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REFOLDI NG TRANSFORM NG GROMH FACTOR BETA FAM LY

PROTEI NS Cross Reference To Rel ated Applications This
wa@appbiozast on clains priority from provisional PCT/US2005/029638

appl i cati on nunber 60/602,825, filed August 19, 2004.

The entire content of the prior application is

i ncorporated herein by reference inits entirety.

Technical Field The invention relates to conpositions

R R GG i W EACTQBTERFfuh Y G rems

Background Neubl astin, also known as Artem n and
Enovin, is a 24-kDa honodi neric secreted protein that
pronot es the sg@rossRaferéice M6 Relid Applichorger i pheral and
central nervous system such as dopam nergi c neurons
( Bagu@tapglicatibn claﬂ@@&wrﬁﬁﬁ@in@ﬂﬁﬂbmal igﬂlcﬂﬁ&ﬁmurﬁlﬂﬁ 606621825,
et al., 2000 Neur oscl, 15(2)fl19
ﬁl@e‘ﬁ%ﬁk{ ﬁ?%ﬂi‘zmm conﬁq%ofgteﬁen@r?ea gatgn f?elufﬂra%rﬁeﬁ herein
byq§§ﬁga§ﬁlgkﬁﬁﬁg,and sequenced (Roseblad et al., 2000,
Neurosci., 15(2): 199; Baloh et al., Neuron,
21.1291). Neubl astin is a nmenber of the glial “cel I
| i ne-derived neurotrophic factor (GDNF) ligand famly.
At the cellular |evel, Teohmcaldigiérs activate the

2 gc ?[2% gl{\ltegycgno t<$ M@]ﬁo%ltlrogggnc% rﬁgt];o&’sstag_%fﬁﬁﬂg p\%télns
bebpinging sy ﬂp hasgfhaiing gtowth @&tdr (bhta (s@rfandilynked nenbr ane

protein that provides ligand specificity for RET. Four
GFRa' 's are known (GFRal -4). Neubl astin binds to GFRo3

together with RET fornm rgacRegloghdary signaling conpl ex
(Baudet et al. 2000, Devel opnent, 127:4335; Bal oh et

al . Nepblgghin, pjsg kepwn mAqgglr)and\Eﬁpﬁn, s 3 2f s homogimeric

se@rét%ﬁ Pfﬂtéif'i“ﬂ{a Mro%té%%é &?ﬂ%l‘é?n&?r@ﬁsoéf%h e %n@fc@ 2
. Neuroscl., 13(1 C2177 ese

nen@us sysensick ;ats dmmnnnagld newrony (Baudétesal., a@m; \Reselopmérds
lzﬁe ? ‘}SF@E a%t 2%‘#0@%82({%? feqr}glr allS(%) lg en'i{ ngf]'"t 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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of neuropat hi c pain. Neublastin and the ot her GDNF
famly nmenbers are nenbers of the transform ng growth
wo ambo237ket a (TGF beta) superfamly and thus, BCEBUS2005/029638
characterized by the presence of seven conserved
cysteine residues with simlar spacing which formthe
structure of a cysteine knot (Saarma, 1999, M crosc.
Res. Tech., 45:292). Each nononer contains two
di s :
SNl LARSR RGO HAIEABREC: LSRG HE Bnstoming
grastth lﬁﬁ:tarrbeta (TEE teey enlnet'famyls tand thas, camd:}maweauhzvd bhihe peaette of

oner forme._an inter ar disylfide hon
S0 S BREE P TIF G T E e O b recin s PER Ao thgpre of
cySinCkndR (Sdbad, 108t ARRI6] Reselech) 42008, Bich Mahom&i ®htains two
305 52@3 TGF beta fam ly nmenbers are synthesized as
disglfide ﬁp soh#tiermna clopesk loer,rictyss paFirghing b chipd digplfde tg forma
tlgHﬁ%M d THE %ex@ﬁﬁ&rystellng @&ﬁ&ﬁe@&ltﬁﬁ%a&{ &H@Am&?@ﬁﬁsda%
pro- naln see e hol I, et al
intddniolecBlap Hisul3ds b6@B co%mllyﬂmk@g t]ad mondn@did {o ﬁ)rm Bledinal dlmer

e R st 29l AR &L s e om for TCF beta

f anTliGF veentamily n(dﬁﬂietﬂirh SynitheBizedrhs pre PDfoteins thad kevddit@llly are
305; 523, Rattenholl i

|., 2001, Eur. J.. Biochem, .
seopgigd as By ur@eﬂw@zﬂﬂf@r ?1 fR@RE ngi?e Figny) peptirle apd prosdarnain gsee
e. gpﬁﬁlttenhgﬂ' de B, W08 CRWRIYBibN A0S B8 tdiie BUAL, 2001, J Biol. Chem.,

np03|t|ons are partlcularly effective at |ndu0|ng

276(12@) HEX13). dBeth thf signabipsphide prdiprpsloysipmediate priper secretion for
0 t e r .
B Bty PR kRS Se 000 O ADEIARLE 053 Rartenhgl
al.j 200& @w{ y.Ripthete 216&\3129@ a proper three dinensional
structure and acconpanyi ng bi ol ogical activity. In one
aspect, the invention features a nmethod of inducing
fol ding of a denatured pgaepyi de by: (1) providing a
denat ur ed polygeptlde andlg ) contacting the
pol yipe prvicateonds brsedypt igsptun parbfonghe disevaryiihatisgrtaia buffer
R A S A S S A S T
pohiperspleatlbe oomgwuquaMmmhéﬂ detated heconeentdewdloped tofnd@ée

pr(;IM ein refOI]dSng, 0s) asv¥‘o resuﬂ n? a po ypeptf%e Elavmg a pro(per t)nree 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.



10

15

20

25

30

guani di ne-HC at a concentration of 0.3 Mto 2 M
(iii) L-Arginine at a concentration of 0.25 Mto 1M

w@ 2oop/0T3neen- 80 at a concentration of 0.05% t o HOF/USIW0A5/029638
(v) oxidized glutathione at a concentration of 1nmMto
4 mM and reduced gl utathione at a concentration of
0.05 mMMto 0.8 MM wherein the ratio of oxidized to
reduced glutathione is from5:1 to 20:1.1n sone

TR0 L RSB pfse srpns

TGFF@%ahmieefamUpMeMIy menber, " as used herer n refers

to aq [ equence, .i dent i
oo TRE R tpr B e MG s e s o efteifinafios o
sefuitate lﬂeﬁtwan@ alWiigd Bhe he@ibeedf tRETGF bk sOperfaitfily\h triindayddBat
pr ot ei n, a variant that has at |east. 70% sequence

re'ia@é Hhei tt‘ﬂ}logléaltaﬁ%"lw ¢fdhe yHd type BELFIR. qrragiariaptdhajthps gleast 70%
se§rﬁe ﬁeﬂrtgr@ah%mgipéﬁmr@ﬂ fifigh 'ophreaar%@_lo@@;aw di¥inOfhe

ype protein ers of
blddglealfaatmlt}wf thenelldipe pfcmmek/mnbles of IEFFGEbets surgarfamilh,

1ncg%<i orr%)rggm E‘]o %E %%%Wtal ?fgefrenr{% ? falgﬁ %8?? 8gerr]1§eflc

proteins, Qbﬁanmmfsm@,taﬁd gliallcell ﬁﬁfrﬂexﬁmbddummblﬁc fa%tdq‘ﬁrllnaﬂlfne
r{)&a at least 70% 80%_ 85% °L\Ng 95% or 980/9 sequence
enp rrleqnfSyarewtnﬁEasr% st 7é>r(g 7P @ e’ 5 OF 8t ssapnce

idérffePionfe fuITﬁerbgﬂQWG' réteinianll tetaifd the o190t al of the wild
Rt Hied sboing

protein. In sone e ments, a vari ant east
tym@teso%l s@Besmbodynensoz vwn@@e/@@em éﬂéeg(?"@e%ﬂ%,t%@‘%t, §5%, or

b r e

86?%@2%} s K nﬁa{tg \t/ﬁe%/rgftu% V? cha’tlygn ﬁrggen{ gr{cﬂje ﬁ}sggenelolﬂglcal activity
ofdleswild fype protofi. t he concentrati on of "r ef ol ding buffer”

conponents us i n _the pethods ed herein refer
o PSP o D QRE T TOh oKt WGT OBt ed o the
m&ﬁ’é’ﬂ@@l@ﬁﬁ%@d RéEreinadeersi tb thefhal ctdtRMoMof the réTBldeRRIF €d
pol ypeptide (not to the concentration of the

coppRPAERTESNt i the Eepgtion Vel the denstused padypaptiagobiefther
conren%né ﬁd@é&d@g d,wﬁ fa a&éwohﬁrarrra@r@&h@g%g .g&w;r% Hdion

react |on erein, "to Induce
Wlﬂmtyg@pmpdeehtsr@?thq: Pldiog teaegtianpduct i on of a tertiary

22; Cslt ug%(g gllnta)‘l‘tg Srlfdég?e R)i(%{l% Q/Ii' qa }30 ypep? de rgfélrsstlottheolrr]lducftlon ofa
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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that corresponds to that of the wild type protein. The
TGF beta superfam |y nmenber can be a glial cell

WO 2006028882 ved neur ot rophic factor (GDNF) fam | BCTresdoes/029638
"GDNF fam |y menber," as used herein, refers to a
protein having a sequence identical to a wld type
menber of the GDNF famly, a truncate that retains the
bi ol ogi cal activity of the wild type protein, or a

o S0 O BN Sy B SRS i e
wildetype }blﬁteidﬂl\)iglr(rigbt@ir@ g;d:t?blogleall a'\gntuyy @Ilfthé wild ‘lmale@rdtylpe
rotein rs o fam nc w
ﬁewht iﬂ%emwfmwg% tﬂ?%gﬁla‘@a\'raey %MF#S anquilastin protein. “A

B as dsdBtick @R ireRASo @lprdtEidHhving %se(ﬁlg%e i@&atical to a
90% 5% or 98% sequence identity to the full | engt h

wilg type nqylpbtstprr i) hvmendievnldesiinh @ truneatp that wiginsthe hiolagidal y

aCt\ll\/aIP’t or}% € llcﬁj téx BFoé iy Jr%o@halgtglaﬁ %gi%%%gggfy ﬂg Sncd 1de§1é13/y to the

wimtgplepme:m Cfellhtelngtjfl dr mathire nemlastie pwitdial) emylpetams dteehmsiogmal

reta bi ol ogi c act|V|t of the.w tYDE -0, ono
scfib e 106 Rl Bt o gt e 4 s 80%.
850/ 98%Nes] AP Asey &8 identityAo BRUAI aisth widd 8/€ bibtein a&d retains
used hereln refers to a protein having a sequence

the bielegicalactiviey of the Wédﬂwrﬁ»ﬁé@b|ha§9m%erp‘@dgmemh @rigfant has at
leég?%a}o,a&?)t’ 5, 185%, 20‘%, 9'?}2,3&&)8%&(]@&& ?deﬂﬁtlyttg 916%8{11%%1%
the w1d type

activity o rotein a varl ant
prétein (ag., heawtacidO%sideru6he20 pﬂéﬁ@lIDy\I(ﬂd) atkeretainisdhe lylpb)glcal
th,or ture astin roteln
scRiBigtite i bipe RS Aol SroREHAp Rt RSB &
copsiSitof hllﬁlno|alald816§f&udsﬂ’QMQ(rBf\SEQ 1B N@ﬂl atiinoaid rediddeeas1-220 of
700/ 80% 85% 90% 95%. or 98é yence identity to
R NG¥ > o amtarecidl etidvepp@B gRB ot S ROdRNdt ai ns t he

bl ohQ@infelodaah fMirey inefudt @ﬁpruusl tﬁé’;ﬂﬂg&?ﬁ@l@in%act’eﬂa RONTE

enbodi nents, a variant has at [east 80% 85%
E. 08) prid5 9 mdum%%l@egweth ¢lee riethdding byffaro In mm@mmﬂ dhe

. pr. i . 4.
polsbER S b hdso el RIS B TP Al o
with thel réfyldingphucfes itie mdbhldﬂﬂb(bl&ﬁdpltlde proohtactad edth, anfaOTount ofa
X l.e | onsi st of am no acid residues
Soﬁ’ﬁgng IEH%PC E%qt pepaturg,g ﬁBOHB?pd'J&F esi dues 117-220 of
SEQ1h B Erboddhe s thidredlditlg beFértiaatink QBA Z2Min@ht Sk driation
NO 1. The nmethod can further include expressing the

of RiOV dnPi5¥E Inwthes embedigents, 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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E. coli) prior to inducing folding with the refolding

buffer. In sone enbodi nents, the polypeptide is
wexpeesxerl i n bacteria in an insol ubl e form anBCT/ps1005/029638

to inducing folding with the refolding buffer, the

i nsol ubl e pol ypeptide is contacted with an anount of a

sol ubilization buffer effective to denature the

pol ypeptide. . In sone enbodinents t he refolding

buf £l cont.ai ns a concentr.ati
Pyt Benta el Blird SRRESPbBRASR Rty
gmamoae BSa tatid\bpiroinrsel @t 10a1 cIﬁrwfm emBbdimentef thatefbl@mgtbuffer
0. 30 1,45zeqr11 Ifl)éher enbodi ments t.he refoI di ng buffer

coplgigg g% &Pmeﬁeghget tong ai#iahe PE?:l ofn W%@mbceggfnts the
refB1ddny tdret Bmﬁalh%meﬁ@@ LR at b Bsnaeﬁtfraloq'o@q rmfts QrmM In

contains L-Arginine at a concentration of O.
othep pmbeditgulistha refolding dbuffef Qﬂnmlrﬁg)xm:erd@lut@tbwma uahzsconcentratlon
ofT n-80 at a concentration of 0.1%to 1% In other

enbodi nents, the refolding buffer contains Tween-80 at

a cmseind ¢rabddimeras, the kfélding Bufirocohtaine ghatidiaedbiutliat®nt s,

t he refol f cont ai Tween- 80 .a )
cobdmartr o B LT 18 SR Gt sk feroluns Bufereqpiains
guh18ink- 81 latlh BehhtkdtRh of Bkak 0S MWRLAh&Qnfodfnents, the refolding

concentration of 0.1% I n sone enbodi nents, the

bupfer eompinsupridmertelon e sprreneaionios 8d Mnd r educed
gl uﬁl@&&%@&ﬁb(ﬁﬁ @ntg é]l% cjﬁ(]imé Bﬂ?&r%oﬂtaﬁ@ E.I!st]rum kﬂ%ﬁhﬁgﬁt a

enbodi nent s, e re fer con alns o zed
congedtratand ed r@/luo Adh lieIrmthta embbdiments, the 1¢foldm§:mfkr contains

ol aeRTkae at - et PR BV B 7R D SR Sp s, e

refoldivey buffep oclitimNpstassiunephicspititelit A ohesntratiorcaat I-Hag’tSS 0mM. In
oxi di zed gl utathione at_ a concentration of 1nmM In

othes ﬁeb%ﬁleaﬁsn%ﬁf%foldtnﬁéouaffef WPHIHPOBST FEPhegbakiah g concentration

of 30 AN A& middmtdirRertQ 'ﬂﬁ:ex@fo'lcﬁ dé hd OFRCoftains PhthQivm BhddphdtDat a
ot her enbodi ments, the refol buf f er contains

pHyefah? i §H1@- Kaithatembodiorotsnthe aefpldmedfutfer cangaist p@assium | n

phg%j)ﬁ]xg{e 3?5'@1%%&@%)% 0. In %t}{e?%r%{)(?dlﬁgnt? %ﬁ%&golﬁ}?xg ﬁa@ffgr contams

a ‘concen Iron of
poamhmdmhmnmmxatthnﬁﬁbMﬂﬂﬁg buf fer contai ns potaSS|um

pho hate at oncentratjon of 25 mMMtaq 100 mM In
ot here &g ECa“t‘ﬁ’é‘o?aé ycﬂoaﬁawgorﬁa?% P? Hsrielgwias

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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pot assi um phosphate at a concentration of 25 mMto 75
mMM I n other enbodi nents, the refol ding buffer
W@ 200b/823182 pot assi um phosphate at a concent r at | BCT/0$20084/029638
| east 50 MM I n other enbodi nents, the refolding
buf fer contai ns potassi um phosphate at a concentration
of 50 MM In sone enbodi nents, the refolding buffer
cont ai ns potassi um phosphate at a pHof 7.0 to 8.0. In

po t Z%%I (l)JtmeoerI ggcﬁt mve %onq‘e (t)lre gorg]la'lc{sgtleorél %gﬁfn%{égaﬁnhamount ofa
retelr?mgﬁ;]df&ﬁéffectivb&) me:?m Hglhtﬁ@bj@hlfafcﬁj’r rc]qu;mds b0, nsduoe fading ufra
osphat e at H of a . 7.8,. The refol di buf f er
nee@#t@w’wﬁ%trqengaﬁmwegﬁéles haffercoprreie PUPTEG CRggponents

at S TPPHRABY the Glaled reeﬁ&ﬁeiatwﬁk phzﬁcnmt@n f;ml,sgha@e &tsoalum phosphate
concentration of 50 nM (i guani di ne- HC

at g eprsenTationobAS st @p BSOvpM with 3 pH-rapging fram St th8 0
(ufgﬂgg]m :lg !%% cg cegl.tr%?}érlvcéf 3 %l/lz(tlo Vﬁgguﬁ? A3 m e 8}1 aé c%l%cerétratlon
of @AM MG t M;i(0N) Tofeerd-80rM a amder(tratipn Dﬁ@i(]ﬁ%do g%uami (v) oxidizad

a concentrati n .of nts, the
o R OPar B arShetL AT 4 mhe pelFegr e i us
coRCEAGRINGH &F aooﬂ RMBo@L8 AM; VMR ﬂl@tratﬁfbefxmﬁ&dl’fMed(lbdd)

guani di ne- at_a concentrat | on of 0.5

glytathjoye ji ﬁ“fé“ at! 18 20dn ek » senpRsition qen 3Btl<ma11(/ |b9 )Jsefl\ﬁééﬁtosb
softtiofRt tHaPRGHl{eh Q\tlfhcmhé? OIQR%]\i/l‘l/éhts&)\ﬁ)or MO%IE%CIQEIH%@E %18{?1%

at a concentration of vi ) reduced
regghion.at hi one at a concentratl on of O 2 MM |In sone

enb d' ments cflm & re 01(51 ?g g%lt&'ef:reci)n aing lisAﬁgfnflge atnld{o% times a

gl y &P ATy HnO o?rhte?r aspec e hveRtio atures a

coficxip @t f@BCMITd 8i5M.NK cﬁ]ibr ambudiiments, the redidirg hmgfebctfrftaans

effective to, .when diluted f
L-Arginee 2t biogidinessa “é’“ﬁ"é‘EBP%Mfiy %?ﬁ&aqa%ipe&% etjhe I}@"ﬁems the
refohﬁng Bl @bxﬁgmpﬂf&%fmﬁeoﬂtl b 16 titrf2€ a E RV of ANRANEE M.
to 10 tines the stated concentrations: (i)

In pﬁteas@bmﬂnpw@srbh@f@dmg byt aoniaptids preinige aft 1 @ 10 times a
Coﬁggﬁﬁg,g&g&td ggMgf 25 MM to 150 mMwith a pH ranging

(ii) guanidine-HCO at a concentration
of (n Sorvt trab@itubnt,ithe efdldiAg ghfférrwnmtnsérvmm@G rt t &t 1 (times a

coBecpRaoLIbAY ImerA, Y bt R GG By g comtarms
TWERASONH 36 1©8me$ a deti¥kiatién BM A%koroesh.C Bﬁotﬁérl&lﬂbhin%%, the
ref%ldir?g 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.
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concentration of 0.05 mMMto 0.8 nM wherein the ratio
of oxidized to reduced glutathione is from5:1 to 20:

wd 20060z318A conposition can optionally be used BSI/ES2005/029638
stock solution that is diluted with other components
prior to comencenent of a folding reaction. In sone
enbodi nents, the refolding buffer contains L-Arginine
at 1 to 10 tines a concentration of 0.30 Mto 0.5M 1In

ot hgyp s&H@Qﬂb&H‘f@Exﬁt&, t§g&tﬁ|§1§r@g %fo&%o%nr{ ga%rﬁaiﬂs.ﬁcﬂgatt 1010

L- Argi ni ne at a conce I on O

~ tichasastonCendatidn ofl(hs b foelr0 Mo dihwe aboditbets,rtbé oifcliding buffer

BT LT MK S XA

en€oaRaEne tHeSefoldiey bufed katithigls Butnidfie-ACNAE tﬁsl Olsmf¥s @i ni ne
at 1 to 10 times a concentration of 0.35 M In sonme

copeRpaiionefi%s> M he refol ding buffer contains Tween-80 at
1 tQp {0nd LABSIiReS, qg@fé‘f(fl@lhk ‘Bﬂffgf cofltaing ({pt()&sélil{ﬁl \&EQS@%&%%{ 1 to

enbodi ments, the refol ding buffer contains
10ttimes al@nednfragorEOf@SMtorl a0 mM &f otberk¥ptodingenfs)/ghelrafolding

foI buf f er, cont ai,ps
oD Sl AR TRl ot 4 7@ 1L, RO B PR T AP i s 75
mHBL Iﬂ’mtﬂeﬂembdiﬁrhelﬁﬁgbbﬂtefﬁ&mhg bufféreonifnglpdiafgu phdsphate at 1 to 10
cont ai ns Tmee at. 1 to. 10 times a concentration of

“f@eSf%OH?%ﬁlt%%o i el In pther eraboshimgenisy thi gefolding buffer
coﬁ@ms PlotASsith lpﬂbs@ﬁsie amitor fanised Gkt hbPBesBhME Thdbing

fromb5:1 to 10:1. In other enbodi nents, the
enrb@fi@mrsﬂ glets@fpwelrg uFer spmHainpRotesietphosphatettaadtof 7.0 to 8.0. In

ol RIS, B4 2R BTSRRI
8. (l Inetldd embodimentsctha cefolidmatbudiiar aﬁltam'sl\ﬂotamﬁmmhbsﬂhateoit heH of

benﬁgginents, the refol ding buffer contains oxidized
a&? thione at 1 to 10 tinmes a concentration of 1

mvi |Tfhe$§im€hr@‘ﬂﬁ(ﬂﬂéf e@ndpsiondl R ohRirdrGongst i tieablswRE al Ns
guani di ne- at 1 to 10 times a concentration of 0.5

Comp%enis ) 1m> 19 Hmes Hherstatsdronssngatians: (H @oteasiwn ghosyphaja pHer8 at
a ORMRLAGH SURThIL: (19 gd%ldﬁk ﬁCltaQalQn&ht%ﬁn%fO 5 M (i) L

concentration of | east O. I'n ot her enbod
Al’ghﬂeneraéfa@b@nemyatbmfdf &r353dn(ivi Trgeegtifrait acoreseriGitioatof 0. 1%1 (SLX)

oxsd.i%sghﬂathione 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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concentration of 0.5 M In sone enbodi nents, the
refol di ng buffer contains potassi um phosphate at 1 to

wd o8z a concentration of 25 nMto 100 MM PCIT/U$1085/029638
enbodi nents, the refol ding buffer contains potassium
phosphate at 1 to 10 tinmes a concentration of 25 nmMto
75 MM I n other enbodinents, the refolding buffer
cont ai ns potassi um phosphate at 1 to 10 tinmes a

ncentr.at i ast 50 I n ot he odi nent s,
recest Brdios (- DarFon B Rbss s Tl sePul BT AL ERE )
actli\Q:p'deJct mes a concentration of 50 MM | n some

enbodi ments, the refol ding buffer contains potassium

phod st ethsrwise dafined. all tephpigalgang scipptifn trims used Bereindiay g the
saﬁlﬂﬁqe?{ﬁﬁg LQ&JP&n&H& fuﬁ&er&@cﬂf@y (91% ot hﬁﬁ'a?%l W RDARRRAD §/hith this

pH of 775 to I n other I ments, the refolding
intznfidrebel ougst almsuglvnethedsuml pxtm;aheﬂnellator aqukloit tabwst

f fer. ¢ a o) I..n
defeghed U5 Re i Bsn it Aot ety Bliphthe
exérhﬁlagirﬁétﬁﬁﬂscaﬁﬂ @ﬁﬁéﬁa&tar@&é‘scnlédd)bew asz Ipulbhqafiaﬁ;pbﬁéx& p H

at a concentrati ?n of 50 Ea guani di ne- HCl {a
apahesﬂlaseﬁ%te&f,.aaﬁ ofer tsfagenges ’("Pﬁ“ﬂ‘)ﬂeﬂ rgmﬂrﬁecaeoaated by reference
in GRACRMEATH Qﬁslef chf'ﬁg’t Me p('ésgﬂt appE&RoR An@hdiAg definitions, will

concentration of O. v) oxidi zed gI utathrone at a
coglovic dhe materiols, mﬁthmmmhwn(pw)arfr Hysteadigze gnlytand RpoRtendad to
be ns#ﬁ{;%ent ration of 0.2 mM In sone enbodi nents, the

re i ng buffer does not consist of (i) pot assi um

phoshhatfeatioket ahdSadabntages oﬁthe miveatiorowilblfe dppamei fré¢mithe

uanl at. a cen Lon of 0.5 M (iii)
fo 0‘3&}’53 ﬁ“élp‘gfcra"% E?IB? 0.35 M (iv) Tween-80
at a concentration of O 1% (v) oxidized gl utathione

at a concentration of 1nmM. and (V|) reduced
gI ut at hi one at a Brgi&sserintion ghthgDrawing In sone

w% mffﬁm thd&qh&fces dm%ah%ﬁ ek 1&@%&0%91%@@& Qfnino acid
gI ycCi

e conpositions and nethods described herein
foamseofavlzattiageous in that they allow for the refol ding

?2? gfi’%%ég Iarﬁtph %Qpl(c:)tfmg BsHparte %Qtteétteéi ‘faosllowm gathQ rlTPC%E;tIO\{l 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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beta superfam |y protein, such as neublastin, in
ci rcunst ances where the protein isproduced in a host
w@ 200g/02378mct eri a) that does not yield a properbgr/us2005/029638
fol ded, biologically active product. Unless otherw se
defined, all technical and scientific terns used
herei n have the sane neaning as comonly understood by
one of ordinary skill in the art to which this
i nvention belongs. Al though nethods and materials
LE@Eﬁgﬁbr or equivalent to those described herein can be
usedht Rativeupiad pid §10 neiblistiatpoigetidetin22Qarine atids long and has

i nvention, the exenplary nethods and _mater|
thf‘d@E@Wl’Béﬁq‘{?éFf‘ovMEk«gE HLSHGIONERRRRALAY TLA&L%ESSVAEA
sme@mmpML%@GﬁnﬁG@kaweé@mmmmmPAp

herein are incorporated by reference in their
PSAHHRM&AAMQ@%@MR@MARQCRLRSQWPQMGLGHRSDELVRFRF

SRR PAGLECNG S att Rl pysT
WREUDMISAM@?GE? (BBQUD WOt i ng O her featur Fs andh

adv es o e i.nventio { {

7o A o Boublastn A Srp e kins wif DA fine ROon
(uileb1ffed PRRICUIP I R AlaRfne ahSosioANoN Gdklitbd). 1TikkERIl %n%t}hh@

sequences of human and rat 113 am no acid and
dogainref hariad nediassin Seginewih sgrinerst pesitiprA0 (ugdegliggdy g ends with

R L T e

theleruxlygerniimal Tab bmind a@hﬂlsﬂfegmnmg withi zdhnm@uttp@smgn TOR et @ﬁlng
B R S B A i BBLEAL  provic o

efRAER @@uﬁag@ms damure@hmmsmﬁ protdimduitudigg fudl 16hgig nafblatin, a

denat ur ed % peptide belagnging to the TGF beta. )
m@ursélﬁvlaﬁﬁtwlac pgrhec%&n%wpsfle Rradamainmh 852 biclgicatlyactive

uﬂn@éié’&evélﬁﬁt éfoa'rﬁbtﬂ& Rividgnat ured neubl astin, a nenber
TG- beta superfam |y and the GDNF subfan1|y, S

d es G"F neblétasilmpltohaen Enddsdrasemding do the miathmgls dgsenpedherein can vary in
ler(l;ggl‘? akﬁﬁ(%ugg ltjll?e r}'gg't{l}er}lu?ﬁ?n n@uqu&h%lo%e&%tcaﬁ Eoditet BF e 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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TG beta superfam |y and the GDNF subfamly, the

refol ding buffers described herein are expected to be
we@bdoentizse at i nducing the fol ding of other PCT/US2005/029638

pol ypepti des belonging to the TGF beta superfam |y and

t he GDNF subfam |y. Neubl astin The native human pre pro

neubl astin pol ypeptide is 220 am no acids | ong and has

the foll owi ng sequence:

SR AP RBF AP AS RO P AN AR R R

N®P) may include one or more conservative amino acid substitutions, one or more non
PSAL PRGGRAARAGGPGSRARAAGARGCRL RSQL VPVRAL GL GHRSDEL VRFRF
COrSSTBHFRARSP AP SE RS OAEAR KO P RESSRISE PRI RY ERVSENDVRS

sorhe W&@B&%ﬂﬁ% ﬁé’ggsiipg&l%eplihe int[i@ed Y TS one amino acid

neubl astin signal peptide begins wth the nethionine
substitutios vith agspdet fouPkfe 1D N dl Yoraamine acdds 10822 00f SFEQND NO:1),
siti.gn 39 (un lined). The full Length in of
i AR R Shpe it bR LA LE Y
po%ykﬂk@&h}? ghed)meisy sactdss apdlyetiaigierplyvel mbienlc)sshm b@mdnl@ted
under | i .. Mature human ne i ol ypeptide. .. . .
(eAegpiry pev SLP NRinLT 456 VCFE?%%%?M% 5 cgBiepof which is
indOGHratBd RéteiitlylteRIcADd)NEn &md@RbJddiRéhtd & Aidn@aRdbaginM t h

l'ycine at position 220. The conpositions and net hods
polyeseiideedudea pidpast greppigreacidbiubgitationi(e g a ne-eRnserveivea
; ' t el [ i N-
suls R it Rl @A RBL Lo o 108 20 bk st G180,
wipdpddcasaamepgrmdbinng(egs,)R156E, R1 6K RAGBE airlRl 544 6 6E,er one or
tru %ate r.vari atlt_l of a mgture neublastin..A
o s S ROy Phhg s SinB PRI OF B985 it mathee
netisigstinigoBeptaicdi N can vary in length. Although the
mat ure hunman neubl astin pol ypepti de can consi st of the
car SeRseTYavaSERetitutions typically Melude thgpupstigitipn@f one amino acid for
anOREOL RS Likdllar AREacrsti Qfsul S shibit MO Kithg] 68 f@lfo%virrg groups:

required to achieve useful neubl astin biologica _
vahug, glaning and\glypine levamien sidliner anddsaléusine; esppaicracilsing [gbitamic

B0 RS PSR SR FRERP o R o
phaguilheiae aml titosie, Thé Sod golgthydaphotie a®tho abdy incliik, alahiiz,
02 108,d00, 400, 100, 108, 100, 110, AL 12 8L e
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

10
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pol ypepti des consisting of the carboxy term nal 104
and 113 am no acids of neublastin are exenplified in

wo bmewga7ki ng exanpl es provi ded bel ow. | n addi t PONUSH05/029638
varying in length, the neublastin polypeptide can vary
I n sequence. In particular, certain am no acid
substitutions can be introduced into the neubl astin
sequence w t hout appreciable | oss of a neublastin

bi ol ogi cal activity described herein. | n exenplar
hugR GETYB HPEiong SgarhERIFAET @ apAusRocdseq ﬁﬁa&mg%’n 80%
ne &N tin PP ing%gagﬁ%lﬁé t39% i dentical to SEQ 1D NO 1

(or 70% 80% 85% 90% 95% 98% or 99% identical to

am no acids 108-220 of SEQ ID NO 1). A variant

ta pol ypeptide differing i nsequence fromthose

NIFHARL n SEQID NO1 (or amino acids 108-220 of

SEQNebblakiin pb)ypeptydds ms¢didehcomethods deseribed barsar digitlaya least one

.gm.n ci.d substitutigns,, one or.nore nan .conservatiye
bialii aity apaysteibiegis A Btipeiet TR s epin e Epideds 2
poBipeptiteahdt) Wit dimBri SaEan&yiil) diohE Mg, GRRS, WARF8Ahd induce RET
“neubl astin polypeptide includes at |east one am no
dirgerizatign gt quiqphpghonlationy §34secct Sepcdee 4lp IR, Proq datl. Acad.
ScPUSHO9RGI S, AQ?h?e%Q)dQ)ffdé'é&ihB M eptb) bintHoGid RERYoHES

an I nternal polyner conj ugatlgn site to which a
auppphgspberylagion can be ysod yoadvialplaterthe bilologisk] antiviey theqwgublasiin a

ol vet hyl ene gl ycol i ety) can he nj t

ol sty £of Xiathis Sy IR B a b 8cidn BRBDMIRIER be ugggto assess
ne(RALMIAOgicdl hetivdont(Bed alaf, Suditicér al.51996¢c AngoBiatkdh.her ei n

by reference). In sone enbodi nents, the variant
233@:8593n n pol ypeptide includes at | east one am no

acid substitution (e.g., a non-conservative

substitution) with respect to SEQID NO 1 (or am no
Refolding Bufier 220 of SEQ ID NO 1), which decreases

hepar | i S

a5 peefi A Rotfyburteriad e hintiogs IR bl ingfudes he
folldveing oomps ot di(il gofasssurh pbespbate plosiancoratiomof2 maMitoel S0 mM;

.peubl ast i ol ype ide%. %) ervatij.ve substitutions :
i Pl iC] R RemEsLonset M 6 Bh L e inahg cqiRprasion
of 05 MROT MEI(iVWMTiRes 80Tl BEoncbrafatich 6f 0.05%GS 1% 6ld @§ oxidized

substitutions within the foll ow ng groiﬂg: val 1 ne,
ghypihionaat afprcgitptpmel | mdfiee haM gad icdeced ghifathiope aiki ne;
coRSRRAdCoRF PN (08 MM Herd id ratSdre il daGo 2l ced

gl utam ne; serine, cysteine, and threonine; |ysine and
glatathioni mefromiad 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,
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phenyl al ani ne and tyrosine. The non pol ar hydrophobic
am no acids include al ani ne, |eucine, isoleucine,

wo 20060837801 ol i ne, phenyl al ani ne, tryptophan aneCT/US2005/029638

met hi oni ne. The pol ar neutral am no acids include
gl yci ne, serine, threonine, cysteine, tyrosine,
asparagi ne and gl utam ne. The positively charged
(basic) amino acids include arginine, |ysine and

. histidi ne. The.n har ci di ¢)_ani no_acids
PRI ST ET B R GAPERdD HEi%0to g ne SxBnples o
loW UBSolrbanbd fe@&ngﬁn@@@esm‘awfahs tifectiab aviadueng foldigglof a

pol ar, basic or  acidic groups q% anot her nenber OL t he

dogimied gebnpptidan Birlogieal asiity o« dhecfeldsd polveeriigp &an 1150 Pon.
mésRel ¥P R I8 5 nnww@iomgtclap%aﬂ Ae&hibBeReBRr ei n can
contain heterol ogous am no acid sequences in addition
to a neublastin protein. "Heterol ogous," as used when
tr ﬁ;f[rhr If(ﬁﬂ)v&ng% & e?gﬂl% S gfcthg ragtl eorfl?h 1nvein§1rc1>ﬁ h{i"héc'y a8 10GS be
cop&fued @yhﬁhtuﬂgaﬁé scope bf the inventionfm @ﬁy tvbyz sane host cell,
is nodified fromits original form Exenplary
het er ol ogous sequences i nclude a heterol ogous signa
sequence (e.g., native ragxaapldm n signal sequence, a
nodi fied rat signal sequence, or ahuman growth hornone
si gnal sequence) or a sequence used for purification
E)&tnp?a pefdgllltﬁ%ctah& BELN Sldiashiff Rfoldiflg B'uﬁ{eﬂ dine tag).
NeublastTm ACtTvity Neubl astin por ypeptides used in
t he Rmbrhbhisntdmsbiasitmenhslmpmsad ds & p0 higtidine-tapged fusive protein

bi acti Vit f ve neu in. A
B 31 8ok Gaf O Pl B P ROGb JE SR Aoy 13 and 104
ankilRé ¥Ae Brhd ek @driveim MeirRkpertde casfudis (g 1§|aﬂdlg'ewi th
GFRo3, to RET and induce RET dinerization and

refolded gRd apmead hythe giethodsdescrbed hersim B staristol ghe 113 pargno acid
angrt}%c} 04M@liho a8 8 ms B eabiPindeRthied 238 In boliMcd A NA @71é)fl
eterm ning receptor binding and receptor
aut dﬁhmscmpms;ddan iEo ol aputdastin sssebntained\as by irtselublgeprotein within
maum%POCf; (H%C %h\éiﬁtf ggér%@bgggngr }1%%'8 ?sopa?@f%etg Fl'ég %d rF %'i%ed to
obtied s@lﬁbla&ﬁ@b‘ﬁ)aﬁﬁ/lelﬁnﬁﬁlbt Mndugidbopedial wae bbtumte& by (ység E. coli
ex%{;e%?i'gg S;gll;a;:stlin ge?]% a#i%a %al[alfrb}?ress fol%v(v)gcn)y 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



In general, the refolding buffer used in the nethods
descri bed herein includes the foll ow ng conponents:

W@ 2gospozd785si um phosphate at a concentrati on of PRBUSINE/aR9638
150 mM (ii) guanidine-HC at a concentration of 0.3 M
to 2 M (iii) L-Arginine at a concentration of 0.25 M
to 1M (iv) Tween-80 at a concentration of 0.05%to
1% and (v) oxidized glutathione at a concentration of
ImMto 4 nM and duce hi on Lon
or ¢ Gsbhied G R ek s OSSR B

phbspHbe @E T8, UL BMIDTMEanids! .6 MONEDTA) ts aahem to the pebereind mlxed

enbodi ment's, sodi um phosphate at a conceg?r ation of 25
wehliising apodytrommaixer- Hko rswa complstesolibilizalion, fedniipre was stirred
ov&}}ﬁgtﬂgﬁo%m o e@{ﬂr@fTHer%xfs@ﬂl' BRPNASPRA QarPfieddBL assi um
phate used i n these nethods generally falls in the
cemtaﬁgetmf atg 0909 opr8 f@r. 20| minaigsli Thesnpernatans giee deqepisdiinte atnsw

co L3 e RIS BF EARI GNP b,

rec'Bh&ye Noeeall bf/én @ﬁﬁelﬁ fwaa sqlabitizezi b yathispedosssd i Atghis lpbfne rtheadoluble

i nduci ng fol dj a t eptid n
oA eRar i iR B s p B Pt B
sofudlliz&W¥n4 atdBgrdincubat i on of the denatured pol ypept| de

in a particular buffer (see Exanple 1 and Fig

Abs deisigieeeing sthsthererriain uften cenditipns ayishtaesultdn éb@fyéeld of
o5 SRR B SRR pIRNAR R LS B B0 00

wdllplatalsselblalade readi ng i ndicates that a buffer is
effective at inducing folding of a denatured
pol ypepti de. Biological activity of the fol ded
pol ypepti de cpivlal:36-Well PRasRERMikyBife Map Vi tro
and/or in vivo biological assays described herein. The
foll owi ng are exanpl Bs of therracEtlcé of the H !

. invention. They M
t BEs eiPe of t he5‘1 nvéht i 6°n
Ef&ar?ﬁ'l’ee 1: ldent f o C%%I o of 5 ngﬂ ai | n % oI ngggg
Lé{g e Reco | najy ngy gl§t| n, '9 pr%ssed S @2
h| gfeggdlzgcaggem usLon protei n ( ig ) in goli, |
upr ,qaot e contro[) of pa T4 pr on;oter0 Bgth hu(man and gat

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 _ 001 001 0.1 001 001 001 001 001 0.01

PRI ’L}

3 Phos (pH7.8) 50 50 50 5 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 01 01 01 01 01 0.1 01 01 01

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
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amno acid fornms were derived fromtheir respective
constructs (Fig. 1) and were refol ded and purified by
wo bwewoet7ends descri bed herein. The starts of tPer/td®05/029638
amno acid and the 104 amno acid fornms are each
underlined and in boldface text in Fig. 1. Wen
expressed in E. coli, neublastin is contained as an
i nsoluble protein within inclusion bodies (IB)
Therefore, neublastin nust be isolated fromIBs and
refolded to obtain a soluble and bi oactive product.
| nclAsshewn hoTHKeS 1 \WRlaaidde RCN@d 1Y, rediged gluﬁihlﬁlﬁi (IO 2 mM), and
expres neubl astin_jn PBS using a Gau |n
POFaéfflP‘B\Bg ngfteé’éw ???%@M)l"@ﬁe halghpens nb ?tédwhefeas

th@édnc&ﬁﬁh()ﬁsfdilakkg?ﬁiﬁe WRIBzR (R TRE Al THEn- swek@vaaieh
ot her st eps were carri ed out at roomt enper ature. To

L-Argining wap garedfrony thl p &6 &1 B &M (addigion pf wpr oty M/LrAdgiBinged
I
W(gg zl(as?x%l{) %lle Ex1d§z1p@gt‘{1ﬂ3¢1 C e&#ss\gﬁ%d ?Joglr frtovﬁ xtnR/[ Iﬁ addlhlon

are ebris.” To acconpli
Tvideh <80 was vpedd feora Ovie 2. WBeglhsglgcide Billomeched camsdbsmtuteeﬁ)r

L A5Gt SEEE", DULEn (20, T LE 0 5 00,5 M

cofiPbheded tBEl sdiYe WRR tHel cktkgpibh ONL HrgihtnecDWBick vehs kisti@led with
m nutes, the cloudy supernatant discarded, and washed

81%Fg§irﬁnglﬁg frae 24p80Hh™er contai ning 2% Triton-X 100 (8
P[Ele fi Qi\a&;‘lﬂﬁf 5f9ﬂ19ﬁuftfeq 1# QACB V&CWW%%86 ?ﬁ] t(?e%pe%t g’hl'ﬁgthlone was
pi ds. final wash was perforne e

renove t
addsiefeesh Gtdnus stogk vams éntiatibh)e rTwentywaicroldert of grwtilifed neliblpein

ram pr.ot ei n per nat ant .agai n
wil BRREELE M 300 el faah EOE M os B hdlml Thbspmppee was
m&ﬂt@i‘ﬁd‘iﬂv@ﬁ‘a h’ﬁlourcbeﬁéd VRAY astsdteMHRO®aRRIhE AU the Breséhcd oM
DTT, and 1.0 nM EDT @iﬂvvas added to the pellet and

pregipdtagedyeat noi RyppRslyaeoddediresinn xer . To ensure conpl et e
sol yhkli#AbdcARenck %f_ﬂf&?ﬁth'ﬁcﬁl \}o@ssob§irkl&f with QEfE cd?{tﬂﬁhg alis M

room tenperature. e solution
L-Akrginint whdle he leashamodny g&pnecxpltatonmwxb@ervqﬂmfwﬂls Zﬁhtammg

o e b SRR P DB st v

resiiits GlreCbbservad InahoRStdlIgRbt@IAINg 0. 1 m@hyso Nk baétlretefdmg was
the protein was solubilized_ b IS process

obsRy st Wheneraie Pl e idizet orredyge ﬁ'taalula?ﬁ W%Sa%oeh(%?ﬁdtratw was

seRERDGREE RHAL! KpEkiREME @és@nl?e?l%)’en’{\&& 4% 1B'36vrtdde the amount of
solubilization as a control

oxidized glutathione needed in the refoldlng 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
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To determ ne whether certain buffer conditions m ght
result in a high yield of properly refol ded

woewbhzEssi n, an array of potential refolding bedTf/E8:05/029638
was prepared in a 96 well plate (see Table 1). Table
1: 96-Wel|l Plate Refolding Buffer vap ABCDEF GH
| As shown in Table 1, Guanidine HO (0.5 M, reduced
gl utathione (0.2 mV, and potassiun1phosphate pH 7.8

maR e S R s e oA o e Wil feaipal protein

cofitentratidil sT10e0s 810tk p@an OhQveREEe Vil of kolAbifiizé rRabMBS was
varied from0.15 Mto 0.35 M (addition of up to Q.8 M
used. AFhs mirrewss keybated flapom taRRSrautsdprAtdeadt 41 Ravat H\®ftaring
wadas.dakied froml to 4 nM |In addition, Tween-80 was
varied TromO to 1% Because glycine in sone cases can
substitute for L-Arginine during refolding, a separate
Hgile %aetlleco\ﬁ@l%i[? g pe%;rloevgil ltlstl]r%t Nl-ﬁ\Q}\Caclhron%aQQegr? LHC fer components
W LIT t 1€ exceptromn of L=Ar gt i He, which was
s ubgi-Atdiiiael was dituted frome3srdngnngs M anavan lbahirfgwrm/lfrom the

fin voI me of the buffer i ch wel |
MAG b Bk b A ey e . Areinie an
beQﬂr@@tﬁf’ﬁlﬁﬁéd 1 'ﬂﬁe prop@RbiceRirsdd stn@ress of %ﬁﬁldmLﬂ-IC]Z eWater alone

neubl’astin was then added to each well at a fina
wasawt eved pegaussneyblagtin may pieripitats éf thp seaniting eonggryration is not
r ..
ol P S BRI S HE LR RO AE Kl BRUTES cariguic
chrmﬁatqsgrqﬂﬁrskep deerfrfwledl belop, (Ieﬂﬂting i henajerdosson pwdneirre@vaﬁl
|on observed s containin
Sl e TR i St Sp e e i ptme
anmr&b@ me\aaﬂumrbﬂgahxhlame edfuitbd) itiOprBteRbwad doné‘éxﬁla&ldm@ 120" of
(F . O the wells containing 0,35 M L-Arginine,
the Plféglb?éé’fﬂ“@iﬁé’fsmgla Malipere fngetis] B0 Bellisen prit+ Fdlowing| | s
coﬁ@é?&raﬁcm @gAl%lr{]ine/ WIVGE RS-0, I-E@Q\/I tﬂﬁﬁ% OFS%%Iugﬁlﬁﬁe.Was
observed when a ratio of oxidized tTo reduced
gl utTehi-drgninadilged SOIut((mut/asaip§h® tp atNieN WadMed] edumn that was

rther erl t cribed, herein
pr o L BB L R S B 030 B e
HChasihgh dlodi rag dsd et ()0 meaeadnmte Nbelﬂmmrmh@d toathe Nh&ITA

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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refol ding buffer systempresented in the follow ng

exanpl es was used and has provided high yield and
w@emp®oed7§2 r ef ol ded neubl astin. Under all buffePCT/US2005/029638

conditions, the replacenent of L-Arginine with glycine

resulted in neublastin precipitation. Exanple 2 :

Ref ol di ng and Purification of Neublastin The results

of the buffer analysis described in Exanple 1 were

Li.ed to re..t he.foll.ow nag. refol di;ng. buf fer used
g5y ot ARPOECEIME e B ARl 2 Pl Bhee bt
neb¥shary (in 36mblchseA\bgfifetistigstitbidn iblng A0 agd iHepepid I Bhedsaispd-hnd

7.8 .2 reduced gl utathi one, 1mM oxi di zed
wegkatt SfieRITERND: Nevhlagm S RS Bes ipRebafedi Ay PIRIRR 3 ERoML
tetARIRRRSYHE &stBtanSRinkY. | 1 zed protein was rapidly diluted
into refolding buffer at a final protein concentration

of domsneratehs ! Mppmuino ach farmerfageblaging thedistidingftagged product
wiS R Wi RS ELARE Mot 270} Tbs 000 ilo B Rvmsin o
neblslagini rAgaing novhsfferasabssdion.or bHsidjeahdnt eanharssanntThe mixture

renoyal .using . Ni -1 MAC chr omat ography L-Ar.gi ni ne was
WP RE PPN EORTETEErTE R (Onawsl W Bachi ng of N

f r OitNTEA kd¥BGrELSHullibrakéd Witk MastufRe (6.9 MBehnitBhdIBCl and

ei ther of the fol ow.‘pﬁgnrret hods. Ar(%l ni ne can be

ingady

0.06 Mdgrdagolg). | Knllowy #¥ eh e Imislaedla congentrionsyiin thes
el A oRiohsb o LR Ror) SNy 53 giih i RS R mateia
wasapplegdttp ghe NIANT A reon withiarfOao he@im] geranindierfwH@te. sfhewbbimn
be.mai ntai.ned n the huffers.until the cationic .
3 Sieh ooy ethed S ardaker BRUYSGR vy ST G BT Wgigred for
neBlpgin stigShd Bradfoed dsshy.r BE fvganyrateShe DIe- NAIA £6in| the histidine tag
dilutjng the L-Arginine wuld substantially increase

WaSIISEbRIE G2 Yoimiferoln G hidr gasidnediCla fbinpatgrial was subjected

to GHRM AGH ‘ﬁlohg QHin' R resinTRWIMRIuBH B Y@sbIiSIO e @ didc§ @f IR protease
1720 th of the original volume using a MIIlipore
digestierenti al flow Pel licon unit. Follow ng

e
guapigine Ity the Mditioh ofldWHED c bllighencdricartratiass @ff gianidiisinyay
S bR Pt S0P SL, S99, A 568) S
(Sdedtiok, calogitt B 100X NeEDEAStHratedRUAT- 10D WiE BifeNBANM 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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matri x via the histidine tag and no product was
observed in the flow through. Follow ng washing with
wo 2owe/0ziIoBumMm vol unmes of wash buffer, neubl astiPCTES2005/029638
eluted fromthe resin using 0.2 Mimdazole in 0.5 M
guani di ne. The col um wash buffer (which did not
contain neublastin) was discarded. Protein recovery
was nonitored using a Bradford assay. In additi on,
st..cel | contam nant n itore
oS tep RIS o DR RS S Ty
méHopiee. aNeuBiaﬁﬁﬂhh&l’We@?&:oQEreﬂ BY elrtiag kil RotbinStdngl thee"-1 @@matrix
renoval procedures was enpl e‘%g{ed depend; nqaon t.he

usirgrgM oriurERinsaas PH PeRdrlel spdivmsehigridso The Pysonras o4
m&HToRQ RO ¢ Sbsordfonde &S ﬁ‘ﬁl%n& B nbEstiniREk H%cﬁ*mlﬁ‘ Qn@C' d

neubl asti n product, Endo Lys C was used to clip the
conmpec-terni nal of the |ysine residue contained within

the tag. Five units of Endo Lys C (WAKO, catal ogue #

129- 02541) per gram of neublastin were added to
Néubitid edricahtration ahd beffdNisubsiitutiehut i on. No buf fer

bsti t ut H ad i .
o as ebliriereionben B bSaarn, Brorni e o B
and edi1RRd Wi the shnef d:RCib IsuBMYsbdiubieptdsptiatd pH Wlstalﬂd mmtms&ium

was i ncubated over night at roomtenperature with

chiaside a5 diafiliratioryvolumesy eMeefiare wanigadqye agniferd Geil ¢ Mg
ﬁl'gij Ilg)?ell’lg!:%%ﬁ;cﬁtloﬁ hcl‘ﬁd tﬁb%&ng 62‘% %ﬁggﬁ Itlglg g@?%%tﬁg?ﬁndg/l iy a
otHﬁrﬁzQﬁ @eutdistio m}iy h:eglylps prectpuaweem Hisfrmulatidkgwith a laxge protein loss.

buf stitution. o adj ust nent S, .necessary.
gt Fapep Bl B Bt ShilGhinoLfEes B vt Dt

phb%ﬂﬂ%r pH 65and0lB M etE @ Rhlosite, elbigstinWas¥fifudtebinkd daFenient

equi librated with wash buf f er (0.5 M guani di ne-HC and
siggs gnd WP‘ieﬁﬁHa@o‘I:é)ml 1e§fsdowi ng adj ust ment of t he

i m dazol e concentration within the neublastin

preparatlon to 0. 04 MfromO. 2 Mu3| ng 0.5 M

pphe 3} Agral YHC) arpstamgateon of[NenbRstappl i ed to t he Ni - NTA
Eglslfrﬁrl\f“ﬁ% neu tlaf,s|9 in deslgrlg\%l 18?%3)((%0 leg ﬂgsgs%ﬁgcte&/tog\éaené)us ana‘fytlcal
tedtetoblepisy puhty@ﬁrmca@jr hiatioadidasgueiod) bicatwdty] aid dialhldasiuctural
. usi.ng the Bradford assay. To re-generate the N -NTA
infegdiyn, the histidine tag was eluted using 0.2 M

imidazole in 0.5 M guanidine HCO . This material was

subjected _
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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to SDS/ PACE along with the resin flow through to

establish the efficiency of the protease digestion.
wabmwedR3788TA f1 ow t hrough from the previ ous st epCmES2005/029638

adjusted to 0.35 M guani dine-HO by the addition of

ddH2O. Hi gher concentrati ons of guani di ne may prevent

neubl astin frombinding to the cationic matrix. A

C- 100 filter-binding cartridge (Sartorious, catal ogue

brated with.C 100 buf 5
and 6T B O R O SRR SRR o et ra
nelHaRInTEAITRE 20 PR Ci 3Pgugetfing tHe prédokifant §pecies ke mmamels as

filters. However, C-100 was chosen due to it
exparigde ALONEVER A Mmpdes signakat 18 dPe was WentHiad aafl lwrs@}gﬁeé 8
coﬁgépu %Laﬁﬁk%reaeﬁlxandmgﬂalwuéw ig rear%ke*altass h Bm@fl amount
ar ose | ocal aggre ation of [ astin can be
of pn émgnmedo bysnmetmlbstntntgora Tharlge rlevckquahtncmeawmldev ozidatian

‘ d I
ac%tgr\é\ﬁnle nc?dé.{) ! ons o a%%u%}? lslsfc’na ! eveﬁt&t lg)% Og%ucild fcirm of

neu cam contri
nelisihstianeds alsordantifiod Hodrypsin-dssotiated peakivicad idemtified.

especi al |y when usi ng sodi um phosphate buffer.

Neubl astin in 0.35 M guanidine-HC was applied to the
CHarabQ8iz8 tidnt B rata04 @mbdPWid RluBladin BOASIN & ImapEingM Nut €

folTowed by extensive washing of the filter wth C 100

was HsaNsptideThanping wa qagiagvans ompgublastinfhat was priodeded bsie

, t t S

PRI GXL e RRENARNE, BB rRisBRRRTEE ol ALlhal oher
neQblhgHio pmtaratwnmmlclmgnfg theMvﬂédjrmmtrjhéapimm &1 Mik-typamenarM 13

sodi um.chl orjde. . The. el uti s, noni tar .
SR 40 SBTRHIRE HeEHB AT RO FeE Baidhis b apage
prédicted) &vithQpbrixifitel N%J@)haﬁfolnﬁt MRS MYl Iadub D Belafish, it fe@Els of

substitution Neublastin was concentrated by MIIipore

Argite ey atipaganddess shanf Vo deamidationnf sn%nd di afi | t er ed
with the sane unit to 5 nM sodi um phosphate pH 6.5 and
O 15 MSOdI umchl orlde W|th 5 diafiltration vol unes.

d O-15rrg/rﬂf|nal

| t onc ntratlo and
co mﬁﬁl{itrici and r}/sg Jvas satrie rried Qubonr&; r{?& ammo a01d Heublastin. 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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ot herw se neubl astin may begin to precipitate in this
formulation with a large protein |l oss. Once the
w@emdozi’smas concentrated to 1.0 ng/ M and f orpail/asmds/029638
in 5 nmM sodi um phosphate pH 6.5 and 0.15 M sodi um
chl oride, neublastin was aliquoted into convenient
sizes and stored at -700C until needed. Exanple 3:
Anal ytical Characterization of Neublastin Purified
Aneubl as{)l n, descrl bed in Exa ,o__ 2 was. ub cted tQ

InfindSorB&itd sequence bi oact [ vi ty, and di suI fi de
structural integrity. SDS/ PAGE estimation of purity
and Navblagtin aativite ivgh detgaipeddey, its abikléy te stomylatgetiest t he

f
PEHREIS L LSO L ALl e
exprasyes Ret d&l @Elka?u g4 1 ABemRIL8 dulls were patati inilVIEM sTipplemented

fi bl.ast i roduct  mgrat as a, reduci bl i mer
& T8 0T ot oo Rer oot FRefiE PPl b f Bl
3799%& 5 opeDh Y Féllowifg aniHngothHé mB&ik Bh@s télnwih vem{ i MbEPBS
t he purltl?/ and to determ ne mass of the product
S

per 3l e gellsen staglpted Wik [IVEMeeangdning eithes 4 13 amino acid or 104
an%ﬂ@ %15 ggﬁ)tle{s\ﬁn “P& IQ) I&WeE@tSWé Qﬁ‘&g e‘To SME%QL@}%&] rAct1v1ty,

denat ur ed M urea and treate prior to
thamﬂryflswas r@roO\reédud eheallells waghad Wlthé’Hﬁonummely befoer lysis kith

10d’8m“~°f > P g? repr e;}gﬁ%o'TB ?Q)/n%r%%-bgaasmﬁ: d: 2‘. rgu e8adOy gnd 1 mM

PMISB. afigge shbhdintdbation adlemdtma msaﬁpezeteegltmed bieepeated Flpetlng
pr epar at IS as expecte Howeyv a maj, or nal_ at
arRsgbatomed (LRs Thsneien) Bt Shniseh Bl ebis coed &' oradomd®

(A./’PG@7 @? U‘Ph@@el@se\b@rﬁ 'bR)lecﬁﬂ dodin ?énﬂﬁ?dtur@tforllll%lﬁ wiith blocking
reIC ed to be a smal amount of an Arglnlneto

blLﬁ;es (MRS keanainngtl % normﬁh aougsseray and hEaRSAL @llowspbnsixt o

w%s;fx}gﬁd?ﬁlln BsTAS O?h&#&%@la@eﬁ% @a?@g?c-[gfbﬁ?xgﬁb%hg% gé%quﬁs) the

anount o am no acl orm-of neu
capasedaksdptaraatht HR P-ednjupined phossliotyrasisoaitbbayl (4080K 6. 2werper
fied. Characterizatjon of rat, 104 am no i.d
wiile BELEV G timaRp et el TP e AR SO ST ond the
HRPRHHE doRSted At 4305 Qith adldMRii@skhy) TiRbs¥BSnce values from

produced by
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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trypsin digestion to renove the histidine tag. This

batch was conpared to several other neublastin
w@e@parHsi ons i ncluding the wild-type rat 113 BOI/I82005/029638

acid, wild-type human 113 anino acid, hunman 104 am no

acid forms. Results denonstrated that this batch was

as predicted, with approxi mtely 8% oxi dati on at

Met 92, 5% Leu6l deletion, lowlevels of Arg to Lys

tions a less than 1% deam dation. af_ As .
i 8 RSt P ol VR Bt Fipeat b R R pmpre
rerhdlifinp ehdiRodnaEyddtexitsels avithiretie Ginhl produchivertGvellebElaw

acid neublastin, Wld-type rat 113 anmi no acid
MAXHRHN Ae3PROKASV SN in parallel as a reference.
Approxi mately 150 nL of refol ded and purified
neubl astin was used for disulfide mapping. Results
Hodeeetlproteimtasshyt hat al | disul fide |inkages in the two
sa r [ . f | of
* ho Ui 25 ef A TRE EAr LR R PHBRC il B RpRL aft
mahefaetuedraaggested ephdifiars, hdvecdl mateinnubatantimatioh ewes Imqnétated in

| utjng just ahead_ of .the mai noner ak. These
cadyghhepureao T e ARt Kits 2p P LAY APERI AT sy down t
1 f hosP&dlIHrdRFh. PNiiEthe 3REbtYEH EesBIR hbdvRChbE & tHeMost protein
ownst ream nass nappi ng. Fractions containing.

clegrageg oGeyes-during e fHaidY l'rlgjéé ofEmateesha s dis aa duninedg G0

| wa%ég | Hggf:.eﬂglsoﬁeiﬁ g%g ?ﬁtg{ﬁh&y to'be 164 tf2HRP. 91 %ﬂﬁ” Rl roduct.

data 1 ndi cat rat 104 am no aci d neubl astin
follow ng AspNtrypsin digestion is as predicted, and

T t her irs no %vi dence of m xed disul fide
M@W—%say of neublastin activity using the
Ki nasgpsheseinine wie hionitbicd Nsifts 2 Viierebdefbee baskdrudsmp GBI -
Neubl astin activity was determned by its ability to .
BQE Y e ARG - ANTRGAMGFsepharin e spBs iR spdoasisensitive
do@R (8 HREMBA Y0 A NRIJRE W R bR MBdaEd Irypdit®ad RAfoved by the
expresses Ret and GFRa3. NB41A3-nRL3 cells were pl ated
C10a fonEirasigh plastive Recagnaning of tiypshrRB&nang 12 the frgbprodigt gvas less

' - . and cultured for 18 hours
th%ed'%wgbae#&véé%%ﬁ@ﬁ%i ng renoval of the nedia
and a cell wash with 1nm of PBS per well, the cells

M.t h DVEM cont ai ning either 113 ami no
g-aci d neublastin for 10 m nutes at

aEPL IS A Asinf @R aMe POy RistidiRe Akibodly tis 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.
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the nedia was renoved and the cells washed with PBS

i mredi ately before lysis with 10 M Tris, pH 8.0, 0.5
woaNR4t3780. 2 % DOC, 50 mM NaF, 0.1 nmM Na3VQ4, eamiudawds/029638

PMSF. After a 1-hour incubation at 4C, the |ysates

were agitated by repeated pipeting and transferred

(0.25 m per well) to a 96-well|l ELISA plate coated

with anti-RET mAb (AA GE7.3). The wells were bl ocked

at tenperature for 1 hour with blocking buffer
%ﬁéﬁﬁ‘&ﬁ%@@% normal nmouse serum and 3 % BSA)

fol Ic%%ixcwfﬁdsxcmﬁs»/wlﬁctmtxﬁ’e'amsatﬁqaessa?m phiezey kiagrd

RET was detected by incubating ours) the captured
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was observed that the endotoxin | evel went

17s41ngﬂt foyalignedotpcinsgtivel thieghalds. Shawe (1 5 3%‘&6106%51?112}’ p diffpeent
t t
grirh ¥tH§§hBldR{u%H§rt}% ot%:.&ﬁk ?ﬁﬁ%b f“%ﬁgr% b1 e Qa&ﬂ)e " Y S\Md Br the

a large anou appears t
applafnimoe Flre.srrHalm qugnperedad theimbasdbme gtlogs. Néublastis-104 tlllngﬂ(g (n=8)

roduct were [ | .ow, maxi ccept abl e
oot o KB o3RRS Fr s AP 2 OB SR BRG] ped o
th€ adhliclPfredtai dbn&SB qy =k8i) I The fomeGyighitHd by Glbaislhdgi tated Afimals
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 latetlcy. 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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manuf act ur er - suggest ed conditi ons, host cell protein
contam nation was nonitored in each of the
w@bM2I08t i on steps. This kit is an ELI SA- baseRCEHESAY5/029638
that is sensitive dowmn to 1 ng/m host cell protein.
As with the endotoxin result above, nost of the host
protein clearance occurs during the first N -NTA
chromat ography as well as during the C oo washi ng.
prot n was. determni.ned to
et gt relsr OB o P TER ST B 09 H19G khdd md2d post
oplC@psi n cl earance was nonitored using a
fl uorescence-based assay using N-TBOC- G.N- ALA- ARG
7- A Papta incpted pith agwklastin vary able tosappbt ercev eagy touds affected
S
cHEFE R B RSl O e Rl her By P e B8 s
detehmnwg ksing gin mcmaeltm Lmﬂter@cb aiswpbei welghmmsstnbutg)mqf eadinefoot
0
AR RoR o RS G Reb oot 0 B e e nd YRy e
wdsi1&ds inci ghe appagd b thSApsilateny f@n. Siunis (RS 4)RIidhotdispeay altered

anti bo was devel oped to nonitor histidi
w @msaﬂ{wﬁﬁn Peiee, ﬂﬁg feqt dprine e fesfing PLipsy %{Fﬁ%ﬂ?gﬁé rats applied
leﬁﬁﬂét?%‘ft €the afTBctERIVRE Edrvpaddd th i ba8dlindivaRied ahaMRsind auad
in e

material prior to the first N -NTA and none was

neblastivel nig/Ket(n KB} NHA mp/ig (nﬁ?)cﬁmghed npei vecaght i thelipsilaterad foot
I d
R 1, AL BN P61 00 198 MLARH AR UI DG o

intnbebl&ktiR tﬂVhtledr‘aﬁiamb;l veasestatichltynsignifieans @rs 05)i at idhys 1df 17,hing 21

ssa s approximate 0.3 ng/m, and the final anount
Poafr%%fgrﬂd. ne-tagged neublastin identified in the final

pr oduEile e vdﬁtn@f zmstﬂﬁﬂﬁlcﬁlfy ﬁ%l@cahgaﬁﬁfenﬁbsetﬁ@érﬁﬂhe neublastin
protein or . Host cel DNA det ecti on assa

anéJVélaﬁlﬁﬁr@éteéﬁm csgtﬁ op ghe|cofhahlogria sk F}tedxeéwas}@rm@tealﬁats tended
to @ﬁwegaa&urmom b 85y 0. '@éﬁﬁﬁmgase f&ggérr]@idaé | Qr yﬁp%k Bold

to avidin i'n an ELI SA W ch
plafhpkmllads@&g?(l/@sa O ermuts tashiteperiod. Betsswns iested et days 7 10, 14, 17,

r.oxi, mat el 201.%]@/ oh. E. coli DN@ Ba edo th

an@-&ﬁ &n el%vtai g%gdw %mq‘r%a 8n g%rg%wed Ppheix li)al,?g e values. At
baBéthb) isdnimalp bRt ad theRoMaShakas ar w8 did nbmlh;ﬂy}eelb@sesi paw

than Q.0001% contam nati ng host cell DNA. As th

withdsayal 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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assays descri bed above, both the first N -NTA
chromat ography step and the C OO wash step were nost

we@bdobo23eer at renoving the DNA inpurities w t hPET/UR®05/029638

starting material. Chronic Constriction Injury (CCD
rats treated with 104 am no aci d neubl astin Neubl astin
treated CCl rats displayed dimnished tactile

al | odynia as conpared to vehicle treated controls. The

neubl astin treated ra r ble to withstand a
greater force applied—ﬁ5£ﬁﬁ§9$5§ﬂﬁateral foot. Tactile
al | eehiRi Re WeSntRY:HaY BdefleWWribBd MOddnftneior Rith theapfallyd ng
t he up-down met hod (Chaplan et al., 1994&. Rats were
descaigtienthgreofl sasforegoing descaiptiqryis ipfgpied tq ilfustratg pprdpoidimit the
i ' I = ' dis
RS Rt VR e MR e 5 L et
aspelais) glvahthgeSCindraedifi¢asidneark ousbim thh sesph of theffollowihg claims.
applied von Frey Hairs conpared to their baseline
val ues. Neubl astin- 104 Inmg/Kg (n 8) and 3 ng/Kg (n=7)
treaVied isadimeter € able to withstand an el evat ed
threshol d conpared to the vehicle treated controls (n
= 8). The force withstood by neublastin treated
animals was statically significant (p<. 05) at days 17
and 2 1 post-op CCl. Thernmal hyperal gesia was
attenuated in the neublastin treated CCl rats, with
the 3 ng/Kg dose denonstrating a higher efficacy than
the 1 ng/Kg dose at day 2 1 post-op. Therna
hyper al gesi a was determ ned using a Hargreaves device
to assess thermal withdrawal |atency. Rats were tested
at days 7, 10, 14, 17, and 2 1 for | owered paw
wi t hdrawal | atencies. Shams (n = 3) did not display
altered paw wi thdrawal | atency during the testing
period, while all CClI rats had a shorter paw
wi t hdrawal | atency conpared to their baseline val ues.
Neubl astin- 104 Ing/Kg (n =8) and 3 ng/Kg (n=7) were
able to withstand | onger application of the therma
stimulus conpared to the vehicle treated controls (n =
8) at days 14, 16 and 2 1 follow ng CCl induction.
While the 104 ami no acid neublastin 3 ng/Kg-treated
rats denonstrated a significantly higher |atency on
day 2 1 post-op conpared to the 104 ami no acid
neublastin 1 ng/Kg treated rats, the duration of paw
wi t hdrawal | atency byneubl astin treated ani mal s was
statically significant (p<. 05 at days 14, 17, and 2
1 postop CCl.
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CCl rats treated wth neublastin were able to apply

nore weight to the affected chronic constricted
wheowdlo2aTk2 as seen with the incapacitance test.PCT/US2005/029638

I ncapacitance was determ ned using an incapacitance

nmeter to assess the weight distribution of each foot.

At baseline, rats distributed equal weight between

their feet, but follow ng inj ury there was | ess wei ght

P tﬁ%@?ﬁwd\‘%@%ﬁ)ﬁﬁa$ ot 4 it P oS4 oo

Cogﬂf)li-llsﬂﬁ’ the testing period, while all CCl rats applied
| ess weight to the af fect ed foot conpared. to their
bas #reiding adgeasured palypsptide corapiising BAnsiarming gry tgfagtar beta

Tcﬁr)be guﬁ’erﬁﬂﬁl Gndrflef)an@Pp! i ed nore weight to the

i psi | tera ot as conpared to the vehicle treated
co ntcpoﬂastu(grth&p@)'pepﬁﬁe vithen pmoumtaxﬁ e eefofdntghuf&f tHettize to

1nducetfolfim§a (po e@g&i Er%% the iezad%% pfses (Is)%/poéassmm
p}ﬁéﬂhate\Mmb@umlmbq)hm&t l@bnoantsdtﬂ)hloftlﬁ el Itcyl X gM Mtﬁ apH of 5.8
di f fie)r ence. be en the neubl t [ an(?\{lvehl cle treated

) guanigines aéapancgpﬁrzg I{gl) L-Arginine at a

coa@éﬁalaé&{ of0.39 B@Ab QOMr @@gr&&ﬁck@dat b @o&@ﬂ@atﬁ;ﬂ%ﬁ"b%% to 1%, and
durations on day | d all odyni a was determ ned

(vieridigediglogpene aé 8 |cqnq@nmt@n@|£ il|mMdo ¢#anM@ngl sedugedsglpiathiens at a
coﬁﬁéﬁﬂgﬁ%l %ﬂ)@gM BGH 3 n}\Nf,rx@he'f&ﬁ h%qﬁ@&r %éj\l\gﬁYCﬁZCﬁJ ’rtg t}ig)délﬁétfl '

for eleva aw wt
glotatoae édfroma St hei20:basel | ne val ues. At baseline, no
animals reacted to the cold. Shans (n = 3) did not
di spl ay el evated paw w t hdrawal duration throughout

t he 2 ertel dhdedfichiim WihkRiaE Refallling Butfer @nfpriR&dL-Arginine at a
i ncreased paw wi t hdr awal durati on conpared to their

copgeidationeol/ b Uto 03M. ani no aci d neublastin 1 ng/ Kg (n
=8) and 3 ng/Kg (n=7)) elevated the affected paw for a
shorter period of tine conpared to the vehicle treated
c ont3r oT e nigthad @)clam 1d asreiindthe fefoldmgdufericomyrisesli. Aggi@dle at a

in | t the duration of paw w thdrawal by
R e Ofat?ea%twwdﬁam mal s was not statically

SI gn| f| cant. O her Enbodi nents Wiile the invention has

been descri n.conj unct t.h th det ai ] ed

desct iﬁ}ei%‘?ﬁgﬁﬁ@w&m srefrbtgwg?ﬂﬁ@g@@ EF SORATISES f-drginine ata
conBlieflstlot £ 1dabd 015§ kAt e and not [imt the

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

concentration of 0.35 M.

6. The method of any of claims 1-5, wherein the refolding bufter comprises

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

7. The method of any of claims 1-5, wherein the refolding buffer comprises

Tween-80 at a concentration of 0.1% to 0.5%.
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scope of the invention, which is defined by the scope
of the appended clains. O her aspects, advantages, and

woremsN2308t i ons are within the scope of the fol POMUSIY05/029638

clainms. What is clainmed is:1. A nethod of inducing
fol di ng of a denatured pol ypeptide, the nethod
conprising: providing a denatured-pol ypeptide
conpri si ng a transformng gromh factor beta (TGF

bet i | er; and contac t
pol ) gé? BH’ iof ﬁX)égtE cgbm Aff 8?'@;“} tli]]e fjaﬁﬂﬁ, hﬂ;‘gff’f céormprlses
Tweeéﬁso_tat ¥ EorlcenthAHidH 6Latl1@dsed.n%. of the pol ypepti de,

wherein the refolding buffer conprises (i) potassium
phosphat e or sodi um phosphate at a concentration of 25

mM 0 é%e%d%f %31; 5 daifs! lcﬁ‘ whetbid @ ?efgl-dn% Hukfer compnses &)

guam L concentration of
Tvteemgmmcmmcamtmlonoﬁﬁémratl on of 0.25 Mto 1M (| v)
Tween-80 at a concentration of 0.05%to 1% and (V)
oxi di zed gl utathione at a concentration of 1ImMto 4 nM

and 1oeqfu@ ﬁ{éth@H @F &y fnemal - wheriaht Fbldng baffeOcddiprivdd
rein the ratiq of OXI di zed to reduced

OX&IWé‘f‘WW%@q %“‘?Pﬂ‘b%e@t 3 rafig o ffom >:510 YL et hod of

claim1, wherein the refol ding buffer conprises
L-Arginine at a concentration of 0.30 Mto 0.5M 3.
The lﬂreffhc)medlbd©lfmmfrlaIMéf%Whenehethﬁ edfoldingrvyfiougomenrises

ox %r k‘ﬁr%‘“%‘if%‘% é?gFa%o O@gclentratl on of at | east

claim 1, wherein the
refol ding buffer conprises L- Argl nine at a

i Theethoa ool FERoil dh HGetlr Pirerading aLgeomprises

oxtdiAPLRAARNEht AcdnedRRnbA 8t 1 AM Rf2 M85 M 6. The net hod
of any of clains 1-5, wherein the refolding buffer

corrprl ses Tween-80 at a concentration of 0.1%to 1%

r éf OP din g}%ﬂgfl yf cq)ilmg laj %eljeng’the Y@fglrdﬁfgrbuwalecompnses

onpri ses
oxidized glutathione at a concentration of 1 mM.

14. The method of any of claims 1-13, wherein the refolding buffer comprises

guanidine-HCl at a concentration of 0.5 M to 1.0 M.

15. The method of any of claims 1-13, wherein the refolding buffer comprises

guanidine-HCI at a concentration of at least 0.5 M.

16. The method of any of claims 1-13, wherein the refolding buffer comprises

guanidine-HCI at a concentration of 0.5 M.

17. The method of any of claims 1-16, wherein the refolding buffer comprises

potassium phosphate at a concentration of 25 mM to 100 mM.
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Tween-80 at a concentration of 0.1%to 0.5%8. The

nmet hod of any of clains 1-5, wherein the refol ding
whodober37espnpri ses Tween-80 at a concentrati on BPET/E$2005/029638

|l east 0.1% 9. The nmethod of any of clains 1-5,

wherein the refolding buffer conprises Tween-80 at a

concentration of 0.1% 10. The nethod of any of clains

1-9, mherein the refolding buf f er conprises oxi di zed

To; 18714 S R imBny B ik i 0 8% Bl e

pofa@&@rh@h&@hwfaf @Eorfc@ﬂ’ﬁﬁlloﬁ @829 Mtz Emand reduced
glutathione at a ratio of 5:1. 12. The method of any

of clains 1-9, wherein the refolding buffer conprises

OX' %Z efle Q'Jefhto@toﬁ @rm%m@ 191%%1%51%&%& fé@ol@n&ﬁ bt &mamses

he et any of clainms 1- erein the

poraeﬁlmhdxhn@hb@fat erorcontptiop of atdgastlPO edM.gl ut at hi one at a

concentration of 1nM 14. The nethod of any of clains

1-13, wherein the refolding buffer conprises

gu aabﬂ The nidﬁ?iogaﬂf ?@ cfautaimetl f 1} bvﬁétemfthé)relfv\c;]lﬂdng (buﬂfeI&:oMprises

15. T od of a f inms 1-13 erein the
poraé%bmd’?lﬂ%ﬁeﬁs@f %FOI}?S?I%"FHO& oL @ 04 di ne-HC at a

concentration of at least 0.5 M 16. The nethod of any

of claims 1-13, wherein the refolding buffer conprises
guaril diThe maiod of any efskimat 29 wherewrthgrefoliing bffergompriscs
V. [ J5 16, wherein the refolding
po %P8Sm8%ﬂﬁga§géH3%?ég§|un1phosphate at a
concentratlon of 25 MMto 100 nM 18. The nethod of any
lL.a wherein t ref ol di ri ses
ot 22e R B danATEe A dopt Shee i P n b i Rrryacs
pofﬂ%méﬁ;ho%&te@h bHGbOf5 @®y.of clains 1-16, wherein the
refol ding buffer conprises potassium phosphate at a
concentration of at least 50 nM 20. The nethod of any

of ohanigg ngefkkg’ofw&edlﬂm"s &0, Gholefl tHQre%lﬁfngrbu?f&"&?ﬁﬁp?ﬁés

pot assi um phosphate at a concentration
potassium phosphate at a pH of about 7.8.

24. The method of any of claims 1-23, wherein 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.

25. The method of claim 1, wherein the refolding buffer comprises (i) potassium
phosphate pH 7.8 at a concentration of 50 mM, (it) guanidine-HCI at a concentration of
0.5 M, (iii1) 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.
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21. The nethod of any of clains 1-20, wherein the
refol di ng buffer conprises potassi um phosphate at a pH
w®@b00g/02B78D 8. 0. 22. The nmethod of any of cl ai nBCT/UMN5/029638

wherein the refol ding buffer conprises potassium
phosphate at a pH of 7.5 to 8.0. 23. The nethod of any
of clains 1-20, wherein the refolding buffer conprises
potassiun1phosphate at a pH of about 7.8. 24. The

met hod _of he refol di.n i
Dot 120y Th6 g ngcor el av g s Fiiting Bprh conSus bk Dspgsium
phbsphaftipHa7 8QRE estcemkdtidn o@Bo %M &anh&megH@n htcH ddRceitatiéd of
a concentration of 0.5 (il inine at a
0.& Nh €idip Lr Axgimipe #fa C@H%IH'MIOI'( cpf\;b3 eeir80at a concentration of
0
0. g‘%h(ézz E{u?%ﬂlg IOIQC 4’00(1&’ tr%’ﬂ‘d M éel(llﬁ g;ll)tlﬁeglgbﬁgli futaq}none

atacomo&aﬂmaiﬁOc?rmM O 2 m\/l 25. The met hod of claim 1
wherein the refolding buffer conprises (i) potassium
phosphate pH 7.8 at a concentration of 50 nM (ii)
guarni7diThe ntdHodaif afly 60¢1§iERLIFZH, wbBredf the réfolMing(Buiffe) lacks urea.
L-Arginine at a concentration of 0.35 M (iv) Tween-80
at a concentration of 0.1% (v) oxidized gl utathione
at  3gCamne eRkHGaldraRy 6f ol - BN A heiein the ‘?—éiyﬁ?r% buffer lacks glycine.
gl utat hione at a concentration of 0 . The
nmet hod of claim 1, wherein the refoldi ng buffer
con I : h a
con ?99?1 :T?lgﬁ %}gr?d) Bﬁ% gﬁﬁﬁle{p 19%‘30 %‘%a%sndthﬁ El GHCHeta %"pgrfamﬂy

membaaeni pladl icelhlind-déived Meurbirophlic factde gEDNﬁQfaatll}anember
concentration of 0.35 M (iv) Tween-80 at a
concentration of 0.1% (v) oxidized glutathione at a
COoNCRNTHR tnk@HbIT claill ¥, whdteih thd GDREURRHY ettt RiaGRREblAdtin
a concentration of 0.2 nM 27. The nethod of any of

pretedi- ns 1- 23, wherein the refol ding buffer |acks urea.

28. The nethod of any of clainms 1-23, wherein the
refol ding buffer |acks glycine. 29. The net hod of any
of AlaiTims nietiRfl of\MaéméSiOnwhérein“ﬂG:ndubtastirsmpmirf amigrises amino acid

| i ne-derived neurotrophic
re?g'éetsgllzz 2%%&&?%3*%@ menber. 30. The nethod of claim
29, wherein the GONF fam |y nenber is a neublastin

32. The method of claim 30, wherein the neublastin protein comprises amino acid

residues 117-220 of SEQ ID NO:1.

33. The method of claim 30, wherein the neublastin protein comprises amino acid

residues 108-220 of SEQ ID NO:1.

34. The method of any of claims 1-33, further comprising expressing the
polypeptide in bacteria prior to inducing folding with the refolding buffer.

35. The method of claim 34, wherein the bacteria is E. coli.
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protein. 3 1. The nethod of claim 30, wherein the

neubl astin protein conprises am no acid residues
wd2wea20snf SEQ ID NO 1. 32. The nethod of cleCTUSDNS/029638

wherei n the neublastin protein conprises amno acid

residues 117-220 of SEQ ID NO 1. 33. The net hod of

cl aim 30, wherein the neublastin protein conprises

amno acid residues 108-220 of SEQ ID NO 1. 34. The

cla t he .
expsgssﬁ%ﬁle%g E8lla%2£mr %Séw:?lbr ilf 8?{ygepqr| (I)Sre roe%sed n
baétetlalizi ahgndoditdd fogm\and,priok & 1h&1ﬁ(®1hgjfoltﬁn§3htftﬁ dte. reﬁ)ﬁmgTh!ffer the
od .of cl ajm 34, ein the gactelals

h whe
1“%98%% le pedypepfide weppia ecbwtﬁ P, AP of  salibiliggfion buffes ¢ffective to

deRA¥REPSdIfRplige. €XPressed in bacteria in an insoluble
formand, prior to inducing folding with the refolding

buf fer, the insol ubl e pol ypeptide is contacted with an

am)l‘a“?t AOJO 0§1?10 Q&&%%ﬂé%ﬁl&g r%%(Il(%‘ﬁ% Ibe“f\er e?fectlve to when

denature the pol ype composi i on conprising
dilatred dyaudadtoradf 1ato rl6f iabwkierfoldmgfolf @ meeflistiatpolypeptade, whaam the

i) uted.by a factor f.1t010,'ndce ol di of .a
bl SF foBen o LB ek paT i Fel L Parr e sferer
coREARELGHES (i Petadstinh pmspmat@ @xr@@amaﬂ}uﬁ)spﬁatelattacz:oﬁ&ntmf@sof 25

t he stated concentrations: iﬁ% pot assi, um EI:‘]FI?/P hate or

mMdelil dhmyh B4 aatbraaging fioghe 8 it §-8t (1id guapidins HCOpSENtrakjpn
of W'3tl‘h 162 Wl'l (1if1a! ?meng ?fg émgerhﬁtlgn Qf 0.8 M togluﬁ{n 5\9 T‘x@eéflcéo ata

at a concentration o (111)
comenaamﬂé)rﬁ?/atq 186; anfd (). (%dlmdtgiutamon(e iat/y cmmemnm@(? oaﬂ M to

+ PRI ERL o 3 Gt Paon 8P RN oF RFF angrin e

rati@dtlﬁt&ﬂze@ltdfrﬁhbe(bgl&taﬂﬁorﬁ icfhoment o0k lon of 0.05 mMMto
0.8 mMM wherein the ratio of oxidized to.reduced
glutathione is from5 :1 to 20:1. 38. The conposition

of ggairfe &Ympd&i‘t%(‘éﬂfﬁlahﬂw reif il kRS RiAEHu R ¥Hh| ﬁ&%
L-Arginine at 1 to 10 tinmes a concentration of O. M

L-Aggioing pg 1 R0 tirnes acconprngptionoef bI0 M tai0diM7, wher ei n t he
refol ding buffer conprises

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

L-Arginine at 1 to 10 times a concentration of at least 0.30 M.

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

L-Arginine at 1 to 10 times a concentration of at least 0.35 M.

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

L-Arginine at 1 to 10 times a concentration of 0.35 M.

42. The composition of any of claims 37-41, wherein the refolding buffer

comprises Tween-80 at 1 to 10 times a concentration of 0.1% to 1%.
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L-Arginine at 1 to 10 tinmes a concentration of at
| east 0.30 M 40. The conposition of claim 37, wherein

wo bmenzf7ed di ng buffer conprises L-Argini ne at BCT/OSH05/029638

times a concentration of at least 0.35 M 4 1. The

conposition of claim37, wherein the refol ding buffer
conprises L-Arginine at 1 to 10 tines a concentration
of 0.35 M 42. The conposition of any of clainms 37-41,

wh th fol d f.
1648 Fre S h AR SR P TP hD R AR
comPHRe TwleeR80 af 1 AN tithestd @noEtdfortds 0. Va6 8i5Po.t he

refol ding buffer conprises Tween-80 at 1 to 10 tines a
concentration of 0.1%to 0.5% 44. The conposition of

any 49f TR @drﬁ{ﬁ,s;ﬁzn Manylmcﬁma 31128, WERSGh Ghd\@fdduhf Bhiffer

conpri ses Tween-80 at 10 times a concentration of
comprises Jaeen-30 ¢ 1 wle thes wﬁpmﬁatwmf afeagtfyl’%f cl ai ms

37-41, wherein the refol ding buffer conprises Tween-80

at 1 to 10 tinmes a concentration of 0.1% 46. The

co mms’lrhé commksitian pf ady ef cddims 33-A Abheraheheiefolding buffer

refol (Lgpri ses oxi di ze d reduced
CO@Pﬂfeét ﬁggéi FE? an’F?f BYOnFFOReR ‘E’l‘d‘? @‘plo 1. 47. The

conposition of any of clainms 37-45, wherein the

refol di ng buffer conprises oxidized and reduced

gl uttht hheermppsitignof ppyyolgfaims 37-42gwherpia theefiding puferof

coﬁngsegfoxfallz%H TRd ?é?lucé? WRRIRE 3t 4 P&o oﬁ‘relndd Pe, pf fer

rises oxidize ut at hi one at to 10 tinmes a
concentration of 1ImMto 2 nM 49. The conposi tion of

coval! the Sitiositon s ar SR g S, VP gttt Blter
coﬁ?ﬂ@e@@kfd@ieﬂ@ﬂd fddudedrgiitathibne Theratiompogi ti on of any of

clains 37-49, wherein the refolding buffer conprises
guanidine-HC at 1 to 10 tines a concentration of 0.5

M t ag 1Tfe Mmpokitiohde aﬁ}om‘?ﬁh{s '39”!5 Ofyh&Bith tRd re®d1@inBBuffer
37-49, wherein the refol ding buf fier conpri ses

cogmasﬁs@mdezeldl@lutablome tiol b0 Ottimpes canesoiretéan ofdt iivhtodf mit:
| east 0.5 M 52. The conposition of any of clains
37-49, wherein the refol ding buffer
49. The composition of any of claims 37-45, wherein the refolding buffer

comprises oxidized glutathione at 1 to 10 times a concentration of 1 mM.

50. The composition of any of claims 37-49, wherein the refolding buffer

comprises guanidine-HCl at 1 to 10 times a concentration of 0.5 M to 1.0 M.

51. The composition of any of claims 37-49, wherein the refolding buffer

comprises guanidine-HCI at 1 to 10 times a concentration of at least 0.5 M.

52. The composition of any of claims 37-49, wherein the refolding buffer

comprises guanidine-HCI at 1 to 10 times a concentration of 0.5 M.
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conprises guanidine-HO at 1 to 10 tines a
concentration of 0.5 M53. The conposition of any of

W@ b@bns3787- 52, wherein the refol ding buffer compr/ismss 029638
pot assi um phosphate at 1 to 10 tines a concentration
of 25 itiMto 100 M 54. The conposition of any of
clains 37-52, wherein the refolding buffer conprises
pot assi um phosphate at 1 to 10 tines a concentration

of 2 to 75. MM 55. The c sitiaon of . 0
01 a5 T PO B LR AR o0 Whe B Rt ORAR PP
coﬂ?ﬁ_@bﬁ PbiaBRiwh gﬁ@d’pﬁ&@ aflf tol1(f ttndsQh donb&traflort SNERRMM @100 M.
of at least 50 MM 56. The conposition of any of
clainms 37-52, wherein the refolding buffer conprises
pot g st : ) sbi . feQN
o 35 TRy BBRERALTa ofitifls 10 sp) MR RERERTNE Shirge
compeses ipntasdiem phdsphale ayl UFK enescorpprénmiopof 2ismMitm 75 mM.
phosphate at a pH of 7.0 to 8.0. 58. The conposition
of any of clainms 37-56, wherein the refolding buffer

CONphi TBScqpinbiMphesddimt 8730, @hdttinahe réfddihg bBEFE:.
59.  The conposition of any.of clains 37-56, wherein
COMRESSS RPBFAMAFNBRNFER! £ BhiftiRes oAt eliompiH desiaft mMat

a pH of about 7.8. 60. The conposition of any of
claims 37-59, wherein the refol ding buffer does not
cons$bsTheeonpositipntod any efmlgimedpiidt whersinthgrefaldiag buffer

coBAEERLEL MRl Tlo (4 o BRI s
concentration of 0.35 M (iv) Tween-80 at a
concentration of 0.1% . oxidi zed gl ut at hi gne_af. a
conSanthataBrbsGron T Ay oballimt o7 6 ShertEdh et SPRPONE at

coﬁ‘if)ﬁgl-ﬁ%ﬁtssﬁ@rhipﬁﬁspﬂﬁtegt 2pAf 78ko gONE conposi tion of
claim 37, wherein the refol ding buffer conprises the

foll owi ng conponents at 1 to 10 tinmes the stated

congen i (U

oSN EH AR e oOh AL BB e g B
comprismIpotaatiimphodphéxe st MpH(oif i7iS)to B-0Ar gi ni ne at a

concentration of 0.35 M (iv) Tween-80 at a

concentration of 0.1% (v) oxidized glutathione at a

conagentrhéatémpositfon bidhy aflaif i3Y-56e6hieeid tid tefading bogerat
a concentration of 0.2 nM_62. The conposition of
copPHishHPSAssifMphesnhatedba PERSPIIM G- 8buf fer consists of the

60. The composition of any of claims 37-59, wherein 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.

61. The composition of claim 37, wherein the refolding buffer comprises 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-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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foll owi ng conponents at 1 to 10 times the stated

concentrations: (i) potassium phosphate pH 7.8 at a
wa@onweord7sat i on of 50 mM (ii) guani di ne- HO at P@I/US2005/029638

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 1mV and (vi) reduced gl utathione at

C. ration of 0.2 g : gpe osition of. an
ohpigras Rltadiotc Sspmiearingd TeVord oy renerb ey SR o
cont@rati®fof OThaNgoONposi ti on of any of clains 37-59

wherein the refolding buffer |acks glycine.

62. The composition of claim 37, wherein the refolding buffer consists 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-HCl at a concentration of 0.5 M;

(1ii) 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.

63. The composition of any of claims 37-59, wherein the refolding buffer lacks

urca.

64. The composition of any of claims 37-59, wherein the refolding buffer lacks
glycine.
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