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by hydrophobic interactions and by an inter-subunit disulfide bridge. Furthermore

each monomer comprises several extended beta strands interlocked by three of the

four intra-disulfide bonds and forms a tight structure known as the "Cysteine knot".

TGF-Beta family proteins have been proposed for a number of medical
purposes. These include the reduction of scarring, promotion of wound healing and
the stimulation of the replacement of damaged or diseased tissue at a variety of sites.
These sites include the skin, bone, cartilage, neural tissue, connective tissue (e.g.
tendons and ligaments), ocular tissue, liver and blood vessels etc. TGF-Beta 1 and
TGF-Beta 2 have been shown to accelerate wound healing in experimental animal
models, whilst their inhibition reduces subsequent scar formation. TGF-Beta 3 also

significantly reduces scarring both in animal models and in humans and, in 2006,
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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 art refolding conditions

(e.g. 0.05M Tris, 1M NDSB-201, 20%(v/v) DMSO, 2%(w/v) CHAPS, 1M NaCl,
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The Transforming Growth Factor Beta (TGF-Beta) may be any TGF-Beta
(e.g.. TGF-B1, TGF-2 or TGF-B3). However it is preferred that the TGF-Beta is
TGF-Beta3 (TGF-33).

o

By “functional analogue thereof” we mean variants of a TGF-beta that retain
the biological activity of the wild type growth factor. The functional analogue is
preferably a protein and, in mature form, may comprise a dimer of two monomeric
polypeptides of about 112 amino acids in length although it will be appreciated that
functional analogues may be truncated or elongated when compared to the wild-type.
The term also encompasses mutants of wild ~type TGF-beta and particularly of TGF-

Beta 3 that retain, or even have improved, activity when compared to the wild-type.
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The inventors decided to test out a variety of detergents, including those
contemplated in EP 0 433 225, and were surprised to find that most of the detergents
they tested were ineffective for folding or refolding members of the TGF-Beta
superfamily whereas those that did work took an unacceptable amount of time to yield
useful amount of active growth factor. Tables 1 and 2 of the Example illustrate that a
number of such detergents were ineffective. However to the inventors’ surprise they
found that the use of 2-(cylcohexylamino)-ethanesulfonic acid (CHES), and analogues
thereof, in combination with a low molecular weight sulfhydryl/disulfide redox
system, in accordance with the first aspect of the invention, was particularly effective

for producing correctly folded dimeric growth factor.
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of hydrogen, substituted or unsubstituted Cj.4 alkyl groups, substituted or
unsubstituted Cag cycloalkyl groups, or a substituted or unsubstituted aromatic

nucleus, or R; and R, together form a ring system having up to 10 atoms;

X, and X, are independently selected from —O-, -S-, -S(0), -S(O2)-, -NRs-,
-CHR4- and CHRs where Ri, Ry, and Rs are the same or different and are
independently selected from the group consisting of hydrogen, substituted or
unsubstituted C;.4 alkyl groups, substituted or unsubstituted Cs_g cycloalkyl groups, or
a substituted or unsubstituted aromatic nucleus or any two of R3, R4 and Rs may

together form a ring system having up to 6 carbon atoms, subject to the proviso that at

least one of X; and X, is —CHR4- or —CHRs-; and
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may also be advantageously combined with other agents that have detergent/folding

activity. Examples of such agents include: Taurodeoxycholate, Isopropyl Alcohol,
Arginine-HC], Non-detergent Sulphobeatine-201 and Non-detergent Sulphobeatine-
211.

It is preferred that the solution comprises a concentration of about 10mM to

2.0M CHES; more preferably 100mM-1.0M and most preferably about 0.7M CHES.

The abovementioned concentrations of CHES may also be used when CHES
is combined with other agents. For instance a preferred combination of agents that

promote refolding is about 30mM Taurodeoxycholate and 0.7M CHES.
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Ghitdthiond; $orb @refpribbed i Madxidivel Gheathonapandumost preferably
di ssolved in a solution conpri sing a nunber of other
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Accordingly, preferred low molecular weight sulfhydryl/disulfide redox

systems may comprise 200uM—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 sulthydryl/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



chl oride, sul phate, phosphate, acetate etc. It is
preferred that the solution is a sodium chloride
w@odoatiosd at a concentration of 0.5 to 2 M TheCT/GB2007/000814
sol ution may, for exanple, be phosphate buffered
redoal dystem. [Bxripiest ¢feprefermed e;@ndlglam omdudenexposing nindolded gayvth
tabI i shed that folding conditions could be optim sed
OECV %dj usting the pH and the tenperature at which

fol g4 3@71\/@0@80%@9@%&@%19@@88 tinmal tenperature
depended on a nunber of factors such as the agents

useéb) 80mM Hanredeeysholatee 0 b GHES f 2igMo@BH. an6c®.6mM §5SG;
be refol ded. Under nost circunstances a tenperature of
bel ow ¥bout 15C is preferred (for exanple 2-8C or
aboyly JRL TRV YcHY ) & 7M EHES, VeSS end 2mM GSSG.
terrperature) were al so effective for sone conditions.
The inventors discovered that it was generally
pre erable to ¢ t f t :
" 35 R R e B W B agchs Y B2 it in
wa$er0to afte "®rBlutioaf @cfcbﬁbﬁg/ ta by einaemidnofH@vat 1’p I'VIIIB. Hso be

Arrpstﬁgreferred pH for the solutiopn is a pH of abou\g}
appresiatetsatatis iagents manh o e vt Wﬁopié‘é’?&o gang 3 BUphg of
|t i ' f
ot}fe]g 8%@%%0@%&%&%2@%@0& ofl EH‘ BLA%S)gﬁléthg}eco%{ i€ ‘s%??gal% that

cafi®eowseld ihabé golutiay 1hduém| cats mibsddwns pbiassigm,; and calcium with

L ey e et L B PP S o o
chi¥RE %BI%I%M afl QHﬁcegtrg@dTgéﬂG-S b 20M. ’?@@kdlh@d ¥ f&h Sxample be

net hods of the invention may be enployed to any

phosphetedrufisfed sandr ansf ormi ng Growth Factor Beta
superfamly into a dinmeric, biologically active form
It is preferred that the nethod is used to fold a

TGFRetiy RBéir SRvEdtightiesaiy envédorBetRo 1estdHshébtthat? folding
or TG--Beta 3). It 1s also preferred that the nethod
conditigaegowld BeobBtinsad ! pdjustmacilie ST g the Jergpgrpipee at which

fo ngegc%%\/\%g@ﬁ g%}o%tredthat have been produced in
S

at have been transfornmed to
express the growh factor. For instance the nmethod is
particularly
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



useful for folding growh factors that are | ocated
wi thin inclusion bodies of bacteria that have been

wo e@ndbossred with an expressi on vector encodi NBCEGB2007/000814
reconbi nant growh factor. It is nost preferred that

gravita faetonadsy bk addedi tov et sdntiar; eprafeeably @.0160 mg/mL; more

B LT B B A Bl s
0,%%&%%%%%9@5\0&%&9} (e.g. as described in Exanple 1 or

to e art). It is nost preferred that the
TG--Beta 3 is human TGF-Beta 3, reconbi nant human

TG Bet a or,. human TGF-Bet.a 3 that. co [
ut A% gReodsoRt BB IR TiRd By SRS 1o I b mopomer of the
Tritiforhiind WiBRE FEA8IMBeRS siferfiRily & faedinteice ORbditans active
enpl oyed to fold TG--Beta 3 incl ude: a}g 0. 7M
forn. (It §d profeesed thatithomedodan ased fmfﬂlctaé{élﬁ' clerrs)ye (forgxample

uced thio 0. 4nmM oxi di sed d ut at hi one
Té@%@ﬁ Tﬁp‘f@%}é@‘ﬁ@ﬁ_%@% ¥3 pHO5 at 2-8C: (b)
30mM t aur odeoxychol ate, 0. 7M CHES 2nmM GSH, 0. 4nM GSSG,

0.12ng/m. TGF-Beta 3, pH 9.5 at 2-8 QC, (c) 3QrM ,
t audbiserdseyrrpisirad dhat thermpibpitss useahip el monegetigegeursors (into

T 5Py B AP Oy o
beén trpmdf@niedab eRpr8&s the grovith fpeonfor msiEhee thanestbat s particularly

sl D Broah SsUa By KS-HSErTb S FPIRSgn @f eteria
th%'TQVé Qgegl | BforfBd (;vl‘?thsa%aéx fééﬁol ?@ctﬁ?&ﬂ%@@iﬂ%%&%c%ﬁbmﬂtﬁ growth

escr | n Exanpl e t w be appreciated tha
fad¢the scal e-up of the nethods represent an inportant
feature of the invention. Therefore according to a
second aspect of the invention there is provided a

et 1pds GhodrREeELMGhaN tIRC e ISR e Hivehtitdr are used to fold
Transform ng G owh Factor Beta superfam |y froma

mecsbesicy SGFcBHos? , thehds reetied ioMpringiiFign pedy of a bacterium
traiSiofBEg Hn O EF A% UlliGn AN s 1BRLiBR VP ERRBIe 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 GSSG,
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.
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to express a menber of the Transform ng G owth Factor

Beta superfamly; (b) isolation of inclusion bodies
wap@nemevery of expressed protein fromthe i neCT/IEBRIV7/000814

bodi es; (c) refolding of the nenber of the

Transforrri ng G owmh Factor Beta superfarri 'y according

p ur It’]ﬁ“ee leg{/%ng?]r S ?Q%ﬂ%@({? %}thlg Ly e ;? a%cforc?lﬂ% QZO )che invention in a

labbr AB5f @ AeRYbLER ﬁWrEi@aI}‘ﬁﬁ@ 1y andB@ltaﬁ weP6h tiial dtup e rhéhodology
preferred that step ﬁ I nvol ves theferrrentatlon of

as sgsariveil dn thramplede Ib@@ berappescitedethairthehscale-up pf @s}gn@hods

vect or _encodi Qrmn
T eggg%elng AUEAEY r%ﬂg g?%ﬁﬁqiﬁle 'Ilﬁvenlg% ! eEOéF earcg%flﬁpge e & fggond
asgect 6F tHEahderidd thaSts ploeided abhathed Gﬁﬁﬁﬁiu&ng UH®RBtive member of
G--Beta 3, or a functional anal ogue thereof. It will

they Trapsforaning G veth diacioneBetr spipesrmdy et errokarveie best, the

n ing ol ecul ar bi ol ogy techni ques known to
m%ﬁ ‘Féoq}g}?g%néexanpl e of such a bacteriumis given in

Exanp) e 1. Ifernichidoionfofprdidryotiatorgdmsmy manhMean ¢ransformed
ferment ed accor ding to conventl onal echnl Thi s
may i nvol ve 1 &XRERE & MERDET of tag(lirans owih Factor Beta

harvesting tJh by taki ng sanpl es fromthe
fernmentation gerg%ﬂe}fit rifuging the sanple to isolate

t he (by gani srrmlatﬁmepf (ejusom bodesrend aecovbrt be ezmessad protein

aspect of t venti an i nvol ve lysis of the
organi sns r gﬁéﬂ“ﬁ?"%&%f’ﬁ >fugation. The inclusion

bodigp (1B) rBRYdiAENHRENERER\GTRE TBMsfoMnk¥eGrowth Factor Beta
centrifugati on and washing steps. Preferably the |Bs

are further ﬁﬂp@&@édadgyrdu@ t@lth@ﬁﬁ agpsct of thoinypntione andhe

e

i sol ated | Bq:abﬁ)rugla@lns ?@i@lﬁﬂ:}t ed to the fol ding nethods
of the first aspect of the invention according to step

(c) of the nethod of the second aspect of the

If B\r/ i &%FFF ?ha(':ri@ gk%ﬁg\l’cﬁg&}’ﬁag g{@%ﬁﬁ{ioﬁ BEYARtNES BEe 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.

It 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
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(d). Purification may involve a nunber of biochem cal
purification steps such as ultrafiltration and
wa@ boogrretosegr aphy. Preferred purification procedeeEEBar0e/000814
illustrated in 1.15, 1.16 and 1.17 of Exanple 1. In a
promesfedrinetkimgbaeiste solubhize thequotsinf withior the $B$ iand then clarifying
hflltered further purified by hydrophobic interaction
®hr omat ography; and then finally purified by cation
exchange chromat ography. Optionally the nethod of the
second aspect of the invention may further conprise a

st eplheeprotgie ((ies- rihe m@f@dmgwwthcfa@pr)u fsomdhmwé@té@ IB¢ iy then
soEERR TS 1 BRER) HRIRP b TSR R R PR b o oo

(crdfithé AirethodSoT (R sebdd £pedt @f e iav@diohor st or age and/ or
transported. The growth factor may then be finished to

formthe final clinical product at a |ater date. The

i nvent or o

the uSe® IH@E@(@? ?&?A&%ﬁglfdﬂtg&éone @ééﬁ&f‘éﬁé@ &@ﬁﬁ% to step
(dFr]?airﬁidaﬁoﬁ BARS Jnvoleve wembth ef theedhemipae pudfisationsselps such as

W09/ 18196 woul d not be consi der d by a slé illed nto
ultsafiliyation, anc emoméﬁosxaab}ﬁg?r eé@tla 1caiol Pregedpes gte iliystrated in

1.2 AR 17 gfmr d \/IS n%ﬁteﬁ‘@ﬁm‘i’é‘nt bW iStactF is first

sécon aspect e i nventi on he skilled person
filtemed; cfumlmr@uhﬁedl by shydmphcbhls irgerattoon chromatograpby; anddbemfnally

The i ncl ude W09/ 18196 di scl oses net hods for
pup%gﬁgéﬂcag?q ?’%@f‘é%‘})ﬁhﬁcfmltﬂ%r i ncl usi on bodi es shoul d

use denaturants such as Guani di ne- HCL or. by

acidification with an acid such as Acetic Acid. The
i nvePptiorelificthe rhasbod of Hbe sarm‘ndi aspeeit olother Bwemticagmay further

coBrga\ﬁsé gcs (é;w?x%rﬁwh? %%I%v%&ﬁ % rrx%&t{f%e n&{ éfessﬁrgﬁl concentration

1n5@|séﬂhtlbh sed IﬂébedCllndwal@dThﬁesdltrhdﬁﬁﬁlayhﬁntﬁel ﬁﬁaﬂt mlmumlon for
(the preferred pH for refol ding accordin

chin'mab HEq ehyna}’tb‘?aﬁon’ﬂhl?@dcfhhﬁ@éageraé‘@(%i&aﬁsﬁ%tegi %a Wbﬁam
ms PRih bE Ginidled I RYRTH 4 RIRE08 Bt Playef GhecBet a 3

diie 1o cr055| s I'soelectric point
(pH 6.4)). This resulted in very | ow TG--Beta 3

Lor ubhs S pE s SHOEISHO U W D019 LG BRpIoE e s of CHES

e Nibtp PFAGhé BB onHQ@ew%s tHel toMRBi
fof g%ﬁéé[% ngogédenagﬁrggr%?gand&préé\r}?nt e% TG--Beta 3 fromques

dlscécﬁsmlidn VGO 8 b¥wnglidynot be considered by afsiilled mireto 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
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solubilisation steps of the prior art unsuitable.
Experinentation did establish that solubilisation of
WO p@aeisen bodi es using 6M Urea and 0. 1M DTIT geeEGHo@dA/000814
recoveries of TGF-Beta 3 and allowed the TG--Beta 3 to
itsriedaddotiico pomt i(PHwa4))dThist edulied 'mheer(yelfom dQFuBetar3 yields. The

A it f d h B
G FCLodrap abin PRRTSS 68 ot ALSIGR Aot Ao bt BeYe very
go%@)re&wﬁésl&l'?@F@e‘iQ 3Skcth 88clhdigt bédies BMAsGaH sﬁ‘SngSa denaturant

clarified using size exclusion chromatography (
andgwesesed phaE&Bdia gh feer fefoldinge e Accendingly Hho rmemgqra ynd the

oLC t hese t hod d b ta
SOl gIeer d1f Bk It AE ranenlts ToPertEetiaot BP ofighRh that
soﬁ%@waﬁé‘ﬂ'@f BcligloH B died fukivg TGMEIréahﬁidf(EHWMT %@v@éoddff@covenes
r?le(t he small er the sanple volune the better the

Betaad ashallovend) the iTé}F)-Bet@dnﬁﬁéP@ﬂCanC@deéS fidetad disthe refold
cordin h n t i

bquadﬁecor%ggf&t oy HERRR, AR TR R SR P tpctusion
bodshdinga reamic@DiTcal to use SEC for such vol unes

because to process this volunme in a single run would

require a colum (or multiple colums) with a

Sl n%bz/ C%%@%l?@%@' Sos ﬁ{at 4hé FMCF %Pan"ﬁé-cr‘:lérﬁ’led us1ng size

general | y uséd as anal ytica ue to the smal
exchisionn chedmuategrapltly a(SHQ) omoubwbrdme phape ahtghc qierﬁ)uname iliguid

t he commercj al uactur eta 3 f the
ch Qo R (&S HPEPL BOR dhSEcmetials oHR o SO or the
co%ﬁa&@ﬁl Bnlﬁﬁctﬁféeoﬂ mﬁ-@e't@? IH%%C taRgRRII@he Eiﬂ%l‘éhces the
tration (TFF) which gives 33 purities of 70
remidtlcabof/ﬁxe fapiplé (the ssnia&igx/vthet saatplqauoluum e t@ﬁeleﬂprmgﬁ@dtlon

rotein affects. ref ds ener al l e e
roRGHED. et ek Prelicilnisotding Wbl Rephd fipblert te
1n{/§}ﬁlohefn@£/ %rﬁﬂlﬁied%ou-fhﬁ)L rb\fewhﬂﬁﬁseﬁaﬁﬁllfsmnﬂodlbs’it It would be

TG--/33 purities of 70% (of total protein) and above |
ingirgadicnl; tgHnse SESH ryaueh eluaneg bteﬁatse o Woress- thizgvadwnp ip agingle

<\%Q1(f) olfe i %l cﬁ[u%tne )mg 9‘} X' S%Jl &/combined bed-
8 it1s g’lﬁl Yﬂnr? e 'n

ccor erre

volehb QﬂS724f Lt !R:P-HBILélnt; igenerally Lgede at efialytivab t&cﬂ%lmutoe thensnall
nor e preferably about  70% (or nore ure. This purit
cotgn polupeaad ctgaBy World bai HYrIekisl ?ﬁ@%& dpdh hecopppercial scale

mhR\FhtRe VT TRALBER P48 the same reasons. Tt is preferred that the method of the
second aspect of the invention uses Tangential Flow Filtration (TFF) which

gives TGF-03 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-A3 purities of 70% (of total protein) and
above give high refold yields and that low TGF-33 purities (<50% of total protein)
gave low refold yields. Accordingly it is preferred that TGF-33 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).
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clarification of the solublised TGF-Beta 3 using TFF
(e.g. see Exanple 2).(d) TG~ Beta 3 undergoes
W@ k@nitb496ent changes i n conformati on (secondarBCT/GB2007/000814
structure) and solubility at different pHs. As the pH
of a TG--Beta 3 contai ning solution is nmoved from

appadf  {oTokBeh 2y Ra i a et et op PG B B Eondary
stlﬂbtuﬁe)5a1ﬂn§blﬁ’é'ﬂh§r & divieRMt %ﬁﬂsg@;ssﬂﬁtpg% dfhatrdfiBeta 3 containing
SOglteferred H of refolding BMPs to be I_groanalte

B isipgyeed fronhacidigdtpld 3b@ tg raﬁiaﬂmapHé< 8.0 haggregates appear,

i dffon it oo bR BHL G Y PR ARl oo

staﬁésf thei 16 @yefeiel HH oF esfoldGGOBNIPRGH e lappﬂoﬁmmtair &(3. Tbvidvet this
the nethods of the invention utilising a refoldin
Bis Reta 3

wonld beunsyitaplg igr @&tréioldlhﬁﬁf S GF'-Bejp Stasrthis yr g gause
, T.
oP P OBl BRI, Pl 30BN, nfient) all Sita

Ammﬁgﬂtyrlatm prferodd thae tikedwihgaaiof the .igventien uniei@imgnaj refolding
oxi dised Gutathione) in the Refold Buffe

budter ppid greatey tham o i aferaly. gigater than pHAQ alac{e]alost preferably apH

%g&g@pgratl ons of Reduced d utathione (GSH) and
I'di'sed d utathione (GSSG used in the manufacture of
TG--Beta 3 according to the invention is 2mM and 0. 4niV

I rth t t h
* hat 6] The Ervbisets Tave isp Joyme 5 e Soucl Bati gt Sithe Redox
patt @50 lré(ﬁt@ed &@&tﬁ%@(}autamine) hembWersl Busfero6bé afffedént for
| east hour s, E@e erably at” | east 3-5 hours and nost

BMPeEfI@r EGF;B%& &ntedwomg@msatmrrmf Radusad érlytaghgono(GSH) and
1d1s8g @gtgﬁ?grfeﬁ@%ﬂ%} 4 mﬁ‘i’eq éﬁsﬁfagmret {)}Ih T&ﬁg%eetg %cc rding to

thé RdentibrisDHIIQIHE oszmhmre tivabyl F@iiﬂldﬂrﬂn)érdlhé tHveatord Bave found
produce GSSG and at physi oI ogi cal pHs the half-life of
thagdiis oy mmfésab%?@e)xﬁwq@p@; Pafr e ﬁléﬁqhserdemﬁﬁbmpﬁv@ﬁt the Huffer

is %@f@g%& fe?s’g f201‘f gfsh g@gér?l#lg af e%h ﬁi‘j)o {ig;{qgg f)l%gerably for about

7 Bowgsi The imbhtysrsl d\astedish ad baIHoahd g qnylshyphtheﬁ's withl nbgimels the
e I on; to,,prot nate the reactive thiola

be&?ﬁfaﬁg thi, TSN R pReisoLip & deliabity ﬂlbﬁg‘}eouﬁxsoluﬂons GSH

re&ﬁﬁlsgilﬁﬁﬁé Vcﬁpx%ﬁﬁée”@SS@rnarﬂf atl'}ﬁlyglohdgflc%l 8 %h@ff 136109 G:SH is
hrs. Therefore after 7 hours of buffer a

apprceum@ﬁerbeﬁﬂthudhme theeinventors prapect Wead ltee halédids o éiSH in
prefee 3RPrEK! | at ?eleIdmg err (p%'d 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 ImM 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
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and 1.15mM of GSSG Accordingly these concentrations
are preferred concentrations for refol ding TG Bet a3.
woeR9/100830P6 states the preferred concentrati onPOf/GBR@®7/000814
redox pair to be 2mM of GSH and I nM of GSSG (for
off dhictiting gty . suThias FRTAe is 8 mfcpidetmffeatmuddosﬁama GSH (i.e

g B30 B B R ot R Ry B BBl an
go&glgcel}nelgr oteins). In addition W»X9/18196 states the
requi renent of 5mM EDTA in the refold buffer. The

presenceof chel ati ng agents such as EDTA in the refold

Ot AT POVELE 9 FoRE st BTl chbecPina o SEBPRERI e poffr to
beolf I(T@_y’lﬁEt mlﬁlséﬁ'gduﬁamtl&Q&U&&h&ﬂ HeCbonténtrat6ROht 113&1691@0rs have

states the preferred concentration of BMP in th

foprd i usefnli it Ere manwfactyre b3 G -Heta 3 m;glmﬁlyszwgfmkhﬂépﬁyg/m

ot RSBy SRR SD L  TRL E

th&bfdr@praforredfiat QierﬂqeﬂhﬁdsT &FthBdhreenBiogaridise niure et meﬁzgfhrl of

ef ficlencies than TG--Beta 3. It is
T hndietr b e eI i TP RE ORI O5 e ko T TS Re R
utilise nore that 100/ xg/nL of TG--Beta 3 in the
refolindg step and preferably about 250/ Ag/ nL of
(gT GF-BEVE/1319¢ siptcs\@RO pidE0G sanaeestutchef freefedoldenf BMPs to be

rature of the refold. of B t C., The
2b Gy o eriate PO aPouged WA B G5 DFRa dodine at room
tetBAG AL Z?@M&sﬁﬁ?% @ﬁé’ ﬁ%éﬁgﬁ)ofr PSHIBeta |3naﬁdh§1at refolding of
aggr egat i on” of and r ef ol

TG¥BeBel shadild heaulr belowclfr Clpredsratls @ed @p@r@berlhg} () to gpeort the
prgéq%;}tog% gréth@/g\tyzug &%Bt?t%? galrrﬁlggfrﬁc;tsssqu)ﬁes&]pg cﬁghydrophoblc

inkyddtiephobi ¢ i nteraction. A nost preferred nmethod
according to the second aspect of the invention is
illustrated in Figure 10. Details of conditions and

br ot 6018 poutbhAPhE A oci5Rilg ! e REAIRELES SFEHD Stkention is
f affteh 4508 o e

il lustra gure I gures
illdGratdd ml\Figlureb ) aprraﬁs Ioﬁtcenﬂiﬁg‘nst iimi pfotd>dodﬂ:i smmbteofortdsaﬁn the
alth condltl ns an rotocols_set out in thes:
prﬁege§ (iye e abFiEwo 10 B ot HRFRBEod to 26." ST be

h ckdd B @ siiticpHbR ), althb&dh mexon&ﬁsﬁsoandfﬁmom§ 58 out in
e cont'ext requires otherw se, be used to effect any

thewi i glrbemfp pdifengbly 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 3puL of clones 1-4 respectively
(3hrs post induction); '
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met hod in accordance with the present invention. The
invention will be illustrated further by Exanples and
wowdao/10o8£r ence to the foll ow ng drawi ngs, in PI/GB2007/000814

Figure 1: is a photograph of an illustrative SDS-PAGE
Figee fis pdﬁxoiqmmbc@ﬁ @hllbﬁtrph\éesqu'@m blvhrererdingks first lane is a

stzﬁ}glfa{%f ig ?ed lgcredgj'élﬂq I nv%( ? n%lgn a;lie V\'E leg({nl‘réssgl?% 1’0 %Xpenmental

con@iidas 2wi X ih 3atie af of E‘Rﬁﬁ@leli Aanﬂ%ﬂﬁﬁlﬁﬂrait&ﬂ yhat &bﬁ&h@@qtz was
i nductjon); Figure 2: |s hot ogrr%?h of an

sup¢assist mprpdusingecorteetly Flded ﬂ%ﬁt@ﬁlé ©h-Reta3ir st 1ane is a

8 D )
FiELoS BB AR SR AR B e o
mmﬁorﬁetﬁﬁﬁid&ilﬁaeﬁm TGiFeReta St asatigusdcdat 144 nﬂ’l&;hmplellz whidfein lanes

successful in producing carrectly folded diner
Ipespgndto Ez}g&gfr@ngtl cpgdlgo%]o-tl%@? g@lﬂe gfof gqiample 1 after 7 day
ative Western bl ot denonstrating the folding of
médﬂag?rfésrfl c and dinmeric TGF-Beta 3 as discussed at 1.14
Flg!ﬁre@( amalphoﬂ)gmbh o hin 1llu$tre‘sve1W138tenDlﬁlb‘e®num§tramng the folding of

1- Tabl I 1
mop ng?rﬁ 4 mFlﬁ% Eg??ff? r-f11 w'?s&d a9 1350%%% %E?Vélgwnb%anes
19a§5 tolrepbhdid Eﬁpe%?etn@zﬂ r&oﬁhﬁbnéﬂ 08B SHh MablePof BRahpledi Aer 7

mononeric and dineric TG-Beta 3 as di scussed at
dal’.lllaub@fIOIExarrpl e 1 wherein lanes 19-36 correspond to

.EX d|t s, 1 b 4 0

FighBar 175 ghgoeiBhsse Db ese b ferondlsalii T Bighns of

métibrhdrid! Sl aliimesic\\FEITeBBtab |30tf01d6166w$1§1‘é@§"ﬂeﬂ IrdfoRide0l dhdigions
nmononeric and dineric TG-Beta 3 for nost preferred

of
aceeigigdith ghe amentipn s disewser g I b o eExampdat} ophegn lane 1

4
SRR of 9 L LA T 3
refoedlﬁg diteigR é:i}ts;erané4déptcsdnanefo3d1hg pfteskiiys anelflmiecB ish standard

after 2 days; _lane 4 represents refolding after 3 days
ofawa-rr:% gbéFS Befagdi andard of non-reduced TGF-Beta 3;

Flgu]‘.\%tb" b&ﬁ@dtpprb@aﬁgflmt&é V@é%tel{ﬁ bibe Hérﬁ&ﬁs‘ﬁ%tﬁ{g MeEfollling of

Onst ng the fol ding of nononeric an
mdtimmem'cn anGGHiBetia BGEHBdta S mgliping opriar ért rrefaddidgngchniques as
dlgc%gslze Iaglf.elﬁ o?]iﬁxample 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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di scussed at 1.14 of Exanple 1 wherein lane 1
represents refolding after 1 day ; lane 2 represents
wo edoghiaiong after 2 days ; |ane 3 represents rePOl/dBa@7/000814
after 3 days; and lane 5 represents refolding after 7
distagesdtat &40 iixamplegliaer hurifispii @sncationtaxonmige ghromatography
kﬂ&ygtratln he anount of dinmeric TG--Beta 3 produced
i ed refol ding condition according to
Fifglie 10nYELRkERMAR Abve aisghed 11Mstr&t1%l_?ref5ﬁ@<ﬂ’ﬁieﬁloh &ebfing to

purification by cation exchang ( ref ol ded
0

ther@noaét aspectsefinfiieagvendipnon Whigho(A) mgpresenisrthe fammentation and

Pg{lY ﬁgﬂ?ﬁrséac%v ﬁstrteepo? (]?f{) nr%?{g? egst %h% ]%h pﬁglf’z%{lgn and
Clmﬁ@ﬁ dtop; RCY @ﬁﬁ@séntsya PefOmiS ktep ra@ @ tin@tor Bkofirdi Agpect of the

condition according to the invention as di scussed at
inventignofD)ERprgpAnés qpmﬁ@po@ steps andalh) geprpsents a step for formulation
I |t nd hydrophobi c i nteraction
anéﬁﬁ%ﬁ@@ dﬁ%%h§&%ﬁ a Butyl - Sepharose columm; Figure 9:
Fig@prias dnisga@s @fﬁfermi agidiitnk lahd piataddln gnrtfbﬁnmmmt suthble for

dineric TG--B 3 db t f d
HS? 8 wedody ok ®s é‘i‘tePB‘PfP é@ﬁéﬁ ?haﬁ @eyttoglt &'@g‘lﬁ%\r@ﬁgf éﬁ
I C
B2 126HBREsEhehrkd OhaRSATRl Rl G Bl LU Bticn

sumﬂﬂel tfio; usEnrgnmemodl@of ths narestdmsmhlas tifalt &Woait mdﬁg\me 10(A) (ii);

Flé\lg‘% gﬁt ) E},Dsg%t $D err{Ge{qgcrogl Pﬁ prloﬁ)cc\%]%rfg:lhggl( fx)gistaplg IB recovery
sultShE ESARE $n MBBHEHNMBBIRELOSH alkd ak Btk s&ticaniBagyre1LBY) (ii);
recovery step; (B) represents the IB solubilrzation

Figurd dtarillistradesi anefstred; cqndjtione p ped eprotocalsr dérolinclysiep body

ordin the first _aspect t he ven
sof ERRabbTBut b 5 bic i rAREF of Tos R Bl Bt b ot i
Flgﬁ@g()(g))r(l)f ormul ation and file of the dr ug pr oduct

igure 11: illustrates preferred _conditions an

Flglirét deolibvgugiest Blfeﬁ%?ﬂdatcpléﬁh‘ﬂ%llﬁ taﬁél Brofesplsy de | Ww@%’«lﬁ@séhon

m%ﬂ?faﬂ% %P/a%][&d? Y 6“: % s @ é co ncgéli tqilﬂg n éFl gé]e@lbrane

prﬂfa@itMlFﬁgufr@lO(iBa r(me)sﬂmtalﬁid fmersb il fna:g@tis ofithe mu\teabbm?, f o r
use .i n_met hods of the(*gventlon uch a

Figyre ity ifustraise Ayo prafsrredroditions sndipretgeq s ke déf)eqoé Fiedgion

bo§trtAaRsn aﬁ%&! f%} SO Smb@LAS 8F the! iMPdrndioARHcH B that set out in
recovery suitable for use in nethods of the invention

Figure 1 08B) (ikat set out in Figure 10(A) (iii);
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) (i1d);

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) (1);
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Figure 14: illustrates preferred conditions and
protocols for inclusion body solubilisation suitable

wo eoo7ae®34 n met hods of the invention such as tPer/GBet07/000814
out in Figure 10(B) (i); Figure 15: illustrates

Figure Rér lmtraeniia prefesred mdngitionsoawl rwotoools (AAnd B) for post-refold

A5y 60y RRRREFRo A b R Pl pein

su&fagﬂﬁaﬁse@%ﬁhp(%:wé 10 (5)4iy;abl e for use in methods of
the i nvention urel illustrates two preferred

Figoadilt ilbustraten dwp rpmf@(r@d go:qdc\tlmsdarﬁ) protscolsriéy aed Bn fopacking

t
BifyRntr R 4 2o Y P sui@bie i uierin ERUHRE o Bl Vfitiop such as
thzﬁlsgmtﬁlﬂ.ﬁlgufdio,l@j)r(ﬁ) -es two preferred conditions and
protocols (A and for pre-refold UF/ DF suitable for

Figye 22 nllh@ﬁrﬁw@vomre fred pwwmnsm@dw@thccalg (4 rad By &r using Butyl
Segﬁ%r]o%eg}l}l EESt(]:l% w& %Sné)ns g Félgéﬁtltgl%% I%or 16%& il %dert%(ﬁsofttﬂ\éjmventlon

su@lﬁ@gﬁthlaﬂsdeﬁtqhdihglge$®l(]bp@i)e for use in nmethods of the
i nvention such as that set_out in Fi Egﬂ)ure 10 (C %i); .
Figiyrg 23 iutrates (tye preferad pendiéonscndaunigrels dAsangng) for cleaning

anf" 85D tﬁ)nf(ﬁr B ag?ﬂeh%o%leql Pilstt rﬁé\k'r&%ﬁ‘ !gtgg %lggteﬁe)fr@ﬁl%ds of the

preparation sul use in net
1n1'fammentsh¢1nassthameamtﬁ1hﬁigu%10 @it(ii),n Figure 10 (D) (i);
ur e illus re erred ndi.ti ons
Figh o ade i tples ictopg. Cordipoat LI arolt (o FeATaSP fpharose
Fa@f‘ﬁo%%h teRAE uY BRAGBSdsUT tR&HV BRI dsQhat$eotin F%ﬁfé)ﬁ‘ﬁ D)
of the invention such as that set out in Figure 10 (D
@i ); Fi gure 21: illustrates two preferred conditions

vl PR ey oharBls SRE oo i onER R bR S pfarose

FasNFRWM kRfh §iablea®r ubdin aRthodvlofithe friventich fRh(ds)théd de} out in
Figure 22: illustrates two preferred conditions and

Figirstl§dBD §1i):A and B) for using Butyl Sepharose 4 Fast

4 SRR 5, FRI0EE A S oo R LA O

Sefphinbse Fast Flow resin in a manner suitable for use in methods of the 1nvent10n

such as that set out in Figure 10 (D) (iii);

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) (iiD);

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) (i).

18



Figure 23: illustrates two preferred conditions and
protocols (A and B) for cleaning and regeneration of
w@aioyl1o8ephar ose 4 Fast Flow resin after use i PCTreBh@A®00814
f i_nvention such as that set out in Figure 10 (D)
EgﬁﬁirQEﬂgure 24: illustrates preferred conditions and
protocols for cleaning SP Sepharose Fast Flow resin
Thyeingerorggavasiigated mbgtheobr nbieiniproendt imethods of Fafoldieg neibers
i p. Fi 10 (D). (i); Figure 25 .illustrates preferred .
OPC glr?d ?ﬁ%ﬁ%taa%%e%ffi%‘f%cfﬁlgg% es@plishsd: g‘%es lodfeg expmple is
illiteitive 65ihe abplidadibh 6f {1 i _foldj ]
i nvention sg}?zlh as that Iggtﬁ&gudtﬁmﬁgsihg&gﬁ)rn gg ili)er}%tgddﬁ% ?SI;GF
B¢$éure 26: illustrates two preferred conditions and
protocols (A and B) for using SP Sepharose Fast Fl ow
resin in a manner suitable for use in nethods of the
Fitst\sestiidyomassseC tip &6 fifdh 8éreSibte- U rehferttd @GUE €.130 I(eggel{té ttlad were
Figure 27: illustrates preferred conditions an
fokb‘?‘&oo%lélr?f‘?]é?ngcme@ﬁ iDEGnaTP sgispih Aress thepdeken-fopwardeas described
" : - use/.regeneration set.. out
hefel, 8 ] B o . AR e Bl e oee
1. ) eFantlpdnethodi df posifidng ths etforRH Sgrowtameht®) whey ifvefdlated
(lgglfﬁ menbr ane preparation suitable for use in nethods
3P thd i nvention as that set out in Fi gure 10 (E) (i);
and Figure 29: illustrates two preferred conditions
and protocols (A and B) for UF/ DF of SP Sepharose
Methedsi eorpleedité testithie@Giolo SBalsotivity of TGBsRbt B ard destdibddng .18,
that are suitable for use in nmethods of the invention
such as that set out in Figure 10 (E) (i).EXAWPLE 1

Th¥festidVEIRBEOMS ihvHest kdfdafsh HBEkREvRA AR
met hods of re-fol ding nenbers (E)r?ﬁt‘llﬁe n'II'GF Be(?ﬁf;)l[role\ﬁ%]Imembers

of et F-Beia rpedanty beo estagtivd SnmdnayTheestailished g following the
§ 8. )l dust ,ve,of. the application of the
et ﬂo%ge%ﬁy thlﬁetﬂ ?tn%'é%ttiogﬂletlgvetnﬁgn're-foI di ng of TGFBeta

3. First, a study was set up to first screen re-fold
ts (see 1.13). Reagents that were
EXPERIMENTAT ) J

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 GTG AAG TCT TGT AAA TGT AGC

(SEQ ID No. 1)

1.1 cDNA 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 S0pL of a solution containing: One-step QRT-PCR buffer, 0.2mM dNTPs, 3.5mM
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found to aid re-folding in the primary screen were

then taken forward as descri bed herein, for further
wopi7meati on to maximse yield and reduce refBCTGB2007/000814

timelines (see 1.14). Finally nmethods of purifying the
Megehol e Sirgtedoint revesseoiranaetipiason g Polyatesst 2.9 nais, 0410V )Sense
privesr HOH SSARA DY UC AT GESETTHEGHT ACAgICEH AALE IAGT WGET GC 3°)
(SEQFHB&Im 23, angMisesei fiflerats’-LAB.CIBEATSCOC €3C! €Ad TCA
GCDeACAVETT CAt AGRea! 3 § SEQaID NBR9VeRke BRER valfplaced in a

théri;'HaEj bﬁge Qirng(‘J:li %d@ﬁ% émﬁ F&ﬁ% J@gb (ﬁ)tltﬁ'{g 3%11

‘%(F xl% hen f‘ﬁ?e min an

e
BER) & %arc FROEEIE i %8%&% dagarose
gek@q‘@@&bar@oﬂw@ fPélFlf vémsgt%zgr R eepf ki grenteed)s as
follows: GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG
1.2GAG @G A AIoni@CnidH oS TGICECu s nikionl AC ATT GAC TTC
The@E T4 wablor G (er{Ed i p BRE T (st éplad CAtamdA 10 roAEr under

La0¥ 5TodGtrd Peh dG@andiGoih THesishedt nldeke CCT TGC CCA TAC
CTCCGCAGTGCAGACACAACCCAC GC ACG GTG CTG GGA

Thgﬁﬁt‘ﬁétf‘@ccm @I&n@ﬁ? % % %} 4 it
O 7 ngland
1 reictlon
ﬁf‘«lA @8& Y486 | By qquqr}gzﬁ 11ter of pET-24d

% @géﬂ TAOLS

Pl SPPc}‘i1 ‘rﬁ%ﬂenwlﬂﬁ Jiges t %y oHigeped,@RNA and the
large plaseid HiR g CTNACTE AERTOFNER ledcandéﬁwtéredngsmg the SpinPrep
Geéwéﬁxfm@ﬁwnéltmvagm .ng total RNA as a tenplate,
TG-- Bet a3 cDNA was generated by Reverse

Ther pusiied tcDeA Paidy pasasé EhanentReaati hgatéRTsRERT4 Thgse kit
(N&FagdeaR Ths tiffatadi XDWaS /PrasRal eehsf fraBf@niddl idOtKIS174 (DE3)
(NSFeeRGRVISAT 2 (BE3Y @Rhsfihatioh 1948 Thé StansloRdSNe wer@RBlected by
plaltingRANER BbtBREr AERR Sontaining 50pg/mL kanamycin (Invitrogen).

Three clones were selected for restriction digest and/or expression.

1.3 Clone Screening for Product Expression

Clones were grown in shake flask cultures of half strength ‘Terrific Broth’ (6g/L
phytone peptone (Becton Dickinson), 12g/L yeast extract (Becton Dickinson), 2g/L
glycerol (JT Baker), 1.16g/L potassium phosphate monobasic (JT Baker), 6.25g/L
potassium phosphate dibasic (JT Baker), QS to 1 Litre with distilled water) and
induced in exponential phase at ODgg between 0.65 and 0.85 with 1mM isopropyl
beta-D-thiogalactopyranoside (IPTG). Post—induction samples were taken 3 hours
after the addition of IPTG and analysed by sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE) for product induction and expression. Clones 1-4
pre/post induction sample aliquots and Mark 12 molecular weight standards
(Invitogen- molecular weight range 2.5-200kDa) were run on NuPAGE® Novex 12%
Bis-Tris Gel, 1.0mm (Invitrogen) for approximately 40-50 minutes at 120milliAmps
and 200 Volts and then stained with Coomassie Blue. A protein whose size is between
6 and 14.4 kDa (i.e., TGF-Beta 3 monomer) is clearly induced in each of these
cultures (see Figure 1) with Clone 2 expressing the greatest amount of TGF-Beta 3
protein.

1.4 Frozen Cell stock

Clones 1-4 were grown in shake flasks in half strength Terrific Broth to an ODggo of
approximately 1. and stored as glycerol stocks by the addition of glycerol to
20%(v/v). 1.2mL of broth was aliquoted into 12 x 2mL cryovials (which contained
0.3mL of glycerol) and then stored at -70°C.
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to 50nmL of a solution containing: One-step QRT-PCR
buffer, 0.2mM dNTPs, 3.5nvMgd 2, | nL StrataScri pt
WO enenem3s ranscri ptase, Taq Pol ymerse 2.5 uni t BCT/GB400N000814
Sense prinmer (5 GAT ATA CCA TGG CTT TGG ACA CCA ATT
1L.ACT Seguee Gonfigngetidn of NGF-Beta 3dseneh Sense pri ner
Safrfples@EGh COBLEAT uRCGoGHOz@AR T kSCTeraCk el TEfASheAm@Mitdn of
gliZejol ((BEQskd Db plashid Boktioe asingon Qisgen MV adPapi Kit.aThe isolated
plisiad ek seyifnesd &ﬂd’hﬁiﬂéd%@lﬁgw pSlotasime(5uTder TAKEGAC
T(f&'d’l%’"[@ﬁ(} rarelely Q}% 45 aAd a4BCerhfdRtd? ﬁne?i@CGCT AGT
st ep

T CAYEGEESGS sec, 650C for m n and
%’gg?f}(?‘g 1 mn. 72Cfor 10 mn. PCR

n‘$ 35@%‘? run on 2%(W/W) agarose gel to verify
ﬁg@é oS 21??/@’@%5;%@%& n‘%ﬁg qu{pro 3 eIE) ampoule of frozen

joBn 1.4y Heas, eecoyargd i rocplatede Fl}th%I % e baffled
Er@mgr \ﬂ@@k,oﬁommukgoﬁ@(anhsofaffyﬁo roadivey (LiederHy-BepvQuest
Intcontiondl), Mhymhamt(Beqt@sDmlmnhdﬂg/érN@}r(élgtﬁa)emd 10g/L
gli}—(@l:olf& &ina) é’nd:iwg/magmmmycﬁrg amerfakle 6ak tcobaibd ethkhaRing at
f.ﬁd%ﬁ)ﬁﬁﬁ %ﬂd%fn 1e‘a dlkaalg td\ﬁlebsueé\'@msﬁﬁ @Vl@é&hdthe OD of the

w

Cuﬁhglg% ?%ﬁl_r"u g% 6;27 ngl anlgl Bi ol ggsdugéldn oa a 150k
reac |on Nucl e se e Water, Novagen) at 37C for 4
1 our 'ign?]r()l iter of pET- 24d pl asm d (Novagen) was
e sang manner The d| est ed
Nﬁéﬁ%ﬁ s il LG R e o Seghond e o | Eff rormeaﬂﬁﬁaq%o L
E) spriginitg9&hi ¢ffpaiph cdigt (0L &HR k. 0.
KHNdRQgé 2P g/LTNE5Qx,i 12ed dHYEBeY, aﬁg’lpﬂ’@strﬁxéraﬁtr@érﬂé)ﬁﬂsglyceml)
Theefeembitgiadre dpersiimg pAdnieiega serk cent(dilsd agelo}lowThemperature set

pdintd @V@ pdha s dniasirtedanafeosNemhmotiom-hplrdAde and 4N
pHoEEdk RN A dd dx BB OF frifififyodalBEt@ntoklionYs. ThE&essel
h i &E&ferw&t 5 ﬁé’?rﬁldst% SeitShnb PLAIG PGV QB JoULd08:pR Hith one

, C%l Op 5}? S%) cﬁ)%r ﬁleV\E:HS @on% ity parameters in the
S Hléﬁlénfﬁl Y ?r{?gf %%t aﬁg c rpgq%% Wﬁr P?l ' Wgy\ias
Wheki

qllh&l,l@."‘a &gac hed

&nﬂaa;glygg@bfeg@ (% p({vag\@p,}mtlg gl pta ﬂowrate of 45 /min. When OD
reached 40 U/mL, the cells were induced with the addition of IPTG to 0.2mM final

concentration.

f’&? o‘f’ ﬂféh é}%lﬁgte dfa %@Vg fdsPectively. DO was

1.8 Harvest

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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glycerol (JT Baker), 1.16g/L potassium phosphate
nmonobasi ¢ (JT Baker), 6.25g/L potassium phosphate
W(alhdnaﬂbms(JT Baker), Q@S to 1 Litre with distilPerdGB2007/000814

' 00
SRS A Ry fbpalase & D00

E &’aﬁ}r?ﬁ‘ﬂ%?ﬁ&‘lkéic%%lalﬁﬁfeﬁ6(6(1B4LT®1S apd st 72gd FERTAnpH 8.0)
sgmph%sl hekt romegesizeBarttowentrifagéde(s,(00e g fidi20iminueh a4eNG
and anal ysed by sodi um dodecyl sul fate pol yacryl am de
1.b@| MchaionoBédy Sslubilizsfidn PAGE) for product induction
THRNEEAEN EHt EFcth Fectidal ppe&asldrfutea 6}1 1@0\% 'sa)%bqﬁ %S R 6. 19/1

TI@S] '1‘3‘11%171?’ Iﬁﬂ@l‘[%fhlfel P{g a Ie-suspended
? T si‘ofjl ?s CO(‘-fgfe
tlgﬁ)lrgblsmn agd reduce TGF-

&

75r ﬂlu? a en g’i

cﬁﬁé{ ‘ﬁ%’é élr?dreﬁ%wné@capﬁbea Wi justed to pH

& th ACIB 6f0é¢ WCRME)@ for 2 secord timeersD-35 anivlutes.
14. 4 kDa i.e., TG--Beta 3 nmononer) is clearly induced

1.1% éél@nlﬁ@atmn{élét@aﬁmratmnmc(Bmﬁlﬁmjme 1) with Clone 2
Sodytplizesishatgrislhfeony Seeti@st . 1 @ v dariffed T GncBatacBai! Qlailtbred in
a Tadgdntial ditowCeFiltraionc KTEH)0 Bterd - MBS ) RMA | Dar$iBki6n and
cohtemsigtion nvadahdhisled ewethNa TelcbhdifoRO LRt PRFORRibrane
(mn b@(Pémts&{ yodomn% efa%él @?ilu%s)écgé Oln %i 1‘1&? 60O GR-

| @ Q:oﬁéct&i Yﬁ: Qﬁé’ ng evhl 8 12451 ?’% ]Q\Mﬁtratlon

2k @t(ﬁ/h o}g 4 % 0 creen C), the
%ﬁ; Et dltne%‘x ﬁvP Eé%e?té %lu ?Pél@)%%?%ﬂ?éé 1g4L Tris,
15 ﬁﬁe lf§/ urle?yrp éﬁen cel | stocks were taken

before the addjtion of glycerol and used for plasmd

11|2so|R§r1'0éfh ereemigzMairigbn M ni Prep Kit. The isol ated
dﬁ@g)’sequenced and verified using a T7 pronoter

%Bp’@ﬁ RreteinT@ontanad: @é@léﬁfﬁéd@[ﬁeﬂﬂ(ﬁrﬁs&ﬁon(ISEQNthﬁiQ}tlﬁed
usidp tiedRE& DCTMePriteiat Assapr (BioRad)5in Gohjueon! At SDSTPAGE,
Cottiasste Blje Stnthg RndNdlensilometryd Tﬁ@%@d&é‘@%a’r@ﬁal%% ﬁllgted
int€>4Pdeeiss o rdfbR tirihe eeal‘%ll’é%tl Qlfld 5 Eiilep L€ tdkefl Haily
ov@ Wb Ptifelifd HEtha Q&Iﬁ &ér n%H‘r it g SDS-PAGE.
SamBROYELRE aRE NARC cdlcr& Qrefbhr dar%s Vl ogen- 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). Followmg 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 PO397) 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).

S 1rnng for 60-

The MAB 643 antibody detects correctly refolded monomeric and dimeric TGF-Beta
3 species.
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Erl ennmeyer flask, containing 500 of HySoy nedi um

(12g/ L Hy-Soy (Quest International), 24g/L yeast
wezxiawaetsfBect on Di cki nson), 10g/L Nad ( Si gma)PermndB2007/000814

10g/L glycerol (Sigm) and 50ng/ niL of kanamycin. The
1.712.28ksudixs i ncubated with shaking at 37C and 200r pm and
Tabkesyll ad Jamimaiseahé yestlis otamad ces@bs BfoldiNigeet TGE-BoR ®inder
50t differettl dxpegmestacdvaditdnl U nl (after 7 hours) the cell

broth was used to seed a 150L fermenter (100 L working

THEO d‘éf@i?f))rs tl,stgblf: ﬁédT@l‘IHt athk Adnbitidgs Maesdird walbwi ilet re@ erfthental

cofhop %?Hﬁs “‘“é‘ﬁ%"ﬁfe % ngﬁisgﬁﬁg% @E‘E?é‘%é*@]ture

L Medi a e_ ﬂS N
Sl T
glyty 1Cff’§r(l%ﬂ aPi Q%Oélﬁr;( E gta 3
PHaS. 5f3<b2+86®5(EXp%1mﬁdtCQ¥i@lﬁQ@t1 b0| nt, 37C, pH set point,
7.0 (maintai ned usi ng 4N amoni um hydr oxi de and 4N
2.phosphaomM dtinchdeoyotiplath, S&.EMy €iHBy g (GRH, i hMVaIGSSG,
0.cBhi/BNat6H-Bepa 131190 5THhe-rESERperfattaloasSidh e oyas 7

psi, and the agitation and airflow were 200-400r pm

3 Wt hog @E«@' HiFodhx hrolaﬁ’ ueﬁE@f TR L@Sﬂegzgfgib@; WG,
0. %@H& ﬁe}ta} %dﬁfﬁ n(tEgP ?%Hergéﬁf‘coggﬁ O{}%q?ar anet er s

in the foIIovvl ng pr|or|ty Agi tation (max 400rpn)
aeration (nma , oxygen suPpI emsnt ation (max

Bgyag of Wnplﬁrfdg‘ﬁ&@& salay te(gfpetiygneps ol Expesupania) Gppdition

12controlled with Pluronic L-61 (25%v/v). Wen the QD
of the culture reached 10LVnL a gl ycerol feed (50%
v/iv) was initiated at a flowate of 45nL/m n. Wien CD
reached 40 U nL, the cells were induced with the
addition of IPTGto 0.2mM final concentration. 1.8
Harvest After 4 hours post-induction, the fernmenter
was chilled to 10C and the airflow and agitation were
reduced to 0.3wm and | OOrpm respectively. Foam and pH
controls were term nated and backpressure was adj usted
to 3psi. The culture was harvested by
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conti nuous centrifugation with a Westfalia CSA 8
conti nuous centrifuge at 10C. The centrifuge was
wop@rdaoeds at 15,000 rpmand a flow rate of 3 | PCT/€B22i000814

mn and

Recovery The fernentation cell

cel |

slurries col

| ect ed.

1.9 Cell

Lysis and IB
paste (from Section

1. 8)Tabds1.di | utResfold ScreeningMatrix #ad Resulss. 19/ L

TrizmaBase(Tri s),

3.7g/ L ethyl enedi ani net etraacetic

inf0E0Pmp PBetdd@it L NaCl] t@rBel-00/ GSTI | 108G X-| IPeXskncpbt Correcily
1Condifonand re-puspended usijreea handcdvel d ChomogdReifoided dimeric
The re-suspehded cell paste was passed|tw ce |tHe¥F by
hi gh-pressur e honogeni zel (paranmef ers: | pr essyfgestern Blot ﬂ
10,000 psig;lflow rate ~450m /m n] and!tenper: (MABS43) analysis
1 15C). Th&sRonHyeM sed cell (o 1?%7%/5‘{@ \%}%‘I { REAMc doRs detreiedy
(bucket! cent Iviliergent 308 o onal e rat g at—5 nnvg ‘;nr
2 20mi nut p&%%t %%&%HE supé Pﬁ%%‘%{% i 'sgﬁ?ﬂgrec W’%a(\lﬂeﬁtﬁd
rhealauhl A (1 qurocio |nnn| ac) Dot o 1 o H 1 H
3 o T ETeeC [ H0mM Big Tﬂ’zmé%é I Jiﬁl% Y04 ; I{%ﬁé deretied'
uuu_y \I R e et
4 (6.1g/L ?Ttg gﬁﬁg angglL pH é u'sfnng a a(}w‘lmEd
5 fretdhoTBgRT 6 57, WwATASEEN 0 bHgRE _( 2mM0Y 0%mBll | MNonetected
6 M TUtES | JkecAPEFo5(wiv) L0 1 NG ToUSHLORT BOGYMSOloUbM 1/2&hd @Rected
The sed| nent | bopmeSection 1.9 was |diluted 1:10 with
7 SOI'ubi T Zz8%0 O0sBA) €TABG.| DgLling/bLl $ 2mlb.| 4gmM | None detected
8 DL-di t h{ o8¥T e0.bRIWDEDY and.136mig/ Rmir e8,4mhH |80 degeated
9 re-suspended| astgva hand demgmbondgdhi| AdmM ThHkene detected
suspensi on waBodatbied and left stirring for |60- 75
m nut es| at rodesidenperatiure to solubillize tHe
10j ncl usi pA3Ho jPé"é(“éﬁérWPeédL el 2megmBet &mﬁﬂ t| 34 | MsAp it
form The nH h ra-.cllenandad ¢ tt vwne di et ad
1y g pu g 'Z—S%?J"UM.- B by g PO T 0BRSS ie e
12 o "o S LZR%C T, S ol Pr2mg/ml, | Imh | D dmd | Dimer
13 o, o T ZBC  20%(V/y) Sucrose - | '0-2my AN ian*' HAmM 9! Nohe detected
14 CATORTEL Wi Ao G Sllkets '4,\0%128’@7&111: AL [ FANPT N AE Bhtected.
1510 =T T 988G Thttteent 490. 2Ry/my M §UundPTIGEHE dtcfed
and di af %I I'tergepgy@ Tangentral Klow Kiltratjion (TFF)
system (M 11§ paside. I Nnitijal clariflicatijon and
16CONCENT I akt®N 20123 ZakBi@Y €. Whf/MLa | pmer ¢ oM ||Qnee detected
clarific¢ation3DFFimeNdsgane (MIlipore Rellican
100CkDa| regepsrated cel ljul ose, sgreen|V). The
17cl ari fi ¢@-8TGFBytM 3 was ddlR2eeimdd |i2mM hé-4pdt nedmedetected
Swi t chi mg t o| A2updeeEtpleriati on/ Di af il trjati on
+ 0.5M Arginine
18 2-8°C | 30mM 0.12mg/mL. | 2mM | 0.4mM | None detected
Taurodeoxycholate
+ 1M NDSB-221
19 2-8°C | 30mM 0.12mg/mL | 2mM | 04mM | 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% (v/v) 0.12mg/mL | 2mM | 0.4mM | None detected
Isopropyl Alcohol
25 2-8°C | 30mM 0.12mg/mL | 2mM | 04mM | None detected
Taurodeoxycholate
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(UF/ DF) menbrane (M1 1ipore Pellicon 5kDa,
( the TG--Beta 3 was then washed
w0 2008/10§934/0l umes of Sol ubi | i sati on Buffer

cel | ul ose,

S

creen Q),

15.4g/L DTT and 360.4g/L urea, pH 9.5).
Screening Matrix 1 1.12.1 Methodol ogy TGF-Beta 3

protei n content

in the clarified nateri al

regener at ed

( 6. 1B¢T/GBRO0S/000814

1.12 Re-fold

from Secti on

1. 1rapas2.quantRd-foid StdenimngtVatriBCabCRiesd It r ot ei n Assay

(BioRad) in conjunction wth SDS-PAGE, Coonassie Blue
Exﬂrﬁiema OTERF | DaRebdtONELT Y. | T¥EB LS | RENTR [GIFET €N Prddendd@BCorrectly
coidigthed i ntoj.a series of rabad d bufifeeics |(ae Takdf@sed Himeric TGF-
~and 2).|1nt sanpl es ver e tlaken dailly over a 6-(dwa3 by Western Blot
“tinelinge and| anal yzed under non-reduci nd condi [t (MABS43) analysis
26usi ng SPB8TPAGRImSaEmiteecal | |idms/mdng 2WaE K 28 o M dgoted
wei ght standad#8% (lnvitogen- nolecylar wveight range
272, 5- 200kPRYC Taprochalptey { Lo g lcNopg fetected
28Cel s 1| DRI oM BieddeR) f &12554&&;;' | 20My 0. Ishione detected
291 nut es| &B°CLD BN Fpsihps~ and- 208 ™ol [12M r of Ry detected
sanmpl esl wer el EHGORYIANON mmph« cetiecdlly tlearcs b ad oo
300y b o R T b SOy ASE1 o T2 ot nAE - | F0RE o one detbted
31 e oo 2-85C L 0.5%(w/v) DOMAR | 0:12me/mi.” [/2mir | "PNote detected
32,1 o P2l oWV CTAR. = ME2memL ' | 2ndVE 'OV = "Qohe detected
33T PR EUT HTgel 9% N)SDS ""gf‘d!]zﬁfg)nﬁ OWRET | 2naM 0 VGt detected
34POTYOXYED B3 THER Y/ Dhofddyl MO 25 Ittt Fa STV O; S Bdtected
in phoso ate Q_k;bf_ aned saline (PBS).| The {menbrahe was
swashed (PB% | 01 %%/TVEen DoEEN 283 )mia NNt CjUhad ed| Néek dekected
3ghour 1 n| pRrarany NogBL200dy  (/ANiZng/ -d3eil g M MABBEh3 d&8&iad
37syst ens) 28td (10.ex CHESOO i n [RBSmamd. 0. 2ZnM V[/2mM TweEene 2@)cted
38FOl T ow hg8tan¢ atsabivipSuciaset h [t EnpfmnarAmMint 2ndddy| Neda detected
39ni t r ocel P-RI®$e0%Es) Washved || hi2wasili nioidif f 2eM ( PBSone dégcted
40(v/iv) Thesr .2@9n.ﬂ\4méteng¢rﬂ-ode12hnglndse Amds t2vdh | hEerodetestrd
for an additi éhaP-SN Augiwiee i t he seclondarly antipody
41( Goat a 282G 8%eM K Ger@@]qf-ug%{%/% t [P k=AM e | Norie detected
phosphatase { ut-ed-1: 2000 wi-t h—PBS.
20.1% (v] V7" veliia0) e pbigEate A wpS et
(IPBS 1o(v/ gﬁm? ef ore devel opi ng w t h| Western
Bi-te—St ?—'8"@ % strate T o o delie [ 7581 Nal Rode detected
(Pronega). Taurodeoxycholate +
1M 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 | 2ZmM 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/ml | 2ZmM | 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 | 2aM | 2mM None detected
Taurodeoxycholate
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The MAB 643 anti body detects correctly refol ded

mononelic and dineric TG--Beta 3 species.1.12.2
woemalio®3dabl es 1 and 2 summari se the resul ts poOI/aBa@d/000814

testing refolding of TG-Beta 3 under 50 different
1.18Refold@ptindisationdi t i ons The i nventors established that
Thieheonditivas t fransEgesiménelR fel/dv GHES,. 2evbeobiett4hM GSSG,
0. Rihinl i TS B 3 4HH 3iat43° Q) reilted th paticdailly wellablded GGF-

Befll $TBIMHebe JoaditBak veds thbrefe Ebleded €t faARGOptiBRRAHON.
et hanesul fonic acid (CHES), 2nM reduced gl utathi one

Paga&éf%s%an%ﬁ\ﬁﬁ;% SZ? d ut at hi one (GSSG, 0. 12rrg/m_
2-8C p on on
B TR A RS ofns)
0. 4m\/|Gssli(8e9, GF Beta 3, pH 9.5 at 2-8C
( Exper ¢ mdletraeratas cﬂZ{Sf’G rand gjom BMBGHME)
Taur odeoxydindres LM NaOW CHES, 2nM GSH, 2nM GSSG,
0. 12ng/rrL TG--Beta 3, pH 9.5 at 2-8C (Experinental

Th%o'f‘é é%@ 34 fhhaterfdY SNRY S%Eu@d( 3Pl ®afidufed td lal 4657t arag-fold

co& %&S {sgfghlé@g@%ﬁdgf 'l@%éi’le R0 Hal1l ‘3%11@6 Fabkneline.
Daéfe6]s gveéecr & 1I fx& n %ﬁﬂgili gS—PAGE and
Wﬁ;?rrnﬁ g&% ({5 g 9 orirec ~f eta 3
IMQHQEET e@m e %]gﬁ n SB ogre %fe%lped
T@F-Befa 3 dinger (g dedacts dt W%teﬁhp qt Ry pY expeniaents coigams

Na@%ﬁilwresr?n@@b‘%ondl tions were therefore sel ected
for further optimsation. Paranmeters investigated
TheesoaditiohanBet whish ahe gesatestamomt (TGHE-Mgtard vEasOreZbldgd rinto its
dimetlc Qtabrhgiekperiiher(tH €ondRidd 30 d0.9MV6 CHER ripM reaCiy @M -GSH,
0.8EVBa9SGOODS e ARE TERIBE) 3, AHTI3 MONIWE/rddvh NaPeratine).
TGF- Bet a 3 material from Section 1.12 was diluted into -
e1r ' ésoﬂi'& &R r}l lﬁglscoﬁaﬁi%n-@afm!@r% i 8 Hofbreducing
5r?1 BI%E@({]‘: Qfe fhée{heatl & Jﬂg LRV correctly
p i%éé 1 rFlgure 5 *ﬂfﬁa‘f gtartmg material
and day 1 sample co ined sma ounts 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.

Figure 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 0.5mL/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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Western blotted (see Section 1.13 for
Correctly re-folded TGF-Beta 3 nononer was detected by

wao\emra0493bI ot

in all

re-

fold conditions.

met hodol ogy) .

Cor r BCT/GB2007/000814

re-fol ded TG--Beta 3 dinmer was detected by Western
snillamduntsadflcoarg@br ierfolited dimedi@l GiFAgetd 3 (deNHD) wWheeaas by day 1
thdre geIsigRifidamtridlcrdyse ifilvencanndtion ofi sotvendlyr folded CRGEBeta 3 protein
(s BBY)E The aRHAtrailéd o Bainderk TEF-B&a f30bitlddy 2ni Girhilar to day 1,
m&ibé’fﬁfg' ﬁaﬂéfélam i c%ﬁ‘ff)%té eet al Hémdl(&éeowc)34m@ coMpidden of

re@l 1

room tenper at U
sarrpl es from experl nment al
non-r educi ng SDS- P.
t he Tae3poi it

ritefoldh

i

1C nt

was pr oduced Conditigns\in

and Wes
Eﬁ‘lsaé'éﬂ‘r

Ao idsfer

e

$n Figure 5 the initial

r@ %%ﬁfﬁ'qugﬁéegﬁfﬁﬁre 6).

condition 34 were run on
rn, bl ott

porix Aandy)

erm ne

sy yoeptal

starting material and Hdav 1 sanple contaiped smal |
Expeniprenrit [STeap . (cRetergewst | Ya€lo|| dEH-Batonpfel i ¢ | &Hd| HPS%er | Eresence of Correctly
a‘er'@l*‘“‘Beta 3.| There L%ﬂ}‘ﬁ‘sﬁgy' i cafff®ingreape™™ 4 folded TGF-Beta 3 by
Lo o, urlf&: R st nBlot (MAB643)«~
~anount | of .cpr rectly ol 4&a" " -Beta 3|by - fday’ 2 angh ,
1 of Tef pi_gHcN0o.7NEl gun @ 6 1| lpliuUSt T al eamr e @lsd mgmlachlmﬁeﬂer
by pripr artcmes ol ding ¢onditiops confenplated iln US
2 5,922, BA&Cc Usb, 650,1494 |and EP 02483 235 ( 0408M| Mdnsper + dimer
| M NDSB- 201, CEE®/4 v/iv) DVBO 5 294w v) CHAPS 5 | MINaCl 5
319w v)2-88HR0.TM 2ng/A AL TEP-2Bet a B2mMH 9383 af-4pMg | dpgmer
It can| be spEHES hatl the lamount of refglded TGE-Beta 3 .
4is sti]#8 Cnc‘?@ésn ng laf t e®27 days?FMeat| fent O-¢Blnt Mgpmer + dimer
__| anes 4 _andl §H Firgure6)—whereas—Hi-goffrast—he
> growt h ?‘goc,ct 0%171 s fidl 1y 3 ded LR 3 Séa/é’,-“W at nen
—when—ei-hod corgtrg—tothe—n QR za t :
6 (con‘par%’gcit‘én(éﬁEs's and 4 of "Fi gure ZW Re$ >t JF'd4| ng :)I\?ﬁl‘dmer”lmer
TG--Beta 3 | n experinentlal condition 34 was al sd
7 noni t of 28°CUEY-MY Cat|i%on- B¥¢hange | f@HEX) |9PLCO-4pM | Monomer
Pal ySul f oet h\GHEEA HPLC cglyum (200 x 4.16mm-— 5 m 1 O00A :

8 from Pp#$icC ?:IQ‘ES) dds eddl i brat é‘é‘l“‘v\n | {- b BT F’%@‘@‘“ﬂ”‘m“
( 109% / II\I() o) ¥l e aei d, onn/\{ul Fsoproepy Al A~ 3y -
9 Ref ol d %gr({‘p %%M re aci ci\op’lsed by 2nrr1%ﬁ;i régl Rﬂmmfr*ﬁ‘ﬁ'é’o er + dimer
foecet e agict o BT sqpTonysat-colgl T OGSt TGP [NidoR®: + dimer

re-fold samogﬁEgNas | oaded onto the collumjfat flqw rate
1101 O ShR%d Mo ANNTS [Tol OW [Toat € Wa$ 2HBEd [ 95 | 0.4mM | Monomer + dimer
CHES
12 2-8°C | 0.7M 1 0.5 2mM 9.5 | 0.4mM | Monomer + dimer
CHES
13 RT |07M 0 0.1 2mM 8.5 | 04mM | 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 85 | 0.4mM | Monomer
: CHES
18 RT 0.7M 1 0.5 2mM 8.5 { 04mM ([ 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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t hroughout the procedure). The col um was washed with

Mobi | e phase A for Sm nutes. A linear gradient was run
Wo@r@7/1409341 nut es ending with a m xture of 60% KMDGB2007/000814

Phase A and 40% Mobil e Phase B (10% (v/v) acetic acid,

30% v/ v) isopropyl alcohol and 1M NaC ). The

appiabds 4.0n dtefoldi s Optivhisations Matrilk f amda Resulber (Bxperimental

m nutes. A sebadiionsN1ed6 )gradi ent was applied over 10

m nutes ending with 100% Mbi | e Phase B and nmi nt ai ned

‘Experidlent ’f‘@nﬁlu{ ERtergdn T ORECE ™ 7] T¢i-BIRET AGES | j1Al 688G DajyPribence of Correctly
alCofagiene| ar esnml | anpént s ofonecor rectiny | e-fléPded d ﬁgrg‘ffin th\I;i;gL‘gy,
TGe-Beta 3 |(see 7(%)) whBFEYS by day| 1 there i Smayss o

o STONT FREANT[ GHETERSE | N| 6ONCENT I akahvONo.91 0@aIM €L Molomer
fol ded TG--|Bgisx 3| protein (see 7(b))| The

20concengkrat ijcoyaef i meri £0.1G-- Bet amBl phs daymBl i sNon-detected
simlpar to [deyeEsl, |indicating that refolding is

21conpl ERE af t®M 24| hiour s| 08ke 7( ¢PM [The |Odmbl et Monorer + dimer
refolding af€®ES 24 hour$s is significantlly faster than

22prior | BFt tle&Pi qlks (seB82Fi gur ¢ 28 9F.§1tlloé*m%’! RMfoperper + dimer

Optim sat| | x_and! Resul ts- rienta .
23 Condi t Rbns 1‘%&2 Ot e: RY2 Roomj%mﬁ?'ﬁt F@s_ pMopgpuer 3 dimer
HQ\IC 1 2 Q R dave t - oom Ny atlirey ~ Tkl A
Tery-o O I P Uy o T OUTTT T I - C 1 ay N N
24 pet ol HREpt i B4t i bh Matf PR and IOy 25 (| EEaE | f¥kopoter + dimer
Canas HEPR 1 ~\ [} T . - 4 o P —
25 OTTHTE S e 0) | ot e T RT= RooT '21&;1?/!”83.5 LR 27 Rbd-etected

3 daysgt 2r @nd 3 days at rogm tepper|at ure.

269ECT Bgocl. Le7m 1| 16 desghi be eXpeiM MBRt.4a0ndlieasndra- dimer
est abl jggh hogyAYSF; Beta 8 refol ded acgordi ng tojthe

27tirst|asmecfomi the 1 nvenkson ngymbe| por|icdndd. | Mohdmer
U traf iRt rat CBEY Hydr ophobi c | ntleraction .

28Chr omp2-8Yt aphyM Thé CHES02&f ol d |aMut B-6Hn G4ddht | Mopeimeys- dimer
exper i Mdnt a] C@Bhdition 34 from Section 1. 13 was

29conce @Bt ed0-BMf ol @ by wPerafi | tPaM 3?’r5(t°rf@mﬁewmoaﬁ‘éer

was alfRlat - SGEES M| ||pore Pellilcon

conce At A o t+thaon

30Regene??§{1%d g’ﬁ‘ﬁ\ul bse $&reen). TH ;?—l ofow  Monomer + dimer
31pH of %{1?2 %IZI\EI@ ng gI ac¢i al acetji f:nMa:;g' gdé g/{ea:nﬁra&ﬂimer

—0

32("1i tote P9 gdc L b.‘]MUi i '1”i o _lal.iffer (12mk20bk Wm Monomer + dimer
acet al gyt 264cgBg/ L ammoni unsul f gt e, 100g/ L acetic

33aci d, [amet Z[LP7Ma’ Loar gi miong hydreaM 0bkden.4dv 3| 3)onoder + dimer
Butyl | dephal cges 4| Fast Kl ow Col Um (Amerisham 316cm Bed

34Hel ght p-sv@s| equi | i br at ed owst h 2mM | 9.5 | 0.4mM .| Monomer -+ dimer

/RT CHES

35 2-8°C 0.7 0 0.5 2oM | 9.5 | 0.4AmM Monomer + dimer
/RT CHES

36 2-8°C | 07TM |1 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 Ultrafiltration/ 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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four columm volunmes of Buffer A (2.72g/L sodium

acetate, 132.14g/L amonium sulfate and | OOg/ L acetic
wa@eood/1pdd38. 3). The refold material was filterepCT/bBowgl000814

0.22 Mnenbrane (MIlipore MIlipak filter) before
subfeten d 0Pglhdrsatioacid, ene 2B0{gIL Sgpting bydroglotidn p&t 33)f AoBntyl
Saphtesoft FadBlow iolfrnhi( Anfelshamy 6@ Bad Hesgd) whs equghiorated with
fopr oclatur ejlumdh ef BulffznmA (@32 g/Nesodivas heetaien 1B A1, Anfohium
sul fater a0l QUEIL VRktieresid gHe3 IGFTRetEoR phntial AasWelkd®ed through
o @imeﬁeﬁﬁfan& henap o%anwaﬁgm% f@iord berg/RA4dd SRG 4R Butyl

1O & fRGRIHE ofG0feRd (32086t Btd@A0 B M hroughout

pr CG e) %l“f vpa%ac sfe 1ﬁ %&“ %Sfo¥?€u1Bceollﬁn§ volumes. The

8@“& i;‘g ﬁ 2%78/L. sodium
acé*}% %Q%%@%‘ﬁﬁ;ﬁ dc;) E@&%‘ grglpmk Jghich conipins
©B-Beip B pretcipan apwempeom@m gt dimpris fgras, yeast pasded (see Figure

S)m)nomsrl C proteins. The pooled TGF-Beta 3 fractions
fromSection 1.14 were diluted 5 fold in SP Load
1.5 | §iation Baichnpge Chramayographyi um acet ate, 100g/L acetic
Capncxcl30@g throBtabegnaphypihsqused to isolsR the phnzarssEGE&sta Fpmieins
fréznlthermohAmeris peotyineva s he ool ddTGF BEtanB tfhactiono fromSection 1.14
warel difiesd offoBUid 8P Pod® Dildgoh Budthr UM73gAT sddiumleighd, 100g/L
acef€hdig, F0id, ERERG JH alohan@p SupHarbsd Bt 'Flcﬁ@ dioWifn (Amersham)
w§shé ﬂib‘ijﬁe@k’ltﬁ 4Oc)olurm QoRildd g BufFB]Y 7231 "R lh abet¥BS100g/L
g 8 PR Pﬁ@g/ﬁ%ﬁﬂ% 10%15 ‘% ()f‘tﬁecﬁﬂuted TGF-
i enal ad g%"\fo Sq; ?f 169ém/hr (this
j /acF % %f c aﬁ}b«z%l BufferB
&n%N ! il @tgg oarcﬁ'ilﬁ S 5 emam B sodium
dhnior Rty Fao% 81?%%1“%\@’@&5 eluted off
themsp@lmn arsmgt E@ff@ocu%7m dsm famtat@ 19072 graetis gidird 00g/L
ctbayol and 11.6094/ todmetqhb)rai@udi 4300dh¢ fiest ipeab lelwerdiis monomeric
TGH-Bedg3 tolkodidubg thel dimiede TOH-Bet@)3. Thiaérattiomst coptaaking the TGF-
Béth Btdtder wereDooRE ($ce Figdre Bt a 3 fol | onwed by the dineric
TGF-Beta 3. The fractions containing the TG-Beta 3
1. f'di ”eﬂlt%flﬁ‘aﬁgﬁ’)]ﬁgf‘t?ﬁﬁm':' gure 9) 1.16
Tid frﬁfl cBhta M dd &‘ﬁﬁé?i& TEP-B2S LhQBSuIELRbH 8Eddn 1.15
ﬁl rt gﬁ’trfﬁlﬁtﬁdnf?dl aﬁgﬁ %o exgﬁ) neggu[ EDuleP %%&M Petic acid,
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
punﬁed 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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underwent ultrafiltration/diafiltration to exchange

the buffer to 20" acetic acid, 20% (v/v) ethanol and
wa@oencamosat e t he sanple to ~10ng/ nL ( TG-- Bet a BCT/GB2007/000814

concentration was determ ned by U .V spectronetry).
Plate(sy wass sgubated Bir oRdyivuesnbt IO mi 1% .COph lheadonteytsovit dach well
wera hadpirhﬂed narals sayhddAtieaganes WMl 2000 ustivaphatd buffered saline

ViR, 090G al OW%B&%% sbfttionP éi%ssolilufn? aleét)ate“ﬂ%)@ﬁﬁ&pﬁﬁase
Si

ot &$ gﬁfasv ﬁa 2bg %? it .Y %% 76 chch wel and
Xﬂ? % Eﬁ% e r| ca %enco' esde Sén% %I%F odium
hysfo kﬁt A b 1o kg b otdeh o i g 2

fraenicq Mltenpt ﬁﬂ‘i‘h Essential Medi um W|th G ut anax |

(I'nvitrogen) and 0. 1% w v) bovine serum al bum n
ICsSivghmey )ofntte d€deBetno3 exaférengs Istapflard QGIBSEN)| apd af @F-Bsta 3
(ptodseed by Inyettetids disetbséd QO Patghtsl UST, % 7Sog IR 3,660,494 and EP-B-
04362 Byt werd 24X 33peNek @idanOsy/ehl( Napewivaly, wikth twtre sdhilar to
pr&iohdgiasaleShtandiadd ThandateARt fopli8dd akBfing & iRl ¥ention was
foﬁillld W gdvd QQQO%NSS 5635 &QPQ;GHIH) ifical& fh@ef@F-:Eeta 3 refolded

B W S R g e

to 9.75pg/ ) of TG-Beta
éﬁ&ol ded grovvth factor purified according to

protein were added tq the(%ete(s
Frem té@ ﬂef@%géﬁgmgawat{sw ftha erpitians, dessrikgdse tallps /aﬁ@ 2» wree

cogditione prodneadi agreetly werivldedrkmene TF-RatdBum wi t h
d utlam@¥M 2-(cyldohexydaning) Gthggswlfphichamd EHEEY)uRMM reduced
al bum @hitsihgme) (GS1), 106N \oxidisedt Glutighiohe o GSSG)MO.12mg/mL
(I nvi t MogEBta BasH AaD- gm each vvel . Pl at e(s) were
i ncubatedm %ur%@ed?@b'lﬁo‘iat%t dse, enhRNtGSSG,

of eacgg Cﬁ:? h shed thr(%ee tleﬂrrggSI
é"xy Eg élﬁ GSSG,
phosph tlgrg“@?% r%?%ﬂ(g g 11’/((v/ V) Trl’?on X?I 0

(Sigm)) was added to each well and incubated at 370C
They t@“@ldzemmntaﬂ] ecopgiliens qenieinng (eABh evergsiugidien optimised to

maoiseryitddndxedhee timebings. é&h@(c@mwé reefolé aehdifgonsceoatained 0.7M
CHES} ihNaGE 2mMAaleH, admMIES8GNA2amp/efle TéteBethil twt pHL9.5,
wHifR B6inplE&Dredsiting Hevkednn®d-I8&hobat ahid ik aigifdapdy faster than 7
dagt asida nbtHddk BSEoséia phtdntBe1ISes, 822,846, 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.

30



(produced by nmethods disclosed in patents: US
5,922,846, US 5,650,494 and EP-B- 0433 225) were
wQ@4®738pg4 n and 90pg/ nL respectively, which We€EGB2007/000814
simlar to previously assayed standards. The nateri al
CLAdMSBded according to the invention was found to have
an |1 CsO of 85.573pg/ n., which indicates the TG~ Beta 3
ref ol ded according to the invention, has at |east an
1. eqUiAY alepiid RetNEY, fbiehdemtal Gy iFaylbr Beta] GF-Béirati8nal
produced by the prior art. methods. CONCLUSIONS From _ .
anﬁtlh@leRéhQrP@g st éniditgerifat biologsgallyhactesn domn grpgnprising  adding

sol el PRI pBREG B Soiphll ESERGRdhafRgRy oduced
2- ( gylcehrRsibaMma))-ehihagaiforié acidq CAES) of GHERtjon2hdnalogue

reduced d utathione (GSH), 0.4nM oxidi sed G utat hi one
( Gsdmyeofpand g/ M. TGF-Beta 3, pH 9.5 at 2-8C. 2. 30nM

taur | : . G
R e e e R e
indubatigtgexarowt fictr if) theMolHES, wRIHILGSHE bRdidgiGESGCtive growth
0. 12ny/ TG--Beta 3 pH 9.5 at 2-8C. The refold
fackouds f9THISAt al  condi tions contai ni ng CHES were further
optimsed to maxi mse yield and reduce tinelines. The
optimal re-fold conditions contained 0.7M CHES, IM |
2. NaClThe2ndth@Setconlingria GE8G] Whepdn§/HES Basedet & canognigatioy of
9.5, i C npl et ed refol ding between 24-48 hours.
ab?ﬁﬂ90$@A§P8&$ficantly faster than 7 days using nethods
di scl osed in patents: US 5,922,846, US 5,650,494 and
EP- B- 0433 225. The optim sed CHES re-fold was further
3. pur iFheavethodiadcordies tos13ime waensiaabant @ 7M eHEgi1s used-
activity to a TG-Beta 3 standard (NDBSC) and TG Beta
3 generated using the nethodol ogy disclosed in the
4.pri orheamiethddXAbRIEing to any preceding claim, wherein the functional

analogue of CHES is defined by the formula:

R4

N X, 0
R xS

OH )
wherein:
R1 and R2 are the same or different and are selected from the group consisting
of hydrogen, substituted or unsubstituted C,.4 alkyl groups, substituted or
unsubstituted Cs.g cycloalkyl groups, or a substituted or unsubstituted aromatic

nucleus, or R; and R, together form a ring system having up to 10 atoms;

X; and X, are independently selected from —O-, -S-, -S(0), -S(0O2)-, -NRs-,
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An industrial process was devel oped according to the

second aspect of the invention. Figure 10 provides an
wor@aded of the process whereas Figures 11-29r@r/aBRaeae/000814

further details, in the formof flow diagrans, of the
-GCHRi-and (R svkers RddR s rhd Bel aterthFsagug or diffeGhididird. A

. or.fol.ding.a Transformn wt h Fact.or Beta,

fE O et R R e ForaieUbe O FHPBech. affliffed o

wiiubstt@ied &, |, WKL brovs, fs@bMnaed By lifsubdit@dd (g cycloalkyl groups, or
sol ubilized, unfolded nmononelic growmh factor to a

a ghstitutesprawpibstifterharomalic nucleus or any two of Rs, Ry and Rs may

- i - nesul f.oni ¢ acid ES) or a
B e o e Ao BB oS ottt foly SouRa hat at
leagtiogbbf Xy bhd¥d is- CHR s W0 HOBR £;060X system and

i ncubating the growh factor in the solution until

dimeric biologically active growh factor is fornmed.

2. The; I adnt 0.t m 1 wherein CHES is

use gtlg%ﬁ%géglcfg%{ti?fé?’fgnob r%@%t | OOt 1. OM 3. The

nmet hod according to claim2 wherein about 0.7M CHES i s

used,, 4. The nethod according to any precedi ng claij _
5m£’5‘?%ﬁ?‘i£@&ﬂ&%@lﬁsﬁ%ﬂa§ﬁér ¥ %rsmotﬁe opag agalogpeer ‘gf;IES is
dddied boiodnumherein: R and R2 are the sanme or

different and are selected fromthe group consisting

of hydrogen, substituted or unsubstituted Cl-4 alkyl

groups, sgubstituted or unsubstituted C3-8 cycl oal kyl

gr oups, 1? a substituted or unsubstituted aromatic

nucl eus, lor RL and R2 together forma ring system

havi ng '~ o 1 oms, X1 and X2 are independently

sel eBfed fms‘{, 2S(0), -S(CR)-, - NR3-, - CHRA-
and CHR5 where 7 RAN\and R5 are the same or different
and are independently S&l ected fromthe grou@a

consi sting of hydrogen, substituted or unsubstituted
Cl-4 al kyl groups, substituted or unsubstituted C3-8

6.cycl Bied hythod caopding 06 clairs dpwhértit thel fiatctivng whslophdl6BTHES is

onmatic nucl eus or any two of R3 R4 and R5 may
de?%'ﬁ@?ﬁ&“?ﬁ?ﬂ@é ring systemhaving up to 6 carbon

atons, subject to the proviso that at

H
N

X, o)
~. \/
X
b o o
(Ib)

7. The method according to claim 4, wherein the functional analogue of CHES is
defined by the formula:

~H
"
(Ic)
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| east one of X and X2 is -CHR 4- or -CHR 5-; and X3 is

selected fromC S, S=O, or P-OH 5. The nethod
waewondissyg to claimd4, wherein the functional POEGBIME/000814

of CHES is defined by the fornmula: 6. The met hod
8.accdrl mqhod)acwloailm tp, amyreedding danf whereinghe sulnalird glisnlfide

t hod
reg%glsgphla gl!‘gaetﬁ 0&? ) ﬁg OﬂﬂbsFé Flﬁ({meﬁ'écefduf nm{l%] g n gF ag al ogue
of CHES is defined by the fornula:8. The mathod
according to any C{)r ecedi ng cl ai m wherein

9.sul fHyedmethodi aqgor 1@@ tp eelaimn Sy seherpin éh@Su}fbxdw%diéulﬁde redox
i t ed . f
o e R Dol e Y0P,

glt@dfnesyst em i s about 200mM 20nM reduced gl ut at hi one
and 40mvt 4nM oxi di sed gl ut at hi one. 10. The net hod
accor di ng to any preceding cl ai m wherein the

T f h Fact
105 a0 8l RSB SRR o g Bfpmine
Gfd%ﬁhfﬁ&ﬁﬁfz%ﬁ@lﬁGut@féMtfaﬁa@fmoBeta is incubated at a

pH of between about 8.5 and 9.5. 12. The net hod
according to any precedi ng claimwherein the

Tr a fo ._at
R
Bé&nYs ipcesaedi a0 g pEll off berwbear sbiont 3.hendpansf ormi ng Growt h

Factor Beta is added to the solution at a

concentrati on of between 0.1-0.5 ng/nL. 14. The net hod

cc di i; e

1B TR R SRR 18 SR R Lol e Tegnstorming
Gan.th@actBeBataas irichibateti et wetperdurasei°@-3G G o cl ai m 14
wherein the Transform ng Gowh Factor Beta 3 is added
to the solution at a concentrati on of between about

19. 12171, %gé@fﬁfd”hcc%ﬁimg hg :!iﬂfii Pfé@eﬁﬁg U FNGhbRidANe Transforming

precedi ng cl ai mwherein ding 1s carried out
Growth Factor Beta is added to the solution at a concenftration of between 0.1-0.5

mg/mL.

14.  The method according to any preceding claim wherein the Transforming

Growth Factor Beta is Transforming Growth Factor Beta 3.

15.  The method according to claim 14 wherein the Transforming Growth Factor

Beta 3 is added to the solution at a concentration of between about 0.12-0.25mg/mL

16.  The method according to any preceding claim wherein folding is carried out
under the following conditions: 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 .
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under the follow ng conditions: 0.7M
2- (cyl cohexyl am no) et hanesul fonic acid (CHES), 2nM
wo edaaeds3d ut at hi one (GSH), 0.4nM oxi di sed G upel/BBoVe/000814
(GSS@, 0.12nmg/ L TGF-Beta 3, pH 9.5 at 2-8C..17. The
17.met Theimetiodradearding o amy ownef ddims|1al trshareingoldieg isicarred out

o Bl S i RS S SRR B ST PSSG

o.z?@gﬁ%ﬁ@r?zlaeﬁ@ SHD bt RAGHs RO MniRIRREat ure. 18. The
e

according to any preceding clai mwherein
t aur odeoxychol ate is also added to the solution. 19.

The ccor | to cl ai in.t _
51, o BF GG et - Brpdhd CitAYRrn Bfogegyoolate i
als&%&'&é&qs({’ﬁe\’ﬂm{oﬁte at a concentration of between 10mv
20. The method according to claim 19 wherein

the Transform ng Grovvth Factor beta is incubated with

19 ;iu %%nggclgg% &% f dc?laﬁr? 'ﬁevpl]ierréh e ngrnsﬁ)pﬁfﬁg ?ng% Factor

I'ng to any preceding c
beth@r ﬁllc{ﬂbeft&i ahifhg taufodeak ydhethtout allneieentritionf of lbetweeg 10mM-
condi tions: 30rM Taur odeoxychol ate, 0.7M CHES, 2nmM
10@8M. 0. 4nM GSSG, 0. 12ng/ nL TGF-Beta 3, pH 9.5 at 2-8C
22. The method according to any one of claims 1 - 21
wherein folding is carried out under the foll ow ng
2ocond1hte|r@astsod mlﬁrgm oldanxpomindrainghe TramsfoDmBs Gpewth Factor
2mM GSSG, 0.
beta3s inpRARLRHBA CHCCBTO AgleteaH angnishiseten obyRefta it
wherein the Transform ng G owmh Factor Beta represents
nore than 50% of the protein in the solution. 24. The
21mst et racthod décogling taayy presedids slpin whereipelding st ‘Wéﬂ%i out

o RS L pRRMDAELA SRy e s
04?51{’91’@9@% PSS BiFER&GA 9f pIBet Patizsgided to the

tion’ contai ni ng the system 25. A nethod of
produm ng an active Transform ng G owmh Factor Beta

ro ot chost t he t ho €A .

2% or BRI P ARG PR SR € e sy 20 e corried
ouE L& @EBHowRg conditions: 30mM Taurodeoxycholate, 0.7M CHES, 2mM
GSH, 2mM GSSG, 0.25mg/mL TGF-Beta 3, pH 9.5 at 2-8°C.

23.  The method according to any preceding claim wherein the Transforming

Growth Factor Beta represents more than 50% of the protein in the solution.

24. The method according to any preceding claim wherein the a low molecular
weight sulfhydryl/disulfide redox system is made up and aged for about 7 hours
before the Transforming Growth Factor Beta is added to the solution containing the

system.

25. A method of producing an active Transforming Growth Factor Beta from a

prokaryotic host, the method comprising:
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express a nenber of the Transform ng G owh Factor

Beta superfamly; (B) isolation of inclusion bodies
wan@nemevery of expressed protein fromthe i nECTISBRIV7/000814

bodies; (C) refolding of the nenber of the

Tr afdd &mmmtgtlcm ot froFayotar oBsnsmsu et flave | Yeeackastirmgd to

pur i 11 BT FRTH" Ry PG NG CHENB i g superfamily

Tr angh 6B o@&@daﬁshofes&eg alRe koS ST iphds¥ed poteid iOm the

met hod according to claim25 wherein in"step (A the
pr okarymtusmnih@dtes; s a bacterl umthat has been

1v o RN e HEELREG 8 755 R Tl ractr et

accor dSLPﬁrfb&ﬂ?'aaédfﬁﬁé t@ﬂleaﬁswdspéoe bfthielinedngiBn (a@i t he
grom h factor is refol ded according to any one

cl ai(RPapurificptiopf thae rafoldeddthacaembengt the ﬁiylsfﬂﬁ@lrtﬁ Growth
cl ai s Transform ng G ow h Factor Beta
IS purJf:aC%O %%%8‘@6?{9 13'0 step (D) by ultrafiltration

and i on exchange chromat ography. 29. The net hod
according to claim 28 wherein the.ion exchang

26¢ hr okht BigHeERgCBme e SRIMPY IV RESHBIR step ke thesptplggryotic host s

» St vl LN S0 90 SUERMC e i o

Trsfangng Gréwhdtictr Beta. f or mul ated at a desired
concentration in a solution and placed in vials. 28.
The method according to any one of claims 25 - 27

27wher ?h@n{eﬁﬁd%&&&%gQQ ORith 2691 26 er&é’iﬁ in ﬁE}t? 1) tﬁé growth factor
wherein the growh factor is fornul ated desired

is vafoidedhagcatdiogptd amyonsoif alaimon 1 ad pl aced in vials. 29.
The net hod according to any one of clains 25 - 28
wherein the nethod essentially conprises the steps (A

28: ( Erhésnefiefd fRerdify t 8 8nd Bf claims 25 - 27 wherein Transforming
Growth Factor Beta is purfied according to step (D) by ultrafiltration and ion

exchange chromatography.

29. The method according to claim 28 wherein the ion exchange chromatography
comprises hydrophobic interaction chromataography followed by cation exchange
chromatography.

wherein the Transforming Growth Factor Beta growth factor is formulated at a

desired concentration in a solution and placed in vials.
28. The method according to any one of claims 25 -~ 27 wherein the method
comprises a further step (E) wherein the growth factor is formulated at a desired

concentration in a solution and placed in vials.

29. The method according to any one of claims 25 - 28 wherein the method

essentially comprises the steps (A) — (E) as defined in Figure 10.
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