant
neubl asti n pol ypeptide of claim28. 44 40. A vector conprising the nucleic
acid of claim39. 41. The vector of claim40, wherein said vector is an
expressi on vect 028  Thd Rariak newlldstiicgiypeptisie oiyldin 7 weheteorsadffustdngraeidt 1. 43. The

Il of claim4 i id cell | | fI. i sti f
ce or ¢ al.cgngr?s:as %H%E:S&é% %kl?nu%%eqél%xllc% 81%?%, 19 ?rgugg 1¢) s£18 gﬁa?tenéc%bgﬁgp consi sti ng o

a manmmal i an _ yea I'nsect C acterial cell
10 44. The eelybeptife.cl ai m 43, wherein said nmammalian cell is a Chinese
hanster ovary cell. 45. A nethod of nmaking a variant neublastin

pol ypeptide, the nethod conprising 15 culturing the cell of claim42 under
condi tiofs al | owthg Polusienaspiaia spmpisigg 2 geuplastinenelypeptidepreeblylinkeddp gpept i de. 46.
The net hod gﬁmgﬂﬁiumﬁﬁlmgg,{,&mer conprising recovering said variant

neubl astin polypeptide. 20 47. A variant neubl astin pol ypepti de produced by
the method of claim46. 48. A nultineric polypeptide conposition conprising
t he variant neubdtast ianauckiolayi® epletuleenobditl td viridnt neldbladth polyipeptiatibitcldimr i C
polypeptidelconposition of claim 48, wherein said rmultimeric '

10
31. A vector comprising the nucleic acid of claim 30.
32. The vector of claim 30, wherein said vector is an expression vector.
15 33. A cell comprising the vector of claim 32.
34..  The cell of claim 33, wherein said cell is selected from the group consisting of
a mammalian celi. fungal cell, yea.3t cell, insect cell, and bacterial cell.
20 35. The cell of claim 34, whérein said mammalian céll is a Chinese hamster ovary

cell.
36. A method of making a variant neublastin polypeptide, the method comprising
culturing the cell of claim 33 under couditions altlowing for expression of a variant neublastin

25  polypeptide.

37.  The method of claim 36, further comprising recovering said variant neublastin

polypeptide.
30 38. A variant neublastin polypeptide produced by the method of claim 36.

39. A nucleic acid molecule encoding the variant neublastin polypeptide of

claim 28.



pol ypeptide conposition is a dinmer. 50. The nultimeric pol ypeptide
conposition of claim49, wherein said multineric 30 polypeptide conposition
is a honodinmer. 51. The multineric polypeptide conposition of claim48,
wherein said nultinmeric polypeptide conposition is a heterodinmer. 45 52. A
conposition conprising a neublastin polypeptide or variant neubl astin

pol ypeptide coupled to a non-naturally occurring polyner. 5 53. A
conposition according to claimb52 wherein said non-naturally occurring
polymer is coupled to said pol ypeptide via a sol vent-exposed am no aci d of
sai d pol ypeptide. 54.. The conposition of claimb52, wherein said

conposi tion conprises a variant neubl astin polypeptide conprising an am no
acid sequence at least 70% identical to amno 10 acids 8-113 of SEQ ID

NO 1, provided t#Hat tAeecipnedmpritingnibemiclgictarcid opddipyd8pt i de i ncl udes one or nore
of the amno acid substitutions selected fromthe group consisting of: an
am no acid other than arginine at position 14 in the amno acid sequence of
sai d variant pol $pepthhgectos of clim A0ivhereiasnig veston éran £EGISION GFAT-ne at positi on
39 in thesam no acid sequence of ‘said variant polypeptide, an am no acid
ot her than argi nh e %t gositj_on 68 of geii_d vari ant pol ypeptide, and an
amino acid ot her ¥ har* §4 5¥PAEPH & X BGEFEPH- 95 of said variant pol ypepti de,
20 wherein the positions of said amino acids are nunbered in accordance with
the polypeptide,sequen . |.D NO..1. .55, C ition.of claimb52,
wherein said pol ?/f'rer L@%gregqu?élaelgﬁg' ‘E%efeylaiakd;lﬁ%hsesmc-gl;%a;%ré)g'lqﬂg)n%lag’tcﬁ.Sis?gg 6. The
conposi t i on aghamghabipmeel Sungahel.okast eelli idsepiokl.ahkidcend cdl ycol noiety is a

pol yet hylgene gl.ycol noiety (PEG. 57. The conposition of claimb55, wherein
sai d pol yal kyl ene.glycol noiety is 30 coupled to an anine group of said
neubl astin pol yp&bti %’rée gt ofClpipdp nghegsin sgidrpammpliphie dyaddinessy hamgtes oypny a

neubl asti n pekypeptide. 46 : :

45. A method of making a variant neublastin polypeptide, the method comprising
15 cultoring the cell of claim 42 under conditions allowing for expression of a variant neublastin

polypeptide.

46. = The method of claim 45, further comprising recovering said variant neublastin

polypeptide.
20 '
' 47. A variant neublastin polypeptide produced by the method of claim 46.
48. A multimeric polypeptide composition comprising the variant neublastin
polypeptide of claim 1.
25

49.  The multimeric polypeptide composition of claim 48, wherein said multimeric

polypeptide composition is a dimer.

50.  The multimeric polypeptide composition of claim 49, wherein said multimeric

30  polypeptide composition is a homodimer.

51.  The multimeric polypeptide composition of claim 48, wherein said multimeric
polypeptide composition is a heterodimer.
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58. The conposition of claim57, wherein said polyal kyl ene glycol noiety is
coupl ed by a N hydroxyl succinimde (NHS) active ester. 59. The conposition
of claimb58, wherein said active ester is selected fromthe 5 group

consi sting of PEG succinimdyl succinate (SS-PEG, succinimdyl butyrate
(SPB- PEQ),  and succinimdyl propionate (SPA-PEG. 60. The conposition of
claim57, wherein said polyal kyl ene glycol noiety is selected fromthe
group consi sting of carboxynethyl-NHS, norl euci ne-NHS, SC-PEG 10

tresyl ate, al dehyde, epoxide, carbonylim dazole, and PNP carbonate 61. The
conposi tion of claimb55, wherein said polyal kyl ene glycol noiety is coupled
to a cysteine group of said neublastin pol ypeptide or variant neublastin
pol ypeptide. 15 62. The conposition of claim6l , wherein said polyal kyl en
e glycol noiety 32 @ocumbeathiobyommiging b naubstaipplypekidod: @akidnt @nblhdie gr oup

consi sting ¢ fone group, a hal oacetate group,
and a thiol %IV%S g@#ﬁégﬁ’:ﬂoﬁgj&gﬁ#on}ﬁg%g F&i m 52, wherein said neublastin
pol ypeptide or variant 20 neublastin polypeptide is glycosylated. 64. The

conposi tison of  c4sai mAQ% Pé!!gt%ﬁ Q&c&dﬁ@'t@cl&?&'si%Ereﬁx%m&ﬁ’dﬁpflaﬁxgall&‘acc%mrﬁar bohydrat e

noi ety of said glycos neubl astin @ de or variant néubl astin
pol ypept i de Polzeelescou dtocaifpejeeptids yiagfso Pra1emoee41 amjflgapid phsaidpolyrpiidgner i s
coupled to said glycosylated neubl astin pol ypeptide or variant neublastin

pol ypeptide foll oxi dat | on drazo] e group or an am_.no group of
sai d gl ycosyl at %B %?é"tPPﬁ‘lmﬁé’f%‘E'p% ‘@{@r%‘fsabdaﬁ"f“ ?ﬁ‘{"“’ﬁ)ﬁ%’%‘\s‘é?ﬁ 2201 ypept i de.
30 66. The eeutperi [Ioily@aptﬂfz ccmipmmg memrdebqnemladeaat-ﬂmm iaaitical cqamdifpept i de or
vari ant Onegpjés?}s{ AN REHYR de conprises one two, three, or four PEG

noi eti es ]The C rrp05| ‘ion of claimb52, wherein the neublastin

pol ypepti de or vapvideritthat the visiaatopibiasiopolspegside theluprs oneor nvrgudithegwringm hal f-1i f e

rel ative 1o,tiglhdont !;eie%tc@fmxﬁﬁle%rdﬂ[?l:&ﬁ@i@zmg'o@e or variant polypeptide in the
absence of said pol yner. 68. The conposition of claimb52, wherei n t he

neubl astin pol ypept i &amipo wqt%?ﬁfhm HenBr aesitionddinbeprineacid waMACR ner | zed,
has a physi ol ogisgialva@t polypeptidsel ect ed from the group

15 an amino acid other than arginine at position 39 in the amino acid sequence of
said variant polypeptide,
an amino acid other than arginine at position 68 of said variant polypeptide,
and
an amino acid other than asparagine at position 95 of said variant polypeptide,
20 wherein the positiovns of said amino acids are numbered in accordance with the

polypeptide sequence of SEQ ID NO:1.

55.  The composition of claim 52, wherein said polymer comprises a pelyalkylene
. glycol moiety. |
25
56.  The composition of claim 55, Whe’rein said polyalkylene glycol moiety is a

polyethy_iene glycol moiety (PEG).
57.  The composition of claim 55, wherein said polyalkylene glycol moiety is

30 coupled to an amine group of said neublastin polypeptide or a lysine or other amine group of

a variant neublastin polypeptide.

46



consisting of: GFR(err)3 binding, RET activation, normalization of

pat hol ogi cal changes of a neuron, and enhanci ng neuron survival. 10 69. The
conposition of claim®68, wherein said polynmer is coupled to said

pol ypeptide at an N term nus thereof. 70. The conposition of claim 68,
wherein said polyner is coupled to said polypeptide at a non-term nal am no
acid thereof. 15 71. The conposition of claim®68, wherein said polyner is
coupled to a solvent exposed am no acid of the neublastin pol ypeptide or
vari ant neubl astin pol ypeptide. 72. The conposition of claim®68, wherein
said polymer is coupled to said 20 neubl astin pol ypeptide or vari ant

neubl asti n pol ypegpti I.es] .ed. r . nsi sting of:
the amno term ngés? oﬁ%gg‘%ﬁép%\s}g%Oefln?l%p%f%%g%?%gego% I?ﬁiggﬁaﬁm‘?tﬁgt he am no

aci d sequerroeplesfbyadi-Hydmxulstcaisiniide (PFISYwEprdsde or vari ant neubl astin

pol ypeptide, position 39 in the amno acid sequence of said neublastin

pol ypeptide or variant neubl astin pol ypeptide, position 68 in the am no

aci d sequence of Y%ai d'opeRIsE o claig) Shorbsrsigwidpetixpgptrdnielepedibrmthei n 25

po: ypept !sge, gréplomBingd (%fQ’EGlgﬁccinﬂltﬁ_Bﬁ@uo@mtEl(ngr(]ﬁ, SBOSIIA ?ﬁ%m?fates@f’lﬂ _nteybl astin
pol ypeptide or. . variant . ept i ) phar maceuti cal conposition

conpri si ng ég%ﬂjﬁsﬁFﬁﬂﬁﬁgﬁPégggﬁégﬁgﬁgél vehi cl e havi ng di spersed therein

t he conposition of claim68. 30 74. A stable, aqueously sol ubl e conjugated
neubl asti n pol ypept i or_varianpt, .n astin | ypept i.de, canpl.ex conpri sing
a dineric neublag'inq%%F?%%%§$ﬁgc%Wn%F%%??%Mm§§$¥éﬁﬁaﬂgﬂﬁ}%@mgﬁ pol ypept i de
coupl ed t o aclpotdfemhipt ernep ghsitiog ofraibetymethwh¥iBinprldubiee-NES FELUBEGSt | n

pol ypept | de L b1 i I upl ed to the polyethyl ene
gl ycol Egiéﬁ%ﬂﬁgEgaﬁg%?ﬁgﬁ%%ﬁﬁbﬂyggh¥ﬁga%%ﬁ%?%§m%% claim74, wherein said

| abil e bond is -cleavable by . 5 hiochem cal hydrolysis, proteolysis, or

sul thydryl cl eavige. T?B?orfm@ﬂwﬁﬂ%sé%wheewafﬂP?@?%Wr@rgéacﬂ DXUENHS| abi | e bond

i s cl eavabl eouykidias a byiteite ¢fup 658l bbb polPephide orAaimit dawslasti® polympddeg a
nodi fi ed neubl astin pol ypeptide that, when dinmerized, has prolonged
activity in vitro or in vivo, relative to a wld-type neublastin-

pol ypeptisde, whef?. diTireedinpesiiontofdaimeil heltraiosgimolyalkyene glycol moiety is

coupled by way of a group selected from the group consisting of a maleimide group, a

vinylsulfone group, a haloacetate group, and a thiol group.

63.  The composition of claim 52, wherein said neublastin polypeptide or variant

20 neublastin polypeptide is glycosylated.

64.  The composition of claim 63, wherein said polymer is coupled to a

carbohydrate moiety of said glycosylated neablastin polypeptide or variant neublastin

polypeptide.
25
65.  The composition of claim 64, wherein said polymer is coupled to said
glycosylated neublastin polypeptide or variant neublastin polypeptide following oxidation of
a hydrazole group or an amino group of said glycosylated neublastin polypeptide or variant
neublastin polypeptide.
30 '

66.  The composition of claim 52, wherein said neublastin pelypeptide or variant

neublastin polypeptide comprises one two, three, or four PEG moieties.

47



provi di ng a neubl astin pol ypeptide or variant neubl astin pol ypeptide; and
coupling said polypeptide or nodified variant neubl astin pol ypeptide to a
non- 15 naturally occurring polymer moiety, thereby formng a coupl ed

pol ymer neubl astin pol ypeptide conposition. 78. A nethod of treating or
preventing a nervous systemdisorder in a subject, the nethod conprising
adm nistering to a subject in need thereof a therapeutically effective 20
anount of: a dinmes conprising the pol ypeptide of claim1, the conposition of
claim52 conprising a diner of said neublastin polypeptide or variant

neubl asti n pol ypepti de conjugate, the pharmaceutical conposition of claim
69, or the conplex of claim74. 79. The method of claim 78, wherein said
nervous di sorder 67.s &hpermppkitomdt clamr 320 wherei Biedibubinsdegolyp@Bide &tveriantt hod of
claim 78, i i i i N g ) ; Mherei n
said disor \él\gr%[ﬂ?%ss%ﬁﬁg%P @dﬁg‘? ﬁqgﬁgﬁ%sl%rnuﬂls}?ﬁél !rfegljarrg{l@el ?f%ﬁlggg@ﬂi'%tgp%rrgtp ﬁ%éepct)IWCl aim 78,
wher ei n sai drguybPerelyperiida infhapipence o said penaset hod of cl aim 78, wherein

adm nistration is systemc. 49 84. The nethod of claim 78, wherein
admnistration is local. 50 ';Eq?JE'NCE LI STING <110> Biogen, Inc. Sah, D nah
WY. Pepl nsky, B akehreompopifionqtciajmyf pheress the geukipstin polyperlide orgprigifan 8
Rossomando, mAmilaanyolspesite, Wieh WiRFiz<Ints b giakRbgiRhl atekth badtd frod it gviiphods of
Using Sanme <130> 0(_)2:%9?-038.6-.06 <140> Not Yet As igﬁl?d. <141> 2002- 01- 23
<150> 60/ 266:P65ysimg gl ﬁxil_n@ 4 fctwauon, normalization of pathological changes of a

" neuron, ant enhancing neuron survival,

10 69.  The composition of claim 68, wherein said polymer is coupled to said

polypeptide at an N terminus thereof.

70.  The composition of claim 68, wherein said polymer is coupled to said
polypeptide at a non-terminal amino acid thereof,
15
71. The composition of claim 68, wherein said polymer is coupled fo a solvent

exposed amino acid of the nenblastin polypeptide or variant neublastin polypeptide.

72. The composition of claim 68, wherein said polymer is coupled to said
20 nenblastin polypeptide or variant neublastin pélypeptide at a residue selected from the group
consisting of: the amino terminus of said variént polypeptide, position 14 in the amino acid
sequence of said neublastin polypeptide or variant neublastin polypeptide, position 39 in the
amino acid sequence of said neublastin polypeptide or variant neublastin polypeptide,
position 68 in the amino acid sequence of said neublastin polypeptide or variant neublastin
5 polypeptide, and position 95 in the amino acid sequence of said neublastin polypeptide or

variant polypeptide.

73. A pharmaceutical composition comprising a physiologically acceptable
vehicle having dispersed therein, the composition of claim 68.
30 .
T4. A stable, aqueously soluble conjugated neublastin polypeptide or variant
neublastin polypeptide complex comprising a dimeric neublastin polypeptide or dimeric
variant neublastin polypeptide coupled to a polyethylene glycol moiety, wherein the
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<160> 13 <170> Patentln Ver. 2.1 <210> 1 <211> 111 <212> PRT <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Consensus sequence <220> <221> VARI ANT <222> (3) <223> \Werein Xaa is Gy
or Thr <220> <221> VARI ANT <222> (4) <223> \Werein Xaa is Pro or Arg
<220> <221> VARI ANT <222> (5) <223> \Werein Xaa is Gy or Ser <220> <221>
VARI ANT <222> (10) <223> Wherein Xaa is Ala or Thr <220> <221> VARI ANT
<222> (11) <223>. \Werein Xaa is Ala or Thr 1 <220> <221> VAR ANT <222>

(12)
neublastin polypeptide or variant neublastin polypeptide is coupled fo the polyethylene glycol

moiety by a labile bond.

75.  The complex of claim 74, wherein said labile bond is cleavable by

5  biochemical hydrolysis, proteolysis, or sulfhydryl cleavage.

76.  The complex of claim 73, wherein said labile bond is cleavable under in vivo

conditions.

10 " 77. A method for making a modified neublastin polypeptide that, when dimerized,
has prolonged activity in vitro or in vivo, relative to a wild-type neublastin polypeptide, when
dimerizéd, the method comprising

providing a neublastin poljp‘eptide or variant neublastin polypeptide; and
coupling said polypeptide_(fn' modified variant neublastin polypeptide to a non-

15 naturally 0¢Curring polymer moietjy; thereby forming a coupled polymer neublastin

polypeptide composition.

78. - A method of treating or preventing a nervous system disorder in a subject, the .
~method comprising administering to a subject in need thereof a therapeutically effective
20 amount of; a dimer comprising the g‘iolypaptide of claim 1, the composition of claim 52 -
comprising a dimer of said neubla_étin polypeptide or variant neublastin polypeptide

conjugate, the pharmacentical composition of ¢laim 69, or the complex of claim 74.

79.  The method of claim 78, wherein said nervous disorder is a peripheral nervous

25  disorder.

80.  The method of claim 78, wherein said disorder is a peripheral neuropathy.

81.  Wherein said disorder is a neuropathic pain syndrome.

- 30
82.  The method of claim 78, wherein said subject is a human.

83.  The method of claim 78, wherein administration is systemic.
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<223> Wherein Xaa is Ay or Asp <220> <221> VARI ANT <222> (26)
Wherein Xaa is Arg or Set <220> <221> VARI ANT <222> (33) <223>
is Arg or Ser <220> <221> VARI ANT <222> (38) <223> \Werein Xaa
lle <220> <221> VARI ANT <222> (51) <223> Wierein Xaa is Val or
<221> VARI ANT <222> (53) <223> \Werein Xaa is Pro or Gn <220>
VARI ANT <222> (69) <223> Werein Xaa is Pro or Set <220> <221>
<222> (76) <223> Wherein Xaa is Val or Ile <220> <221> VARI ANT
<223> \Werein Xaa is Arg or H's

84.  The method of claim 78, wherein administration is local.

50

<223>
Wher ei n Xaa
is Val or
Ile <220>
<221>

VARl ANT
<222> (103)



<400> 1 Ala Jy Xaa Xaa Xaa Ser Arg Ala Arg Xaa Xaa Xaa Ala Arg Ay Cys 15
10 15 Arg Leu Arg S5er Gdn Leu Val Pro Val Xaa Ala Leu Ay Leu Ay H's 20 25
30 Xaa-Ser Asp @ n Leu Xaa ArgArg Phe Cys Ser Gy Ser Cys.Arg Arg 35 40 45
Ala Arg Ser Xaa His Asp Lei Ser Leu Ala Ser Leu Leu Gy Ala Gy 2 50 55 60
Ala Leu Arg Xaa Pro Pro Ay Ser Arg Pro Xaa Ser Gn Pro Cys Arg 65 70 75 80
Pro Thr Arg Tyr Au Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp 85 90 95
ArgThrVal Asp Xaa Leu Ser Ala Thr Ala Cys@y Cys Lenn Gy 100 105 110 <210>
2 <211> 113 <212> PRT <213> Hono sapiens <400> 2 Ala Gy Gy Pro dy Ser
Arg Ala Arg Ala Ala Ay Ala Arg Gy*_%/s 151015 Arg Leu Arg Ser G n Len
Val Pro Val Arg Ala Leu Gy Leu SEPNENEE SI3FY95 30 Arg Ser Asp G u Leu Val
Arg Phe Arg Phe Cys Ser Gy Ser Cys'Arg 35 40 45 Arg Ala Arg Ser Pro H s
Asp Leu G&F LEF°N anSer Len Leu Gy Ala 50 55 60 Gy Ala Leu Arg Pro Pro
Pro Gy Ser ﬁgpg'ngi{yq Make3er Gn Pro Cys 6570 75 80 Cys Arg Pro Thr Arg
Tyr G u Al a kalja8ewsjddie, MablaAgmm Val Asn Ser 85 90 95

Miller, Stephan S
Rossqmando, Anthony -

<120> Polymer Comjugates of Neublastin and Methods of Using
Same :

<130> 00689-506-061

<l40> Mot Yet Assigned
<141> 2002-01-23

«150> 60/266,071
<151> 2001-082-01

<160> 13
<170> PatentIn Ver. 2.1

<210> 1

<211> 111

<212> PRT

<«213> Artificial Sequence

<2240> .
«223> Description of Artificial Sequence: Consensus

Sequence

<220>

<221> VARIANT -

<222> (3}

<223> Wherein Xaa is Gly or Thr

<220>
<221> VARIANT
<222> (4)
" «223> Wherein Xaa is Pro or Arg

«220> :

<221> VARIANT

<222> (5}

<223> Wherein Xaa. is Gly or Ser

<220>

<221> VARIANT

<222> (10)

<223> Wherein Xaa is Ala or Thr

<220>

«221> VARYANT

<222> (11)

<223>-Wherein Xaa is Ala or Thr



Thr
Ay
Arg
Ser
du
Ser
Arg
Pro
Thr
4

Ser

Leu

Trp.

Arg

<210> 3

Ser

dn.

Len
Adn
Ser.
Tar
Val

Arg
Val

Ser
Len
Ile
Hi s
Pro
Arg
Asp

<211>.2%3:3

<220>
<221>»
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221>

<222 >

<223>

«220>
<221>
<222>
<223

<220>
<221>
<222>
<223>

<220>
<221 >
<222>
«223>

<220>
<221>
«222>
<223

<220>
<221>
222>
<223>

<400>

Ala Gly Xaa Xaa Xaa Se

1

Arg Leu Arg Ser Gln Leu Val

Xaa -Ser Asp Glu Leu Xaa Avg.

Thr Val

<211> 113

Asp Arg Len Ser Ala Thr

<212> PRT <213> Mus

Arg-Ala Arg Thr Thr Asp Ala Arg

Val- Pro Val

Ser Ala Leu Ay Len

Arg Phe Arg Phe Cys Ser dy Ser

Asp Leu Ser

Lea Ala Ser Leu Leu

Pro Ay Ser Arg Pro Ile Ser @n
Tyr d uAl a Val
H's Leu Ser Ala Thr Ala Cys Gy Cys Leu 100 105 110 dy <210>

<212> PRT
Ao ApREAE a Thr
P2y Var) Ser Al a

<223> Wherein Xaa is

VARIANT
{26)
Wherein

VARIANT
(33)
Wherein

VARIANT
(38}
Wherein

VARIABNT
(51}
Wherein

VARIANT
(53)'
Wherein

VARIANT
{(69)
Wherein

VARIANT
(76)
Wherein

VARIANT
{103)

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Gly or Asp .
is Arg or Ser
is Arg or Ser
is Val or Ile
is Val or.ilg
is Pro or Gln
ig Pro or Ser
is Val or Ile

Ser

Wherein Xaa is Arg or

1

2

35

0

5 .

r Arg

Ala Arg Ser Xaa His Asp Leuw

His

Ala Cys Ay Cys Leu 100 105 110
muscul us <400> 3 Ala Ay Thr
Gy Cs 1510 15 Arg Leu Arg
Gy Hs 20 25 30 Ser Ser Asp
Cys Arg 35 40 45 3 Arg Ala Arg
@y Ala 50 55 60 Gy Ala Leu
Pro Cys 65 70 75 80 Cys Arg

Phe Met Asp Val Asn Ser 85 90 95 Thr Trp Arg

<213> Rattus norvegicus <400> 4 Ala Ay Thr "Arg Ser
Asp Ala Arg Ay Cys
Leu Ay Leu Ay H's 20 25 30 .

1510 15 Arg Leu-Arg Ser Gn

Ala Arg Xaa Xaa Xaa Ala Arg Gly Cys

10

15

Pro Val Xaa Ala Leu Gly Leu Gly His

40

25

3o

Arg Phe Cys Ser Gly Ser Cys Arg Bxg

45

Ser Leu Ala Ser Leu Leu Gly Ala Gly

2




Ser Ser Asp Qu Leu Ile Arg Phe Arg Phe Cys Ser Gy Ser Cys Arg 35 40 45
Arg Ala Arg Ser Pro H's Asp Leu Ser Leu Ala Ser Leu Leu Ay Ala 50 55 60
Gy Ala Leu Arg Ser Pro Pro Gy Ser Arg Pro Ille Ser dn Pro Cys 65 70 75 80
Cys Arg Pro Thr Arg Tyr Gu Ala Val- Ser Phe Met Asp Val Asn Ser 85 90 95
Thr Trp Arg Thr Val Asp His Leu Ser Ala Thr Ala Cys Ay Cys Leu 100 105 110
Ay <210> 5 <211> 675 <212> DNA <213> Rattus norvegicus <400> 5

at ggaact gg gacttggaga gcctactgca-ttgtcccact gcctccggcec taggtggcaa 60
ccagccttgt ggccaaccct agctgctcta gccctgcetga gcagecgtcac agaagcttcc 120

ct ggacccaa tggt cccgcag ccccgggetct cgcgatgttge cctcgecggt cctggecgecc 100 4
‘ccaacagact acctacctgg gggacacacc gcacatctgt gcagcgaaagagccctgcga 240
ccaccgccije agtiocktacerygere §tader AvgdueadegiprgtlocRye et Aexagt ct cct 300
cccgetgedé tccgegggge achtgeggeg cgtgecagdaa cccggagcag Btgegcacgg 360

get acagal,g £9CHG0AR! 6.CRACTLOSAE e GRAYGEOM | ARCEA! BRI-gOCt Ct cgaC 420
ctgggccaca .gctccgacgagsgct gatacgt ttceggcttct gcagcggtéL gccgeccga 480
gcacgctccc cgcacgatct cagcctggcc agcctcctgg gcgccggggce cctgeggtct 540

Cct cccgogt ThecirdcipaXaac gr Sty dde ThytAlg yggdlycaamcteag8la t gaggcagt c 600
tccttcatgg acgt ga¥®ag cacctggaga,’®ecgt ggacc at cttt®cgc caccgectge 660
.ggctgtctgg gctga -. 675 <210> 6 <211> 57 <212> DNA <213> Artificial
Sequence y;y, 2 '

<211>» 113
«212> PRT
- <213> Homo sapiens

<400> 2 ‘
Ala Gly Gly Pro Gly Ser Arg Ala Arg Ala Ala Gly Ala Arg Gly Cys
1 5 10 15

Arg Leu Arg Ser Glm Leu Val Pro Val Arg Ala Leu Gly Leu Gly His
20 25 3o :

Arg Ser Asp Glu Leu Val Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg
35 40 45 )

Arg Ala Arg Ser Pro His Asp Leu Ser Leu Ala Ser Leu Leu Gljr Ala
50 S5 60

Gly Ala Leu Arg Pro Pro Pro Gly Ser Arg Pro Val Ser Gln Pro Cys
65 70 75 80

-Cys Arg Pro Thr Arg Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser
85 90 95

Thr Trp Arg Thr val A_sfg Arg Leu Ser Ala Thr Ala Cys Gly Cys .Leu
100 105 110

Gly

<210> 3

<211> 113

<212> BRT

<213> Mus musculus

<400> 3 :
Ala Gly Thr Arg Ser Ser Arg Ala Axrg Thr Thr Asp Ala Axg Gly Cys
1 : 5 10 15

Arg Lew Brg Ser Gln Leu Val Pro Val Ser Ala Leu Gly Leu Gly His
- 20 25 30 .

Ser Ser Asp Glu Leu Ile Arg Phe Arg Phe Cys Ser Gly Ser Cys Arg
a5 40 45

3



<220> <223> Description of Artificial
<40D> 6 gtatctttca tggacgtaaa gtctacatgg agaaccgtag atcatctatc tgcaacc 57

<210> 7 <211> 57

Description of Artificial

<212> DNA <213> Artificial
- sequence:

Sequence:

Sequence

KD2- 310 digonucl eoti de

<220> <223>

KD3-211 digonucl eotide <400> 7

ggttgcagat agatgatcta cggttctcca tgtagacttt acgtccatga aagatac 57

<211> 50
Artificial

<212> DNA <213> Artificial

Sequence

<210> 8

<220> <223> Description of

KD3- 254 Qi gonucl eotide <400> 8 gct ggaactc gcagat ctcg

Artificial

Sequence:

Sequence

tgctcgt gca acggat gcaa aaggctgtcg 50

<210> 9 <211> 50
<220> <223> Description of Artificial

5 ol gggagglAqgtﬂrgeSer<G4lQ,0§159AquegﬁgngLu W9k oRdlnd06geRA0Ca 00agaget ge

Gly Ala Leu Arg Ser Pro Pro Gly Sei Arg

65 70
Cys Arg Pro Thr Arg Tyr
85

Thr Trp Arg Thr Val Asp
100

Gly

«<210> 4

<211> 113

<212> PRT

<213> Rattus norvegicus

<400> 4

Ala Gly Thr Arg Ser Ser
1 5

Ser

20

" Arg Leu Arg Gln Leu

Ser Ser Asp Glu Leu Ile

35
Ala Ser Pro His
50

Arg

Ser Pro
70

Gly Ala
65

Leu Arg

Arg Pro .Thr Arg Tyr

85

Thr
100

Thr Trp Arg val Asp

Gly

<210> 5

<21l> 675

<212> DNA . .
<2131> Rattus norvegicus

~<d00> 5

Glu Ala Val

His Leu Ser
105

Arg Ala Arg
Val Pro Val
25

Arg Phe Arg
40

Asp Leuw Ser
53

Pro Gly Ser

Glu Ala val.

His Léu Ser
105

Sex
90

Ala

Ala

10

Ser

Phe

Leu

Arg

Ser
90

Ala

Pro Ile Ser

75

Phe Met Asp

Thr Ala Cys

Thr Asp Ala

Ala Leu Gly

Cys Ser Gly

25"

Ala Ser Leu
()

Pro Ile Ser
75

Phe Met Asp

Thr Ala Cys

Gln Pro Cys

80
Vval

Asn Ser

95
Gly Cys Leu
110

Arg Gly Cys

Leu Gly His

ig

Ser Cys Axg

Leu Gly Ala

Gl Pro Cys

80
Ser

Val Asn

95
Gly Leu
110

cys

atggaactgg gacttggaga gcctactgea ttgtcccact gectoeggec taggtggcaa 60
ccagcettgt ggecaacect agetgectcta goeetgetga gcagegtcac agaagecttce 120
‘ctggacccaa tgtecegeag ccecgectct cgegatgtbc cotegecgat cetggegece 180

4

<212> DNA <213>
Sequence:

KD2- 255



<210> 10 <211> 37 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: KD3-258 oligonucleotide <400> 10
ggagccggag cactaaaatc tccccgggat ctagacc 37 <210> 11 <211> 38 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
KD3- 259 digonucl eoti de <400> 11 ggtctagatc ccgggggaga ttttagtgct ccggctcc
38 <210> 12 <211> 32 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: KD3-256 O igonucleotide <400> 12
gacgaattaa ttaagtttcg tttttgttca gg 32 <210> 13 <211> 32 <212> DNA <213>

AT T O BlaaSRANE NGB acSRRD JoRdkiec DRSEI kA thoBbedlt iskbigRla SRAUNCE:  KDS- 257

ccaccgecgo
cocegekgege
getacagatg
ctgggccaca
gcacgetcoce
coctecogggt

agteteoctca
tcecgegggge
egegeggotg
goteegacga
cgcacgatct
ccecggeogat

gococogoacce
acgcgeggcy
ccgectgeoge
gctgatacgt
cagccotggee
cagccagoce

cacctggaga

ceaccacegy
cgtgcaggaa
teacagetgy
ttecegettet
agectgcetgg
tgttgeecgge
acecgtggace

gtccogeget
coecggageayg
tgoceggtgag
gcageggtte
gcgecgggge
ccactogeta
atctctoccge

ccagtetect
ccgegcacgg
cgctetegge
gtgccgcoga
cetgoeggatet
tgaggcagte
caccgccetge

300
360
420
480
540
600
660

tecttcatgy acgtgaacag

ggctgtetag getga - 675

<210> 6

<211l> 57

<212> DNA

<213> Artificial Sequence

<220>
- <223> Description of Artificial Sequence KD2-310
Oligonucleotide

<d0U> 6 :
gtatctttca tggacgtaaa gtctacatgg agaaccgtag atcatctatc tgcaacc 57

<210> 7

<211> 57

<212> DNA

<213> Artificial Sequence

<220>
<223> Descrzptlon of Artificial.Sequence: Kp3-211
Oligonucleotide

<400> 7
ggttgcagat agatgatcta cggttctcca tgtagactitt acgtccatga aagatac 57

<210> 8

<211> 50

<212> DNA

<213> Art1f1c1a1 Seguence

<220>
<223»> Description of Artificial Sequence: KD3-254
Oligonucleotide

<400> 8
gctggaacte gcagoctcteg tgetegtgea acggatagcaa aaggetgtceg 50

<210> 9

<211> 50

<212> DNA

<213> Artificial Sequence

<220> .
<223> Description of Artificial Sequence: KD2-255

5



Oligonucleotide

400> 9

cgacagoctt ttgcatcegh tgeacgagca cgagagetge gagttecage

<210> 10

<211> 37

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: KD3-258
Oligonucleotide

<400> 10
ggagceggayg cactaaaatc tccocccgggat ctagace

<210> 11

<211> 38

<212> DNA

<213> Artificial -Seguence

«220> .
<221> Degcription of Artificial Sequence: KD3-259
Oligonucleotide

<400> 11
ggtctagatc ccgggggaga ttttagtgct ccggeteoe

<210> 12

<211>. 32

<212> DNA

<213> Artificial Sedgquence

<220>
<223> Description of Artificial Sequence: KD3-256
Oligonucleotide

<400> 12
gacgaattaa ttaagtttceg tttttgttca gg

<210> 13

<21Ll> 32

<212> DNA

<213> Artificial Sequence

<220> .
223> Description of Artificial Sequence: KD3-257
Oligonucleotide

<200> 13
cctgaacaaa aacgaaactt aattaattcg tc

ol i gonucl eoti de <400> 13 cct gaacaaaaacgaaactt aattaattcg tc 32 6

50

37

38

32

32





