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CROSS REFERENCE TO RELATED APPLI CATI ONS This application clains priority
fromlInternational application PCT/US02/02319, filed January 25, 2002,

whi ch cl ai ns priority fromUnited States provisional application Serial No.
10 60/ 266, 0%9 2084/06¥d6 February 1, 2001 (abandoned). FI ELDPGRUSZPR/OPRGENTI ON
The invention relates to protein chem stry, nolecul ar bi ol ogy, neurobi ol ogy,
neur ol ogy, and pai n managenent. 15 BACKGROUND OF THE | NVENTI ON Neur ot r ophi c
factors are naturally-occurring proteins that regul ate neuronal survival
during devel opnent and regulate plasticity and structural integrity of the
adult nervous system Neurotrophic factors can be isolated from neural

ti ssue and fromnon-neural tissue. 20 During the last twenty years, many
neurotrophi c factors have been di scovered. These neurotrophic factors can
be classified into superfamlies, famlies, subfanm|ies and individual
speci es based on their structure and function. e ,. Neurotrophic factor
superfam lies include the fibroblast growh factor (FGF) superfamly, the
neur ot rdphi n super f am POLYMER{ICONIUGATES OF MUTATEI NEARBIASTIN (TG-- (3) 25
superfam |ly. The glial cell line-derived neurotrophic factor (GDNF)-rel ated
ligands are a famly of proteins within the TG~ (3 superfamly. CGDNF-rel ated

| i gands i nclude GDNF, p@reshREPERERTE)T0 RN TEDAPPLIANTMNSND neubl astin (NBN; .
known as artem n or enovin). related Iigand fam"lac}/ are
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terti at§ ab@2efQitlefited Febmiaryul; 200 (abéindohed)di neri zed pol ypepti de |i gand.

Negters of the famly also share the ability to induce signaling through a
mulsi conponent receptor conpl ex consisting of a glycosyl phosphati dyli nositol

(GPlI)- anchored co-receptor of theLboRrankINvEiNTIOR nMenber of the GDNF-rel at ed
ligand subfamly, . 5 and the RET tyrgsme Ki nas? receptor. Activated RET

initiates a si ghinyeniigs aclates @pretslchemistryanolpenliardiolass neirgdbioloeyy east in
part, for ﬁgq?olg%@ﬁ%gﬁﬁmaﬁgégﬁlg of GDNF-rel ated |igands. Accordingly,

activation o y represent one desirable aspect of a therapy which
acts though a GFRa receptor pathway to affect downstream cellul ar

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

seven conserved cysteine residues. These residues form intramolecular and intermolecular



10 Neublastin is classified within the GONF fam |y because it shares regions
of honology with other GDNF |igands including the seven cysteine notif
(e.qg., as described in EP02/ 02691, PCT publications US02/ 02319 and

US02/ 06388), and because of its ability to bind to, and activate, the RET
receptor asWPAPME176, GFRa conpl ex. Specifically, neubl RETYS20049033h| y

sel ective for binding to the G-FRa3-RET receptor conplex. In that respect, 15
neubl astin contains unique sub regions in its amno acid sequence as

conpared wi.th_other menbers of the GDNF-related |Iigand fam |y. Current data
suggest t HHsulfidehsidges and givprisede thederfipyiand gpajernany strpety af the Jipsrised e in the
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sensory neurons, from dorsal root cganglia and fro ' 1 nal ngl iha, and
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1291- 1302 and WXBAT tyrésindlanst ecepteppear s. t hat neubl astin may pronote survival
of neuronal popul ations .includi ng sensorey( and dopam nergi ¢ neurons. This is

i nport ant  becad\8 Vet REddpisiaker asieosl tepulughar @aede Bt rresmenribiaen ka8t Been
associ at el foh il RSeant B of NPl RATRIs. AGRRERYORAVARRATREY 01 C
neur on pathol ogies underlie peripheral neuropathy an ar ki nson' s di sease,
respect i veahay reprebent efieodesiratdel aspectwif mdlidrapy vafichatdatheosigh a GRERo teeepiorgfathiwayf or
exanpl e, in hhe treatment . of diseases associated with neuronal degeneration

and dysf url@ e dovpsEsam e MBSt is rapidly cleared by the body, which

may affgect the Nwaphkiaskichsdfsd WihiRARSGDIM AdY bécatkd ifshafbsrbgoRREUt i C _
applications. Thus, a need exists for nodified neublastin polypeptides with
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sequence imembdrs ¢f the GRONIrrelasediligaid f8nil3 of SEQ ID NO. |; (b) a cysteine

resi due at each, of sition 6 3. 47 80, 81,.109,. and 111 umberi ng
hocording. to- wuters R HiseS et Sepbfhitn 6y pevhprtibut e rER Ve lEF B
posi tion leripheraltand@enttadl @6rvds syMedk a2k b restilt,4bay Ue BEfuPBSA the@Perdid.agéat at
position 29, L at position 30, G at position 31, Eat position 36, F at
posi ti on 40r newedegenepative disgrders; Forexamnle, datajspggeatthatmenhlagtinanay; haye suwvivel ot

posi tign Agombtifl efRRE dnl RAftudd serfsofineBRRL fbMAMorsal root ganglia and from trigeminal

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

@]

1291-1302 (1998)). It therefore appears that neublastin may promote survival of neuronal
“ populations including sensory and dopaminergic neurons. This is important because the
degeneration and dysfunction of neurons has been associated with disease states. For
25  example, sensory and dopaminergic neuron pathologies underlie peripheral neuropathy and
Parkinson’s disease, respectively. .

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

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

modified forms of neublastin which exhibit enhanced bioavailability.



80, C at position 81, R at position 82, P at position 83, F at position 91,
D at position 93, S at position 105, A at position 106, C at position 109
and C at position 111; and (d) an LGLG repeat, an FRFC notif, a QPCCRP
notif, and a SATACGC notif. The dinmer includes at |least one amno acid
substi t ut i OHORMMOR1I7E@spect to SEQ I D NO 1), which provirdggsaediootrex nal 15
pol ymer conjugation site to which a polyner is conjugated. The invention

al so provides a pol ynmer-conjugated, nutated neublastin dinmer containing a
first pol ypeptide and a second pol ypepti de, wherein each pol ypepti de
contains 90-140, e.g., 95-120SyuMARYOr TAE INVENTIONICIi dSs of SEQ ID NO. 6 with

1-6 ani i d,. substitutians, h substifut i di |
coni ugat i on_si RBE IR G noEe-Pungeed. St Publastn iy Bl frres o
pol ypept i dostaii alfitet polypeptide @6mbiisihg 8 ErshEhinoltermiftiQulidd adNCand) a sebBiL40 ( SEQ | D
NO 6), NBN116 (SEQ ID'NO 7), NBNI .12 (SEQ ID NO,8).  NBNL11l (SEQ | D NO 9),
NBNL110 ( SPOPeptidecompsisinggisaagnd e@mtmlmg.anm acidyBRach @olypertide imsiikidnally) |

(SEQ 1 B NG ey aind S eris pb e Byt P 900, SRS ofB*eion ( se0
: D NG 19) ,se%@ht:lﬂder(tﬁjE@ithlﬁnm@ﬁt}s gahid Nsmunsq,mmmy residie etfeactadfl y, at .

to a pol ygrtomisy £ 4ZRoCS] 165 B B ebrraarGren WSt FELBLAERE of an

ar gi ni ne ragidirebidhey\hs BllGwd: Lt P@siﬁcﬁsliGQyﬁt fosaRAKS, Wacp&itaa2sl B at pasitRmizgoGaci d
nunber based on SEQ I D NO .. and repl acenent of an asparagi ne residue

with a | y#tpesitiaad9%ilat pogitiond0, Grat nesitian Hs Bt pesition 36s F atipositieiAPDR at Speci fi ¢

| . BANE .R14 o , o
Chanbdd; ndope .3 il ARE ApsRifhs, (HiBesiuRrisc oiBion a0 Mbdion |
N95K. 3 WB020Gtpddabh A3, RETpa4BROBEY, BaPIGRIonBEeF etrpmisitipn 91 H@ at pasitiond8n®ianed

| i.ght of the .pol .2 dj i s 20,.000- 40, 000 Da ferably,
Che. aver agiuiior b5 ot Preifn {06 w evBort| e T pouigg 1 1 ot B0eR BGLCror e
pr ef er abl ¥epeht, APPRIE ndAE alOFPCCRIMBRSS indW SAEAGOCMotiEDTRY dikder PORdésat Rkt 000

Da. The polymer can be linear or branched. Preferably, the polyner is a

pol yal ky| oneaginpeeid sebstiitien (withregpect ta SFQ BANQ).areclypiprisles prpmtmatoi ety. | n
some ngogl'o%&?%g@éati%ﬁgl?é toqm%}hgg(%ﬁggﬁé?&gg geqd! ycosyl ated. In sone

enbodi frent’s nventi on, Jugated dinmer contains a first
pol ypepti de an@hairentionclgpoprypides d phdymervenpigated,(rajtated nénbpastiy dayppdri de
individually conprises. 10Q0.to 110 am np acids of SEQ.|D NO .. each
pol ypept i d’@x ﬁ@fé&?“é}?ea%%?&gﬁ qngnﬁ'd)og)@em;gi Wgerglﬂt?g?l? ?Q}W@H&%?o%o aci d
nunber 95 gom 45563 65-NEd dr 100CD10248inb REIdSIHNTEQ TONY:6 Kth 136 aBino’acEG noi et i es,

wherein the nol ecul ar wei ght of each PEG noiety is about 10,000 Da,,
substitutions, each substitution providing a polymer conjugation site to which a polymer is

20  conjugated. Specific examples of polypeptides of the invention include NBN113 (SEQ ID
NO:2), NBN140 (SEQ ID NO:6), NBN116 (SEQ ID NO:7), NBN112 (SEQ ID NO:8),
NBN111 (SEQ ID NO:9), NBN110 (SEQ ID NO:10), NBN109 (SEQ ID NO:11), NBN108

- (SEQ ID NO:12), NBN107 (SEQ ID NO:13), NBN106 (SEQ ID NO:14), NBN105 (SEQ ID
NO:15), NBN104 (SEQ ID NO:16), NBN103 (SEQ ID NO:17), NBN102 (SEQ ID NO:18),
25 NBN101 (SEQ ID NO:19), NBN100 (SEQ ID NO:20) and NBN99 (SEQ ID NO:21).
Preferably, at least one of the two amino-terminal amino acids in the dimer is
conjugated to a polymer, Preferred amino acid substitutions include replacement of an
arginine residue with a lysine residue (Raa#K; where aa# is the amino acid number based on
SEQ ID NO:1), and replacement of an asparagine residue with a lysine residue (Naa#K) or an

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



and each PEG noiety is conjugated at an am no-term nus or at |lysine 95. A
preferred enbodinent is a honodinmer containing a pair of nononers
designated 3(,4)x 10 kDa PEG NBN106-N95K. 15 The invention includes a
pharmaceutical conposition conprising a diner according to the invention.
In some enb\‘.f@izpﬂéf?ﬁngﬁthe conposi tion contains two or norRCTAIRA(083T63 di mer s
according to the invention: The invention includes a nucleic acid, e.g., a
DNA expression vector that encodes a polypeptide for incorporation into a
di mer of the invention. The invention also includes a 20 host cel
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treatin b LJd3add . i i4al stering to
the: mmiar oSO AG000 BaP i dlerably P BYEHe moltlar WRAGHP O 436 pUR R R, o1 €71 N9
i nvent i on.100,A0GDapnexipoefenably; §000-6&00hea;z0e nidstaefeyablyf, Abamttil080600m20)000i s fr om

Dt CH ARV ol e S BRSSPSR J52P 97
i Nt r anyscutoidty, es%imsmmm gcol (REG)Es16tYS In d0he EibTRIMEH ) @tiRastef@r di ng to
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i nventi onpalyg@tﬁﬁmlmylateﬁet hod of activating the RET receptor in a mammal .
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dimers according to the invention.

The invention includes a nucleic acid, e.g., a DNA expression vector that encodes a
polypeptide for incorporation into a dimer of the invention. The invention also includes a
20  host cell transformed with the nucleic acid. ,
The invention includes a method for treating neuropathic pain in a mammal. The
method includes administering to the mammal a therapeutically effective amount of the dimer
\ of the invention. In some embodiments, the therapeutically effective amount is from 0.1
ug/kg to 1000 pug/kg, from 1 pg/kg to100 pg/kg, or from 1 pg/kg to30 pg/kg. Administration
25  of the dimer can be by various routes, e.g., intramuscular, subcutaneous or intravenous. In
some methods according to the invention, the dimer is administered three times per week.
The invention also provides a method of activating the RET receptor in a mammal. The
method includes administering to the mammal an effective amount of the dimer.
Other features and advantages of the invention will be apparent from the following

30 detailed description and claims.



25 As used herein, "wld-type neubl astin pol ypeptide" neans a
natural | y-occurring neublastin polypeptide sequence. A w |l d-type neublastin
pol ypeptide may be further defined by the source of the neublastin, for
exanpl e, human, nouse, or rat neublastin (see, e.g., SEQ ID NO 2, 3, or
4). A cons@’ﬁs’ﬂ@“"ﬁ%‘l}ﬁl astin pol ypepti de sequence i s provRERES208#/08H63 | D NO 1.
30 As used herein, "nutated neubl astin pol ypeptide,"” neans a pol ypepti de
that contains at |east a specified mninmmlevel of sequence identity with
respect to a wild-type neublastin polypeptide, contains at |east one am no
acid substitution, insertion or fusion, with respect to the 5 WO 2004/ 069176
PCT/ US2004/ 002763 wi | d-type neubl astin pol ypepti de, and di spl ays neubl astin
activity (e.g., as described in International application No.

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

pol ypeptides through their respective peptide backbones through genetic
expression of a 10 pol ynucl eoti de nol ecul e encodi ng those proteins in the
sane reading frane. As used herein, "identity" refers to the sequence
simlarity between two pol ypeptides, nolecules or between two nucleic
acids. Wien a position in both of the two conpared sequences is occupied by
the sge base or amino acid nononer subunit (for instance, if a position in
each of the two DNA nol ecules is occupied by adenine, or a position in each
of 15 two pol ypeptides is occupied by a lysine), then the respective
nﬁzecules are honol ogous at that position. The "percentage identity"

bet ween two sequences is a function of the nunber of matching positions
shared by the two sequences divided by the nunber of positions conpared x
100. For instance, if 6 of 10 p05|t|ons in tmo sequences are matched, then
the two sequences have AIERATGEDN RIPTRON QF YHB INVENTAON ¢, t he DNA sequences
CTGAYL and 20 hioRE §a0 Q?é@,!eﬁ&vto g%%&&m& BN 2P ©

mat ched) . nerally, S two sequences are aligned to

give naxrwﬂM%ﬁ@unm@gmmbéM@ﬁuwmhkgﬁmﬁEQIDamOhe provi ded using, for instance,
t he nmet hod of edI

i mpl enented ¢ %sﬁlo %?f‘a‘l‘?(;nﬁ]ﬁ@m“&l g&?%ﬁﬁtléﬁ%ﬁﬁ%{gseﬁa@ %111? 70&“"6?’6‘& am

(DNAst ar, mbddng)as coMﬂndeﬁ%H%@%ﬁé o%r@mhﬂ%ﬂl Wih& it 10\IEh Bid i8H&Hon Shar e

identical 25 and simlar amno acid resi dués, where simlar residues are
conser vat Yelangs. uphoughtmethedsfapd matgrials similar or eqmvalent to those described herein can

20 be used in the practice or testing of the invention, suitable methods and materials are

described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In the case of conflict, the

.~ present specification, including definitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be limiting.

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

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

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



"al | owed point nutations"” of, corresponding am no 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 simlar to the corresponding reference residue,
e.g., that NHR2094/8¢9476 ar si ze, shape, electric charge, clremusmospagperties,
30 including the ability to form coval ent or hydrogen bonds, or the |ike.
Thus, a "conservative substitution nutated" sequence is one that differs
froma reference sequence or a wild-type sequence in that one or nore
conser vat i Walddypsaenhlastinpalypentide) and displaysaienblastintaetivityr(s ganedesgited ant . The

"percent ag | Llves. e { nction of the nunber of 6
WO 2004/ 06&%&%@%@%@6%@8%@{??@&? @0@9@3% ai n mat chi ng residues
or conservat i veAs uidtheteis, i“Bilemalpalyattr bynjtdatioh Wee” nSREy 8 A6 feritinal safloAYvidt he
nunber of posjtions conpared x 100. For instance, if 6 of 10 positions in

two sequenéssidug e matatadarublaginopobypentidepwhich resifize pravidas @ stdsiehainsaitablesfor

substitgtig 4iBeBr 4 sequences have 80% positive honol ogy. 5 Mitated
Neubl astin %%%eptfdg(gy'&r]ﬁg nmut at ed neubl astin pol ypepti des of the invention

retai n neur ot r ophised hereiny 'hgdifiertheublastia pelypeptide,t nizhusca/milypebiide that castainoatpar ed
to the wl %%¥R$Wﬁ%%n pol ypepti de. For exanple, the nutated

neubl astin Fon activate the RET gene product in assays in 10

which the wi | d- Aypedmersi, afision" aRhns\wdotitneREdovaldht BRIGRE aF twd Handret at ed
neubl astin polypeptide wll retain at |east one of the followi ng features

but will aBelypdpgdes thipugh sinreweetivepspiide haplbonerghrouek senetin expressieniafat an

intern p YeTall 1 i j di. . (J served cysteine
resi duzg a?él osFetolﬁg%snk;%g?k%g?mg%,p&:@%ﬂg %OEB? g%edé %ﬁg g’n nunbered in
acgor dance wi t hASHEQdherehOidedtity’] feférs to) the sdquencasimilarity between o dodypeptides, C at
poSktion 16, L at positiqgn 18, V af ition.?25,. t .gosition 28, G at
oSt i on 28olepuliy ofiyeandiroggtiots i i 4 agrien in b of B iSARERS o
position 49e§ Bites RObipiddbythe sdmébash 88drhing Bcid Znonbmet sudasik [foPistdrce, {Fat
position 45, C at position 47, C at position 80, C at position 81, R at
posi ti on 8Rositiondn eadh qfdhs eoPNSgnoleculas ipersipicd hy adeni, of 2 prsifioniiBrachdf S at

Cach whon HendniBss biciBioq b0 A1yt RO | ehgmpiydes B iRl 0

an FRFC nothaf positiopPTaERPpercdntdge idomeitytl bBAVESLCESO seqtierices is2Fuhation ofitheamdmberi nent s,
the invention provides a trungcated nmutated neublastin ol ypept,ide, wherein
the am no. PUPHEHE borGarishiue iy Hedo seasnces e ooy bemuhtre oF BoTSne o1

compared x 100. For instance, if 6 of 10 positions in two sequences are matched, then the two

sequences have 60% identity. By way of example, the DNA sequences CTGACT and

20 CAGGTT share 50% homology (3 of the 6 total positions are matched). Generally, a
comparison is made when two sequences are aligned to give maximum homology. Such
alignment can be provided using, for instance, the method of Needleman et al., J. Mol Biol.

(- 48: 443-453 (1970), implemented conveniently by computer programs such as the Align

program (DNAstar, Inc.). “Similar” sequences are those which, when aligned, share identical

25  and similar amino acid residues, where similar residues are conservative substitutions for, or
"allowed point mutations" of, corresponding amino acid residues in an aligned reference
sequence. In this regard, a "conservative substitution" of a residue in a reference sequence is a
substitution by a residue that is physically or functionally similar to the corresponding
reference residue, e.g., that has a similar size, shape, electric charge, chemical properties,

30 including the ability to form covalent or hydrogen bonds, or the like. Thus, a “conservative
substitution mutated” sequence is one that differs from a reference sequence or a wild-type
sequence in that one or more conservative substitutions or allowed point mutations are

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

6



nore am no-term nal am no acids of a mature neubl astin pol ypeptide but is
mutated to possess an internal polyner attachnment, Preferably, the
truncated nut ated neubl astin pol ypepti de, when dinerized, activates a RET
pol ypeptide. In sone enbodi nents the 30 nutated neubl astin pol ypepti de

i nduces di mW0 2084/069t760f t he RET pol ypeptide. Such i nduct porvusiwedoonsqui r e
addi tional pol ypeptides or co-factors, as would be apparent to one of skill
inthe art. 7 WD 2004/069176 PCT/ US2004/ 002763 Am no aci d sequences of
human and nouse neubl astin pol ypeptides are disclosed in PCT

publ i cat i opoalldds GB8ddntairatchingesiduesiot chnsgrpaiveaulrtiagions sipodd/pethe tvke s

ding to the..i t ent ed i b A. A | ast |
consensuy R GVEAO L st BpoaRt e Sl ator ine BAATIA0) s set
forth in Tpditiond B two sEqtin€es! afe miichéit AndReoMBipdsiGonNNAhE: QksPaRkl des 1
AGGPGSRARAAGARGCRL RSQL VPVRAL GLGHRSDELVRF  human

AGTRSSRARTSHbaiiteiieusHben thovwa sequerssshrye 38f% prsifive homology.
AGTRSSRARATDARGCRLRSQLVPVSALGLGHSSDEL I RF r at
ag---srar---argcrlrsqgl vpv-al gl gh-sdel -rf consensus 41
RFCSGSCRRAMYRA B NlenblakiiiA\Paly REPptiIeSRPVSQPC hunman

RFCSGSCRRARS SLASL L GAGAL RSPPGSRPI ) . . ..

N CoGaCRARSPL T e e AU HAB PO e of the iy ention £5t4in neyrpirpphic agtivity and
~~~~111111¢a$ bni:meed Bi6SATBili a‘icbﬂhﬁh&ﬁi thgmalc%yeaﬁamaamﬁpepﬁdbsmus 81
CRPTRYEAVSFNDVNSTWRTVDRL SATA G human (SEQ I NG 2

CRPTRYEAVSPIDwies tharmuaeil spublestin of this inventi@edtivate fio RET gene product in assays in

CRPTRYEAV RT NG, 1111
111111 11%‘5%4?%{%% e%x?%%l%wﬁgt%vtg'-#egahpalé g%(? Ig'échr; ohséﬁné‘&%éf‘g@@%‘ﬁ@@&&% * =
Asp95 | n swilkretitbaidéasentef that follewinp feateesiut Wk additiomallyeonprise av ieaRR)oner

aswgr agi ne n or resi dues shown in.bold in .Table . |A is substituted
with a di f?léé@ﬁ%ﬁ°£nf'\‘298%%“¥%‘?lgra&mr ronjugapR il i &Fafthodi ment, the mutat ed
neubl astin pol y@ept isgenltBfisefell Kitdhs reditiies 8 pokitionsrs, A31@471€D, 8UNBY i e f Or
the asparagi ne at am no acid position 95, indicated by an asterisk in Table
A, and is refer red’VheQnH@bNBEFDmnganPﬁwgbﬁEQdD,N@Hé;N%K substitution

result 5 ini npr(%yed an‘ﬁﬁ)d é&l?d}e.biwesag—ﬁjllﬁwg:ad litates fornulation at high

concentTations.
C at position 16, L at position 18, V at position 25, L at position 28,

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

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

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



Table 1B. NEI '\T113 (consensus Sequence Consensus sequence: (SEQ ID NO 1)
Ala Ay Xaal Xaa2 Xaa3 Ser Arg Ala Arg Xaa4 XaaS Xaa6 Ala Arg Ay Cys Arg
Leu Arg Ser A n Leu Val Pro Val Xaa7 Ala Leu Ay Leu Ay H's Xaa8 Ser Asp
G u Leu Xaa9 Arg Phe Arg Phe Cys Ser Ay Ser Cys Arg Arg Ala Arg Ser Xaal e
His Asp LeuVE2p004/ee9178 a Ser Leu Leu Ay Ala Ay Ala Leu Acguseabd2rdsro Pro
Gy Ser Arg Pro Xaal2 Ser A n Pro Cys Cys Arg Pro Thr Arg Tyr Gu Al a Val
Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp Xaal3 Leu Ser Ala Thr
Ala Cys Ay Cys Leu Ay wherein: Xaa, is Gy or Thr Xaa6 is Ay or Asp
Xaali is Pro orAféno achi M@J&ﬂ%ﬂﬁﬁzﬁ GndPEduddR2 M6 ddtDBORpaptidéa art discldsedinor Ar g
Xaa7 is Ar X | e a3 is y or Ser Xaa3 is, Arg or
Ser Xaal3 Pg?gpélcgpoﬂﬁé%o&igwa ES&FW@H%&@ i@“%q’lyPﬁPtlfiPseac%?ﬂ@glt% Al a
or Thr Xaaihg inventirOare presériedinerabRMaN! A%ublﬁﬁn%ﬁ&nﬁls%ﬁlye‘ﬁ@é coRRhE

mut at ed neubl astin pol ypeptide conprising an amno acid uence t at is,
for exarrpl@speatwlh@a@p mouse jané rat) is ¢t forth iafiahls i ds 5 8- 113 of SEQ ID NO'1
(al so s_:hovvn in Table 1) I n one enbodinent, one or nore of the argini nes at
posi ti on fz—position 39, —posrtiom 68 ortheasparagrne—at—postt+omr—=95 i s

repl aced by an ami no aIﬂmebAhWﬂd-nmematgrmglwpdwpmne I n one

enbodi mnhﬂﬁw oVt chonreHE Rt R e Wty stRe—eFr—
cysteine.| The sidagéddnbt é@ﬁ!n%!ﬁ@véﬁehﬁﬁsﬁbﬁﬂ%e%oﬂﬁélb' astin pol ypeptide can
be chosen| to 1(drassRarhAiaRcEORBOIVRYSOLLGISBOEN RS ,ra€. §., @ pol yal kyl ene

glycol po]ymer,|lat kiHe¢ substiltutEd]aminp |aki d] Advantageous sites of
nodi fi cat] on arag-these-atarsotlvemtvracdodsi-iel wégiapnsenspst he neubl astin

pol ypeptide. Such sites can be chosen based on i nspection of the crysta

structurel f t ne sych as GDNF, whose crystal
st puct ure| f J}%Sé }mﬁiﬁ éﬁp pxs LL §‘%2 uct. Biol. 4:435-38,
19%4. Sites aI s&cgggb Cl’ﬁég al structure of

neubl astip, who I i r determ nation is descri Bed
g1 FFMNE@HE@BI pn Igggéﬂl IWFWI‘?

bel ow. Al 50, sidfesgsAita redbrpidapet Woakedsunct i onal i nfornmation
provi ded for persephin/ neubl astin chimeric proteins. These chineras arp
described/ in Baloh et at, J. Bi oI Chem 275:3412-20, 2000. An exenpl ary
listing of8sol \@?FRW%@@WWWR TAGEECex posed PUpRHEER tFPnY% A no aci d

i i i R ¢ Tueer
p?g\r)it d]eseg Itrs?%%§|%§ U§%) ﬂqgmin%)éﬁs%% LSH&E ngubla(gg% i% If'% TabI °Z

expect ed crptryeavsfmdvnstwrtvd lsatacgclg consensus (SEQ ID No.l)
* = Asn95

00

[72)

In some embodiments, at least one of the arginine (Arg or R) or asparagine (Asn or N)
residues shown in bold in Table 1A is substituted with a different amino acid residue. In a
preferred embodiment, the mutated neublastin polypeptide has a lysine (Lys or K) residue
10 substituted for the asparagine at amino acid position 95, indicated by an asterisk in Table 1A,
N and is referred to as NBN-N95K. In general, the N95K substitution results in improved

solubility. This facilitates formulation at high concentrations.

Table 1B. NBN113 Consensus Sequence

Consensus sequence: (SEQ ID NO:1)

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

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

Ser Xaal0 His Asp Leu Ser Leu Ala Ser Leu Leu Gly Ala Gly Ala Leu Arg
Xaall Pro Pro Gly Ser Arg Pro Xaal2 Ser Gln Pro Cys Cys Arg Pro Thr Arg
Tyr Glu Ala Val Ser Phe Met Asp Val Asn Ser Thr Trp Arg Thr Val Asp

Xaal3 Leu Ser Ala Thr Ala Cys Gly Cys Leu Gly

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

8



to be surface exposed. The first colum refers to surface exposed residues
determ ned by examning the structure of the rat GDNF di ner formed by
chains A and B (PDB code 1AGQ and determ ning whether a residue was on the
surface of the structure. This structure was then conpared to a sequence

al i gnment oWOFORHO6Ad neubl astin in Baloh et al., NeuronpCHUb04@97%31302,
1998 to determ ne the proper residues in neublastin. The second and third
colums, respectively, refer to the surface exposed resi dues determ ned by
examning the structure of the human neublastin diner forned by chains A
and B. TheXtlunbefrAPirene | XaPablseAs o5 Je¥at shqwimaizrisTédd er Fle30 9
2004/ 0691 7¥2RCIY G382 004F€02763 | Xablis Brq Ak sSeynn 21 (GKAaxn 4s4A%y guHis61 Len- - -

81Cys--- [B¥aa/alis Pla qr Ty nnn PXaaboip VerodZIlehe + -| - 62 Leu +++ 82 Argl---
102 Asp +p¥aas3igalammT®8 Val [Xaa:d43 Bys or-Gln63 Gly+++ 83 Pro --- 103 Afg
+++ 4 Pro nnn 24 Pro +- + 44 Ser +- - 64 Ala +++ 84 Thr +++ 104 Len --- 5
Ay nnn 25val --- 45Gly+-- 65Gly+++ 85Arg+++ 105Ser--- 63er non 26Arg+++ 46
Ser+ - + 66Ala+The lﬁGéFmbnhiclﬂdéﬁé\balymer-aorﬁﬂg;teﬂmmtﬁﬁd Abublastin polyfeptidys --- 67
Leu --- 87 du, +++ 107 Thr, +++ n 28Leu-- - 48Ar/g+++ 68Ar gn++ 88Al at+++
108A a+++ CYMPTFIEHN 28R geid ieq&grme s, §9 rapRie. aingstii? o idgpfénal to aming ggifsaninn

30Leu++s 5Q.14% 8f S’E(%mlﬂ@ﬂ -(als® ShoRnist Taﬂl@(iﬁ Mione eﬁé@ﬁlﬁféﬁf‘ oRd- &3 MdrE b REAr 9+- +
71Pron++ 91Phe- - - s--- 12Gly+nn 32 s+ - + Ser+++ 72d y+++ 92Met +++

112Leu+++ argiingsat MIMAAgpqsm@@r position 68, @etheraspmglmgpposmonﬁﬁas Gplaged 14

Arg ++ n 3 HhE i p---
75Pron- - é §F£ﬁnll£° a?@(??&se? ﬁmﬁ%%@l +asg%§%1§ F++ Q?éégbﬁaun@?%%m Wgan’%s?Ar g+++
37Leu+++ Sacibirsubstitutéd With 1ysinedr Thsteiter 18Leu+++ 38 Val --- 58 Len--- 78Gln+++
98Tr p+++ 19Arg+-- 39Arg+++ 59Ala+- 99 +++ Ser ++- + 40Phe- - -
6gér +-+ 8QCys-1° ng imlq"}e‘? Wdhec@l‘@?dtnﬁ‘gtflasﬁlﬁé’oﬁ@ g? ghoseR o r esent i n

St {¢ICt PERRat boupbhE o4 p&?ﬁi@t‘ 8st laPolydikyRné glycﬁ' Wer%@l%’s%ﬁstﬂﬁte& bl uct
design, flexible regions, inserts i'n neubfastin relative to GDNF

(resi dues &8d.7Ajlvantageous sites of modification are those at solvent accessible regions in the

neublastin polypeptide. Such sites can be chosen based on inspection of the crystal structure
of the related neurotrophic factor, such as GDNF, whose crystal structure is described in
Eigenbrot et al., Nat. Struct. Biol. 4:435-38, 1997. Sites also can be chosen based on the

15  crystal structure of neublastin, whose crystallization and structure determination is described
below. Also, sites can be chosen based on structural-functional information provided for
persephin/neublastin chimeric proteins. These chimeras are described in Baloh et al., J. Biol.
Chem. 275:3412-20, 2000. An exemplary listing of solvent accessible or surface exposed
neublastin amino acids identified through this methodology is set forth in Table 2.

20 Table 2 provides a list of residues and numbers in human neublastin that are expected

\;.. to be surface exposed. The first column refers to surface exposed residues determined by

examining the structure of the rat GDNF dimer formed by chains A and B (PDB code 1AGQ)
and determining whether a residue was on the surface of the structure. This structure was
then compared to a sequence alignment of GDNF and neublastin in Baloh e al., Neuron

25  21:1291-1302, 1998 to determine the proper residues in neublastin. The second and third
columns, respectively, refer to the surface exposed residues determined by examining the
structure of the human neublastin dimer formed by chains A and B. The numbering scheme
in Table 2 is that shown in Table 1.

30



5 indicates the residues are buried and not on the surface or are cysteine

resi dues

great mmj
resi due i
structure
one of th
resi due i
neubl ast i
char acter
seqguence

shown in

identifie

the 140 A

am no ac
desi gnat e
desi gnat e
herein as
| D NO 2.

neubl ast i
pol ypepti
line 3 pr
pol ypepti
desi gnat e
(*
br j.dges f
("&) ind
substi t ut
PCT/ US200

10

15

with [

OB OBzrEs Taplg 3. e

involved in disulfide bonds. As this protein is a cysteine kn
ority of the residues are on the surface. 10 + indicates that
s surface exposed in the GDNF structure or in the neublastin

, HMAWeHUYN16he | oop containing residues 66-75 i BCwUSiobd/@2168 ON
e GDNF nononers (presunably flexible). This |loop also contain
nsert in neublastin relative to GONF. |Insome enbodi ments, the
n_pol ypeptide retains the seven conserved Cys

ot, a
this

Iy
s a4

15 residues that are

stic of the GDNF subfam | yqggg 20f the TG--beta super famly.
pf the human full-1ength prepro NBN pol ypeptide (SEQ I D NG 5)
TeAlaenBn ThRe@mRRATUT € F1QE{m~+0T NeURLaSTI N BOCYNEPT | JERT VAL &+

) h f includg:., 10 WO 2004/ 069176 / US2004 2763
Azglgl g%gptigﬁeﬂ%é_[sﬁp U‘E(gh - %gﬁh 140, SGATECR” poss{é)ggg’sﬁhfa

gnat &d “herei n
34herlem as 20NEdI116, \é\M@&mO)sseﬁm@ame amsm@m#cig SpEugnNce
SEQ | D,NO.7;  an iji) t 13 AA p epti de i gnat e
f\lgﬁlﬂ%? white alpossess‘éé"fhé an?sn(;oly%a d sg%’gr& desﬁ%g%’éf'éd a
Tadrenmn j | | g6fagatbs t 6 Serei-at | oneilptiet wedhTYrHer di scloodkd- pre
g7 A@?iﬁédéerf izvimasgqueln_aﬂ%ygf--t he greent.i on. lslabm%ldpr 01}&7 @lﬁs—l—f ge
1 5, i rovi des the po e o
pgllugé’sfmt he g% Vpept i de&ﬁfggk%() I E&fﬁgﬂ% 7 arﬁ%gﬁﬁiﬁfé 4 p\%gggg t
NeABfnBEQ | BP ®Otet Thet9desren con®dramth cysBeVae--c reldf Guses- ar
dldoua§¢/z§rtﬁo;£sote‘h*#+ " #'t's.oA'iath agd_ %‘o{p"r nllo i n?bs@t&& 5 h)e mbryla,]gplde
W + W + nd i nter ecu " ul fide
HHANRR 3 thglaﬂgfuﬁre dgllrﬁ’é%ﬁ'ged n@t})ﬁ?%&i n Igfglﬁﬁd'. Thelqté’ﬁéf' e
Beilesnehe d3Paragi ne 2égitdte at72@nirto acPdMpositti ontiDbeuttrat
et MM thn @ | ysape+i n NBADRG-NISK. 731641 VWO 39Q 40691761132161160

MRl ypeptide, seauencegs 9,80 3.0
S55Asp--- 75 Pron -- 95 Asn +++

56 Leu +++ 76 Val - ++ 96 Ser +++

57 Ser - - - 77 Ser - - - 97 Thr ++

58 Leu--- 78 Gln +++ 98 Trp ++
59Alat+-- 79Pro--- 99 Arg ++

60 Ser + - + 80 Cys--- 100 Thr +++

15Gly+-+
16 Cys - - -
17 Arg +++
18 Leu +++
19 Arg +- -
20 Ser +++

35 Asp +H++
36 Glu +++
37 Leu +++
38Val---
39 Arg +++
40 Phe - - -

Yepience 24¥di gnat ed345s-SEQ | PR 6+ (i i B3 Phe--116 AM3 paliypept

The
S

)
i de

U O

SEQ
pro

NO. 6,
he

cul ar

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

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

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

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

shown in Table 3. Three mature forms of neublastin polypeptides were identified. These
forms include:
10



PrePro T"MCV ---- STLSHCPWP 33 NBN140

----------------------------------------- NBN116
-------------------------------------------------- NBN113
------------------------------------------- 60 70 80 90 100 o
... ... .WO2004069176. . ... .... PrePro 83 NBNI40  PCT/US2004/002763
----------------------------------------------- 3 NBN116

. ._______._() the 140 AA polypeptide designated herein as ISIBNQE vihgé: Rospesses sheyagpino
Prepro 133 NBN14cha%equEMée§1gnated as SEQIDNO:6; -~ - - - 29 NBN113

------------------------ 160 170 180 190 200 PrePro 183 NBN140 103

NBN116 79 NBNL
NBnLLG 7o e (éﬁg?ﬂ;%&g)ggﬂ é%ﬁ@ d@il@:ﬁ&éahegelﬁ%ﬁﬁNl?ﬁlvﬂg&Epi&sesge@%~ A%l}_lilg~ 348

(SEQ | D NO: 6) NBNR%E sequen¢esiesignaiedias S'liQDNBm_’iBanﬂls (SEQIDNO2) * A# + In
alternative enbodi nents, the sequence of the above identified neubl astin
pol ypep¥i des hafid) thedid Adpniteptidedesighated hersinras NBN B nwhich pbssessecihd

sequence. Exanpl es_of ese incl ude { 12AA pol ypepti de sequence
desi gnat ed herei n%%%“‘?\?émrﬁ UenERi 8 Begsaéggé)sm I?ﬁ "112 carboxy term nal am no
acids of a neub tLr n cigds 29-14 SEQ I D NG 6
(SEQ ID NO'8) o &’j%# ﬂﬁ&%‘%g@% é‘?l%i%“@%’ %%66%6%%@’. ‘i‘FPfép%rneH‘(’)‘ aSfin
polypeptide sequences of the invention. Line 1 provides the polypeptide of SEQ ID NO:5,
line 2 provides the polypeptide of SEQ ID NO:6, line 3 provides the polypeptide of SEQ ID
10 NO:7 and line 4 provides the polypeptide of SEQ ID NO:2. The seven conserved cysteine

C residues are designated by symbols (“*”, “#”, “+” and “|”) to indicate the intramolecular (*
with *, # with #, and + with +) and intermolecular (“|”) disulfide bridges formed in the
mature dimerized neublastin ligand. The caret mark (“~”) indicates the asparagine residue at
amino acid position 95 that is substituted with a lysine in NBN106-N95K.

15
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12 WD 2004/ 069176 PCT/ US2004/ 002763 (v) the 11 1AA pol ypepti de sequence
desi gnated herein as NBN11l, which possesses the 111 carboxy term nal am no
acids of a neublastin polypeptide, e.g., amino acids 30-140 of SEQ ID NG 6
(SEQ I D NG QYo Rb4/e9170 acids 3-113 of SEQID NGs:1, 3 o vi) the
110AA pol ypept deﬁgle@uence desi gnated herein as NBN11O, &ﬁ?@?ﬁ%ﬁ‘&%’é)ﬁses t he
110 carboxy term nal am no acids of a neublastin pol ypeptide, e.g., amno
acids 31-140 of SEQ ID NO 6 or, am no acids 4-113 oT SEQ 1D
NOs:1, 3 or 4. (vii) the 109@%?31 ﬁﬁﬁi"?‘ﬂé" PUAE SeafeBCtSesi gnat ed herein as
NBNI 09, whi ch possesses TIU the I0Y carboxy term nal anmino acids of a
neubl asti h pol ypeptide, eog., amavo aci d® 32- 140c0f SEQ $O NO 6 (SEQ I D

NO 11) or am no aci ds -5- 113 off- - 8 NG5 1, |- i) the 108AA

pol ypept i EFLEQuence destgnated Té%“%ﬁ poSsesses the 108
oo iy T Bti0e T 8 eUS ASTI R pOTyPERIUE, o o, 15 am bo
aci ds 33- Ig#98 SEQ I D_NQ 6_(SEQ I D_NQO_12)._or_amno_acids_6-113 of SEQ|ID

NGs: 1, 3 pr 4. (ix) the 107AA pol ypeptide sequence designated herein as
NBN107, which possesses dohe 107 7war boxy doer mi nalscam no ged ds of a

neubl astip polypetle.. . . .. Jaci ds .34}. . ..E. DNOG6 (SEQID
NO 13) or | BYAPA® ack : @ ¥p the 106AA
pol ypept i (& ueﬁc‘:é"deST‘gna‘t'éd hefref‘rr art-ernarrvm y a'S'I\3106 or N7,

whi ch pos s%%fé the_106_carboxy termnal”anino_acids of “a neubl astin
pol ypepti ge, "'e.g., amno acids 35-140 of SEQID NGO 6 (SEQ ID NO 14) or am no
acids 8-113 of SEQ I D NGsigl, 3 0f204. 25 {3¢) the14:IQOSAA petypepti de sequeﬁnce
desi gnatefl herein.as. NBNJ .05, .whi jch the .10p. .car boxy term nal

an no aci (BreFoa BEUIHA SIEIt < 336- 140 of SEQ I D

6 ( SEQ W10 1 TN RN QU G RN 53 or 4. (xii) the

10 pol y fde sequenté dﬁglg' d i By 235 NBN104 or| 30
N-9, which esses the 104 carboxy B £ a neubl astin
pol ypepti gde, e.g., amno acids 37-140 of SEQ ID hE)G (SEQ I D NO 16) or am no
acids 10-113 of SEQ I D % 1 3 PHo 4. 13130 190 200

PrePro [NRCIREITCIoING: IA ¥ 183

NBN140 : ' 3 103

NBN116 3t ; 4 79

NBN113 RPCS AGALRIPPGSREVIMAT

# o+
210 220 230

PrePro a0E 220  (SEQ ID NO:5)

NBN140 § 140  (SEQ ID NO:6)

NBN116 gie 116 (SEQ ID NO:7)

NBN113 y¥e 113  (SEQ ID NO:2)

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

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

12



WO 2004/ 069176 PCT/ US2004/ 002763 (xiii) the 103AA pol ypepti de sequence

desi gnat ed herein as NBN103, which possesses the 103 carboxy term nal am no
acids of a neublastin polypeptide, e.g., amno acids 38-140 of SEQ ID NGO 6
(SEQ 1D NG 17) or amino acids 11-113 of SEQ ID NGs:1, 3 or 4. 5 (xiv) the
102AA pol yp¥$t104068E§uence designated herein as NBN102, MEI/USR00pmsmRSSes t he
102 carboxy term nal am no acids of a neubl astin poI ypept| de, e.g. anm no

aci ds 39-140 of ' SEQ I D
w015 39140, f (302 1 DA AR L0 oklafl RIS RBAAE) bl
NBN101, which possmsldazarbbaytdmwhﬂémmarahdxyfa meubiastih palypeptide e gdandhio a

NG 19) or ani no- adride 4199 Jesr@ Tod:sRilin Nodber fhipo s P15 pESHGEA

pol ypepti de sequen®s:flesdr@inat ed herein as NBN100, which possesses the 100
carboxy term nal am no acids of a neublastin polypeptide, e.g., 15 amno

aci ds 44-140 of Evﬁ&@:if@ﬁb‘@p 3?3%51@8 Eé&u%l@e%% tePHBrélR a@RNBAA 18 AntidiPpRbessedtQ | D

NGs: 1, 3 or 4. (Xvii) the | ypepti de sequence deS|gnate hereln
alternatively as 9 oarboxwermmahm apids obanablastie peigpeptidt gy, angneri nal

NG 6 (SEQ 1D Noy 2B ep e ReSEQBREY Cg BNp1 PG Btpdldie {15 dfehdIp i

pol ypept i de sequeMN®@sl1,3fortdhese truncated neubl astin pol ypepti des are shown
in Table 4 for NBN1 13 through NBN99. Disulfide bridge formation is as

described for Tak) thed 09AA%oPepiltAciaEndy desiadicbeRes QRN 6, whithipessésses
Al i gnm%(r)lt of Trun%c;at ed Neubl astin_ Po|ypeptides 10 20 30 40 50

~ the 109 carboxy terminal amino acids oRgReptbinstip polypaniide, e, amipng 11 48
NBN110 - 47 NBN1QGgs 32480 o8 98 NO:5(SEGID NO:11) or amino acids 5-113 of SEQ ID

c-' NOs:1, 3 or 4.

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

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

(x) the 106AA polypeptide sequence designated herein alternatively as NBN106 or

-~

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

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

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



NBN107 ---- 44 NBN1OG ----- 43 NBN105 ------ 42 NBN10O4 ------ 41 NBN103

NBN99 - - - -

NBN110 97
NBN103 90

NBNL1O2 --------- 39 NBNLO1 ------ 38 NBNLOO ----------- 37
.- 36 # + 60 70 80 90 100 NBN113 100 NBN112 99 NBN111 98
NBNLO9 96 NBNLOS 95 NBNLO7 94 NBNLO6 93 NBNLO5 92 NBNLO4 91

WBND0206896 NBN1O1 88 NBNLOO 87 NBN99 86 A AGDUS2004/002763 . .

NBN113 113 (SEQ ID NO 2) NBN112 112 (SEQ ID NO B) NBN111l 111 (SEQ ID NO. 9)
NBN110 110 ( SE

"Tf st u.

10

15

20

S SEQR S pSENOS, bl LD h03 rEREQL Tl Fhhen NENLOS 1(
possesses the 103 carboxy terminal amino acids of a neublastin polypeptide, e.g.,

amino acids 38-140 of SEQ ID NO:6 (SEQ ID NO:17) or amino acids 11-113 of
SEQID NOs:1,3 or 4.

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

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

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

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

14



NBNL1O7 L
140: 14)

(SEQ I D NO 17)

NBN10O 10

PCT/ US2004/

" I"ACt X54 107 (SEQ I D 140: 13)

NBN105 105 (SEQ I D 140: 15)

0

ot

£A0:

20)

NBN106
NBN104 104 (SEQ | D 140: 16)
NEN102 102 (SEQ I D 140: 18)

4. 4e' 7' |

106 (SEQ |

NBN101 101 (SEQ I D NGO 19)

NBNO9 99 (SEQ I D 140: 21)

A’rmut at ed neubl astin pol ypeptide accofGl’H400276d

D

NBN103 103

15 WO 2004/ 069176

i nvention can be, e.g., at Ieast 80% 85% 90% 95% 98% or 99% i dentical to
am no aci s 8-113 oiﬂ@ﬁ%\ﬁ ﬂll n'g E@ ‘Eue am no acigd
sequence pf the nut f 'E'EH nﬁﬁe“é} lar”ﬂ% gtypeptdese ani no acj d
sequence pf a naturallTy occurring rat, hunan or nouse neublastin polypeptide
5 at amnp acids 1-94 and 96- 13 of tha) rrut ate:d) neubl astin poI y(peptl de,
e.g., the| polypeptide . . . 2, ﬁ, or 4
at these positi oﬁ%“l 1A |5f? seqguence
from thosge discl i' 4lzonservative
amino aci d substghd§hons _ at ed
neubl ast i h pol ypgddipsle - falsl ve pm no
acid substituti omioer ~-by-
substitut|ons, i¥@pTi GRS~ itead prptein's
bi ol ogi ca] acti vFENLO6 A~consE t43t i on{ of one
amino acid for afRtRer Wt ;
substitutjons i pETT s‘i‘% val | ne,
al ani ne apd gl yc Sucine, e jaGi d and
glutamc | 15 amﬁﬁpa,r_agjﬂe,,
threoni nef |ysingesmabel argini.ne;..a
non- pol ar| hydr opieNssC artno-~aei-as~al) ! ; jaleeuci pe,
va(iﬁne, pfoline, phenylal anine, trypt ophan and met hi oni né. Fhe pol ar peutral
antho acigs include glycine, serl ne, thr eoni ne, cysteine, tyr 05| ne,
asparagi ne and gl utam ne. i I 0 aci ds
i nclude af gi ni negulysi Ag je@o( acj dic)
am no aci fs incl 18| idouti op of
one nenbel of thgehoVve § 3y anpt her
menber of|the sammvigo oyt #iicon. O her
substitut| ons caweMieor i n|lthe
art. For |exanpl ¥BN1pgy | T‘; be taken
from any pne of gﬁpém | os

NBN105 il 92

NBN104 '

NBN103

NBN102

NBN101

NBN100

NBN99

- 110

NBN113 113 (SEQ ID NO:2)

NBN11l2 L(ﬂ 112 (SEQ ID NO:8)

NBN111 ] 111 (SEQ ID NO:9)

NBN110 110 (SEQ ID NO:10)

NBN109 109 (SEQ ID NO:11)

NBN108 108 (SEQ ID NO:12)

NBN107 107 (SEQ ID NO:13)

NBN106 { 106 (SEQ ID NO:14)

NBN105 (e 105 (SEQ ID NO:15)

NEN104 104 (SEQ ID NO:16)

NBN103 103 (SEQ ID NO:17)

NBN102 102 (SEQ ID NO:18)

NBN101 101 (SEQ ID NO:19)

NBN100 100 (SEQ ID NO:20)

NBN99 99 (SEQ ID NO:21)

15



25 gl ycine, beta-al anine, cysteine and D cysteine. For |ysine, a replacenent
can be any one of D-lysine, arginine, D arginine, hono-arginine, nethionine,
D-nethionine, ornithine, or D-ornithine. Generally, substitutions in
functionally inmportant regions that may be expected to induce changes in
the pr opert%’é’s20 06956| at ed pol ypeptides are those in whi REEUSH004/08276d ar

resi due, e. g serine or threonine, is substituted for (or by) a hydrophobic

Cysteine reg 0 kROt SBUHEHAE BRI, Rl O 8L AL W ) 2
resi due ha¥1%P55% 99?/@95%0?8%m D% identenl chaninp aadgs 118 w§BBQ,IDaXQilnime or
histidine, i s sybstit far SIdL an el ectronegative
si de chai nSo"¢ ub &Iﬁqﬁgﬁ’g}ﬁ %éﬁqxé?ﬁ [@Fg @?a%tlpp?lygeqnggm ®havi ng
a bul ky snﬁeaﬁhmald Seqitbnce ah@ﬁaﬁ@nﬁ&daﬁmgm§hﬁﬁm&mws@@eﬁm§snﬁ%b \;@x,)udene not

havi ng such a side chain cine. The likelihood that

2004/ 0691 7% amem g3 de%y @@29561%3 Qf%@ 1gatateq @euhiatség@phfgemm, epnthe polypentisle

substituti t f teinis also
correlated to %n@gélﬁf% c{)gﬂ%fd% %jtjg@?e{ ati o4n8vt\}|l%sgs?sel@£n§ct to functionally
i mportant regi ohthedﬂaabhsmt polypeptidedi fiadme maammﬁomeh&aﬂﬁbloswmm may
accordi ngl Ilttl no effect on. .bi olo cal Lo erties. many
cases, p%? @ﬁéﬁ %’Sﬁ:ﬂi’ﬁ Ean?rﬁrtr&?r&foﬁlﬁffﬁﬁp&% 66‘%3515 051y eraaq“e? per
serum hal f orlih h@difi6d, #d M@taica nEﬁ'tﬁas'ﬁﬁ'pBlbeﬂtﬂe?ﬁayHM’er‘Uy'oﬂebi/i%repﬁnypept' de or

nmut at ed pol ypept i de in the absence the polyner. In sone enbodi nents, the
pol ymel0 coefnsrwative amincsacédisubsiétytionsser by qglﬂtrppwtmwwas Peafeyablyitbent | y

increased g or

ol yeooy! ar Sedhs, HecH o 8Bhink o hafaP B HARte dYrotohi'h PR RARIHE

p mer - conj ugaAe@hsmanmtrtummhyﬂmmubsimummfbnemmmiadiﬂd‘ozamo&xedizvﬁthr t hat

i udes at, one pol ted neu st poI peptide.. .In.sone
enbodi mnt%ml?‘}fg‘mﬁﬁeﬁft@ﬁ Réggs(f“ﬁg??jbﬂ'ﬁ’ﬁ'é?m%‘? P‘%ﬁ%‘}’ qi’f &‘gﬂg‘ﬁﬁ?l e
neubl ast i NorBEsy PARe] dffine drd YR, 1eueﬂﬂeqm1ﬁ@@h§ lsotenan@haaparmt foi@ ahtPglRinier  of
pol yner - conj ugat ed hutated truncated neubl astin pol ypept| des. In other

enbodi Hent acid; msparaginesnd ighitamine; ssrivelicyiseing ad threaningi bsingsad prgining end 5

con <l L R R S A

pol ypeptl i'S a hetero
i ncl udes o;@@ieuw‘mhey WElineC prolihi) phedldnating, egiptoplmnlﬁndaietlﬁomﬂd: ymne}pbladﬂeuuahd one

pol ymer - conj ugat.ed. W | .d-type neubl asti.n po i de where, ol
conj ugat i oFNing agids ingludg glyfine SeFRg, HiK §°m‘é‘?a8y§ﬁ%g?’ gy’?ﬂ’ée GRS q“(ég“t
not be tr Uﬁﬁéﬁﬁﬁwe@cﬂﬁrge&i(lﬁh@f ﬁninﬂ%lﬁgﬁlcﬁ'ﬁé @fgﬂﬂhmsﬁle%d RREBRE TReS Of

pol ynmer - conj ugated” 20 "nut at ed neubl asti n polypeptide forns that nmay or may
not be2Q r unsgatieally clrargedi(akidic) aminp acidninshude aspagicacideand gutami¢ acidudet ed nut at ed

pol ypeptid
Fes! ucs. oftopREHGSShe RRERE e odvg InbiRbRA oL YeBle R s R0 BERAREs o
whi ch are ﬁlembgrrtﬁ‘tﬂfwbaimrgedup cas bblBeémedvdwhservative substitution.

Other substitutions can be readily identified by those of ordinary skill in the art. For

pU

L example, for the amino acid alanine, a substitution can be taken from any one of D-alanine,

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

30 leucine, isoleucine, phenylalanine, or alanine; (ii) a cysteine residue is substituted for (or by)
any other residue; (iii) a residue having an electropositive side chain, e.g., lysine, arginine or
histidine, is substituted for (or by) a residue having an electronegative side chain, e.g.,
glutamic acid or aspartic acid; or (iv) a residue having a bulky side chain, e.g., phenylalanine,
is substituted for (or by) one not having such a side chain, e.g., glycine. The likelihood that
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represents the nunber of carboxy-term nal residues remaining in the

ref erenced neubl astin 25 pol ypeptide. Pol yner-conj ugated neubl astin

pol ypepti des present in the bioactive neublastin dieters my be products of
a protease cl eavage reaction or a chem cal cleavage reaction, or may be
expressed fVOR44B¥IHIi nant DNA construct, or may be syntREEUS200/00BE6aND| e
neubl asti n pol ypeptides include, e.g., NBN140, NBN116, and NBN113.

Addi ti onal j . i i i n e NBN NBN111,
NBN110, NB°ﬁfo%S?ﬁy3fg’% %E%%@guﬁﬁﬁﬁjﬁg‘eéﬁgﬁﬁﬂ%’% }ﬁ%\r@%‘l Wﬁgwﬁlﬁ#%mmz,
NBN101, NBNe®G is alsol coiBBBd (oSREQpositi e sibjtitutforpwith ssspezd topfahgtivaad onj ugat ed
neubl asti n_pol,ypept.i de .i.s a honpdi ner of NBN106-. N95K conj ugated eiither to
Chree 10 KEPORHE TREIONS G S protsip SOmBAOTERISRRAYSEURBERIONS g1y 2Eepreipgly By k o
PEG noi et ilatle br docdfeckéebiBideiddBbp&tidd5K") . Also preferred is a mxed 17 WO

2004/ 069176 PCT/ US2004/ 002763 = popul ati on of NBN106- N95K honodi ners
conj ugaX ed ei t HBmany cesep.epolameranmEtedmutatsdasublastingpelynspiidelias ktengeeG

i t y 2 t i "‘ N = ]L " 1
pref or rod FEREREREERE R BRe Ko R PR A Y i e R
am no- t erthe alsencemiftie prdymer. dn somoembeelihénts, thepodynéraoffngatadimatatels and t he
third and/ f th PEG 5 npi i S. lLently linked t. bot
subst i t ut diFuRBse Regteat s Sepicdheingiemioh PRISAOYSR VIYRIClENS ke BYRMAA: ed

neubl ast i nhopélyppEte 8eglySosyREADRDHR in HHBENSH S BEPUSHEE Of SEQ 1D NG 1.
In certain enbodi nents, a pol yner-conj u%at ed neublastin pol K pepti de
0.

i ncl udds ani no Theipalymer-ropjpgateinqublasim polypeptidri¢an hsprevadedas eithat 8- 113.
10 In so i t [ - i t I i i when
it eri o0 EIRAd: TEdohe oo Rl RINMER' SRS 35 L. BRbIAERAG dFe

nf I %EEI' i rdlmpolls'l i ylm_egxb'dhlmr_oﬁﬁdméi—tmﬁﬁga&d,mx&itbdrmzétmagﬁn p%lypept' igeéséaﬂhtbﬂ;iehor yl ation
(0] (0] epti , .elther on_ts or en un t . s.one
enbodi nenfeyi%ﬁl%fge%ﬁvrﬁémfc‘é Ahapadimer H&’Afg}"ﬁ%”f‘f%l%ﬁea BBWF‘BE‘}“%gHe“@?“ﬂ

di meri zed, po@ﬁ&ﬁﬁﬁ"e@.s T @HE M BNAnYR the dBmék is a ARBRARRS R indlMRE of pcﬂrﬁ&{‘ sory
neuron. I n sone enbodi nents, the pol yner-conjugated neubl astin pol ypeptide,

e
when 1§ meonjngated muthiedbreublastienadypeptideandronk salddape esvblagiéspaspeptided® on, such
as a sensaoly._neuron. | . i - j eubl astin
ol ypopt  diter gt sy e 308 5 BB s lidfaaBPouTRE A ROHEBAEE milhed
ng )c/)gg;n' goﬂbjaﬂlﬁg?}e%@}:]pggtéﬁsl i ﬁﬁ?& y ;-C??jggaﬂwlﬂd-d%p: ?gbﬂas' t | t hr e\gher? gﬁr or
more of tHE8®H CoRyYpadomisat th&ﬂ%%;@%in&%@%@ﬁ?r&ﬁhw@mﬁ%’%ﬁ &Y ng of

not be truncated. Other dimers include heterodimers or homodimers of polymer-conjugated

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

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

-~ represents the number of carboxy-terminal residues remaining in the referenced neublastin

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

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

A preferred polymer-conjugated neublastin polypeptide is a homodimer of NBN106-
N95K conjugated either to three 10 kDa PEG moieties (“3x10 kDa PEG NBN106-N95K”) or
to four 10 kDa PEG moieties (“4x10 kDa PEG NBN106-N95K”). Also preferred is a mixed
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an amino acid other than arginine at position 14 in the am no acid sequence
of the polyner- conjugated pol ypeptide, an am no acid other than arginine at
position 39 in the am no acid 25 sequence of the pol yner-conj ugated

pol ypeptide, an amino acid other than arginine at position 68 of the

pol yrer - conf¥OM4M9136| ypept i de, and an amino acid ot her PCEMSHMeymrzEsi ne  at
position 95 of the pol yner-conjugated pol ypeptide. In sonme enbodi nents, the

i i . i i t L 4 9, .68, d 95
S Tyst ne. PRRERSR SORBNTRE Setic ol SRl Hn g5 pe {di' udnoieis 2
71 o o 8L e s e, RONGR S
acids sequEREE er%?ﬂés %&ééi%%@?ggl‘bj@?m%cﬁ%ﬂf ggﬁn@@i&“’me%é@ftwpéﬁli%' t he
am no aci cem@AAQRGSS Qﬁd#éﬂ@cox&%nﬂ?‘ﬁhké&%jm@%fﬂ?ﬁ&%ﬁ lgasSthird aR@bYRERE PHE

i ncl udes the am no acid sequence of a natura occurring human, nouse or

. an . : Y
rat neubl aBeiety ipervalsaily lidkeddp onerprbothhsubdtitued NPSKimndsidee()13 of t he

pol ymer - conj ug i | de. r.e | e,,..am.no. aci ds 8- 94 and
R R T e S v T S o A e

neubl ast i rcopsenyysespinictiee 6ESEQ MO INGHE. Irh@rtaiﬂiidﬁmwﬁmhm@egugﬁﬁ&cm%gufédno aci ds
8-94 and 96- 113, of SE(%(%D NO,1, SEQ ID NG 2, SEQ |D NO 3_or é QIDNO 4. In
t he above in-Rokypeptide aciydesrampine aeidslsy afREQ! AP dn additiopleaminepeids s a
| ysine or @jjxysteine. 5 The invention includes a construct that is a

het er odi mer or a honodi ner contai ning polyner-conjugated neubl astin fusion
prot ei¥s, e. g. Inséme pobgdimsntsthepolymersjoniuggigd dewidastinpstypeptidey whénded i n SEQ

| D NG 36, b i n.fusi ; he fusi : )
| gl ouieie: e G teate B e no i sutibede: bt ° "
rqpl i case-migfeptatt, whel JirRPizbd StimDMaLR ky2sdihd pHobHoPRlatiin® £l R¥ST fapepais enhanced

pier macokinetic and 10 bioavailability properties in vivo. The invention
provi des eithergdindisovacerdvhen|bovod t9 @FRwii ng a mature or truncated C

neubl asti n pol ypepti de it nut.at ed pol ti.de .sequence, The nucleic

aci d nol ecul e ﬁﬁ@%ﬁ?‘ﬁ&@“ﬁ&&%ﬁ%ﬂyﬂaﬁjﬁ {%ﬁgﬁ‘&q@sﬁﬂé’?f-{fa@%@’ %ﬂ@f erably
provi ded idimarizedCémhances néuron irvivek Blg§ eha@bes\sBEAi il of £\sdebririnetroneubl astin

nucl eic acid nolecule, or a vector including_ the 15 sanme, can be provided in

a cell. The cellf seanerghodiments, thepolymersaningaled npublasingalypertide, Whast  cel I,
I nsect cel dimeﬂiedb{%ﬁﬁc‘?& %V%SH pa)tkﬁh%ﬁceafl gﬁa‘hg%l dggg?@glloh cfi 84 b sdrSord nbffoRieSe

hanst er ovary cel SO prov y the invention I1s a nethod

of maki ng a pollysene embgdimgantedhe palyinkrcnjugated nywhdsstingelypbytideuwhenr i ng a cel |
cont ai ni ng,.a nugl ei,c_aci d encoding a neublastin. 20 pol ypepti de under

Cond t | on<iBieTARh TSRS SYPALEL i 5 AL aupiediie AoRBRyasRPHETeIE sore
enbodi sgentgeurdnhe neubl astin is conjugated to a naturally occurring noiety.
In specific

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

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

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

certain enbodi nents, the glycosylated neublastin is expressed, e.g., in a
CHO cell. The invention further includes a neublastin polypeptide expressed
inacell. Simlar nucleic acids, vectors, host cells, and 25 pol ypepti de

product i on Wet2eks9%6e di scl osed herein for the fusion preresme/opsech as the
neubl asti n-serum al bum n fusion proteins) of this invention. In sone

enbodi nent neubl ast i 0 eptide that is.e essed in a cell js,
recover ed %Sﬂgly%ﬁf%‘éﬁaé% ‘{%BL%%‘WP@W&I ngﬁﬂﬁﬂ’i"f’r@ﬁﬁéf’q‘{eﬁg ‘f)tjc?F’S}?ﬁsr i's
a_pol yal kydopdyes-@4 at@al6-1 13RifSEQ D NOPRSEQH KO:% SEQADRO: Sor SHRIPNO/AEM i S a
PEG noiety, 30 Specifjcally provided by the invention is a conposition that
i ncl udes athﬁﬂb%éﬁlboﬁ’&%ﬁaéﬁpﬁﬁfﬁm%ﬁ@&q  @aming AsideppsitiondSriva Lysiwe @r al | y
occurring (gg{ er. The nutated neublastin polypeptide in the conposition
preferably  includes an am no acid sequence at least 70%identical to am no
aci ds & 113 of BEdvedtidDinclndepa caristted thah &sta lebarodimiey o hanodimegadoathining

neubl asti n_pol ypepti de,i ngl.udes. one or.nore of the amn cid substitutions
el ect od (ROPHRERHS TS St RtrplerP b oBs PO sBSne BraflseeStienbithy of
an anm no agrotided MESEQ D NGB E)ion b Meutddstil Bssidn [Foteidwhdie tHeGuaon MBieALisdn sequence
of the polyner-conjugated pol ypeptide, an am no acid other than arginine at

posi tion 3spynoglebulin{Ig)polyneptidesaun abumin plypeptids ok replisaserderved

pol ypepti am i Lo R MeYc of the

pol yner - cgﬁlﬂgeg?%n%b%g%ﬁs g)gb?gtﬁ%@g% %%ghéﬂaggﬁd?hgﬂ‘g%ﬁgﬁgﬁ %ﬁl aspar agi ne at
posi ti th 9Bioafailetibtypobpenies-ic vivougat ed pol ypepti de, wherein the positions of
t he am no acids.ar.e nunbered, i n_accordganc fth the pol ypeptide sequence of
SEO 1D NG 1 TR HRABHPR Biovides F anee st mirebl' aodiSe ERubhe Bt e lgar od
negbl ast i Npdag aUREPSIFEPLIaE, wiﬂ?-ﬁlﬂhﬁﬁ:dffb@lg?bﬁﬁb Is€ueAdey e nhiticGeiMRhS¥cui® MPr i si ng

a ubl astin pol ypeptide or nutated 10 neubl astin pol ypeptide coupled to a

PEG npi et yencogiag a provided neubipstinpolypepfidlejippisfarably providad g ¥eetofe®i®) &kt i n
pol ypeptide i S dto the ' . Dy ' C

Cbod: ment SPEAGE PB4 Bk deibla Bl Sl b BE B d3Rpr Pl

pr ot eoly si simepeanshel phdwidiedyih acleBaThegeell dan bs,cnge, embadiatiemted], fitngel deHpydast bond i s
cl eavabl e under in viv conditipns.. 15 Al so .provj ded the invention is a
et hoa 1 or Siaieeset ool b R crtb, & Peatered masdig o el ek CRiesetaus Y St gk
serum hal f ¢{citfcecelie).ative to a wild-type neublastin. The nethod included
provi ding a neubl astin polypeptide or nutated neubl astin polypeptide, and

coupling the pblsypeyidedbydhe invendion drrmpthed of making § pelymerteonjegated
- nat : i . | @t 7 . .nol
noubl ast | e lSEEnaE 8y eRlring ) byl SO OA BfkoBing HufduiB Tl Y e

neubl a2 i npgigpeptidpindde somditidnk aHowing dortexpressioncdfladeublastin polypeptide. In some

embodiments, the neublastin is conjugated to a naturally occurring moiety. In specific

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

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

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

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

neublastin polypeptide includes one or more of the amino acid substitutions selected from the
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one or nore am no acid substitutions in which, for exanple, an am no acid
other than arginine occurs at position 14 in the am no acid sequence of the
pol ymer - conj ugated pol ypeptide, an amino acid other than arginine at
position 39 occurs in the amno acid sequence of the polymer-conjugated

pol ypept i deWOMOUMPIHE acid ot her than arginine at 25 posPET/ER08B002T3ur s i n
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recover ed $4iinyl clggsiage. Iﬁ'ssﬁ@ﬁﬁ@ﬁd‘intenﬁe@f?llaé’&e %&d’l§§@6"%@ic§r‘“"ﬂ%‘bovered"
nmeans that .4 3giput at ed pol ypeptide is renmpved fromthose conponents of a
cell or cu?ture mediumin which it is present prior to the recovery
proces$s The reAlsvprqmctﬁdcbwelssmmonm melthod fox nmlnmmodlﬁﬁd)ndibMﬁmr

purlflcatlo tat ne ides c onstruct ed
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acid resi Hx Qhat b?}gnﬁgggg %ﬁ%ﬂeﬂblgﬂn%%%ﬂﬁ: cobdBSifoski I 1 ed in the

art recognl ze mut agenesi's s a routine and w dely used
techni 2e. In f'EhEtpolymnycoajutgetedl imugagédembublastin polypeptides of this invention include

o3 xie})

one or more amino acid substitutions in which, for example, an amino acid other than
arginine occurs at position 14 in the amino acid sequence of the polymer-conjugated
polypeptide, an amino acid other than arginine at position 39 occurs in the amino acid

- sequence of the polymer-conjugated polypeptide, an amino acid other than arginine at

25 position 68 occurs in the polymer-conjugated polypeptide, or an amino acid other than

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

30
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nmut agenesi s kits are commercially avail able. One such kit is the
"Transfornmer Site Directed Mitagenesis Kit" sold by Contech Laboratories
(Palo Alto, Calif.). Practice of the present invention will enploy, unless

i ndi cated ot herwi se, conventional techniques of cell biology, cell culture,
mol ecul ar bW&’@W”Wﬁcr obi ol ogy, 30 recombi nant DNA, pr oP@I/HSOMARSE Iy, and
i munol ogy, which are within the skill of the art. Such techniques are
described in the literature. See, for exanple, Mol ecular Coning: A
Laboratory Manual, 2nd edition. (Sanbrook, Fritsch and Maniatis, eds.), Cold
Spring Harbor Laboratory Press, 1989; DNA Coning, Volunmes I and Il (D.N.
d over, edyntiéémndIsolior 6DWilileDypttandMatiEaDN duladitBolypéptigesiuc| eot i de
Synthesis, (MJ. Git, ed.), 1984; U S. Patent No. 4,683,195 (Mullis et
al.,); Nucl ei Newblagtiptlypepitides ¢anbe (BlaR:d usingmesthads&nGwi in tHeggi Najursllis. )

1984; Transcription.and JTrans] ati D, .Hanes and S.J ins, eds.
1984; Cul tAfFHTEE BAMRIFRAR P EBIPF&‘{CI?Q""P e‘é‘&%‘%‘hﬁ °°§%|?r “Sﬂll*‘asr?“f-%esg I nc.

1987; | iptd atépﬁﬂhhal@rsdh Mﬂ%%tanﬁﬂh prot6in purifiSfon t&hﬁlqﬁé@CA&e@ﬁdnv i de to
Mbl ecul ar oni ng @ng Perbal ), 1984; Methods |n Enzynol ogy, Vol unes 54 and

155 (Wi etmyfated ngghlastin nolypeptides Fanchessynthesizedshrmically,bsing stpdagd peptide or s f or
Marmal i Har b
Uabor at oryaiiefls fethluudt, e byrielie hort B3 poif SGbncet ¥fen Cfindlish B PEI DT

and WAl kerpeptidsar}. See, A Rtewart, ler el Solitl ©habe PeptiddEBimthidsis (bl I®B4)Exper| ment

| mmunol ogy, Vol unes I- ir..and C. ackwe , 1986;
Mani pul a'? iyng t HB SRIIE € E?‘I%‘Wtﬁ m@f&Ieg\%S‘H’rl?sﬂﬁ p&g{p ’%es Fﬁl?fﬂ‘%f’ﬁf?ﬁ’ jeporalinant o g
Pol yerg ConNUgadtnRfne®f Fdves g%tdﬁhcﬁ@é ARERbleSRE eﬁhﬂiﬂg%uhﬁéteﬁ%ﬁﬁlbs@lﬁ

neublastln polypep i des may prepared by one of skill in the 15 art based
u t he prodynsntiderasbedaserted inthaveskas. g:aml mrqgslpweqmremtheauqlm agidm/ftugat i on
t neu i blg oTe) bl e
pol ymer i SA egg J’Icggé](}/)(gggéuog%é%ﬁg c%@selﬁélu ;é \/\%% I ch (S&hvﬁtht a“ﬁ%ﬂédoes
not preci prtGHE@ cells) LAanged ueltsuyeaetulls,dmetm‘ells asdibdctainl aellshwheml eapiessel in a

envi r onnent Prefer ly, the I r I rmaceuti.cal.ly acceptable
for the priEfaRbipagae ﬁgﬁceﬁlﬁéprgg%%ﬁﬁeeulwwgf %n%@a BlovYif for esgesORRLS: r e,
a singjse Qﬁhtﬁféﬁheﬁﬂ?ﬁs%ﬁ'ﬂoﬁp@?y dePThE mkﬂmusmmpmypegﬁaé & blirkddvered RBH] astin
pol ypeptide, although nore than one ymer nol'ecul e can be attached as

wel | . cOrqellgamusmLf@leade mscmq)hﬁﬁm; werovered't imearis ihas thei rovtated polypentidads | i ty
inbothln S I ﬁ“ wi ||
be recognirfe dn%m oese(‘::%rﬁ ?J%g |°r§§ cﬁg)l%¥ycﬁeﬁr8gm$y u?‘? ?’Plf@q@%yeg%g#grgtro%eps,

noi eti es, etoveiymocssenThgrtedrspocdss may akclriepne pr materefoddihger mmificationus e
applicati on By way of exanple, it may be useful in sonme applications to
coval ent | yS°R§ond to the polyner a functional noiety inparting UV-degradation

resi stgyce, OF Mutated neublastin polypeptides can be constructed using any of several methods

L

known in the art. One such method is site-directed mutagenesis, in which a specific
nucleotide (or, if desired a small number of specific nucleotides) is changed in order to

\ change a single amino acid (or, if desired, a small number of predetermined amino acid
residues) in the encoded neublastin polypeptide. Those skilled in the art recognize that site-

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

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

30 recombinant DNA, protein chemistry, and immunology, which are within the skill of the art.
Such techniques are described in the literature. See, for example, Molecular Cloning: A
Laboratory Manual, 2nd edition. (Sambrook, Fritsch and Maniatis, eds.), Cold Spring Harbor
Laboratory Press, 1989; DNA Cloning, Volumes I and II (D.N. Glover, ed), 1985;
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antioxidation, or other properties or characteristics to the polyner. As a
further exanple, it my be advantageous in sone applications to
functionalize the polymer to render it reactive or cross-linkable in
character, to enhance various properties or characteristics of the overal
30 conj ugat W@ 208406917l . Accordi ngly, the pol yner nmay corRGI/vS2004§002763
functionality, repeating groups, |inkages, or other constituent structures
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co- pol yners xyet hgéat ed polyols (e.g., glycerol), polyvinyl C

al cohol, °‘r%f°f%/§1:°é§ 19B@r eof . The pol yner may be of any suitabl e nol ecul ar

m and may be branched or unbranched. 15 For PEG suitable average
cuI ar weight is between about 2 kDa and about 100 kDa. This provides

for ease mmmmconiggmmmwmm@epumse of skill in the art Wil

appreci ate tha somne
| ess, than t hetChffné{)a@g%%g?éeguqe ?lgs\kgll n?:%ﬁ’}g@gfedw F\Aﬁ n;gypl cally
speci fised afshaseim@iondice proseardisclosurs\eT l@hihemlcﬁlIhﬁbhéﬁ]ireﬁﬂbrﬁforwemjg@tﬁn fsa zes)

may be used,_ dependi ng.on the desired therapeutl C 210 pr of i ., the
duration drublasinpolmeptids e wategsalpble golymess. & Waigr-oluble pg er Er"i‘ Wgaeisc al

activity; @&m%?ﬁ%rbé&nh@% dh[]lgl’s altilhed 8Hs %6t Heci ﬁ‘@tgnpsfn zﬁf&%&tﬁ%ﬁbﬁdxﬁﬂemﬁ”d ot her

known effects on a therapeutic protein In varlous enbodi nBnts, the
mol ecul ar sweh ga phiysiokdginal ervitoDaent. Faferabls, tth@aplyabomll hophepacesticlly 15 kDa,

bout 20 kDa t .25 kDa bout 100 kDa. |
cortai n proratBICRE EprRict 3P H e et el MoomBstiR: 0h “of 25 cach pEG |
chai n 20s about 1P@eskE® a siiglcpiliBermeleail€hhgbe aﬂﬁewmab@gugalaen fitirage

nol ecul ar
neublastin polypeptide, although more than one polymer molecule can be attached as well.

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

considerations as whether the polymer/protein conjugate will be used therapeutically, and if
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wei ght is about 10 kDa. The nunber of polynmer nol ecul es so attached may
vary, and one skilled in the art w1l be able to ascertain the effect on
function. One may nono-derivatize, or may provide for a di-, tri-, tetra-
or some conbi nati on of derivatization, with the sane or different chem cal
30 moi et esVOLYY09B| yrers, such as different weights oPCTAR2804/00776%
proportion of polynmer nolecules to protein (or polypeptide) nolecules wll
vary, as i i ] e neral, the
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conditions. The PEG nol ecul es (or other chem cal npieties) should be
att ached t‘?chﬁléﬂnﬁ’isot e| n wth consideration of effects on functional or
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ani no- 1&r npaigh-vimyl pprrelidoge) mxepromwm omopelymers, Rodyrsendjanegr oup
include as | -term nal
ani o ac; B dide R e BTG lat@?é% R TR
f at t ac hdlexhot, laed Ritures tieesdlfe(s) . For ther apeuti c purposes, attachrrent can
b t an am no rou at the term nys or | ysine e
specifically d PY&?Fr“g@b&rﬁfﬁBYf‘Etﬂh]F%ec Egéfla?dﬁ:lﬁ‘éf%F%% !begcqﬂ‘el n. Using

PEG as an &dblréﬁ%ﬁé‘datl on of the present conposi t| ons, one nay sel ect froma
variet%/5 of PEG nol ecul es (by nol ecul ar wei ght, branchl nj? etc.), the

proporid on of HeGPEGybuitsblesyerage plobp‘dﬁhwﬁl tl&bﬁWP%?bONb k@ala@%abcwt 100

reaction t he

met hod of nig%% 'f’@?#oﬁags ﬁa@g%@%&%ﬂﬂ]ﬁ?n er m ﬁ'ﬂﬁ%/'rg{gs %Eak/‘ﬂa ein. The
nmet hod of appteeiate thet it pecparitions 6fREG, saine Riclsellat will peighanae, |someaess,etha,n the
separating this iety f ot her noPE l at ed I et If necessar may
e by purTHPEROIGHeighe L eoleR e S aSsHieE avetrnn godl
popul at i OnweightPE@a&e%f&kcu&& Vefhts (Qiaégﬁﬁws use'aea@ﬁhamg oﬁfﬂé&sf&&lrtﬁérﬂﬁdu

chem cal nodification may be acconplished by reductrve al qrréloatlon that

expl 0i 2& dprofiler(egt, thel duratipntof vmn@fremqefdéwmdt the pifeets,of apys pivbiologiad no

activity; the ease in handling; the degree or lack of antigenicity and other known effects of

PEG on a therapeutic protein). In various embodiments, the molecular weight is about 2 kDa,
about 5 kDa, about 10 kDa, about 15 kDa, about 20 kDa, about 25 kDa, about 30 kDa, about
~ 40 kDa or about 100 kDa. In certain preferred embodiments, the average molecular weight of
25 each PEG chain is about 20 kDa. In certain preferred embodiments, the average molecular
weight is about 10 kDa.
The number of polymer molecules so attached may vary, and one skilled in the art
will be able to ascertain the effect on function. One may mono-derivatize, or may provide for
a di-, tri-, tetra- or some combination of derivatization, with the same or different chemical
30 moieties (e.g., polymers, such as different weights of PEGs). The proportion of polymer
molecules to protein (or polypeptide) molecules will vary, as will their concentrations in the
reaction mixture. In general, the optimum ratio (in terms of efficiency of reaction in that
there is no excess unreacted protein or polymer) will be determined by factors such as the

desired degree of derivatization (e.g., mono, di-, tri-, etc.), the molecular weight of the
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25 groups (lysine versus the amno-termnal) avail able for derivatization in
a particular protein. Under the appropriate reaction conditions,
substantially selective derivatization of the protein at the am no-term nus
wi th a carbonyl rou cont ai ni ng polyner is achieved. For exanple, one may
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purification of the amino-terminal PEGylated material from a population of PEGylated
protein molecules. Selective amino-terminal chemical modification may be accomplished by
reductive alkylation that exploits differential reactivity of different types of primary amino

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

30 (g)-amino group of the lysine residues and that of the alpha (a)-amino group of the amino-
terminal residue of the protein. By such selective derivatization, attachment of a water
soluble polymer to a protein is controlled: the conjugation with the polymer takes place
predominantly at the amino-terminus of the protein and no significant modification of other
reactive groups, such as the lysine side chain amino groups, occurs.
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PEGyl ati on by acylation will generally result in a poly-PEGyl ated neubl astin
protein 25 product. Preferably, the connecting |linkage will be an am de.
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predom nantly at the am no-term nus _of the protein and no significant
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The PolY MeloniRindiiaPb ARG i HRAIARED Rowd B nt PRy AGYA 8 bPofLact | ons, the

pol ymer (s) sel'e single reactive e group. For the
subsequently developed, but should avoid conditions such as temperature, solvent, and pH

that would inactivate the neublastin protein or polypeptide to be modified.
PEGylation by acylation will generally result in a poly-PEGylated neublastin protein
25 product. Preferably, the connecting linkage will be an amide. Also preferably, the resulting
product will be substantially only (e.g., > 95%) mono, di- or tri-PEGylated. However, some
species with higher degrees of PEGylation may be formed in amounts depending on the
specific reaction conditions used. If desired, more purified PEGylated species may be
separated from the mixture, particularly unreacted species, by standard purification
30 techniques, including, among others, dialysis, salting-out, ultrafiltration, ion- exchange
chromatography, gel filtration chromatography and electrophoresis.
PEGylation by alkylation generally involves reacting a terminal aldehyde derivative
of PEG with neublastin in the presence of a reducing agent. PEGylation by alkylation can

also result in poly-PEGylated neublastin protein products. In addition, one can manipulate
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present reductive al kylation, the polyner(s) selected should have a single
reactive al dehyde group. Cenerally, the water-soluble polynmer wll not be
selected fromnaturally-occurring 25 glycosyl residues since these are
usual |y made nore conveniently by manmal i an reconbi nant expression systens.
The pol ymer WR)HOH6 any nol ecul ar wei ght, and nmay be bRGHTGS200$/002763
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neubl ast i rfeactiyie Broups sushols tholysing sige shaiaryiaa @&F@IPEAPCEMBY i de for pKa

di ff er@nces be f t he
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pol yner t c?hﬁ‘ﬁﬂhj’é F‘H’dbﬁqdlm %VecPesé’i‘gl%E?a%tf"e upy Hch ap a1 active 85 éa‘i on oran

am no-ter %dhﬁ}rd@fo@&ﬂc?ﬁh&i Meraalbesmat%@@g&wfpa@ﬁﬁﬁdaﬁ& A& betvaroRidiagal 20
condi ti ons) tgH i s higher, the poly protein rati o need not be as
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thereof (see, U S. Patent 5,252,7 14) The polymer may be branched or unbranched. For the

acylation reactions, the polymer(s) selected should have a single reactive ester group. For the
present reductive alkylation, the polymer(s) selected should have a single reactive aldehyde
group. Generally, the water-soluble polymer will not be selected from naturally-occurring
25  glycosyl residues since these are usually made more conveniently by mammalian
recombinant expression systems. The polymer may be of any molecular weight, and may be
branched or unbranched.
An exemplary water-soluble polymer for use herein is PEG. As used herein,
polyethylene glycol encompasses any of the forms of PEG that have been used to derivatize
30 other proteins, including but not limited to, e.g., mono-(C1-C10) alkoxy- or aryloxy-PEG.
In general, chemical derivatization may be performed under any suitable condition
used to react a biologically active substance with an activated polymer molecule. Methods

for preparing a PEGylated neublastin will generally comprise the steps of (a) reacting a
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Anot her inportant consideration is the nolecular weight of the polynmer. In
general, the higher the nol ecul ar weight of the polyner, the fewer polyner
nol ecul es may be 25 attached to the protein. Simlarly, branching of the
pol ymer shoul d be taken into account when optim zing these paraneters.
General |y, VASOM{96HES the nol ecul ar weight (or the nore PIEHI0HHE)763 he

hi gher the polyner:protein ratio. In general, for the PEGyl ation reactions
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pol ymer petiedysasive alsylafiewnrearion cogdisientiarn ghosnithgt peraitihessiretive sttachment of the
enpl oyed. L j ﬂggg 2065 heh | Myl : : of
t he reactigﬁgﬁqlﬁé%&%%fﬂﬁ tﬁon-spe@? IC %g??qb?:%ﬁ'%@hgga‘{nﬁgc 1f|t;drillt5duct
and, at5 t hgensall® ptovide, forkgKa diiffegencddebivtveden itleslysihadmitogroupsiand thie oe-afiinb mum
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the protei gy ' A, | Hed 19 prot6indé Befked.The
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pol ynmer ca e co asti n pol ypeptide” usi ng nmet hods known in
20 t he artIn geoerakifdhppl is lowen adargerexdéssefipolymento podtein viali be desingtl Yiomal theroi et y
is coupled to a. |lysine %rou f the nutated neublastin (gegl %Fﬁ‘?ti def. i nkage
to the | ysieFFe‘ea‘F‘é’ﬁ%he&HH“ & FETHRY SRR RO RYPIP BRI PAG AL PHHFYE SRUPRIHS)
acti vey@st gdndftiéns). IBthEBR i§ HipREN HEIpdWmer:protein ratio need not be as large (i.e., more

reactive groups are available, so fewer polymer molecules are needed). For purposes of the

present invention, the pH will generally fall within the range of 3-9, preferably 3-6.
Another important consideration is the molecular weight of the polymer. In general,
the higher the molecular weight of the polymer, the fewer polymer molecules may be
25  attached to the protein. Similarly, branching of the polymer should be taken into account
when optimizing these parameters. Generally, the higher the molecular weight (or the more
branches) the higher the polymer:protein ratio. In general, for the PEGylation reactions
included herein, the preferred average molecular weight is about 2 kDa to about 100 kDa.
The preferred average molecular weight is about 5 kDa to about 50 kDa, particularly
30 preferably about 10 kDa to about 20 kDa. The preferred total molecular weight is about
10kDa to about 40 kDa.
In some embodiments, the neublastin polypeptide is linked to the polymer via a

terminal reactive group on the polypeptide. Alternatively, or in addition, the neublastin
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succi nate (SS-PEG and succini mdyl propionate (SPA-PEG . Suitable

pol yal kyl ene glycol noieties include, e.g., carboxynethyl-NHS,

norl euci ne-NHS, SC-PEG tresyl ate, aldehyde, 25 epoxide, carbonylim dazol e,
and PNP carbonate. Additional am ne reactive PEG |inkers can be substituted
for the sucWOROMUA76 npi ety. These include, e.g. isothiREKEI04982763

ni trophenyl carbonat es, epoxi des, and benzotriazole carbonates. Conditions

are prefer t|V|t ent _or.. reactjon.
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Sensory nei‘}'lrsi%g group of the mutated neublastin polypeptide. Linkage to the lysine group can be

—

performed with an N-hydroxylsuccinimide (NHS) active ester such as PEG succinimidyl
) succinate (SS-PEG) and succinimidyl propionate (SPA-PEG). Suitable polyalkylene glycol
~ moieties include, e.g., carboxymethyl-NHS, norleucine-NHS, SC-PEG, tresylate, aldehyde,

25  epoxide, carbonylimidazole, and PNP carbonate.

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

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

releasing the his tag. The polypeptide will then contain a free SH group that can be
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aut onom ¢ neuron, or a dopam nergic neuron. In preferred enbodi nents, the
conposition is provided as a stable, aqueous sol uble conjugated neublastin
pol ypepti de conpl ex conprising a neublastin polypeptide or mutated 25
neubl astin R@:ﬁwtl de coupled to a PEG noiety. |If desired, the neublastin
pol ypept i de A®d neubl astin pol ypeptide nmay be couRSTEES2004/00463 PEG
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nore steps. o
autonomic neuron, or a dopaminergic neuron.

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

neublastin compositions of the invention may find utility in both in vivo as well as non-in
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Li near and branched fornms of PEG can be used as well as other alkyl forns.
The |length of the PEG can be varied. Mdst common forns vary in size from
2K- 100 kDa. Wiile the present exanples report that targeted PEGyl ation at
the ami no-term nus does not affect pharnokinetic properties, the fact that
the mat eri VORMASHED physi ol ogi cal function indicates PCT{ERA040026% | cat i on
at the site or sites discl osed herein is not del eterious. Consequently in

eneratin i sites of
gttachnen?wwwgai&%g%gr I on (’)L 'g?ﬁéé;t}ghz Atql,lé){(’r%d%qqﬁ%ﬂy out'cone that
t hese for rmllmaﬂlsdother grbig| mbiedes, bnd)therax)nﬂgaed yiciee, aaapprapridtt ® theembuseer m nus
i s enconpassed.b he in entl One, or re sites..o eubl.as
pol ypep'[rrJ &P °§eb¥&i’|¥l BXEPBP & IHBF‘){/%?SE’HEH? sonwpgkg%ﬁpgg Exae ts;%bonfiﬁ‘? ee,
four, or fhypolpiner MMinelidREmbay aﬁmgwxa @atiol PeditAntR S lahkiddtidn, GOME

enbodl rrents a PEG noiety is attache at t e am no term nus and/ or amn no

acids P4, othgprmmeaﬁaclgasac&nsacsde@hﬂ redymer. gyl afeheriegemplgnbmercas shown in
Table 1 ar‘% %gé%c%% neugllé ag{)ﬁbaﬂge{ﬁ%ff&&ﬁ&@z?ﬁ?&g@w&éwﬁé}% reac ve Or Cross-

pol ymer - conj I'n pol ypepti 03|t|on as a longer
ser um hal flirkiable im ehaaetcter,a;otenha*duevmdu& ptapkrienbr ¢Hamoteaaﬂn¢sa:ef theoveralld-t ype or 30

WO 2004/ 069176 P 04/ 002763 tat ed pol tid t b f th
pol yrer. ZPHERS W - Ao ‘ﬁnééiﬁ}‘ﬁ’]?}%mg&rﬁgyo %&IE I It?ﬂn& g’t %’Bsﬁlé’ﬁgl gsti ne
pol ypept i dgougd ﬁxﬂ@gssoarp&ﬁertdoaﬁn@édﬂaﬁm%ﬁaaﬁat dRdGok y@bmae e tfficabpofMbi zes

pat hol ogi cal han es of a neuron, enhances survival of a neuron, or

anel i okt é@njugetsdap;&xlwrenpmlncomposﬁanff@masm&n FHBIPRSEi on of t hese
physi ol ogi cal f %Q Aastin
poI ypeptide or m%{r}g?ﬁ%@ﬂ%g}é@%ﬁﬁ ebcoﬁ%lﬁﬁe&tﬁggﬁg‘; physi oﬁ%%l cal

ivity scéiaﬂcteﬂshohlamﬂdstm)egrimwmmusexenmlauy reaéﬁﬁ%s’dhexinesndn oay,aldREy

vatio mal.i.zat i.on, of ol o | ca a neuro anci ng

neur on su;\'\’ﬂr’aﬁ‘{ pepfjfle %R?élf’?téﬂnét@ Bl {’?15’8 'ﬂ)‘% ﬁz %089? IEV t he
i nvention @ﬁlgogah@s) @ﬁhbg?ﬁfa@&pgp&,ﬁﬂ%ﬂgb@ﬁdy ncl ude a pol ymer- 10 conj ugat ed
neubl asti n pol ypepti de he nul tineric polypeptides are preferably Byrow ded

as puld fied milheirpastipes pay take plapelessanyskiishle msthof uped for rrepting idlagirel
| nel ude, Cydlve milofiRls it thqnmﬁ&&ﬁgxgh%%g&%&gw?@e§ QPPLRS 6311 oPE iPhRVI ded

as a heteroneric or hononer ¢onplex can be
a het er odireaotive grompy mron(th)mlpmaammdo gmnb;apﬂapiafmim-temqnhexGeméllydhmyome

mut at ed neubl astin i d d one, pon 5 neubl a n _or

het er odi ne‘?‘?"?:lv?fcﬂr?ﬂi’g‘ %ﬁﬁ?‘ %Fﬁé’& YRS gL ibese 8@‘1’-}5 % S HEF L fEv f’ied nor e
nut at ed nepyNm&tth prdaawme e&mﬂl@ G?rotélﬂ bR B RRuEEGH. SThd dRveflodifRAticoN] ugat ed
neubl astin pol ypeptide binds Preferably, binding of the

pol yne?0 comspeiigacatbnpufirasd by smra}b@ﬁxoﬁﬁevlgqhmwe@e ORROITBASISEPSL i on of a
RET pol ypepti d&.;, 10 .0eh8hHed SoMi&irPRG Gn e WYRER WGs Y ST HoaARs. The

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

the present examples report that targeted PEGylation at the amino-terminus does not affect

~ pharmokinetic properties, the fact that the material retained physiological function indicates
25 that modification at the site or sites disclosed herein is not deleterious. Consequently, in
generating mutant forms of neublastin that could provide additional sites of attachment
through insertion of lysine residues, the likely outcome that these forms would be PEGylated
both at the lysine and at the amino-terminus is encompassed by the invention.
One or more sites on a neublastin polypeptide can be coupled to a polymer. For
30 example, one two, three, four, or five PEG moieties can be attached to the polypeptide. In
some embodiments, a PEG moiety is attached at the amino terminus and/or amino acids 14,
39, 68, and 95 of a neublastin polypeptide numbered as shown in Table 1 and SEQ ID NO:1.
In advantageous embodiments, the polymer-conjugated neublastin polypeptide in the
composition has a longer serum half-life relative to the half-life of the neublastin wild-type or
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20 assays can be perforned as described in WO00/01815. For exanple, the
presence of neublastin in the nedia of CHO cell |ine supernatants can be
described using a nodified form of a ternary conplex assay described by
Sani col a et_al . {DProc. Natl. Acad. Sci. USA, 1997, 94: 6238). In this
assay, the W8 O61% GDNF-1i ke nol ecul es can be eval uatPEd/gs300400363 ability
to nedi ate binding between the extracel lular donain of RET and the various

co-recept %ﬁtateago% erdgti%xlgg.gsw?@gf tﬁ%: 5& §%l%z§iv%1&r @m%ﬁdx@@ltﬁgp d the

co-receptors ar usi ontproteins. &ion pro bet ween t he

ext racel | Wolymetaoajugated néitilasBiEpolypéebtide aC@e tothpositi dneHin RGOS Rbdaes RETRET- AP)

and a fusion protein between the extracel|lular domain of rat GFRa-1
(di scl osediarmalizes pathelegical shpnges of & Acwem FRENSES SUNGYAL #ba peyron, of gmrplioraiesl t he Fc

domai n of %’-n g%?j - I l,cola et at, Proc.
Nat | I Acad. 8thiSci : ’8 ] §gi7sa%%bﬂ%ﬁ%@ﬁ%ﬁgﬁgﬁélggg@%ﬁphg invention is
Ipr ef erdbly adpdny?hkyﬂnbmbllngmydbt mutatasitnenblastoh pmrpepti@ca“fpebmil(ﬂryonjugﬁﬁnmih?t y].c
n some enbodi nen a.pol ymeric nmie an average . nol e r_wei o
bbout 100 B8 CorBpIa, e BB ikt STy S b et s e SoUEReIDa: 31 Vo
2004/ 0691 7in R RIAPABHLRRZEERaliDhticRlof BRALgEARaRs bPa BRRYS, RR:RAR Da. In

sone enbodi nent's, at |east one polyneric noiety has an average nol ecul ar
wei ght of RevemsuBEGd opamelipratingpewgepatit paisl ar wei ght of about 10, 000 Da; or

o ave ase ol okl s o 0 2 0 BB AN O B, O 1

pol yal kyl ene gl'ycol noie
nor | eull necoljdgatedbbedddstin polypyptaiee Thamtitinydie pobpeptidie are prefichablygrovidetbasol e, or

PNP car bonate. .Coupling can qQccur, via an. N-hydr.oxyl succi.ni.m de NHS) active
kel R MO AR g R RPN R R I
stggi ni M dagmpikey, rﬁs&nﬁﬁﬁﬁﬁ%@]}ﬂeﬁembﬂh&a 84 hedrORERE 8 onioaiticPEG) . | n

SO enbodi ments, the pol yal kyl ene glycol noiety is coupled to a cysteine

group of tdemplexuihys,ithemubingasic\epmple ¢an by 2 heteradissrispobmescrmugaied pept i de.

For exanpl g apl r. Vi W LAYl S ne
aroup, —a HATBERR R EOHe G ond biliafes BN RRpU R aBak bR TE

t he nelsbl asubstiidralrepirodimeric poiyinadi-eshjupated ipaBheptidecbinplptincladingtyarorses one,
two, three, or four PEG noieties. In sone enbodi nents, the polyner is

coupl ed tom?’l"?émﬁ?}F‘;B 3sHRPalyPePlides ¢ on the 15 neublastin that is an N
termnus. In s j , _ i iRl | de at
asiteina nogﬁ%@%g?%ﬁﬁbmggggﬁ g# &{Iﬁ'{eg a%egun%%éﬂttr?ﬂmg%le ﬁp}g&n?%e or nutated
neubl ast i nPrpfekabiye pindite oflthe medymeresvngated néublastih polypéptide stimslatesupl ed to a

eubl ast | rPBBRppARaGE » Kt nhmenbiibolh Audaune Yheb g el Wil o « ne
neubl agj | NasRRk KACKE pforMEd as described in WO00/01815. For example, the presence of

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

of a ternary complex assay described by Sanicola et al. (Proc. Natl. Acad. Sci. USA, 1997,
94: 6238). In this assay, the ability of GDNF-like molecules can be evaluated for their ability
to mediate binding between the extracellular domain of RET and the various co-receptors,

25 GFRal, GFRa2, and GFRa3. Soluble forms of RET and the co-receptors are generated as
fusion proteins. A fusion protein between the extracellular domain of rat RET and placental
alkaline phosphatase (RET-AP) and a fusion protein between the extracellular domain of rat
GFRo-1 (disclosed in published application W09744356; November 27, 1997) and the Fc
domain of human IgG1 (rGFR(a1-Ig) have been described (Sanicola et al., Proc. Natl, Acad.

30  Sci. USA 1997, 94: 6238).

The polymer of the invention is preferably a polyalkylene glycol moiety, and more
preferably a PEG moiety. In some embodiments, a polymeric moiety has an average
molecular weight of about 100 Da to about 25,000 Da; of about 1000 Da to about 20,000 Da;
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20 nut at ed neubl astin pol ypeptide at a residue selected fromthe group
consisting of the amno termnal amno acid of the pol yner-conjugated
pol ypeptide, position 14 in the amno acid sequence of the neublastin
pol ypeptide or mutated neubl astin pol ypeptide, position_39 in the i

am no
acid sequeﬁ%%z%fm@ﬁ@ neubl asti n pol ypepti de or nutated RS 0¢/P3763
pol ypeptide, position 68 in the amno acid sequence of the neublastin

pol ypept i gfo?ébo‘ﬁ%(ﬁfoﬂa 13586020000 D> 1 YUniPERBddiiRent&AE1RADE bOnRRc | N the

ami no acid sequence of the neublastin polypeptide or nutated pol ypepti de.
Pol yner - c ongietysaeah averdgk aslécnlaf wsighhofnboutel0A8 Daf arjavsiage agoledular weight of

| - copj bl i id [ ded f usi 30
o o n. - PURHaR B R B e PRURRL ket 3PaR 2o ROB Y The ™ vent s on al 50
i ncl ude vari ouShe Sirictiéhal gfuploaihepdljalkyiéne plycobinyicnr @hdefe.g.hat retain

bi ol ogi cal acti v[gtily. Pol ynmer - conj ugat ed neubl asti n- sgr um gl bum n fusions can

be const r feteyymehANHyHAgsaeng SCrPEG dregylate, aldghyds, ego¥iferher of

cross-lin i i Y e

FoTT sz004T YRRt oF PRp R BhAE ARRA Sy ol IR ARIMI R cinimide | sed
to |ink ndDibIS)sctive ester. SBreastivaestancambe, Bxga PHIGesceihingidytsubdinate (SHBES),i ncl ude
am ne reactive ¢ s-lin t _insert, t hi.ol ctiwe-nal ei m de. These
"l ode. - dupetfinid @B R KPERLAF op bRB R priiShate (ACPEER HRORST (g

QG her sui teatHolinmenBk thepolyak§lehe glychl ibietyeacdupled thabgsising grogp of the peublasfiiese

i ncl ude, e.o?., SBAP, SIA SLAB and that provide a protected or non protected
t hi ol Yor Polypsptidess mytated nenblastimipqlypeptide; pior exAmplefORPLIng 28 PGEH IR | | nkage

are SPDP, éﬁaﬁn&%@, aQnylsifbhe %ol,l?,%fhm&ﬁe gfog?,fﬁgfasﬁﬁgi gloluy. RVibRD! €

(e.g., Pierce Chemcals).” One s din the J rmlarly envision
V\@ al t eremtiodineents; thetneyblastintpodypeptidel or injutdted tegblastinpelypeptideemnpises onsubl ast i n
Wi is.also envisioned that one skilled in the art can

i serum al bumn.. 1
generate %ﬁ]@&ﬁt%sfowg)ééém%ﬁueﬁl bumi n that are not targeted at the

am no-t er m nus Rboreetbatinkrits,ake pdlythérds tduipldd totHeqioYypeptides byie ah themi n. | f
desired, neubl astin-serum al bum_n fusions, can be generated using genetic

engi neler i rgublastithgjiean Nigraiaysy Ingoms eabodiments, £ & 1§ epuplediiefical buni n
gene at it 00 j C = 1 ) : : ny
B B e R e LA TR
for exanpiesblastin polypeptide, Irsgpans dnitwainhents, the pahimenisscogpled taialsolgenhexmwss) can be
generated using. iml.ar . .strateagy,. Another anpl e, of neubl astin

conj ugat e AR gﬁ‘@gﬁﬁ?‘t"ge‘fbﬁas'&nﬁ?@aﬁg%iw '.’]Il#aée% Iﬁ%ﬁ%ﬁ‘d’@m 1qe_,| ifeinvivois a
neubl astin f usilggor¢ ehbddimeéts,the pd1PméEUS tauplddas tHeateublastiipdlghepfidd s

derivatives of polyner-conjugated neubl astins include coval ent or aggregate
20 comQugdnuated peyhlastin palypentide a4 residye selqctedrfrony thepraun gonsistingaf thepmgn@i ns or

pol ypept i dgsninsiUatindfid of the polymer-conjugated polypeptide, position 14 in the amino acid
sequence of the neublastin polypeptide or mutated neublastin polypeptide, position 39 in the

amino acid sequence of the neublastin polypeptide or mutated neublastin polypeptide,
position 68 in the amino acid sequence of the neublastin polypeptide or mutated neublastin

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

Polymer-conjugated neublastin fusion proteins

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

methods known in the art. Any of a number of cross-linkers that contain a corresponding
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by synthesis in reconbinant culture as additional am no-termni, or
carboxy-termni. For exanple, the conjugated peptide may be a signal (or

| eader) pol ypeptide sequence at the amno-termi nal region of the protein
whi ch co-translationally or post-translationally directs _transfer of the
protein frdR 0¥ of synthesis to its site of funct FENUPHEYE S out si de
of the 25 cell menbrane or wall (e.g., the yeast al pha-factor |eader).

Neubl ast i RmiRCRRItNE gﬂfu?taﬁ& &ﬁol‘i‘@&tw&@ﬂm? bﬁﬁbeﬂ&l@& toqﬁﬂ( RdpRside sbaai | i tate
purification or identification of neubl astin . 0., histidine/neublastin

fusi ons) . albmeinnExamples of sw&w@mrmclmma%ﬁaﬁwmsm@bﬂﬁéhat inseeathied t he

peptl de 8 é@ , Rﬁsm ( (Hopp et
Bi é?‘gehcﬁnoﬁnogy Tl %Q(%%;?Q,%q atter’ sequelﬁgg Fgl(?ips y’antigenic
and provi GMPHKIMEUSepi GMBS. r@ther snithbly litdemnidsdriya thicd p@chfe-halmatatﬂ gougl.

anti body, .enahli.ng rapi facile rification of ex S

D conbohaRaG i, o 3ReR A SR SRE 2l St BrovBiianro Rl POh R SR BT ne
mucosal en¢RASKWIRSE gﬁb Qﬁbrd&l@t b reReibRURkYzd £¢ SPDP/SMPIIES ABA; drY'S
pai ring. 33 WO 2004/ 06917 PgT S2004/ 002763 . Bi oact i ve_Pol ypeptides The

pol ypept i PSP afirehighhare gemercially ayel ﬁbko(ﬁi Biciercn Caprpicplsh one skélleddp e

i ncluding 4 a4 Eni I ns,

gl ycosyl at egggr%?ﬁgﬁwﬁéﬁ%%y%% ate g%'égltag?lﬁfs p OSp”IOI’ y?lg.%%fgrot ei ns,
non- phosplmeul;lh&anedﬂuennmalbmnutruncat ed 5 forns, or any other

posttr nsl ati onal nodif.i.ed t ei i0active neubl astl ptide

i ncl udds a pol %ﬁlﬁ?a%"lil%ffé 8?6395‘%1‘1“ (gﬂgapq;ggelcglgagagﬁ é}a‘g‘r in the
presence Qfbushin tHaf &6 hof tafgstéd fat 46 2RI miBts SFEbibladinat e tiR6imoietybac €S

di meri zation of RET, and aut ophosphoryl ati on of RET., The pol ypepti des of

tife i nventsPrym afesminn Ifdesired; neublasha-sermialbpingin Susjonsicar by enprrigs Ysig genetis whi ch
por'ypept i féfi%ls Inggééamﬁrgueé“&kﬁé Lﬁhﬁﬁs?&se&tbeﬁhé\%ér&a' gﬁﬁ?g%ﬂééfﬁ& &flidol the

sequence sone e I ments ypepti e invention has
t he am notaniinhssaﬂpmeymnumsesemtbeﬂl eass. SEQ I D NO 6, holding a glycosyl ated

aspar agi ne resi,due 0Sitio mng acid se resented as
SE0 | DONO: 14, AnsramiaRe gryEge ittt g et Ebilhmed BEERR BT on o5
or the anake@pldSinRBR dr] PRcifibalBih dithak gﬂclﬁtﬁﬂ@hﬁﬁiﬂsylcdipdeyg%ﬁ%ted(ﬁsl gn aligned
by, e.g., Custal Wconputer software. In _sone enbodi nents, the po %@eptlde

of the i npERHarsHatpgs Mféhe&ﬁmaplaef an%éﬁﬁ%e@ww‘e@@tﬁp%s ifsa godyqt (i
f d d
reterre gppa?xg efhd1rdfe MR Rl '}ﬁﬁl!ﬁastﬁx%&grg *Eﬁéﬁ&ét%%le%l%{xﬁor tﬁaﬁ‘i stitute

for the a gl ne reS|due at position no 20
aci d sequence Mtk datieaivesof§elymdd-chgugaed nabbstimsdn¢loddevelent axsgiiBilé6- NO5SK;

or t h% conjugates of mutated heublastin or its fragments with other proteins or polypeptides, such as

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

residue immediately following the Asp-Lys pairing.
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anal ogous position in any nutated neubl astin pol ypepti de when aligned by,
e.g., Clustal W conputer software. This invention also includes nutated
neubl astin fusion proteins, such as Ig-fusions, as w.. described, e.g., in
Uni ted Statgs,0db@Ms 5: 434, 131, or serum al bumi n fusi ONScrAR20b o UTE

enbodi nent s, %he I'nvention provides a pol ypeptide having TR BMN% 8 aci d
sequence shown as SEQID NO1 wth the exception of one substl tution, or an
am no aci BioftiqePoKpeptils has at | east about 85% preferably at |east about
90% nore preferably at |east about 95% nore preferably at |east about

98% and nost [Fhepelypiptidesdf themeentivhamuy b3Povideddn iy Mohdive Herns Epleige
presented as  SEQ ID NO 1. 30 In other enbodi pents, the invention provides a

pol ypept i &k REp Pf]@fetpﬁ% PEGIFIA® PER-PIOteIse AR OlMSSEysqsalid, PRotgis, Hlo{l‘ne

except i on ot o] ﬁ hSOR at | east
about 85% pr%r&%gy afﬁﬁdsgﬂbrylgedgt %}gé%Gn 6 e pr fgbragﬁ ;mgt east about 34
WO 2004/ 0éerrigcorR@y ot oot gB el n@@%edrpmtenp Adfieactilé ;xetd;ﬂastleaeﬂofpmdclt 98%

and nost p rably at t abot 99 ent.i t uence, present ed
2o sEo | DGR 8 Brvediide B0 fuf Rele VLSRR el ot BRERERE S dhept | e
havi ng th%oﬁﬁﬂoﬂ(buélﬂdi’iFR@SNﬂM)Qﬁmﬁm m@;&sm:h&ztaﬁ&l 6/REDn@n of one

substitution, or an am no acid sequence 5 that has at | east ‘about  85%
pr ef er abl puigphospherylaipwof REGo%, rore preferably at | east about 95% nore

f bl t
Pent ity To ¢ poe Dalyftes o e ndRoTh RRREIR Y RSN A el .
i nventlioon whichvpodgeptidemefepsbibyt is gbeosydateda the é-residues irglidated is dguseqeacof SEQ I D

NO 4 with tthe exception of one substitution, or an am no acid sequence 10
that has &t'1&ast about 85% preferably at |east about 90% nore preferably

CI east about Pghie dRERAIRERS @rp%BJﬁ)iptﬁfe olf&@sﬁveﬁa@yhas&ﬁg/mﬁqa%mg%maéeef er abl y
| east about 99% i dentity o e sequence presented as .

sone enbodrevertedas SE(Q ID N:ht hodding p slyrceryinted asparggiagresidae mﬂgnﬂ% Oaﬁheno aC| d

oi'd sequani e Rables piisbited HRYBS Rk O yRigi i pHaTleh b linclesifl B 10
90% mnere appcgitﬁmasl yr tht ahadegolus puititn i 28§ motred renkhaingiulypeptidd wlentalighaiit 98%

and nost pref era{) ty\g | east bout 99%|dent|ty to the sequence presented
as SEQ ID ustaly FemBHish EA the invention provides a pol ypeptides

having the am mpsqied &nb&ﬁrabtﬁp%ﬁlypéﬁﬁaéd?ﬂ%ﬁeﬂﬂohmmmm R{uddte ONE
substitution, or an am no acid sequence 20 that has at |east about 85%

pr ef er abl resentpdasIEQ B3 NO:98xsferred to herain e&HBNQI&N%Kamntma@ lysine
residue substituted for the asparagine residue at position 95 of SEQ ID NO:2; or the amino
20 acid sequence presented as SEQ ID NO:24, referred to herein as NBN106-N95K; or the
analogous position in any mutated neublastin polypeptide when aligned by, e.g., Clustal W

(

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

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

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

that has at least about 85%, preferably at least about 90%, more preferably at least about
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95% nore preferably at |east about 98% and nost preferably at | east about
99% identity to the sequence presented as SEQ ID NO 6. In sone enbodi nents,
the invention provides a polypeptide having the am no acid sequence of SEQ
IDNO7 w ption of one substitution, or an ar [ gquence

25 that haé}p%%&ﬁlggﬁéfgabout 85% preferably at | east aboﬁcq%%“@g?%
preferably at |east about 95% nore preferably at |east about 98% and nost
pr ef er abl yosa4, rﬁ&apﬁe_fe%m%lht REYabshen8Ys! ahdirfost preEer SRyl HIEIBAE aue 9%t @htiBFto SEQ | D
NO 7. In sone enbodi nents, the invention provides a polypeptide having the
am no aci dhe seayensh peesertedzs SERAI NO:BEQ I D NOs: 8-21 with the exception of one

substitution, hm | ; e{;ﬁ& . ?ﬁ’eszimiﬁ 2t 85%
preferably at ﬁi’ég@it?e %g%ut 5@&%%9@81%%2@2%%@ %t eah’ssdtbmgbout ugf’%ﬁ nor e
pr ef er abl ysequenteefSEQIRDNO: D8 thaesiceptict ofjpnesubstitbtion, at anl avist acil) sequed@%o

identity t he sequenc resent ny ong,of SEOQ I.D - 8-21. In sone
embod riunt 0ot e FER G B Vemgat R ea o RaRR MR PP LS e o
sequence 0o59fpkdrt brehéPablf avichst abdig 99%,0ﬁﬂtﬂ1m?&teramy asSleds hbduy D9%BAdendity tBN ani no
aci d sequence 35 WD 2004/069176_ PCT/ US2004/ 002763 that has at | east about

85% pr ef dhgpagyense presgaied aneR@ IOY):3nore preferably at |east about 95%
mor e preferabl v, 3bml %ﬁédﬁ@&&%@ﬁ?f%ﬁg@%@% ﬂ@eﬁé@é@ 'h}i%iﬁ% tHeGfiho ARPUL 99%

identity to the sequence .presente urther
enbodi nent ®quenbeof SEQ M INOr4 pritimhel esceptiqnaif ppe pibistiatiom or ag amfre aaidisaqueacé d 5

R A N L S e e

pref er abl yos34, rh@@a ptef@iislyiat R&Yabsi®08%, adahest ?i%!fétatﬂ& al 16 hbdib 099, i@ty to0r €
preferably at |east about 9% and nost preferably at |east about 99%

i {entity t®esayensqeresentetias SYHBMNR4: presented as’ SEQ I D NOS: 1-21 and 36.
| h nbodi L 1 1 Qn: : h
n other embo IIﬁg&‘%lé cmﬁgﬁm@w?,?ﬁfgvéeﬁ-ﬁb%{ Eﬁ%%ﬂ@@%pghﬁ@e Haupthd SRinBalids the

GDNF 10 subfam I nger pri nt e co cystelrne amno acid
resi dues deegquapadSIEQ AD NS ogtitheexteptidon dfions substitatibndir ae Ao acldsequeneant i on

provid t at ed I i de.encoded a | ynucl eot.i.de se nce capabl e
b by bi o RS B Srat] %, mRATRCS estibof e RItE Rrefebiy B RS HEREo: | e
sequence e9yp,Ghdie pidictatilQ layRef abél 989, Sid@ndsPpfderably at lesst abup bﬁ%ﬁﬂlénﬁgytoﬁ
strand, or _a sub-sequence thereof. In sone enbodi nents, the nutate

pol ypept i d@e ssquencs prosantedas HBQIL Néoded by a pol ynucl eoti de sequence havi ng
at least 70%i i . t } i : :

pol ypepti de of E%h% émtlil%hﬁlrléﬁts’l tﬁ@lg&ﬁ%ﬂf&éﬁ%&dﬁ ﬁ%ﬁ‘tﬁg&%ﬂ %hﬁg{j}g%ﬁ%ﬂnﬁ%%&l des
novel pol ysapmenceleESEQ &0 MNQL:6Iwithathe parieptionoifeoe substititiquen er amipasidsegience

hybri diOZ ! nl%atunr%ll(sj gtrlezyslt %‘ou% %5‘%? ﬁ%&?&f)l}? aqqgalstt Ab%gt%o%,tnglor% g%ferably at least about
95%, more preferably at least about 98%, and most preferably at least about 99% identity to
the sequence presented as SEQ ID NO:6.

In some embodiments, the invention provides a polypeptide having the amino acid

sequence of SEQ ID NO:7 with the exception of one substitution, or an amino acid sequence
25  that has at least about 85%, preferably at least about 90%, more preferably at least about
95%, more preferably at least about 98%, and most preferably at least about 99% identity to
the sequence presented as SEQ ID NO:7.
In some embodiments, the invention provides a polypeptide having the amino acid
sequence of any one of SEQ ID NOs:8-21 with the exception of one substitution, or an amino
30  acid sequence that has at least about 85%, preferably at least about 90%, more preferably at
least about 95%, more preferably at least about 98%, and most preferably at least about 99%
identity to the sequence presented as any one of SEQ ID NOs:8-21.
In some embodiments, the invention provides a polypeptide having the amino acid

sequence of SEQ ID NO:36 with the exception of one substitution, or an amino acid sequence
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20 pol ynucl eoti de sequence encodi ng the pol ypeptide of SEQID NGO 2, its
conpl enentary strand, or a sub-sequence thereof. In sonme enbodi nents, the
nmut at ed pol ypeptide of the invention is encoded by a pol ynucl eoti de
sequence having at |east 70%identity to the polynucleotide sequence
encodi ng tN%’ﬁﬁV?%E@tlde of SEQID NO2. In sone enbodlﬁﬁﬁW§”mVﬁ@"?nventlon
provi des mut ated pol ypepti des encoded by a 25 pol ynucl eoti de sequence
capable o r i 1 t

ol ynucl oGPt M8 % Kad sBou 30 prifudbly B b HRRE yosh oiciaBnly & kb 8ol |

NGs: 8- 21, 95%esmorsqurpfersibbyrat deagt abont8%, and mastquéferably at teast abbetr2904 identity &a her

enbodi mengl{s t he mut at (A sﬁk%ﬁe@bg e of the invention is encoded by a

pol ynucl e esaguegcémg%eg 5 ast 70% identity to the pol ynucl eoti de
sequence enCOdm&&mﬂﬁmﬂﬁ@n@ﬁmﬁﬂ&oﬁmﬁa%lﬁﬁiﬂdbﬁaﬁ%the%ﬁnﬁo&id In some
enbodi nent s, the |nvent|o grOV|des novel poI pepti des encoded

pol ynué| e&tqugeresd Hp NOs% 1-B, gnd 36 withy e@ﬁféﬁ@ﬁl%pgwessybstﬁgmv
Cond'tlon%nwnmarcnee mwﬁwﬁa@aﬂ aﬁﬁﬁmcgrb fGast buPAARRK! de of SEQ

ID NO 36, Its co ntary stra or a s sequence ereo n sone
enbodi menpsferalilyg a‘rﬂﬂashabmlt ﬂﬁ)%ymemprdferabfy a lnastChBoMBS%)@nd ﬁ@@ﬂp?&'erably at

PCT/ US2004/ 00 ven Lon is encoded uc i equen havi ng
DO | oaat ook abaoon (4T i et i arRitia s Ba e i F A RasSs

pol ypeptide of hf&@r'eﬁbb@n%ﬁts,tBéﬁhhﬁ&d@a@lyp@hd@bmﬁnﬂaﬂroﬁ(hﬁldﬁﬂﬁtmeub| ast in
ponpeBtlde dieter can be isolated and then conjugated .5 to one or

pol ymiPs e fupiniingerprinh g fae consryulrasiele ﬁ@eslaszétmsmuse@fgﬁ@a@ql el ahlesd |an4>f t he
i nventiony The neubl astin polypeptide dinmer can be isolated froma mamalian
cell, preferably froma human cell or froma cell of murine origin or from
agg_gl | of Chi nhswmemnhyd'afnenwﬂteﬁmanﬁ@ movidasmrmttatg@mlypeaﬁdd ericodedty avbdi f i ed

n | astin _pol tides, i ncI t.runcat astin e of the
i nventi onpgﬁ'B %@3@8?“’%‘8‘? r?ﬁaae’ ﬂﬁa %{nﬁ &?@F@ S‘?W dgﬁt E g’h‘i’g*hfm on,
survival @blyaudléstide sefuenddenteding the pblypeptide BﬁSEQchNm o1, ﬂ@éﬂlﬁplﬁﬂerﬂﬁym asti n
poI ype tides are used to treat or alleviate a disorder or disease of a

| i vi nd3 anisand; ora gb-sequengeihsreofinspmg emgpdiments, the mitatedpalweptidsfifls ve to
the acti V‘lﬁv%n@c;n i? eﬁ@“ﬁﬁ’% IQ P&Bﬁﬁl%t\%%a%ﬁeqrﬁ%g h%%ﬁgﬁt{ﬁ@z% 50%%’6&5@} 33 are

descri bed 1n nore maceut | composi tidns conpri sing
neubl ast i rpekynhglemldescqmpnr@aaneedmgﬁlepplypepmiedeEQdDmﬂrraceut| cal conposition

IC(;UEH ISIORQ a andslo];rlleeegnbn en S, %he mve% x%es nove po ypep(%i'r es;[ Qn%oc?ed%s gt

polynucleotide sequence capable of hybridizing under high stringency conditions with the

20 polynucleotide sequence encoding the polypeptide of SEQ ID NO:2, its complementary
strand, or a sub-sequence thereof. In some embodiments, the mutated polypeptide of the
invention is encoded by a polynucleotide sequence having at least 70% identity to the
polynucleotide sequence encoding the polypeptide of SEQ ID NO:2.

In some embodiments, the invention provides mutated polypeptides encoded by a

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

30 8-21.

In some embodiments, the invention provides novel polypeptides encoded by a
polynucleotide sequence capable of hybridizing under high stringency conditions with the
polynucleotide sequence encoding the polypeptide of SEQ ID NO:36, its complementary

strand, or a sub-sequence thereof. In some embodiments, the mutated polypeptide of the
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The pol yner-neubl astin conjugates of the invention may be adm ni stered per
se as 20 well as in the formof pharmaceutically acceptable esters, salts,
and ot her physiologically functional derivatives thereof. In such
pharmaceuti cal and nedi canent formnul ati ons, the polyner-conjugated

neubl ast i n"WEOMPHYELE preferably is utilized together w PRI/EHOBI2T68 e
pharmaceutically acceptable carrier(s) and optionally any other therapeutic

i ngredi ent; . i r i C: Ln the sense
of “bei ng. dveBAOFisRAdbE by S beiitte AR BURAR s iPlend ORRBGTIRL T, 1° 05
not undul yotaheteideaegquehee d¢noeding thepobmpeptide b€ SEQFID NOs6pol yner - conj ugat ed
neubl astin is provided in an anount effective to achieve a desired

phar macol ®jblegicalbdfigint or nedically beneficial effect, as described herein,
and in a quantity appropriate to achieve the desired bioavailable in vivo
dose or concentA win-cwnjughted nbbilastihpolypaside ditherden boizshteduint #ivheohjapated
parenteral as well as,  non parenteral 30 administration, and specific

adni ni St r 4P PRROTTBYEPPLMISE Poblanfpiymer contigpig neyblasiin polypeniide dfmer ofthe,) |
opht hal m GuyeHiE U YRARstid SHIRPHECHMEE canibBiRMEPHR o hdrAASHRER) .
intrathecal, intra-articular, Intra-arterial, sub-arachnoid, bronchial,

| ynphat i ¢ prefergblyftom ahumameelborftomss & pell Fmwme0igity @rdeny 6 celDrf Clgaee4/ 002763
admi ni st ra}{aing%rogag{rn}f .ations suitable for aerosol and parenteral

adm ni stratt on, R cally and systemically, are preferred. \Wen the
pol ymer - cqpj ugat ed neubl astin is utilized in a fornulation conprising a
li quid so%ﬁrgﬁ?ﬁlﬁ; e

Otul ati on advant ageously may be adnministered orally,

bronchial ly, o arenteral | y. \When e pol r - canjugat ed neublastin is
orpl op8a i ' o M erhEh Belsentidei el PR ai i B ARl Brplags ok 82
bfoconpat ijiNeati6Pdre heful fformddertih® tetabblRm, SroWi, AlfFepmtinion, Besuraeh! 8fd Agenits| y

a nistered orally, rectally, or bronchrally. Aternatively, it may be

admi ni st efédronalsell.| i particpley miodified noublastimpelmeptides #rq usad treaher gllsvigier in a
carrier g { SRerS : Il t: o LS ired by
the pati onorigel Shiheet PRATRMSA 2R3k Ul RN it [ Spirng

devi ce. The tHeactivityadfi aoresrotophic iagent.gStdheareptnodnés and nodthdds arepdeserinet] in meeent i on
may colrgvegi' ﬁgtblﬁé be presented in unit dosage forns and naybe prepared by
any of*t hd°Ht0Fs wel | known in the art of pharmacy. Such nethods

general ly jnclude fhe step, of bringing t ctive ingredient(s) into

associ at i rl‘a\RPPFF"élcﬁla‘fq“?@rs‘tfoﬂéfo@Bﬁgf’gf‘ﬁ'fqggs Rolymer gniugatet ssory 15
ingredients. Typically, the fornulatjons are prepared b i,f orm y and

| nti et ely br i HUFHROYE IsARbpTRAcE SR LERRIRRLISY Comprirng  BRALEH BRERISER a | i qui d
carrier, golyjpBftidé ditn¥ shagk SedenflinGadtioner, or both, and then, if necessary,

shapi ng the product into dosage fornms of the desired fornulation.
The polymer-neublastin conjugates of the invention may be administered per se as

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

intra-articular, intra-arterial, sub-arachnoid, bronchial, lymphatic, vaginal, and intra-uterine
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20 Formul ations of the present invention suitable for oral adm nistration
may be presented as discrete units such as capsules, cachets, tablets, or

| ozenges, each conprising a predeternined anount of the active ingredient
as a powder or granules; or a suspension in an aqueous liquor or a

non- aqueou¥’Q 798{9681%6such as a syrup, an elixir, an erul BEBES208400376; aught .
Formul ati ons suitable for parenteral adnlnlstratlon conveniently conprise a

ot Iolmec v%inﬁ}n%ﬂ%‘ﬁaﬂuﬁ' F%g‘gﬁﬁgﬁ{ﬁ%ga@%ﬁfg?rgﬁtﬁ%&' ﬁar&ﬁ@aﬁ%ﬁ%sggﬁ éP m gabl y is

sol uti on) .an®systenticallyyhetprefasedray i ncl ude suspending agents and th| ckeni ng

agents or othe rt| cul ate yst esigned to ta t he
conpound to. bi SRPIBTB BRGSOl S o SFPTHER SOPBRFRE rmy be
present ed uqmd%lduoﬂcm@f&fnumﬁbﬁ hdvaB@Bedus! ?%ayerﬁ aU%ﬂEtel%Bro?dﬂy‘: %ﬂaﬂlﬁw ans
conprise purified agueous solutions of fhe active conjugafe wth

pr eser vat ipaeenteeahyt the podyroericonjageted sieutduatin iy emplayed inadiquigkspeneiper abl y
adjusted t

merbr anes. DA P REs bOPUR S £ Rh G R Rufnulidel, b Gorion BGHE.
supposito raylvantageow;ly amihatere arally, lr&tal]g;@braxzhmugo Altoriiatiesly, itupdy bgenat ed

fats, or r.Qgen ted f at 0X) .38 004/ 069176 PCT/ US2Q04/ 002763
hei o ContHmEe orsrly 2 boRSRRe Kknebuzaton OhiES BORIR el GrEE B 6 1SR | a

net hod t 0 dafius digSeddions Bf BY¥ poR A& R idiNsHirell B9 iR pafBst fichPh BRbhidgadlcai S are
preferably adjusted to match that of 'the eye. Topical fornulations conprise

t he cdfj ugampssing astitablenebdnlizesded¢essol ved or suspended 5 in one or nore

medi a, such as I bases
usedfor Top o At BB portohid i Mo ok MRt (iR gR iy Bl
r ement mmeekma@hadmai&ge foings ztndmaylbetpte:peﬁed(bfy ainf io$ the myetitdds awellkaywn irur t her
1 ude on re acc gr ed| el ect fromdiluyents, buffers,
fI avor i ng mﬁ?"é’r §‘t‘"z'd¥‘%{;h?‘g gegqﬁx é," éﬁ: S&PQ gﬂ‘ﬂ%ng theiaetEner s,
| ubri cant g 9&1@1%@51@6 héé@ﬁat(drﬂﬁitl’t’&jbﬁﬁerjtﬁat%aﬁdti@&ibsd@lﬁto?hor@wiésbﬁl like. The

f oregoi ng COI’]SI defations apply also to the neublastin fusion “proteins of
t he i dentihgredi¢nis.g. neubl astin-human serum al bum n fusion proteins).

Accordingly, t i nve ion inclu i of .suitable fusion
proteins for ﬁey“ﬁ%?ﬁ% %B‘Pﬁﬂ aqsl WIS‘?”%J{%;WWJ%% b"é‘%}%‘atbﬁ@%@s@u n

conj ugat e dcﬁve&ﬁ?xbﬁieﬁl@s) 8 agsochatied with @diqiid|casiet, atﬂneey dividbdl sdlid cartiepfort he
invention. The fusiqn proteins may be enpl oyed for @garrpl e to increase

the resi stboHsand e AL YsratRY. 3@@%&%&?@@%@? fiesagforme AFH§4t ed neubl astin
pol ypept i %m"i\géjadﬁr ovi des a neans of inproving shel f i fe room tenperature
stability, and the like. It is understood that the foregoing considerations
apply 28 so to Ehenulnmmﬁtqmessetrmmnablbelmahleffusor@lradpnmsmm nfgyrbsl udi ng t he

UL t%)lrgs%ltltle ash 88 0te Difts'Slch as capsules, cachets, tablets, or lozenges, each comprising a

predetermined amount of the active ingredient as a powder or granules; or a suspension in an
aqueous liquor or a non-aqueous liquid, such as a syrup, an elixir, an emulsion, or a draught.
Formulations suitable for parenteral administration conveniently comprise a sterile

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

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

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

suitable carrier such as cocoa butter, hydrogenated fats, or hydrogenated fatty carboxylic
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al bum n fusion proteins) of the invention. 20 Methods of treatnent The
conpositions of the invention may be used for treating or alleviating a

di sorder or disease in a mammal, e.g., a primate including a human, which
di sorder or._disease is responsive to the activity of neurotr i.c_agents.
The corrpos?‘quﬂ‘émc‘)’fmt he invention may be used directly wy%@%‘g&ﬁ@nj ect ed,
inplanted 25 or ingested pharmaceutical conpositions to treat a

pat hol ogi Gaiq. m;mqﬁﬁﬁmrﬁm&fdny&mmse oﬁﬁi@b&ﬁ&ﬂe&'b?@'sﬁﬂ%%&lﬁﬁ to fHae

conposi tions may be used for alleviating a disorder”or disease of a living
ani mal bodysal sm}',l;atquﬂatﬂnm&ﬁndmtm ﬁp@tﬁraeieprefnrahi}' sdjusted fosmatelsihatinfi ve to

t he actl\ﬁl%g of neur ot rophi ¢ agents. The disorder or disease nmay in
particul ar eydamage of the nervous system caused by trauma, surgery,

[ s?:hem a, i nf e@opizal, fomlamsicoﬁﬁhmmuga&s gﬂﬂfeim\ir?nﬁad didﬁili'ddioesﬁxper;]dedd

mal i gngncy,_or toxic ents, an enetic i di i C esse The damage
may | n%par‘P OB TFROTR 8o 45 GHele] e ‘i}mhé?aﬁ’gﬁ oY alpphals, aF o%quon

cell's, i ngjshfifoRgopitay %}Qﬂﬁa&éﬁuga{]%ﬁﬁqﬁ@hs root ganglia or in any of the
foll owi ng tissues: eni cul ate, petrosal and nodose@gangl ia;, the

vest i bul oacousti éddlmmﬂo @fbrmtl@legmgwhm thel foamle@rm thiegertion may
PCT! US20044 002 18 u1c8E W ek oS - 8IG) R oy e, TDEHL!

| obe of the trigem Al gan (o)1) Sencep em na | eus.
I n sonme erdgents, rﬁwﬁitsgr@:its,tshﬁ”amﬁo@lageﬁts,tﬂmkermsambnomts tpmexdaﬁ-&amclodmgl sor der

is a eur odegenerative di s se |nvoIV|n | esi one trau eur ons,
such a@ ﬂ’gg glffs B@S‘?IB&&?I& GWEP%@PFM% ‘Réé‘iﬂlq aStéFh BIGR t he

spi nal COf;ﬁ‘oteﬁ@BPﬁE ﬁ{vehﬁ’&ﬂ%fg %eﬁﬁwtﬁﬂﬁbmgﬁﬁ&%bunﬁiﬁlfﬁ&%@éﬁ?d especi al l'y
peripheral” neuropathy, peripheral nerve trauma or injury, ischem c stroke,

q_t e brain i njAscordingty the prpsentinvension inchides the pravisienef soitehle fstonmonteins
l h
di ahlelto eg Ofr&c rngzﬁ]tgcfét%nhi%lﬁg t%?é ﬁol&ﬁlgﬁ%ﬁa‘%% 'n@ﬁblas@ﬁ %@@%&tg Pfejéco?lﬁf%ﬁe?s puch as

I ous agent
neur odegeméfafred/ﬁluﬁttamé dpplivaticicofithe ingen@ioﬁh Q‘hdsrﬁrsm& pidieids aRgdHe embloyed fogt on's
di sease, Parkinson's dléease, Par ki nson: gf ndr ones r ogr essi Xe
Supr arldc| ¢XaAmplgie {nereascthe Eest AR o FIgnEHC nﬁf Af Rehaner-conjugate

Qi vopont %ﬁﬁlﬁgﬁlﬂgﬁfpe ideCHn roxfuga Q’ﬁeanm shedt e, 260in (Mpletdnpb & Syst ens

atrophy), Guamani Ki ns n| sm denentia conpl ex, arryot rophic | ateral
scl erosi s Stabnlltwa}ad(ﬂleﬂd@ dois guddrstodd that ﬂlmmg@l!myenadwfn% applyelsedo thand nenory

i npai rment__connect ed t nt| o nd/ or
aut onomi ¢ réei} Feur 8@3’9’% S138 PY OtCI%@flé‘ﬁﬁmthg e c%ma%nnggﬁg%g%%“@e and
mechanor ecfinmiv €usiiproteisyafthdmvemtibat ed, nore particularly A- delta fiber,

C-fiber and A-beta fiber neurons. In addi tion, synpathetic and
par asyagpatMethods ofn@eitaieat of t he aut onom ¢ system can be treated.

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

geniculate, petrosal and nodose ganglia; the vestibuloacoustic complex of the eighth cranial
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In sonme enbodi ments, notor neuron di seases such as anyotrophic | ateral
sclerosis 20 ("ALS') and spinal nuscul ar atrophy can be treated. |In other
enbodi nents, the neublastin nolecules of this invention to can be used to
enhance nerve recovery followng traumatic injury. Alternativeuxksor in

addition, ¥N¥YYILEi dance channel with a matrix cont ai RFKYS2004/0

pol ymer - conj ugat ed neubl astin pol ypeptides, or fusion or conjugates of

mut at ed neuRbaRé vehtroRAYIRRIM dARSmaRNoRendiRRA 168 Jfiike hRbRidal SE366H; ke

met hods. Such nerve gui dance channels are 25 disclosed, e.g., United States
Pat ent No thegngsucephalic trigensipplnueletdi ment s, the conpositions di scl osed herein
(and pharmaceuy gale éhtd 41 m @ﬁ&’&fé&ﬂﬂrﬁﬁ@dﬁ‘?ke%&a&ﬁ?%%{he}E treat ment
of peripheral neuropathies. "Anong e peripherafl neuropathies | ncluded for
t r eat ment nedrbegeheating! diseateciavalving hésfonedareirauatatia nenros; suutiess itrachi st

neuropat hies, e.g.,.those caysed b hysical .injury or. disease state
hysi 81 | K5 Ahiohtral RV e meckily Snd s Gsniual s crhreliBiae SRR s r oke
associ at edamhid)nfirahathycia ciall3PeripiRed] AbQepARY, pehistetd aefe hialudh 8Finj Ry,

neur odegeneration. Al so included herein are those neuropathies secondary to
i nf ect i on jschemictreley aenie braindniiry) ecife spipa sofddnjuss nprvopsFysteay tumorse myHidde her ei n
are those p | secondar st:em 3 i LS . Eor
xarpl o, - PRESRER AR o RS kB I S o TR oF b MR

chenot her and damahscenked By Wieidid Aginfd | nénrddegéndfirive disofd2mancludiag Atyhainer'es (such

as thqgse caused _by. deljvery of chenptherapeutic agents, e.g., taxql or

ci spl _if% n)dfs_e%ssilﬂ W’_&P&éé’bﬁeﬁ%s«u %—B@fqr%pse‘gﬁeaﬁﬁ _ﬁg_iqmem _ﬁ'aswmrag%mgéeém_ _
vi t am n- defupeh ey Pals? RicQERADFRARDIN8Rski BHRORL)) OlivEsshtcRRbE8 Atrofhybet i C
neur opat hi es; and post-herpetic neuralgias. See, e.g., United States

p@e nts 5(@B6AREhyrdss SynérosBsmullipigieystems alpphyd{enamagtes perkinsogism be treat ed
acCordi ng e | ng i LES. -l tiplex

neur opat hid%lgl?ﬁ%ncg \gﬂy@hgﬁo@%&lﬁ@%g%lé}ﬁég{,&g[ﬁﬁﬁg&g%ocﬁg&ﬂﬂgfr% denyel i nating
neur opat hinesroddgencrativge disdasy] amnbmemorytimpaicmegiesniected so démdrtia. i nvent i on -(and
phar eutical _ conpositions conpri saqng sane), are used in the trtﬁgt nt of
vari odg di sor d& omeembpdinaents, sensgry; aad/iof gitpRPTIYA SYHR RepPRT can be frepted-t e ret i na

in pati entariifbl n6¢ieshtivt bl MeGHahSecBISRGHGHs| Bl be &eétédzirﬂdrépﬁhaﬂﬁw Asa,

gl aucomm, "and sim | ar diseases. Methods and Pharnmaceutical Conpositions
Thi s i nverdeltafibgsr Gibdeandnebete diber rpurans.e iy addifionesympatheris endparssympathetia eat i ng
tactile I } Qr i]Qg s of pain sensitivity associated

W th neurg‘sargﬁ%&tﬁ%%&g&éﬁslgm&&?g&net ég%g' use pol yrmer conjugated neubl astin
pol ypepti de di narssme embbditienty, rotoenarandimpasesisoch 43 angyotroplec latdral-sclerogish
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pol ymer  molecules of this invention to can be used to enhance nerve recovery following traumatic

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

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

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

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

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

example, the herein disclosed compositions can also be used to treat chemotherapy-induced
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conj ugat ed neubl astin pol ypepti de di ner suspended, dissolved, or dispersed
in a pharmaceutically acceptable carrier. 20 1. Treatnent of Neuropathic
Pain I n one enbodi nent, the invention includes a nethod for treating
neuropathic pain in a subject conprising adm nistering to the subject an
effective MPo8¥6a pol yner conjugated neublastin polGHERPYO2WP ner. 1n
sone enbodi nents, the invention includes a nethod for treating neuropathic

pain in a =a Ty i L e j
oA, GHEDH AR b5 SRR Bk Ll

pharmaceutically effective amount”o ) At ec _
pol ypept i dispating toxinimdpeadsiemypathiss, deygaimdiiced ngirogatingevitamintdeftciendy-or  nut at ed

neubl ast i i .4 NCludi n o P! f . | .1, 2, 6-21
and 36 or r%%&?r%qlg‘%‘g%)a&gésﬁéwgﬁ%#?&éaﬁegr dlg eglﬁéf&gﬁat%fs’%ggg 8%{%[% tﬁ? stering to
t he subj eakeurlgiRf Seecé. gy UnhedStates piterdts 5,406 BQeaids,91608561 ng conpound sel ect ed
fromthe group ,cqnsisting of ioids, anti-arrhythm.cs, topical anal gesics,
| ocal 30 anaesﬁ’i‘&tio&l,mﬁﬁ%{lf”&f'ﬁ&ﬂgﬁ# ,te‘iﬁﬂc? i@ ARYSRIOR 8% i cost er oi ds and
non- st er Oirfl@o.-rifdpathlel | hetTRLRpYex HettdPathS AP BdIy-etir aﬂfeﬁfﬁaﬁaﬂgﬁmﬁﬂ' ment,

the anal gesi a-inducing conpound is an anticonvul sant. In another preferred
enmbodi nentand demyedinatingsuropathiRsci ng 41 WO 2004/ 069176 PCT/ US2004/ 002763

conpound is ga nt i (1 - am nonet hyl ) c ohexad etic acl or

pregabal in (S- ?‘i%?’!f‘-é‘gbnédé%?ﬁgr{ﬂfﬁr?eiﬁ%ﬁ%’%so%ﬂ“)mﬁ‘%ﬁ%gﬁé?%?Pam cgﬁ%le neubl astin
pol ypept i dempesiﬁioﬂs_lwi_npﬁﬁinglednﬁﬁ apf ustdhinsthe ﬁga‘tmbﬁtgjlf verng di)dwddmameh% éyég!
conposi tiqnsg conprising, pol yner conjugated n stin po]ypeptide diners
descrifed lacﬁwﬁvgﬁwfora?egtq& Tosh I i ftite 7 atiehis Aftiged yafilﬁl%ﬁ@ﬁ@?g&?gah%t h

peri pher a'retﬁ@ﬁhrﬁgﬁéﬁlbﬁsgla&é&{hgaﬂcf‘s%ﬁlﬁediéeﬁé'é%f al neuropathi es which can be
treated according to thrs invention are trauma-induced neuropathies, e.g.,

tfiose Ca“?ﬁ&h@?s ﬂ?@%ﬁaﬁ‘?‘#ﬁbﬂ#g kisgase state, physical damage to the

brai n, physica e spi cord, stroke associated with brain
damage, and ney fi&rﬁ% HSHARIR fortlediirithehfopRfit QL 46 RAathd @Bl 10 The

i nvention al so prsgll\ll‘%ges r?gat ment s ofr ‘ceﬁ%%g% he_tpapy-_i nduced ane ropgt hi es
(such as allbdydn, endifoededuging ddss wEpain ednsitivityrassheiatag sithincuregathy.s Theprgsent t axol

or cisplatin):.toxin- induce eur, thi.es, .dryg-induced neuropathi.es
ot hod@n. iids 4% aotimt GG b RRR) PORtp it fhe-h Inkifing GilcRABinprifh
Vi t am n- devidaeti e fall-1enpit feblen pelppeptit @sar biddctaatdncated aeublpth Polgpeptidesd
di abetic _neurqgpathies. See, e.,g., United States Patent Nos. 5, 496, 804 and
5, 916, 555,11 addifiom dhednyentign prayisies Bharmaceuligal CONpESIfRNS COMPESING J BAYMEH st i | |
further c ; hinR dNBULRRALI Q- mul ti pl ex
neur opat h?ggﬁ@%ggﬁ%gias{%%ﬂ?@%g?ﬂl es, s\lﬁﬁ%d’l négé axo’naldﬁgﬁrcsi enyel i nati ng
neur opat hiphgymagsitivglly hesepteblblarsiei.n nucl eot i des and pol ypepti des of this
i nventi on.

20 1. Treatment of Neuropathic Pain

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

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

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

compound is an anticonvulsant. In another preferred embodiment, the analgesia-inducing
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The neuropathic pain nmay be associated with a nunber of peripheral

neur opat hies, 20 including: (a) trauma-induced neuropathies, (b)

chenot her apy-i nduced neuropathies, (c) toxin-induced neuropathies

(i ncl udi ngwRIHeodlRb17si M ted to neuropathies induced by a vitamn
B6 i ntoxicatl O?l hle*kacar bon i ntoxi cation, am odarone, t?ﬂh?i()b en-€6(3:o
disulfiram isoniazide, gold, [ithium netronidazole, m soni dazol e,

ni t r of ur avdM@peynd if gb)baﬂéﬂﬁg((mdumeﬂethmmmaidme @beticiadid) bEpregabiatie (SKpHUL-1 C
drug-i nduced neuyropathic pain (such _as caused by anti 25 cancer agents,
parti cul affjnoxir{d-methyiEeryAfutansicssiddct ed from the group consisting of taxol,
taxotere, cisp ?l;‘ﬁ’lt NP ?ﬁxrﬂye i ne; and
such as caused%hébg}la{gﬁl?ea 1geseéfn1kis'ﬁﬁélb§tra![n:a§8fﬂ an'? l?-@lag,h géelﬁﬁgl

sel ect ed fempositipas gommpsmg)mimcn qwg;ugatedi dmblastlmp)?lyneﬁﬁ,de flssaraidesetibeddapsone,

t d d d t hi
(T nel i et afgfied fript Bk o BhinahsoRHled Wil pAAR ool RtiE, ABRHE R M ©°
gef 13 ci encyeriphethl nﬁﬁraﬁﬂﬂﬂeﬁvﬁﬁﬁ bmhlmwied agédrdlgﬂ kd)thiﬁlhiééhtlﬁﬁ ufeomtdauﬁ@ced 9)

i abeti ¢ neuropat hi es oge nauce nerve da
i nf | ammat PEHOPARY pa&%é@ rﬂ&sﬁ;@m&aﬁé 3 ?ﬁﬂ%w%arr%r@geeﬁ@m ﬁal dewyg%@rﬂéed. tary
neur opat hyrfh ReL4EH BemBd to R sp idam&@%trbfee ISk BHELWAR bRliPsdrfage, dn@m | i al

anyl oi d pol yneuropat hy,  Tangi er di sease, Fabry disease), ( nmet abol i c
di sor der s neyrplogic lmdmrelat@ttomemoslwner@tmmnal i nsuf ficiency and

hypot I%r oi di 5 rr)I‘he {ng}ntio a s%lt ' We%fs@cﬁ&%&#ggﬁémgug) GH%%%%/ E’s%@h? 63

viral "neuropathies (inc uro at crpalinvassoci at ed
wi th | epr asthose @MMWMmpfdmmm&ﬁeuﬁc fgents, agsmoladreﬁplumj;taxmi-ectl on by a
Vi rus, part arly a.virus, sel ctedfromthe group consistin of ,a herpes
g us (e gldua@i Patdgse @ﬁ natiies; Rpthqgglin @gr JINeHdEted a), a

human | MMypadsihied, Sitein/dd; \ﬁmed%éroﬁaﬂiﬁﬁ“ itio £Eﬁlc‘ﬂe Ggithwé rlﬁad@labetlc

aut o- i mmune neur opat hi es nc udl ng but not [im | ai n-Barre

syndr ome, newropathies. $asf &.anbimited Statde PatpatiNasas, 49@8(1%1151@@3116@51 d¢agh hereinocl onal

ganmo ned ni n tri gem nal
meur atgi a e pobEFEieBirRe, T akekiof BEBrda cal 35 1R P BRln: o8 Bhoar pel
tunne: ) &eﬁﬁﬁmegh’lmgb mﬁﬂpnﬁaéthﬁatmas &n&?’d]jﬂh&ifﬁﬁaﬂnbi]@ﬂdlﬁﬂu@amﬁilgmﬁr au mat: c
neur al gi a,, phantqom | i aln, multi scl erosis pajn, co regi ona
pai n syndfgmEdmeing peyay %PS%@CPF%? éantl%leqt@madm} {TEFét‘ﬁ)ég“%iyst r ophy,
causal gi ajyvelegp! asi a- associated pain, vasculitic/angiopathic neuropathy,
and sciatica. Neuropathic pain may be manifested as allodynia,
hyper al gesi a, 's“b@mmmﬂusppamydm apeq»axatedrmﬂmumbegofmhcn%mnmﬂmcti | e

' o 200, S b i FEbea PR RSB el Spotint Fel ol Retide (5 oLy
that is nmdsxm-ﬁﬂdﬁc«tdﬁwmpaihies (fﬁbiudmmuemttt lieited tomdunshathics indickdbly hloshdlismat i ng
tactile allo amﬁlrﬁg tox1cat10n tiﬁleea(t:ctarbon intoxication, amiodarone, chloramphenicol, disulfiram,

isoniazide, gold, lithium, metronidazole, misonidazole, nitrofurantoin), (d) drug-induced
neuropathies, including therapeutic drug-induced neuropathic pain (such as caused by anti-

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

30 deficiency, and vitamin E deficiency), (f) idiopathic neuropathies, (g) diabetic neuropathies,
(h) pathogen-induced nerve damage, (i) inflammation-induced nerve damage, (j)
neurodegeneration, (k) hereditary neuropathy (including but not limited to Friedreich ataxia,
familial amyloid polyneuropathy, Tangier disease, Fabry disease), (I) metabolic disorders
(including but not limited to renal insufficiency and hypothyroidism), (m) infectious and
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In sonme enbodi nents, tactile allodynia is treated by adm nistering to the
subject a pharmaceutically effective anount of a polynmer conjugated nutated
neubl asti n pol ypeptide 20 diner alone. In a related enbodi nent, the

i nvention | met hod for treating tactile all odypj [ n bj ect,
ei t her by m"ﬁﬂ@?é’?i ng to the subject an effective amﬁhfmg#ooﬂ&ﬁiﬁgyrrer

conj ugat ed neubl astin pol ypeptide dimer containing truncated w ld-type or

mut ated ReMedbhthicd ghma&ag ib@eifot litdied Wditbpathidpain Asodifd Wit M&raxly, SEQ | D
NCS: 1, 2, 6-21 and 36 or a 25 nutated formthereof, either alone, or by
adni ni st eLiymg disgasehreusapsfhicpaim psseditted with énfegtion by aghrus, patouiarly e vips

| . ) o o e . q

ol Lot oq Siectbd SodteubhrtontfiBtilonts 1l A2 LAGH AsleP Hich N T0MR 05

anal gesi cpostiherpetic anasgial ethuamn immuhodefinendysdnis SHINAY) tndle papedarantisys), (n)
ticosteroi.d d NSALDS. .| fers diment, th :

el gos: achiitRmRg neBmaR G dudind i oL bRl ARt et simEyme, cboui e

enbodi Mentinflanifatety dd Ny Hiastimy polHéalopsth ¢ AaHIUIHall gamBdpaM§ BF iidetermined

((1-am nonget hyl ) cycl ohexane acetic aci c;f) or regabalin
(S (+)-4- am%mgze(aad pelyagurepatingi (ph iigeronal ngwplgia and enlaneent AdMmRSNt s, a

pol ynmer coqj -af. ast I I I I - 1 ni stered in
associ at i g%b%%g%gtﬁ%%%gﬁle%gg%@’ ?@c@ﬁgﬁfﬁggﬁﬁaﬁé p#ﬁﬁﬁjdg%ﬁl 0 an anti
43 WO 2004dcDfsirig/ifsPraunifiei8dralfi phahtom dimbarairg genitipl©sclerosisipdin,-cotnpldx agent .
Anti - cancer .agent.s i ncl ude, t are not |imted to, taxol, taxotere,

ei'spi 301 n eeigrabers sysrorysinc gt noh e it SRR R RHB A | -vi 1 al
agents i Rgdsuigf), RUbladii-Cassilatdd phid, VaschiBtic/A@opatiidneustiphihyf #RIGe1XREa, dapsone,
net roni dazol e, and isonjazid. 5 3. Ireatment for Reduction of Loss of Pain
SEnsi ti vi Neuropathisauitemar howanifisted as plledynisy byperaigesiangiontaaeous paistor pbanten
reduci ng gﬁ | oss of pain sensitivity in a subject afflicted with a
neuropathy. 1n a preferred enbodi nent, the neuropathy is diabetic

neuropathy. In,a preferr ' he | oss of pain sensitivity is a
| oss in ther maF' pai ﬁr%agrx]lgl ?vﬁ%@eﬁm‘gnlﬁnventi on contenpl ates both

prophykactic a ther .G o ) LG. . a

pol yrrérk conj uggﬁ %%gnwpgﬁggﬁﬁ%? atg&?&r%ﬂ%g#e §/sptle);[l)l?e’lné(’ﬁ)gemllag%l ?%gé él%éetcéﬁﬁl&g?é}%%sr ed to
a subj ect eatkedibglstimuladen ef thpiskig (¢.g3suchj thatis hosedllyiihnocudys, Thiihveiibject s
woul d be expected to be subjects with an ear]y stage neuropathy. The

t r eat ment %‘fwsam@&@ﬂafgwwlamfémeéﬂe%m&mé& Hnces woul d serve to treat

at -ri sk pati enfpsdMEBYANEILY tachR HBaJiREiARGEE bG alh SRk ERR o (1R sﬁgbéﬂﬁer

conj ugated nutated neubl astin polypeptide dinmer” is admnistered to a
subj ect wipbarmaseusicplly ¢féastiveiathowy obi pglzner confushtedl wiutatedeublastinpalypeptide
af fli (‘Zbi O'?iir}%rtaﬁlon% neur opat hy; such subjects woul d be expected to be subjects
ith &7l ate Stage
In a related embodiment, the invention includes a method for treating tactile allodynia

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

administered in association with a therapeutic agent, including but not limited to an anti-
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neuropat hy. The treatnment with a pol ynmer conjugated mutated neubl astin
pol ypeptide di mer under such circunstances woul d serve to rescue
appropriate pain sensitivity in the subject. 20 4. Treatnent of Viral
Infections_and Viral - Associ at ed Neuropat hies Prophyl actic ére t nent

f
i nf ecti ous YAhHOWPL® neur opathies is contenplated. Pr OBFIW @P‘?}%ozz@ea?rrent

is indicated after determ nation of viral infection and before onset of
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(and nor e igpatdzidcul arly by a herpes zoster virus, which may lead to
post-herpetic neuralgia), a human i nmunodeficiency virus (HYV), and a

papi | I gma virug). | Tréitmehi RF FeduriforcsiIds 6EPdin Sendifiviyy"er conj ugated nut at ed
neubl asti n pol ypeptide diner is admnistered to 30 reduce the severity of

neur opat hi ¢ pailianc#ed ¥inBoditnea RRafivenfyi Rt RS DhetBod foe raducig theloswdfipain of t en
i ncl ude the appearance of a rash, OQher _synptons . .include, for exanple, the
devel opnerkensyivitydn 8 sejest afflicted, with apgwropsthy clnaprefered erbedimentylhgy which is a

comon co i i :0f i b [Fyalel : = etic
39110 20047 BBk AR RoNEARED, GEEhRLH cpEbiRknt 8108 Fphin EREINLES, T
and may appssan theewalipain semsitivity. dhisdnventipn cesémplatesboth prophylastidande

di sap areig. 5. .Tgre%tnrretnt of Painful Diabetic Neuropathy Prophylactic

t r eat ment efra;&gp?] Htabet i ¢ neuropathy is contenpl ated. Prophylactic 5
treatment of dibepbhyladiiUreaaintiagfolynitslconjcnemntated nbeslasiaipelypptlei on of the
i@_ti al djagnosi s, of diabetes or diabetes-associ ated synptons and before
onset of rEMFGHadministesed t9 a subjeghah yisk ok Jevelopiag doss Af PR sersitivity: sueh sibisctsc

neur opat h . ] ol i g at risk for
ovel opi na L pEPREEAEIRAGIR YA R oH Pl oy, TSP N B ot
pol ymer caowjiblgstinavidensucht eiccunmstanbasyautd geovetp dyeat atheiskl patéentsi pgeeedtivaly.st ered to

10 preyent appeapance of neuropathic pai.n. .Ipn a | ternative enbpdjnent, a
pol yngl% conj ug é’ﬁfapﬁ‘m&e ﬁnw@mo c?rﬁ.(nagg%;% e"ﬁ{"{;tfg %\Wﬁ@%&?ﬁ‘ﬁidé‘f@r ed to
reduce t hgs a@nialsterad t0fa sObjeEtaAR! ik expepidhded Idka'of Paln s@islitivag s apReRoed. 6.
Nervous System Di sorders In a further aspect, the invention provides a

met hod of affligtien With a peusprajley; snehgubjests pegjed te be anbjertewith p fatestagenj ect
(such as , Ml i : } i :
{hor apout | TSa PR PRY AR bdltink oBuEbEd iarcd holPdin RfoRRle dmr
pol ypept i dederssuclccirmuostancasrwanidseavato mescee appudpiriatetpiam ssositipiépini thesubjectrut at ed
neubl asti n pol ypepti de coupl ed

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

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

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

Symptoms of acute viral infection often include the appearance of a rash. Other
symptoms include, for example, the development of persistent pain in the affected area of the
body, which is a common complication of a herpes zoster infection (shingles). Post-herpetic

44



to a polyner, or a conplex that includes a stable, aqueous sol uble

conj ugat ed neubl astin polypeptide or nutated neubl astin pol ypepti de conpl ex
conprising a neublastin pol ypeptide 20 or nutated neublastin pol ypepti de
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i ti onalppip tha dpselready appeamdi ng neuropathic pain, for treating tactile
al | odyni a and kor rﬁg‘%@%ﬂh l?l%)lg(;rdg?sl n sensitivity associated with

neur opat hy. 7. Dosagé oregol ng met hods contenplate adm nistering a
to the subject mwﬁﬁﬂuera;bbqt, the jtvestionaabiges aanéthasdrmﬂtﬁaatlmglomawntmgmg a pol yner

i ted tated bl ast I t d t hat
C e g8 afous RCHBHE TR b ST e 4 ) ) AUREIEE (6 YHICCR PR
subj ect,  MRledtdYFerafiatat At it MndRRAU ol cBifhdated Keibliid Bk, ROCY

wei ght of the subject, pér dose. Mre preferably the dosage 1s from "1 pgl kg
to 30 g/ kgompesjtiarEcontsinhg a oeublastin polypentide Opleutatﬁdsleublestlg polypeptideogpledy to 10

amoant s oS FREVSE o b S HRLEE luBR o sliP BueiELARSE L ke EOESH, 'S
subj ect i polypegtideive nmtdted weublastirspul gpeptids mlas@mmmmabieablbstu@m@peﬁuc&kr Il in

the ar wi t hout . undue, experi nment at
tO or mutated neublastin po ypeptqge coupieg to a polyalkylene moiety such as, e.g., PEG.

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

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

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

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

impairment associated with dementia.
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.8. Delivery 20 The pol ypeptide dinmer used in the foregoing nethods can be
adm ni stered via any suitable delivery system and preferably fromthe
group consisting of intravenous delivery, intramuscular delivery,

i ntrapul m)nar%/ del i very, subcutaneous delivery, and int ra_Feri t oneal
delivery, M:10049681%r ably via intramuscul ar delivery, iREFEVOAEWI76el i very,
or subcutaneous delivery. The neubl astin pol ypeptide used in the foregoing
nmet hods can al J 1.ni s i @) t '

Adm ni strati On?&%ﬁgnag%%nﬁ%l?}_ (gf(r)cﬁﬁgl&é’?seo dgsg’ﬁ%% égtd?s%?%%ﬁ %{éépi{?q{&’é“&} WV %8an be,
e.g., Sysystsif,chaedudiapdr. thd §pindl oondpdsavélpastranmalindleed hagepathied, abl e f or
parenteral, as well as nqn arenteral ,adm ni stration, and specific,_.

adni ni st r SERATSTRYRA GeE Qeyuary %W%wm?duﬁ R T A
opht hal m GitarataRfeAtRAGLHEncd HehrdPathieylidibpathid hE@¥FARIES and AP pathies,
intrathecal, 30 intra-articular, intra-arterial, sub-arachnoid, bronchial,

| ynpha# i c newrepsitlie pain gappgciatedveth toxiniinducedngrvrdamags: pashogemdndwo¢dnarems sui t abl e

for aeros d. O | RATES i ly, stemcally,
re | nol adenitoRLERLES oSNt AL B neiBlckeh . o LS O

i nt r anmus c uéwblastin polypéptide dimnerds additionally usetiil dor. tredfing/MeuzéHadiOpdid, #or treating

PCT/ US2004/ Q02763 8. imes I p sope, enbadi nents, the, frequency of dosing
for the pm}%@@ﬁw md':?g?rﬁcm&@sw 8Hv1&f%§§?%g‘rw£n9}aﬁm>§teri ng to
the subject a fornulation three tinmes a week for two weeks. In order to
optim ze ther aZreutiEO%‘BFi cacy, a polyner conjugated nutated neublastin 5
pol ypeptide diner is first admnistered at, different dosing regi nens. The
unit dBse and Thefressineaethers coptemplateadiminigtering A & the gubject .r?feltagaf speci es of
manmal i |2 I 0 : i : .

0 cal |y ey, b FEvhfHRUA Com b ot AUtttk e R ptde
s®reeni ng diaserdlyat may opzaay nof bestruricatad etd dasagst frong 0,9 pg/kg to E)00quglkg bady det er ni ne

the efficac f i.ven treatmgnt. regi.men. 10 The .f requ of, dosing for a
bolymer coiebas Be Sreh nh S Btab iR Rt £5 | iR B 0P ipe R0 ¢ 0o
i's Wi thinweht sktht kbjevnches Hbsei dadre bredgstIPihc dofagp liyBorilanske HB0IRAd body t he
admnistration regine is established by clinical trials_ whic y establish

h
opti map  AeahhpLbP sihiesh Rearestet &y Somigiadiae, | Omedediody pveiatt akthe %C‘W"’? such
admi ni str g ée?"'rh(eﬁg&@%léy ?g&ﬁb@&ﬁgm&foﬁfgé‘g:?gﬁiaﬁ&ﬁ o%@?@gnﬁ\@f}héﬁe wei ght, sex

and nedi cal statu equency of Ing may a y ‘bet ween acute
and chr oniadministeredriera sibjeot inmeert themo fip.a dosagadefiinen ascettdinablé byonesofekilldh dosi ng

may be var,i ed dependi on whether the treatnent is prophylactic or
t her apeut ﬂ?”‘l’ﬁ’é@?ﬂ\)’ﬁﬁ% BRI A Mhyer || ustrated in the fol | owing
non-limting e§arrpl Bgfivery

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

25  viaintrathecal delivery.

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

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

intramuscular, or intravenous administration.
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EXAMPLES 20 Exanple 1: Bioavailability of am no-term nal PEGy| ated

Neubl astin CHO cell - and E. coli - derived reconbi nant neubl astins were
observed to be rapidly cleared fromcirculation if adm nistered
intravenously in rats. The proteins were below the threshold of detection
in the serWrd/?’B‘V‘?GBan subcut aneous adni ni stration. To PhEPAe4002763
bi oavai l ability of neublastin, PEGylated forns of nutated neublastin were
constructed. 2% BecF%ego | ysines occur in the neublastin sequence,

am ne-specific PEGylation chem stries will result in PEGylation of a

wi | d-type neublagin iticker 1 3: (p e : each
neubl asti n di ner, te\rl\bbn?%éi %%’eti e@hgmcgﬁfgégt?gg)%{ Fgcﬂr%}g’gﬁu%yc%ﬁd?ﬂtgf y, PEG
f or ms wer énventien prdividesfor gdministeringdo the stject afomuilationithnes timeh o sieghfoa tivme

specific chemstries, Surprisingly, |l ation of E. coli resse

o ty pe TeERh h oFfE to iaREA fettppafi iy, Aok celup el mult R ng i Rp, | o
benefi 5 ompolypegtideidirger ié fifht Gdhinidgeréd @ ldifferérit Abdny feFimddss Fle ahicddsaAs® pat hway
was overriding the enhancenent, in half |ife that was expected to be

achi eved B§8pERjerend gp faciors thes nolyde 6o thessrpeisy panm ed Fifs e 2
Constructi : L bap bBin(INIRK ti | Al Lability of
mut at ed ng'%g'}sg&slte ?%&)}F‘g?%?%%h@ at ecpa’{ﬁ?gr%ltlg’?}rﬁéglemém no}lzg;:gi apér]ggll\ﬁgdﬁéecg was next

exam ned. usinggpprepriasé sdreamingnssays aspartqf] aadinivgl tastingpaddegurece gy toi determimei dues

at positi esea%A 3? 68, , and 9% when nunbered as shown in SEQ ID NO 1,
were desi gﬁe ¢4y 8 ?%VSPFCTE‘W’ S8T8f sel ected sites in the sequence. These
l'ysing® woul d mheReqienay beddsaigifuea Sdljraer cohfapatbEmuaiiddatibRitin polfiRpRdes t es
were selected using the crystal structure of GDNF (Nat. . Struct. Biol. 4:
435-8, 198merof this mveptionds Kithis thejekills and chinicaljudgemsst efipbysicirpe iwicallphi n/
ng€ubl ast i 1 i 3 inich1¥ials GREM " <201 2000) was
used to %ﬁ%@?}%@tﬁgﬁ gfr%gﬁ%a@%r}%g%y z%?lléérdce%lalgns Ofmﬁegtag ? ru tt%?dé t hat

shoul d be admuiisteation prameters: dawever, theprastitiondn smayiviary tugh edmimistriatiert feginene i n
E. coli, syngene re. constructed with | ower cont e nd preferred E.
ol | codontooree o BR sihisrt RATE HEHE trelthh det S¥iGherR SR0°The BEeBRG DN oB16a a
der i vasi velosthg fiay 4R6 valybebiekh ABute bitEcHSfE 8 BMente fsra@indgath e In@idition, @emai n of
neubl astin (I\EN113) is directly fused to an initiating npethionine. In pMIB
164, the rfeaumey gbesing By hevasicd depanding op ydether the freptment igipFephylaghiqor. e, 10 15
hi sti di ne %ﬂ&epar ated fromthe histidine tag by an enteroki nase cl eavage
site (SEQ ?5 : 35 and 36). The initiating nethionine precedes the

hi sti di ne tag. Thelivention ikifigthenijlystiattd) indheTipewigumion distiting ¥anipdest i de and

Pol ypepti de Sequence 20 His-tagged NBN 1 ATG GGC CAT CAT CAT CAT CAT CAT
CAT CAT CAT CAC TCG AGC GGC 45 EXAMPLES

20 Example 1: Bioavailability of amino-terminal PEGylated Neublastin

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

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

30  with two 20 kDa PEGs attached, had little benefit on half life, indicating that a mechanism
based clearance pathway was overriding the enhancement in half life that was expected to be
achieved by PEGylation.
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1MGHHHHHHHHHHS S G15 46 CAT ATC GA
GGA CCG GGA TCT CGT GCT 90 25 16 HI DD DD K
GCA GCA GGA GCA CGT GGC TGT CGT CTG CGT TCT CAA CTA GIG 135
GCRLRSQL V45 ~"- 301BGCCGGTGCGTGCACTCGGACTG§2%;GACACCGTTCC
GAC GAA CTWO3PM/06856 46 PV RAL GL GHR S D E L V eBCT/ygpo

TTT TGT TCA GGA TCT TGT CGT CGT GCA CGT TCT CCG 225 61 RFRFCSGSCR

AGh 270 TENPIT T COpICOR o Rt Myt Nepbjish 06 GoA TCT ACA
T05 316 ACT ACK PREVERNIEGortitalch febiatu it PRI 3 i i R4 =, ™

106 T R Yr&iduey/wss fex/eamined. SA Ferias 0P (bud BruBdts raacinODREENY GecTrr@resduwes TCT GCA
R o TR a5 B ool of Bl B RUEYO S gitnd s “°°

2004/ 0891 TseHGindS20RMCE¥ 2it6:3in tHYWeq@dncé. MEheddItyBinkOWEuId BESidd dltetaBye BiRE €

targeted at a regl on that, based on the distribution of positive charges on

the surf ade PR affachmepy ddesnsitgs Wejsaplestedpsieg e coistabstrupirg of GPINE MNatkel y
cont r'i but QerybOBfdI%: &1§9-'sd19“d7§$§ FRESRL O RRD s Bk bl Snopheplifip L ar get ed
a I'd-typ I n. i

at N95, the natural gl{cos tron site In e neubl as S site
i S nat ur alneyblastidichingsla mutagemests studiynl. BiolcChdno 127 6l 3412-20 2009) swaguselher ef or e,

nodi ficati.on,.wth PEG at this site ot . expect to inpact function. The
fourth si 9@“‘(‘&1&?%5%@@5@5@%‘@%&@%%@%@% ﬁ%ﬁgeﬁr?&avmgg ered by any
ot her 19f the mMpgbldeclekprass théwilditidneubladthi gehe i BEPHhEHeE Xefeesi due at

position 95 was replaced with a lysine (the "NO5K nutant") was chosen for
the studi egnstptsd pathdewerdpe contentangprefered i eplendons it Bhetyngene wasglsmedt i ns

el aat | e af Skt i ob ShapABR4, B it bl frf SBPLRSAIEETE, Qapbilt
cont ai ned ea¢adifigthamatuve darhain sfihaibiastin (NBIS1 1 3RisAdrectRp Sised R3MKnitiatingNOSK. Tabl e
methionine. In pMJB164, the mature domain of neublastin is fused to a histidine tag (i.e. 10
15  histidines) and separated from the histidine tag by an enterokinase cleavage site (SEQ ID
NOs: 35 and 36). The initiating methionine precedes the histidine tag.

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

20
1 ATG GGC CAT CAT CAT CAT CAT CAT CAT CAT CAT CAC TCG AGC GGC 45
i ™M 6 H H H H H H H H H H S§ 8 G 15
46 CAT ATC GAC GAC GAC GAC AAG GCT GGA GGA CCG GGA TCT CGT GCT 90
25 16 H I D P D D XK A G G P G S R A 30
91 CGT GCA GCA GGA GCA CGT GGC TGT CGT CTG CGT TCT CAA CTA GTG 135
, 31 R A A G A R 6 €C R L R S Q L V 45
N 30 136 CCG GTG CGT GCA CTC GGA CTG GGA CAC CGT TCC GAC GAA CTA GTA 180
46 P vV R A L G L 6 H R S D E L V 60
181 CGT TTT CGT TTT TGT TCA GGA TCT TGT CGT CGT GCA CGT TCT CCG 225
3551 R F R F € s 6 8 € R R A R § P 175
226 CAT GAT CTA TCT CTA GCA TCT CTA CTA GGA GCC GGA GCA CTA AGA 270
76 H D L 8 L A 8§ L L 66 A G A L R 90
271 CCG CCG CCG GGA TCT AGA CCT GTA TCT CAA CCT TGT TGT AGA CCT 315
40 91 P P P G S R P V 8 Q P € C€C R P 105

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

45 361 AGA ACC GTA GAT AGA CTA TCT GCA ACC GCA TGT GGC TGT CTA GGA 405
121 R T v D R L S A T A C G o] L G 135

406 TGA TAA TAG 414 (SEQ ID NO:35)
136 * * * (SEQ ID NO:36)
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| Aidentifies these exenplary point mutations in bold.
X1
N1 refers to the nunerical
as nunbered according to SEQ ID NO 1, an
ﬁjﬁ’g‘“"?yﬁed for the wild-type am no acid at

position Nl1. To construct the rat N95K neubl astin nutation,

site-directed fyWbagaReRlisi MR IRIPEII 168y Or

nomencl at ur e,
pol ypepti de,
t he sequence
am no acid
numeri cal

In the "X1INLX2"

refers to an amno acid of a wild-type neubl astin

wild-type rat neublastin.

am no aci disgidytiemefpasitive sharges apgbpsur

TABLE 6.

TTGTCCCAC%%% GSEE%FE%%%@ M%ﬁ

GCCCT GCT Géhe raburdl lycos3AGHR KA Wildviype heailastih GEAISGEAN neGFIGGReAGeCEERaCCTCT
(X

151

GCACAT GW’E%‘A

CGTGCAGGAACCCGGA

TGITC CCI

The wil d-

type rat

Cie FouritSite

G 30 351 CCGCGCA

TCACAGCT Gepvenghbyrayotier ciithe ondifcrtinsc Aonaamiaahic

AGoCToCT R T s Sl R S A ) R e oA S, S

TGTTGCCCHdistloged Iefdiil A TGAGCCAGIC 35 601 TCCTTCATGG ACGT GAACAG CACCTGGAGA

ACCGT CC AT% 651 CA
VELGL TA LS TH AR

PTDYL P%ﬁwgﬁ&
ATDARGCRLR SQLVPVSALG

PPGSRPI SQP

5I
15

LGHSSDEL| R

1

15 position of the X1 amino acids in

Prndiuhfidia, °

Zﬁeglo% tHitaﬁa&bdjo@ﬂhGOd' ng
20 neubl astin nucleic and the

tdc

ACAGATG

e -anighidentesenta bepprin bindingrsitsefhied bel ow:

e Rt

201 GGGACACACC
&égericacce
aé\

W g COCG
G CCCCCTGCGC
hathy axparems restieat ACGT 451

GECC

GC GECTGICTGG GCTGA (SE

4558 PAEIE SIS RSBAES aliFrt &s
B‘PBQ?PM&% &l

1 25) 1
SPVLAP

pﬁh@@%’re cofstrucRAL REdNRARtIRAET RSSRAR
FRECSGSCRR ARSPHDLSLA SLLGAGALRS

wiRPTRoanane mlmmﬁmmmgmm &@&I@R%%ﬁcgr N9SKoT2Ble 49 WO

LA T

%}}%ﬂ Bolf!

i on of

ol U2| eoti des

i a‘g?r?: g&BQMI,
GTATUT&&QTMMMBTW@& BOly{epia@, N réfersad he numerical

u

5 KD3-210

position of the X; amino acids in the sequence, as numbered according to SEQ ID NO:1, and

X, refers to an amino acid substituted for the wild-type amino acid at the indicated numerical

position N;.

To construct the rat N95K neublastin mutation, site-directed mutagenesis was

performed on pCMBO020, a plasmid encoding wild-type rat neublastin. The wild-type rat

20

presented below:

51
101
151
201
251
301
351
401
451
501
551
601
651

25

30

35

40 51
101
151

201

TABLE 6. Wild-type Rat NBN Sequences

ATGGAACTGG
TAGGTGGCRA
GCAGCGTCAC
CGCGATGTTC
GGGACACACC
AGTCTCCTCA
CCCGCTGCGC
CCGCGCACGG
TGCCGGTGAG
TTCCGCTTCT
CAGCCTGGCC
CCCGGCCGAT
TCCTTCATGG
CACCGCCTGC

GACTTGGAGA
CCAGCCTTGT
AGAAGCTTCC
CCTCGCCGGT
GCACATCTGT
GCCCGCACCC
TCCGCGGGGC
GCTACAGATG
CGCTCTCGGC
GCAGCGGTTC
AGCCTGCTGG
CAGCCAGCcC
ACGTGAACAG
GGCTGTCTGG

GCCTACTGCA
GGCCAACCCT
CTGGACCCAA
CCTGGCGCCC
GCAGCGAAAG
CCACCACCGG
ACGCGCGGCG
CGCGCEGCTG
CTGGGCCACA
GTGCCGCCGA
GCGCCGGGREC
TGTTGCCGGC
CACCTGGAGA
GCTGA (SEQ

TTGTCCCACT
AGCTGCTCTA
TGTCCCGCAG
CCAACAGACT
AGCCCTGCGA
GTCCCGCGCT
CGTGCAGGAA
CCeCCTGCEC
GCTCCGACGA
GCACGCTCCC
CCTGCGGTCT
CCACTCGCTA
ACCGTGGACC
ID NO:25)

GCCTCCGaCC
GCCCTGCTGA
CCCCGCCTCT
ACCTACCTGG
CCACCGCcCaGC
CCAGTCTCCT
CCCGGAGCAG
TCACAGCTGG
GCTGATACGT
CGCACGATCT
CCTCCCGGGT
TGAGGCAGTC
ATCTCTCCGC

MELGLGEPTA LSHCLRPRWQ PALWPTLAAL ALLSSVTEAS LDPMSRSPAS
RDVPSPVLAP PTDYLPGGHT AHLCSERALR PPPQSPQPAP PPPGPALQSP
PAALRGARAA RAGTRSSRAR ATDARGCRLR SQLVPVSALG LGHSSDELIR
FRFCSGSCRR ARSPHDLSLA SLLGAGALRS PPGSRPISQP CCRPTRYEAV
SFMDVNSTWR TVDHLSATAC GCLG* (SEQ ID NO:26)
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KD3- 211 5' - GGTTCTCCATGTAGAACATACGTCCATGAAAGATAC- 3" (SEQ ID NGO 28) 10 In
pCVB027, the codon encodi ng asparagi ne at position 95 was replaced with a
codon encodi ng lysine. A R14K nutated neublastin was forned by repl acenent
of a codon_encoding arginine at position 14 with a cod coding lysine in
t he neubl aé‘quo‘tfﬁﬁa%ﬁg sequence of pCwvB020. 15 Site-di rggT/ggZoﬁéﬂ+0§§§nesi S was
performed on pCMVB020 using ol igonucl eotides KD3-254 and KD3-255: KD3-254

5' - GCTCGTGCAACGGATGCAAAAGCCTGTCGICTGCG 3" (SEQ I D NO 29) 20 KD3- 255

5" - CGCAGACGACAGNStdgEh dsis S THOMHI20Csg(ohighn &leoﬁ%%DDzm&ﬁDbl KD371¢ res];aiied hijng
construct was na p 029. An R68K nut at ed neubl astin was forne y
repl acemﬁ?“wloﬁggg‘ﬂ@%g‘m 2T:argi nine at position 68 with a codon

encodi ng lysine in the neublastin coding sequence of pCwvB020. Site-directed
nut agefesixpsvias pestararetcrecpEB(Reresicageatigentic| eot i des  KD3- 258 and
KD3- 259: 30 KD3-258 5' - GGAGCCGGAGCACTAAAATCTCCCCCGGGATCTAGAGEQ3ID (SEQ) | D

NO 31) KD3-259 5' - GGTCTAGATCCCGGECGAGATTTTAGTGCTCCGECTCC- 3" (SEQ I D NG 32)

The resul 5PAttidonst ruct was naned pCVBO30. ,Si A R3 9K nut at ed neubl astin was
f or meq by °r EPT-ACENent O ar gr m e at- ahrno actt 38 "Wt Iysine in the

neubl asti n codin e 0 20. Site-direct. i S:.f  pCvVB020
was perfornmed &%W?’&%ﬁ ﬁ%éog%gl&g ‘12?%55%%*&’??%5%355‘}@% %%%%gd ‘3(&@ a

5' - GACGAATbdvnlecheédind TSETTTTGITCAGG- 3" (SEQ | D NGO 33) 40 KD3- 257

5' - CCTGAACAAAAACGAAACTTAATTAATTCGTC- 3" (SEQ I D NO 34) Expression and,

Char act er i zat i SnRUTK FptaledreuRiast was formadpyeplaggment-ata cadgp sacading aggpine

pur i i Cat i3 BosifforPi4A51h o Ql g 198nd RlhORUBISH tatidDRludiee BPbOMBAYY.E Wwas
expressed ih E. coli as a His-tadgéed fusion protein with an enterol dnase 50
WO 2004/ 0t rdirestel muszenesisoss pedornedempsdEB eI O usingnhigdnuplestidesKiP3@éhand o t he
s@rt of tlag%_ .ure 113 am no acid neublastin sequence. The E. coli was
grown in a * fernmentor and frozen cell paste was provided.

KD3-254 5'-GCTCGTGCAACGGATGCAAAAGGCTGTCGTCIGCG-3'

20
KD3-255 5'~-CGCAGACGACAGCCTTTTGCATCCGTTGCACGAGC-3'

(SEQ ID NO:29)

(SEQ ID NO:30)

The resulting construct was named pCMB029.

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

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

KD3-259 5'-GGTCTAGATCCCGGGGGAGATTTTAGTGCTCCGGCTCC-3’ (SEQ ID NO:32)

The resulting construct was named pCMBO030.
35 A R39K mutated neublastin was formed by replacement of arginine at amino acid 39
with lysine in the neublastin coding sequence of pCMBO020. Site-directed mutagenesis of
pCMB020 was performed using oligonucleotides KD3-256 and KD3-257:

KD3-256 5'-GACGAATTAATTAAGTTTCGTTTTTGTTCAGG-3’ (SEQ ID NO:33)
40

KD3-257 5’'~CCTGAACAAAAACGAAACTTAATTAATTCGTC-3' (SEQ ID NO:34)

Expression and Characterization of Mutated Neublastin in E. coli
For expression and purification, a plasmid encoding the rat neublastin N95K

45  polypeptide was expressed in E. coli as a His-tagged fusion protein with an enterokinase
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The E. coli cells were lysed in a APV Gaulin Press and the rat neublastin
N95K recovered fromthe insoluble washed pellet fraction. 5 The NI95K

nmut at ed neubl astin was extracted fromthe pellet w th guanidine

hydrochl orj de, refol ded, and the His-tag renoved with en#er ki nase_(see
Exanpl e 5) WOH806318duct was then subjected to chromat oBFHERPEHIE  NTA
agarose (Q agen) and on Bakerbond WP CBX cati on exchange resin.

Ent er oki n@l‘é@va?é §itd iRRddifély blifcddt fo tha gaR df e ket 113 aMindoadid deuBlRstaber r ant
cl eavage of O the protein‘at arginine 7 in the mature sequence. The

resul ti ngseguence. The&uet/awas groywn suueqdo L faumpmtosanddigen gelbpastd Was peidede in t he
KIRA ELI S d o DlipSt ¢ [ f . inits
suscept i bi&'f‘??y“?’t)&gﬁggfeg' 4ne\eﬁ-n:lEduce(gg‘gfgr?zl ulrag(ﬁhgrll’{l tgir%g&? ﬁlenr e %{rgecg‘&;}a@ used for
subsequenfromath&insélable washddaekllatefidoliarst i N NBN106- NO5K was PEGyl at ed at an

aver a of 3.3 5 ieti er neubl.astin I |l e, usin

oS pol y( oTAesk EhoBRaBtia Sage bl neifel wth Ghsddes i ih &
nol ecul ar hj@senitidel RFEIA8Y, BRd B¢ Hifiigr@aéied With ehif@okifsse|(dce Btample Gy Bieed
product was subjected to extensive characterization including analysis by

SDS- PAGE, Pexdu¢t veas dhansubigcted Forhaenyegrpply qudidy TA pgyeses@Qisgensendgm C, * nat ri x
assi sted B@éﬁ&%@@%@%ﬂ@gﬁ&g&&ﬂ mass spectronetry (MALD/ I MS), peptide
0 ac

mappi ng, assessnen Ivity 1n the KIRA ELI SA, and determ nati on of
endot oxi n cont Bmterokiase fpeatment of thetHie tagpe gybdist rasuld@5i ap abetrant clpaviage oft 0

PEGyI af.i onp as measur ed hy. SDS- PAGE and SEC was..grea t . 95% The
noubl 30t | FheBeina Hrghne TiriRerEn e aRmoR e Sk R b e e adut G ey
consi st en{NBN1 6-NOSK piwasiulllyaekiveih Ul KIRA. EXISAeindRE Ay @iMistingBishabid!| t 1 ng
product consisted of a series of nodified adducts conprising 2 PEGs per

@l ecul e, fippi themagise Sumdn ity suscontibiity inanenidipeppdyces denafiptd thegefbreh was 60%
of the produgle f&éﬁg@uﬁﬁr Jp! ecul e, which was 30% of the product, and
of" hi Sfﬁer'

several mnor Torms mass. In the PEGyl ated sanple there was no
evi dence of agBatagehted neltdastid INBN106WVIK whs Rif(Gypldietliabah averdgk af3.B PEGh t he

rodu were below the limts of .quantitati.o The endotoxin content of the
Do 18 " Boettsg pet e Sstriulbcn e B ot By g B eSS ot ne
PEGy| at edpf@;&h@qsmﬁmﬁﬁﬂl KiBRcer rahds 910,000 Da Bdihe ToRtaRE M eabattingr oduct
was fornulated at 1.1 ng/nL_in PBS pH 6.5. The material, which is simlar

i n pot encVECylaigd miodughwanabiscted to extengiiqrharagterizatian pcludinganabygis®¥ a  frozen
liquid, Waihahpi ssx_-ﬁr at - 70C Bl oo emoaczczs _ 0200 9176
PCT/ USZOS@ngJZAﬁ%’ e&gﬁ&n c@&g?o%aﬁgy E?G%Q’ T ar gﬁ Sﬁg%)ﬁcéﬁ n p#tg(gept i des
were expr @sxethbsdrptiﬁ)/io_nizaﬁdm mas$ spevtrotnetry (MAEEYBAS), pejitiile neppingnastdssment bor
purif b at Iacc;)tﬂiityliaxllE ellaillAO}QLl%rX? ahd Eé%esr?nqnea%ton %I" endotoxin content. The purity of the

neublastin N95K prdduct prior to PEGylation as measured by SDS-PAGE and SEC was

greater than 95%. The neublastin N95K product migrated under nonreducing conditions as a
dimer, consistent with its predicted structure. After PEGylation, the resulting product
consisted of a series of modified adducts comprising 2 PEGs per molecule, which was 5% of

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

30 ELISAis 10nM. The PEGylated product was formulated at 1.1 mg/mL in PBS pH 6.5. The
material, which is similar in potency to wild-type neublastin (NBN113), can be supplied as a
frozen liquid, which is stored at -70°C.
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function as descri bed above for the NBN106- N95K neubl astin. Preparation of
PEGy| at ed Mut at ed Neubl astin NBN106- N95K 5 230 nL of the refolded rat NI95K
mut at ed neubl astin (2.6 ng/nm.) that had been produced in E. coli and stored
at 4C in 5 nM sodi um phosphate pH 6.5, 100 nM Nad was |t jth 77 nmL
of water, Y XYP | M HEPES pH7.5, and 2.8 g (10 ng/ n{gﬂ’#ﬁ?‘?‘”’%s PEG SPA
10,000 Da (Shearwater Polyners, Inc.). The sanple was incubated at room

tenperature f O'ThéR}i'ﬁ@{ilﬁs’l%ﬂ aﬁ@RG%E%ﬁatEJ%bfaﬁtﬁ?%c?fp%&& werB WM BdsePm Qe €

(final), filtered, and stored overni ght at ‘4( e product was generated
in two batoclesl andecsubjeciediorthe @@ metheds fort pyeifingting, BEGiylationl andrassessthent of
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“ﬁlddh&a a%p%a”ﬁ’t?%nf‘%tﬁm@%ﬁ@ﬁiﬁi@mﬁéﬁwﬂiﬁﬁiﬁéﬁ%ﬁﬁgﬁ&a{ Lon of é?”‘l
M 15 4 F 5 i
Gramo8r) - ThoZibmiet Beetoisgran O wiisid e G TopTg AR i
phosphat e peddubeddin £. 86Y; s Shered at 4°06A 5\WhNRodilighosihateGH 8811 000hMMa@lwaguot s of

5 mM sodi um phosphate containi ngL he resin was transferred into

50 nM Nadl .. T
a 2.5 cm dilasdrath 77ankiphivalisy 1¢danl pERY HERED MRS a0d 282 (lamg/mb: #pliofom t he
| i ' i ni ] H 6.5, 400
col urm wi Epgessmﬁﬁao@bag@gelaﬁyagég}rﬁgggﬂaﬁgq?@cﬁﬂegﬁgﬁﬁ%%&B%@&%&np

nmv Nad , ree steps co Si X steps containing 600
mVl NaCl . EmpdraweforEhownm thedak dhed tyeated Wit 5 M imidazado(fingb filkeyedabixbr bance

at 28Q.ri mand then.for, ent of nodificatio DS- PAGE. .Sel e

Fr act 118ns Hentovenihe afiect e dradior WRCArpHARY 6 P Y o pommsinine 50 B8 i 1 1

wat er to 1heIN9IK Bah@itRdthien tontaiging!196 il ndfthe bk Fie FEGsEd AdhbRIsEiowaxi n

l@vel s in the jndividual, K batches, they were Eoo_lcﬂ%g 25 and refiltered through
k)|

a 0.2 pm rEREsdiem thersagtion mixtpgs en Frastogel EMP g dENHIndustresa g Thg columpy e yv
Spectrum 1 Ed e (18 NBAL : ;

spect rum ?‘];Zadsf - B%fébﬁﬂlj)t f JE’%%@%I{%&E@%E%%E‘%E%EW&W ééﬁﬁ?l%%ﬁﬁp%ggvnpl e.
The sanpl eddeldo theaksction niixtuter to pl finabtoncentiatiorPei8/ mMeahdshergamplewhs loadedd an 30
absor hance X} t  275-277 n_and an.absorbance m ni num at 247-249. This
resul 5§| S 0“%1%%“%‘3}5%0%%% fa "ﬁﬁrggqu}aéﬂe%%rﬁf the bul k intermedi ate. The
protei n concentrhatélGimnGfas WiehedREGY bt BBl vlihé oFRMM Sddii pRekphite PHIGE;

spectrum USB&% an_extinction coefficient of 52 W) 2004/ 069176
PCT/ US200400d 28], thergpigh thregonspolupivolimae diquotsof & anlsadiugphesphaise PEGY| at ed

L ( _ ; pr oL et !
neubl ast | y%o{ftﬁigﬁg'asg)krﬂ](\)/%lN A .r’flhgrég% w&s"t?eﬁ’i%%ﬁ@&' inf&t ZBrc%?E%eﬂepcélmﬁn?ﬂ;m € as

evident b sorbance at 3 nm aracterization o EGy| at ed
Mit at ed NPEGydated meubiBMiO8adNgsted fpm the column with six ten mL steps containing 5 mM

20  sodium phosphate pH 6.5, 400 mM NaCl, three steps containing 500 mL NaCl, and six steps

containing 600 mM NaCl. Elution fractions were analyzed for protein content by absorbance
at 280 nm and then for extent of modification by SDS-PAGE. Selected fractions were
\, pooled, filtered through a 0. 2 pm filter, and diluted with water to 1.1 mg PEGylated rat
neublastin/mL. After assessing endotoxin levels in the individual batches, they were pooled
25  and refiltered through a 0.2 pm membrane. The final material was aliquoted and stored at -
70°C.

UV Spectrum of Purified PEGylated Mutated Neublastin NBN106-N95K

The UV spectrum (240-340 nm) of PEGylated NBN N95K was taken on the neat
sample. The sample was analyzed in triplicate. The PEGylated sample exhibited an
30  absorbance maximum at 275-277 nm and an absorbance minimum at 247-249. This result is
consistent with what is observed on the bulk intermediate. The protein concentration of the

PEGylated product was estimated from the spectrum using an extinction coefficient of
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SDS- PAGE 5 Aliquots of PEGyl ated neubl astin containing 3, 1.5, 0.75, and 0.3
g of the product were subjected to SDS-PACE on a 4-20% gradient gel (OM).
The gel was stained with Coomassie brilliant blue R 250. Mol ecul ar wei ght
mar kers ( GyRGbhfAbdsere run in parallel. SDS-PAGE anapyiisobfooresy ! at ed
mut at ed neubl astin RIBNlOG- N95K under non 10 reducing conditions revealed a
series of bands corresponding to nodifications with 2, 3, 4, and nore than
4 ZSEGs per’-zsgls?ﬁ‘i"ﬁ?:m.erheﬁmﬁiﬂadoﬁéengaii%h dﬁth&ll’mgﬂe&ﬂélam&ﬁﬁ bafk i9$.1laiﬁynmpdmoai ns 3
PEGs per noJecules. In the purified, PEGyI at product, non-PEGyl ate

neubl ast i FRIEEY WAt Pregraf Bcihe spmpi as w@gx@e%kaf ARserasRee ‘HE‘ZBI“B’duct s with 2,
3 and 4 PEGS attached was verified by MALDI mass spectronetric anal ysis.
The ratio of pﬁbawteryaﬁ%pf]m&yb,te@yf{laﬁeﬂ New@&hq?)%m&iﬁﬁs&w ned by
densitonetry afBSEACEni ned to be 7, 62, and 30 percent of the total,
respectively. Characterization of PEGyl ated Miutated Neubl astin NBN106- N95K
By Siz& Excl udligeotonfREfaylatgd apibjastecyntainiag 3nlid . 84 and 05| kesefithe predicd 6- NO5K

6 bR10r 20 er e o RSB AL Sla ook BRI Wl @B £ o0 Rebn ¥R i Te o
phase. Th€osmbsstabritlint bli Ra25®R Moblebilar vidigtt intitkdrs (RIBCOMBRIMMee: @it t or ed f or

absorbance at 280 nm The PEGyl ated nutated neublastin eluted as a single
peak vvithpﬁﬁ"rn%ippar ent nol ecul ar wei ght of about 200 kDa consistent with the

| arge hydrody 1 %ﬁ‘ﬂfs i N S
observed. Fr eeggglgl%%% as |1%fﬁ\%é§§gnﬁ%g%ﬁ?ﬁﬁgn aph%%?g%ﬁgu ar mass
of abd0t 3@kbag conditionstrevteled atseries of hands somesppading foonodifigatiops with 31 3,AEGY | at ed
Mut at ed | ast.in 06- HO5 K. by~Reverse Phase PLC PE d t.at ed
neubl ast | FRERECA D ERCS B Bole ey TR WO A Sppde s R OSHSE M o
(&em | x3PHGsPe} melekulss) . Inthepiaifled PEGARSediRvdlch) poa-PEU ylgedndublastin way mdi ent

from40 tqg 60% B (Buffer A; 0, 1 %TFA, Buffer B: 75%acetonitrile/ 0, 085%
TFA).  Théstserdinhicaresenes At amixturs af rradusts With 2.2009ARRER altached was yerifigd)

fractions ,¢AUALH] Rdss'sBEctroptbAREMHBREs. TR S 0f prodEetbRiafithd BNLAG Nk was
fractionated PTRLO Ftarvarous di J(60.5 B3 MO 2004 068176 PCT! US2004] 002763

m), tfi (eSdsemmpgd ydensicameiry(add dgterminededyel 7a 62,dind 3apercenitaf thetotabver se
phase BPL%S 0. ?el C4 columm. The relative intensities of the peaks suggest
that the FAPTBSCSE the conmponents are 5.4, 60.5, and 30.1 % respectively.

Peak i dentitiegyner & Yation of PECY IV e Mutdiea NEIBTaStin RBN106-N95K By Size
Exclusion Chromatography

PEGylated mutated neublastin NBN106-N95K was subjected to size exclusion

20  chromatography on an analytical Superose 6 HR10/30 FPLC column using 5 mM MES pH
6.5, 300 mM NaCl as the mobile phase. The column was run at 20 mL/h. Elution fractions
were monitored for absorbance at 280 nm. The PEGylated mutated neublastin eluted as a

w single peak with an apparent molecular weight of about 200 kDa consistent with the large

hydrodynamic volume of the PEG. No evidence of aggregates was observed. Free

25 neublastin, which elutes with an apparent molecular mass of about 30kDa, was not detected
in the preparation.

Analysis of PEGylated Mutated Neublastin NBN106-N95K by Reverse Phase
HPLC

PEGylated mutated neublastin NBN106-N95K was subjected to reverse phase HPLC

30 onaVydac C4 (5 pm, 1 x 250 mm) column. The column was developed using a 60 mm
gradient from 40 to 60% B (Buffer A: 0. 1% TFA, Buffer B: 75% acetonitrile/0.085% TFA).

The column effluent was monitored for absorbance at 214 nm and fractions collected for

subsequent analysis. PEGylated NBN106-N95K was fractionated into its various di (60.5
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no evi dence of non-PEGyl ated NBNI 06- N95K (elutes at 5- 15 mm in the
product. 5 Analysis of PEGyl ated Miutated Neubl asti n NBN106- NO5K by Mass
Spectronetry PEGyl ated nut at ed neubl asti n NBN106- NO5K was desalted on a C4
Zip Tip and anal yzed by nass spectronmetry on a Voyager-DETM STR _;GPer Septive
Bi osyst ens VO WEt4PWSassi sted | aser desorption/ ionizati BATUPHEYYES3 | i ght
(MALDI - TOF) mass spectroneter 10 using sinapinic acid as a matrix. 0.5 pL of
the purified protein was mxed with 0.5 L of matrix on the target plate.

Mass spectrorretr of PEGyl at ed nut ated neubl asti n NBN106- NI95K reveal ed
singly and W& §6 Schamyend tebp (Y -Sgrmy R @uated epmpouentsiygeyssiephse i ﬁ'&s"é‘és

43803 Da, %Mﬁmaamhamiatﬁéﬂ:%%s@es Tl Pl Shdpk® Miat We kdtioNBEkLE Edifoneisaref 2, 3,
and 4 PEGs nol ecul e. 15 Anal éSI s.of PEGyl ated Mut at ed Neubl astin

NBN106- N95K§) $yF08edi3d urprstiyelyT e‘e#e&%smwnéf PRGNS TRSFP V#act i on

was eval uat gfbviténde@Rhb A PRORRBE RBN1062ROK plaeh 6L B8) inthy@sarepar ated into
di, tri, and tetra PEGyl ated conponents, which were then reduced,

al kyl ategl, and fANalysR of PEGRAaEIMuiatldNubRitn RBROOENSSRbY MFPONENt S by HPLC
on a C4 col um.spdiirsfetsonponents and reduced and al kyl at ed non- PEGyI at ed
NBN106- N95K 20 as a control were digested with Asp-N proteinase and the
resul ting cl eav®gSylateddigitsad neablestinNBNT06-N9EK achs dysalt@May sSCVip Tsdd HPLC on a

Vydac C18 (5 X 250 nmm) colu usi Ng _au ent fromO to 60% B
Bars o Gl g e Bmeg o Ba RSt O S TR o E B o Tho col

ef fl uent wagatiRassistsdashef db@orﬁﬁtﬁﬂfobﬁm tie-of- L Al ghT (M ATLIH- TGR) nitssidpefvnicer Sequence
contains five interpal, aspartjc acids_ and 1%ql&erefore was 25 expect ed to yield

a si npl & c| wHgsgerBicaridiaga Wk & ybof ta pylified Pesleip pebmBred ¥éh 0844398 Al of
the peaks fhafRkbhedR ‘t%'la@y Wt s éan%y%@ﬁﬁGﬁ@%@mhﬁt%ﬂnbﬂﬂ%ﬁﬁBﬂ%@y mass

spectrometr and/ or Ediman am no- term nal sequencing and thus the Eeptl de

n% can be N%¥drexenled sisjghisand doyhdnehargsd frms el %P addyets.sThebsgrvedasseEiotat i on by

the presencgges paapry L %dé44r3§@aaIeraﬁslgt&@mthh%dlﬁeiu&bele@uneu%ﬁ@%@&s are
sunmmari zed belowin T f’e 7. 30 Table 7 Peak by Retention Qbserved

Theor et i cal mplégilelue Anmino Acid Sequence Tine (m’r) Mass Mass Assi gnnment
Average Average SE ID NO 2) 38.8 1261.1 1262.4 102-113 DHLSATACGCLG 54 WO
2004/ 06976 PCT/AMbEisof BECTRERd M@tawdmgblamqﬂwl%—gssﬁm Pentids Mpping: 4. 6

2508. 4 2508.9 35-54 DEL| RFRFCS RARSPH
The specificity of the PE %ﬁon reaction was evaluated by peptide mapping.

PEGylated neublastin was separated into di, tri, and tetra PEGylated components, which were
then reduced, alkylated, and further separated into their single chain components by HPLC on
a C4 column. These components and reduced and alkylated non-PEGylated NBN106-N95K

20  as 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 gradient from 0 to 60% B (Buffer A: 0.1% TFA, Buffer B: 75% acetonitrile/0.085%

\ TFA). The column effluent was monitored for absorbance at 214 mm.
The rat neublastin sequence contains five internal aspartic acids and therefore was

25  expected to yield a simple cleavage profile when digested with endoproteinase Asp-N. All of
the peaks from the Asp-N digest of rat N95K have been identified by mass spectrometry
and/or Edman amino-terminal sequencing and thus the peptide map can be used as a simple
tool to probe for the sites of modification by the presence or absence of a peak. The identity

of the various peaks are summarized below in Table 7.

30 Table 7
Peak by Retention | Observed Theoretical | Residue Amino Acid Sequence
Time (mm) Mass Mass Assignment
Average Average (SEQ ID NO:2)
38.8 1261.1 (M) | 1262.4 102-113 DHLSATACGCLG
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46. 0 2437.0 2437.8 12- 34 DARCCRLRSQLVPVSALGLGHSS 51.4 3456.7 3456.0 55-86
DLSLAS. .. CRPTRY 51.9 4134.4 55-92 oxid DLSLAS ... CRPTRYEAVSFM 53.2 4136.3
* 4120.8 55-92 DLSLAS ... CRPTRYEAVSFM (M : nonol ostopic mass *: due to
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ver e 181 atspepifagally attached® thisipieptidseand et ﬂo apy,opthe ﬂéllet peptidesctbat werengresmed o’ s

nodi fi ed o] erum
and cul tt}‘r?1 gg&?%l %hﬁglg@%‘: %Eﬂ%?&ﬁﬂ\ffﬁ%&%gﬁ Ijéﬁ\%\gﬁraégwagﬂ& cf%vmth
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el 'S we BT iltmcwsr@ssm s mafionce sl peroentagg obthgagtanuiatey m  of
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Example 3: Assessing the Potency of Internally PEGylated Mutated Neublastin
NBN106-N95K in a Kinase Receptor Activation (KIRA) ELISA

. The potency of PEGylated mutated rat neublastin was measured using neublastin

- 20  dependent activation/ phosphorylation of c-Ret as a reporter for neublastin activity in an
ELISA that was specific for the presence of phosphorylated RET. NB41A3-mRL3 cells, an
adherent murine neuroblastoma cell line which expresses Ret and GFRa.3, were plated at 2 x
10° cells per well in 24-well plates in Dulbecco’s modified eagle medium (DMEM),
supplemented with 10 % fetal bovine serum, and cultured for 18 h at 37 °C and 5 % CO,.

25 The cells were washed with PBS, and treated with serial dilutions of neublastin in
0.25 mL of DMEM for 10 min at 37 °C and 5 % CO,. Each sample was analyzed in
duplicate. The cells were washed with 1 mL of PBS, and lysed for 1h at 4 °C with 0.30 mL
of 10 mM Tris HC1, pH 8.0, 0.5 % Nonidet P40, 0.2 % sodium deoxycholate, 50 mM NaPF,
0.1 mM Na; VO4,1 mM phenylmethylsulfonyl fluoride with gently rocking the plates. The

30 lysates were further agitated by repeated pipetting and 0.25 mL of sample was transferred to a
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96-wel | ELISA plate that had been coated with 5 g/nL of anti-Ret mAb
(AA. GE7.3) in 50 nM carbonate buffer, pH 9.6 at 4C for 18 h, and bl ocked at
roomtenperature for one hour wth block buffer (20 MM Tris HCL pH 7.5, 150

mv Nad , 20 (" TBST) containing 1 % nor nal and 3 %
bovi ne segﬂ#a?;%ﬁ% 5 After a 2 h incubation at rooﬁ?éﬁ%@ﬁ“ﬁ%’e t he
well s were washed 6- t| nmes with TBST. Phosphoryl ated Ret was detected by

i ncubat i ngg.BeENRIA 1@%&%@&%&&%@&@%@ Jé%L%fEnﬁ-NefﬂA% (gAr@Epﬁ) ﬂ%serid' sh

per oxi dase (HRP)-cohjugated anti-phosphotyrosine 4GL0 antibody 1n
buf fer, vanar@nstetbuffers pﬁﬁtﬁaﬂZBSTfor 4814, andbdackedgt roibR teroparatineyformene4®0r ur n

I B0k e 8 B PR ES 1P BB R DR THAT L2, oune

correct eccontaiiifd 1 Y@gorplaDinb@ sefmPandi M bovias s@imtdiameaycent r at ion of
neubl astin present in the activation m xture. The potena PEGyI at ed

mut at €d neubl 25T AIsincubagion alaoamperapatEiigeo e MeFtlKyerewashed &itiraes BIthSA was
i ndi sti ngpgh #)fph%ﬁ@%%&ﬁ@ttw% deieb@dpkh&us B 1S5 R gmgr ﬁ?ti'l? 8).

There was no e reeze-thaw cycles on potency ow ng this
t r eat nentwith2 pg/nﬂaef hoosetadish mmdidasafﬁRP}mﬁgmd ianti—ph@photytmsms #G10f the

sanple, in t he sa les ca tha far, t t ud In
i nggpendeaﬁ‘%’g‘f bg%d‘ ;Ef é‘“é?ﬁtw"s'&% I‘?CPWYe% 43@8‘“ %/our
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20 kDa PEG NBN106-N95K activate Ret to a similar extent and with the same dose-
dependence as non-mutated (wild-type) neublastin, NBN113. However, although 4 X 10
kDa PEG NBN106-N95K activates Ret to a similar extent as non-mutated (wild-
type) NBN113, 4 X 10 kDa PEG NBN106-N95K is approximately 10—fold less potent than
non-mutated (wild-type) NBN113 in activating Ret. Estimated EC50’s are provided in Table
25 8.

Example 4: Pharmokinetic Studies of Internally PEGylated Mutated Rat Neublastin
NBN106-N95K in Rats and Mice

The pharmokinetic properties of various PEGylated and non-PEGylated mutated
neublastin products in rat and mouse models were examined (see Table 8 for summary of
30 results).
The data revealed that PEGylation of rat mutated neublastin NBN106-N95K with 3.3,
10000 Da PEGs resulted in a significant effect on the half life and bioavailability of the
neublastin. Following a 1 mg/kg IV administration in Sprague Dawley rats, peak levels of
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PEGy| at ed nut at ed neubl astin of 3000 ng/nmL were detected after 7 m nutes,
and levels of 700 ng/nL were detected after 24 h, 200 ng/nL after 48 h, and
100 ng/nL after 72 h. In contrast for non-PEGyl ated nutated neubl astin NI5K
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adni ni st r itfgEoce iy hiogwailabiify, lyprotpupesy fpltewing i AMiesk9iogave hi gh
serum ex p(L%va@uaﬁﬂc@rrea%he‘d 16%16ng71111§ Lfi&7 1B and Iéi‘@a‘ﬁ?edra@ﬂw ﬁé’rr!LWQiePﬁ& ¢ thhat

pol ymer conjugation of 30 the am no-term nal am no acid(s) of neublastin
t oget her \mnmasmmtﬂ@felwrynenstmhqWétng@nirfsﬂ%%hn nternal amino acid (e.g. at

positifpn 95) o er sition
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f ol ded d to >95% f ffi I he STZ bet i
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terminal amino acid(s) of neublastin together with modification (e.g. PEGylatlon or

~ glycosylation) of amino acid 95 was sufficient to increase serum exposure substantially. For

25  example, glycosylated NBN104 (CHO) gave no detectable exposure after s.c. administration;
however, glycosylated 1X20 kDa PEG NBN104 (CHO) gave high serum exposure after s.c.
administration. Similarly, 2X20 kDa PEG NBN113 gave low-to-moderate serum exposure
after s.c. administration; however, glycosylated 2X20 kDa PEG NBN104 (CHO) gave high
serum exposure after s.c. administration. These results indicated that polymer conjugation of

30 the amino-terminal amino acid(s) of neublastin together with either polymer conjuation of an
internal amino acid (e.g. at position 95) or glycosylation at an internal amino acid (e.g. at
position 95) results in substantially increased serum exposure after systemic administration.

Both wild-type rat neublastin and mutated neublastin N95K were refolded and
purified to >95% for efficacy tests in the STZ diabetic rat neuropathy model. Wild-type
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WD 2004/ 069176 PCT/ US2004/ 002763 neublastin was fornmulated to go directly
into animal testing while N95K was prepared for PEGylation with 10 kDa
PEG SPA. To acconplish the refolding and purification goal, a refolding

met hod uti i zin [.ze exclusion chromat ography (SEC) wa t hat
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di ) . . ) n
buf fer (0 UORRETAt T WiRyIEe 3B ke Rl ] S TR BT thd R sty (T2
same buf FE°CorhileNI3Kn@asTsubjeoted Xo BEGlaticiPprior to/aliduotih@ameidrdeyingwo addi ti onal

buffer washes wi thout 25 detergent. Both pellets were solubilized using 6M

guani dne Pxisipkcsi| Réfolling ahd Purificstidaef aSWid-1Gpe Néublabtin and tde MMitfed A. To ai d
in the solngBK Nadlds@ia pProcess, each pellet was subjected to honpgeni zation
usi ng a pol ytron honogeni zer followed by overnight stirring at room

temperat ure. TRethsRUbIRtN BAAs WERleRprosscdBI B cbliak i—ﬁsjﬁﬁﬂ)etlﬂis?%géd fudlsat i on prior
to denaturing chronatography through Superdex 200 (5.5 liter colum

equi | i br aPeieini With an eBaoBDasH ojeavrgs/ e Pomedipicly. adjagpntiio thy sarkefits matupCl) at 20
(r:ﬂ o} nlto gir nimng%e?lpﬁgr% Q%SP@Eqﬁ S%%%ﬁ% S %@% éé@%g%@gr(g% 6%? %ﬁ%%@h? PZt ed
t 0 appboxkpgptliEtynedblastin wersisulgjected toAydis in@rliter? oEPBS eing atARV SdulaePress.
concent r adh wing tSniriughierit10080 by t5 BRI 13 oSS bRidPhS supdifats from
each preparation were discarded. The inclusion body pellets were washed two times with
wash buffer (0.02M Tris-HCI pH 8.5, 0.5 mM EDTA) then washed two times with the same
buffer containing Triton X-1 00 (2%, v/v) followed by two additional buffer washes without
25  detergent. Both pellets were solubilized using 6M guanidine hydrochloride, 0.1M Tris pH
8.5,0.IM DTT, and 1 mM EDTA. To aid in the solubilization process, each pellet was
subjected to homogenization using a polytron homogenizer followed by overnight stirring at
room temperature. The solubilized proteins were clarified by centrifugation prior to
denaturing chromatography through Superdex 200 (5.5 liter column equilibrated with 0.05M
30 glycine/H3P04 pH 3.0 with 2M Guanidine-HCI) at 20 ml per minute.
Denatured neublastin was identified by SDS-PAGE. Fractions containing either wild
type-neublastin or N95K were pooled and concentrated to approximately 250 mL using an

Amicon 2.5-liter stirred cell concentrator. After filtration to remove any precipitate, the
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M Tris-HCI pH 7.8, 0.5M guanidine-HCl, 8.8 mMreduced gl utathione and 0. 22
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during dialysis was renoved by filtration. The follow ng purification steps
apply to both Chlingotenstured ageblatinywas sieradeat 47( &t ahleati 24 sioyms befoge

20  proceeding with the purification to promote disulfide formation between the neublastin

monomers. During this time, a precipitate formed and was removed by filtration through a
0.2 p polyether sulfone (PES) filter unit. To decrease non-specific binding, the protein
K;, solution was brought to 20 mM imidazole prior to loading on a 100 ml Ni-NTA (Qiagen)

column equilibrated with column buffer (0.5 M guanidine and 20 mM imidazole) at 50 ml per

25 minute. Following the protein application, the column was washed to baseline using the
same buffer. Neublastin was eluted from the resin using approximately 300 mL of elution
buffer containing 0.5 M guanidine-HCI and 0.4 M imidazole. After elution, neublastin was
dialyzed overnight (using 10 kDa dialysis tubing) at room temperature against ten volumes of
5 mM HCI. Dialysis promotes the hydrolysis of contaminating substances and decreases the

30  guanidine-HCI and imidazole concentrations to 0.05M and 0.04M, respectively.

Cleavage of the His Tag by Lysyl Endopeptidase or Enterokinase.

The next day, any precipitate that formed during dialysis was removed by filtration.
The following purification steps apply to both the column- and dilution-refolded neublastin
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agai nst5 buf f er GMdiilica Clydmggtogrfapbyt her wi | d-type or N95K nutated neubl astin
was continuously scanned from 230 to 330 nm using a Beckman

spect r ophot onetFetlowisgdEeNBA CBIDmdmgaI@Naﬂl?mO@m was tnmediatelyesubjieetsd forfumes
R L N
1% pr eci pituifee(s MM ghosptatersid 6150 €50 inM NaCl) aaetbaded witls aeublastir ab0 @BPer i m 60
V0 2004/°0 6n91i]f13’93 T égﬁrzrl%%e{s%aélzgi?’mth twenty column volumes of wash buffer (5 mM
20  phosphate pH 6.5, 400 mM NaCl) and the protein step eluted with elution buffer containing 5

mM phosphate pH 6.5 but with 1 M NaCl. The eluted protein was dialyzed overnight against

the phosphate alone to bring the salt concentration down to 100 mM for N95K and 150 mM

for wild type neublastin. Both samples were filtered through a 0.2 p PES filter unit, analyzed

by SDS-PAGE, and stored at 4°C until needed for further characterizations and/or
25  PEGylation.

Wild-type and N95K mutated neublastin protein preparations were subjected to UV

spectrum analysis to assess their absorbance at 280. Using a micro quartz cuvette and
blanking against buffer alone, 100 pl of either wild-type or N95K mutated neublastin was
continuously scanned from 230 to 330 nm using a Beckman spectrophotometer. Based on
30 this analysis, wild-type neublastin was determined to be at a concentration of 1.1 mg/ml and
N95K mutated neublastin at 2.6 mg/ml (A280 nm-E*!*%=0.5 used for each protein). Less

than 1% precipitated material was identified based on absorbance at 330 nm.
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To assess the purity of both protein preparations, each sanple (0.5 ng) was
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from Bio M1d-§8esm&éartﬁé f-eaar i n&g@&fs 184208 ﬂwwmdhqglﬂg%a&a{&nm%est' nal

mucosa and is réported to cont t trypsin contam nation 25 ng
trypsi n peredictetmelealamueight.of TR@46T Ba@rtlzesllﬁragnpm acidrformoaf theprotein. gk t he N95K

e prgdont e e poacl ek ol BPsstil (Ao lebtindns Bitefics GLat S MBHbE 0001 dnce

used to clpesivet. iiHrét gedlewere iddneifitd i theNeSK nfi@dted isublagtis protein savipley Eiet i ng on
the carboxy term nal side of the |ysine_residue conta| ned within the H's
tag to prdeRielEopRansp fefpenstrated A PRI IO BT B 1434 PR T 5eeRYat 06 and

113 am no &H\ﬁbl‘émf:t% HEsQfor ﬂ:%”i%%ﬁﬁﬁd‘ac?d form Of B8 HRtEN, HE bitRr twb aks BESAY'S

tested an ehave simlar uani di ne-HCL 'stability tests. Neublastin
activity MSQ?r@lf él3ﬁ2rwd 159611 Pe, saggdsimg/NfiK oxidatidnzand thﬁmesenpﬁnfslpmblﬂyl ation in

NB4l A e KI RA ELI SA described in Exanple 3.
Phospﬁzgrylaﬁf“g gped‘gYeXt ed by incubating (2 hours) the captured

receptor with I‘ﬂﬂ??ptb@éncagﬂﬂﬁdomaﬁdspmnﬁho&mﬁomhm hedyoSKdfbifdted dedblgstiner

well). Follow ng the incubation, the wells were 61
protein pieparation is attributable to digestion with enterokinase. This protease from

Biozyme is a natural enzyme preparation purified from calf intestinal mucosa and is reported
to contain a slight trypsin contamination (0.25 ng trypsin per pg enterokinase). Therefore,

25  trypsin may be acting on the N95K mutated neublastin protein on the carboxy terminal side
of Arg7 to produce the predominant 106 amino acid form. On the other hand, lysyl
endopeptidase used to cleave wild-type neublastin is a single protease activity acting on the
carboxy terminal side of the lysine residue contained within the His tag to produce the mature
113 amino acid neublastin form. Both the 106 and 113 amino acid forms of neublastin are

30 equally active in all assays tested and behave similarly in guanidine-HCl stability tests.

Neublastin activity was determined by its ability to stimulate c-Ret phosphorylation in
NB41A3-mRL3 cells using the KIRA ELISA described in Example 3. Phosphorylated Ret
was detected by incubating (2 hours) the captured receptor with HRP-conjugated
phosphotyrosine antibody (4G10; 0.2 pg per well). Following the incubation, the wells were
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WD 2004/ 069176 PCT/ US2004/ 002763 washed six tinmes wth TBST, and the HRP
activity detected at 450 nmwith a colorinetric assay. The absorbance
values fromwells treated with lysate or with lysis buffer al one were
measur ed, corrected, and the data plotted as i of the
concentr at ngr:]%g{/‘%#gum astin present in the activation ﬁ?fg{l’%@*ﬂ%g dat a
denonstrate that the purified 5 neublastin polypeptides resulted in the
appear anc ¢aged REQFRAGHiH @B@ﬂ aBEThe m&ﬁh&mtwgte&teaht 45ttbenm RithiafcoREinRaMP! astin
was active in this assay. 6: Pre(garatlon of a Serum

Al bumi n- Nessay.aEhs abs@bmcagatues ﬁwmdvqlly freatediwith &ishte #5 with Iysis buffes aloaawveret i on of

rombve oxBeRid BB Sk Rl oot hp IR Rt 0 10

cont ai ns aedbyastin presgit in me‘acmraabn nnﬁummmgdatedanms&amrthlatmha ;fmﬁ'xeds ul f hydryl

groups re |on th ectedto uIt n specl.fi

o £ Sat POASHE phsbehideEs o i e epeaives st miasmemiaed RES, SHAtns Sribes.
Next, 60 {ngﬁéafnehﬂgstwglaaﬁ{,émtmayonj ugate was incubated with 120 g of
bovi ne serum al bum n and anal yzed for extent of cross-1linking by SDS-PAGE.

BSA cont aighgm I\/Ecejé Pn‘egghehofnrxﬁ% ﬁhﬂrﬁHHmﬁﬂﬁemQ&ﬁﬂéﬁﬂfungter eaction wth the

neubl astin-S conjugate is expected to result in nodification at this

site through tﬁﬁldﬂ?{:@faﬁh@iﬁ»le@ﬂn ahaecoﬁbéaﬁanw&ﬁr gjnh% @Bswéluteh@@whqw

addi ti onal bands o | ecul ar wei ght were observed, which are
consi st entsulfanhvﬂﬁlfs(Rmrc and)desalt@htolrunowexpm cms;bnle@m Bmcevl:herw@-@pﬂgl e BSA
noi et y,an ne (o} [ C tai ns
t wo aﬁrlonogf%grlar%nﬁp }0;{\/0 can ?81(5" ou e%ltgéi ”'ﬁ"o %ajagc%)%de%roﬁ%erg %ﬁhﬁ%&gp

agr eement gwiupd) rédotion with ISMCC @Qﬁlexp“ebledlto tefuilfintsite spdeificmbdificatioh ofﬂjese bands,
V\g; a decr e dn t&l%?\ﬂé g&e&y of the neubl astin-SMCC and BSA bands. Based

on the |n1n AHE FURTERINUS: band, the reaction appeared to
have gone tO IZIth8@(5’/ gemh%m&mﬁmo@@m igh@éﬁhsii‘rﬁ:@ditdar\ﬁq}’ﬁo vyt f i ed

fromthe reaction m xture subj ectin 25 material to cation exchange

c EL omat ogserphyelbwmin sillct @@Z@ﬂ fogi ebwntﬁfrcm&ﬂldgln& b pDSP AGESBSEy epaseins@0 go | um
(Phar RC! GheRRER Bl e SRRRARARLR FERU AL AR ESME Rl g oo

above. om t rat Ion run were ana
SDS- PAGE  axgstetell osesult inhedificatign tabhissite daoughtthé mra}etinide ofltiet SMECe Undad yzed for

protein cgontent absor nce e mass _.of BSA.i

appr oxi maflerg,cand es,ttwata O%Emdagggwgert ecalﬁaamﬁw@tﬁ Ve g % was
di vi ded byomistedf inthaefwith &leﬁbéﬁ%nfo?&eﬁ‘ﬁwﬁsﬁﬁ%ﬂx aeéiﬂ%(é’ 1¥ 8k&nthoeie tfhhé withacti on
was subjected this to analysis for function in th ELI SA. 1 C50 val ues

for both tweBSA-melemnlasmee gaghnsublesinraelptudescontaingtve agrigo-tekmini it eaat i ng t hat
conj uggt ' %derré)o lteg(glog,séﬁdhc%gs&l%nﬂ a?é%ra%{'geﬁl%gt \I/Mpﬁ'ﬁg 1‘?0[910n.6 %oncurrent with the

formation of these bands, was a decrease in the intensity of the neublastin-SMCC and BSA

-

U

bands. Based on the intensity of the remaining neublastin band, the reaction appeared to have
- gone to 70-80% completion.
The monosubstituted product was purified from the reaction mixture by subjecting the
25 material to cation exchange chromatography and size exclusion chromatography on a
Superdex 200 column (Pharmacia) essentially as described for PEGylation studies discussed
above. Column fractions from the gel filtration run were analyzed by SDS-PAGE and those
containing the monosubstituted product were analyzed for protein content by absorbance at
280 nm. Since the mass of BSA is approximately twice that of neublastin, the apparent
30  concentration was divided by a factor of 3 to give the neublastin equivalent. This fraction
was subjected this to analysis for function in the KIRA ELISA. IC50 values for both the wt-
and BSA-conjugated neublastin were 3-6 nM, indicating that conjugation to the BSA had not

compromised function.

62



WO 2004/ 069176 PCT/ US2004/ 002763 Wiile these prelimnary studies were
generated with BSA, the corresponding serum albumn proteins fromrats and
hunmans al so contain a free SH Consequently a simlar approach can be
applied to I rat serum al bum n-rat neubl astin j r
perform ngvgﬁg(g’?\@@g%fi cacy studies in rats and human segg%}éggélﬁﬂzfgl@hunan
neubl astin for 5 performng clinical trials. Simlarly SMCC can be
substituted w tWhikitheseprelinilbar) efudieb wefeQRBeraleld REBIBSA,A¢ caifespatidihgatrugin no
reactive group on one _side and a thiol reacti ve§gireoup on the other side.

Exanpl es GfOUgR ROsRSEIm gals endjeunans Aie pantain 4 frep S8l fongequenidy a stmilar

react i ve- @bt G be'abplicAtE PeneBltE Prat MpSin albWin-ratMokblastiNonjubit /Ry Or GVBS,
that insert a thiol reactive- haloacetate group are SBAP, SI'A, SI AB and t hat
provi de a porforming BN and effisacystudiecingats atd lpimanGefum alpemir-huwmenveublagin oty dr y|

groups.to . UGl bl.e.d i.n [ ] . all of
whi ch gre%@ﬁ%%F@%ﬁ%%%@@”% %P%ggﬁﬁﬁrwgd;@%%%@%%%ﬁsary and
C nmany al tlﬁk&atﬂaveorﬁiiﬂaﬂegling&eaiﬁee gmh'ﬁeiflpﬁ%ﬁdle irmraﬂtﬁdhréaa@vdgilelgﬁmme-ter m nus
of neublastin with serumal pbumn. A skille rtisan 0 Cpu ener at e
conj ugat eLthepsider ieﬁgﬁ’iﬁﬁﬁq"ﬁ%"t"u&? grossyigykers é‘%s_é’a a&ﬁio Wéctﬁ’ﬁi%g_ %us of
neubl ast i Mg saBMPREMEN, BMOD) SNIYB,MBE! KINIUE, BHOMRBS, tHa? il¥ek Rkasirbattiser um

al bum n fusions created using Iggnetl c engi neering where neublastin is fused

to the serhaleaestaie gonp geerSBAR, SLAsSHYB ansl thalprevidesa protectsd oy neeprateaied thielr  at

bot h ds, . f t] T8 xt ended
thr ougqu rofﬂ F%(;fl oﬁ@%sﬁ@i&r‘@eﬁ 8ﬁp§%§sﬁgﬁ‘g%§§@ﬁ@%@%ﬁ§ a%l%[nPljﬁni? §@h?§ga e that
woul d resuwr SATR all gffhikihcire widilabla fiptroPiersg.eSudhadrdss llinkers are merelyrkampla and2 0
ceghnsequently in hupans. Exanple 7: st.allizatiqn and, Strycture,

choer natm%{af B N @sﬁnﬁﬁpat%e?(%ira%%s_ SRR RIS 8 nﬂ’gﬂ?ﬁ%&’lﬂ‘n_ was
expressed gyghiUlb@nl AN P8 ARH CEulll GendrdtB bdHjhgabR tH s MfoudliR BB esi s

(Van Duyne, et al., 1991, Science 252, "839- 842)]._ Both ate,. wldtype

neubl ast i mohtargeted|ab theraming-tenmings pfresyblastinaerad thedhibl meietnongesung albumint. r at ed t o
17 25 ..ny/ ' to 17
gt i onoveublgbipssti st ins (GBS L RS nitBRg SRBRTRMRARS, D

di f f usi on fosihethesdrancaburin géne & itSiamindStetninus, 8B dxy-fermiqup) or afboth bwds| agr . 24,
409-411) out of 1.25 M magn]gﬁi umsulfate, 0.1 MMES pH 6.5 at 20C. The nopst
r epr oduci 593&‘1’%‘?‘]&9?3\%}" Ot ai ned by microseeding. The crystals were
cryoprot ected Byishignédiehntde@RtealicdXHpolENCuBASadiplabiBhs B\ARY YieliasEREQHMS (O a
final 30 concentration of 1.25 M magnésiumsulfate, 0.1 M MES pH 6.5, and
30% (v/v) 2bqumineprdugaig thebwould gesakiéme producs withys pgeforgedthelirife iy animels and qui d

ni troggn. : imately 100 m crons on each side diffracted to 1.6A
at beg% i n°§f‘%%§ﬁ&h§t“ﬂ%é ational Synchrotron Light Source (Upton, NY). Data
pr ocessi ngExanigle 7h€ryidllization and Structure Determination of Human Neublastin

Selenomethionine labeled neublastin was expressed using a standard procedure to
inhibit methionine biosynthesis (Van Duyne, et al., 1991, Science 252, 839-842). Both
wildtype neublastin and selenomethionine-incorporated neublastin was concentrated to 17

25 mg/mlin 0.8 M arginine. The protein stock was concentrated to 17 mg/ml in 0.8 M arginine.
Crystals were grown by the hanging-drop vapor diffusion method (Jancarik, J. & Kim, S.H.
,1991, J. Appl. Crystallogr. 24, 409-411) out of 1.25 M magnesium sulfate, 0.1 M MES pH
6.5 at 20°C. The most reproducible crystals were obtained by microseeding. The crystals
were cryoprotected by the addition of 5% ethylene glycol every 60 seconds to a final

30  concentration of 1.25 M magnesium sulfate, 0.1 M MES pH 6.5, and 30% (v/v) ethylene
glycol and then frozen by quick transfer into liquid nitrogen.

Crystals approximately 100 microns on each side diffracted to 1.6A at beamline X4A
at the National Synchrotron Light Source (Upton, NY). Data processing with the HKL
program package (Otwinowski (1993) in: Proceeding of the CCP4 Study Weekend: Data
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program package (O w nowski (1993) in: Proceeding of the CCP4 Study Wekend:
Data 63 WD 2004/ 069176 PCT/ US2004/ 002763 Col |l ection and Processing (Sawer
et al., Eds.) pp. 56-62, Daresbury Laboratory, Warrington) revealed the

crystals t 8 a C2 space group with | coval ent dj metric
unit and gﬁgr%’%ﬁ’é{"’g cell dinmensions a7-115A , b=33 A, q!'gi&fg:@%@;\zz&g: y =90,

0=99 The crystal structure was solved by nulti pI e i sonor phous repl acenents.

Native 5 rgolibttivhtand Pﬁdcbtﬁsh@l (Sawex ¢t als, s § @p.i 36-62, Mkdsbizh4 aboratofy, Wattiagtod)D MV
IrC13 for 72 hours, and mM I rCl6 for 18 hour s@gﬁﬂd data col | ected and

pr ocessed TExpaked éhmstaéml@lmw (aviRaGe sErupatith 1 coygfsnbdimet per asyggmetric unit
sel enomet r&hl ?#ﬂ?&uﬁ{a{e%%u‘&ﬁﬁ&s on§ @hAbBB—B?%%QBS Ao o wzr 95, gcat s and

anonal ous erence pattersons. e remai ning sites ed using
SOLVE (4). The Thebwystabstmetuee wasmodneddbylnwlﬁiﬂS@aMErﬁhﬁes wplacergents. eVatade. , 1999, .

Acta Crystall 55, 8 f 0. 56
Fesul t Phg TGRSl wse Seaet | ALEIGh G SO oloGmMTECLfetls thury wifiue
Al ternat i naMancl &5 18hoiR @R dib cbitticied alll brocEkdld thypthSHK IS WoalinSwdki &t al) on(e]ip(

"02D - the manual , software manual, Uppsala, 1994) and refinenment with
using a ripmR). The fea smmeémrnws@ga'msl@camé)ygesp@mﬂmfmqmm@uaanda resul t ed

o o D op bR Etterchie pduBfRo® e 3ethaifind e 19HEN MBSO N ) "Bl
sul L ate ?mhms weBlimptavedby ms&guvgm%m IR?\@QQQW’M Cys@llog /DL 65, 2;425 wi t h
Do S HRPRBE e sramei e Spand ulif febt e o ke iy B g (B8

appr oxi nmatyRutsktinindddRl. akltérhat Elef6BmodePBdldRsk With @D (365 DI@?&%@ & T Rgi on of
t& neubl astl n surface and coul d represent i ndi n SI te or hepar| n
f

ate. TRetse" Q?ﬂ% the masual grofvae m@%lﬁldUaES%éi? "éaa usmgh
t
| 4 r oo tanjpflatbt AiSfingt oo el sl tonibihd Gl SR E*?fﬁ#’g?‘gé%&ﬁ%ﬁ o
?] ul;; gt en#zhe ndublastm mstem, fﬁc;nd;gg thedfnst ingkiarfermingl I3\ ypmnmI fr’] Ia%lgs aawbllhuSStwate;i
forms 2 h "B uiggte Rt (e drabRane s 28 SR Bs 2 FRUE AR 1)

forms a |%6d2t5rebmlﬁﬂﬁﬂ bond to sulfate #6. These sul fates nmay represent
bi ndi ng pockets for heparin sulfate, which if nutated to non-positively

char ged r d=¥ample8:clfage 3WS%W|M°mﬁgebﬂﬁﬂlwa%d possi bly decrease

d/ or del |
S o st rat, on  QABE s bilficdshiBe S8l dFahEMb ROt Bl Hfinglore |
constr uct dldcaled cmmb&relpmhdm@gtohef the|nfallesinshrfadeend Oowd yepossanti atogdipgsite Wi t h
th | f th bl ast t d n+2

e necnalt adorheRin R thete r MRt Bl oot Bt apdetf btk MERGRS 1 Uy o o
FG-1 comﬁuﬁﬂaesé shlffatbe PEHel Aigifitle retidiie R4S LinRPREethechllired BRIfAS FRHS, dnd8. SA

(Pellegrini et al (20Q0
#3). Tts backbone amidé interacts with sulfate #2, while its side chain guanidinium group

forms a bifurcated hydrogen bond with sulfates #6 and #3. A second arginine residue (R49)

~ forms a hydrogen bond with sulfate #2 and a third arginine residue (R51) forms a long
25  hydrogen bond to sulfate #6.

These sulfates may represent binding pockets for heparin sulfate, which if mutated to
non-positively charged residues could reduce heparin sulfate binding and possibly decrease
and/or delay clearance of the neublastin molecule upon in vivo administration. A model of
heparin sulfate bound to neublastin may be constructed by superimposing the sulfates of the

30  glycosaminoglycan with the existing sulfates of the neublastin crystal structure. The n and
n+2 saccharide-linked sulfates in heparin sulfate from the crystal structure of FGF-1
complexed to heparin sulfate are separated by approximately 8.5A (Pellegrini et al., (2000)
Nature 407, 1029-1034). This measurement closely matches the distance between sulfates of
the 3-sulfate cluster in the neublastin structure; sulfates #3 and #6 are separated by 8.8 A and
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Nat ure 407, 1029-1034). This neasurenent closely matches the di stance
between sulfates of the 3-sulfate cluster in the neublastin structure;
sul fates #3 and #6 are separated by 8.8 A and 64 WD 2004/ 069176

PCT/ US2004 30920685601 sul fates #3 and #2 are separated by g T '; di st ance
 nd s rabrhygmmdtRat £

measur enment correspondance could indicate that this R4 tif is
part of a heparin binding site. This suggests that single site nutations of

RA8, RA9 gulfftest#3tad @ uked¥phated by BSIPAI Thisdistadte ABYsubdnieait chitdipfdande cogld am no
acid, mght reduce hg{)arl n sulfate binding affinity wthout reduci ng t he

recept or sndicatthaighis R4SRAYR Y matdis pat of Hiicparie bgingsee This gyggesis that
bi ol ogi calg Jl.n?le%?tE hiﬁ%aﬂ%pelf;ﬂs w@tor h@? t@glu@ﬁlaie%q | §r dnlyfohet Ho Pél)s‘im}es and

consequent i n humans o test possi bi | we are” generaling a
seri es of apwmsicidyotightireditce bmusnlfambmdmgmﬂiretyafngnom reducingithatresdpton gl ut ani ¢

gﬁlr:jfsl ng ﬁﬁﬁ% ?@%‘&F h%sséli’gwgébaq%%ﬁgunck’ O?Orglcaégﬁgt?‘?ef%#%a Ii’lbagﬁcts wi |

be t est ed pralongel ihbiflife in@mirhalsl altbgasdquerailydn hainads) Tontestikie pkssnﬁuty,ase asd
phar macodynanm ¢s in ani rral s. One or npre of these sites m ght_ al so prow de

ot her si t SENSREBEEIFSA |°8HStW‘?FS t&%’Ha‘B@ne er WereaHRgrinshRtait tp RItARRC AAR wi t h

K or C andygphitabdigeub BRES wiEGE &%Qd@f?EV@oh p@fﬁéﬂ%ﬁ refoldegSage of
Pegyl at ed Mut at ed Neubl asti n NBN106- 5K on Reversal of Tactile and Ther nal

Il yperal gé@tedfomfunmcxne Ftnaglatﬂugprodnctmllhm@etbd&Tabli@ymmend%)rn W had
preV| ha g/ ke | d- type neubl astin, adm nistered s.c.
3 ti rre é’ {%ﬁﬁ%ﬂ ég‘ﬁéhﬁa%bdg%?f co I% % reversal and normalization of
neur opat h| c paO‘me obfiogw/éfthese sit@dahightealsdl grodiidbothersitds fot PEGatioy péichl g be )

i pduced by spinal] nerve ligatigon in th rat, wher .0 kg wi |l d-type
n&ibl ast | ﬁccogmhgflﬁdshyerﬁelac@ R K aPPER A TAErBAGs %@rﬁaﬂggéqv%and 0.1

ng/ kg and 0.6 yr‘%/ kg wi |l d-type neublastin, adm nistered s.c. ti mes per week
had i nt er medi af&amplek Bosage of Pegylafed Mutpted Neuplastin NB16- lgsf-ﬂﬁ%s to address

the rever RaversnkefFactile ansyThermal Hyperalgesiain Neryve Ligation A@imalé\iadﬂ@ﬁym a and
t her malS hyYeurepagbiciFain n t he Chung L5/L6 spinal nerve ligation ("SNL")
nodel . Sprague-Dawl ey male rats (230 - 380g) were divided into two groups.
All 25 rats red¥é h@@r@mu%spﬂmnsmtp%lal i @aﬁquﬁld-mengrbdamn,@ﬁnmastgre(l B€6) was

d t S t 6
per ar oupy’ AP fefl Pk R B B Ao UB ARG RpRY Rpglel 2 L
NBN106- NO Dhiéhaviors Etaﬂlﬂclalmwﬂm&nd theﬁﬁillhyperaltgeslf]) indylckdby Qilnaéll)leﬁ(ze h@ati’dﬁag BEGd
NBN106- N95K, stin ot ei at . col | - I ved an
Cont ai ned T AGHER GO pe G St ReablabS iAo 3¢ HuR P e Hon
t runcajed e?l@ct(aﬁm)"l%%/ﬁé Fhd0'$ n&é/k@ﬁrﬂ&-'tﬁi& n@ﬁblZstﬁnAdi'ﬂnﬁfekéﬁSsc BB Bbr wédkd
finally pegyl ated with an avera&?) of PEG noi et i es per dimer of NBN,

usi ng met Hestintgralediete aifectsie this me
Here, we describe studies to address the reversal effect of pegylated N95K neublastin

on tactile allodynia and thermal hyperalgesia in the Chung L5/L6 spinal nerve ligation
~ (“SNL”) model. Sprague-Dawley male rats (230 - 380g) were divided into two groups. All

25 rats received the spinal nerve ligation. One group of rats (n=6) was administered vehicle by -
subcutaneous injection. A second group of rats (n=6 per group) were administered pegylated
N9SK neublastin (3,(4) X 10 kDa PEG NBN106-N95K) by subcutaneous injection at 10
pe’kg. 3(,4) X 10 kDa PEG NBN106-N95K, comprised neublastin protein that was E. coli-
derived and contained an Asn-to-Lys amino acid substitution at position 95, then truncated

30 (amino-terminus truncation of 7 amino acids; NBN106), and finally pegylated with an
average of 3.3 PEG moieties per dimer of NBN, using methoxylpoly(ethylene glycol)-
succinimidyl propionate (SPA-PEG) with a molecular mass of 10,000 Da as the reactant. The
vehicle consisted of 5 mM phosphate and 150 mM sodium chloride at pH 6.5. Subcutaneous
injections .were administered on days 3, 5, 7, 10, 12 and 14 following the operation (post-
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succi ni m dyl propionate (SPA-PEG wth a nol ecul ar mass of 10,000 Da as the
reactant. The vehicle consisted of 5 mM phosphate and 150 mM sodi um
chloride at pH 6.5. Subcutaneous injections were adm nistered on days 3, 5,
7, 10, 12 | owi ng the operation (post 65 WD 2

PCT/ USZOO4‘?§33%@§JI%SNL). The Von Frey (Chaplan et al. q’féjg%?g ég”ﬁeur OSCi .
Met h. 53: 55-63) and Hargreave's (Hargreaves et al. (1988), Pain. 32:

77-88) bazayi %@Vch?@éﬂ%lﬁn&sﬁqwﬁ)rm%&r‘bﬁcztl%‘ﬂz' kB sgrazkg aﬁdwﬁaﬂgwavé’@srnonses
respectively. These pain responses were nonitored prior to the spinal nerve

li gation (Her@wmt iak I615!§§%el?¢'h%2 réS8bbehaviorad festiganerouyed o monjtortactijeqrds y t he
0C 1. © it felphastreigyively hise PR EBHSES ke ol b HOUSIngl: >

treat men mcmllrghﬁmﬁoteaablﬁm bakedint r@pdmsas; bn day 2 pueSNIntal v;e&fysthe pfesatme bANC e

(s St edotidgptiferal hupbiateiste, G IR et ot 1omme SE | ocyn a
and t her nBdesdWtifticd] 9RhifRadcedTIA] f%ﬂnéndeléﬁvQYo Geticle troffentoNL-way San@r&ﬂﬁ(?t ed.
Subcut aneous  admi ni stration_ of 4) X 10 kDa PEG N95K-NBNI 06 ( | ed

t o subst vprancafdway ANQYALwes ganzt,q fqlleszﬁil by apestdwe Stusentieumankeuls of
neuropatgsm%p inrats with spinal 15 nerve ligation. In rats wth spinal
nerve |i the effect of 10 g/ kg 3(,4) X 10 kDa PEG NBN106- N95K on
thermal sensitivity and tactile allodynia first became statisticalBogh

n, of admnistratio gyl ated NI95K

S|gn|f|cant 4 days ter, the initi of p

neubl1&st t)‘i’es?ﬁée‘-%%ﬁaa%?aleﬂ’e%l% Wges OdZYPax 10 kDa PEG ﬁ|95|< on

t her mal fg byfaty and tacti |d€ el %,g‘géﬂ approxi mately 4
dgys after ' the initiation of adm |str |on of 20 pegyla NO5K neubl asti n.
Ta ef f ecQubcuwténed(s admiXistratidole 1P EE/KYBIHDE- 136 REG NISK-NBNOO{ sh during the 2
to 3 day interval between adm nis th ubst nti al
normal i zati on of pain behaviors béi%‘éﬁ‘%ﬁ@haéﬂaﬁﬁaﬁ &ﬁl’ﬁﬁ%‘ 8?“ Pa§Pat ed
NO5K neubljrasthithpes @R nélay; ?dﬂﬁc paid 7. In another experinment (glatdwitépisdiown)
subcut aneous admini stration of 3 g/kg 3(,4) X 10 kDa PEG NBN106- N95K on

days 13, Serve ligation. ﬂnretnmmzspinemem lwasorg mdﬂf&amf 1Dughkeg 3ed) X2 HA kR#PBE pai n

behavi or I S SNL del ., t hough the
onset of W@#‘é@f ngé *\B‘f‘ 8&?% a‘Pﬁé Bséﬁ? g’ﬁﬁth&lyat ed that of
3(,4) X JprkfidaanPEGaybBhiO6e m@ﬁoh@smsuwm ltel BI9SK mefibladtinl gast 100 to

333-fold over non-nut at ed non él ated neublastin on tactile allodynia

and t her raffectrnfd @ nmalkgei it 196:NP 5Khen rmmahsensitivityigad Eatilanced 30
phar maco killggyt/rhf re%lféﬁ%rptlitgaﬁl a?){)ro‘?( m:ﬂf%ly% dja9s 41188 ufe b o RN A& ARRAr €d T O

non- nut at
20 pegylated N95K neublastin. The effects of 3(,4) X 10 kDa PEG NBN106-N95K did not
diminish during the 2 to 3 day interval between administrations. In fact, there was substantial

normalization of pain behaviors between the administrations of pegylated N95K neublastin

on days 5 and 7. In another experiment (data not shown), subcutaneous administration of 3
ng/kg 3(,4) X 10 kDa PEG NBN106-N95K on days 3, 5, 7, 10, 12 and 14 led to a significant

25 normalization of pain behaviors (tactile and thermal hyperalgesia) in the SNL model, though
the onset of the effect was somewhat slower.

These results demonstrated that of 3(,4) X 10 kDa PEG NBN106-N95K has an
increased potency of at least 100 to 333-fold over non-mutated non-glycosylated neublastin
on tactile allodynia and thermal hyperalgesia pain behaviors in the SNL model. The enhanced

30 pharmacokinetic properties of 3(,4) X 10 kDa PEG N95K NBN106 compared to non-mutated
non-glycosylated neublastin indicated that efficacy of systemically administered neublastin
correlates with serum levels of neublastin. These results demonstrated that polymer

conjugates of mutated neublastin can be used to treat neuropathic pain in patients with greatly
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non- gl ycosyl ated neubl astin indicated that efficacy of systemcally
adm ni stered neublastin correlates with serum|evels of neublastin. These
results dermonstrated that polymer conjugates of nutated neublastin can be

used to tr mz“ ppgathic pain in patients with greatl yp&fy¥¥hsfedsis 069176
PCT/ US2004/ 0027 reduced doses, and potentially reduced dosing frequency,

due to their enhanced bi oavail abl lity conpared to unconjugated neubl astin.

Tabl e 8. Béd%&ﬂdldi:@é ahd'pétasia RZ'r&ﬁEédes&% R RE tOBNir diRidEe®@f NBN PEGyI at ed
G ycosyl at ed %osure In Kl nm no ACI ds Amino Acid Mce After s.c.
EC50 - Max biuamsilabdity eempasedoruneemiyeatedqeyhiastioBN nd 0. 4- 12 nM 100% NBN104 ( CHO)
95,95 nd 0.7 nM90% 2 X 5 kDa 1,1 nd 0.2 nM 105% PEG NBN 4 X 5 kDa PEG
1,1,95,95 nd 1 nM 80%abkeN1BiplagiakCharactepization of REGylatedNBN 7206 PEG NBN 1 X
20 kDa | nd % Ghe N k Dgya 95, ++ 0.3 nM 110%
PEG NBN104 ((c):l‘if’«?o'i‘Mé'ﬁxi P%ld; i’iﬁ‘ﬁ?’;“? N%ff°2$’g'g % ﬁg@rwr%w- NBN106 3 X
10 kDa PEG 1,1,95 ++ 0.8 nM 100% NBNI 06AMNGbisratioh, 4) X 10 Hefideyl, 1, 95 (, 95)
++ 1.6 nM 90% PEG NBN106 N95K 4 X 10 kDa PEG 1,1, 95, 95 +wWL nM >80%

NBN nd 04-12nM  100%
NBN104 (CHO) 95,95 nd 0.7 tM 90%
2X5kDa 1,1 nd 0.2nM 105%
PEG-NBN
4 X 5 kDa PEG 1,1,95,95 nd 1 nM 80%
NBN106- N95K
2X10kDa 1,1 nd 0.2 M 72%
PEG-NBN
1X20kDa 1 nd 0.2 nM 83%
L Branched
PEG-NBN
1X20kDa 1 95,95 ++ 0.3nM 110%
PEG-NBN104
(CHO)
3X10kDa 1,1,95 ++ 0.7 sM 115%
PEG-WT/
NI95K-NBN106
3X 10kDa PEG 1,1,95 ++ 0.8 nM 100%
NBN106-N95K
3(,4)X10kDa 1,1,95 (,95) ++ 1.6 nM 90%
PEG NBN106-
N95K
4X 10kDa PEG 1,1,95,95 ++ 11 oM >80%
NBN106-N95K
2X20kDa 1,1 + 0.6 nM 80%
PEG-NBN
2X20kDa 1,95 ++ inactive inactive
Branched PEG
NBN106-N95K _
_ 2X20kDa 1,1 95,95 ++ 1nM 105%
\‘ - PEG-NBN104
(CHO)

Note: nd denotes not detectable, + indicates low-moderate exposure, ++ indicates high exposure
5  Note: all are NBN113, unless otherwise indicated
Note: all are E. coli derived, unless CHQO is indicated

10
SEQ ID NO: | Sequence:
1 Consensus mature neublastin polypeptide - 113 aa
2 Human mature NBN113
3 Mouse mature NBN113
4 Rat mature NBN113
5 PreproNBN - 220 aa
6 Mature NBN140
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NBN106- N95K 2X2CkDa 1,1 + 0. 6nM 80%

PEG-NBN 2 X 20 kDa 1,95 ++ inactive

i nactive Branched PEG NBN106- N95K 2 X 20 kDa 1,1 95,95 ++ 1 nM 105%
PEG NBN104 (CHO Note: nd denotes not detectable, + indicates |ow noderate
exposure, ++ indicates high exposure 5 Note: all are NEEV&% QH S
ot herwi se "WRII®YPEYONote: "all are E. coli derived, unle "}f’ Z%Efdi cat ed
10 SEQ I D NO Sequence: | Consensus nature neubl astin pol ypeptide - 113 as
2 Human n _ atyte 1 r oNBN
- 220 as X -a,n=ﬂ]‘ 149041069176 PCT/US2004/ 0027637
Mat ur eNBN116- 8f§|r uncd md%,;&i BN 7 Truncated— 11
Truncat edNBNT6g; 12T AT ENRN O IBN106
15 Tr unc(ajJ:-Ed-NBﬁ"S BT LG |
Truncat e V"““\ilOﬁzﬂ@ T m&teﬂmw 6t

13 Truncated NBN107

14 Truncated NBN106

15 Truncated NBN105

16 Truncated NBN104

17 Truncated NBN103

18 Truncated NBN102

19 Truncated NBN101

20 Truncated NBN100

21 Truncated NBN99

22 Polypeptide DYKDDDDK - 8 aa

23 NBN113-N95K
C- 24 NBN106-N9SK

25 Rat wild-type ORF - 675 nt

26 Rat wild-type preproNBN polypeptide - 224 aa

27 KD2-310 Primer

28 KD2-311 Primer

29 KD3-254 Primer

30 KD2-255 Primer

31 KD3-258 Primer

32 KD3-259 Primer

33 KD3-256 Primer

34 KD3-257 Primer

35 His-tagged NBN ORF - 414 nt

36 His-tagged NBN -135 aa

Other Embodiments '

Although particular embodiments have been disclosed herein in detail, this has been
done by way of example for purposes of illustration only, and is not intended to be limiting
with respect to the scope of the appended claims, which follow. In particular, it is
contemplated by the inventors that various substitutions, alterations, and modifications may
be made to the invention without departing from the spirit and scope of the invention as
defined by the claims.
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20 Truncated NBN10O 21 Truncated NBN99 22 Pol a tide DYKDDDDK - 8 as 23
NBN113- NO5K 24 NBN106- N95K 25 Rat wild-type ORF - 675 nt 26 Rat wild-type

_ preproNBN pol ypeptide - 224 as 27 KD2-310 Prinmer 28 KD2-311 Prinmer 29

KD3- 254 Prinmer 30 KD2-255 Primer 31 KD3-258 Prinmer 32 KD3-259 Prinmer 33
KD3- 256 Prinmer 34 KD3-257 Primer 35 His-tagged NBN ORF - 414 nt 36

- Hi s-tagged NBN -135 as O her Enbodi nents Al though particul ar enbodi nents
have been di sclosed herein in detail, this has been 5 done by way of
exanpl e for purposes of illustration only, and is not intended to be
limting with respect to the scope of the appended clainms, which follow In
particular, it is contenplated by the inventors that various substitutions,
alterations, and nodifications may be made to the invention wthout
departing fromthe spirit and scope of the invention as defined by the

clainms. 68 1. A neublastin polypeptide containing a substitution of one or
nore of the- & geehlagingpolyprptide copfainme a bsugpmnpP %"%‘?”B%iof,ildﬁ‘nﬂ@g‘}n%?t t he
ar gi ni_ne... osLLLAn: e -POSLLlve b I i 2. The
pol'yp deiiah 4BriE kAR ae BhblloPab AR RAT ko BB SERIR LT BT [

gl ut aninfino &cideesidue3. The pol ypeptide of claim 1, wherein the arginine
residue at position 48 is substituted wth glutamc acid. 4. The

pol ypeptide of claim1, wherein the arginine residue at position 49 is
substituted wth glutamc acid. C

2. The polypeptide of claim 1, wherein the non-positive amino acid residue is glutamic

C acid.

3. The polypeptide of claim 1, wherein the arginine residue at position 48 is substituted

with glutamic acid.

4. The polypeptide of claim 1, wherein the arginine residue at position 49 is substituted

with glutamic acid.

5. The polypeptide of claim 1, wherein the arginine residue at position 51 is substituted

with glutamic acid.
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5. The polypeptide of claim1, wherein the arginine residue at position 51
is substituted wth glutamc acid. 69 6. A nethod of inducing folding of a
~denat ured neubl astin pol ypeptide, the nethod conprising contacting a
denat ured neubl astin pol ypeptide with an amount of a refolding buffer
effective to induce folding of the polypeptide, wherein the refolding buffer
~consi sts of (i) potassium phosphate pH 7.8 at a concentration of 50 mM
(i) guani d§ ngidHoPdf iadutiRg EAMnE F b ABniire@ n2ublhst{n pdlypdptidé Ghdiieehodt a
concentration of 0.35 M (iv) Tween-80 at a concentration of 0.1% (v)

oxi di zsdnpgisingatontastag atdeaatumdaenblraam prypsptide pith aarpgnqunt pf ¢ eefoldens

| ut at,hi t t 7 Th i
Che RSP R SREEE OB Y ot e e RO e el Bl 51 S
6, whegghdiaskiis Bh&é%,m B%XB&%hQﬁxdnsof%Orﬂdl@t(ﬁ)j DeARIdIRta 9. A di mer
conprising a fi t neubl asti n pol ypepti de and a second neubl astin

pol ypepncetesatinhef 8i5rVI( a)l) AtAtgist atonepnoénttatien pé0yi5eyi (iEEwes-8 ptoosyl at ed,

and (b) at |east tldesis conj ugat.ed iits.N-terpinus to
"t dongniion o Jrif Pt el auREBke $67 conter Gt oM. anit(8) NErD: n
vat er gﬁedaa%&aw&h@émﬁue%ywmm pol yethyl ene glycol (PEG. 70 11. The
dimer of claim9, wherein the amno acid sequence of the first and second
neubl asti n pol ypeptl de is NBN104 (SEQ ID NO 16). 12. The dinmer of claim 10,
wherein the am no acid sequence of the first and second neublastin
pol ypeptide is NBN104 (SEQ ID NO 16). 13. A pol yner-conj ugated di ner
conprising a first polypeptide conprising a first amno-term nal am no acid
and a second pol ypeptide conprising a second am no-termnal am no acid,
wher ei n each Pind mpthotiod elaimdi, wihdredrd the neobipstirspslypeptidais wildl fypearublastequence
acterized by at |east 70% sequence identity wwth amno acids 8-113 of
ID NO 1; b) a cysteine residue at each of positions 16, 43, 47, 80, 81,
109, and 111 when the polypeptides are nunbered in accordance with SEQ I D
NO 1; c) amno acid residues as follows: C at position 16, L at position
18, V at position 25, L at position 28, Gat position 29, L at position 30,

G at positi 31 0 |t n,36, Fat |t|o 40,. Rat posit Fat
position 42ém8'ea‘?"558§°? é‘”h%“ B‘Géﬁeﬁ? Eﬁ”t“dﬁbss? Bﬁ“&?ﬁe ‘?”bésé?'
position 80, Cat position 81, R at position 82 P at position 83, F at
position 91, D at position 93, S at position

9. A dimer comprising a first neublastin polypeptide and a second neublastin
polypeptide, wherein (a) at least one of the polypeptides is glycosylated, and (b) at least one

of the polypeptides is conjugated at its N-terminus to a water-soluble synthetic polymer.

C

10. The dimer of claim 9, wherein water-soluble synthetic polymer is polyethylene
glycol (PEG).
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105, A at position 106, C at position 109 and C at position 111,
nunbered in accordance with SEQ ID NGO 1; and d) an LG.G repeat,

each when
an FRFC

~notif, a QPCCRP notif, and a SATACGC notif; wherein at least the first
pol ypeptide conprises at | east one am no acid substitution, insertion or

.fission as corrpared to SEQ 1D NO'1, and wherein the substitution,

insertion

or fusion {joﬂﬁg’?ne%%f c aﬁr%”%'he;%m LAmife QAIH ggci[degge i t}xg fird ar%%&%ng pol ymer

i s conj ugat
neublastin polypeptide is NBN104 (SEQ ID NO:16).

12. The dimer of claim 10, wherein the amino acid sequence of the first and second

neublastin polypeptide is NBN104 (SEQ ID NO:16).

13. A polymer-conjugated dimer comprising a first polypeptide comprising a fixrst

amino-terminal amino acid and a second polypeptide comprising a second amino-terminal

amino acid, wherein each polypeptide individually comprises:

a) an amino acid sequence characterized by at least 70% sequence identity with amino

acids 8-113 of SEQ ID NO:1,

b) a cysteine residue at each of positions 16, 43, 47, 80, 81, 109, and 111 when the

polypeptides are numbered in accordance with SEQ ID NO:1;

c¢) amino acid residues as follows:

C at position 16, L at position 18, V at position 25, L at position 28, G at

C position 29, L at position 30, G at position 31, E at position 36, F at position 40, R at position

41, F at position 42, C at position 43, G at position 45, C at position 47, C at position 80, C at

position 81, R at position 82, P at position 83, F at position 91, D at position 93, S at position

105, A at position 106, C at position 109 and C at position 111, each when numbered in

accordance with SEQ ID NO:1; and

d) an LGLG repeat, an FRFC motif, a QPCCRP motif, and a SATACGC muotif;

wherein at least the first polypeptide comprises at least one amino acid substitution,

insertion or fusion as compared to SEQ ID NO:1, and wherein the substitution, insertion or

fusion provides an internal polymer conjugation site to which a polymer is conjugated.
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