PROTEI N FOLDI NG The present invention relates to
a nethod for folding, or refolding, proteins into an
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morphogepetjc Iaotemse(BMRall 185 koayt and diffarepiigtion &gstarg €GDFs 1-16),
ct.ive. fragnment) and (b) the | atent-associ ated
andé%ﬁ? %%m%W%% LTGF-Beta i s activated by cl eavage of
LAP fromthe active fragnent by endopepti dases such as
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scar formation. TG--Beta 3 also significantly reduces
scarring both in animal nodels and in humans and, in
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1980s. In view of the therapeutic potential of
signifFantiyt rgduces rigasingLROtA tin dfeal adels BB An dgwng gnd, in 2006,
produce this protein by reconbi nant nmethods. Due to
the complexity of native biologically active TG Beta
nol ecul es (honodi meric protein with 8 intra-chain
di sul fi de bonds and one inter-chain disulfide bond)
they were originally expressed in eukaryotic organi sns
(e.g. see EP0200341B1). However, eukaryotic expression
resulted in relatively | ow expression |evels and was




X2.,,-.0 RRXi X3 1 OH wherein: and R2 are the
sane or different and are selected fromthe group
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yl groups, substituted or unsubstitute
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aromati ¢ nucleus, or RL and R2 together forma ring
aprsywildon usaws agadpamentl 0 at ons; X1 and X2 are
i ndependently selected from-0-, -S-, -8(0), -8(02)-,
-NR3-, -ClIR4- and CHRS where R3, 124, and R5 are the
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A number of attempts have been made to overcome the problems associated
with the formation of active growth factors from prokaryotic hosts. For instance, US
5,922,846, US 5,650,494 and EP-B-0433 225 propose methods for the renaturation of
TGF-Beta family proteins from inclusion bodies. However none of these methods
provide quick and efficient methods for the production of clinical grade growth
factors. For instance the inventors have found that many of the prior art refolding
methods contemplated in the abovementioned patents are ineffective. Further, the
inventors have found that with even the most preferred prior ast refolding conditions
(e.g. 0.05M Tris, 1M NDSB-201, 20%(v/v) DMSO, 2%(w/v) CHAPS, 1M NaCl,



The preferred exanple of each of formula (la), (IDb)

and (lc) is CUES, i.e. H2 Cri\Q\f-,.77C.""? ..231 OH 2
woO 007/104934The i nvent ors have established that @dER;B20M000814

t he | ow nol ecul ar wei ght sul f hy dggll [ di sul fide redox
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manREant A OWEhM FRaRI 1ﬂeﬁhd@lsiﬁraibljbﬁl"l§’f opgeibRalt bats hdwe large
detergent/folding activity. Exanples of such agents
quantittss @ active SRS 9%ﬂélf%ﬁuéfedl sopr opyl Al cohol,
Ar gi ni ne- HC1, Non-detergent Sul phobeati ne-201 and
Non- det er gent Sul phobeati ne211. It is preferred
t hat ist fAsreScit Wini Sject The Pesedt Mmoagtmt toadvearcomd thebmublems
10mMMto 2.0M CITES; nmore preferably 100mM 1. OM and
assaeipdad pri aviabl 91t ameibedn T fojdieg, of refojgjge, members of the
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for fitlihEY drlehetint GrlGmR4RY BRis bP RlncHBnATBARMOBNSHERS, into a
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?:t%ofaoﬁoi"}mﬂ‘i‘i"ﬂabtﬂﬂgel tol in its oxidized and
requced X@ ?Ebh&@ﬂﬁnﬂiﬁf -GARARBLOFABOAci@ or a functional analogue
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QIstl ne therdof; exd r educed form and Cystamine and its
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for the oxidized and the reduced fornms nay be between
factppi:formegnd 1: 100, especially between 6: 1 and 1: 6.

It is preferred that the | ow nol ecul ar wei ght

sul f hydryl /di sul fide redox system conprises the use of
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for Preferably the sol ution tai ns out
wers §anqUCEI AR AR AR %@8 lﬁpﬁﬂvﬁtﬂ’iﬁoﬁﬁ%%q P%ﬁ?er abl y

200pM 20mM r educed d ut at hi one; and m)st pr ef er abl y

about 2nmM reduced @G utathione. The solution may als
conflzi Hraabfoumningy GrewtnFadced Beaed GH-Betm inense W rEGF“Beta
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c? preferred | ow nol ecul ar wei ght
quhydryI/ i sul fide redox systens may conprise
20011M - 20nbi | reduced G utathione and 40pM 4nV
ox. s r GGk G5aHnM et
ﬁ%ﬁ%&%un}gbg‘%w géégt%?%aﬁc%gﬂtsgfav\hl ch growt ﬁam
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As expl ai ned in nor e bel o
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Befa W fubyfath, s sveh THadle ihpidodd, s¥tivieymviay cbepardead thebﬁﬂd)ﬂﬁ)e
used to refold the TG B et a. Preferred net hods
for folding the growh factors involve the use of CHES
in conbination with GSH and GSSG as the | ow nol ecul ar
wei ght sul thydryl/disulfide redox system Exanples of
preferred conditions incl ude exposi ng unfol ded grow h
factor to: (a) 0.7M CHES, 2mM GSH and 0. 4nM GSSG (b)
30mM Taur odeoxychol ate, 0.7M CHES, 2nM GSH and 0. 4mM
GSSG or (c) 30mMM Taur odeoxychol ate, 0.7M CRIES, 2nM
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(c) 30mMM taurodeoxychol ate, 0.7M CHES, 2nmM GSH, 2nmM
GSSG 0.12ng/ L TOP-Beta 3, pH 9.5 at 2-8C, or (d)

, 1M NaCl, 2nuM GSH, 0.4nM GSSG, 0
W(g%gégg mﬁ%moosm

ta 3, pH 9.5 at 2-8C/ roomtenperature
Thd IEALH Rafiekahangs &E%&ﬁ&ﬂ' AinERh NN AeE als! a%ghéa%le to
fvent i on a | aborator escri bed
folcﬁhgaﬂtﬂafdlhmaﬂmmhmntahm scal e- up the met hodol ogy as
described in Exanple 2. It will be appreciated that
the scal e-up of the nethods represent an inportant
feagursy gt ak)??ec a@é@ﬁ{a't Offoldih8er & QEfndL GO iKY B&sér@ 1ﬁventlon
second aspe the i nvention there is provid
encoriphssds thfe ‘pﬂ: -t dipigh gf mvmsly\f@ldndamns;fand freleed thls re—foldlng

of Hp%%%&?l@?qﬁ&spe Fac 85 81@%% eglfalgimg( %compassgd by the

invEQ{dent ati on of prokaryot| c organi snms that have been
transfornmed to express a nmenber of the Transform ng
G owm h Factor Beta superfamly; (b) isolation of
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reSS|on Ve en d|n a_ nenber
colFBREE 7Py S R SELEETS: GRSt TP Lo el vents; and
M&Gﬁ&o?e Jildh- Behe, Eﬁﬁin §bf the detergent
ph%?ﬁ&gﬁ%sg&sgg[%%%%gga human TG-- B %%a 3, ormé funcetleoerfg?ns
coermpletpdan tieespsoffication mcmdeb@rﬁpfp AetiveaROSIPONAdS, SEgheas sodium

sobESRBI TSOREHEY 4Lk B AENEI el o spuati,

catfohid) a haet eri @éféﬂgéntgl ver(e gn Exanf, E—(Dloleyloxy) pfdpyl]Q\I N,N-
preferredthat the organi sns are fernented acc q |n55%;Jd
trimefhlemponiyah a PUoBiEh rﬂ]{i@l edeotergaits (@g- | Iy e Cholate 1um

t | nduMergatd Ngwikee&R),! 3-(3-
o eliEe AL BB PR @ SRS iR | 9
chloRniidérfromyljitimtthglaaanrie-1imopametsatfenattie or gani sns. (Chaps),

s Creb b PRy FRA Py ted Bt ere or st (Fapen)

by centrifugation. The inclusion bodies (TB) may then
be recovered %cfurther centrifitgati on and washi ng
st efbe ipyentes alscided He teHsour @ vRtiptyhel detgygents, including those
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they! eklell yWwarg inbffsttive for foldig pi alefildingi memberseofltifeoTGEeBeta

growh factor) fromthe isolated D3s is then s ect ed
suge@fatmle/ whstress éos&éh%la%weﬁ tpplear ppaccepiahie apopt #ﬁ%ﬂe to yreld
useAVEhE n? B¢ Q&%fgfllb&ﬁa faPros 1Bk B) arf 2 Bf‘ﬁle b st RSthat a

secon aspect e I nventi on. he refol ded -
nugibembﬂlsuﬁ:hdbmrgesﬁmwbm ihtfertive Howeleeto p’twrmﬁfﬁrédrs surprise they

ot daaeRay g ke e (BN Guf analogues
thetbde! "i‘ﬁ i dobitaddien #iH £hewmbretaP Weightr aligfasd/disulfide redox

purification procedures are illustrated in 1.15 1.16
sysierd, ib. aﬁ@ord&n@mﬂptm first aspecza Oﬁﬂf@fléwné’@neW%EﬂIH@H@r ¥ pfdective

hfacto st fi further purified by
fm%gfa&t H%Gr?rl&ec 1%tf§1fi ac |oe}:1lc e[hg% ogr aphy; and then
finally purified by cation exchange chromat ography.
Optionally the nethod of the second aspect of the
invention may further conprise a step (e) wherein the
gromh factor is fornul atedt at a desired concentration
in a solution and placed in vials. This solution may
be the final formulation for clinical use or may be
fornmul ated for storage and/or transported. The growth




(OWD99/ 18196 states the preferred concentration of BM
in the refold buffer to be 1-100nmnL, this is

wo sdognbdosLant |y | ower than the concentrati ons pEEGB2007/000814
i nventors have found is useful in the manufacture of
TOPLBefveEn® € bptd forhd yha Hpimithod 260pdipent thé fifeOasBet ef Be

e el oSN Stiter ot os Lhen To0oRur el
resuﬁ%}%lggitggﬂiségﬁtgﬂrt é%"zéd' $HeciObe thBaprokBl9gbmbared to methods

refollndg step and preferably about
prevaBBpodintloset] il Ge Beraus. I prpfaned/erdpdénentaobtherhehod of the

. preferred t eratyre of the refol f BMPs. t.o be
imvelfin ol s B RaguttBeBt vial oo ool w4 Bty
it {ROFFE NS WAL £ divd2 ad RSk erdbly &fi@ approximately
W hglgg?%g%?i onmgf TOZ- Beta 3 }gsﬁd thatH?r ef oIUg}i’ ng o%)p
24 hoGRs-dBanitiattngsthe dbldingqrogesbhel ow 15C (preferably 2-8C or
about 10C) to support the productive folding pathway
of TCE-Beta 3 and the suppression of hydrophobic
| NtERF A6t ibAN “2-(cylooheRyliRho) RtiehesulReidTRdib of aaglogudithgeof”
to t'he second aspect of the invention is iIIu_st{lat?ci )
grefolding

we inparFihg detergent CB&Saandschemicebanslegush dhezers tht setaind
sui.taglﬂi%égr use in the preferred nmethod illustrated

Proﬁeﬁmﬁio ‘0 are set out in Figures 11 to 26. It wll
be appreciated by the skilled person that, although

the conditions and _protocol s set out in these. Fiqur
eyuRle Gyt GIARa ok MK e e B iR itk i metiods

of tid {8HERioh Onay! BENCATRY by BLBBbwIRY ol { he cont ext
requires orher w se, ge used to effect any suitable
folding nethod in accordance with the present
i nventi gn. The invention wll be illustrated
further |by Exanples and with reference to the
foll owi mg drawi ngs, in which: Figure 1. is a
phot ogrBph of il rati ve SDS-PACGE gel of
posﬂz{%d%mo/né%a\ es fromshake flasks referred to
in 1.4 of Exanple wherein lane 1 8z 6 are Mark 12
standards (Invitroggn); and |anes 2-5 are I(?)aded with
31.ti, of clones 1-4 respectively (3hrs pos
i nduction); WD 2007/104934PCT/ GB2007/ 000814 Fi gure 2:
is a photograph of an illustrative Western bl ot
whewksreint he first |ane is a standard of non-reduced
TOR; B 3 r ol S doakistin
condh |d?{n?sarg? qiéa?lﬁlke@a%f%%%f:%d @gﬂg%& %oﬁgl% B _ sisting
of dgdrupehy atbstittiedt oc onokubstinted2 Ghas adud c gewipel substituted or

L SHUEL S, LTSSy S0ee el T o iy )
nuc%gp&sﬁlrﬁhimgo tdigerfrobhdh 'Biﬂg eystém Qﬁﬂﬁ%‘;@ tand athnfer i c

-Beta 3 as discussed at 1.14 of anple 1 wherein
| anes 1-18 correspond to Experinental conditions 1-18

in Jabl e 3 of. ample 1 after? d i Qc [ \_ Fiygur e
o Rt Snaronisnty SR oef 2 3 DL earch "
-C aed [GIRNGvidIe RO i, nghdRmaromey isemandr diiffetitcand are
TG--Beta 3 as discussed at 1.14 of Exanple 1 wherein
independentlyo sgigcicdr fremndhrl FONIECEBFIFHRM I N¥EYREFD | Sf?éﬁmted or
19-36, Lo T : j j :
mnsiperfitet £t AR el SEAIRAE pf ufthb Btase 0 /E6URT! L0, or
a sibstitute® o0 ibuatitngl tdvendtiol micleys af amynisroepf R3aRd and Rs may

dinmeric TG--Beta 3 for nost preferred refoldin .
oA AT B B oA AT Dol b Diayipo gpat at

leaélt'oﬁgo?ﬁ( Eﬁ?ﬁ@i@—é}ﬂ@f&r@d}]}iﬁ;%dl represents refolding

at day 0 1 ane 2 represents refolding after 1 day;
| ane 3 represents refolding after 2 days; |ane 4
represents refolding after 3 days and lane 5 is a
standard of non-reduced TOB-Beta 3; Figure 6: is a
phot ograph of an illustrative Wstern bl ot
denonstrating the fol ding of nonomeric and dineric
TOP-Beta 3 utilising prior art refolding techniques as



Figure 19: illustrates preferred conditions and
protocols for post-refold ultrafiltrati on nenbrane
4on suitable for use in nethods of t
“mpﬁﬁgﬁq?%n such as that set out in Figure 10 ?fyw?qﬁﬁwmwsm
Figure 20: illustrates two preferred conditions and
protocols (A and B) for post-refold ulh-afiltration
andXbistsglecled dobnpCePa¥=D,iaw®-QHi t abl e for use in nethods
of the invention such as that set out in Figure 10 (D)
(i); Figure 21: illustrates two preferred conditions
an dxfp&fét SRS 6ARIN A BhikyPrdups khay BpéndindSephhe asmbér of
Fast ow resin suitable for use in nmethods of the
carbasn/ efotiisothes wohtains théyamayde wumal, rFerparse QIGADT {SPTgFouPps.

re 22; trates t n _
P bneplR U 2agtof B N AT RE TN A B oRlma B
Bu%ﬁgwsre5|n in a manner SU|tabIe for use in nmethods of -
nvention such as that set out in Figure 10 (D)
(ii); Figure 23: illustrates two preferred conditions
and.pro coI Rated
o BT aRsR o 63 U BliieRphlc R0 Ry AR RARIS R Ak
or iRubaaste@tydlblgexiyhy@np, most praférably unbettstigied. out i n
Figure 10 p) (ii), Figure 24: illustrates preferred
condi tions and protocols for cleaning SP Sepharose
Fas;{fhﬂ QY hB~ O Ref Qfeear&%@tld fheﬁqhaod& $tblotdbey b RMBMItited or
as set out 1n Figure 10 (D) (iii); Figure 25:
unubktimtedahesylprafper red conditi ons and protocols for
packi ng SP Sepharose Fast Flow resin suitable for use
in methods of the invention such as that set out in

Fig ‘F’E&er%@ly(@ is(yldiogen Eh@ R, & &flohicku SA]tﬁhﬁBvety/m additionally
preferred conditions and protocals. ( for using

X 1$id Seprepiofeatitns CHpt, slipmatsiely orpdditieRa %?%Suust bl e for
use in nethods of the invention such as that set out
in Figure 10 (D) (iii); Figure 27: illustrates ‘
pr efpesfeeel exmebléd @'ﬁkﬁ)nqmdncﬁsmﬂfomtla (Hohatohasabe ergplsped in the
Sepharose Fast Flow resin: (A) after use; and (B)

lnﬁm€°%§@lregenerat|on as set out in Figure 10 (D)

(iii); Figure 28: illustrates two preferred conditions
and protocols (A and B) for final UF/ DF nmenbrane
preparatiton suitable for use in nmethods of the
inventioh as that set out in Figure 10 (E) (i); and

Figure 2R;: illus{ratesawo preferred conditions and
prot§edfs\TAya/StE% or UF/ DF of SP Sepharose el ution
puri% ed TG 13 N{lon and final filling, that are

suitable for us€ in ne@ods of the inventionflaguch as
that set out in Figure 10 (E) (i). EXAWPLE 1 The
i nventors investigated whether or not inproved nethods
of re-fo frﬁ,%g, Sd O -aTHJ-¥nd X; is
coul ebaeéoegjtag'gﬁg ‘.ﬁla%elh?%u% ﬁgi%(arrpl eis 2 ’
S#0);ustrative of the application of the nethods of the
invention to the re-folding of TGFBeta 3. First, a
study was set up to first screen re-fold reagents (see
1.13). Reagentsathat were found to aid re-folding in
the prine ¥2the Paken forward as
' ' ﬁfi optim sation to maxim se
ones (see 1.14). Finally

<d (1.15- 1.17). Methods enpl oyed t est
the biological activity of TG--Beta 3 are dés ri bed at
1.18, These studies |lead the inventors to realise that
i mproved net hods of folding nmenbers of the TG--Beta
superfamly into an active formmy be established by
follow ng the nmethod defined by the first aspect of
the invention. EXPERI MENTALS 1.1 Nucl eoti de Sequence
The nucl eoti de sequence coding for TG--Beta 3 active
fragment is as follows: GCT TTG GAC ACC AAT TAC TCC
TTC CCC AAC TTG GAG GAG AAC TGC TGI GIG CEC CCC CTC
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1.4 Frozen Cell stock Clones 1-4 were grown in shake
flasks in half strength Terrific Broth to an 0D600 of

wo 2ppnoemssately 1. and stored as gl ycerol stockGI/GB200e00814
addi tion of glycerol to 20%v/v). 1.2tnL of broth was
aI i(qel atoaehponbdofl @rouai) in Mook Rd is hidwogeh Raonewsiaheyyl and

gb of. glycerol) and then stored at -70C. WO

X31%§0 11?%4934PCT/ GB20071000814 1. 5Sequence Confirmation
of TGF-Beta 3 Gene. Sanples of the cultures used for
frozen cell stocks were taken before the addition of

gl ycerol and ed for plasn1 i solation using a Q agen
M ni PFEp e i ed-pt asni d was sequenced and
vefffied uping a 17 pro er primer (5 -TM TAC GAC TCA

CTA TAG G33') (SEQ ID 4) and a T7 term nator

pri (5 GCT AGT TAT Teg TCA GOG 0- 3' ) (SEQ I D No.
5). ced Culture. As Clone 2 expressed tdg hi ghest
anount of TGF-Beta 3 protein an anpoul e of frozen
stock (from Section 1. 4) was recovered and |noculated

B R R AN,
jxliﬁﬂﬁgaékb@pqyar)24g/L yeast extract(Becton Di cki nson),

1 (Signa) and 10g/L glycerol (Sigm) and
5Cng/nL of kananyC|n The flask was i ncubated with

o adis e Gtrad 6 ER of e A R TR (0 sPE L LR GRS o
UnL (after 7 hours) the cell broth was used to seed a

150L fermenter (100 L working volune). 1.7Fernentation
Ni ne hundred II|I|t %s of 6e|| broth (from Section

1.6) B\antegzﬁgéz 150 L fernenter (WHE)
confai ning]{90 L ot Bat [ture Media (0.6g/L K2ZHPO4,
0.4¢/ L | CHRHPO4 22597L NH48HM, 12g/L MYy-Soy, 24g/L
yeast extract and 10g/L glycerol). The fernentation
oper atNpag paraneters were controlled as foll ows:
tenperature set point, 37C, pH set point, 7.0

(mai ntai ned using 4N anmoni um hydroxi de and 4N

phogphakjestods hide ealslishel S50 VEHESOXNA ke (Icﬁ@)mcblemﬂarabvla)ght
calibrated to 100% The vessel head pressure was

sul@lsdJ;yl/dtsdlﬁdtvereng tsystienn 12ayd bai used clprge Fe faldothg c%?\fﬂ?h factor.
Hows‘{/% %r,]s%g}veoem }Igérgsaé)ft the ‘ﬁfve}{{fz%%%e ﬁ(/exﬂ'{s%'tﬁaé?% R ggiga@ ?}ES
may @%olhe atliabeEédgiyt cmﬂﬂﬁmdnwﬂh aithem rgemt tipihave Jetecpent/ olding

n the follown r or t
sty e R OMDIGRE 05 A oSO E T FOHOp T lcohol,

%ﬁ% g o‘?‘I rl‘}dﬂn-@e@ﬂrggﬁur i @%iﬁ%ii%éngﬁo%%&%g&%ﬁlﬁ%bwﬁw-

21kf the culture reached 10U nL a glycerol feed (50%
v/iv) was initiated at a flowate of 45nL/mn. When OD
reached 40 U nL, the cells were induced with the
addit; ?)?eﬂ%fred PhGieOs ot AmMohipiRks 6 QoaEHansh 6 abokt 80mM to

Harvest After 4 hours post-induction, the fernenter
2.0MLSEERS; ozl preferaldy 10mM-HeM and ot pisraly ebeut §r NUEHEES.

reduced to 0.3vvm and 100rpm respectively. Foam and pH

controls were term nated and backpressure was adj usted

t 0 B3B8 iaboveRRnEbhdUEcHRtBAE YECTHS by Gisotbeused svhen CHES
centrifiigation with a Westfalia CSA_8 conti.nuoys

is cambingd wgd ether1agentsTHer isianes puRjelowad coplinaioy o} gents that
it Iy and cel |
preb ol R Al Shh RN ThBfloKycflotateldh D RECHER 210 250

fernmentation cell paste (from Section 1.8) was diluted
1:5 with Lysis Buffer (6.1g/L TrizmaBase(Tris), 3.7g/L
et hyl enedi am netetraaceti c aci d( EDTA), 58.44g/L NaCl
and 10g/L Triton X-100, pH 8.0) and re-suspended using
a hand hel d honogeni zer. The re-suspended cell paste
was passed tw ce through a hi gh-pressure honogeni zer
(paraneters: pressure, 10,000 psig; flow rate,
450mL/ m m and tenperature, 15C). The honobgeni sed cel




WO 2007/ 104934PCT/ GB2007/ 000814 Table 1.Re-fold
Screening Matrix and Results Experinents 1 Condition

[ rgent TOT-Beta 3 conc. . GSH
\%% Wl@%ﬁ g conc conc.
Wet A @@000814

resence of Correctly Re-folded dineric TG

Wesher ¢ j : : L 0
0.1 ﬁﬁﬁﬁ!"*‘%‘mp"%‘?’ FAQrRowdight SHILTN: IS RIGR Mystind e

mediasygiehs izt @l0w thegbratRmw Ddidrifidndoedait tet soliitpn2 Sgiible
sys?e%snilélﬂcl?lldg recz:llgeAr?c c%'m %nwaq{ogé_ su%ma/lls Glutathione in its oxidized and reduced
form, dithiothreitol in its oxidized and reduced form, beta-mercaptoethanol or beta-
mercaptomethanol in its oxidized and reduced form, Cystine and its reduced form,
and Cystamine and its reduced form. These reagents may be used at a concentration
of about 1puM to 250 mM, especially of about 100uM to 10 mM. The molar ratio of
such systems for the oxidized and the reduced forms may be between 100: 1 and 1:

100, especially between 6: 1 and 1: 6.

It is preferred that the low molecular weight sulfhydryl/disulfide redox system
comprises the use of Glutathione in its reduced (GSH) and oxidised (GSSG) forms.
Preferably the solution contains about 20pM-200mM reduced Glutathione; more
preferably 200uM-20mM reduced Glutathione; and most preferably about 2mM
reduced Glutathione. The solution may also contain about 4uM—40mM oxidised
Glutathione; more preferably 40pM-4mM oxidised Glutathione; and most preferably
about 400uM oxidised Glutathione.

Accordingly, preferred low molecular weight sulfhydryl/disulfide redox
systems may comprise 200pM-20mM reduced Glutathione and 40uM—4mM oxidised
Glutathione. The exact ratio of GSH:GSSH will depend on a number of factors
including: which growth factor is being folded; the pH of the solution and the CHES
analogue employed in the method of the invention. By way of example, preferred low
molecular weight sulfhydryl/disulfide redox systems for folding TGF-Beta 3
comprises about 2mM reduced Glutathione and either about 400uM or about 2mM

reduced Glutathione.

As explained in more detail below, in preferred embodiments of the invention
the low molecular weight sulfhydryl/disulfide redox system may be “aged” before
used to refold the TGF-Beta.

Preferred methods for folding the growth factors involve the use of CHES in
combination with GSH and GSSG as the low molecular weight sulthydryl/disulfide



0. 4nM None detected 4 2-8C 60nM Hexyl gl ucopyranosi de
0.12ng/ L 2nmM 0. 4nM None detected 5 2-8C 0.5% wW v)
WO ABR41d®30. 12ng/ nL 2rol' . T 0. 4mM None det ect edP(@/@BBR7/000814
0.5% w v) DDMAB 0. 12ng/ nL 2mM 0. 4nM None detected 7
redoR-s§€eM. Fombicy Chtfefred 2onpditibn rcWideGexpodingloméolded growth

det ect ed -
factor%o:eC ed 8 2-8C
(a) 0.7M CHES, 2mM GSH and 0.4mM GSSG;
(b) 30mM Taurodeoxycholate, 0.7M CHES, 2mM GSH and 0.4mM GSSG;
or

(¢) 30mM Taurodeoxycholate, 0.7M CHES, 2mM GSH and 2mM GSSG.

It will be appreciated that the abovementioned agents may be dissolved in
water to make a solution according to the invention. However it will also be
appreciated that the agents may be dissolved in a solution comprising a number of
other compounds. For instance, the solution may also further comprise salts. Salts that
can be used in the solution include salts of sodium, potassium, and calcium with
chloride, sulphate, phosphate, acetate etc. It is preferred that the solution is a sodium
chloride solution at a concentration of 0.5 to 2 M. The solution may, for example, be

phosphate buffered saline.

During their investigations the inventors also established that folding
conditions could be optimised by adjusting the pH and the temperature at which

folding is encouraged to proceed.

Optimal temperature depended on a number of factors such as the agents used,
the pH and also the amount of growth factor to be refolded. Under most
circumstances a temperature of below about 15°C is preferred (for example 2-8°C or
about 10°C). However higher temperatures (e.g. room temperature) were also

effective for some conditions.

The inventors discovered that it was generally preferable to carry out the
method of the invention at an alkaline pH. The pH is preferably above about pH 8.0.
and more preferrably above a pH of about pH 8.5. A most preferred pH for the
solution is a pH of about 9.5.

The amount of unfolded growth factor added to the solution was also found to

influence the efficiency of the folding. In general about 0.005-0.75 mg/mL of a



0.2%w v) SDS 0 12ng/mL 2nM 0. 4mM None detected 9 2-8C
0.1% w v) Dodecyl -b-Dmal toside 0.12ng/ nL 2mM 0. 4mM

WMW%{;S Sgt égt 288(1:10'2-1 (zs/(cwl\l\//l) Ngsmg?goioof)i%?g@/@’?m%s“
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preferably about 0.12-0.25mg/mL of the growth factor; and most preferably about
0.25mg/mL (i.e. 250pug/ml). ‘

The methods of the invention may be employed to fold any monomer of the
Transforming Growth Factor Beta superfamily into a dimeric, biologically active
form. It is preferred that the method is used to fold a TGF-Beta per se (for example
TGF-Beta 1, TGF-Beta 2, or TGF-Beta 3).

It is also preferred that the method is used to fold monomeric precursors (into
active dimer growth factor) that have been produced in prokaryotic hosts that have
been transformed to express the growth factor. For instance the method is particularly
useful for folding growth factors that are located within inclusion bodies of bacteria
that have been transformed with an expression vector encoding a recombinant growth

factor.

It is most preferred that the methods of the invention are used to fold
monomeric TGF-Beta 3 that is located in an inclusion body of a bacterium
transformed with a TGF-Beta 3 expression vector (e.g. as described in Example 1 or
as known to the art). It is most preferred that the TGF-Beta 3 is human TGF-Beta 3,
recombinant human TGF-Beta 3, or human TGF-Beta 3 that contains mutations that

optimise the growth factor for clinical use in humans.

Examples of most preferred conditions employed to fold TGF-Beta 3 include:
(a) 0.7M 2-(cylcohexylamino) ethanesulfonic acid (CHES), 2mM reduced
Glutathione (GSH), 0.4mM oxidised Glutathione (GSSG), 0.12mg/mL
TGF-Beta 3, pH 9.5 at 2-8°C ;

(b) 30mM taurodeoxycholate, 0.7M CHES, 2mM GSH, 0.4mM GS3G,
0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C;

(c) 30mM taurodeoxycholate, 0.7M CHES, 2mM GSH, 2mM GSSG,
0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C; or

(d) 0.7M CHES, 1M NaCl, 2mM GSH, 0.4mM GSSG, 0.25mg/mL TGF-
Beta 3, pH 9.5 at 2-8°C/room temperature.

10



D ner 13 2-8C 20%v/v) Sucrose 0.12ng/nL 2nmM 0. 4niV
None detected 14 2-8C 2-8C 20% v/v) dycerol 20nM
wo 2orAdsesgeut 3-12 + 0,5m Arginine 0.12ng/ nL ®CE26BR00E000814
2raM 2mM 0. 4nM 0 4nM None det ect ed None detected 15
16 2-8C 20mM Zwi ttergent 3-08 + 1M NDSB221 0. 12ng/ nL

Znﬂf}% inventors developed the folding methods according to the invention in a
laboratory (as described in Example 1) and then went on to scale-up the methodology
as described in BExample 2. It will be appreciated that the scale-up of the methods
represent an important feature of the invention. Therefore according to a second
aspect of the invention there is provided a method of producing an active member of
the Transforming Growth Factor Beta superfamily from a prokaryotic host, the
method comprising: |

(@ fermentation of prokaryotic organisms that have been transformed
to express a member of the Transforming Growth Factor Beta
superfamily;

(b) isolation of inclusion bodies and recovery of expressed protein

from the inclusion bodies;

() refolding of the member of the Transforming Growth Factor Beta
superfamily according to the first aspect of the invention; and

(d) purification of the refolded member of the Transforming Growth
Factor Beta superfamily.

It is preferred that step (a) involves the fermentation of bacteria that have been
transformed with an expression vector encoding a member of the Transforming
Growth Factor Beta superfamily. The vector preferably encodes a TGF-Beta and most
preferably encodes a human TGF-Beta 3, or a functional analogue thereof. It will be
appreciated that the transformed bacterium may be generated using molecular biology

techniques known to the art. An example of such a bacterium is given in Example 1.

Tt is preferred that the organisms are fermented according to conventional
techniques. This may involve fermentation of a cell paste and harvesting the cells by
taking samples from the fermentation and centrifuging the sample to isolate the

organisms.
Step (b) of the method of the second aspect of the invention may involve lysis

of the organisms recovered by centrifugation. The inclusion bodies (IB) may then be

recovered by further centrifugation and washing steps. Preferably the IBs are further

11



0. 4nM None detected 17 2-8C 30mM Taur odeoxychol at e
0.5M Arginine 0.12ng/ nL 2nM 0 4nM None detected 18

- Taur odeoxychol ate 4- 1M NDSB-221 O.
W(g?‘ﬂ%ﬂ%é&g None detected 19 2-8C 30rrM Taurode y</: STy wos4

o A A B R By

them.

The protein (i.e. the unfolded growth factor) from the isolated IBs is then
subjected to the folding methods of the first aspect of the invention according to step

(c) of the method of the second aspect of the invention.

The refolded growth factor should then be further purified according to step
(d). Purification may involve a number of biochemical purification steps such as
ultrafiltration and chromatography. Preferred purification procedures are illustrated in
1.15, 1.16 and 1.17 of Example 1. In a preferred embodiment the growth factor is first
filtered; further purified by hydrophobic interaction chromatography; and then finally
purified by cation exchange chromatography.

Optionally the method of the second aspect of the invention may further
comprise a step (e) wherein the growth factor is formulated at a desired concentration
in a solution and placed in vials. This solution may be the final formulation for
clinical use or may be formulated for storage and/or transported. The growth factor

may then be finished to form the final clinical product at a later date.

The inventors have recognised that W099/18196 discloses the use of CHES
for refolding Bone Morphogenetic Proteins (BMPs). However the techniques
disclosed in W099/18196 would not be considered by a skilled man to be useful for
refolding TGF-Beta, and TGF-Beta3 in particular, according to the methods of the
first or second aspects of the invention. The skilled person would come to this |

conclusion for a number of reasons. These include:

@) W099/18196 discloses methods for the solubilisation of the BMP
inclusion bodies should use denaturants such as Guanidine-HCL or by acidification
with an acid such as Acetic Acid. The inventors have found that acidification resulted
in low recoveries of TGF-Beta 3 from the inclusion bodies. They found that when
TGF-Beta 3 was solubilised in acid and the pH was then titrated to 9.5 (the preferred
pH for refolding according to the invention), that this change from acid to alkaline pH
resulted in irreversible aggregation of TGF-Beta 3 (due to the TGF-Beta 3 crossing

12



40mM Qctyl - Thi ogl ucopyranosi de 0.12ng/ L 2mM 0. 4nM
None detected 22 2-8C 60nM Hexyl gl ucopyranos i de +

wO D01%uws4) PEG 6000 0. 12ng/ L 2mM 0. 4niM None RiAt@E108TI000814
23 2-8C 30% (v/v) Ethanol 0.12nmg/nL 2mM 0. 4mM None

its isbeteetricepoind (jPH 84N 0PhiE \rtsnjted Sopreop JowAT GHHRdta 3 yields. The

GG e e 8 S BUSHE OB oM ARFt, thoagh It gave very
good recoveries of TGF-Beta 3 from inclusion bodies it was too strong a denaturant
and prevented TGF-Beta 3 from refolding. Accordingly the inventors found the
solubilisation steps of the prior art unsuitable. Experimentation did establish that
solubilisation of inclusion bodies using 6M Urea and 0.1M DTT gave good recoveries
of TGF-Beta 3 and allowed the TGF-Beta 3 to refold once it was diluted in the refold
buffer. Accordingly it is preferred that TGF-Beta 3 is solubilised from inclusion
bodies using Urea and DTT.

(b) WO099/18196 also states that the BMP can be clarified using size
exclusion chromatography (SEC)or reverse phase high performance liquid
chromatography (RP-HPLC). Both these methods would be unsuitable for the
commercial scale manufacture of TGF-Beta 3. In SEC, sample volume influences the
resolution of the sample (the smaller the sample volume the better the purification
resolution). Commercial scale methods according to the second aspect of the
invention may produce about 50L of solubilised inclusion bodies. It would be
impractical to use SEC for such volumes because to process this volume in a single
run would require a column (or multiple columns) with a single/combined bed-
volume of 724 L. RP-HPLC is generally used as analytical tool due to the small
column volume and again would be impractical to use in the commercial scale
manufacture of TGF-Beta 3 for the same reasons. It is preferred that the method of the
second aspect of the invention uses Tangential Flow Filtration (TFF) which

gives TGF-G3 purities of 70% and above.

(c) It is known that purity of an expressed protein affects refold yields. As
a general rule the higher the purity of the expressed protein the higher the refold
yields. The inventors have found that TGF-3 purities of 70% (of total protein) and
above give high refold yields and that low TGF-83 purities (<50% of total protein)
gave low refold yields. Accordingly it is preferred that TGF-83 used in methods of the
invention are greater than 50% pure and more preferably about 70% (or more) pure.
This purity may be achieved by including washing steps of the inclusion bodies and
clarification of the solublised TGF-Beta 3 using TFF (e.g. see Example 2).

13



None detected WO 2007/104934PCT1GB2007/000814 Tabl e
2. Re-fold Screening Matrix and Results Experinenta |

[tign Tenp Detergent TG--Be a 3 conc. 08
WO%E@O %e. Presence of Correctly Refol ded di %érﬂl?%ﬂiﬁomoosm

TG-Beta 3 by Western Bl ot B643) analysis 26 2-8C 100nM
W ttergent 3-08 0.12ng/ nL 2nmM 2nM None detected 27
2- 84 0NWIGEaBete Shuldatge e sigRifigantich2nges Anddnifometidn (secombiry

strgcscur%j %Icl:d %%HMI%/ St %elz;egf I]:)"EIQ] A/s rﬁ‘ie %ﬁMof a TGF-Beta 3 containing
solution is moved from acidic (<pH 3.8) to alkaline pH(<pH 8.0), aggregates appear,
with an aggregation maximum occurring between pH 6.5 and pH 8.5. W099/18196
states that the preferred pH of refolding BMPs to be approximately 8.5. However this
would be unsuitable for the refolding of TGF-Beta 3 as this would cause TGF-Beta 3
to aggregate and therefore significantly reduce refold efficiency and yield.
Accordingly it is preferred that the methods of the invention utilising a refolding
buffer at pH greater than 8.5, preferaby greater than pH 9.0 and most preferably a pH
of about 9.5.

(€) The inventors have also found that the optimal concentrations of the Redox
pair (e.g. reduced and oxidised Glutathione) in the Refold Buffer can be different for
BMP and TGF-Beta 3. Preferred.concentrations of Reduced Glutathione (GSH) and
Oxidised Glutathione (GSSG) used in the manufacture of TGF-Beta 3 according to
the invention is 2mM and 0.4mM respectively. Furthermore the inventors have found
that it is most preferable, once the redox pair are dissolved in solution, that the buffer
is aged for at least 2 hours, preferably at least 3-5 hours and most preferably for about
7 hours. The inventors do not wish to be bound by any hypothesis with regards the
benefits of the redox pair “aging”, they have noted that, in aqueous solutions GSH
readily oxidises to produce GSSG and at physiological pHs the half-life of GSH is
approximately 4 hrs. Furthermore the inventors suspect that the half-life of GSH in
preferred TGF-Beta refolding buffer (pH 9.5) would be significantly lowered (at
alkaline pHs there would be less hydrogen ions to protonate the reactive thiolate
groups in GSH to produced unreative thiols). A conservative estimation of half life of
GSH at pH 9.5 would be 3hrs. Therefore after 7 hours of buffer aging the
concentrations of the redox pair would therefore be approximately 0.5mM of GSH
and 1.15mM of GSSG. Accordingly these concentrations are preferred concentrations
for refolding TGF-Beta3. W099/18196 states the preferred concentration of the redox
pair to be 2mM of GSH and 1mM of GSSG (for folding BMP). This increased
concentration of GSH would significantly prolong the refolding of TGF-Beta 3, and
may reduce yield (as GSH breaks the disulfide bonds in proteins). In addition
W099/18196 states the requirement of SmM EDTA in the refold buffer. The presence

14



2mM None detected 29 2-8C 60mM Hexyl gl ucopyranosi de
0.12ng/ L 2 nM 2nM None detected 30 2-8C 0.5% w v)

WO ASBHab3H. 12m nL 2mM 2nM None det ected 31 2- 8ECT/GB2007/000814
0.5% w v) DDMAB 0. 12ng/ nL 2mM 2mM None detected 32

of ¢heBMing. s/ sich GRABDT AL 2rmttertefGidivbdifar My dinidestalatisec GSHL (i.e

incr%gsezdﬁg half-life) this would further increase the refold time of TGF-Beta 3 and

may reduce yield.

® W099/18196 states the preferred concentration of BMP in the refold buffer to
be 1-100ug/mL, this is significantly lower than the concentrations the inventors have
found is useful in the manufacture of TGF-Beta 3 (optimally 250pg/mL). 250pug/mL
of TGF-Beta 3 gave a higher refold efficiencies than 100ug/mL of TGF-Beta 3. It is
therefore preferred that the methods of the invention utilise more that 100ug/mL of
TGF-Beta 3 in the refolindg step and preferably about 250ug/mL of TGF-Beta 3.

(g) WO099/18196 states the preferred temperature of the refold of BMPs to be
20°C. The inventors have observedthat refolds of TGF-Beta 3 done at room
temperature (22°C) results in the aggregation of TGF-Beta 3 and that refolding of
TGF-Beta 3 should occur below 15°C (preferably 2-8°C or about 10°C) to support the
productive folding pathway of TGF-Beta 3 and the suppression of hydrophobic

interaction.

A most preferred method according to the second aspect of the invention is
illustrated in Figure 10. Details of conditions and protocols suitable for use in the
preferred method illustrated in Figure 10 are set out in Figures 11 to 26. It will be
appreciated by the skilled person that, although the conditions and protocols set out in
these Figures may preferably be used in the method illustrated in Figure 10, they may,
except for where the context requires otherwise, be used to effect any suitable folding

method in accordance with the present invention.

The invention will be illustrated further by Examples and with reference to the
~ following drawings, in which: \

Figure 1: is a photograph of an illustrative SDS-PAGE gel of post-induction samples
from shake flasks referred to in 1.4 of Example 1 wherein lane 1 & 6 are Mark 12
standards (Invitrogen); and lanes 2-5 are loaded with 3uL of clones 1-4 respectively
(3hrs post induction); '

15



0.2% w v) SDS 0.12niL 2nM 2nmM None detected 34 2-8C
0.1% w v) Dodecyl- b-D-maltoside 0.12ng/ nL 2nM 2mM

WO R Getected 36 2-BC 1M NDSE- 201 0. 12 bE IR TUNSI4
FighdNang (A6HeebR br3h Hudfale WeltnDiO: WREIMhe 2 2AMis o
standard of non-reduced TGF-Beta 3 and lanes 2-12 correspond to Experimental
conditions 2-12 in Table 1 of Example 1 and demonstrates that condition 12 was
successful in producing correctly folded dimeric TGF-Beta 3,

Figure 3: is a photograph of an illustrative Western blot demonstrating the folding of
monomeric and dimeric TGF-Beta 3 as discussed at 1.14 of Example 1 wherein lanes
1-18 correspond to Experimental conditions 1-18 in Table 3 of Example 1 after 7 day
incubations;

Figure 4: is a photograph of an illustrative Western blot demonstrating the folding of
monomeric and dimeric TGF-Beta 3 as discussed at 1.14 of Example 1 wherein lanes
19-36 correspond to Experimental conditions 19-36 in Table 4 of Example 1 after 7
day incubations;

Figure 5: is a photograph of an illustrative Western blot demonstrating the folding of
monomeric and dimeric TGF-Beta 3 for most preferred refolding conditions
according to the invention as discussed at 1.14 of Example 1 wherein lane 1
represents refolding at day 0; lane 2 represents refolding after 1 day; lane 3 represents
refolding after 2 days; lane 4 represents refolding after 3 days and lane 5 is a standard
of non-reduced TGF-Beta 3;

Figure 6: is a photograph of an illustrative Western blot demonstrating the folding of
monomeric and dimeric TGF-Beta 3 utilising prior art refolding techniques as
discussed at 1.14 of Example 1 wherein lane 1 represents refolding after 1 day ; lane 2
represents refolding after 2 days ; lane 3 represents refolding after 3 days; and lane 5
represents refolding after 7 days treatment;

Figure 7: represents chromatograms illustrating the amount of dimeric TGF-Beta 3
produced by a most preferred refolding condition according to the invention as
discussed at 1.14 of Example 1 after purification by cation exchange HPLC of
refolded TGF-Beta 3 samples (a) on day 0, (b) after 1 day and (c) after 2 days.
Figure 8: represents a chromatogram illustrating the amount of monomeric and
dimeric TGF-Beta 3 produced by a most preferred refolding condition according to
the invention as discussed at 1.15 of Example 1 after purification by ultrafiltration and
hydrophobic interaction chromatography on a Butyl-Sepharose column;

Figure 9: represents a chromatogram illustrating the amount of dimeric TGF-Beta 3

produced by a most preferred refolding condition according to the invention as
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Figure 10: is a schematic flow diagram illustrating a preferred method according to
the second aspect of the invention in which: (A) represents the fermentation and
Inclusion Body (IB) recovery step; (B) represents the IB solubilization and
clarification step; (C) represents a refold step according to the first aspect of the
invention; (D) represents a purification step; and (E) represents a step for formulation
and file of the drug product.

Figure 11: illustrates preferred conditions and protocols for fermentation suitable for
use in methods of the invention such as that set out in Figure 10(A) (1);

Figure 12: illustrates preferred conditions and protocols for harvest and centrifugation
suitable for use in methods of the invention such as that set out in Figure 10(A) (ii);
Figure 13: illustrates preferred conditions and protocols for cell lysis and IB recovery
suitable for use in methods of the invention such as that set out in Figure 10(A) (jii);
Figure 14: illustrates preferred conditions and protocols for inclusion body
solubilisation suitable for use in methods of the invention such as that set out in
Figure 10(B) (i);

Figure 15: illustrates preferred conditions and protocols for: (A) clarification
membrane preparation (Figure 10(B) (ii)); and (B) pre-refold UF/DF membrane
preparation (Figure 10(B) (iii)) suitable for use in methods of the mvention;

Figure 16: illustrates two preferred conditions and protocols (A and B) for inclusion
body clarification suitable for use in methods of the invention such as that set out in
Figure 10(B) (ii);

Figure 17: illustrates two preferred conditions and protocols (A and B) for pre-refold
UF/DF suitable for use in methods of the invention such as that set out in Figure 10
(B) (ii);

Figure 18: illustrates two preferred conditions and protocols (A and B) for protein
refolding suitable for use in methods of the invention such as that set out in Figure 10
©) @

Figure 19: illustrates preferred conditions and protocols for post-refold ultrafiltration
membrane preparation suitable for use in methods of the invention such as that set out
in Figure 10 (D) (i);
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T
ultZxfBication and butyl load preparation suitable for use in methods of the invention
such as that set out in Figure 10 (D) (i);

Figure 21: illustrates two preferred conditions and protocols (A and B) for packing
Butyl Sepharose 4 Fast Flow resin suitable for use in methods of the invention such as
that set out in Figure 10 (D) (ii);

Figure 22: illustrates two preferred conditions and protocols (A and B) for using Butyl
Sepharose 4 Fast Flow resin in a manner suitable for use in methods of the invention
such as that set out in Figure 10 (D) (i1);

Figure 23: illustrates two preferred conditions and protocols (A and B) for cleaning
and regeneration of Butyl Sepharose 4 Fast Flow resin after use in methods of the
invention such as that set out in Figure 10 (D) (ii),

Figure 24: illustrates preferred conditions and protocols for cleaning SP Sepharose
Fast Flow resin before use in methods of the invention as that set out in Figure 10 (D)
(i1);

Figure 25: illustrates preferred conditions and protocols for packing SP Sepharose
Fast Flow resin suitable for use in methods of the invention such as that set out in
Figure 10 (D) (iii);

Figure 26: illustrates two preferred conditions and protocols (A and B) for using SP
Sepharose Fast Flow resin in a manner suitable for use in methods of the invention
such as that set out in Figure 10 (D) (ii1);

Figure 27: illustrates preferred conditions and protocols for cleaning SP Sepharose
Fast Flow resin: (A) after use; and (B) pre-use/regeneration as set out in Figure 10
(D) (id);

Figure 28: illustrates two preferred conditions and protocols (A and B) for final
UF/DF membrane preparation suitable for use in methods of the invention as that set
out in Figure 10 (E) (i); and

Figure 29: illustrates two preferred conditions and protocols (A and B) for UF/DF of
SP Sepharose elution purified TGF-33 solution, and final filling, that are suitable for
use in methods of the invention such as that set out in Figure 10 (E) (1).
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The inventors investigated whether or not improved methods of re-folding members

of the TGF-Beta superfamily could be established. The following example is
illustrative of the application of the methods of the invention to the re-folding of TGF-
Beta 3.

First, a study was set up to first screen re-fold reagents (see 1.13). Reagents that were
found to aid re-folding in the primary screen were then taken forward as described
herein, for further optimisation to maximise yield and reduce refold timelines (see
1.14). Finally methods of purifying the refolded growth factor were investigated
(1.15- 1.17).

Methods employed to test the biological activity of TGF-Beta 3 are described at 1.18,

These studies lead the inventors to realise that improved methods of folding members
of the TGF-Beta superfamily into an active form may be established by following the
method defined by the first aspect of the invention.

EXPERIMENTAL:

1.1 Nucleotide Sequence
The nucleotide sequence coding for TGF-Beta 3 active fragment is as follows:

GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG AAC
TGC TGT GTG CGC CCC CTC TAC ATT GAC TTC CGA CAG GAT CTG
GGC TGG AAG TGG GTC CAT GAA CCT AAG GGC TAC TAT GCC AAC
TTC TGC TCA GGC CCT TGC CCA TAC CTC CGC AGT GCA GAC ACA
ACC CAC AGC ACG GTG CTG GGA CTG TAC AAC ACT CTG AAC CCT
GAA GCA TCT GCC TCG CCT TGC TGC GTG CCC CAG GAC CTG GAG
CCC CTG ACC ATC CTG TAC TAT GTT GGG AGG ACC CCC AAA GTG
GAG CAG CTC TCC AAC ATG GTG GTIG AAG TCT TGT AAA TGT AGC

(SEQ ID No. 1)

1.1 c¢DNA Generation

Total RNA from a human incisional wound (taken day 5 post-wounding) was treated
with DNA-Free (Ambion) to remove any contaminating DNA. Using total RNA as a
template, TGF-Beta3 cDNA was generated by Reverse Transciptase-Polymerase
Chain Reaction (RT-PCR). The RT-PCR master mix was prepared from Brilliant®
QRT-PCR Core Reagent Kit, 1-Step (Stratagene). One microgram of RNA was added
to S0uL of a solution containing: One-step QRT-PCR buffer, 0.2mM dNTPs, 3.5mM
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Samples of the cultures used for frozen cell stocks were taken before the addition of
glycerol and used for plasmid isolation using a Qiagen MiniPrep Kit. The isolated
plasmid was sequenced and verified using a T7 promoter primer (5’-TAA TAC GAC
TCA CTA TAG GG-3") (SEQ ID No, 4) and a T7 terminator primer (5’-GCT AGT
TAT TGC TCA GCG G-3”) (SEQ ID No. 5).

1.6  Seed Culture.

As Clone 2 expressed the highest amount of TGF-Beta 3 protein an ampoule of frozen
stock (from Section 1.4) was recovered and inoculated into a 2 Litre baffled
Erlenmeyer flask, containing 500mL of HySoy medium (12g/L Hy-Soy (Quest
International), 24g/L yeast extract(Becton Dickinson), 10g/L NaCl (Sigma) and 10g/L
glycerol(Sigma) and 50pug/mL of kanamycin. The flask was incubated with shaking at
37°C and 200rpm and sampled periodically to measure ODsso. When the OD of the
culture reached 3.21 U/mL (after 7 hours) the cell broth was used to seed a 150L
fermenter (100 L working volume).

1.7  Fermentation

Nine hundred millilitres of cell broth (from Section 1.6) was used to inoculate a 150 LL
fermenter (WHE) containing 90 L of Batch Culture Media (0.6g/L K;HPO4, 0.4g/L
KH,HPO,, 1.25g/L NH4S04, 12g/L. HY-Soy, 24g/L yeast extract and 10g/L glycerol).
The fermentation operating parameters were controlled as follows: temperature set
point, 37°C; pH set point, 7.0 (maintained using 4N ammonium hydroxide and 4N
phosphoric acid), and; dissolved oxygen (DO) initially calibrated to 100%. The vessel
head pressure was 7 psi, and the agitation and airflow were 200-400rpm with one
volume of air per volume of medium per minute (vvmn or slpm), respectively. DO was
maintained above 20% by adjusting the fermentation set point parameters in the
following priority: Agitation (max 400rpm), aeration (max 1.5 vvm), oxygen
supplementation (max 33.3 Ipm), and backpressure (max 12 psi). Foaming was
controlled with Pluronic 1-61 (25% v/v). When the OD of the culture reached
10U/mL a glycerol feed (50% v/v) was initiated at a flowrate of 45mL/min. When OD
reached 40 U/mL, the cells were induced with the addition of IPTG to 0.2mM final
concentration.

1.8 Harxvest

After 4 hours post-induction, the fermenter was chilled to 10°C and the airflow and
agitation were reduced to 0.3vvm and 100rpm respectively. Foam and pH controls
were terminated and backpressure was adjusted to 3psi. The culture was harvested by
continuous centrifugation with a Westfalia CSA 8 continuous centrifuge at 10°C. The
centrifuge was operated at 15,000 rpm and a flow rate of 3 litres per min and cell
slurries collected.

1.9  Cell Lysis and IB Recovery

The fermentation cell paste (from Section 1.8) was diluted 1:5 with Lysis Buffer
(6.1g/L. TrizmaBase(Tris), 3.7g/L ethylenediaminetetraacetic acid(EDTA), 58.44g/L,
NaCl and 10g/L Triton X-100, pH 8.0) and re-suspended using a hand held
homogenizer. The re-suspended cell paste was passed twice through a high-pressure
homogenizer (parameters: pressure, 10,000 psig; flow rate, 450mL/min; and
temperature, 15°C). The homogenised cell lysate was then centrifuged (bucket
centrifuge, fixed-angle rotor) at 5,000xg for 20minutes at 4°C. The supernatant was
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discarded leaving insoluble (inclusion bodies) TGF-Beta 3. The inclusion body (IB)
pellet was re-suspended in Wash Buffer (6.1g/L Tris and 3.72g/L EDTA, pH 8.0)
using a hand held homogenizer and centrifuged (5,000 x g for 20 minutes at 4°C).

1.10  Imclusion Body Solubilization

The sediment from Section 1.9 was diluted 1:10 with Solubilization Buffer (6.1g/L
Tris, 15.4g/L DL-dithiothreitol(DTT) and 360.4g/L urea, pH 8.0) and re-suspended
using a hand held homogenizer. The suspension was covered and left stirring for 60-
75 minutes, at room temperature to solubilize the inclusion bodies and reduce TGF-
Beta 3 to its monomeric form. The pH of the re-suspended pellet was adjusted to pH
9.4-9.6 with NaOH/acetic acid before incubation for a second time for 60-75 minutes.

1.11  Clarification/Ultrafiltration and Diafiltration

Solubilized material from Section 1.10 was clarified, concentrated and dia-filtered in
a Tangential Flow Filtration (TFF) system (Millipore). Initial clarification and
concentration was achieved with a pre-conditioned clarification TFF membrane
(Millipore Pellicon 1000kDa, regenerated cellulose, screen V). The clarified TGE-
Beta 3 was collected in the permeate. Switching to a Ultrafiltration/Diafiltration
(UF/DF) membrane (Millipore Pellicon 5kDa, regenerated cellulose, screen C), the
TGF-Beta 3 was then washed in 6 diavolumes of Solubilisation Buffer (6.1g/L Tris,
15.4g/L DTT and 360.4g/L urea, pH 9.5).

1.12  Re-fold Screening Matrix 1

1.12.1 Methodology :

TGF-Beta 3 protein content in the clarified material from Section 1.11 was quantified
using the RC DC™ Protein Assay (BioRad) in conjunction with SDS-PAGE,
Coomassie Blue Staining and densitometry. The TGF-Beta 3 material was diluted
into a series of refold buffers (See Tables 1 and 2). 1mL samples were taken daily
over a 6-day timeline and analyzed under non-reducing conditions using SDS-PAGE.
Sample aliquots and Mark 12 molecular weight standards (Invitogen- molecular
weight range 2.5-200kDa) were run on NuPAGE® Novex 12% Bis-Tris Gels, 1.0mm
(Invitrogen) for approximately 40-50 minutes at 120milliAmps and 200 Volts. The
protein samples were then electrophorectically transferred to nitrocellulose membrane
(Invitrogen) using a Novex Blotting apparatus (Invitrogen). The membrane was
blocked with 5%(w/v) skimmed milk powder, 1% (v/v) polyoxyethylenesorbitan
monolaurate (Tween 20;Sigma) in phosphate buffered saline (PBS). The membrane
was washed (PBS, 0.1%(v/v) Tween 20) and incubated for 1 hour in primary
antibody (Anti- TGF-Beta 3, MAB643(R&D systems) diluted 1:500 in PBS and
0.1(v/v) Tween 20). Following incubation with the primary antibody, the
nitrocellulose was washed in washing buffer (PBS, 1% (v/v) Tween 20). The
nitrocellulose was then incubated for an additional 1 hour in the secondary antibody
(Goat anti-mouse 1gG conjugated with alkaline phosphatase (Abcam P0O397) diluted
1:2000 with PBS, 0.1% (v/v) Tween 20). The membrane was again washed (PBS, 1%
(v/v) Tween 20 before developing with Western Blue Stabilized Substrate for
Alkaline Phosphatase (Promega).

The MAB 643 antibody detects correctly refolded monomeric and dimeric TGF-Beta
3 species.

22



0. 4mM Mononer 8 2-8C 0.7MCUES 1 0.1 2nmNl 9.5 0. 4nM
Monomer + dinner 9 2-8C 0.7M CUES 0 0.25 21n.M 9.5

wo foAobibnoner + diner 10 2-8C 0. 7M CUES 1 0.r25/@BdvhDo0bs14
0. 4nM Mononer + diner 11 2-8C 0. 7M CUES

1.12.2 Results

Tables 1 and 2 summarise the results obtained testing refolding of TGF-Beta 3 under
50 different experimental conditions

The inventors established that the conditions described below (i.e. experimental
conditions 12, 19, and 44) produced correctly refolded dimeric TGF-Beta 3:

1. 0.7M 2-(cylcohexylamino) ethanesulfonic acid (CHES), 2mM reduced
glutathione (GSH), 0.4mM oxidised Glutathione (GSSG), 0.12mg/mL, TGF-Beta 3,
pH 9.5 at 2-8°C (Experimental condition 12).

2. 30mM Taurodeoxycholate, 0.7M CHES, 2mM GSH, 0.4mM GSSG,
0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C (Experimental condition 19).

3. 30mM Taurodeoxycholate, 0.7M CHES, 2mM GSH, 2mM GSSG,
0.12mg/mL TGF-Beta 3, pH 9.5 at 2-8°C (Experimental condition 44).

By way of example Figure 2 illustrates the effectiveness of Experimental Condition
12.
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Table 1. Re-fold Screening Matrix and Results

Experimenta | Temp | Detergent TGF-Beta3 | GSH | GSSG | Presence of Correctly
1 Condition. . cone. | conc. | Conc. .| Re-folded dimeric
| : | TGF-Beta 3 by
4 Western Blot
e e e e L (VIABG43) analysis
1 2-8°C | 100mM 0.12mg/mL | 2mM | 0.4mM | None detected
: Zwittergent 3-08
2 2-8°C | 40mM 0.12mg/mL | 2mM | 0.4mM | None detected
Taurocholate
3 2.8°C | 40mM Big CHAP | 0.12mg/mL | 2mM | 04mM | None detected
4 2-8°C | 60mM Hexyl 0.12mg/mL. | 2mM | 04mM | None detected
glucopyranoside
5 2-8°C | 0.5%(w/v) ASB-14 | 0.12mg/mL | 2mM | 04mM | None detected
6 2-8°C | 0.5%(wiv) 0.12mg/mL | 2mM | 0.4mM | None detected
DDMAB
7 2-8°C | 0.5%(w/v) CTAB | 0.12mg/mL | 2mM | 04mM | None detected
8 2-8°C | 0.2%(w/v) SDS 0.12mg/mL | 2mM | 0.4mM | None detected
9 2-8°C | 0.1%(w/v) 0.12mg/mL | 2mM | 0.4mM | None detected
Dodecyl-b-D-
maltoside
10 2-8°C | 0.1%(w/v) Tween | 0.12mg/mL | 2mM | 0.4mM | None detected
20
i1 2-8°C | IM NDSB-201 0.12mg/ml. | 2mM | 0.4mM | None detected
12 2-8°C | 0.7M CHES 0.12mg/ml | 2mM | 04mM | Dimer
13 2-8°C | 20%(v/v) Sucrose | 0.12mg/mL | 2mM | 0.4mM | None detected
14 2-8°C | 20%(v/v) Glycerol | 0.12mg/mL | 2mM | 04mM | None detected
15 2-8°C | 20mM Zwittergent | 0.12mg/mL | 2mM | 0.4mM | None detected
3-12 4+ 0.5M
Arginine
16 2-8°C | 20mM Zwittergent | 0.12mg/mL | 2mM | 0.4mM | None detected
3-08 + IM NDSB-
221
17 2-8°C | 30mM 0.12mg/mL | 2mM | 0.4mM | None detected
Taurodeoxycholate
+ 0.5M Arginine
18 2-8°C | 30mM 0.12mg/mL | 2mM | 0.4mM | None detected
Taurodeoxycholate
+ IM NDSB-221
19 2-8°C | 30mM 0.12mg/mL | 2mM | 0.4mM | Dimer
Taurodeoxycholate
+ 0.7M CHES
20 2-8°C | 0.5M Arginine 0.12mg/mL | 2mM | 0.4mM | None detected
21 2-8°C | 40mM Octyl- 0.12mg/mL | 2mM | 0.4mM | None detected
Thioglucopyranosi
de
22 2-8°C | 60mM 0.12mg/mL | 2mM | 0.4mM | None detected
Hexylglucopyranos
ide +0.1%(w/v)
PEG-6000
23 2-8°C | 30% (v/v) Ethanol | 0.12mg/mL | 2mM | 0.4mM | None detected
24 2-8°C | 20% (viv) 0.12mg/mL | 2mM | 0.4mM | None detected
Isopropyl Alcohol
25 2-8°C | 30mM 0.12mg/mL | 2mM | 0.4mM | None detected
Taurodeoxycholate
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Table 2. Re-fold Screening Matrix and Results
Experimenta | Temp. | Detergent- . . | TGF-Beta3 | GSH | GSSG | Presence of Correctly
I Condition = |~ ;- - . = |cone conc. | Cone. | Refolded dimeric TGF-
. K - - Beta 3 by Western Blot
R N B R , (MABG43) analysis
26 2-8°C | 100mM Zwittergent | 0.12mg/mL | 2mM | 2mM None detected
3-08
27 2-8°C | 40mM Taurocholate | 0.12mg/mlL | 2mM | 2mM None detected
28 2-8°C | 40mM Big CHAP 0.12mg/mlL | 2mM | 2mM None detected
29 2-8°C | 60mM Hexyl 0.12mg/ml. | 2ZmM | 2mM None detected
glucopyranoside
30 2-8°C | 0.5%(w/v) ASB-14 0.12mg/ml, | 2mM | 2mM None detected
31 2-8°C | 0.5%(w/v) DDMAB | 0.12mg/mL | 2mM | 2mM None detected
32 2-8°C | 0.5%(w/v) CTAB 0.12mg/ml, | 2mM | 2mM None detected
33 2-8°C | 0.2%(wi/v) SDS 0.12mg/mL | 2mM | 2mM None detected
34 2-8°C | 0.1%(w/v) Dodecyl- | 0.12mg/mL | 2mM | 2mM None detected
b-D-maltoside
35 2-8°C | 0.1%(w/v) Tween 20 | 0.12mg/mL | 2mM | 2mM None detected
36 2-8°C | IM NDSB-201 0.12mg/mL | 2mM | 2mM None detected
37 2-8°C | 0.7M CHES 0.12mg/ml, | 2mM | 2mM None detected
38 2-8°C | 20%(v/v) Sucrose 0.12mg/mL | 20M | 2mM None detected
39 2-8°C | 20%(v/v) Glycerol 0.12mg/mL | 2mM | 2mM None detected
40 2-8°C | 20mM Zwittergent 3~ | 0.12mg/mL | 2mM | 2mM None detected
4 12 + 0.5M Arginine :
41 2-8°C | 20mM Zwittergent 3~ | 0.12mg/mL | 2oM | 2mM None detected
08 + IM NDSB-221
42 2-8°C | 30mM 0.12mg/mlL  { 2mM | 2mM None detected
Taurodeoxycholate +
" | 0.5M Arginine
43 2-8°C | 30mM 0.12mg/mL | 2mM | 20aM None detected
Taurodeoxycholate +
IM NDSB-221
44 2-8°C | 30mM 0.12mg/ml. | 2mM | 2mM Dimer
Taurodeoxycholate +
0.7M CHES
45 2-8°C | 0.5M Arginine 0.12mg/mL | 2mM | 2mM None detected
46 2-8°C | 40mM Octyl- 0.12mg/ml | 2mM | 2mM None detected
Thioglucopyranoside
47 2-8°C | 60mM 0.12mg/mL | 2mM | 2mM None detected
Hexylglucopyranosid
e + 0.1%(w/v) PEG-
6000
48 2-8°C | 30% (v/v) Ethanol 0.12mg/mlL | 2mM | 2mM None detected
49 2-8°C | 20% (v/v) Isopropyl | 0.12mg/mL | 2mM | 2mM None detected
Alcohol
50 2-8°C | 30mM 0.12mg/mL | 2mM | 2mM None detected
Taurodeoxycholate
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Parameters investigated were:
e TGF-Beta 3 concentration (0.1mg/mL, 0.25mg/mL and 0.5mg/mL)
e pH(8.0,9.0 and 9.5)
¢ Temperature (2-8°C and room temperature)
e Addition of 1M NaCl

The TGF-Beta 3 material from Section 1.12 was diluted into a series of re-fold
conditions (see Tables 3 and 4). 1ml samples were taken daily over a 6-day timeline.
Day 6 samples were analyzed under non-reducing conditions using SDS-PAGE and
Western blotted (see Section 1.13 for methodology). Correctly re-folded TGF-Beta 3
monomer was detected by Western blot in all re-fold conditions. Correctly re-folded
TGF-Beta 3 dimer was detected by Western Blot in all experiments containing 1.0M
NaCL (See Figures 3 and 4).

The conditions under which the greatest amount TGF-Beta 3 was re-folded into its
dimeric state was experimental condition 34 (0.7M CHES, 1M NaCl, 2mM GSH,
0.4mM GSSG, 0.25mg/mL TGF-Beta 3, pH 9.5 at 2-8°C/room temperature).

Day 0, 1, 2 and 3 samples from experimental condition 34 were run on non-reducing
SDS-PAGE and Western blotted to determine the time points at which correctly
refolded TGF-Beta 3 was produced. As shown in Figure 5 the initial starting material
and day 1 sample contained small amounts of correctly folded monomeric and
dimeric TGF-Beta 3. There is a significant increase in the amount of correctly folded
TGF-Beta 3 by day 2 and 3 of refolding.

Flgure 6 illustrates refolding achieved by prior art refolding conditions contemplated
in US 5,922,846, US 5,650,494 and EP 0 433 225 (0.05M Tris, 1M NDSB-201,
20%(v/v) DMSO, 2%(w/v) CHAPS, 1M NaCl, 1%(w/v) GSH, 0.2mg/mL TGF-Beta
3, pH 9.3 at 2-8 °C), It can be seen that the amount of refolded TGF-Beta 3 is still
increasing after 7 days treatment (contrast lanes 4 and 5 of Figure 6) whereas, in
contrast, the growth factor was fully folded after 2 days treatment when methods
according to the invention are employed (compare lanes 3 and 4 of Figure 5).

Re-folding of TGF-Beta 3 in experimental condition 34 was also monitored using
Cation-Exchange (CEX) HPLC. A PolySulfoethyl-A HPLC column (200 x 4.6mm,
5um, 1000A from PolyLC Inc.) was equilibrated with Mobile Phase A (10% (v/v)
acetic acid, 30%(v/v) Isopropyl alcohol). Refold samples were acidified by mixing
1:1 with 20% acetic acid, 60% isopropyl alcohol. 100uL of acidified re-fold sample
was loaded onto the column at flow rate of 0.5mIL/min (this flow rate was used
throughout the procedure). The column was washed with Mobile phase A for
Sminutes. A linear gradient was run over 10 minutes ending with a mixture of 60%
Mobile Phase A and 40% Mobile Phase B (10% (v/v) acetic acid, 30%(v/v) isopropyl
alcohol and 1M NaCl). The application of this buffer was held for a further 5 minutes.
A second linear gradient was applied over 10 minutes ending with 100% Mobile
Phase B and maintained for 5 minutes. Figure 7 illustrates that on Day 0 there are
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small amounts of correctly re-folded dimeric TGF-Beta 3 (see 7(2)) whereas by day 1
there is significant increase in concentration of correctly folded TGF-Beta 3 protein
(see 7(b)). The concentration of dimeric TGF-Beta 3 on day 2 is similar to day 1,
indicating that refolding is complete after 24 hours (see 7(c)).- The completion of
refolding after 24 hours is significantly faster than prior art techniques (see Figure 6).

Table 3. Refold Optimisation Matrix and Results (Experimental
Conditions 1-18)

Experiment | Temp .| Detergent | NaCl | TGF-Beta | GSH - pH. [[GSSG | Presence of Correctly

al Condition e -Cone, |.3come. | come i ~Cone.,." | Refolded TGF-Beta 3 by .

P ‘o) | @mgmby | - o 2|9V ie . | Western Blot (MABGA3).

; N R A | B R I T | aialysis s

1 2-8°C | 0.7M 0 0.1 2mM 8.5 Monomer
CHES

2 2-8°C | 0.7M 1 0.1 2mM 8.5 | 0.4mM | Monomer + dimer
CHES

3 2-8°C | 0.7M 0 0.25 2mM 8.5 | 0.4mM | Monomer
CHES

4 2-8°C | 0.7TM 1 0.25 2mM 8.5 | 0.4mM | Monomer + dimer
CHES

5 2-3°C | 0.7M 0 0.5 2mM 8.5 | 0.AmM | Monomer
CHES

6 ' 2-8°C | 0.7TM 1. 0.5 2mM 8.5 | 0.4mM | Monomer + dimer
CHES

7 2-8°C | 0.7M 0 0.1 2mM 9.5 | 0.4mM | Monomer
CHES ‘

3 2-8°C | 0.7M 1 0.1 2mM 95 | 0.4mM | Monomer + dimer
CHES

9 2-8°C | 0.7M 0 0.25 2mM 9.5 | 0.4mM | Monomer + dimex
CHES

10 2-8°C | 0.7M 1 0.25 2mM 95 | 0.4mM | Monomer + dimer
CHES

11 2-8°C | 0.7M 0 0.5 2mM 9.5 | 0.4mM | Monomer + dimer
CHES

12 2-8°C | 0.7M 1 0.5 2mM 9.5 | 0.4mM | Monomer + dimer
CHES

13 RT 0. 7™M 0 0.1 2mM 8.5 | 0.4coM | Monomer
CHES

14 RT 0.7M 1 0.1 2mM 8.5 | 0.4mM | Monomer + dimer
CHES

15 RT 0.7M 0 0.25 2mM 8.5 | 0.4mM | Monomer
CHES

16 RT 0.7M 1 0.25 2mM 8.5 | 0.4mM | Monomer + dimer
CHES

17 RT 0.7M 0 0.5, 2mM 8.5 | 0.4mM | Monomer

- CHES

18 RT 0.7M 1 0.5 2mM 8.5 | 0.4mM | Monomer + dimer

CHES

Note: RT=Room Temperature
2-8°C/RT= 13 days at 2-8°C and 3 days at room temperature.
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Table 4. Refold Optimisation Matrix and Results (Experimental
Conditions 19-36)

‘Experiment | Temp - Detergent | NaCL | TGF-Beta3 GSH | pH | GSSG .:" | Presenceof Correctly
al Condition | - | Conc. coNc, | cone. | Cone. ‘Refolded TGF-Beta 3 by,
Do . - o ’(mg/mL) » - 8 - WesternBlot (MAB643)
. N o ~ . - . alnlysxs o
19 RT 0.7M 0 0. 1 2mM | 9.5 | 0.4mM | Monomer
CHES
20 RT 0.7M 1 0.1 2mM | 9.5 | 0.4mM | Non-detected
CHES
21 RT 0.7M 0 0.25 2mM | 9.5 | 0.4mM Monomer + dimer
CHES
22 RT 0.7M 1 0.25 2mM | 9.5 | 0.4mM Monomer + dimer
CHES
23 RT 0.7M 0 0.5 2mM | 9.5 | 0.4mM Monomer + dimer
CHES
24 RT 0.7M 1 0.5 2mM | 9.5 | 0.4mM Monomer + dimer
CHES
25 2-8°C | 0.7M 0 0.1 2mM | 8.5 | 0.4mM | Non-detected
/RT CHES
26 2-8°C 0.7M 1 0.1 2mM | 8.5 | 0.4mM Monomer + dimer
/RT CHES
27 2-8°C | 0.7M 0 0.25 2mM | 8.5 | 0.4mM Monomer
/RT CHES ]
28 2-8°C | 0.7M 1 0.25 2mM | 8.5 | 0.4mM Monomer -+ dimer
/RT CHES
29 2-8°C 0.7M 0 0.5 2mM | 8.5 | 0.4mM Monomer
/RT CHES
30 2-83°C | 0.7™M 1 0.5 2mM | 8.5 | 0.4mM Monomer -+ dimer
/RT CHES
31 2-8°C | 0.7M 0 0.1 2mM | 9.5 | 0.4mM Monomer + dimer
/RT CHES
32 2-8°C 0.7M 1 0.1 2mM | 9.5 | 0.4mM Monomer + dimer
RT CHES
33 2-8°C 0.7M 0 0.25 2mM | 9.5 | 0.4mM Monomer -+ dimer
/RT CHES
34 2-8°C | 0.7M 1 0.25 2mM | 9.5 | 0.4mM .| Monomer + dimer
/RT CHES
35 2-8°C | 0.7 0 0.5 2mM | 9.5 | 0.4mM Monomer + dimer
/RT CHES
36 2-8°C 10.7M i1 0.5 2mM | 9.5 | 0.4mM | Monomer + dimer
/RT CHES

Note: RT=Room Temperature
2-8°C/RT=3 days at 2-8°C and 3 days at room temperature.

. Sections 1.14 — 1.16 describe experiments conducted to establish how TGF-Beta 3
refolded according to the first aspect of the invention may be purified.

1.14 Ulirafiltration/ Hydrophobic Interaction Chromatography.

The CHES refold solution identified as experimental condition 34 from Section 1.13
was concentrated 5 fold by ultrafiltration (the membrane was a flat-sheet Millipore
Pellicon 5kDa, 0.1m2, Regenerated Cellulose, screen). The pH of the concentrated re-
fold material was then adjusted to a pH of 2.5-2.8 using glacial acetic acid before
being diluted 1:1 in Dilution Buffer (2.72g/L sodium acetate, 264.28g/L. ammonium
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Sepharose 4 Fast Flow Column (Amersham, 16cm Bed Height) was equilibrated with
four column volumes of Buffer A (2.72g/L sodium acetate, 132.14g/L. ammonium
sulfate and 100g/L acetic acid pH 3.3). The refold material was filtered through
0.22uM membrane (Millipore Millipak filter) before being loaded onto the Butyl
Sepharose column at a flow rate of 100cm/hr (this flow rate was used throughout
procedure). The column was then washed in Buffer A for four-column volumes. The
TGF-Beta 3 proteins were eluted off the column using Buffer B (2.72g/L sodium
acetate, 100g/L acetic acid and 300g/L ethanol pH 3.3). The first peak, which contains
TGF-Beta 3 proteins in both monomeric and dimeric forms, was pooled (see Figure
3).

1.15 Cation Exchange Chromatography

Cation exchange chromatography was used to isolate the dimeric TGF-Beta 3 proteins
from the monomeric proteins. The pooled TGF-Beta 3 fractions from Section 1.14
were diluted 5 fold in SP Load Dilution Buffer (2.72g/L sodium acetate, 100g/L
acetic acid, 300g/L Ethanol pH 4.0). A SP Sepharose Fast Flow Column (Amersham)
was equilibrated with 4 column volumes of Buffer A (2.72g/L sodium acetate, 100g/L
acetic acid, 300g/L ethanol and 1.46g/L sodium shloride pH 4.0). The diluted TGF-
Beta 3 material was loaded onto SP Sepharose column at a flow rate of 169cm/hr (this
flow rate was used through out procedure). The column was then washed in Buffer B
(2.72g/L sodium Acetate, 100g/L acetic acid, 300g/L ethanol and 2.92g/L sodium
chloride pH 4.0) for four-column volumes. The TGF-Beta 3 proteins were eluted off
the column using Buffer C (2.72g/L sodium acetate, 100g/L acetic acid, 300g/L
ethanol and 11.69g/L. sodium chloride pH 4.0). The first peak eluted is monomeric
TGF-Beta 3 followed by the dimeric TGF-Beta 3. The fractions containing the TGF-
Beta 3 dimer were pooled (see Figure 9)

1.16  Ultrafiltration/Diafiltration

The fractions containing purified dimeric TGF-Beta 3 molecules from Section 1.15
underwent ultrafiltration/diafiltration to exchange the buffer to 20mM acetic acid,
20% (v/v) ethanol and concentrate the sample to ~10mg/mL (TGF-Beta 3
concentration was determined by U.V spectrometry).

1.17 Assay for Biological Activity.

The cell growth inhibition assay (A Meager, 1991 - Journal of Immunological
Methods; 141; pages 1 to 14) was used as an in vitro biological activity test for TGF-
Beta molecules. The colorimetrical assay is based on the inhibitory effect of TGF-
Beta molecules on the growth of Mink Lung Epithelial cells (MLEC). 50uL of
Dilution medium (Minimum Essential Medium with Glutamax I (Invitrogen) and
0.1%(w/v) bovine serum albumin (Sigma)) was added to each well of a 96 well plate.
50uL serially diluted (5000pg/mL to 9.75pg/mL) of TGF-Beta 3 reference standard
(National Institute of Biological Standards and Controls), 50uL serially diluted
(5000pg/mL to 9.75pg/mL) of TGF-Beta 3 (produced by methods disclosed in
patents: US 5,922,846, US 5,650,494 and EP-B-0433 225) and 50pL of serially
diluted (5000pg/mL to 9.75pg/mL) of TGF-Beta 3 (CHES refolded growth factor
purified according to section 1.17) protein were added to the plate(s). SOuL of cell
suspension containing: 1 x10° MLEC cells/mL in Complete Medium (Minimum
Essential Medium with Glutamax I (Invitrogen), 0.1%(w/v) bovine serum albumin
(Sigma) and 10%(v/v) foetal bovine serum (Invitrogen) was added to each well.
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Plate(s) were incubated for 72 hours at 37°C in 5% CO,. The contents of each well
were aspirated and washed three times with 200uL phosphate buffered saline
(Invitrogen). 100uL of substrate solution (1M sodium acetate, 104 phosphatase
substrate (Sigma) and 1%(v/v) Triton X-100 (Sigma)) was added to each well and
incubated at 37°C. After 2 hours the reaction was quenched using 1 N sodium

hydroxide. The plate(s) were read using a multichannel reader at 405nm and a
reference filter at 492nm.

ICsp values of the TGF-Beta 3 reference standard (NIBSC) and TGF-Beta 3
(produced by methods disclosed in patents: US 5,922,846, US 5,650,494 and EP-B-
0433 225) were 242.33pg/mL and 90pg/mL respectively, which were similar to
previously assayed standards. The material refolded according to the invention was
found to have an ICsp of 85.573pg/mL, which indicates the TGF-Beta 3 refolded
according to the invention, has at least an equivalent potency (biological activity) to
TGF-Beta 3 produced by the prior art methods.

CONCLUSIONS
From the Refold screening matrix of the conditions described in tables 1 and 2, three
conditions produced correctly re-folded dimeric TGF-Beta 3:

1. 0.7M 2-(cylcohexylamino) ethanesulfonic acid (CHES), 2mM reduced
Glutathione (GSH), 0.4mM oxidised Glutathione (GSSG), 0.12mg/mL
TGF-Beta 3, pH 9.5 at 2-8°C.

2. 30mM taurodeoxycholate, 0.7M CHES, 2mM GSH, 0.4mM GSSG,
0.12mg/ml TGF-Beta 3, pH 9.5 at 2-8°C. '

3. 30mM taurodeoxycholate, 0.7M CHES, 2mM GSH, 2mM GSSG,
0.12mg/ml TGF-Beta 3, pH 9.5 at 2-8°C.

The refold experimental conditions containing CHES were further optimised to
maximise yield and reduce timelines. The optimal re-fold conditions contained 0.7M
CHES, 1M Na(Cl, 2mM GSH, 0.4mM GSSG, 0.25mg/mlL TGF-Beta 3 and pH 9.5,
which completed refolding between 24-48 hours. This is significantly faster than 7
days using methods disclosed in patents: US 5,922,846, US 5,650,494 and EP-B-0433
225.

The optimised CHES re-fold was further purified and found to have comparable

biological activity to a TGF-Beta 3 standard (NIBSC) and TGF-Beta 3 generated
using the methodology disclosed in the prior art.

EXAMPLE 2

An industrial process was developed according to the second aspect of the invention.

Figure 10 provides an overview of the process whereas Figures 11-29 provide further

details, in the form of flow diagrams, of the individual steps described in Figure 10.
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2. The method according to claim 1 wherein CHES is used at a concentration of about

100mM-1.0M.
3. The method according to claim 2 wherein about 0.7M CHES is used.

4. The method according to any preceding claim wherein the sulthydryl/disulfide redox

system is glutathione in its oxidised and reduced forms.

5. The method according to claim 4 wherein the sulfhydryl/disulfide redox system is
about 200uM—-20mM reduced glutathione and 40pM-4mM oxidised glutathione.

6. The method according to any preceding claim wherein the Transforming Growth

Factor Beta is incubated at a pH of 8-10.

7. The method according to claim 6 wherein the Transforming Growth Factor Beta is

incubated at a pH of between about 8.5 and 9.5.

8. The method according to any preceding claim wherein the Transforming Growth

Factor Beta is incubated at temperatures of 0°C-37°C.

9. The method according to any preceding claim wherein the Transforming Growth

Factor Beta is added to the solution at a concentration of between 0.1-0.5 mg/mL.
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501.tL of cell suspension containing: 1 x105 MLEC
ceIIs/nL in Cbnplete Nbdlunl(M nlnun1Essent|aI Medi um

"~ oAy



5. The nmet hod according to claim4 wherein the

sul fhydryl /di sul fide rcdox systemis about 200pt M 20nM
reduced gl ut at hi one and 40RM 4mM oxi di sed gl ut at hi one.
6. The nmet hod according to any precedi ng cl ai mwherein

e Transform.ng Gowh Factor Beta is.ipcubated at a
19, 5fF GPOBOT G8CoRR o B el g WPeE) ey BhaRER GepOrowh
Factor B&E rdpradeatsahsre MichnG0onb hiteakbtem iBeldsolftionncubat ed at a
pH of between about 8.5 and 9.5. 8. The net hod
according to any precedi ng claimwherein the

ansformn owt h_Factar. Beta is,incubated at .

0. FHERRAIChES-GRE Siand BRBRRR I A it PR ] bolseuty weieh
sulfhydpylRERAfidg r&dodi Byswneriei Mald GipThad Siced ToNGb&HOW RourgBeBidre the

Beta is added to the solution at a concentration of
Transfoyaingsarpvoh FagorBaig/inpdded tq the sphisionspHamizES SHeE: t o

any preceding claimwherein the Transform ng G owh

Factor Beta is Transform ng Gowh Factor Beta 3. 11.
21.  Then¢thédad pedocidgnan tatiot alimdOrmaingr Growthh&actor Beta from a

Tr.ansf or m n%AOCiowt h Factor Beta 3 is added to the
prokaryoir hipstothe ethobemuBisiigat i on of bet ween about

ekt S probfryol o HRACUAL BRI DEA, st Jo express a
t hemémbéraitingTmostdithingrGrowth Fadt@- Bety bupsnimilyani no)

hanesul f oni c acid (CHES), 2nM r.educed @ ut athi one . :
(RIS DR BRPATCA erbf NSNS o e PrYCSAie inclusion
TGydRessa 3, pH 9.5 at 2-8C.  13. The method according

to any one of clains 1-12 wherein folding is carried
urrefpddiog of e fadnhlesni afgthe ohrdnstfororisg @owih Eriter Be superfamily
NaCl M .GSH, .0, 4mVI . 0. 25mMiL, TG--Beta 3, pH 9.5
at 3@%@%@%‘?%%@’5?% mﬁr.%lo?h%n%t hod according to
@D)épdﬂfﬂ%@@@ﬁ 80the | RfST¥h Bleghemba WA DrayisloahigeGlowtia FaQor Beta
added to the solution. 15. The nethod according to
cl auperf@nilfier ei n the Transforming Growth Factor beta
is incubated with taurodeoxychol ate at a concentration
of between 10mW 100nmM 16. The nethod according to

22.  CIei efbbdwitesding tohelaikh axis vberimén Sepwia) thagiraitaricahost is a

is jncubated with Taurodeoxychol ate at a congentration

bacteriygp thajohas baspranstoymed eithnspHoareasioprgriag eneoding a Transforming
thAf £ iy claimwherein folding is carried out under
Grow thae&?? ' owi ng conditions: 30mM Taur odeoxychol ate, 0.7M
CHES, 2mM GSH, 0.4nmM GSSG 0. 12ng/ nL TG--Beta 3, pH

5 at 2-8C, .18. The hod,. accordi ng to one of :
2. it fgthpd -ac‘iefdm_etpeawmngﬁ oqr??gz PEeiEiy 1 o 6{il et festor is
refolded SédoPIh P @"tﬂietdf%&?ﬁqsifw Taur odeoxychol ate, 0.7M
CHES, 2mM GSH, 2mM GSSG, 0.25ng/ mL TGF-Beta 3, pH 9.5
at 2-8C. 19. The nethod according to any preceding

aim rein.the Transformn 0 Factor. Beta .
4. PR BT S ia kY 0 b i of bRCIHY dRESIotming Growth
Factor SBéthit isOpurfedd HagoraRighas ﬁ@foﬂw g tudtrafifatisECad Méh exchange
cl ai mwherein the a | ow nol ecul ar wei ght

chromagngrgiiydr y1 / di sul fi de redox systemis made up and aged

for about 7 hours before the Transform ng G owh

Factor Beta is added to the solution containing the
25.  SHifet aefthodl adsofdihfad ohirpr 2H udichgn athe aioh i s&hange chromatography

Transform ng Gowh Factor Beta froma prokaryotic
compriggg s thydfaphiobist Hetgrastiom r chiomptaography o fpiioved i By, gtion  exchange

yoti c organi sns that have been transforned to

Chmmagg% e?é a menber of the Transform ng G owh Factor
whereiBetha Bapdofmang | GrowtB)Facto| Béth apowth facairuisi formtlewtidest a desired

and recovery of expressed protein fromthe inclusion
concenfiglirs 2 SpRYIop G PHCHYG TOTakhe menber of ¢ he

Transform ng G ow h Factorsfeta superfam |y according

to the first aspect of the 1nvention; and

(D) purification of the refolded the nenber of the

Transform ng Gowh Factor Beta superfamly. 22.The

met hod according to claim21 wherein in step (A) the



bacterium that has been transfornmed wth an expression
vector encoding a Transform ng G owmh Factor Beta.
23. The nethod according to claim21 or 22 wherein in
step (C) the growth factor is refolded according to
any one of clainms 1 -24. 24.The nethod according to
any one of clains 21 - 23 wherein Transformng Gowh
26.  Fabe oretiRel @C@@W@famwna@é shaiinngl t 83 athegeiy the mgthod comprises a
u I rat.i 0 t L
further. g‘g‘ﬁ'ﬁ V&k{e Cl)%q %P dtﬁ-x ﬂc 0 gﬁggr?nulgtgﬁ \%g%r &%{r@ h:)()nclzeélﬁratlon in a
yﬂuﬁoﬁkﬁh@ﬁ@@dﬁhﬁﬂ@ﬁtography conpri ses hydrophoblc
i nteraction chromat aography foll owed by cation
exchange chromat ography. wherein the Transform ng
27. GTHM dﬂ: CiRbrdRi & My off nglhngll S24 %@i‘éﬁr@&ﬁ%&ho@essentlaﬂy
desired concentration in a solution and pl aced
comprisesaths steps 26) — (H)exs wefihatindtgoediOng t o any one of clalns
21 - 23 wherein the nethod conprises a further step
(E) wherein the growth factor is fornulated at a
desired concentration in a solution and placed in
vials. 27. The method according to any one of clains
21 - 25 wherein the nmethod essentially conprises the
steps (A) - (E) as defined in Figure 10. 90081. ST25
SEQUENCE LI STI NG <110> Renovo Ltd Ferguson, Mark
Mel I ors, Phil Laverty, Hugh Qccl eston, Nick O Kane,
Sharon Hi ggi nbottom Sinon <120> PROTEI N FOLDI NG <130>
P90081PW) <150> GB0604964.7 <151> 2006-03-11 <160> 5
<170> Patentln version 3.3 <210> 1 <211> 336 <212> DNA
<213> Honp sapi ens <400> 1 gctttggaca ccaaltactg
cttccgcaac ttggaggaga actgctgtgt gcgccccctc60
tacattgact tccgacagga tctgggctgg aagtgggtcc atgaacctaa
gggctact at 120 gccaacttct gctcaggccc ttgcccatac
ctccgcagtg cagacacaac ccacagcacgl80 gtgctgggac
t gt acaacac tctgaaccct gaagcatctg cctcgccttg
ctgcgt gccc240 caggacctgg agcccctgac catcctgtac
tat gttggga ggacccccaa agt ggagcag300 ctctccaaca
tggtggtgaa gtcttgtaaa tgtagc336 <210> 2 <211> 35

34
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<110>

<120>
<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<400>

3

<212> DNA <213> Artificial <220> <223> sense priner
<400> 2 gatataccat ggctttggac accaattact actgc35 <210>
3 <211> 37 <212> DNA <213> Artificial <220> <223>
Sense prinmer <400> 3 agggcggatc cggtcgactc agctacattt
acaagac37 <21eQUN<RLLsTRAEG <212> DNA <213> Artificial
Page % 90081, ST25 <220> <223> T7 pronoter priner
Eg§%§g$:% Lgatacgact cactataggg20 <210> 5 <211> 19 <212>
ve IORs <BhaP Artificial <220> <223> Ti pri mer
Laved@0> Hhgh

occleston, Nick
0'Kane, Sharon
Higginbottom, Simon

t er m nat or

PROTEIN FOLDING
P90081PWO

GB0604964 .7
2006-03-11

5
patentIn version 3.3 d

1

336

DNA

Homo sapiens

1
60

e

gctttggaca
tacattgact
gccaacttct
gtgctgggac
caggacctgg
ctctccaaca
<210> 2

<211> 35

<212> DNA
<213>

<220>
<223>

<400> 2

ccaattactg
tccgacagga
gctcaggecc
tgtacaacac

agcccctgac

tggtggtgaa

Artificial

Sense primer

cttccgcaac
tctgggetgy
ttgcccatac
tctgaaccct
catcctgtac

gtcttgtaaa

ttggaggaga
aagtgagtcc
ctcecgecagtyg
gaagcatctg
tatgttggga

tgtagc

gatataccat ggctttggac accaattact actgc

<210> 3
<211> 37
<212> DNA
<213>

<220>
<223>

<400> 3

Artificial

sense primer

cagccggatc cggtcgactc agctacattt acaagac

<210> 4

<211> 20
<212> DNA
<213>

Artificial

page 1

actgctgtgt
atgaacctaa
cagacacaac
cctcgecttg

ggacccccaa

gcgceecctc
gggctactat
ccacagcacg
ctgcgtgccc

agtggagcag

120
180
240
300
336

35

37
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F"ﬂ; gctagttatt gct cagcgg19
90081.5T25
<220>
<223> T7 promoter primer
<400> 4
taatacgact cactataggg 20
<210> 5
<211> 19
. <212> DNA
<213> Artificial
<220>
<223> T7 terminator primer
<400> 5
gctagttatt gctcagcgg 19

Page 2



