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WO 2006/023782 PCTIUS2005/029638 REFOLDING TRANSFORMING
GROWTH FACTOR BETA FAMILY PROTEINS Cross Reference To
WERM O3 A3plications This application claims priority from proW€ithar005/029638
application number 60/602,825, 5 filed August 19, 2004. The entire
content of the prior application is incorporated herein by reference in its
entirety. Technical Field The invention relates to compositions and
methods for refolding proteins 10 belonging to the transforming growth
REE0EDENGSTRANSROR MASoGROW THEEAIGTOR BED AfAVMIBEY RROMEINS
and Enovin, is a 24-kDa homodimeric secreted protein that promotes the
survival of neurons of the peripheral and central 15 nervous system such
as dopaminergic netRERRALHRIRS RblZQPApHIRVEIRRMeNt, 127:4335;
Roseblad et al., 2000, Mol. Cell Neurosci., 15(2):199; GenBankTM
AF1T0R7appliche g ehinanmdsting firen iplastisidat dpptcadlonsohdred 60/602,825,

sequen ( d et al., 2000 |, Cell Neurosci., 15(2):199: Balah .
R o Tt 16 N At s e SPir S dchore HeRin
bylmémecaditsentottyphic factor (GDNF) 20 ligand family. At the cellular

level, GDNF members activate the receptor tyrosine kinase, RET. RET

associates with a co-receptor, GDNF family receptor a (GFRa), a

glycosylphosphatidyl inositol (GRéhHirkedienembrane protein that provides

ligand specificity for RET. Four GFR&'s are known (GERal-4). Neublastin

o6 CHPLEH IS PR PR AN A SR 0 S BT o
bel@figtetochalr2GBtinibevekbimetbdid dupeshanigich et al., 1998,

Neuron, 21:1291), which is localized predominantly on nociceptive

sensory neurons (Orozco et al., 2001, Eur. J Neurosci., 13(11):2177).

These neurons detect pain and Bagkgrdimgs, neublastin has clinical

aPPliGalion ARSI IAHBGN ATORHIORAIDY and e Apaalicaly n

the treatment of neuropathic pain. 1 WO 21)1)611)23782 PCT/US211115
segretedpwtgig that promotes the survival of neurons of the peripheral and central

nervous system such as dopaminergic neurons (Baudet et al., 2000, Develop')nent,
127:4335; Roseblad et al., 2000, Mol. Cell Neurosci., 15(2):199; GenBank™ AF120274).
The gene encoding neublastin has been cloned and sequenced (Roseblad et al., 2000,
Mol. Cell Neurosci., 15(2):199; Baloh et al., Neuron, 21:1291).

Neublastin is a member of the glial cell line-derived neufotrophic factor (GDNF)
ligand family. At the cellular level, GDNF members activate the receptor tyrosine
kinase, RET. RET associates with a co-receptor, GDNF family receptor o (GFRa), a
glycosylphosphatidyl inositol (GPI) linkéd membrane protein that provides ligand
specificity for RET. Four GFRa’s are known (GFRal-4). Neublastin binds to GFRo3
together with RET forming a ternary signaling complex (Baudet et al. 2000,
Development, 127:4335; Baloh et al., 1998, Neuron, 21:1291), which is localized
predominantly on nociceptive sensory neurons (Orozco et al., 2001, Eur. J. Neurosci.,
13(11):2177). These neurons detect pain and injury. Thus, neublastin has clinical
application in the general treatment of neuropathy and more specifically in the treatment

of neuropathic pain.
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Neublastin and the other GDNF family members are members of the
transforming growth factor beta (TGF beta) superfamily and thus, are
WQRMEB87R2ed by the presence of seven conserved cysteine PSSIAIRZE0MRI638
similar spacing which form the structure of a cysteine knot (Saarma,
1999, Microsc. Res. Tech., 45:292). Each monomer contains two 5
disulfide bonds that form a closed loop structure encircling the third
disulfide to form a tight knot structure. The seventh cysteine contained

withiNeshtastinond theofbarSRINFifraity snearhars e umierabseTrRf BsERi{ayming
grdM%EQFb@Q@?GleB%F%g%g&_ﬁag%f FHRS! iy orlkist IdRatE B r&ence of

2000, J. Mol. Biot, 305 _beta family members are synthesized
sevel pRBSSRYSAIMETIBa FRadRS T rabar sReciagehichform g fructure of a

cyfemoditges aftelaCiemoann @hihersig Tt Repide HNE R Hendaisr (SRfaifsdwo
. Rattenholl, et al., 2000, J. Mol. Biol., 305:523; Fairlje et.al.,.2001, J. Biol.
dls@ﬁ\éﬁn‘? 83biore s .Séﬁ\glﬂ%%“%’féﬁ%ﬁ SRR Rkl
tighrkper ssectation The seGdnthelatkhaneibomandderstifRatieh hathetat. fAGGHNI.

. .Mol. Bio]., 305:523: Rattenhall e .. 2001, Eur. J. Biochem., 268:3296).
imighglcéele Rl nafhtele il Bmdnn i iSO RO Rol Sy
prebuea(R ateffibplocsralp¥iions\ark Biartiddadd Bffective at inducing the

refollg ol ARRRIIEH B YRS, T0E LUMASRNB AL IRy arc

detailed herein were developed to induce 20 protein refolding, so as to
seqisteilainaandyp BpROdinwyititcagoree o the gignaherpHdr e ipiendomain (see

e. g@’R%@t@%ﬂY@QlQi QWW} Lastiihy In@Nsas P%Iiet@?ailr.‘,\@@ﬂ?fl ‘Bz%%'_@?eﬁz y
method of Inducin foldln?aogf a denatured polypeptide by: (1) providing a
276@H§tm%blbo%é§ﬂﬂ@;ga epige AR AR ATRATP SRFIAS AR DRTIS S P HARTGR

TGH Betefaldinoniss:s lRaiivamin iducedodding ol the 253pslypeatistnholl et
wherein the refolding huffer contains (i) potassium phosphate or sodium
al. Q?)épﬁgfe‘é OB et t?&r?? 25 mM to 150 mM with a pH of 5.8 to 8.0,
(i) guanidine-HCI at a concentration of 0.3 M to 2 M, (iii) L-Arginine at a
concentration of 0.25 M to 1 M, (é\{) Trrvl\é%en-SO at a concentration of 0.05%

to 1%, and (v) oxidized glutathione%lra%ncentration of 1 mMto 4 mM
and Téduoeehthnatthianed, at ast in part, on the discovery that certain buffer

compositions are particularly effective at inducing the refolding of a denatured
polypeptide. The compdsitions and methods detailed herein were developed to induce
protein refolding, so as to result in a polypeptide having a proper three dimensional
structure and accompanying biological activity.

In one aspect, the invention features a method of inducing folding of a denatured
polypeptide by: (1) providing a denatured polypeptide; and (2) contacting the
polypeptide with an amount of a refolding buffer effective to induce folding of the
polypeptide, wherein the refolding buffer contains (i) potassium phosphate or sodium
phosphate at a concentration of 25 mM to 150 mM with a pH of 5.8 to 8.0, (ii)
guanidine-HCl at a concentration of 0.3 M to 2 M, (iii) L-Arginine at a concentration of
0.25 M to 1 M, (iv) Tween-80 at a concentration of 0.05% to 1%, and (v) oxidized
glutathione at a concentration of 1 mM to 4 mM and reduced glutathione at a
concentration of 0.05 mM to 0.8 mM, wherein the ratio of oxidized to reduced

glutathione is from 5:1 to 20:1.
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30 concentration of 0.05 mM to 0.8 mM, wherein the ratio of oxidized to
reduced glutathione is from 5:1 to 20:1. 2 WO 2006/023782
WEDTOE28D5/029638 In some embodiments, the denatured PEK/Pepiid29638
is a polypeptide containing a TGF beta superfamily member. "TGF beta
superfamily member,” as used herein, refers to a protein having a
sequence identical to a wild type member of the TGF beta superfamily, a
truncate that 5 retains the biological activity of the wild type protein, or a
variakitserae sarbediragrisborisagiuradaeolipentigadsth BOMRERYSE SHFEIIGA|
TARNSHR QgRRHEyRIRIGIY and retains the biological activity of the wild type
protein. Members of the TGF beta superfamily, include, for example,

TGF-B&Edet shreramirenambhsh ras i bormFdfshinpRiEndBnae,
sequdhde sl dimiRi NG aatildalpk ¢adnih&-siEeerFas HatsopstR AA DI OA S riRca QN At

10 ergb diénentf, a variant has at least 70%, 80%, 85%, ?é)%, 959%, or o
reighy,! f‘egl? ercaliactivity of the i REBIUAT-OhR VRRIHERAZ LIRS HE%
selpietogizknacyivityhefvitld wild piypgniifalelangthematerapecttind ais] etdariahe

.has.at.legst.70%.,80%, 85%, 90%, 95%, or 989% s ce identj the
b U O R N e
ingndtwifor E3atnplesEiiitibetast trevebribfiteatiotionf faatoid g duféephogenetic

prggmg%ﬂ%%yi?ﬁ%m&m%d'g' i Qéﬁ IARSGLIRRS NN SER TAJRE I8 me
hg buffer components present in the reaction

concentration of the refold

enpAiren em aiian RstppEesdOlnotdp18e Yo A8eritbdtior 88 theequence
id&ﬁﬁ}%'ﬂ%@‘ﬁlilrléhéttlﬁ)Q’i18‘2}&?&%&&??59@9&9&‘ff@ﬁ%%f@aﬁ&’&iuw ofMHR wild
0]

other components of the folding reaction). 20 As used herein, "to induce
YRS IR B ANpORASSHRR ISR 2y tHENT AT RS PR Y 0e APy Stractiire ifdge, or
9gppivpaaitdadanttyhic meqrisiiow M agrosisiad Hialpgiss aeidiblogibdtactivity

corresponds to that of the wild type protein. The TGF beta superfamily
Ofﬁl?gﬁﬁﬂgltgéehpﬁ%teé"glial cell line-derived neurotrophic factor (GDNF) family

membdestapish dathdcsnesntstionast titeol diapchn e farsnpaerts psedainthe
mdl VSR SRAERTEABRICR) RN RS ek L G R R (Y @
components present in the reaction with the denatured polypeptide (not to the
concentration of the components in a stock solution of refolding buffer prior to addition
with other components of the folding reaction).

As used herein, “to induce folding of a polypeptide” refers to the induction of a
tertiary structure in a polypeptide, and the acquisition of associated biological activity,
that corresponds to that of the wild type protein.

The TGF beta superfamily member can be a glial cell line-derived neurotrophic
factor (GDNF) family member. “GDNF family member,” as used herein, refers to a
protein having a sequence identical to a wild type member of the GDNF family, a
truncate that retains the biological activity of the wild type protein, or a variant that has at
least 70% sequence identity to the wild type protein (full length or mature protein) and
retains the biological activity of the wild type protein. Members of the GDNF family
include GDNF, neurturin, neublastin, and persephin. In some embodiments, a variant has
at least 70%, 80%, 85%, 90%, 95%, or 98% sequence identity to the full length wild type

protein and retains the biological activity of the wild type protein. In some embodiments,
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truncate that retains the biological activity of the wild type protein, or a
variant that has at least 70% sequence identity to the wild type protein
W@RIDH2dM820r mature protein) and retains the biological activR¢ BUSRIGHINGI638
type protein. Members of the GDNF family include GDNF, neurturin,
neublastin, and persephin. In some embodiments, a variant has 30 at
least 70%, 80%, 85%, 90%, 95%, or 98% sequence identity to the full
length wild type protein and retains the biological activity of the wild type
a varitethasratslonst 78fb 80 816, 999 0520 06/28% FEUPET IUSAN0 ) Hirowasire

Wl%;fg;%?ﬂtolf@ﬁ Atdeastia%e 10Ky 8a %090 A%y 18 R P reRueNce

y to the mature wild type protein and retains the biological activity of
the VildapsepRodimentsstha & RMb &mils membrs B REBLHIE RFiFber4s
nefBURURIBIBIRIOe e heRaHDIBRIND ORI TAR VioRth REYBIACEIRIRIEAIAG a
'E{JOteln avmﬁgjg sequence identical to a 5 wild type neublastin (e.g.,
wild fyRenaubiBhiad(9s a rmeReasHRlA IR B BRI as dheiR b dite wild
actMFIP? BrokRini Artppéasiarinthet hagriahlierathio U RASUAIC8 dgedtitly ittediey to the
wild type protein (full length or mature neublastin protein).and retains .th
R KR BT SR Uty R R D e
actiasyadfldrsiil@Yp8PLateid s %h, Bnté ¢ DbYdimeR8% st hee ddleasity 0861186 %,
Il ild typg protein and retaips .10 biolpaical activity, of the wild.
5ot i SR SHER T oA RN AR0ER i llne
th8bidp9i08h aSboity of B89Vt tirermoetiimniinsemewmbrdimenisld wavanphatain

le ,-%ﬂ/ér@?a/%’, %,‘3‘%,@?*}%%%1,%?9%3)9 %Iﬁ&@s el 'i'c),tﬂ@%ﬁ%?éﬂ%ifﬁ%e

lological activity of the wild type protein. A neublastin protein can,

Preigiipie, eoMmaircis reoRrsst SRS GER FOSNRd) anbrspshs bological
achi@y brate i@ﬂ@%ﬂéﬁ%@@iﬁ%& héaB B prateik SahDN Qb ATRAAUH
residues 108-220 ot SEQ ID NO: 1. The method can further include
copsisteS sy etsiBarpiistde 7 BAAEPEQAIY NE: L afy BRAF b TTRGhG! 7-220 of
SHQdmswith dheniafe stinoréyidiess l0sonuesHOIMNRL. the polypeptide is
e e R e R R O
E. avipypriophairkhdafhildag ovithulierefoldaip/buffet e atorectatpaiypapsidae
po(]r\bg:] Sglr%%steiép(r?r%gé%%tgaépe?igei‘}cloaluqiPrgol%u "G taanlg,S plfi_o'or‘r i?ﬁﬁﬁc%gafolding
with the refolding buffer, the insoluble polypeptide is contacted with an amount of a
solubilization buffer effective to denature the polypeptide.
In some embodiments, the refolding buffer contains L-Arginine at a concentration
of 0.30 M to 0.5M. In other embodiments, the refolding buffer contains L-Arginine at a
concentration of at least 0.30 M. In other embodiments, the refolding buffer contains
L-Arginine at a concentration of at least 0.35 M. In other embodiments, the refolding
buffer contains L-Arginine at a concentration of 0.35 M.
In some embodiments, the refolding buffer contains Tween-80 at a concentration
of 0.1% to 1%. In other embodiments, the refolding buffer contains Tween-80 at a
concentration of 0.1% to 0.5%. In other embodiments, the refolding buffer contains

Tween-80 at a concentration of at least 0.1%. In other embodiments, the refolding buffer

contains Tween-80 at a concentration of 0.1%.
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of 0.30 M to 0.5M. In other embodiments, the refolding buffer contains

L-Arginine at a concentration of at least 0.30 M. In other embodiments,
WHRSMEI3kIRg buffer contains L-Arginine at a concentration of RETEESA00583B9638

M. In other embodiments, the refolding 25 buffer contains L-Arginine at a

concentration of 0.35 M. In some embodiments, the refolding buffer

contains Tween-80 at a concentration of 0.1% to 1%. In other

embodiments, the refolding buffer contains Tween-80 at a concentration
of 0.IéoreOeBHodimstiiarthenblodding elfen comtotdingidiatibrrudradined

glubEER: 30 PLASOPASRIRHAR £6.2¢ RAGHE: L0 IR ‘?Hét}gﬂﬂﬁﬁ%tﬁuﬁé?

refolding buffer 30 contains Tween-80 at a concentration of 0.1%.

cotays/opdized pd Tedised gbafiugrsat g @émefeﬁﬁbdmﬁﬁmﬂgnth@drm&u@e
refBIiRY GOMRThRNEI3eM 2B JReHRRACIVIABIRBRALBI 3He AIN @I MO In

10 1. In other embodiments, the refolding buffer contains oxidized and
RIS NSt B =5RdiPgthy BFsoeniHins it iZrd tiiFiRIARS 4he cRBESTiTALO

oflpu,ﬁﬂeir contains oxidized glutathione at a concentration of 1 mM to 2 mM.

In 5 other embodiments, d|n ffer contains oxjdiz Iutathlone
ot & DL R L B S e b
conaaitainis o0& iviaeHCINL dn Od‘m:eﬁtbaﬂﬁﬂeﬁfs(,)tﬁd\t‘efoldl.ﬁ)gl‘ﬂuffbﬁbﬁl‘dlns

guarg] ggmntts the reftorl? 8\% tﬁaﬁ cas 5' ?i\r/ls 11 ¢ nel:g IenebH(F imen the ri%)ldmg

concentration of at feas In o her embodiments, the Tefo blmg
buffefferntansagnsnidiaeibliibaHC bateatoooerithlidn of 0 5 M. In some

embpgigents, ingrefnlding DR CoIAOS BRASS L RAGRRIRS Al at a

concentration of 25 mM'to 100 mM. In other embodiments, the refolding

copseiiiaionefins mtaadimdodnater smbedimeata theaisfodimerhntles otains
ofS‘MuJﬁ‘ SHbgham hesipridsriisn Koking Rie LAANtRIvHRPIRSHdithents, the

f?ﬂ osphate at a concentration of at least 50 mM. In 15 other embodlments
re

él?gfhﬁfﬁ@ceaﬁgfsamawgmg&fm%ﬁ&@ﬁﬁﬁtg%& ebacieAt90mMef In
otlRP &b dizamalRiotime Bigrdheoreinidingatutiar siRiRine RoiassitiMtration

hosphate at a 7.0to her embodiments, the refoldi
of B AT SBARU AL A R o FT PP Gt at
pHeofiBadiong 01 STrtbéh e tatdbind)j heritertho réBiBng buffer contains potassium
phosphate at a pH of 7.5 to 8.0. In other embodiments, the refolding buffer contains
potassium phosphate at a pH of about 7.8.

The refolding buffer can optionally contain or consist of the following
components (i) potassium phosphate pH 7.8 at a concentration of 50 mM, (ii)
guanidine-HC at a concentration of 0.5 M, (iii) L-Arginine at a concentration of 0.35 M,
(iv) Tween-80 at a concentration of 0.1%, (v) oxidized glutathione at a concentration of 1
mM, and (vi) reduced glutathione at a concentration of 0.2 mM.

In some embodiments, the refolding buffer does not consist of (i) potassium
phosphate pH 7.8 at a concentration of 50 mM, (ii) guanidine-HCl at a concentration of
0.5 M, (iii) L-Arginine at a concentration of 0.35 M, (iv) Tween-80 at a concentration of
0.1%, (v) oxidized glutathione at a concentration of 1 mM, and (vi) reduced glutathione
at a concentration of 0.2 mM.

In some embodiments, the refolding buffer lacks urea and/or glycine.
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potassium phosphate at a pH of about 7.8. 20 The refolding buffer can
optionally contain or consist of the following components (i) potassium

W REI1R3T82pH 7.8 at a concentration of 50 mM, (i) guanidind*EIZV$A085/029638
concentration of 0.5 M, (iii) L-Arginine at a concentration of 0.35 M, (iv)
Tween-80 at a concentration of 0.1%, (v) oxidized glutathione at a
concentration of 1 mM, and (vi) reduced glutathione at a concentration of
0.2 mM. 25 In some embodiments, the refolding buffer does not consist of
(i) pdtearsiether phrsspitheapianti@ feaiuconeepmatisitiaf GOEHMNEAN amount of a

retgmﬂé%ﬂﬁ'éf' gfl:e%@e(f&n&ﬁéﬁr&tl'ﬁ@(pé %‘%aMm(@ i‘fé"i@'nm@é fblding of a
concentration of 0.35 M, (|\éﬁgween-§o at a concentration of 0.1%, (v)

neplertia peJrertiine beraie Sricesieldingbefiereontaipitheifolioiiag Fomponents

at YHYathinns Abasraceatian GO Ay phlas3iin sIumashedmenishdishate
refolding buffer lacks urea and/or glycine. 5 WO 2006/023782

at peopAgEAesyAL 3 FEM 1P dn ik, b e AR iR F9oh Y8R PL a
(il enaRRISHIOA Cot AR ARatibios . 9\ wefoMjngibuifergitactive tonvehaation

o A B ST LA R T A IS AL S T3
gliitmkmihatstated aoratentodtland (0 otibsidneghasppiatetioosedium

hosphate centratign_of 25. to,150.mM. with.a pH ranging
cop BB L TS T et BT a RS,
glutattrigiménie fera &dricelrhtiBuctod o Mitpn den (iplidhwkie hegGest 28 a stock

soRRISHERHAIANALE DA %@el%ﬂﬂ&éﬂs‘?ﬁ%%%&ﬁﬂﬁ%ﬂ%@ﬂ&%@a folding

concentration of 1 mM to 4 mM and reduced glutathione at a
rezséi9Bentration of 0.05 mM to 0.8 mM, wherein the ratio of oxidized to

redugeehft GHHEIHARRSSIORTSIdAD RZTd: cOMENR EONPBAHION 8810 times a

optionally be used as a stock solution that is diluted with other

copgihpaihed BrilMo'e ImMe R eMERTBPABIERY, e seirbtinfPubisreontains
L-ambgdinents theirafoloiogcbnifaicostaingakt Ainvnelatbltedéhitvéimants, the

centration of Q.3 to. 0.5M. |n other embodiments,.the refaldin
S HEF BATEACH S T /TR a1 5 10 IRES o COHREREh S Y S M-
In @tB6r Mmhoditherite headfvi@imis btiffer contains L-Arginine at'1 to 10 times a
concentration of 0.35 M.

In some embodiments, the refolding buffer contains Tween-80 at 1 to 10 times a
concentration of 0.1% to 1%. In other embodiments, the refolding buffer contains
Tween-80 at 1 to 10 times a concentration of 0.1% to 0.5%. In other embodiments, the
refolding buffer contains Tween-80 at 1 to 10 times a concentration of at least 0.1%. In
other embodiments, the refolding buffer contains Tween-80 at 1 to 10 times a
concentration of 0.1%.

In some embodiments, the refolding buffer contains oxidized and reduced
glutathione at a ratio of from 5:1 to 10:1. In other embodiments, the refolding buffer
contains oxidized and reduced glutathione at a ratio of 5:1. In some embodiments, the
refolding buffer contains oxidized glutathione at 1 to 10 times a concentration of 1 mM to
2 mM. In other embodiments, the refolding buffer contains oxidized glutathione at 1 to

10 times a concentration of 1 mM.



10

15

20

25

30

refolding buffer contains L-Arginine at 1 to 10 times a concentration of at

least 0.35 M. In other embodiments, the refolding buffer contains
WQ.2006/?##82at 1 to 10 times a concentration of 0.35 M. In sonMRCT/US2005/029638

embodiments, the refolding buffer contains Tween-80 at 1 to 10 times a

20 concentration of 0.1% to 1%. In other embodiments, the refolding

buffer contains Tween-80 at 1 to 10 times a concentration of 0.1% to

0.5%. In other embodiments, the refolding buffer contains Tween-80 at 1

to 101808 £bpdwripitidhe sl dingbuffeys opfaimsngyaaidinsdithd atd, ndo

- udeloldngifferorens iy ednBORLINS QUINER s COREIIAIMH &l 1

%. 25 In some embodiments, the refolding buffer contains oxidized and

copleing seyingchichatd e A raonseatiation.of ahlease}-2 Mo daiRtbsits,

enibediaferting ordfierdiag biaies xdiae ¢ antiisdvrad oluativeng:ak a ratio of
5:1. In som &Pdiments, the refolding buffer contains oxidized

Coﬁfﬁfgfﬁ?@ﬁ’eo%ﬁ? 10 times a concentration of 1 mM to 2 mM. In other
embdwiwententiodireéats,ig: befdhting bidtas wxidine g@hstaihiphesphitéat 3Qo

0 ti tratign of.1 mM. 6 006/023782. .
1o DR R B S b o her mbimen s hertalins
bugﬁ@animméﬂ-@lamiWn@h@nhn@saaldoriébﬁmwimn@b@ﬁdﬁdmdﬁ@ﬂ\ﬂl%tptﬁy
mAT PGBl ARG B lRhe RNARS ANATIANRHT ABAR UMER 10
a concentration of at least 0.5 M. In other embodiments, the refolding

tinpgsfAop S ARMIAE0H 94 Bidpst IO MR 1 Imotlet avekedimensndbaefibdingf oiav.
colitaY e EMbRAINRRR LN 1efrldinsBuifes LRNAIRSRAESIND RResSRRate

at 1 to 10 times a concentration of 25 mM to 100 mM. In other
embadimantethe raflding kit cemtaing setatsvmathenbae ghaashatd Qite 8. In
otHd? Eiftesimneanrcaratinging BoraNdaaihs polsdinatprsspraRosimgatss the o

Iding buf tains potassj hate at | to 10 10 ti
8o BB A 0 TR o B e BB PR SR 2 1 o

abbuiffeB. contains potassium phosphate at 1 to 10 times a concentration of
50 mid. I same, emBedimsits, s tefelding bufter coniaipmpgiagslum
phosp aeata%) of 7.0108.0.In

components at 1 to 10 times the stated concentrations: (i) potassium phosphate pH 7.8 at

a concentration of 50 mM; (ii) guanidine-HCI at a concentration of 0.5 M; (iii) L-
Arginine at a concentration of 0.35 M; (iv) Tween-80 at a concentration of 0.1%; (v)
oxidized glutathione at a concentration of 1 mM; and (vi) reduced glutathione at a
concentration of 0.2 mM.

In some embodiments, the refolding buffer does not consist of (i) potassium
phosphate pH 7.8 at a concentration of 50 mM, (ii) guanidine-HCl at a concentration of
0.5 M, (iii) L-Arginine at a concentration of 0.35 M, (iv) Tween-80 at a concentration of
0.1%, (v) oxidized glutathione at a concentration of 1 mM, and (vi) reduced glutathione
at a concentration of 0.2 mM.

In some embodiments, the refolding buffer lacks urea and/or glycine.

The compositions and methods described herein are advantageous in that they
allow for the refolding and purification of large quantities of a properly refolded TGF

beta superfamily protein, such as neublastin, in circumstances where the protein is
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other embodiments, the refolding buffer contains potassium phosphate at
a pH of 7.5 to 8.0. In other embodiments, the refolding buffer contains
WO 888238 2phosphate at a pH of 15 about 7.8. The refolding BUK&IS28#$/029638
optionally contain or consist of the following components at 1 to 10 times
the stated concentrations: (i) potassium phosphate pH 7.8 at a
concentration of 50 mM,; (ii) guanidine-HCL1 at a concentration of 0.5 M;
(i) L- Arginine at a concentration of 0.35 M; (iv) Tween-80 at a
prahred mtrafiost ¢¢.6.,1b86tefid)2Badridiy ot gigtd thipopedly addedtdnolagsalbf 1
actrir\}lé/l'rz(aé?gcgyi) reduced glutathione at a concentration of 0.2 mM. In some
lgo Iments, the refolding buffer does not consist of (i) potassium
phodptiase phemésedafinsdcathtestioiadapd seient(fiy danidhse hecimbaye the
sar{ﬁrg DENEA B Aon Y uHi s EY YR AL ALRRGRNIRHGR RE AR MhltWthis

~ Tween-80 at a concentration of 25 0.1%, (v) oxidized glutathione at a
inventoarhekangs ohthemah stheds AedpdarlsEmibR O S VO RRERIARS of
deQAvaMelBi oM E MRAGH MRNSSadhis: S Rlsting bEifferreks: iieenabal/eHe

glycine. The compositions and methods described herein are

exeplanyAgehads At maisdelsarsdersrieg Petotiing hAtP PER RS BA S Iarge

applianidiespateats) ofd dihée tefdra cESheibhelasupestariniby poatedd, suciictsmce
: Ele&l#ﬂastin, inllxgircurgtan stwﬁlere thetprotleintis 7 WO 2006/ 3t782 -
n BETRISSH05D5GESE BRodtield Fr 2 RoSPPe g Bactens) tat doe o™
coyiaitl dheopechyals)decthbds) agitetlyngdtiverpiddstcitivnéady atheptisended to
b efined, all technical and scientific terms used herein have the same
€ 1m1t1nﬁ. . oy
meanifig as commonly understood by one of ordinary skill in the art to
whicRtires (@ tvrge atid ndresages. Kltho iyylntienhvdisbananarsm demdhnilar or
foRWIN RS iR esGiHRSRIIRROHARISH EAMpe used in the practice or testing
of the present invention, the exemplary methods and materials are
described below. All publications, patent applications, patents, and other
references mentioned Reginaeidie peiatasthyineference in their

entirety. In case of conflict, thetpresent application, including definitions, .
will Fig. 1 depicts the sequences o human and rat 113 amino acid and 104 amino acid

forms of neublastin.

Fig 2. is a graph depicting absorbance detected following the incubation of
solubilized neublastin of the refolding buffers detailed in Table 1 (buffer 4, which

contains Tween-80 at a concentration of 1%, is not shown).

Detailed Description

The present invention provides compositions and methods for inducing folding of
a denatured polypeptide belonging to the TGF beta superfamily. Application of certain
compositions to induce the folding of denatured neublastin, a member of the TGF beta
superfamily and the GDNF subfamily, is described in the accompanying working
examples. Because neublastin has a cysteine knot structure common to members of the
TGF beta superfamily and the GDNF subfamily, the refolding buffers described herein
are expected to be effective at inducing the folding of other polypeptides belonging to the
TGF beta superfamily and the GDNF subfamily.
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10 control. The materials, methods, and examples are illustrative only and
not intended to be limiting. Other features and advantages of the
WOorRAena#7§2ill be apparent from the following detailed descripBEh,lac0s/029638
from the claims. 15 Brief Description of the Drawings Fig. 1 depicts the
sequences of human and rat 113 amino acid and 104 amino acid forms of
neublastin. Fig 2. is a graph depicting absorbance detected following the
incubation of solubilized neublastin of the refolding buffers detailed in
Netbhkif (buffer 4, which 20 contains Tween-80 at a concentration of 1%,

is nopghowa), Bﬁ&%@%%?&ﬁ@&&gmﬁgl%%ﬁ@é [0SR R i8R ng and has

compositions an ods for induci Ing of a denatured
thepfsljpeprizieeweinryiddRb GO PER TR SH CEBERRRARARBHIERASH St EA

SI AR ARRPATRRSIPIHAS EGAIAMIGR R AHSGRICR R BSHQ P PATPPRP A P
mily and the GDNF SUbfamls%ﬁls described in the

_ of the TGF beta superfa
PSR R AR DO FE LA G R RS GA HEL G SR KRR
CIGSCRRUANSIHIFNINABIL. GIGHERPPPUBR FEEQPEIS RRPRYEANS BRIDIRS T

GDNFE subfamily, the refoldi ffers described herein are expected to
WBJ%HB&%%%‘&@WJ%%%?&%@ other polypeptides belonging to the

30 TGk hehrasupablastitysindl the @i bdgisisviinihe BAUORNOGPRSTS 1

PCTIUS2005/02963 eublastin The pative hyman p. eublastin
T s G A A S Ty S oo b G S BIE
doM&ih GGG TOBHER\WZRR @FAleviR TL positin 40FuaENned) and ends with

ar %Jg%ﬁag E%ﬁ@% PR GREMY) ST hHEERRIMBYG pSReRIE EhQsor
the@HoRREGRIANRA GEPGSHA RPANORR SRl RO pymyen S18epimding

wi iRfat position 220. The compositions and methods described herein provide for
CSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAVS

effiippnRidmewfieAoratres e riotsipongyins £yl gesth meuplastin, a

mdigiestR A MRLRRIRLEE HRBiNspHil: thel Methinning RbPaBilssially active
truncate or variant of a mature neublastin.

A neublastin protein folded according to the methods described herein can vary in
length. Although the mature human neublastin polypeptide can consist of the carboxy
terminal 113 amino acids of pre pro neublastin, not all of the 113 amino acids are
required to achieve useful neublastin biological activity. Amino terminal truncation is
permissible. Thus, a neublastin polypeptide can correspond to the carboxy terminal 99-
113 amino acids of native human neublastin (i.e., its length can be 99, 100, 101, 102, 103,
104, 105, 106, 107, 108, 109, 110, 111, 112, or 113 amino acids). Neublastin
polypeptides consisting of the carboxy terminal 104 and 113 amino acids of neublastin
are exemplified in the working examples provided below.

In addition to varying in length, the neublastin polypeptide can vary in sequence.
In particular, certain amino acid substitutions can be introduced into the neublastin
sequence without appreciable loss of a neublastin biological activity described herein. In
exemplary embodiments, a polypeptide can be at least 70%, 80%, 85%, 90%, 95%, 98%
or 99% identical to SEQ ID NO:1 (or 70%, 80%, 85%, 90%, 95%, 98% or 99% identical
to amino acids 108-220 of SEQ ID NO:1). A variant neublastin polypeptide differing in
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(underlined) and ends with alanine at position 39 (underlined). The full

length pro 10 domain of human neublastin begins with serine at position
WQ@2006M3&Mhed) and ends with arginine at position 107 (undeP{F&t2005/029638

Mature human neublastin polypeptide consists of the carboxy terminal

113 amino acids, beginning with alanine at position 108 and ending with

glycine at position 220. The compositions and methods described herein

provide for efficient folding of a denatured neublastin protein, including full
sedeeyth fine Blastindi s loSerhiat SEQEUDIASs (o aciingtids k3PP op a2 dRd

? 0 C cate.or - of a r
N B L ¥ e o
cogfesvHibEc meneircehsrbsF P Agtorgtecughotselplpiions ¢upsariions. In
som€'¢RIBSHMRAYREP VIR £ ALBIRISH BBii?ﬁeff&@(?ﬁ%duEﬁErﬁ'ﬂ Nkt amiPacid

acids of pre pro neublastin, not all of the 113 amino acids are 20 reng{ired

subgfigtinn vath seepc & BERIR DG ddientmimr agida AR iR Ehtidh
wHﬁch%ﬁHﬁ@&iQk?in'lf%gﬁl ffgryeh@l_ %Hﬁ%@iwﬂ;@%@?ﬁﬁi'MQHﬁSBgﬂ@eF@J(he _
carboxy terminal 99- amino acids of natjve human neublastin (i.e., its
Pol¥aliHens S eod g1or8y SYER 25§ POLYEY £BG S158! TR IhAMRSEC TR SD,
(exEhiplddy 2 coblkiGravniiag e aids)eSobed ds O OB/NEPYLE: Sheossittin g O vt is
. carbo%/flt%rmin%l 10 andelyl’fnaminoa id&‘.of neuplastin 5ar§1
ifle :

1ncorpora 105} rererenc some em rian U stin

exemp I the Wor g exampIPes pro(\)/lc'l%lanrt)sélov?/.v?n AYdifionto varying
polppepigttjrttledes ablesstineciypepiide séhstimaiyn fese cpsorceonkerpatiticular,
. . : g . . st
S e s Sk

whilsdrtrees preheparimbiading tegy BA#ERiSals, Ril p8ly e dtifs dafthewene or

mdRASE R0 sH N huiond st eoirY oﬁ&%g Q&ﬁ&?%/ggsaﬁ%@kﬁod%ﬁﬁar@
NO:1 (or 70%, 80%, 85%, 90%, 95%, 98% or 99% identical to amino

neyblartin pelYRHIREQ 1D NO: 1). A variant neublastin polypeptide

dgﬁe@%gﬁv&%@MSEQ 4 &g&ﬁ@; iR %Qﬁ%&%@%ﬁgsgw%%f{%macid for

those disclosed in .NO:1 (or amino acids - 0

anRiesT Y Wi TH ﬂ@@ﬁ@%ﬁ“ﬁfeﬁ’%&ﬁ§8?§BEWMH%‘B& §?Jﬂ>%‘ﬁlﬁ%§ﬁ‘§fp5:

valing slanay andogl yciae Sk e aling) argcish RubRidudipa; eaddamdngu®imic
ore deletionsc}or iqsertions. In some.embo(g{ rents t}‘ie varian& neublastin

a01p (',leils}ggbal%ei%% utamjne, serine, ¢ %&‘ilr{lg, an eonire; lysine and arginine; and
phenylalanine and tyrosine. The non polar hydrophobic amino acids include alanine,
leucine, isoleucine, valine, proline, phenylalanine, tryptophan and methionine. The polar
neutral amino acids include glycine, serine, threonine, cysteine, tyrosine, asparagine and
glutamine. The positively charged (basic) amino acids include arginine, lysine and
histidine. The negatively charged (acidic) amino acids include aspartic acid and glutamic
acid. Any substitution of one member of the above-mentioned polar, basic or acidic
groups by another member of the same group can be deemed a conservative substitution.
A polypeptide used in the methods described herein can contain heterologous
amino acid sequences in addition to a neublastin protein. “Heterologous,” as used when
referring to an amino acid sequence, means a sequence that originates from a source
foreign to the particular host cell, or, if from the same host cell, is modified from its

original form. Exemplary heterologous sequences include a heterologous signal

sequence (e.g., native rat albumin signal sequence, a modified rat signal sequence, or a
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5 substitution with respect to SEQ ID NO: 1 (or amino acids 108-220 of
SEQ ID NO: 1), which provides an internal polymer conjugation site to
WaMIeH0a38lymer (e.g., a polyalkylene glycol moiety such as CT/US2005/029638
polyethylene glycol moiety) can be conjugated (exemplary neublastin
variants are described in WO 02/060929, the content of which is
incorporated herein by reference). In some embodiments, the variant
neublastin 10 polypeptide includes at least one amino acid substitution
hufeaf grawihrhooneer satiat seqlesict)toon)saqienespesat for maficaxidkOof 4 or
neamiig}%) acids 1&8-2@01;.%E%A[§NO:1), which decreases heparin binding
'fe.g.,'lj-??qg , 155 ,lﬁaf 8 ,g'RI 55,156E, or one or more of these
substitutions at the corresponding position or positions in a mature
Neﬂg&@!ﬂpmtm{ypeptidg). 15 C_:onservative supstitqti(_)ns typically i_nc!ude the
substitution of one amino acid for another with similar characteristics such

as shissilasisneolipsniides verdivitky greliods desnrbedheirie dirrlayptlsast one
bidRIAE MV AN ROIRHBINRINA SR BT g1 pRe G RN sBGiBol ypeptide is a

asparagine and glutamine; serine, cysteine, and threonine; lysine and

polyRfRtide: thte MHRR AYRIHA AR PEFRRNE Witk HER oIt REdhindice RET
di@ﬁﬂif@}&fmimw@@iﬁ&ﬂeﬁaﬂ |€$ﬁé@%. is&h&mh mj v.alil997p1|xaaaeNatl. A(cj:ad.

phe anine, tryptophan and methionine. The polat. neutral amino acids
Sl RB AN, AR STy B EE<FTGE MBS AN e
au@iptiaspheylhtienpasitiealyedhargath{batic prioigicahauds ityclhciscabdisiine,

sine. and.. histidine. The tively charged (acidic o acids include

Pl ] SR S R B e R R A R B s
nealplostinmehipicr dqibldy; taetabralidicked grolipethyizriofliecreramber of
235@) SRAFE group can be deemed a conservative substitution. A

polypeptide used in the methods described herein can contain

heterologous amino acid sequences in addition to a neublastin protein.
RefoRiGEOIRGRYS," as used when referring to an amino acid sequence,

means a sequence that originates from a source foreign to the particular

host'Begensrals g s iplding brifirpusedin tReitsindy drerh bl dgTaiigpfindes the
follorin Exafpelantdets egsumsAuvsnte stincbiteri-heiaof Qg GHMSY NS mM;

ST e S B OSSR, £ e

of 0.25 M to 1 M; (iv) Tween-80 at a concentration of 0.05% to 1%; and (v) oxidized

glutathione at a concentration of 1 mM to 4 mM and reduced glutathione at a
concentration of 0.05 mM to 0.8 mM, wherein the ratio of oxidized to reduced
glutathione is from 5:1 to 20:1.

In some embodiments, sodium phosphate at a concentration of 25 mM to 150 mM
can be used in place of potassium phosphate. The pH of the sodium phosphate or
potassium phosphate used in these methods generally falls in the range of 5.8 to 8.0. In
addition, in some embodiments, detergents such as Tween-20 or NP40 can be used in -
place of Tween-80 at a concentration of 0.05% to 1%.

The effectiveness of a particular refolding buffer at inducing folding of a
denatured polypeptide can be evaluated by measuring the absorbance (OD 320) following
the incubation of the denatured polypeptide in a particular buffer (see Example 1 and

Fig. 2). Absorbance detected in such an assay indicates the presence of precipitated,

11
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human growth hormone signal sequence) or a sequence used for
purification of a neublastin protein (e.g., a histidine tag). Neublastin

WORWH2E Reublastin polypeptides used in the methods descrisSdF2A8i029638

display at least one biological activity of native neublastin. A biologically
active neublastin polypeptide is a polypeptide that, when dimerized, can
bind, along with GFRa3, to RET and induce RET dimerization and
autophosphorylation. (See e.g. Sanicola et at., 1997, Proc. Natl. Acad.
imPrip&l5A0édaR88)inArys depilatd of Betenphiiing ttecestonisinying exathples, a
rege lati . i ical
o B L R R e

dedetyreibeel Ynepsiden phiobsieal Betivseidhestobdesd prlvbintds eblalgichs
m&SUHY b{3REiA S ~AdIeK Sl §RR%IANaLRI0aER e ARRER:207). 15

Refolding Buffer In general, the refolding buffér used in the methods
described herein includes the following components: (i) potassium

phosphatsiRWAGOAERAHRARRR of e prddties BEeheMvettbauamieinesbikabe

a concentration of 0.3 M to 2 M; (iii) L-Arginine at a concentration of 0.25
copftryef i (YRR s RP P LD HEERHARShAY 385 % to 1%; and (v)
oxidized 20 glutathione at a concentration of 1. mM to 4 mM and reduced
glutathione at a concentration ofg.OS r’qlM to 0.8 mM, wherein the ratio of
oxidized to reduced glutathione iSHOM 521 to 20:1. In some
embodiments, sodium phosphate at a concentration of 25 mM to 150 mM

Ex%aﬁnﬁ%eﬂ‘%ﬁgnﬂi_gg%% 8?8%&%@%2@98%?&?@3@8 pH of the sodium

potassium phosphate used in these methods generally
falls Retombansye nfublastinaves pxpeasertas aid Gbistidinertasgied digipn protein

(Fg%etﬁrqﬁﬁ.t%aw GRdeP RUESTSbLOL M AR LR eHtR iRl 268 Qf TYeesir 364

it a’concentration of 0.05% to 1%. The effectiveness of a particular
amirR RfiiufermeeY e Aeivsadranithe lgespedEnafas shdeptlend v ee

re RYANHALRAIAY; RSB SHIR AL FeEbARSENHMh 330k falRWiTeh 801t @mino acid
incubation qf the denatured polypeptide in a particylar buffer (see
and heriore AmipRAEIY omARS s aadindnltase Sedd) Fiidates

the pvesanespafspse dipiaden, neublastin is contained as an insoluble protein within
inclusion bodies (IB). Therefore, neublastin must be isolated from IBs and refolded to
obtain a soluble and bioactive product. Inclusion bodies were obtained by lysing E. coli
expressing neublastin in PBS using a Gaulin press followed by centrifugation. Unless
otherwise noted, all centrifugations were performed at 4°C, while all other steps were
carried out at room temperature. To obtain the maximum possible yield of properly
refolded neublastin, it is advantageous to start with IB pellets that are free of cell debris.
To accomplish this, IB pellets were weighed and subjected to further washing in IB wash
buffer (20 mM Tris pH 8.5 and 0.5 M EDTA; 8 ml per gram protein). The IB pellet was
collected by centrifugation at 15,000 x g for 20 minutes, the cloudy supernatant
discarded, and washed again in the same buffer containing 2% Triton-X 100 (8 ml per
gram protein) to help remove contaminating lipids. A final wash was performed to
remove the Tween-80 using wash buffer without detergent (8 ml per gram protein) and

the supernatant again was discarded.

12



10

11 WO 2006/023782 PCTIUS2005/029638 improperly folded protein. As
depicted in Example 2 in the accompanying examples, a low absorbance
wogathigirlicates that a buffer is effective at inducing folding 8£a/US2005/029638

denatured polypeptide. Biological activity of the folded polypeptide can
also be measured by the in vitro and/or in vivo biological assays described
herein. 5 The following are examples of the practice of the invention.
They are not to be construed as limiting the scope of the invention in any

way AEfxeshilyl es:de G dinitigakion biakéertfodd timanidiaadGhb B S rMRedtasivgn
s ot coublast ~tiding.
P e A8 & e e
wetusiag apel ytron 18 %a5d Toansawsisemplricsptbilizationdhoda o Wasittirred
ovEPRRARUY SSANRIMRIS AR Tl MvaLe e Jefnidrd andfisidiesby the

methods described herein. The starts of the 113 amino acid and the 104
cengfifivgrtiRicridMi drere den2iraiaise d AR AU BBIdR e tlachTier Mo tukah
cofasaRal R Ferh@ihiNeHRIIGHR iscneniainedighednoagolRigipeaienowithin

inclusian bodies (1B). Therefore, neublastin must be isolated from IBl%and
recRYERte 5 LBLIF FSIbIER AL OPSERICE I LB REMRE S Sriuble
prabliainedqhyriyeitd bsitgh 2@redspdradigrdeubleiatissayRBEB BSidra Gaulin

press lzo(llrg)v%eadchtr%el‘ntrifugation. Unless otherwise noted, all
50 (l:lenfﬁ?dgat?ons were performed at 4C, while all other steps were carried
out &fadewrtenwpehatheecdainbiaffetivondisim nmehossibtandiigbfyield of
I blastin. it i |
P T s U e Bty =
wedlplate Gjeetead o lurther washing in 1B wash 25 buffer (20 mM Tris pH 8.5
and 0.5 M EDTA,; 8 ml per gram protein). The 1B pellet was collected by
centrifugation at 15,000 x g for 20 minutes, the cloudy supernatant

discarded, and waahkd! adeiW i Plate BrlodireP wiserdMahg 29 Triton-x

100 (8 ml per gram pgoteing to help remgve centaminatingglipidss A final

wash was performed tam ~ mM___mM mM_ mM__ mM mM_ mM_ mM

1 Phos (pH7.8) 50 50 50 50 50 50 50 50 50
Guanidine 500 500 500 500 500 500 500 500 500
Arginine 150 250 350 150 250 350 150 250 350
Glutathione Reduced 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Glutathione Oxidized 1 2 4 1 2 4 1 2 4
Tween-80 0 0 0 0 0 0 0 0 0

RN .l TR

2 Phos (pH7.8) 50 50 50 50 50 50 50 50 50
Guanidine 500 500 500 500 500 500 500 500 500
Arginine 150 250 350 150 250 350 150 250 350
Glutathione Reduced 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Glutathione Oxidized 1 2 4 1 2 4 1 2 4

[ Tween-80 0.01 001 0.01 0.01 001 0.01 0.01 0.01 0.01

N ‘ ’L}

3 Phos (pH7.8) 50 50 50 50 50 50 50 50 50
Guanidine 500 500 500 500 500 500 500 500 500
Arginine 150 250 350 150 250 350 150 250 350
Glutathione Reduced 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Glutathione Oxidized 1 2 4 1 2 4 1 2 4

( Tween-80 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

4 Phos (pH7.8) 50 50 50 50 50 50 50 50 50
Guanidine 500 500 500 500 500 500 500 500 500
Arginine 150 250 350 150 250 350 150 250 350
Glutathione Reduced 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Glutathione Oxidized 1 2 4 1 2 4 1 2 4
Tween-80 1 1 1 1 1 1 1 1 1

13
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remove the Tween-80 using wash buffer without detergent (8 ml per gram

protein) and 30 the supernatant again was discarded. 12 WO
WQROB/0223¥82 PCT/US2005/029638 A freshly made solubiliz&¢IiU»26fEy029638

(6M guanidine-HCI, 0.05 M potassium phosphate pH 7.8, 0.1 M DTT, and

1.0 mM EDTA) was added to the pellet and mixed well using a polytron

mixer. To ensure complete solubilization, the mixture was stirred over

night at room temperature. The next day, the solution was clarified by 5

centrifugation at 10,000 rpm for 20 minutes. The supernatant was

decaniesl i PAV: FoRIRINAIAREING saRIRING IR SRILRIRIRE B LYARY), and

weighed to allow estimation of recovery. Not all of thé protein was

potaskumm 2hasphatsiplbro8 438 mihneisdiald aeastent teoysheit thg/plate, whereas
thOGRERIRSHHS 6Y AsianfRr & BEadip plprRieit AsRAY WUER-BSRR varied.

solubilization as a control. 10 To determine whether certain buffer

L-gesaineretigheddian thia Mda iddd'bfagidirmolradntd Nebutiginan
workiay20 WelenHat winidnpguiieisivamprapateton a 61 well tatridase,
T Table 1). Table 1: 96-\ﬁ4elllrlo2at Refoldiq%; Buffer Map AB C D§%F.G HtJ
YRR RV RSNER ORR 0 i RS RO G0 £9°60 40 SO %08
L- BBghiirfsQl Girgnictividibg: SO EOO B4 GAOIrehddHadRepOll Argniffer 150
coBR IR RO289 770 450,230,350, Glutatione Beduced 0202020,
OB 209 2 Clutathione Oxidized 1 2 412415 4 u'Pween- 8'0'0 0
gl dorang@itgXiehoS(lHP@Id@. 50 50 50 50 50 50 50 50 Guanidine 500
200 319 0 vimOBrhP iR ARGAWRIPS SRR deduted dditioh
150 250 3 V&Iutathlt?ﬁg e a0 e 7o .28'r BB oo was
added fresh from a stock concentration). Twenty microliters of solubilized neublastin
was then added to each well at a final concentration of 0.1 mg/ml. The absorbance was
monitored over a 48-hour period. Any detected absorbance indicated the presence of
precipitated and not properly refolded protein.

The most occurrence of precipitation was observed with wells containing 0.15 M
L-Arginine while the least amount of precipitation was observed in wells containing
0.35 M L-Arginine (Fig. 2). Of the wells containing 0.35 M L-Arginine, the best overall
results were observed in those wells containing 0.1 % Tween-80. The best refolding was
observed when a ratio of oxidized to reduced glutathione was 20:1 (but a 5:1 ratio was
selected for the further experiments described herein so as to decrease the amount of
oxidized glutathione needed in the refolding buffer). Based on these criteria, the
refolding buffer system presented in the following examples was used and has provided
high yield and properly refolded neublastin. Under all buffer conditions, the replacement

of L-Arginine with glycine resulted in neublastin precipitation.

Example 2: Refolding and Purification of Neublastin

The results of the buffer analysis described in Example 1 were applied to prepare
the following refolding buffer used in this and the following example: 0.5 M guanidine-
HCI, 0.35 M L-Arginine, 50 mM potassium phosphate pH 7.8, 0.2 mM reduced
glutathione, 1 mM oxidized glutathione, and 0.1% Tween-80. The refolding buffer was

14
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Glutathione Oxidized 124124124 Tween-80 0.01 0.01 0.01 0.01 0.01
0.01 0.01 0.01 0.01 3 Phos(pH7.8) 50 50 50 50 50 50 50 50 50
W@Ean## 500 500 500 500 500 500 500 500 500 Arginine IBOrAE3®@5029638
150 250 350 150 250 350 Glutalhione Reduced 0.2 0.2 0.2 0.2 0.2 0.2
0.2 0.2 0.2 Glutathione Oxidized 124124124 Tween-800.10.10.1
0.10.10.10.210.10.14 Phos (pH7.8) 50 50 50 50 50 50 50 50 50
Guanidine 500 500 500 500 500 500 500 500 500 Arginine 150 250 350
mds0i280 S6tubBRI50@6h Biutaphiby diRtedustdr&dlding butfer 2tG ZuaPprotein
: | i idli :
e e oy Beer S0t Sy TRt ffaif s
usey it FENUTY YOr5ivphated abrp o terrneradute raniyasii horassiiprstirring
wé%h%%@!l@f?. pH 7.8 (50 mM) were held constant throughout the plate,
whereas the concentrations of L-Arginine, oxidized glutathione, and
Tween-80 were varied. 5 L-Arginine was varied from 0.15 M to 0.35 M

Hd@deiliopnefrbinde: Gt d1-viginNeIvwckest afatsipriile oxidized

glutathione was varied from 1 to 4 mM. In addition, Tween-80 was ygried
fromig SIS LSO Shie B8 iugisLifaRngiol N from the
IMASTgisit eThis icih tefpletfogmadseying aichprattthead Iy eias ackthadskepigiditbe an
buffer. ¢ ents the same with the excepfi f L-Arginine,. which was
be gl NGRS 10 e e e S b R Y o
wafribieukedfercaiusantubledtivas 2 geetifpaaadé the gitailore sasnaakisdisnesh
: ion). v microli ili lastin
B R R L C U e e S

chemmagmerly wap dessrikeddtlover iesadingin parioet. lossinpredustirecovery.
Siﬁ&s&@@tﬂ;ﬁimmﬂ@rﬁqﬁﬁg taﬁft'dgfsubstantially increase the working volume

and increase the amount of guanidine required, the protein was concentrated to 1/20" of

the original volume using a Millipore tangential flow Pellicon unit. Following
concentration, L-Arginine was diluted to 0.175 M using 0.5 M guanidine.

The L-Arginine diluted solution was applied to a Ni-NTA IMAC column that was
previously equilibrated in column wash buffer (40 mM imidazole and 0.5 M guanidine
HCI) using a flow rate of 50 to 100 ml per minute. Neublastin bound to the Ni-NTA
matrix via the histidine tag and no product was observed in the flow through. Following
washing with five column volumes of wash buffer, neublastin was eluted from the resin
using 0.2 M imidazole in 0.5 M guanidine. The column wash buffer (which did not
contain neublastin) was discarded. Protein recovery was monitored using a Bradford

assay. In addition, host cell contaminants were monitored from this point onward.

Histidine tag separation from neublastin by protease digestion

One of two possible histidine tag removal procedures was employed, depending
on the length of neublastin required (113 amino acids or 104 amino acids).

To generate the wild-type 113 amino acid neublastin product, Endo Lys C was
used to clip the tag c-terminal of the lysine residue contained within the tag. Five units of

Endo Lys C (WAKO, catalogue # 129-02541) per gram of neublastin were added to the
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15 precipitated and not properly refolded protein. The most occurrence of

precipitation was observed with wells containing 0.15 M L-Arginine while
WarR81e8azi78nount of precipitation was observed in wells contaR{iiU 2®5/029638

L-Arginine (Fig. 2). Of the wells containing 0.35 M L-Arginine, the best

overall results were observed in those wells containing 0.1 % Tween-80.

The best refolding was 20 observed when a ratio of oxidized to reduced

glutathione was 20:1 (but a 5:1 ratio was selected for the further
masspiarfmentedéisdiibe dléoninNsptasien sibstidatsentrepdhadinstroénbpialized

ne%%ﬁmgoﬂ%e&ﬁgsiﬂu% E%&Wéﬁ%ﬁ%@&?-@%mébﬁﬁﬁ% lteraeang

refolding buffer system presented in the following examples was used and
waskedisribertiselyiigNepiIrs i i igh dpeinsseefafimguhatad a¥ahnighics repnbuffer

terapAditianwidhsorRplacammeany. 25 of L-Arginine with glycine resulted in
neublastin precipitation. Example 2: Refolding and Purification of

NeuBiaganeraie thest it Brinmepidfors pLnuiblasinibe Bt dineiagred Ridust
waRnRiee Wi eRpEe tedpdoningddtaldingoy ifsnpsedioothistanet tsin to

following example: 0.5 M guanidine- 30 HCI, 0.35 M L-Arginine, mM
ey AR 1 PSS B S0 b LT SRR P B G
waglitaibaebo earchiglit%t ToweekBerdte: nefiding hoffeimims 14 WO

200 2 PCT/US2005/029638 made fresh bilized .protein was
AR b Ve S, WaAG Ifef oM Nl R
0.06 M Smiarnle DR ellewinpadibmeihvdheshibirzidmentitstinneishingbd.

nedBIR AAISIEGAEH DY BRI APIMAIORE G4 % JRhAkIRESIAE He %&/&ega

stirring "was necessary. 5 Host cell contaminant removal using Ni-IM

wastiiteddg s Y- Afgiasiewidse diflte d40ard peamivuts foyrmie thevsitimn
ndeaRInghal N osRchted MAGIEM n LR GR0PR BiRtEEH dsidg: Rt Faf

the following methods. Arginine can be directly diluted to the proper
neRBlEER S AT BT I i anGiFfeerS TRt htY ibhe moivARedut isking tag
waietadadiseblaNinmiay-sker Die fihedveniding ERMeRHANRISBRcted
to gﬁggﬁ%ﬁdaﬁ%g r\}lzgtﬁ]ﬁ{y r(é:s!ig olvjxlldch?gug atlg teasltra]lgﬁsi?t heeeﬁjl’glfgnrcsyuo t{ ghg'otease
digestion.

The Ni-NTA flow through from the previous step was adjusted to 0.35 M
guanidine-HCI by the addition of ddH,0. Higher concentrations of guanidine may
prevent neublastin from binding to the cationic matrix. A C-100 filter-binding cartridge
(Sartorious, catalogue # C100X) was equilibrated with C-100 wash buffer (5 mM sodium
phosphate pH 6.5 and 0.35 M NaCl).

SP-Sepharose (AmershamPharmacia) can substitute for C-100 membrane filters.
However, C-100 was chosen due to its increased surface area compared to that of
classical column chromatography. When purifying neublastin on SP-Sepharose, local
aggregation of neublastin can be prevented by choosing a larger column diameter and/or
lowering protein load. This prevents high local concentrations of neublastin which can
contribute to tetramer formation and product precipitation, especially when using sodium
phosphate buffer. |

Neublastin in 0.35 M guanidine-HCI was applied to the C-100 filter at a flow rate
of 50 to 100 ml per minute followed by extensive washing of the filter with C-100 wash
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chromatography step described below), resulting in a major loss in
product recovery. Since directly diluting the L-Arginine would substantially
WOHAR28 e working volume and increase the amount of gu®6iBite2005/029638
required, the protein was concentrated to 1/20°s of 15 the original volume
using a Millipore tangential flow Pellicon unit. Following concentration,
L-Arginine was diluted to 0.175 M using 0.5 M guanidine. The L-Arginine
diluted solution was applied to a Ni-NTA IMAC column that was
bu;ﬁfavi@biﬂ)stemuéhlumtedﬂm rcolaimng\Estidingfe g (40dotiv im todzeseblastitn.5 M
@R IRGA IRV RG LR B é?ﬂ%%%@m&% SRS Phatrix

to the NI-NTA 20 matrix via th tag and no product was

usisigszrodbispdive fhosrhatsrfh 6F5mm\/1rk§ spdismrdp \watferivEhe slghm was
mAAReEs PUVERRBHIIGE R oub astinyvas slyndiippriRe sasiedipingL-2 M
imidazolé in 0.5 M guanidine. The column wash buffer (which did not
COBERSTH neublastin) was discarded. Protein recovery was monitored using
a Bradford assay. In addition, host cell contaminants were monitored from
this pomt onward 25 Hlstldl e tag searatlon from neublastin by protease
it tag removal procedures was

empmyeaadep@admcmnﬂnmleygﬂmmmelmlﬁﬁim reqangedt(al]fﬁaazrﬁjmmlon

cjds.or 1 4 ino acids the ild- mi [
angéiu bias mg)pro SﬁnaolL was lum i{ Re t§a§;1 C- a%rr%%ngﬁ ofdlum
chihadysinih ﬁemﬁleraimnaMBmwtm ﬂfé)tagaFmaia mtslof femido + <5 @g/ml

1 r r to

o A B o B S e 2 RN
otkdriisn nkNb lastie maydspnntiorprsc ipHaikljn shisdprdationevdtbsnlargmpseteia loss.
Ofr&the MﬁEﬁHP@H&H@&R&%&‘ %%WH?B&P@%Z&%% §1380 8flum

worked effectlvelig Neublastin with protease was incubated over night at

pheshatedH Set Wit loditaneartsg nerblaerrsadighetedintasfiyenient
siaGightosmrad ReLlastingihrdistidine-tagged product was treated with
trypsin (Cooper Biomedical #3740) using a 1:2000 ratio of trypsin to
neublastin. Again, no buffer substitution or pH adjustment was necessary.
ExBagpl@ Bstigal ytical Characterization of Neublastin

Purified neublastin described in Example 2 was subjected to various analytical
tests to verify purity, primary amino acid sequence, bioactivity, and disulfide structural

integrity.

SDS/PAGE estimation of purity and molecular weight

Samples, taken from each of the neublastin refolding/purification steps, were
subjected to SDS/PAGE analysis through a 4 to 20% acrylamide gel under non-reducing
conditions. The final neublastin product migrated as a reducible dimer of 24,000 Da with

an estimated purity of >98%.

Mass Spectrometry of refolding rat neublastin

To estimate the purity and to determine mass of the product refolded, neublastin
was subjected to mass spectrometry on a ZMD mass spectrometer. Neublastin was

denatured in 8M urea and treated with DTT prior to analysis to reduce all disulfide bonds
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was incubated over night at room temperature with constant stirring.

Ni-NTA resin was equilibrated with wash buffer (0.5 M guanidine-HC1 and
wa oo 3vBimidazole). Following adjustment of the imidazole E6A¢ESRPOF 09638

within the neublastin preparation to 0.04 M from 0.2 M using 0.5 M

guanidine-HCI, the material was applied to the Ni-NTA resin with a 50 to

100 ml per minute flow rate. The column flow through which contained

non-tagged neublastin was collected and monitored for neublastin using
antheoBratifbed assayoloule-generatertice Nihbimajoesignahsl¢nsfidihecpagpdBs rat

R vt o POSIEN . A
BRI Rl AN AR LGk Tl
expestteidlisHatvevetiiaimaisr s Prif8atdadivpsItlentifladeand - PrRdietkd to

colfUan from e QUIBHSHSIER WaR ARSI 267619 pRedidted 8 BdiNG A TA RYunt

the addition of ddH20. Higher concentrations of guanidine may 20 prevent

of gaaRIBERT ORYHIFTHRS tEURNc hsrRVMerke saks cpats ead sa-Risidgtion,

" acSRHi R dRRHAUS LaRIgaYe & S0 NasEa tratesiNg UG 18R of

wash buffer (5 mM sqdium_phosphate pH 6.5 and 0.35 M Nagg.
neeilagtinyas a150 gL e HaRsadsseeted sakt S foldenti i56-
membrane filters. However, C-100 was chosen due to its increased
surface area c
q ena 101 O ra

VV U

neu b@asﬁhpcaﬁmrpmﬂ&glw toydosir[gl adéb@ticdsha pnobterdsnd/or

I I (=] ol high. 1 f
SRS 00 U LESRT e oo
nepbéasipitatinarasisme drallydingcthesitdstypel iaim 13 osphaeid otild-tyge human 113
anl}‘;‘RP?éﬁE%ﬁ'ihQ 7 ML aHRRIdiIneHE | s fRiRchierb& ﬁl’é‘t%g BRI RLRs as

flow rate of 50 to 100 ml per minute followed tg extensive washing of the

predistedithi & arpmoxiayeye oriboeraided b basd olsievasdawderds. of
ArSISIE miRMeYSsmaANYsEamai NN bistidine1ag AgRoiotoxin, and neublastin
monomer. Neublastin dimer was recovered by eluting the protein from the
C-100 matrix using 5 mM sodium phosphate pH 6.5 and 1 M sodium
Dichifdelenal ieselfitinn §¥asnino acid neublastin

Disulfide analysis was carried out on rat 104 amino acid neublastin. Wild-type rat
113 amino acid neublastin was run in parallel as a reference. Approximately 150 pL of
refolded and purified neublastin was used for disulfide mapping. Results demonstrated
that all disulfide linkages in the two samples are comparable and as expected. The profile
of the neublastin monomer is similar to that of the reference, except for the area under
low-level peaks eluting just ahead of the main monomer peak. These earlier-eluting
peaks are predicted to contain, in part, oxidized monomer and were not included in down-
stream mass mapping. Fractions containing disulfide-linked peptides were pooled and
analyzed by MALDI-TOF mass spectrometry using DHB as the matrix. The data
indicated that rat 104 amino acid neublastin following AspN/trypsin digestion is as

predicted, and there is no evidence of mixed disulfide connectivity.
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monitored by UV absorption at 280 nm and the neublastin peak collected

in one 5 container. Neublastin concentration and buffer substitution
WORAIbKRIB2was concentrated by Millipore Biomax-10 tangentREidin2005/029638

filtration and diafiltered with the same unit to 5 mM sodium phosphate pH

6.5 and 0.15 M sodium 10 chloride with 5 diafiltration volumes. An effort

was made to aim for 1.0 - 1.5 mg/ml final protéin concentration, and not

permit the concentration go above 2.0 mg/ml, otherwise neublastin may
ARegisf ieubheihitateviimthisde teatiae RitepdaetipaniairEiossnedinkedhe
product was concentrated to 1.0 mg/ml and formulated in 5 mM sodium

Imfr‘u‘f)%oﬁﬁrouzéan 6.5 and 0.15 M sodium chloride, neublastin was aliquoted

into cb@t%aﬂ@mﬁ@@&m@in&st@n@@t_iii@bil_it_mttbrseiedlé@tc_EMplg 3
pl’féggl% lﬁ‘{i&hﬂrﬁ‘g@[ﬁﬂ R1%4 %%HPA%SJHB&W'}EM%%ﬁ%ﬂﬁ&@&&f&ﬂqi% that

e 2 was subjected to various analytical tests to verify purity,

exprrsrapyRahaind GERR 3 HlRHAS -mIBASieals wers alatedide RMWIRYLpaprignented
witltegFEOR AR eSiimRIRIPHPIU LY ANl410) aRHIANIWRIG NS SAMBIRS at

taken from each of the neublastin refolding/purification steps, were

375 b tb @b Epbarsnedrmeed ehibeigirdtivanst 205l sasharited gaiof PBS
pet RARI MRERIUCHRGARIRRADW RN D MBI finatisubl astiss PIodisindigiatead 04

as a reducible dimer of 24,000 Da wi timated purity of >98%. |
o Do Rk W RS bl Bru et i
thémnadie mineimass ahdthdqratuetskidldet, RS bastdiaRlywak stilbjdcteiih

to SS r I ZMD, spect r, Neublastin was
P oA e S e B o R L R Ul v
PM&lﬂlfiﬁlﬁdn@ridholl? WZ@&B@QW&B&@FM@Q@@E@@%@ epdatahmiprting
anl G ARE RIS g‘gﬂg‘ﬁ@ﬁi‘%@%mﬁ E@@Aﬁﬂ@@ké R IGRTRES WRAL

rat neublastin resid 0 to 113 suggesting the predominant species In

(ARG epardiisrviellagvarbleser] M aopayssmparatior Bighdioar 10l ®kingas
blflENEFB SRS iBRIRII 56 ddRnal mouse serum and 3 % BSA) followed by six

washes with TBST alone. 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 washed six times with TBST, and the
HRP activity detected at 450 nm with a colorimetric assay. The absorbance values from
wells treated with lysate or with lysis buffer alone were measured, background corrected,
and the data plotted as a function of the concentration of neublastin present in the
activation mixture. Rat 104 amino acid neublastin was as active in the KIRA assay as
was the positive 113 amino acid neublastin control demonstrating that the

refolding/purification process yields biologically active product.

Endotoxin assay

Using the Limulus Amebocyte Lysate assay and manufacturer-suggested
conditions (Bio*Whittaker), endotoxin levels in each of the purification steps were
determined. The vast majority of the endotoxin is removed during the first Ni-NTA wash
step. Following the addition of trypsin, it was observed that the endotoxin level went up

slightly which most likely is due to endotoxin in the trypsin preparation used. Washing
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correspond to a Leucine deletion, and a signal at 11076 is predicted to be
a small amount 5 of an Arginine to Lysine substitution. The low level

W@ eledebi§2spond to oxidation, acetonitrile adducts and TFAPSIAUS2807029638
small amount of the 106 amino acid form of neublastin was also
identified. No trypsin-associated peaks were identified. Characterization
of rat 104 amino acid neublastin by AspN peptide mapping 10 AspN
peptide mapping was carried out on neublastin that was produced by

thet Y p¥irc dligmstivithte kargeovectitg bistiaihdutigr Aipsabatehawssiobinpemediao

rerIRHRIE AU e uBlast A RN RN IBR M JEbRPh b3
amino acid, wild-type human 113 amino acid, human 104 amino acid

mapEn Ressptablgdavelistrated that this batch was as predicted, with
approximately 8% oxidation at Met92, 5% Leu61 deletion, low levels of 15
Arg to Lys mutations and less than 1% deamidation at Asn95. Disulfide

H 1 amino acid neublastin Disulfide analysis was carried
out aistiat AVE. BTN ade InrukiastieaVkidiypeorindsl Beannislogeidnd
neublastin was run in parallel as a reference. Approximately 150 L of 20

e PSRBT Eo AL I S RV AT B R B R

cadlesficitspiaifidathat stipdisTiiddilinkag £ 18 AHe sedassanhesiasensitive down to

1 omaRe,and 2% expesatd e rolie Qe DR B menam el 5

milar 1o that of the reference, except tor the area under low-level peaks
clegtaticgyqerstradedugahthrshinidndmengiegiapiy es e dhdiatusingithy EEeks

| W&%ﬁ%lgr LB EALIR DU RETHiRKIAZ BY SRR RN GFHAGABCHIGR

wn 25 stream mass mapping. Fractions containing disulfide-linked
peptides were pooled and analyzed by MALDI-TOF mass spectrometry
Trising-REBh8s g ynatrix. The data indicated that rat 104 amino acid
neublastin following AspN/trypsin digestion is as predicted, and there is

no eV iaBHES BRITCS VARSI ESHRRSIGi P e s brseforsyeysing N-T-
BREGIIE 2005/QRBHRI MIESOY40R REtNASHRAE Y dSiitgs tlae: KHdasss sensitive

Receptor Activation-Enzyme-linked, Immunosorpant Neublastin activity
oA TGRS A B9 L STy T BLGRE AR DR IALEE i 2 e
C1INBAdAIhoREIBveslls, Tiie actveiarif nrysiie rasaiohig diahesieelpiodultatas less
than 0.004% (below the level of sensitivity).

Histidine-tag detection ELISA

A histidine tag ELISA using an anti-polyhistidine antibody was developed to
monitor histidine-tagged neublastin remaining in the final preparation. As expected, the
majority of the histidine tag was found in the material prior to the first Ni-NTA and none
was in the first Ni-NTA flow through, indicating that the majority of the histidine-tagged
neublastin bound the Ni-NTA resin. This material eluted from the resin with the 0.2 M
imidazole elution. The sensitivity of this assay was approximate 0.3 pg/ml, and the final
amount of histidine-tagged neublastin identified in the final product was determined to be

0.12% of the total protein or 0.88 mg.

20



10

15

20

25

30

5 expresses Ret and GFRa3. NB41A3-mRL3 cells were plated in DMEM
supplemented with 10 % FBS at 2 x 105 cells per well in 24-well plates,

W RHe0M8d for 18 hours at 37C and 5 % CO2. Following reR{GV/EPa10F(829638
media and a cell wash with 1 ml of PBS per well, the cells were
stimulated with DMEM containing either 113 amino acid or 104 amino
acid neublastin for 10 minutes at 37C and 5 % CO2. To stop neublastin
activity, 10 the media was removed and the cells washed with PBS

Hadsn et ditNa\d&tedaivm lysisywith 10 mM Tris, pH 8.0, 0.5 % NP40, 0.2 %

D02 M NAG. ANV R G SUSE ASEAJDONG

incuba ysates were agltated peate pipeting an
strivededfEMNY l(mchagmrpiemmeuph@daowmmmﬁ@étéa@gémcbwmh assay.

Thm&m&é?néﬁ@r%mem%my S YpFeRiaRtEes %6%‘WBGE%JWA

for 1 Hour with blocklr;% 15 buffer (TBST containing 1 % normal mouse
Basedgm thaginede: sargd W@eél@}%@%{s Hessfiprhrpeidestilgieparation was

derﬁﬁth%dﬁﬁana%d@t%&qmm 59 dAIMoNTS) hewediiad
receptor with HRP-conjugated %hhﬁ\{fﬁ rosine antibody (4G10; O 2 % per

asyiflepssibaipRotive ACLBSALR! BIOEUNBESER ARG D0 Wash
stepBx@1e B¢ HigcihR Bt aativitind ehe abathaindhiinies withirathe simeiinabasdy .
The absorbance values from 20 wells treated with lysate or with lysis
buffer alone were measured, background corrected, and the data plotted
ChasnicfGnotioietafit g wor( CETiratio rataiewiila s améaemimrthéﬂmﬁvation
mlxul{fe Raas 1r]i 4&3@?& F's'& las(}lﬁlwaﬁslsﬁsdat%gt\{% al I§e|1|:§t'sb‘c%rsnspa ed to
as was the 05| Ve 113 amino aci neublastin control nstratln that
vethigde Mdcﬂr@ﬁﬁmlﬂcdﬁmm@’d@e@s t}mtdé mmlwgmaihl%t@twé}ptmﬂmmaer force
apFROPHIR BSARL SN tRE HIRYIHAMEPACHEILYRAR 598X AR Hairs

manufacturer-suggested conditions’(Bio*Whittaker), endotoxin [évels in

apalyipechen donmcastwd & hanianet dotdfttheBatrieimissivhibigysi e 14,
17eRAPI: B e RaNRsL AT RAHRR IR NENTA Wash) @a&&epdfaus)\/ylamﬂ@@nt

addition of tr psin, it was observed that the endotoxin level wen

SRS DA ARSSER 1 BT BRIBRIGh 6 5o B ek for the
apPEediviNITBIgaitO M) 200 BIQRSY B2 BRI AdRROONARLAEE8-104 1mg/Kg (n =8)

and 3 mg/Kg (n=7) treated rats were able to withstand an elevated threshold compared to

the vehicle treated controls (n = 8). The force withstood by neublastin treated animals
was statically significant (p<. 05) at days 17 and 21 post-op CCI. Thermal hyperalgesia
was attenuated in the neublastin treated CCI rats, with the 3 mg/Kg dose demonstrating a
higher efficacy than the 1 mg/Kg dose at day 21 post-op. Thermal hyperalgesia was
determined using a Hargreaves device to assess thermal withdrawal lateﬁcy. Rats were
tested at days 7, 10, 14, 17, and 21 for lowered paw withdrawal latencies. Shams (n = 3)
did not display altered paw withdrawal latency during the testing period, while all CCI
rats had a shorter paw withdrawal latency compared to their baseline values. Neublastin-
104 1mg/Kg (n =8) and 3 mg/Kg (n=7) were able to withstand longer application of the
thermal stimulus compared to the vehicle treated controls (n = 8) at days 14, 16 and 21
following CCI induction. While the 104 amino acid neublastin 3 mg/Kg-treated rats
demonstrated a significantly higher latency on day 21 post-op compared to the 104 amino

acid neublastin 1 mg/Kg treated rats, the duration of paw withdrawal latency by
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the CIO0 column with a large amount of wash buffer appears to be useful

to remove remaining endotoxin. Endotoxin levels within the final product
WQNeASIEBelow maximum acceptable levels. 5 Host cell proR€Gi/48§2e45/029638

Using an E. tali host cell protein assay kit from Cygnus Technologies and

manufacturer-suggested conditions, host cell protein contamination was

monitored in each of the purification steps. This kit is an ELISA-based

assay that is sensitive down to | ng/ml host cell protein. As with the
neebldstioXivates uitiaidywasmai i ihs gt profgein AD) aldayaride Bcends21 post-
ing the first Ni-NTA chromatography as well as during the C 100

Op\?vég ning. Host cell protein was determined to be less than 0.0001% of the

final fddatst ireptgd sintle Rewtatin asgapbietpapplienran seighisoribarbested
chHHRS Bl R EGGRERRPREE 855 WRiNEc N dc dah BQGt ClrblifcAafiR Gras

7-AMIDO-4-Methylcoumarin HCI as substrate and was sensitive down to

defegnified i singryyAncanRsatane o B ofagiesa oy aigp slistbitiashed vashdgot.
AtBSsFHROHRW THBUER wiash wENMEsEREh QR RSiH) mm&mwlml Bidre

product was less than 0.004% (below the level of sensmwt

waﬁ ieitimeigheatisdisthe ngktﬁfﬂ.é?ﬁm SNPsER SR ¢ %fsplay altered
wélghit pilyibisticinesanidaatyivas denalopedeingpaiat, hvam@a&@ggﬁd applied

neubl the final ratl n. As expecte e major y of
e T A S b LSS aHrel N AHIC AR
nenb}aemwhsgﬂ(tgn afi8) Md\BTrﬁgflﬁg/(ﬂwb)wyplmﬁmattmdﬂght thehmipjolatgref foot

the hlstl esta lastin | NTA re m
o T e R e RGeS T R o
mmﬁé&aymm@wrw&mmmgh&am@m@ fmﬁl%)w@dma)ﬂ 17, and 21
polg{s(gt%@rtagged neublastin identified in the final product was determined

to be 0.12% of the total protein or 0.88 mg. 20 WO 2006/023782

PCTIVGbobsrorge 39t pfatisumpnsgadientishiffesense brbwesnsecarnblastin

an@SERNAWAS NI S B AN ARBYithRL UM BEuSANE: treated rats tended
to have shorter durations on day 10. Cold allodynia was determined using a copper cold
plate chilled to 4°C for a 5 minute testing period. Rats were tested at days 7, 10, 14, 17,
and 21 for elevated paw withdrawal duration compared to their baseline values. At
baseline, no animals reacted to the cold. Shams (n = 3) did not display elevated paw
withdrawal duration throughout the testing period, while both all CCI rats had increased
paw withdrawal duration compared to their baseline values. 104 amino acid neublastin 1
mg/Kg (n =8) and 3 mg/Kg (n=7)) elevated the affected paw for a shorter period of time
compared to the vehicle treated controls (n = 8) at days 14, 17, and 21 following CCI
induction, although the duration of paw withdrawal by neublastin treated animals was not

statically significant.
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stranded DNA binding protein coupled to avidin in an ELISA-based

sandwich assay. This assay was demonstrated to be sensitive to

approximately 200 pg/ml of E. coli DNA. 5 Based on the single-stranded

DNA binding assay, the final neublastin preparation was determined to

have less than 0.0001% contaminating host cell DNA. As with other

assays described above, both the first Ni-NTA chromatography step and

the C100 wash step were mospeificEmbabiipapying the DNA impurities

within the starting material. 10 Chronic Constriction Injury ( Cé? rats .

eato WA 108 LY B P REGB T R RS FUCHa Bt deeed

ekspiipitRsh theriaisae fariel Rl aestHptashGo THRMGE to iVebifR: Weaies limit the

controls. The neublastin treated rats were able to withstand a greater
?ga&@éf%tlpther

FEPRE MR day 65118 iy s sl pEcRyCHIE SHRpg iR aPe0d
sspedtsestiraitagan phdngdhie caproleenanethodt HE Srupla ot ehakol 189y Raims.
were tested at days 7, 10, 14, 15 17, and 21 for altered nociceptive
thresholds. Shams (n = 3) did not display a different gram threshold
during the testing period, while all CCl rats had a lower threshold for the
applied von Frey Hairs compared to their baseline values. Neublastin-104
Img/Kg (n =8) and 3 mg/Kg (n=7) treated rats were able to withstand an
elevated threshold compared to the vehicle treated controls (n = 8). The
force withstood by neublastin treated animals 20 was statically significant
(p<. 05) at days 17 and 21 post-op CCI. Thermal hyperalgesia was
attenuated in the neublastin treated CCI rats, with the 3 mg/Kg dose
demonstrating a higher efficacy than the 1 mg/Kg dose at day 21 post-op.
Thermal hyperalgesia was determined using a Hargreaves device to
assess thermal withdrawal latency. Rats were tested at days 7, 10, 14,
17, and 21 for lowered paw withdrawal latencies. Shams (n = 3) 25 did not
display altered paw withdrawal latency during the testing period, while all
CCI rats had a shorter paw withdrawal latency compared to their baseline
values. Neublastin- 104 Img/Kg (n =8) and 3 mg/Kg (n=7) were able to
withstand longer application of the thermal stimulus compared to the
vehicle treated controls (n = 8) at days 14, 16 and 21 following CCI
induction. While the 104 amino acid neublastin 3 mg/Kg-treated rats 30
demonstrated a significantly higher latency on day 21 post-op compared
to the 104 amino acid neublastin 1 mg/Kg treated rats, the duration of
paw withdrawal latency by 21
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WO 2006/023782 PCT/US2005/029638 neublastin treated animals was
statically significant (p<. 05) at days 14, 17, and 21 post- op CCI. CCl rats
treated with neublastin were able to apply more weight to the affected
chronic constricted hindlimb as seen with the incapacitance test. MCSLLP
Incapacitance was 5 determined using an incapacitance meter to assess
the weight distribution of each foot. At baseline, rats distributed equal
weight BeAB&nN their feet, but following injury there was less weight
applied to the ipsilateral foot. Shams (n = 4) did not display altered weight
distribution between their feet during the testing period, while all CClI rats
applied lledsmdhgetabiucitte dpdine s cotrpatisactathar pidieithe paified.
ine-acid 10 neublastin 1 mg/Kg (n =8) and 3 mg/Kg (n=7) applied
more weight to the ipsilateral foot as compared to the vehicle treated

controlsh By FrietUs AR eer Bt e BirEiEing f0st Moty th factor beta
tigatechaniyeale wasistatisalhesignificant (p<, 05) at days 14, 17, and 21

post-op CCI. While there was not a statistically significant differenc ,
petwee HESHLULIAGHA S S JUHICR FREHEHC G G g Tective o

allpelyBify leslg bramepdliasipiie athercatsiendetitg bagisbatiprises (i) potassium
durations on day. 10. Cold allodynia was determi usi r cold
BRI 0 ST PR G SO RS BT Sy & PH of
75300 340,17) andidinforicleveied anmwiihe (o Mutation caindaackioine at a
their baseline values. At baseline, no animals reacted to the ¢ m
(RO it R o) bl ac Do S TGPV P e R - and
teslingipesodiwhiltbeth akdacdmais hadfinerdased pavandhettaved glutathione at
duration compared to their baseline values. 104 amino acid neublastin 1
RO EBI R Qe o e h & LA B Yar SR
peliiedlobiine icampared® the vehicle treated controls (n = 8) at days 14,
17, and 21 following CCI induction, although the duration of paw
withdraWai by neublastin treated animals was not 25 statically significant.
22 Othewkerdiodhan esfts dvlaileutiie tuesniiordiassbetn described in
cony unc%??)gyelltsgigln? p eé?}!)lﬁz(tjte pH 7.8 at a concentration of 50 mM,

(ii) guanidine-HCl at a concentration of 0.5 M,

(iii) L-Arginine at a concentration of 0.35 M,

(iv) Tween-80 at a concentration of 0.1%,

(v) oxidized glutathione at a concentration of 1 mM, and

(vi) reduced glutathione at a concentration of 0.2 mM.

2. The method of claim 1, wherein the refolding buffer comprises L-Arginine at
a concentration of:

(a) 0.30 M to 0.5M;

(b) at least 0.30 M; or

(c) at least 0.35 M.

3. The method of claim 2, wherein the refolding buffer comprises L-Arginine at

a concentration of 0.35 M.
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description thereof, the foregoing description is intended to illustrate and

not limit the scope of the invention, which is defined by the scope of the
appended claims. Other 5 aspects, advantages, and modifications are CSLLP
within the scope of the following claims. 23 MCSLLP Claims: 1. A M
method of inducing folding of a denatured polypeptide, the method
comprising: 5 providing a denatured polypeptide comprising a
transforming growth factor beta (TGF beta) superfamily member; and

contacting e RRYRARIAE YWiRe T ANBHRESNS ERMing R RHRSINEING buffer

induce folding of the polypeptide, wherein the refolding buffer comprises
(FopaREseuhY SSHOR) REdE BRESHHittiRbMosphate at a concentration of 25
mM to Jég)gnw/t,\egtm@;pH of 10 5.8 to 8.0, (ii) guanidine-HCI at a
concentration of 0.3 M to 2 M, (iii) L-Arginine at a concentration of 0.25 M
to | M, (W) Pleeir8odat:@toncentration of 0.05% to 1%, and (v) oxidized
glutathigpesaiasanpentration of 1 mM to 4 mM and reduced glutathione
at a concentration of 0.05 mM to 0.8 mM, wherein the ratio of oxidized to
reduced glutathione is from 5:1 to 20:1 15 and wherein the refolding

buffer dgegROLEQRSELPEIH)IRAASEIn R SPlddepiul8ralomprises Tween-80 at
concentration of gg mM, (ii) guanidine-HCI at a concentration of 0.5 M,

(firenasimtientcoficentration of 0.35 M, 20 (iv) Tween-80 at a
concentration of 0.1%, (v) oxidized glutathione at a concentration of 1 mM,

and (vi) reduced glutathione at a concentration qf 0.2 mM. 2. The od
o claimby, TSRO IGRLARG AR LB TS e 40 e buffer
cenepritiation dfc®iil 36ditéd Qleithione at a ratio of from 5:1 to 10:1.

7. The method of claim 6, wherein the refolding buffer comprises oxidized and

reduced glutathione at a ratio of 5:1.

8. The method of any one of the preceding claims, wherein the refolding buffer

comprises oxidized glutathione at a concentration of 1 mM to 2 mM.

9. The method of claim 8, wherein the refolding buffer comprises oxidized

glutathione at a concentration of 1 mM.

10. The method of any one of the preceding claims, wherein the refolding
buffer comprises guanidine-HCl at a concentration of:

(a) 0.5 Mto 1.0 M; or

(b) at least 0.5 M.

11. The method of claim 10, wherein the refolding buffer comprises

guanidine-HCl at a concentration of 0.5 M.
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(b) at least 0.30 M; or (c) at least 0.35 M. 30 3. The method of claim 2,

wherein the refolding buffer comprises L-Arginine at a concentration of

0.35 M. 24 MCSLLP 4. The method of any one of the preceding claims, MCSLLP
wherein the refolding buffer comprises Tween-80 at a concentration of (a)

0.1% to 1%; 5 (b) 0.1% to 0.5%; or (c) at least 0.1 %. 5. The method of

claim 4, wherein the refolding buffer comprises Tween-80 at a

concenttatiomenedwy! by THe Aldbsaucseding syt inapeetdiingfolding
Cﬂﬁ‘ﬂ‘fk%c‘é!ﬁ%&%@s%@té@!ﬁiﬁi%&%ﬁ@{e gomprisesaxidized and reduced

glutathione at a ratio of from 5:1 to 10:1. 7. The method of claim 6,
Wherein(%ééé\‘@f&?ﬁgl %QjﬂéMé:omprises oxidized and 15 reduced
glutathig tanatiosf a3 8- The method of any one of the preceding
claims, wherein the refolding buffer comprises oxidized glutathione at a
concentf@BNGFLRMYE 2 mM. 20 9. The method of claim 8, wherein the
refolding buffer comprises oxidized glutathione at a concentration of |

mM. 10. The method of any one of the preceding claims, wherein the )
refomind3%%@!88%3@2&%%%%%%? 5@?@#8& BheeMBE SRy gssIum

MiespidiMans cncabieariob .M. The method of claim 10, wherein the
refolding buffer comprises guanidine-HCI at a concentration of 0.5 M. 30

14. The method of any one of the preceding claims, wherein the refolding
buffer comprises potassium phosphate at a pH of:

(a) 7.0 to 8.0; or

(b) 7.5 to 8.0.

15. The method of claim 14, wherein the refolding buffer comprises potassium

phosphate at a pH of about 7.8.

16. The method of any one of the preceding claims, wherein the refolding

buffer lacks urea or glycine.

17. The method of any one of the preceding claims, wherein the TGF beta
superfamily member is a glial cell line-derived neurotrophic factor (GDNF) family

member.

18. The method of claim 17, wherein the GDNF family member is a neublastin

protein.

19. The method of claim 18, wherein the neublastin protein comprises amino

acid residues:
(a) 122-220 of SEQ ID NO:1;
(b) 117-220 of SEQ ID NO:1; or
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25 MCSLLP 12. The method of any one of the preceding claims, wherein

the refolding buffer comprises potassium phosphate at a concentration of.

() 25 mM to 100 mM; (b) 25 mM to 75 mM; or 5 (c) at least 50 mM. 13.

The method of claim 12, wherein the refolding buffer comprises potassium
phosphate at a concentration of 50 mM. 10 14. The method of any one MCSLLP
the preceding claims, wherein the refolding buffer comprises potassium

~ phosphatg e1s32d of B0 10BI0; or (b) 7.5 to 8.0. 15 15. The method
~ of claim 14, wherein the refolding buffer comprises potassium phosphate

at a pH of about 7.8. 16. The method of any one of the preceding claims,
wherein2ie Tatohaktig dolfferiacks, wieeran gigainebadtihproteennrethbehw80%,

a, of receding, claims, wherein th ta ly
o L R G R L RS
member. 25 18. The method of claim 17, wherein the GDNF family
member,i eublastin protein. 19. The method of.clai wherein the
neublat FIB RS gy S A R g Ty SR,
| BxiN@ssing(the TbTypestide SEQIRrN@rirde 26IMEGLbRIng with the refolding

bufter.
22. The method of claim 21, wherein the bacteria is E. coli.

23. The method of claim 21 or 22, wherein the polypeptide is expressed in
bacteria in an insoluble form and, prior to inducing folding with the refolding buffer, the
insoluble polypeptide is contacted with an amount of a solubilization buffer effective to

denature the polypeptide.

24. A composition comprising an amount of a refolding buffer effective to,
when diluted by a factor of 1 to 10, induce folding of a neublastin polypeptide, wherein
the refolding buffer comprises the following components at 1 to 10 times the stated
concentrations: (i) potassium phosphate or sodium phosphate at a concentration of 25
mM to 150 mM with a pH ranging from 5.8 to 8.0; (ii) guanidine-HCI at a concentration
of 0.3 M to 2 M; (iii) L-Arginine at a concentration of 0.25 M to 1 M; (iv) Tween-80 at
a concentration of 0.05% to 1%; and (v) oxidized glutathione at a concentration of 1
mM to 4 mM and reduced glutathione at a concentration of 0.05 mM to 0.8 mM,
wherein the ratio of oxidized to reduced glutathione is from 5:1 to 20:1

and

wherein the refolding buffer does not consist of

(i) potassium phosphate pH 7.8 at a concentration of 50 mM,

(ii) guanidine-HCI at a concentration of 0.5 M,

(iii) L-Arginine at a concentration of 0.35 M,

(iv) Tween-80 at a concentration of 0.1%,
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(c) 108-220 of SEQ ID NO: 1. 20. The method of claim 18, wherein the
neublastin protein is at least 80%, 85%, 90%, 95% or 99% identical to
amino acids 108-220 of SEQ ID NO: 1 5 21. The method of any one of thgycgy | p
preceding claims, further comprising expressing the polypeptide in

bacteria prior to inducing folding with the refolding buffer. 10 22, The
method of claim 21, wherein the bacteria is E. coli. 23. The method of

claim 210roxXiggdbebitrthiopol geidesadiopratdanlih ¥cteria in an

?nSO'ubl@vit?E@@im’d@ﬂ%ﬁ%m&qwﬁ%ﬂmmteﬂb@ refipiding buffer, the
insoluble polypeptide is contacted with an amount of a solubilization buffer

effective to 15 denature the polypeptide. 24. A composition comprising an

amount g, amca@m?gom@r&mmmmmﬂ ghduiediBihg hagter &npigses

10, induce folding of a neublastin polypeptide, wherein the refolding
bl skOhE FRGWHIG USRS at 1 to 10 times the stated 20

concentygtions:Ni)tp@asgium phosphate or sodium phosphate at a
concentration of 25 mM to 150 mM with a pH ranging from 5.8 to 8.0; (ii)
guanidinBladsast X ¥onEeiration of 0.3 M to 2 M: (iii) L-Arginine at a
concentatign«kOHMito 1 M; (iv) Tween-80 at a concentration of 0.05%
to 1 %; and (v) oxidized glutathione at a concentration of 1 mM to 4 mM
and reduced glutathione at a concentration of 0.05 mM to 0.8 mM, 25
whereinzhe Tade ahpyigticatbicradueedgletethiaeeci fiom bulfte Sfibrises
and wherein the refolding buffer does.not sist of (i) potassium
phigshhawe gL 17g 1 5‘%%%88%?%9“5@%1% ) guanidine-HC1 at a

concentration of 0.5 M, 30 (iii) L-Arginine at a concentration of 0.35 M, (iv)
Tween-%g.aﬁ,ﬁecgor;gggstlrggg o zIn?/' %(1)1/%’0 701%%?2556, wherein the refolding buffer
comprises Tween-80 at 1 to 10 times a concentration of:
(a) 0.1% to 1%:;
(b) 0.1 to 0.5%; or

(c) at least 0.1%.

28. The composition of claim 27, wherein the refolding buffer comprises

Tween-80 at 1 to 10 times a concentration of 0.1%.

29. The composition of any one of claims 24-28, wherein the refolding buffer

comprises oxidized and reduced glutathione at a ratio of from 5:1 to 10:1.

30. The composition of claim 29, wherein the refolding buffer comprises

oxidized and reduced glutathione at a ratio of 5:1.

31. The composition of any one of claims 24-28, wherein the refolding buffer

comprises oxidized glutathione at 1 to 10 times a concentration of 1 mM to 2 mM.
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(v) oxidized glutathione at a concentration of 1 mM, and (vi) reduced
glutathione at a concentration of 0.2 mM. 25. The composition of claim 24,

wherein the refolding buffer comprises 5 L-Arginine at 1 to 10 times a MCSLLF

concentration of: (a) 0.30 M to 0.5M; (b) at least 0.30 M; or (c) at least
0.35 M. 10 26. The composition of claim 25, wherein the refolding buffer
comprises L-Arginine at 1 to 10 times a concentration of 0.35 M. 27. The
compositionldkamynpneiodeizielsiadd 26vivrens thdhefoddoddiby thaffemprises

B A R N eicon of laim 27,

wherein the refolding buffer comprises 20 Tween-80 at 1 to 10 times a

Conce”t@?iofhgfcgrﬁp%%i%fgn SPgSURPERanAany, 008, ofHlaKaS 4didfy buffer

wherein the refolding buffer comprises oxidized and reduced glutathioné
atanrissHERaHI B kA ot 1l 25l BoinThe consgotiegmsifclaim 29, wherein
the refoggf'r@Mfgy £oMprises oxidized and reduced glutathione at a ratio
of 5: 1. 31. The composition of any one of claims 24-28, wherein the
refoldinébd@ﬁ@a%@r];dﬂses oxidized glutathione at 1 to 10 times a
concentration of 1 mM to 2 mM. 30 28 MCSLLF 32. The composition of
claim 31, wherein the refoldgl*g buffer comprises oxidized glutathione at 1

to 10 tirdés AhorriBRastion of damb 33vheain g peatnedr iy saapses
clalmfiAt-37: e rein thenelalding Qiftetopgampyises guanidine-HCl at |

to 10 times a concentration of.
35. The composition of any one of claims 24-34, wherein the refolding buffer
comprises potassium phosphate at 1 to 10 times a concentration of:
(a) 25 mM to 100 mM;
(b) 25 mM to 75 mM; or
(c) at least 50 mM.

36. The composition of claim 35, wherein the refolding buffer comprises

potassium phosphate at 1 to 10 times a concentration of 50 mM.

37. The composition of any one of claims 24-36, wherein the refolding buffer
comprises potassium phosphate at a pH of:

(a) 7.0 to 8.0; or

(b) 7.5 to 8.0.

38. The composition of claim 37, wherein the refolding buffer comprises

potassium phosphate at a pH of about 7.8.

39. The composition of any one of claims 24-38, wherein the refolding buffer

lacks urea or glycine.
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(@) 0.5 Mto 1.0 M; or (b) at least 0.5 M. 34. The composition of claim 33,
wherein the refolding buffer comprises 10 guanidine-HC1 at 1 to 10 times

a concentration of 0.5 M. 35. The composition of any one of claims 24-34‘,\/‘CSLLP
wherein the refolding buffer comprises potassium phosphate at | to 10

times a concentration of: (a) 25 mM to 100 mM; 15 (b) 25 mM to 75 mM;

or (e) at least 50 mM. 36. The composition of claim 35, wherein the

refolding buffer comprises potassium phosphate at 1 to 10 times a

concentygtio,ef.5MFyM 2R HantNhESMALSILIoN OfRMLeRSAE RS astin

24-36, wherein the refolding buffer comprises potassium phosphate at a

phPlPqRlde sttt eastai0h) 52 B 18 W0 984 989%%%%%6%9&5{% 568-220 of
in ke refolding buffer comprises potassium phosphate at a pH of

about 7.8. 39. The composition of any one of claims 24-38, wherein the

refolding buffer 30 lacks urea or glycine. 29 MCSLLP 40, The

composition of any one of claims 24-39, wherein the neublastin

polypeptide is at least 80%, 85%, 90%, 95% or 99% identical to amino

acids 108-220 of SEQ ID NO: 1.5 30
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