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New process for the production of biologically active protein The present

i nventi onwpalkasas to a folding process for the preparati onpPoi/EpPSHNIY cal |y
active, dinmeric TG-[err] (Transform ng G owh Factor type [err])-like
protein in a detergent-free folding buffer. Background of the invention
TG-[err]-like proteins, i.e. proteins-qf- the TG-[err] superfamly play a
ceptral role in many bi ol ogi cal regul ation pathways such as enbryonal

devel opnent or regener atlon of tissue. They are very potent biol ogical
~agents V\ﬂl C . 14 ) a series of different
Surposes. yi-amvic FEtroet =t rTe 5 =r11 superfamly are the

TG [err]s t hensel ves. TG~ [err] was ori gi naI I y purified to- hom)genel ty

from hu | atel.ets.. huma ta and bqv Ki dne I, dent d as a
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i nduce anchorage I ndependent growth of untransformed NRK cells, recently,
TG [err']’“FPas been shown to exhibit nunerous regul atory effects on a w de
variety of both normal and neoplastic cells indicating the inportance of
this protein as a nultifunctional regulator of cellular activity. Depending
upon t heBaehkground ofitse jvention:  and the presence or absence of other growth

f act t d'
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actions blpioglcal egutation pathways adcipagenbsyosnal dmgmnwnt or reghnamiogehmug,

ost eogen Loyl at i

mduct | of ey en) HALiGBbical 4t B Bah BY Rt Ao trorBEMEal oh g ddes of
TGF- [ er r dlifferent paipasesl The bdsekneverp meabeds ofthé TGP superisamly are thet T@B<Bsor
injury, and t the repair of resultant danmage. After inflammation,

TG [err%emsﬁ €St he major role in the formation of granulation tissue,

i ncreases the expression of genes associated with extracellular matrix
formation such as fjbronectin, col | agen and several protease |nh|b|tors and

sti nul at §GFdbWR QEGinAlt mrr;i-eeémhpaesereﬁmspm humap piatelets, Byumae placaptaiand
‘possi bl eppihé kidRey GRA Riehtilicd &s §%Bﬁioﬁi?ﬁ5rfc3§r6ieﬁﬂmth a molecular mass of about

25.000 Da. First characterized by its ability to act synergistically with EGF or TGF-a to
induce anchorage-independent growth of untransformed NRK cells, recently, TGF- has

been shown to exhibit numerous regulatory effects on a wide variety of both normal and
neoplastic cells indicating the importance of this protein as a multifunctional regulator of
cellular activity. Depending upon the cell or tissue type, and the presence or absence of
other growth factors, TGF-f may either stimulate mitogenesis, cell proliferation and growth,
or rriay effectively inhibit said processes, or may exhibit other actions like e.g. control of
adipogenesis, myogenesis, chondrogenesis, osteogenesis und immune cell function,
stimulation of chemotaxis, or induction or inhibition of differentiation. Many of the actions of
TGF-p are related to the response of celis or tissues to stress or injury, and to the repair of
resultant damage. After inflammation, TGF-f plays the major role in the formation of
granulation tissue, increases the expression of genes associated with extracellular matrix
formation such as fibronectin, collagen and several protease inhibitors and stimulates
collagen-matrix contraction by fibroblasts, suggesting its possible role in connective tissue
contraction. . |
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- Until now five distinct, however, functionally and structurally closely .

" rel at edpoksias} s designated as TGF-[err]1, TG-[err]2, TEET/ERASIORBLY

TGF-[err]4 and TGF-[err]5 are described. ‘The former three are also found in °
man. All. TGF-[err]s are synthesized as 390 to 412 amino acid precursors

that undergo proteolytic cleavage to p2educe the mature forns, which

consist of the Ctermnal 112 amno acids. -In their mature, bi ol ogically
active forns, TGF-[err]s are acid- and heat-stable disulfide-Ilinked
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sim an TGF rr]l (Sharples, K et al. (1987) DNA 6, 239-244) show

r emar kabree @J%QH@H %@@?vatlon ‘differing only in a single amno acid

resi due. Conparison of the_.am no acid sequence of . human TGF-[err]1, human

TG [err deMartin, R et al. (1987). EMBQ J. 6, 3673-3677; M rdt, H
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proteins inthelr nature tornms about 70-80% sequence identity. A
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Het er ol US "expression of to a product which, although -
havi ng $duymence identityp Aihetergdisteria TGH-@1.2 has bsen @ofmdjfrpmmmqpta@lﬁs@@dce t he
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Recently, attempts have been undertaken aiming to produce TGF-Bs by means of
recombinant techniques rather than-‘i_solatihg these factors from-natural sources (e.g.
platelets) in order to obtain:sufficient amounts for testing in various therapeutic modalities.
Honever, it has proven to be extremely difficult to obtain biologically active recombinant
TGF-B. As can'be seen from the sequences depicted in -thé sequence listing under
SEQIDNos.1 to 6, the 112 amino acids cdnt_aining mature forms of TGF-B1, TGF-B2 and
TGF-B3 contain 9 cysteine residues. As has been shown for TGF-2 the 9 cysteine
residues are forming 4 intr_aéhain and 1 interchain disulfide bonds [Schiunegger, M.P.-and
Gruetter, M.G., Nature 358:4'30-434(1992)], Heterologous expression of TGF-f may lead to
. a product which, although having the correct primary structure, fails to fold properly to
produce the correct 'sécondary or tertiary structures and which, therefore, lacks the

biological activity.
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Taking the conplexity of the native TGF-[err] nolecules into account, it
has gener wid 96/03433n consi dered expedient to express the resﬂ’é'é'ﬁ“?é’“ﬁ@
genes in cells derived from hi gher organisns. Al though expression of
reconbi nant TG--[err]s can be achieved in eukaryotic systens, the yields of
bi ol ogi cally active, correctly folded m@erial obtained are still far from
bei ng satisfactory. Therefore, attenpts were made to produce biologically
active TG--[err] in a mcrobial host. However, in e.g. bacteria the
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yi el di ngPENOSGHAEY¥Y el y | abel | ed protein band with an apparent nol ecul ar
wei ght of 13'000 Da in an aut or adi ogram of a SDS pol yacryl am de gel but no
activity_was neasured (Urushizaki, Y. al.. (1987)_Tunor Res. 41 55).
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i nsoluble intrace [ar precipitates referred to as inclusion | es. or

ref ract i disufiggi h@gdmn&tloamd ulfilecsiabilizag dimerizatign whighds apparently essantiali n
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be solublllzeﬂqunder conditions which are suitab in maintajnin it iﬁ its
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active three-di nensional structure, the conformati on of ich is stabilized
by rel at i22ef¥SRak .interatonic forces such as hydrogen

When recombinant proteins are produced at high levels in bacterial (such as E. coli)
expression systéms, they often appear in the form of Highly insoluble intracellular
precipitates referred to as inclusion bodies or refractile bodies which can be recognized as
bright spots visible-withiri the enclosure of the cells under a phase contrast rriicroscope.
These inclusion bodies, which can readily be separated from the soluble bacterial proteins,
contain the recombinant protein in a mbstl’y denatured and reduced form which does not
exhibit the functional activity of its natural counterpart and which therefore is useless as a
commercial product. It is therefore generally agreed, that the recombinant refractile protein
has to be solubilized under conditions 'which are suitable in maintaining it in its denatured
form and subsequently has to be folded in order to undergo the transition from the
denatured unfolded form to the proper,-'func'tionallf active three-dimensional structure, the
conformation of which is stabilized by relatively weak interatomic.forces such as hydrogen
bonding, hydrophobic interactions and charge interactions. In the case of cysteine contain-
ing proteins this process may also involve. formation of disulfide bonds. When the formation
of disulfide bonds is chemically promoted, the formation of incorrect intramolecular and, in
the case of dimeric or multimeric proteins, intermolecular bridges should be prevented orat |



bondi ng, hydrophobic interactions and charge interactions. In the case of
cysteine contain- ing proteins this process may also involve fornmation of
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pronoted, the formation of incorrect intranolecular and, in the case of
dineric or multimeric proteins, internolecular bridges should be prevented -
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incorrectly folded isoners may yield non- honbgenous material, thus
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shown only for peptid up to about- 30 am no acids. |In another publication

(Bentled@tsrgﬂntlsmgsevﬁﬂremefmdeMG) di met hyl sul fone or a mixture of -
di nmet hyl sul fone and urea was used for solubilization of somatotropin from

i ncl usi on bodi es. The solubilized protein then could be renatured by
cont act It isgkrown fgomherprienart Jam et@hi di Amngheml Sed. d3H65766621893) thati t h a
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peptides up to about 30 amino acids. In another publication (Bentle et al., US Patent
4,731,440) dimethylsulfone or a mixture of dimethylsulfone and urea was used for

" solubilization of somatotropin from inclusion bodies. The solubilized protein then could be
renatured '_by.contactin_gﬂ the dim_ethylsulfon_e containing solution of the protein with a mild
oxidizing agent. |

Su.rpris.in.g'ly. it was now f_pund__that TGF-B-like proteins can be refolded into the active,
dimeric form by treating the solubilized r_non'o.mer with a detergent-free folding buffer which
comprises an organic solvent such as e.g. DMSO, DMF or a mixture of DMSO and DMF.

Ob|ect of the |nvent|on _ , : ;
It is the object of the present mventlon to provnde an improved process for the productlon of

biologically active, dimeric TGF-B-like protein from its denatured or otherwise non-native
form. This object is achieved by the unexpected _finding_'tha_t considerable amounts of the .
desired dimeric product can be 6bta_in_e_d_ in ah unexpected yield when the monomeric form

- of said proiein is treated with a detergent-free folding buffer which comprises an organic
solvent such as e.g. DMSO, DMF or a mixture of DMSO _a,nd DMF.



hi ect of the invention It is the object of the present invention to
provide an inproved process for the production of biologically active,

di meric Tidodgnbizse protein fromits denatured or. ot herw sepegepsiirye form
This object is achieved by the unexpected finding. that consi der abl e amount s
of the desired dineric product can be obtained in an unexpected yield when
the nmononeric formof said protein is tgeated with a detergent-free folding
buffer which conprises an organic solvent such as e.g. DMBO, DVF or a

m xture of DVBO and DWVF. WO 96/ 03433

PCT/EP95¢O§11§!-5 -!Detghled dgscrrptron of the invention The present

i nvent i oHE process for the production of a dineric,
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protein having in its nononmeric forma sequence w | east™ 75% honol ogy

to at | etpldinggendiionshe ani no aci d sequences of - a nononer of the follow ng
menbers of the TGF-[err] superfamly: TGF-[err]l1l, TG--[err]2 and
TGF-[err]3; a growth inhibitor isolated from conditioned medi umof BSC- 1
monkey kiroermc’ é‘IGFsB-(ike protgin ip eoglext witiothiegyeseRt invertionahearisl® pdieiPRaBng 7,

artoryo. cRaRIP gk toln g ieliho i a(lgasd 7% deebor i Fleh bhé oh kit coys

1186- 1195%id siﬁredoesrorémmm@(@hmummgmn(u@@dmharraﬁ% sapertdmilyt 1990) J.
Bi.ol. Chem 265, 1089-1093); TG--[err]-related inhibins and activins
(gonadal proteins that regulate pituitary secretion of follicle stinulating

hor none) TGHA1, TGRS2 bR rrerriam g'frymztnﬁﬁrsﬁor(lédra'ied Wahr:&mdrtiaheﬂ hfediUi® of BSC-

devel opnent of the Mullerian duct in manmalian nale e ryos one

mor phogehimonkeykisingy, celisvie- peiyarainpHelleyp BiWpetnali (1880) |?N6$\7@dg9$9 9982,
today  ar Y (pRBEPRAR S, 86 REAT! 12E e Ry BRERA gy cHARUGRAME) V10
transcri fuakbwizwm, SB. etat.dpeds)Moleqilar Ereloerinalogy2e x186-1 195)sD@RRSdrdmipp, whi ch
acts 10y enopus-Laevis (Kondaiah, P. et al. (1990) J. Biol. Chem. 265, 1069-1093); TGF-B-related

inhibins and activins (gonadal proteins that regulate pituitary secretion of follicle stimulating

hormone); Mullerian inhibiting substance (MIS, which inhibits the development of the

Mullerian duct in mammalian male embryos); bone momphogenic proteins (BMP, a group of

polypeptides involved in the induction of cartilage and bone formation; the'mémbers of this

group knovrn today are BMP-2, BMP-3, BMP-4, BMP-5, BMP-6, BMP-7, BMP-8 and BMP-

9); the transcript from the decapentaplegic gene complex of Drosophila (dpp, which acts to

control morphogenesis in the fly embryo); Vg-1- (the product of the Xenopus transcript which

is present in the vegetal pole of oocytes); and Vgr-1, a Vg-1 related mammalian gene

(Mason, A. et al. (1986) Biochem. Biophys. Res. Commun. 135, 957-964; Cate, R. et al.

(1 986) Cell 45, 685 698; Wozney, J.M. et al. (1988) Science 242, 1528-1534; Padgett, R. et

al. (1986) Nature 325, 81-84; Weeks, D.L. and Melton D. A (1 987) Cell 51 861 -868 Lyons,

K. etal. (1989) PNAS 86, 4554-4558).

Also included within the meaning of "TGF-B-like protein" are heterodimers containing
subunits of different TGF- like proteins, or fragments and mutants of the above mentioned
. proteins which retain one or all of the biological activities of the parent molecule. N



control norphogenesis in the fly enbryo); Vg-1 (the product of the Xenopus
transcript which is present in the vegetal pole of oocytes); and Vgr-1, a
Vg-1 rel @igadoaggdnel i an gene (Mason, A et al. (1986) Bi oCcPETEPBS/@RTNY/'S. Res.
Commun. 135, 957-964; Cate,- R et al. (1986) Cell 45, 685-698; Wzney, J. M
et al. (1988) Science 242, 1528-1534; Padgett, R et al. (1986) Nature 325,
81-84; Weks, D.L. and Melton, D. A (1%37) Cell 51, 861-868; Lyons, K et
al . (1989) PNAS 86, 4554-4558). Al so included within the neaning of
"TGF-[err]-like protein” are heterodinmers containing subunits of different
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prot ei ny MT%W'?%F‘&FW"%%G E?F"a'?%%lh?%‘gmgﬁ'%% 'itéft ‘%8‘{ hglqr?sgg?g?lg?%og par ent
nol ecul gspresenuMPpioteAddf the TGF-B superfamily. In a more preferred meamng it represents
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i ncl udlg% bri'd nol ecules in which parts of di ferent T err]s are
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and act inhibins gngbactivins (gomndal peoteingithat ee;;;daie plttptaryxseqet}ors@cfolhcle stimotating
follicl , whi ch
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in UCtIOﬂO rti ban (o] on r.s.o [OYR..known
{oday. ap8YERRUESS nyoB3 if BaunGlSighr SN ard VoS GRHgBn? toe rierRodls B " e
transcr gnmpfhnownttb@ammﬁl\@&cBMBm BMR¥p) BMPeg, BMR)?QBMH—&a(ldIBMP-V\/m ch
acts to, SIS | hef errbr pr,o t he
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Vgr-1, aondtbl Incrphdjendsigimiiel flyeemiggo); VoAl ctb)e product of the Xenopus transcript which
is present in the vegetal pole of oocytes); and Vgr-1, a Vg-1 related mammalian gene. Also
included within the meaning of "TGF-B-like protein” are heterodlmers containing subunits of
different TGF- like proteins, or fragments-and mutants of the above mentioned proteins
which retain one or all of the biological activities of the parent molecule.

- Even more preferred TGF-B-like proteins are selected from the group consisting of TGF-B1,
TGF—BZ, TGF-$3, heterodimeric TGF-Ps, fragments and mutants of a TGF-B including hybrid
molecules in which parts of ditferént 'I‘GF-Bs are exchanged, BMPs, inhibins and activins.

Even more preferred are BMP-2, TGF-ﬂl TGF-BZ and TGF-B3 and heterodimers and
fragments and mutants thereof mcludmg hybrid molecules in wh‘ - parts of the deferent TGF-
Bs are exchanged, preferably preferentially hybrid TGF-f1-3, i * TGF-B2-3 and hybrid
TGF-p3-2 or TGF-81-2 consisting; in N- to C-terminal order, ¢: ¢ N-terminal 44 amino
acids of human TGF-B1 and of the C-terminal 68 amino acids of TGF-B2. Even more preferred
TGF—B-like proteins are those having 'the amino acid sequences depicted in the sequence listing
under SEQID No.1, 3,5,7,9 or 11. The most preferrcd TGF-B-like protein is TGF-f3.



i'ncluded within the neaning of "TG-[err]-like protein” are heterodiners-
contai ning subunits of different TG--[err] |ike proteins, or fragnents and
mut ant s ofwob&oxBdHve nentioned proteins which retai n. one or PEI/EPEH027¥e

bi ol ogi cal activities of the parent nolecule. Even nore preferred
TG--[err]-like proteins are selected fromthe group consisting of
TG-[err]1l, TGF-[err]2, TGF-[err]3, heterodineric TG--[err]s, fragnents and
mutants of a TG-[err] including hybrid nolecules in which parts of _
different TG--[err]s are exchanged, BMPs, inhibins and activins. Even nore
preferrednar - AN e - L - rl. and
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am no acids  of T@J%Léé Even_nore preferred TG--[err]-like proteins are
i

t hose hawtdl ({1 987)d By @§d8hces depicted in the sequence listing

under SEQ;ikhiblion f - ; dai b ef ierdigd (e i ke
bR T%Ig?[gr ?f?l:@ ce?lv%l@%gyrgé%%% AEeayTRithydar &f ETdtad (1%%6&1&
PCT/ EP95/Endegdnology 3:18€71)986bgi cal activity of TGF-[err] for the purpose
herein isydefined as either - the cell migration pronoting activity of -
TGF-[err] on fibroblasts, (Postlethwaite, A E et al. (1987) J. Exp. Med..
165, 251, -riekibitipeat thecasewthef a eprtinueys mink(uraygitheliaiSeit IngdM)1-Lu t he .

i nhi bitor f ool dernk : human A 375 nel anoma cel | s
( Brown, 'Im:]réfdcégé%?% 7slcg:§$§|§%dkltfr?ﬁ%%§rﬁpﬂ%wﬂ}%fﬁ) , - inhibition of CCL-64
cell DNA synthesis assay (G aycar, J:L. etal., (1989) Ml ecul ar -

. Endocrin ; - 6) or - inhibition . of the owt h of conti nuous
ik 1 ungYaTRis TRF-PeEPro®hedapySd WA akedires mengd cde Be PEER Mia Hine
Exanpl es dueiepordinie timere|ISioRbically 4%tive STGH-p k& Brotin lRESrAMEth YiRdplek&np any
source or nethod can be folded into the corresponding dinmeric, biologically
active T@QT‘BF’f fran PREV: reMmanameds tarmcpf e TRE-fplikesrrateimeambelderived fegraapl e,
the monorpytial §6Urke Bf prloBEcelf By Bane of fekEmBInGhEHRATEEh Mg Yr sYfflefidaif b
methods_well known in the art. l_n the case the monomer is not suitable for in vitro folding
due to contaminants, the sglubiliied and denatured monomer can be purified by

chromatography. e.g. by size exclusion chromatography on e.g. Sephacryl S-100 HR.

Before being folded, the monomeric TGF-B-like protein has to be present in a denatured -
(i.e. unfolded), solubilized form. Capable of effectively denaturing and solubilizing proteins
are so-called chaotropic agents well known in the aﬁ. which, in aqueous solution and in
suitabie concentrations, chahge _the'spatial configuration of the respective protein through
alterations at the surface thereof, gither through altering the state of hydration, the solvent
environment, or the solvent-surface interaction. Examples of such chaotropic agents or
denaturants inc_:lude urea, guanidine hydrochloride, sodium thiocyanate at concentrations in
the range of about 4 to about 9 M, and detergents such as SDS, which are supplied in .'
concentrations in the order of 0:01 td 2 percént. Also, acidification of the aqueous soluiibn
containing the TGF-B-like prote_in to a pH of about 2 to about 4, , e.g. with a low molecular
weight aliphatic organic acid, preferably having __2', 3 or 4 C-atoms, more preferably acetic
acid, as' well as basic conditions of e.g. pH 10 z—ind abo{le and elevated témperatures will
result in denaturation and solubilization of the monomer. |



‘natural source or produced by nmeans of reconbi nant DNA t echnol ogy or
synthetically by nethods well known in the art. In the case the nononer is
not sui twaw/oB4a3 in vitro fol ding due to contam nants, the®cTEPMA7IZed and
denat ured nononer can be purified by chromatography, e.g. by size exclusion °
chromat ography on e.g. Sephacryl S-1 00 HR Before being fol ded, the
nmononeric TG--[err]-like protein has to8be present in a denatured (i.e
unf ol ded), solubilized form Capable of effectively denaturing and
solubilizing proteins are so-called chaotropic agents well known in the

art, WhitHa mbRbrAstIs Heh rﬁQ&é’édb}ébt%‘@fofdﬁtgsd&rngiti’igbﬁ vgrﬁcglg@%f rftfet Q«Ebtrerfm e the

spat I al conf(lé%urat I on of the resg;act Y erati’ons t t he-
sur f ace bidlegiedly actiye diser: Theotegn “toldirg conglitions" refers &o conditioms andenwhiche

sol vent aﬁtfﬁl'arnﬁri'ﬁtﬁfﬁhalncﬁfsdlm SHdBRtha tfdl‘ldg BroindiBd 8ha e Jeie at"ﬁégwc!'ﬁﬁ‘g?;sdzum

chaotropi c agents or denaturants |ncl-ude urea, guani
sodi um PeIMBEPd i assume a sariormation aasgcnatedtmua thabwgufal ablivity. 'nhls promessit 9 M

and Jet Gas RbFinssigh afty e WM HiAS DB £4 hA HGRGERLERLGN% bink"e

order of 0.01 per cent”. on 0O
cont ai niMRNOMEE, h‘GFelpthrt? the toernptlan @fl the tmea-dpmensfonabmnforﬁ'tatnon @b thet ditheric €. g

with a I [ ef avi 2,
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. pHoi disulifide Sboodsandh thecdssociatioh ofemprora¢rsiints awdimnbric, falddicdlly adtvet ur at i on
and sol %PBJQ‘I) ation of the nononer. WO 96/ 03433

PCT/ EP9 -8 - .The nononer is then nmade subject to "fol ding
condi tions” Whl ch allow the recovery of the biol ogical I y active diner. The‘

term"f i O refers to conditions under which intra- and
i ot er cnoh PR GBRS eTEhani e FioPoindr BEtkpHiga e peseHUmRNIaD Yeaiecwitomes:
i s per matfoldihgthuftes shivh @miséoandrganic STRRME. lmenew&éamdteolmr% aed é‘effétcted t

e primary structure

Cive ol RePtFareufg o P by Bl PNRRES. DU a0 sy vt eleat | on

of t he ohtheee diemmbersstahe gﬁmbctfdﬂiéfstu@omMBbe DNISTY, bRd DM Péferbl %Pgdn‘fc
associ at cal ‘acti Thi scgrocess i ncludes th

d with. e bi, ol
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dinmeric, biologically active structure.
Folding may be performed at a neutraf or alkalme pH and ata reasonable temperature e. g
between about 0 °C and about 40 °C. A preferred pH is between about 7 and about 10,

more preferred in the case of DMSOQ is about pH 9 to 9.5 and in the case of DMF is about
pH 8.5. '

Conventnonal buffer systems which ¢an be used for foldmg accordlng to the present
invention are buffers whnch provnde sufficient buffer capaclty between pH 6 and 10. AII
buffers that have no mhibltlng effect on the foldmg of protems are apphcable in the present
|nvenﬂon

" For example suntable buffers are Tns, bts-Tns or plperazme buffers The buffers may
contaln additionally a saIt if deslred and a bastc ammo acld if desired.

Salts whlch can be used in the foldlng buffer are, for example, salts of Na L| K, NH4 ,
Mg, Ca®, or Mn®* with CI*, F ", Br", J- HCOs , SO4 , phosphate, acetate, cyanate or
rhodanid, or other alkali metal- or alkaline earthmetal halogen or pseudohalogen com-
pounds at a concentration of up to 3 M. Preferred i is NaCl at a concentration of 1 to 2 M.



For this purpose the denatured nononer is according to the present

I nvention treated with a fol ding buffer which conprises an organic sol vent.
Pref erredyeyqaiis sol vents are selected fromthe group congcareregozvis DVSO,
di met hyl sul fone (DMsQ err]), DWMF and any mixture of two or three menebers
of the group consisting of DMSO, DvVs(Jerr], and DMF. Preferred organic
solvents are selected fromthe group consi sti ng of DVBO, DMF and any

m xture therof. Folding nay be perforned at a neutral or alkaline pH and at
a reasonabl e tenperature, e.g. between about 0 [err]C and about 40 [err]C.
A preferred pHis between about 7 and about 10, nore preferred in the case
of -DMSO is about pH 9 to 9.5 and in the case of DMF is about pH 8.5.
Convent i Artmlsnctnnﬁnheacis!yﬁtimmarwm asedCiarth® folding Bufferrisf fol dxamgplecarginiheng to t he
pr esent |n éllxon are b ; ers &gi#h provi de sufficient buffer capacity

bet ween Bﬁ o opaly il ﬂ?f,’fe ¥ That have no inhibiting effect on the

fol ding of proteins are applicable in the present invention. For exanple,

tabl e.b T bi s-Tri buf Th f f
o 2 e Aot ke R Rl OB S L ol = ™
desi r ed. aiSeutt19 twabahtm rheretmsféramy hbeuti20! tdiabeutBy 45 evér moré preferubiyp! e,
salts of Nale Jf tj’}qgl I—gerr I\/g[err] Calerr], or Mijerr]
with d [@W"}t 30|:f%>@|bp]l %{@P?t]pre\? ¥ §oo %rr], Sqerr], phosphat e,

acetate, cyanate or rhodanid, or other alkali netal- or alkaline earthnetal

- hal ogen, or pseudohal ogen com pounds at_a concentratlon of up to 3 M
Pr ef er r eHMSO b telding bubReean e fenliaeedibyiDMB. BME can beyseddn 6334’989"" ation of

PCT/ EP95486ut 49 18 aboliesies, lﬁa?élﬁefb?éﬁh{ WBoR200B abBAL S5 9L even Hidfe B@f&hﬁgobUf fer

is, for exanple, arginine, preferab in a concentration of 0.5
fol di ng 8eeUH3d th@bBt 34%. 'ﬂp%ﬂfﬁfﬂwmqté’ﬁ torBoyiHh% e used in a -

concentration of about 10 to about 50% nore preferably about 20 to about
50 % even nore greferabl about 30 to about 50% nost preferably about 40
% DVSO Armixhee pbP cafche usedin @ coneentrationiat abpiir G terabeut 5@ &eforn a
concent r ghinQdy t?&?h’é' to about 50% nore preferably about 20 to about
50 % evenf rmr\;eéfnpre er"z'i y ; -

DMSO or DMF can accordingly also be replaced by DMSO..

In a preferred embodiment 6f the present invention the folding buffer additionally contains a
reducing substance. A suitable reducing substance which encourages the formation of -
disulfides in proteins or peptides is e.g. a low molecular weight sulfhydfyl reagent' selected

" from the group consisting of glutathione in its reduced form, dithiothreitol in its reduced |
torm, B-mercaptoethanol in its reduced form, mercaptomethahol in its reduced form,
cysteine and cysteamine. A suitable concentration is e.g. about1 t0100 mM, preferably
about1 to10 mM, more preferably about 2.5 mM

Preferred reduced sulfhydryl compounds for use in the present invention are selected from
the group consisting of reduced glutathione, cystein, cysteamin, and B-mercaptoethanol.
Reduced glutathione is the most preferred compound. '

The folding is performed at reasonable temperatures, for example between about 0 and
about 40 °C, preferably at about 4 °C, and for a reasonable time period, for example
between about 2 and about 720 h. Since the duration of the folding depends on the



about 30 to about 50% nost preferably about 30 to about 40 % A m xture of
DMSO and DMF can be used in a concentration of about 10 to about 50 % for
bot h solweném343snbi ned. DMSO or DWF can accordingly al so BPETERNATI by
DMsdJ err]. In a preferred enbodi nent .of tthe present invention the folding
buffer additionally contains a reducing substance. A suitable reducing
subst ance whi ch encourages the formatith- of disulfides in proteins or
peptides is e.g. a low nolecular weight sulfhydryl reagent selected from
the group consisting of glutathione in its reduced form dithiothreitol in

115 T Ot fdTedde e R R 4y B Gbtihided fo? o USRI (bRIY time period

nmer capt onet hanol 1nits form ‘cystelne a cysteam™ne. A suitable -

- concent ard vig@ vesae,. g. about 1 to 100 mM -preferably about 1 to 10 mM nore

preferably about 2.5 mM Preferred reduced sul fhydryl conpounds for use in
the present invention are selected fromthe group consisting-of reduced
gl ut at hTlanprodugtiaredfry dioesic caiotogicallyrattive TGF-fritecpmpteireatconding tdihe present

glutathione.is th rred ound. The f [ i rf.qroed. at
e nsonnbranionphy B FRAAmRh L siF PR ts Whsrainithg ihenias BT 48 pPdn )

pr ef er aisltsansferdao thedfolding bitferaind thereastisrembauralis incubated forra time pédad efxanpl e
e 3 B Houf Bia 70 bre diys Bt a TomSeratuns bolesh &5, 0o LT 4 % hrbfbrdip o

PCT/ EPOBDGHildfoldiAdand 8ifdizafiol &dﬁgﬁé’uslﬁ faRe PRISBETIR profeifBondaftraiidn gﬁrﬁ@d for

any desired folding time period and vice versa. The production of

di mer i ctheiplginggeaetianyis gt eensideratpe jraperiance gince wheaibgingdee higha thetmonaraers

 Ronomer " EaberEY sibitaitel B6hregaliflestind 1 16 B FIoN o LREbRg MAR Sy 7°

r eact i oeligemersirfinal yieldsceftdimerdc produet are insrgased dtithefpretein canchtrationipless 7 or
nore d ﬁﬁrﬁ t ; . r]C, preferably.
4[ err] ?(\\?\Plﬁng}% nggadréhs?f?ﬁatte&rgﬁgﬁq%o(ﬁ O(E@n ﬁigh@é@yﬂtpg%gh%?'ace. The protein

concentration duri.ng the folding reaction is of considerable inportance
e o AR Sl A BRI Al b E RISl i
TGF-B-like protein and impurities, in particular, pyrogens or other endotoxins which might be
present in the preparation if the polypeptide was produced in microbial host cells. '
' Separation of the dimer is performed by chromatography such as sizing gel -
| chromatography, hydrophobic interactidn chromatography or ion exchange

chromatography, e.g. on a Mono S column and reverse phase HPLC. -
The present invention further relates to dimeric biologically active TGF-B-like proteins when
produced according to the process of the invention. These TGF-B-like proteins can be used

in a variety of therapeutic modalities.

The following examples illustrate the invention without being meant to be limitative.

Example 1: Expression of TGF-B1, TGF-B2 and TGF-B3 in E. coli
Example 1A: General methods o o

Bacterial strain: X : _
- E. coli K12/LC 137: htpRam, ]ongg, 1aCam, Malm, trpam, PhOam, rspL, tsx::Tn10, supCis (Goff,
S.A. et al. (1984) PNAS 81, 6647-6651). S '

Plasmids:



oligoners. Final yields of dineric product are increased, if the protein
concentration is less than about 2 ng/m, a corcentr?fion range of 0.01 to
0.5 nmg/ m rred. After folding, the biologically acty ' IS
phri??ed yﬁf%gggﬁﬁto renmove i nconpletely fol ded TGF-[err]-!# e:%#o é?n and
inmpurities, in particular, pyrogens or other endotoxins which mght be
present in the preparation if the polypeptide was produced in m-crobial
host cells. Separation of the dinmer is performed by chromatography such as
si zing gel chromatography, hydrophobic interaction chromatography or ion

h hy, . e, g. 1 a_Mono S colum and reverse phase HPLC.
e HRLTTER I Mot Rl o T T s o
TG ' tsef : ' . e
Mvent! L]ﬁf“*‘-‘?ﬁﬁ%?%ﬁ?g? oMORS it O Bfdoe el bpfe HBodfs BRBHG3R Mar
t her apeul-perdapu & et ale€982h\¥irglogy $23.1§-28anpl es illustrate the invention

' LN g I : | f. TG-[err] 1,
Tar Ler r | 2otk ertofifioid Wb aliE ACTET BirSiebyafd BriSin feteiane act or &
strain: kamamygin (Recaault. €. 283 (198pRGene B2, 10%{t3)r], lac[err], mal[err],.
trp[err]s 124 f . 1SX::Tn10, supCferr] (Goff, S A et al. (1984)

PNAS 81, = Zhi ds: WO 96/ 03433

PCT/ EP9 55037ﬂ£9yacrﬂlhal;nid&|9@9_lelgtlo;6r&l_e¢ik (sm-Pth?lan_d(p?g@m st[ahﬁg]qé Efﬁf Ffs Res.

- 5 _Thi. calti acteriophage [err _
;%?o rrét9 g?dﬁ‘%@efj ﬁéevh‘?lﬁﬁfe&%énmﬂﬂ'f 6&42&&’ %égﬁbzzgi ﬁ?ﬁzﬁﬁ"%ﬁsﬂg '(‘Q’a_n Leerdam E.
et al . (Magotedn Ibteitiyord BIORAD-a#d)1 mm Midkl 18 JulpolyRcAtdthible gBOdi Ny a

thernol apile [err] repressor and conferring resi'stance to kananycin
( Remaul t 2egtinguction:  1983) Gene 22, 103-113). SDS gel - el ectrophoresis: SDS

: ) , m
o YoCL| et ko of g gk AT gl Oy S |, (o
t he ry, New York) in a 20 ml culture tube containing 40 ug of each ampicillin and
kanamycin (LB/amp/kan) are inoculated with a single colony and incubated with shaking
overnight at 30°C. 5 ml of this overnight culture are added to 15 mi of LB/amp/kan in a 100
ml Erlenmeyer flask. This flask is transferred to a 42°C waterbath shaker. A 2 ml sample is
taken before transfer (non-inducing conditions) and 1 mi samples at 1 hour intervals after
the transfer (inducing conditions). Cells are pelleted by centrifugation
(5 min, 10.000 rpm in an Eppendorf centrifuge) and the supernatant is discarded. The peliet
is resuspended in 100 pl of sample buffer for SDS-PAGE and heated for 10 min at 95°C. 5
ul aliquots are loaded for SDS-PAGE.
Preparation of competent cells:
Competent E. coli cells are prepared by the calcium chloride procedure as described in
Maniatis et al. (1982), Molecular Cloning, Cold Spring Harbor Laboratory, New York. Cells

carrying plasmid pclas; are grown at 30°C.

Example 1B: Construction of expression vectors pPLMu.hTGF-B1, pPLMu.hTGF-B2 and
pPLMu.hTGF-B83 and expression of TGF-B1, TGF-2 and TGF-B3 '

- The coding sequences of TGF-B1, TGF-B2 and TGF-3 (shown in the seq'uence listing),
respectively, are cloned into plasmid PGem-5ZF(+) (Promega) digested with Ncol,
dephosphorylated with Calf Intestinal Alkaline Phosphatase (Boehringer) and filled in with
Klenow polymerase (Gibco-BRL). The resulting constructs are designated as pGKM' 125
(TGF-B1), pGKM 740 (TGF-B2) and pGKM 126 (TGF-B3) and are used to transform
competent gLolg Y 1090 cells. Clones carrying the correct inserts éncoding TGF-B1', TGF-



M ni protean |1 cell from BIORAD and 1 mmthick 18 % pol yacryl am de gel s.
Heat induction: 7 ml of LB-Medium (Maniatis et al. (1982), Mol ecul ar

‘G oni ng, wadetb3q¥sr i ng Har bor Laboratory, New York) in a 20 ROT/ERSS02ME. t ube

containing 40 [err]g of each anpicillin and kanamycin (LB/ anp/ kan) are

i nocul ated with a single col ony and incubated w th shaking overnight at
30[err]C. 5 ni of this overnight cultusg.are added to 15 m of LB/ arrp/ kan
ina 100 M Erlenmeyer flask. This flask is transferred to a 42[err]C
wat erbath shaker. A 2 m sanple is taken before transfer (non-inducing

(P neuci B8 et b Aes 385BH4iE0 B £ s Bob U Tuf ok B Sb BRI, 00,
d ded.” Th
el Lt R e aeE TR 00 For] 2ok o e ot Ter Tor SDo. PAGE and

heat ed for 10 mn at 95[err]C. 5 [err]l aliquots are | oaded for SDS-PACGE.
Prepar aig @ gn gemmma@s Eeédmoéé?aekwuo &nd E%dnvqebdupemwm egligrpel by the

cal ci um rocedure as described in Manratis et al

Mol ecul @rowm mrhEh gred@m andsplasmig | WAB@W@@E&QW theymethad, ok Bimpoi '@eﬂa ¥4t ryi ng
easo o Ol b 478 MacHiOAbas hediion 7P &y G pURE DN S ofitpleisd! o
expr essiirB0 af restrctibreboffdr, wnfﬁCiithbe Ncd mmsaurr@amraq;mam andEtoRY (PEHMMORs of
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Ncol , @éuwitaéesy\auaiﬂoﬁaf Sullamgetiufrhcetatent 001 e:VPRIGERNE It EDTA and
(Boehr| n and filled in with Kl enow gol ynerase (G bco-B

resul ti ﬁgomﬁmangbﬁéteaméuwgngﬁal%’@ fag 1 midihe BNA jspelietsd l}’nygntﬁfémﬁ'%%}
( TG [ er@ 09108)9%%‘? 1@%%@%&1@5&% élsé}vﬂ%@nﬁmfgwﬁe slifernb e fsca*éaammet &nt

coli ones carrying the correct inserts encod |n%
TGF [ er randl tha pBllet is regaspesvied 4880 ul 0.089 M TRIS borate, 0.089 M boric acid and 0.002 M

B T L S o e
col i Y1029/ \nekivipleataré fdctrbptiarkSad threughe 1 PA/ agarose gelin TBE buffer contammg 0. 5
pg/mi ethidium bromide at 50 volts till the: bromphénol blue marker reaches the bottom of
' the 10 cm long and 0.8 cm thick gel. The. DNA fragments coding for mature TGF-B1, TGF-
B2 and.TGF-BS, respectively, are visualized under short wave UV light, cut out with a razor
blade and electroeluted from the gel piece in a Schieicher & Schill Bidtrap apparatus apply-
ing 200 mamp for 1.5 hours. The eluted DNA fragments are precipi'tated'(see above) and

resuspended in 20 ul TE.

5 ul of plasmid pPLMu are'linearized by digestion with either Ncol and Sall, Ncoland
EcoRV or Ncol alone and gel purified as-described above for the fragment DNAs. 100 ng of
the linearized and purified pPLMu vector DNA and 3 times the molar equivalent of the
respéctive purified fragment DNA are incubated at 4°C for 15 hours in 20 pl of ligation
buffer (70 mM TRIS/HCI, pH 7.5, 10 mM MgCls, 5 mM DTT, 0.1 mM adenosine-triphos-
phate) containing 1 unit of DNA ligase (Boehringer). '

10 ul of the ligation mixture are added to 200 pi of cold (4°C.. -umpetent E. coli LC 137 cells
carrying plasmid pcles;. After 30 min the cells are heat shocked by incubation for 1.5min'in a
42°C water bath. 2 ml of LB medium are".added and the culture is shaken for 60 min at

' 30°C. 200 wl aliquots are plated on LB plafeé containing ampigillin and kanamycin and



E. coli Y1090/ pP&KM 125, E. coli Y1090/ pGKM 740 and E. coli Y1090/ pGKM 126
cells are grown in LB nediumand plasm d DNA is prepared by the nethod of

Bi rnboi m WO26/0348 Doly, H. (1979) Nucleic Acids Research 7PCTEPSOY1Yerr]g
of plasm d DNA are cut to conpletion in 50 [err]l restriction buffer with
either Ncol and Sall (pGKML25), Ncol and EcoRV (pGKM740) or Ncol al one
(pexkmML26) foll ow ng the recomendations” ¥ -the supplier (Boehringer). The
DNA is precipitated by addition of 5[err]l 3 M sodium acetate, 100 nV

MyC [err]., 5 nmM EDTA and 150 [err}| ethanol. After incubation at -70[err]C

for 15 m incubsteBdr 2Bhaes GeSET. lamgreaélbn‘eyaet &ulivatdd drd PIESm DRA |§-§n:ﬂ}éed' n

a SS34 rotor in a Sorvall centrifug The supernatant is di scarded and the
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vou 5.5 chet TP RPRTG R a0 B BUNCE 15 RBL R Bereamastveb oy 1 Ta

[err]2 and TG~[err]3, respectively, are visualized under short wave W/

i ght, 0L11 q3élvlth a razqr_bl ade and el ectroeluted fromthe ? el piece in a
Schl ei cheE-&Efe JPWDBLM%EE%BMML%@V@PLM@T@%B&M Eqgoli1. 5 hours.

Lorr 1 TE-Ca (i URTGE B GBEREREa ithBe R ANMIF | o A ERRGRT, 1" *°

ei t her Ncpfotaingl atadnglysaddly mHELGEN'GF-BNC'CGF-@E(amd TGRpgall appéarf asﬂ’@has

pur 11 oa ISEERHC oistting 2 BRU=RIFF Yoal hileio matitag il aqmprantgiolegyiar mass o

respect i vapproxinfdtelg 121009t DNA are’incubated at 4[err]C for 15 hours in
20 [err]l of ligation buffer (70 MM TRIS/HCl, pH 7.5, 10 M MC [err], 5 nM
DTT, 0.1 nM adenosine-tri phos- phate) containing 1 unit ‘of DNA |igase

( Boehr i ngExamplk01 ¢: Q?efrjglenﬁhoﬁ bﬁtrarilsﬂéﬁﬂaﬂfs m xture are added to 200 [ err]l of
cold (4[eryr Cco et ent cells cw ?ﬁ_ﬁﬂasmd [err].
After 30 RVEmY @I"'P§ °&Ee_9il1>§t1 33498@}%’6‘ BGFifie /pPLNu G\F-lﬁﬁ and
42[err]CEeg°qcb@f/p {ﬁ {; en
for 60 mnm at 30C BZH@ err Iﬁhgfl1 ?ﬁ%’l(l) ?ﬂgg‘g ézg"’ﬂ%'}sg %'SH@"fﬂﬁ :
anpi ci | | i AOmgd ok ampicillin mchkahamycirar%@rmaﬂamc 300m| of the ovemrght cultures are

PCT/ EP9S/ Q&Zéug to 750ml of LB medium containing antibiotics as mentioned above in 21 Erlenmeyer

flasks and heated to 42°C by shaking for approxumately 3.5minutes in a 65°C water bath.

The flasks are then transferred to a42°C shaker and incubated for 3hours. The flasks are

cooled down to 12°C in an ice water bath and the cells are collected after centrifugation

for1 0 minutes at 8. 000rpm in a GSA rotor (Sorvall)

Example 2: Expression Of__]'_GF-B‘I'. TGF-B2 and TGF-B3 in Saccharomyces cerevisiae
The coding sequences of mature TGF—[S1 TGF-B2 and TGF- B3 are expressed in
Saccharomyces cerevisiae under the control of the inducible promoter of the yeast acid
phosphatase (PHO5). '

The expression vectors are constructed in two steps:

A. constroction_ of plasmid pJDB207/PHO5-RIT 12,

B. construction of plasmids pJDBZO?R/PH'OS-TGF-BL pJDBZO?R/PHOS-TGF-Bz and
pJDB207R/PHO5-TGF-B3, -



- 13 - incubated for 22 hours at 30[err]C. Single colonies are cultivated
and plasm d DNA is anal ysed. Subcloning of the DNA fragnents codi ng for
TCF-[erripoosldsizi err] 2 and TG--[err] 3 in pPLMu results in poraposo19
pPLMu. hTGF-[err]1, pPLMi. hTGF-[err]2 and pPLMI. hTGF-[err] 3, respectively.
Cl ones contai ning the above constructs are referred to as E. coli LC

137/ pPLMu. hTGF-[err]1, E. .coli LC 137/-pBLMu. hTGF-[err]2 and E. coli LC
137/ pPLMu. hTGF-[err] 3, respectively. E. coli LC 137/pPLMu. hTGF-[err]1, E
coli LC 137/ pPLMu. h(TGF-[err]2 and E. coli LC 137/ pPLMi. hTGF-[err]3 cells

are heat, i I r anal sed :
by D5, MAGEE ATRvR ing VoL Epfdnd g prith GRS AL Rrhingldt 3B epiode™ "
i nduced the ekmenor?cérss'ettes with @n imszat codindufot matureTERR1, MGFAB2 bnd TGHPE) ]ant
nmol ecul ar of 0 Exanpl e 1C. Fermentation o
(1 anst o RRARCIVEH) éﬂ%gffﬁ Pﬁ?fégeéf-"—gpf%?ﬁemlsw pPLMU. h. TG--[err] 1,
E.col i LC137/pPLMi. h. TGF-[err]2 and E. col i LC137/pPLMi. h. TG--[err].3 in 21
' dlumvmth40rrgll of anmpicillin
tBITIZ overnight cultures are

added t@r&ﬁtmpsahntﬂz (&db#é&ﬁﬁtéﬂa@pﬂéhtiéﬁﬂ!ﬁ%ﬁ B3 igfinddRbd Witk Gesthstion i n 21

Erl enneyer, fl asks shaki ng for approximately 3.5m nutes

in a esreepw]'@'%raﬁee'faa'b&aﬁia' Hingli} q"agﬁssnarr tt‘etnreﬁprtqearferwlu@erqrwda resy@s dhaker
and i ncyb SalHmaIPRaYHéent clihenfs.hgw@z% Sp sarr/baﬁu-ﬁ %‘hs‘z@ séa&édda it m%Nat er

bath and the cells are collected after centrifugation for m nutes at

8. 000r pRremotgr eiiheveastagidphesphatase BHOSxthe ysaSErem@srsegnad)seqt@ncg éeading |
TG Th di
[errf&rZwaMnE crds%hbihé r% tzfsgﬁééﬁwg@ rﬁﬁaga(wae e coding sequencesf

of mature err are expressed in

Sacchar Jﬁ?de@ all/ dﬂf fi@'ﬂ?féﬁ@rf PBhB'Tc‘tﬂnlsmﬂedfm tonibeiyeasicE solbshutigveater of —t he

t I ted in
o’ st opADBR0P HBIHSR 3, it blicuigs TereHEt FyBaah AU Biizch vt 16, P01 N,
of pl asfaogenpagsme (& FPWS‘F@Q)[ which nadpszommnsanmwl rThe resulting
PJDB207 Bl cdiitainiry the 3 kb insertis referred to as pJDBZO?/PHOS -RIT 12.

| __Exam le 2B: Construction of lasmid ¢ DBZO7R/PH05-TGF-83
Plasmid pGKM740 (TGF-ﬂS) (see example 1.G) is cut with Ncol The sticky ends are filled in
a reaction with Klenow DNA polymerase. EcoRl linker (5-CCGGAATTCCGG,; Biolabs) are '
added and the mixture is ligated. The resulting circular plasmid is referred to as pGKMA668
(TGF-B3) and i is cut wrth EcoRl and Sall A 0.4 kb EcoRI/SaII fragment is isolated from an
agarose gel, punfled and resuspended in stenle water at a concentratlon of 25 pg/ml The

fragment contains the mature coding sequence of TGF-ﬁa wrth an ATG in frame to codon
GCT which defines amino acrd,_AIa 1 of mature TGF-BS.

The PHOS promoter is isolated from plasmrd p31RIT 12 (see above) on a 534 bp
BamHV/EcoRl fragment Plasmid pJDB207/PHOS-RIT 12'is cut with BamHl and Xhol. The
large, 6.8 kb BamHI/Xhol fragment is isolated. The PHQ5 transcriptional terminator remalns
on the fragment. The BamHI/EcoRlI PH05 promoter fragment the EcoRlI/Sall fragment
coding for TGF-83, and the BamHl/XhoI vector fragment are Ilgated One correct clone with
the TGF-B3 gene under the control of the PHOS promoter cloned i in an antrclockwnse
orientation into pJDB207 is referred to as pJDBZO7R/PH05-TGF-{33._ _



WO 96/ 03433 PCT/ EP95/ 02719 -
14- where A) provides the yeast vector and the PHO5 transcriptional _
t er m nat owoawd3#3 provi des the expression cassettes w th aRCTEP2S/a27t0di ng
for mature TGF- [err]1l, TGF-[err]2 and TGF-{err]3, respectively, under the
control of the PHO5 pronoter. Exanple-2A: Construction of plasmd

pJDB207/ PHO5-RI T 12 Plasmid p31 R T 12 18uropean patent application EP
277.313) is linearized with restriction endonucl ease Sall. Partial H ndlll
digestion in the presence of ethidiunbromde results in a 1 kb Sall/HindllI

f agment inGigHaisdid ther Thatlis Fak g 555%2 REGLEIER o, BVt BRvRRb. IE?'He

pronmoter of the yeast acid phosphatase P
sequenceplasigisegntaining thexgoding sequerdesafdTGRp1 E’h@B‘GHﬂﬁmaxerp(bKMmaﬁbnd

e yoastEMIZ8, st ¢od Sl S0 BREaidhnr bt Hebe Hasylo€ if Hoolzner s s

i n yeast addHidn efcEdadt linkerSang tigation the, re Sisirendircytan pla‘s&ﬁ‘ds arereud &ith EBRI andhi ch

b i noor oA TBERAISA! (30erl Hpslonenifie paPH20% 32 dBshey ssave Hiierttng o
of pl asnprdsmm@az@?é?éﬂwﬁrmmmmpﬁbmmbpﬁwmsémpmsm@ pssee

exanple 1.G is cut with Ncol. The sticky ends are filled in a reactlon
wi th Kl enow DNA pol ynerase. EcoRl |inker (5 -CCGGAATTCCGG Biol abs) are

-added angxdrhsle PO Trdrisfdrfnatib® af Sdeergﬂﬁaégﬁéﬁh%mam rcular plasmd is
referred _to as p err |s. cu wrth ElcoRI and Sal | . 4

kb EcoRIM&QM&&W@@"&
resuspenggm 36%5 fset\‘e}i]ds?oﬁ’l‘féﬁ%thiﬁl%ﬁnrﬁgncem rat i on of 25 [err] g/ m . The
0

f ragnment e mature ng sequence.of TG-[err}3 with an ATGin
frame toPJQﬁRQ?WEHOWﬁHaB‘defl nes amno acid Ala 1 of mature TGF-[err]3. The

PHO5 pr fromplasmd p31 RIT 12 (see above) on a 534 bp
BamI/EcéﬁﬁqugﬁgﬁgHﬁge md pJDB207/PHO5-RIT 12 is cut with BamH and
Xhol . TheypBROrR/PROS-TEF-fnH / Xhol fragnent is isolated. The PHO5

transcriptional term nator remains on the fragnent. The BanHl / EcoRI PHO5
pr onot er USiRG tedranstarmatior pratocoh desaribad b tinnand Arefal (H978PNASI 79,3928nd t he
BanH / X

T R b4 B bro Yokl et MUARAPB AR LSRN  gyone
ant i cl ocRifgigdransfasmediyesast colaniesrpibstiated andeéferreétbam as

PJIDB207 Rs Sddharoigcek Cetdviiae GRF18/pJDB207R/PHO5-TGF-B1

Saccharomyces cerevrslae GRF1 8/pJDBZO7R/PH05-TGF-B2 and
Saccharomyces cerevisiae GRF1 8/pJDBZO7R/PH05-TGF-B3 |

Example 2D: Fermentation of S. cerevisiae transformants and gregaration of cell extracts

The yeast transformants, as mentioned above, contain plasmids with PHOS promoter-
controlled expression cassettes and therefore require derepression of the promoter for the
expression of TGF-B1, TGF-B2 or TGF-B3. Transformants are each grown in two
successive precultures (10 ml and 50 ml) in yeast high P; minimal medium prepared
according to the recipe of the Difco _Yeast Nitrogen Base without amino acids but containing
10 g/l L-asparagine instead of (NH,),SO., 1 g/l L-histidine and 20 g/l glucose. The cells of
the second preculture are washed in 0.9 % NaCl and all the cells are used to inoculate 100
ml of low P; minimal medium prepared according to the recipe of the Difco Yeast Nitrogen
Base medium (without amino acids), but containing 0.03 g/l KH.POQ,, 10 g/l L-asparagine, 1
g/l L-histidine and 20 g/l glucose. The cultures are agitated at 30°C at 180 rpm.



WD 96/ 03433 , PCT/ EP95/ 02719 -
15 - In an anal ogous manner, mature TG~-[err]1 and TG--[err]2 are expressed
in S. cewewsmbssd: The plasm ds containing the codi ng sequecTEPING2719
TG--[err]1 and TGF-[err]3 are pCGKML25 and pGKML 26, respectively (see

example 1.G. After digestion of these plasmds with Ncol, addition of

EcoRl linkers and ligation, the resultin@g circular plasmds are cut with
EcoRl and Sall. The EcoRI/Sall fragnents are cloned into pJDB207 as
descri bed above. The resulting plasmds are referred to as

pJDB207 - TGF- - '

Tr ansf OEﬁE{F%H @fz m@f%@?jge\?ﬂ%cﬁ@@%@éﬁﬁ%%ﬁ gé%rWa‘?egrtr'ﬁé g:ar e\gP g ae
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pr ot oc o_h'lln\ltl msdlannbml)l are ddgad and tihe sﬂsﬂensn@ﬁ wmkmeﬁmslyges times dor? mlmed

yeast cells are,se te t

| euci ne® ’r‘%’r'ﬂ&be é‘g‘i‘s’{he %qnl(?%ﬁggt '%alﬁgﬁn"]é% @@‘% "g(rs?%ik quqg%sr ed to as

Sacchar beaused%:eui gebg%giztgg eﬁgl—%tgaér g@gﬁg&lﬁmﬂg@tgoﬂ 8 mireatr3000apmcats

cereV|S| r nmyces cerevisiae

GRF18/ p% taniandpelipts arg-sgl 399 Srpa a0 Con of S,

t ransfor mant S and pr epar ati 01:1 of cell extracts The yeag? ?r ansf- gre:rg\r/llt :I ags

menti oned above, contain plasnmds wi'th PHO5 pronoter- controlled expression
cassettE!_fﬂﬁb_Qherefore require derepression of the pronoter for the

eXpr essgQ; . _ - ]n?o : ]gmgrcapsfornants are eacl*'
grown i g[e yeast high Plerr]

m ni mal Eredli m1avm9&mmmﬁ-ﬁed:eﬂganedemwdaas ﬂ%ambed ireExiriple 1C2&etl Ni t r'ogen
Base w thout, am no aci ds ut c s
CNFE e r SRCBPT Sodpsiventorian-sahie T i s aetfomeed A+ ABhucrs qatweteds o
the Secaféﬂsdébeﬁaéd web ﬁqr &f G\@Mmlsmcﬂ 19 AMEDTA, arreleMSF Bhérfyl Metaine used
to inocylate 10 | ow P{Srr er“' (ﬂ rep accrt)rdl tothe
reci pe Ippﬁgylﬂjquf@e)(ég-gg 3@ f bufter). The cells are asse 1o times hroug .

Frenchpress (SLM Instruments, Inc.) according to the manufacturers instructions and the

volume is brought to 200 mi with the disruption buffer. The suspensidn is centrifuged for 20

min at 15.000 g. The pellet obtained is suspencféd m 100 mi disruption buffer containing 1

M NaCl and centrifuged for 10 min as above. The pellet is suspended in 100 ml disruption

buffer containing 1 % Triton X-100 (Pierce) and again _centrifuged_ for 10 min as above. The

washed pellet is then suspended in 50 ml of 20 mM Tris/HCI, 1 mM EDTA, 1 mM PMSF, 1

% DTT and homogenised in a Teﬂon tissue grinder. The resultmg suspensuon contalns

crude monomeric TGFB3ina non-soluble form.

- Example 3B: Solubilization and purification _of mon_omer_ic TGF-83
10 mi of the TGF_-B3_ sUspensio:n obtained according to Example 3A are acidified with 10 %
acetic acid to pH 2.5 and centrif_uged in an Eppendorf centrifuge for 10 min at room .
| temperature. The supernatant is chromatographed on a Sephacr;! S-100 column
(Pharmacia; 2.6x78cm)in 10% ace::.. acid at a flow rate of 1. ‘ni/min. (Altemnatively, the
chromatography can be performed or: :aphacryl S-100HR (Pharmacia) and the column can
be run in 1 % acetic acid or 5 mM HCi, .resple_ctively.) Fractions containing monomeric,
denatured TGF-B3 eluting between 190 min and 220 min are pooled. This material is used
for folding to get biologically active, dimeric TGF-B3 -(Example 4) or for further purification

and structural analysis (Example 3D.).



Base nedi um (wi thout ami no acids), but containing 0.03 g/I KH err]P(Jerr},
10 g/l L-asparagine, 1 g/l L-histidine and 20 g/l gI ucose. The cultures are
agi tated alvodfdfosgss 180 rpm - WO 96/ 03433 PCT/EP95/02719

PCT/ EP95/ 02719 -16- Cells from 10 ml of culture are collected at 5 h, 24 h
and 48 h by centrifugation at 3000rpm and washed once in 0.9 % NaC . The
cell pellet is resuspended in lysis buff€r-[66 nM potassi um phosphate pH
7.4,4 nM Zwittergent (Cal biochem)]. 8 g of glass beads (0.5-0.75 mmin

di aneter) are added and the suspension is shaken vigerously 4-5 tinmes for 2
mn each on a Vortex Mxer in the cold. The cell extract is decanted to get
rid of the gl ass beads Cel | debrls In the extract are sedl rrented by

cent ri f uggxamplef3i: Recovery o i : gvisiaat and

Recovery e REe AR b o Bor 2396 %%r"}eﬁﬁaiﬁﬁ'p‘af@w%%?é%ﬁéé‘% y
g?l pPLl\/%Joaﬁm ip eusqei‘ldedlm 20 mi é_M arearOi eMTRfS d?f DrTTibzld 8.0 TIEJreampluee s l@g': fi]elcl
About - 16 BB AR tor 3o ke Rt Sy Ritoyo 5 E MBS, pRbIl"
TR S ket et ot 0O o
| nst r umen{s&d J'ﬁ'ﬁ‘; to &ﬂ:gé:)‘ﬂ'ﬁhﬁcqﬂﬁ alcﬁéa'ﬁéf ﬁ’ﬂ@’t‘%"qlhgg‘l" tq‘yoﬁget%'q he

vol ume i solsrAigabht 4°€. THE sBlutidh Fs*bénﬂﬁ#écﬁéé’ﬁd@%n‘&%é gle r!mh}férﬁé&ﬁméls' on is

centrifuged for 20 mn at 15 bt al ne I S suspended in 100
M di srupEeraeniateddy Wisafiltsationrap a mmenmmmm-eon)ugsdnnabwolmmemfﬁ ks

above. Th t 1 %
Triton x T"%%“PE!%%cejfﬁanﬁﬂagéfdﬁ“sé%?r%&%%%‘ $AP0H feherfoafh e Bk
washed peB¢idiasidese in lrxponpltec3) Bi yieldiog ninondmexic TBFP3L s/ HClI, 1 nM EDTA, 1 TV
PVMBF, 1 % DTT and honpbgenised in a Teflon tissue grinder. The resulting
suspensi on contains crude nononeric TG--[err]3 in a non-soluble form.

Exanpl e 3EBxarfiple8D:|Hurthbr purificatioroft mbheraéic TGEB3 WALC TGF-B3 10 m of
w th 10 seiqats o BB Rpoled rlona lramhe Sephanlst 400 FOMMNHEFERABIABIAM! 1 |  uge
for 10 m puffied siP&Vydac 214TP5415 HPLC reverse phase column (4.6 x 150 mm, The Separa-

tions'Grdup, Hesperia, CA, USA). The column is equilibrated in a mixture of 70 % TFA 0.1

% in water and 30 % TFA 0.08 % in acetonitrile, and the product is eluted by a linear

gradient over 30 min endirig with a mixture of 55 % TFA 0.1 % in water and 45 % TFA 0.08

% in acetonitrile at a flow rate of 1 mi/min. The eluate is monitored for absorbance at 216

nm and individual peaks are coliected tnanually according to the UV absorbance.

Denatured, monomeric TGF-3 is eluted at 21 -5 min. Depending on the individual reverse
phase column used for the separation the same preparation of TGF-B3 is eluted around
16 min and 18 min, respectively. -

TGF-B3 fractions are analysed by RP-HPLC using the same coiumn and solvent system as
above. TGF-B3 is eluted by a linear gradient ovér 42 min starting from 100 % TFA 0.1 % in
water and ending with a mlxture of 30 % TFA in water and 70 % TFA 0.08 % in acetonitrile.
TGF-B3 is eluted as a single peak after 30.4 min. Dependmg on the individual column used
retention times of 29 min and 29.9 min, respectively, are obtained.

Example 3E: Analysis of monomeric TGF-83 by SDS-PAGE
individual aliquots of the Sephacryl S-100 column (Example 3.B) or the reverse phase

column (Example 3.D) are dried in vacuo and analysed by SDS-PAGE on 15 %



tenperature. The supernatant is chromatographed on a Sephacryl S-100 colum °

(Pharmacia, 2.6 x 78 cn) in 10 %[err] acid at a flowrate of [err] m/mn.
(Al t er nawovesios43st he chr omat ography can be perforned on sepicampy$n31400HR
(Pharrmacia) and the colum can be run in 1 %acetic acid or 5 mv HO ,
respectively.) Fractions containing nononeric, denatured TGF-[err]3 eluting
between 190 m n and 220 mn are pool edi8This material is used for folding
to get biologically active, dimeric TG--[err]3 (Exanmple 4) or for further

purification and structural analysis (Exanple 3D. ) - WD 96/ 03433
PCT/ EP9 r
Sacchar gér’r'yg%c(?arg%{:n éﬁﬁ?gg@ﬁ%ﬁ“@? Qr’g? . ?(;B eenrﬁ ? g ;ng_ an fénoehrﬁd’a@éo m -

f er ment Molenyiassassofabouts! 24000:Pa iscabtained which. l%odp@mmmhable fromreduredur ea,

0.1 MT - 8.0. The mxture is kept at roomtenperature for 30
m nut esﬁ‘lﬁa{%% %.Fnefﬁgnt vortexing every 5 mnutes. Insoluble material is
removed by centrifugation at 30'000g for 30 .mnutes at 4[err] C and the

super natant i s, ad sted to .H 2.5 W th aceti.c acid and dlal extensively
agalnstIE SEN- dgilence detommin & 16k trifuged as

above - amanﬁﬁram%mwsmebwom@dwwt aa&wbd)m zslmroafm hbétii:tédiwaﬁd‘ a YM
10 nmenbrane (Am con) to a final vol une_ of . The sample is then

chr onat 8épiegind tp amingasidieequence weﬂmatem ?fﬂé$ phase,protain, sequencacmadels

descri bgpoA padpfiedBidsystelsy] €l di ng nonomeric TG--[err]3. Exanple 3D Further
purlflcatlon of nonorreric TGF [err]3 by RP-HPLC Aliquots of the pooled

fractions fromthe Sephacryl -S-100 colum (Exanple 3.B) are purified on a

Wyd 2
& o, - 08 Notbfrrinfishin QUf SEBRGSTE deichTi bbe Sngher Rl dieo 3B Brgdr, Ol
TFA 0. 1SEQY IP Nestéer and 30 % TFA 0.08 % in acetonitrile, and the product i

eluted by a linear gradient over 30 nmin.ending with a mxture of 55 % TFA
0.1 %in water and 45 % TFA 0.08 % in acetonitrile at a flowrate of 1

m / m n. EXareplel4dn mtrbsioldngidf 0 CG#eBT inDimbsthytslfoxide (DM3OP contadnin boifiervi dual .
peaks a ma cord sorbance.
ononer FoF 4 baB TRsGHel AOEE T tdided & 4t AR SoBARRLTE AL
rever setM NaCl, 0.5M arginine, 5 mM reduced glutathione and 40% (v/v) DMSO respectively. The
pH of the buffer is adjusted to pH 9.5 with NaOH. The final concentration of TGF-B3 is 0.1
mg/ml. After 7 days at 4° C the solution.is acidified with concentrated acetic acid to pH 3.5,

.. - - -_ . a SR OIS ..

concentrated about 10 times by ultrafiltration inan Amicon stirred cell with YM10 _
membrane (Amicon). The_con_centra'ted, solution is diluted to the original volume with 0.1 M
acetic acid and reconcentrated. This procedure is repeated 2 times. The solution is then

- subjected to ion exchange chromatography as described hereinafter. . .

Example 5: In vitro folding of TGF- 3in Dimethylformamide (DMF) containing buffer
TGF-B3 obtained as described above is folded at 4° C in a buffer consisting of 0.1M Tris,
1M-NaCl, 0.5M arginine, 5 mM reduced glutathione and 30% (v/v) DMF respectively. The
pH of__thé buffer is adjusted to pH 8.5. The final concentration of TGF-B3 is 0.1 mg/mi.

~ After 7 days at 4° C the solution is acidified with concentrated acetic acid to pH 3.5,
concentrated about 1 0 times by ultrafiltration in an Amicon stirr_ed cell with _YM1_O

membrane (Amicon). The corice_nt,rated solution is diluted to the original volume with 0.1 M
acetic acid and reconcentrated. This procedure is repeated 2 times. The solution is then
subjected to ion exchange chromatography as described hereinafter. |



phase col um used for the separation the same preparation of TG--[err]3 is
eluted around 16 min and 18 nin, respectively. TGF-[err]3 fractions are
anal ysed lwo®§e3dssC usi ng t he -same col umm and sol vent syst epCHEPIHIRYR.
TGF-[err]3 is eluted by a linear gradient over 42 nmin starting from 100 %
TFA 0.1 %in water and ending with a m xture of 30 % TFA in water and 70 %
TFA 0.08 %in acetonitrile. TG--[err]3-t@-eluted as a single peak after
30.4 mn. Depending on the individual colum used retention tines of 29 mn
and 29.9 nmin, respectively, are obtained. Exarrpl e 3E: Anal ysis of nononeric

TG-[err]g By . oﬁ%nlopgfﬂéng%bé e 3%y 5R08 ek eHange 100 col um

(Exanpl e 3 I n vacuo
and anal yet&dmh;gg%PAGE on 15 % ' V\D 96/ 03433

PCT/ EP95/ 0271 d | t B
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err am no acid uence determ nati on
nononer i cg 9‘@5"'[352? fFalu 'F@:@Lf‘éf’?ﬁqé}ﬁ R PRYRA S Brsg ghgd ¥t g8maMegdium %?é%
di ssol ved3gw istprdpyl bkcbh®, bH\. e‘{mffe@ A)tords mindtes EHARRER lutéd with BOlineat d

sequence determ nation ase protein sequencer nodel 470A (Applied

Bi osyst en@dfd 'e'Fh%V%“lséPﬁoﬁg%{Tm%Wltﬂ g”ﬁ%" A coptaining 8.2 M Nagd and ending avithrhufes Aown

in the Seéw?é]ﬁiﬁ lo.5 M RaCIum | I i ng of
TGF-[err]3 in Donet by | sl fgilélﬁjgﬁ% B H)‘i_e{:eg%taz:égﬁinm) afiachihaed hﬁgpgl”ﬂ

obt ai ned %rgcmre@aacl@dd% dimericol G341y nonaeducing SDSFMGE@ndlfelt bivlpgidal 0. 1
MTris, M@@ \Qtf(ZMo% ine, 5 nmMreduced gl utathione and 40% (v/vV)
DI\/SOrespectl f the buffer is adjusted to pH 9.5 with NaCH.
The fi nal concentratlon of TG--[err]3is 0.1 ng/m. After 7 days at 4 C rhe
sol ution . i . acet i c, aci-d 3.5, concentrated
about 10 TXGP LRUrficatD ictonizgiion.of dimetic IGFB3'| Wi th YMLO

menbr ane Eﬁmgeﬁg Plihﬁcamﬁmrﬂﬁ-mo) soI ution is dilut ed to the original

- volume w IT:ractlonls cl\gntammg dimeric blologxcall
_ y active TGF-B3 are pooled, dialysed a_gamst 0.1 M

. acetic acid or diluted with the same volume of 0.1% TFA in water and subjected to RP-
HPLC on a Vydac 214TP510 column (16ni x 25cm, The Separations Group, USA). The
column is equilibrated at a flow rate of 4.5 mi/min with a mixture of 75% solvent A [TFA
0.1% in water] and 25% solvent B [TFA 0.08% in acetonitrile]. After loading of the sample
the column is washed under equilibration conditions until the absorption monitored at 235 |
nmhas reached baseline level. The column is then eluted within 30 min with a linear
gradient starting at equilibration conditions and ending with a mixture of 45% soivent A and

55% solvent B. The eluate is fractionated manually and analyzed by non-reducing SDS-
PAGE and by in vitro bioassay. '

Example 7B: Analysis by SDS-PAGE

Aliquots of the purified TGF-[S3 of example 7A are dried in vacuo and anatyzed by SDS-
PAGE (Laemmli, U. K. (1970) Nature 227, 680) on 15% polyacrylamide siab gels stained
with Coomassie Blue R-250. The unreduced sample exhibits a sungle barid of apparent
molecular mass of around 25 kDa, whereas the reduced sample shows a band at around
12.5 kDa.



acetic acid and.-reconcentrated. This procedure is repeated 2 tinmes. The
solution is then subjected to i on exchange chromat ography as descri bed
her ei naf W0 9%/@43ple 5: In vitro folding of TGF-[err]3 i n ROTARRINIIMSr mani de

- (DWMF) containing buffer TG--[err]3 obtained as described above is folded at °
‘4[err] Cin a buffer consisting.of 0.1 MTris, 1 MNaCl, 0.5Marginine, 5
mM r educed gl ut at hi one and 30% (v/v)  DI#0 -respectively. The pH of the buffer
is adjusted to pH 8.5. The final concentratlon of TG-[err]3is 0.1 ng/m.
After 7 days at 4[err] Cthe solution is acidified with concentrated acetic
acid to g |e57CCQIBFe . g d@{é%ﬁ,aﬁ&,tl mes by ultrafiltration in an Am con
stirred VIL- O ToT ane- ( Am con) .. The concentrated solution is

di | ut ed Rurlftedé' GF-B3from examnm%Avﬂ analyred by Eleeiraspraydprization Massoncent r at ed.

Thi s pr t o0 ion
exchangSRERafe kfi SPAS) e dotel B8 1oLAG 12 P lol 16 i fifhgost Babected

PCT/ EP951802719 - 19 - .Exanpl e 6: Isolation of d| rrerl c biologically active
TG-[err, e é‘l hr omat ography The sol uti on obtained in

Exanpl e |vely, cont ai ni ng' bet ween about 10 and 50 ng
TG [ er rAeroacldeusaMasS peﬁbnned as\describeti iro Knea®t Boarkl GbamgirdoXa Hi gh

Cod um J0EgEe! U853 BATodRRaF Thi M afd i bogtPapmPhtiinrel’e: .

t hen el uh@@lvywth_ a linear gradient over 45 mn starting with buffer A
containing 0.2 M NaCO and.-ending with buffer A containing 0.5 M NaC . The
eluate is nonitored at 280 nmand fractionated nanually. Fractions are

checked i FE! Nqéﬁﬁi{w[pemr@;_tmedawm@aﬁas PAGE and for biol ogi cal‘
activity |n Viiro bi passa le 7. Further urlflca 0

char act et ﬂgcﬁfT(ﬁ -83 ﬁ&ﬁ*%“g'@ﬂ{'ﬁ evarorated in vacupad F’Eh’?q "&é% Pghgﬂ&‘ RP- HPLC
Fracti O(r;px%eﬂé’ﬁéla'a'ﬁb% %‘b@artb“an%@hélﬂ é‘ééfubﬁcé‘&étb#ﬁngﬁﬁér?é ghs pRage pool ed,

di al ysed agal nst acetic actd I.luted wwth the same vol unme of 0.1%

TFA i n \egagencaidnasieh JﬂaMappkﬁd#wsmms)o?ﬁhaam@&m&e of dhe fitst {Qcm x
25¢cm T%snéﬁ@é"&é‘éhﬁiﬂéd Qag‘ég ex%d frbhf the theory.

Example 7F: Protce_i:_jﬁc Frag_mentatioh with Asp-N g__r§teaée .

9.2 ng (6.7 nmdiés)_ TGF-_Ba =a:1re_ reduced, 4-vi_ny|pyridyle_thylated, drie_d in an vaccum
centrifuge and redissolved in 200l 5 mM HCI. 200 i 0.2 M TrisQacetaie_ buffer, pH 7.8,
containing 10 mM Zwit;ergeﬁt. 3-12 detergent (Calbio’chem Corporation, La Jolia, CA) is
added and mixed with:'the protein solution. The cleavage is carried out with 2 ug (dissolved

in 50 pl water) endoproteinase Asp-N (from Pseudomonas fragi mutant, Sequence Grade,
Boehringer Mannheim Biochemica, FRG) at 37°C. After 13 hoqr’s,, 50 ! 10% (v/iv) TFA are

- added and the mixture is separated by RP-HPLC on a Vydac 218TP5415 column (4.6 mm
x 150 mm, The Separations Group) with a linear gradient of 5 to 45% (v/v) acetonitrile in
0.1% TFA/water in 40 min at a flow rate of 0.1m¥/min. Isolated peptides are analyzed by
Electrospray lonisation Mass Spectrometry, ESI-MS. The molecular masses determined
are in good agreement with the calculated values for the expected Asp-N fragments.

The fragments identified cover the cbmplete amino acid sequence with the exception of
residues 1 and 2. These amino acids are identified by the N-terminal sequence
determination of the whole protein and by the analysis of the V8fragments.



colum is equilibrated at a flowrate of 4.5 mM/mn with a mxture of 75%
solvent A[TFA 0.1%in water] and 25% solvent B [ TFA 0.08% i n

acet oni t riwe]ss/oafsger | oadi ng of the sanple the colum is wapbeEposiebsLo
equilibration conditions until the absorpti-on nonitored at 235 nm has
reached baseline level. The colum is then eluted within 30 mn with a

| i near gradient starting at equilibratio2ieonditions and ending with a

m xt ure of 45% sol vent A and 55% sol vent B. The eluate is fractionated
manual |y and anal yzed by non- redum ng SDS- PAGE and by in vitro bioassay.
Exanpl e 7By, ) ; e purified TG--[err]3 of
exanpl e 7A"ar SDS- PAGE (Laemmii, U K
(1970) NaSumtarlzzm Emmle dhwith %Spdﬂ pmteqsleaetw:dxdpwidylatgélm% paiisdigested with

o .
appar ont P Ve ah 1B adthbrie SRSty Al cah sl Bbar b ESENR The hous
a band at malesulad miassed kbtermined \afe iga@@4RBeement with the theoretical values furfther
PCT/ EP95/ Q2719 . 20 -. Ao, I I 5 det I Nat P [
TG [or r] 8VNGy e bS8, Tia (aries Mentied atvpr Bl Wade ssvencernt a3
Spect r oneamind &did rddiduesThe total mass found is very close to the

 theoreticall y expected value. Exanple 7D: Amino acid analysis Amno acid
anal ysis was perforned as described in Knecht, R and Chang, J.-X

Anal yti caEx4mBIél & U Vitre Bicivit test 8 ioldedtIGF - hﬂnrrkﬁmﬁ EpithbfaliCail WQ-- G

wi th the theory. anpl e erm na U I on
10- 20 [ er PhospiiataserAssayy | 3 of exanple 7A |s evaporat ed in vacuo, dissolved

o B B RS B b ieg! e 08 RRBEA R RES s

am no aci poteequiohthe compoéund inrishibitidg tiees grhwetb ofl et eontinnedls wirk mgespitheliat dtell™

fromthe RACRRYI-Lu (ATCC/ICCLE4). The Mv-1-Lu cell line has proven to be a sensitive reporter in
the bicassay for TGF-Bs, exhibiting a sigmoid-shaped concentration response with a
reported EC50 of approximately 10-50pg/mi (Tucker et al., Science 1984; 226: 705-707;
Absher et al., J Immunol Methods 1991; 138: 301-303; Danielpour et al., J Cell Physiol
1989; 138: 79-86). Mv-1-Lu cells, whose proliferation is strongly inhibited by TGF-B, is
currently considered as the cell line most suitable for the development of an analytical
bioassay for this cytokine (Kelley et al., Exp Lung Res 1992; 18: 877-887; Meager, J
immunol Methods 1991; 141: 1-14). The assay is performed in 96-well microtitre plates
using cells which were originally obtained, at passage 46, from the American Type Culture
Collection, Rockville MD, USA. The cells are seeded at low density (5000 celis per well) in
growth medium (Minimum Essential Medium with 5% v/v Foetal Calf Serum) containing

serial dilutions of a' TGF-B standard or sample. Assays are then incubated at 379C in a
humidified 5% COg incubator for 72 hrs. Inhibition of cell proliferation is determined by a
sensitive enzymatic cell st'aining method (which gives a colorimetrical estimate of the
amount of acid phosphatase produced in each well), the intensity' of staining corresponding
to the number of cells present in each well. The absorbance O.D. of each well is determined
at 405nm and the assay data is plotted' and analysed by means of a suitable PC éoftwére _
programme. In this assay, one Unit (U) of_aétivity is described as the amount of TGF-B
required for hélf—maximal inhibition of Mv-1-Lu cell proliferation. .



Exanple 7F. Proteolytic Fragnentation with Asp-N protease 92 [err]g (6';7
nmol es) TGF-[err]3 are reduced, 4-vinylpyridylethylated, dried in an vaccum

centrifu edi ssolved in 200[err]| 5 mMMHC. 200 [err L2 M.
Tri s-aceg‘gq%g]"gﬂ# pH 7.8, containi ng 10 mM Zwi tt er gent Jéﬂ'%%@%é?gent

( Cal bi ochem Corporatlon La Jolla, CA) is added and m xed with the protein

solution. The cleavage is carried out :?zth 2 [err]g (dissolved in 50 [err]l

wat er) endoprotei nase Asp-N (from Pseudononas' fragi mnutant, Sequence G ade,

Boehri nger Mannhei m Bi ochemi ca, FRG at 37[err]C After 13 hours, 50 [err]i

10% (v/ v TFA are added.and t he mxture I's separated by RP-HPLC on a Vydac
ample &n In vive agtivity tastetorioldath EGBA%r at i ons Group) with a |inear

g1 adi entg,gfr . ba: ABSf P P4 THRALSE Wb B 0@ TEFA 2t o1 10 40 i n at a

yzed by El ectrospray

| oni sat iltlda rmlsspémtmmdﬂwallwmseﬂmcomb dropaiced withsadvandiagagei(Gealear e

I n good r I

fragne ntésIE @%@?&g@”ﬁ%ﬁ@ﬁ?h g%% %dﬁ g aYIS t Ot'é);er?p%%tn ?mfﬁ(; hg&éé(?ﬁ%) msN ga uence

wi t h t hdielskefegeriatsic roédicing. Thesefore, Mlnzuvo'lfblelsgicdraffemmlthlsfcﬂdm acligaet i fi ed by

e, . St oFSSUER 5508 A BBl O SoRigb e 1

gcw IEF>9 iﬁ»hﬁﬁﬂg)‘éare Hvesfigateg inea péitialy @éfb!dtny bi mp‘airad muhdi'em shubtiorydanvest eag e
I n err
s i ged ok N AShe hedolewiad Broted Aimigr e Ooe Hebibed S ezt 8 Sha

anal ysed. t(ygfﬁlsd}éﬁce‘mg 3850, ecul ar massed determned are in good agreenent
with the theoretical values further proving the i dentity of TG [err]3. Th‘
fragments identified cover the whole sequence of 112 am no acid.resi dues

Exanpl e ghiglé muddérﬁfal ﬁlféhhdlllﬁjﬁnés‘»‘érb rﬁéue oPiHasbrddPitidrax bf anddsietibeloid -~~~
Eplthellal Cel | Lu) Phosphat ase Assay TG--[err] or hybrid

pr ot ei n GI/BlG @me(age% 450 ﬁaxﬁ or rnO@)déhqsemck%h@%%%gn RRvieuslyshavedeand he
I
pot ency 4@ llufé?éh ﬁﬁﬁ&%ﬂﬁnér&al &th é@@ Haik F%?n&fe?‘ﬁyha aﬁg@ J@ggﬁﬂ%&%ﬁc&}{]ﬁo‘ﬂ%f ung

epithelial cell Iine M- as proven
to be aad¥wass mmatpépbm ,Bgm) whlch has been equlllbrated ‘at 80°C in a water bath. The

resulting blister is surgically removed and the burns are treated daily, for 5days, with a

topical application of. 25uI sterile vehicle buffer solution (consisting of 0.8% w/iv .
Hydroxypropyl cellulose in a solution of 10mM Histidine, 140mM NaCl, pH7.4) containing
various amounts (500ng. *“Ing or 10ng) of the folded active dimeric TGF-83, or with buffer

~ solution alone, or are lef: untreated. Al topically applied materials are sterile, endotoxin-free
and pyrogen-free, and all mice are individually caged for the duration of the experiment.
'Each experimental group consists of 5animals.

After 5days of treatment with TGF-B3, the mice are anaesthetized, the blisters (if present)
are surgically removed from the burns,.and the bumé are photographed. Areas of burns that
have regenerated epithelium are outlined onto uniform thickness transparent overhead
projector film and the percentage of each original burn area that has healed is célculated by
planimetry. Results are alsc ~ompared with ihe epifhe!ial regeneration process in young
(56-84day old) C57/BL6 mice with identical midderm:: “>urns which are left untreated for the
duration of the experiment. '

The results of the planimetrical analyses demonstrate that topical application of folded |
_active dimeric TGF-B3 daily for 5days in a suitable vehicle buffer stimulates and accelerates
epithelial regeneration in partial-thickness wounds on old mice in a dose dependant fashion



the bioassay for TGF-[err]s, exhibiting a signoid-shaped concentration
response with a reported EC50 of approxi mately 10-50pg/m (Tucker et al.,
Sci ence 198096203833 705- 707; Absher et al., J | nmunol. Met hodsPORERS/0238:

301- 303; Daniel pour et al., J Cell Physiol '1989; 138: 79-86). M- 1-Lu-
cells, whose proliferation is strongly inhibited by TG--[err], is currently
considered as the cell line nost suitabr@for the devel opnent of an

anal ytical bioassay for this cytokine (Kelley et al., Exp Lung Res 1992;

18: 877-887; Meager, J Inmunol Methods 1991; 141: 1-14). The assay is

per f or med when%ompatdd witic vetiicle baffed alger umrermd:wbuﬁdsvwbaﬁg HiRdeCare [dpBhftmtly Y

b d f Al
oL el cBhorBRRRE S ekt shh LIy LRt R wetads s e Sbesnicel ol aner
cwel 1) in gopiedip aﬁpﬁbdﬂEFfﬂanWMﬁéﬂ%ﬁlﬁés PdReAIUAR Wideht ér%%ﬁnEﬁc%% Cal f

Serum contw &g serial dilutions of a TG--[err] standard or sanple.
Assays ar EPERRIRIZaton pEecegs Qgeyﬁ’&'ﬁh]@YWf@f#Qﬁ'ﬁ(ﬁ the-iggeneratgdenidermisombat or

for 72 hr pay Q;rmhlgl-m SQ;e f{d Ilferatlon is determ ned by a sensitive
enzymatic ceII stain g met l{“ Ich gives a colorinetrical estimte of

t he anount of acid phosphat ase produced in each-well), the intensity of
stai ni ng gQLLORPEEM he . _- esent in each well. The
absorbance O U ' it and the assay data is
pl otted aﬂ'bezbluidiglsamffbgtsmmided)éct&esjuné@dﬂeﬂﬁ@ a@htsoamesnga&amecdnv ihhi s

assay, one, of activity is desc e anount of TGF-[err]
required 1t 3?%%4 k?rﬂ%"ﬂ'ﬁfepﬁﬁh" ?IYBH%E? F‘ﬂ)@'“ﬂ q_?l}"@glq‘“?ﬁsdﬂ’?q@séqu@ﬁd by "wo
96/E§()343|3 surglcal incisioning) in adult rats, uslngfthe fofllm?ncri\g C?rglg&c:ol sumlg P&F{eﬂ?%%é%ﬁ B(ISH by 22
- anpl e V, r_folde - anpl e al i ng
of PartlafV?uf Erﬁéﬁiéﬂ%%ﬁ" é—l&gg 31t is recognised that wound heal i ng
processes become i npai red with advancing age (Gove, GL. (1982) Arch.

Der mat ol . . 381) dtherefore r epr esent or problens inthe field
of geri at §F Fﬁé@ré fi@egﬁﬁw danglipear ne'sqoﬁs\arwage wtia@ﬂmal seiseqrs 4.99m ome

fol ded acbbitesiGhsithe dbfdar infiliné 3f BEntbB&bRGR Amsbst lotipad riaftl WidthCiaRe @Bp‘“”““ds

(formed bé second degree burning) are investigated 1n a partrally I ci ent
or inpair erhacks have bepn pigmiously shaved andﬁeplluatedwltg a commegreidi geream-

fol I owi ng typeQiafirBmovbeTin fife dxPefimBntalN§rolBs, HdgBS Ut the 151 Bk ifcisiShstas Viewed
with the dorsal side uppermost) receive single topical applications (100u!) of a sterile vehicle
buffer (consisting of 0.8% w/v Hydroxypropy! cellulose in a solution of 10mM Histidine,
140mM NaCl, pH7.4) containing various amounts (2ug, 1pg, 0.1pg or 0.01ug) of a folded
‘active dimeric TGF-B3. Edges of the contralateral right side incisions receive corresponding
equal amounts of a placebo control (Bovine Serum Albumin) in the said vehicle buffer and
edges of incisions in control animals receive vehicle buffer alone in the left side incisions -
and no treatment in the right side incisions following surgical i incisioning. All top|cally applied
materials are sterile, endotoxin-free, and pyrogen-free. Edges of each wound are then
- coapted with 5 evenly placed. interrupted horizontal mattress sutures of 5-0Ethilon. All
animals are caged separately and the wounds are left to heal for varying periods up to and
including 21days post treatment. After sacrifice the entire dorsal skin is removed from each
animal and all subcutaneous fat is carefully dissected from tﬁe underside of each of the
skins using a surgical scalpel. A template consisting of two paralle! surgical blades (8mm
distance between blades) is then used to excise strips of skin (between sutures on each
incision) for tensile strength measurements. Samples are taken from one end of each
incision for histological analysis. The maximum load tolerated by each excised skin sample
is measured with a Universal Tensile Strength Machine Mbdel.144501 (Zwick, Uim, FRG).




al. (1 987) Science 235:350. Single mddermal thermal injuries are nmade on
"the dorsal thorax of anaesthetized old C57/BL6 mce (aged 450 days or
nore), wWesw/B483ks have been previously shaved and depi | i PETEPISHATRO a
comercial creamtype hair renover, by a single 1 Gsecond application of a
brass tenplate (1 x 1 cm 8gm) V\/mch has been equilibrated at 80[err]Cin a
wat er bath. The resulting blister is s#fgically removed and the bums are
treated daily, for 5days, with a topical application of 25[err]l sterile
vehicle buffer solution (consisting of 0.8%w v Hydroxypropyl cellulose in

a sol ut. iMéasQferﬁé}nﬁ/hl'é ﬁ\hﬂdbﬁ@OnHQfBMrNaﬂps whidh. e sé&ﬂbéb@%n‘d’%l’éﬂ“é amounts
(500ng [scfﬁ"i'fi %‘ % Eded active dineric gerr or with )
buf f er 5 etched i 35 WeRkITG ol AL rata 10RYY P?’dm"é' A maxipum

mat er i aligacireBorded’dn aechamé@bfaér fMéds%Rerﬁélﬂs B B8 oh ﬁrﬁﬁca@%@n@lés ffark Baé ©

I ndi vidual |'y caged f.or e duration of the experinent. Each experi nental

group cofpungand cﬁxpsa'ﬁﬁﬂf&! sroum ms'%a!a%wﬂmahseaﬁabm strengthfenof meagured  he
mce ar %na.vmﬁgfsam@cbwdéh@e lok ln?éc%ﬁ of biceﬁégé %&hoﬁhg?.ﬁgnesmhhn% ﬁmved

fromthe buns, and the buns are photograp Ar eas urns t ave
regenera\toé'ﬂ §)p| theliumare outlined onto uniformthickness transparent
overhead projector film-and the percentage of each original bum area that
has healed is calcul ated by-planinetry. Results are also conpared with the
epi t hel iTaP regdisrsthe te@ﬁllqasttﬁngﬂsmeﬁsgremegtqdmnwagp thaty siggie/tepiealni ce with

dent I t.
expor i mephcEiibh of RUG Sie dihonc REERIT b NEwEW s BrsPdnfiochafhe | o
t opi cal bbeqqﬁl nigesttength u;btd Zfotdiedndlat_:c_elefatés(rjtbe heal;ﬁ@Fe{ i_all-atﬂlaméﬁs ir;cnslicmal 5days i r.
t ( t t
egener WEOHE M Bl n ¥ aqbhbe b R ARbio gl ey Bmelpeti o copmmtes
1;3 zci:_sl_? :E I(:))g g/g;glgk?i?gﬁ@ggﬁd@oup istological analysteﬁ reveraltl thle mark?d mcreasle influx of t Ced
Wi ehi cl e er on or untreate
Wounds . ToRGRTige call . oDlaRS HBH.cojacksArasaton T 5 aRac bealer Wegtds ey 1
r e- epi t bebappbacy é&lecbrhpmulwlsomfbl WoBnad FeiarRsichit hpperkéralisisik lalsoditent i
TG [err]3. Hi stol ogical anal yses reveal the extent of the enhanced re-

epi t hel iT&A- ﬁ%rtrieawdm%@gyptt@géms aﬁﬁ'tﬁeéfelﬂ&fm!ﬂkerat osis of the regenerated
‘epi derm s on

Example 10: Preparation of solubilized monomeric hybrid TGF-8 proteins
5mi.of plasmid pPLMu are linearized by digestion with Ncol and Sall and gel purified as
described above for the fragment DNAs. 100ng of the linearized and purified pPLMu vector
.DNA and 3x the molar equivalent of the-respective purified fragment DNA coding for hybrid
TGF-B1-3, TGF-B2-3 and TGF-B3-2, respectively, shown in the sequence listing are

- incubated at 4 C for 15 h in 20 ml ligation buffer (7_0 mM TRIS-HCI, pH7.5, 10mM MgCl2,
5mMDTT, 0.1mM Adenosine-trip.hosphate) containing 1 unit of DNA ligase (Boehringer).
10ml of the ligation mixture are added to 200ml of cold (4 C) competent E.coli LC137 cells
carrying plasmid pci857. After 30 min the cells are heat shocked by incubation for 1.5 min in
a42 C water bath. 2mi of LB medium are added and the cuiture is shaken for 60 min at 30

C. 200ml aliquots are plated on LB plates containing Ampicillin and Kanamycin and

incubated for 22 h at 30 C. Single colonies are cultivated and plasmid DNA is analysed.
Subcloning of the DNA fragments coding for TGF-B1-3, TGF-p2-3 and TG'F-B3-2 in pPLMu
results in plasmids pPLMu.TGF-B1(44/45)B3, pPLl;/Iu.TGF-ﬂZ(44/45)[53 and pPLMuU.TGF-
p3(44/45)p2 respectively. Clones containing' the above constructs are referred to as
E.coliLC137/pPLMu.TGF-B1 (44/45)[33, E.coliLC137/pPLMu.TGF-B2(44/45)3 and
E.coliLC137/pPLMu. TGF-B3(44/45)B2, respectively.



Day6 in the TGF-[err]3-treated wounds. Exarrple 9B: Heal i ng of

Ful | - Thi ckness Whunds in Adult Rats The biological effects of folded active
dinmeric TOFOP&3a383 are al so investigated in a second in viVRCTERPSI2T® wound
repair, nanely on the healing of full-thi ckness wounds (formed by surgical

i nci si oni ng) in adult rats, using the followi ng protocol simlar to the one
.described by Mustoe, T.A et al. (1987)28¢ci ence 237:1333. Single,
full-thickness 5cmlong linear incisions are made with surgical scissors
1.5cmon both sides of the dorsal mdline of pentobarbitone anaesthetized
male Ws wﬂ@g oL ved and
depi | i tatEfalé é?%?/éaggl%ﬁrﬁgﬁé@ cr I§3rh t y%ghﬁZ@rgﬁg%%?!(&ﬁﬁ)%egﬁiper| ment al
groups, ddguikCo87/pREMucTGF-88(da/45)B2 atedreat fraluced asdallowst($ee &leo exarsple BAlde

upper nost) receive single.topical i ' ( err f, & Iala€
vehfcre: hEs Srasacpiinschre gRaSey by SDSHERGE: SETR chI Ter-58e feTEFss
sol uti on 20d1l ddpeit &b ﬁéatdnmﬁ:edefl&eMsPnChfternlé‘étmduew mighatirg wittr amasparentnt s
(2[err]ag, JILerré_g %M&P& é. Lerr]-g) of a folded active dineric
TGE- [ er r PRy of; | 1%:090.p ri ght side incisions receive
correspondi ng equal anmpunts of a placebo control (Bovine Serum Al bumn) in
the said vehicle buffer and ed es of incisions in contraol animals receive

vehi cl e KMerdight:auipeesial B.eliLCAST/PBLNY. TGIeBLAGHDIBH F- eRILC BA4PREMU. TG+ he
right si gﬂgg&ﬁs@é %Hﬁ é@AIiILg“l’?W’% nll@%éﬁbsﬁ@%pﬁgé’m 3P rléAl‘Hle){:e?ﬂhﬁél Jolﬁt&l‘rﬂﬁé' ed

mat eri al eri endot o ree ogen- ree dges of eac
wound ar &50hmirof dEapedidmwitih4 ® mevi eh IAmpidiltic add Nanawclmwegrd\\matmnfaﬂoo ml

wounds. a3 tebiEreght AlibRae e Saof e 78T B CB HsRigR Sl A bR 85 0y
post It r eaherdioned Abbﬁaf :;mblfnlénmeyet ﬂasl:;&;cdrlmathﬂ o2 ﬂ(bwsmaln@maemoﬁlmlggc h
o each oro T PR o6 i ath e sk o tep eReRAEE 15 R 2. ERRREL of o
paral | el t_lmubgt. ¢ em‘orb!hadhg fléﬁl’la“aWe nrdlcﬁ?hdg?\o\lgabwee? if)lr]aglcleswittes]paﬁe?ngjlsaﬂthgnm _
ctr engt h e Bolfeiac el ceaiaien Jrctt Shuat b GBFPon 8 2 fsRoPros el s on 1 or
hi st-ol ogi cal anal ysis. The maxi mum | oad tol erated by each excised skin

sanpl e |s rreasured with a Universal Tensile Strength Machine NMbdel 144501
(zwi ck, Uh® Preegdures givembsiowdanthrg production of the monomeric solubilized TGF-B1-3

PCT/ EP95/ l%?&%re also appilied to for the solubilization of TGF-p2-3 and TGF-f3-2.

E.coliLC137/pPLMu.TGF-B1(44/45)B3 cells are fermented as described above and inclusion
bodies are prepered as follows. Cell disruption and reeovery of'the inclusioh bodies is

- performed at 4 C. Abaut 18 g of wet cells are suspended in 60 mi of 0.1 M TRIS/HCI, 10
mM EDTA, 1 mM PMSF (Phenyl Méthan Sulphonyl Fiuoride), pH 8.3 (disruption buffer). The
cells are passed two times through a Frenchpress (SLM Instruments, Inc.) according to the
manufacturers instructions and the volume is brought to 200 ml with the disruption buffer.
The suspension is centnfuged for 20 min at 15.000 g. The pellet obtained is suspended in
100 ml disruption buffer contalnlng 1M NaCl and centrifuged for 10 min as above. The
peliet is suspended in 100 mi dlsruptnon buffer containing 1 % Triton X-100 (Pierce) and
again centrifuged for 10 min as above. 0.3 g of the washed peliet is then suspended in 10
ml of 20 mM Tris/HCI, 1 mM EDTA, 1 mM PMSF, 0_Q1 % DTT, pH 8.0, and '_slirred with a
magnetic stirrer for 1 h at room temperature. The sample is then broﬁght'to' bH 2.5 with
concentrated acetic acid and homogenised in a Teflon tissue homogenize'r and centrifuged
in a Centricon H-401 centrifuge (Ko'ntron Instruments) with a fixed angle rotor A.8.24 for 60
min, at 15 C and 12 000 rpm. The acetic acid of the clear supernatanf is exchanged with



-24 - Measurenents are nmade on 30mm x 8mm strips which are secured between
hydraul i ¢ cl anps and then stretched to breaking point at a rate 10nm per
m nute, wo ssd3kss naxi num | oad recorded on a chart recorderpcTia®sgsaoent s
are made on triplicate sanples fromeach wound.and experinental groups :
consi sted of 4animals. Breaking strength is not neasured on wounds show ng
evi dence of infection or excessive hae@6rrhagi ng (|l ess than 3% of all
wounds). The results of the tensile strength neasurenents denonstrate that
a single topical application of folded active dinmeric TG--[err]3 in a '
sul t abl &ovflkdiGn BHIArEoR BRFTERTed (4R vihoAUSS et bf 98k died Borl@nfh@flandind
accel erates the ﬂeal Ing, of tull-thickness 1ncisional wounds in adult rats:-
in a dodiutiteyefittesolution wWith106MMHG: 21 day tine period when conpared - |
agai-nst the control group. istological analyses reveal the marked increase
i nflux of mononucl ear cells, fibroblasts.and coll agen production in

TGF- [ er Exanipiee it :Bbrios\af dofoldiney expedmpagtsyvith dikeri -Bs@ang s

v Thevs iRl RS 56l

UK s, Uyl U I \ G~
| S o.S: eyi ol - 3-treated

ﬁ@r@:ﬁ'%ﬁ%&%&gﬁg?@bqbﬁ b&r .e%gr a It|L'on of
sol ubi | iszrithanzedirethiedolowing Serlésrof[examplest Thespexifitndonditiops asdihe ipdividuabr e
- linearized by digestian wth ol ;.and Sall.an el.purifie . i bed

above 1 GroteR uepdd e wiprotetret e BReerridiis Afe isted, G RprdEeh: v
vect or [2AdifioRs are dd@estrbéd incExdmpié 8 Biolbicahactivitswas Heteemipedis aredl7 Hapgment
DNA codia\r/\'g for h \%i d ,TGF@[te'rr éi-S, TG [err]2-3 and TG--[err] 3-2,
r espect iaier e %tﬁ% In; itre R @@&h A8e listing are incubated at 4 C for 15 h
in 20 m ligation buffer (70 M TRIS-HCl, pH7.5, 10nM Myd 2, 5nM DTT, 0.1
mM Adenosi ne-tri phosphate) containing 1 unit of DNA Ii 'Sse Boehri nger).
10m of Iﬂwetw.Fglﬂﬁmm Qraanic Solyent without Petesgent: Results pHBloassay conpet ent ~
E. coli L!% 37 gl s carryimgsel agime PChRS7. TéEgr 30 mn kﬁﬁgﬁgel | s are heat

i pattom tor 1.5 i a '

shocked 1. nin a4z C water. . of LB nedi um
are adddd) an®.5mM G8Ht.ur 0% shaken foP.5%0 ®B8n at 30 C. 260ni aliquots are

pl at ed LB ont ajgai ng Anpi ci | hign apd Kanamycin apd incubated for
22 h at 30 C.é?é??{g‘%gﬁcol 'gértljla)es are'cultibi/sz;te ‘and plasm d DNA i s anal ysed.

Subcl onidly of2.5mM GBM fr &P¥ent s codi ng8fbr BF-[err]1.-3, +TG--[err]2-3 and

TG--[err]3-2 4 re s in plasm pRLMI. TG--[err] 1,.(44/45)[err] 3,
pPLMJ.T(é:)-[erér'%wg%S)[er-;}]’B and pPL%%STG:I-%h[_err]SMM 45)1'["er r]2 ' ,
respect is/el y.2.5mbdh@8Hcont4l%i ng the ab&be cd3structs are referred to as

 col | LOKY) oMM GRE [ o808 44 as) Lor A% a®
7)  25mMGSH . 40% 65 8 +
8) 25mMGSH 40% 75 B3 '
9) 25mMGSH 40% 85 B3 e
10) 25MMGSH  40% 105 88 4
11) 0OMMGSH  40% 905 83 s
12) 25mMGSH 40% = 95 B2 +
13) 25mMGSH 40% 95 813  +
14) 25mMGSH  40% 95 832 . N
15) 25mMGSH  40% 95 623 +
16) 25mMGSH - 10% 95 83 £
17.) 2.5mMGSH 20% 95 B3 o+
18) 2.5mM GSH | 30% 95 B3 o
19) 25mMGSH  40% 95 63 | +
20) 2.5mMCysteine 40% - 95 83 +

21.) 2.5mM Cysteamine ..'49% 95 B3 . +



E.col i LC137/ pPLMi. TGF-[err] 3(44/45)[err] 2, respectively. WO 96/ 03433
PCT/ EP95/ 02719 - 25 - E.coliLCl37/pPLMu . TGF-[err]1 (44145){err]3,

E. coliLCl 2 TG [err] 2(44/45)[err] 3 and

E. coli Lcﬁ%ﬁf’ .TGF-[err]3(44/45)[err]2 are heat induced gngEglg?/%z\Zég(see
al so exanple 3. A) and the expressed proteins are anal ysed by SDS-PAGE.
TG--[err]1 -3, TGF-[err]2-3 and TG--[ertpd- 2 all appear as heat induced

" proteins 2 h after heat induction mgrating with an apparent nol ecul ar nass
of approximately 12.000 Da Overni ght cultures of

E. col i LC137/pPLMi. TGF-[err]1 (44/45)[err]3, E. coliLC137/pPLMi. TGF-
[err]2(44/45)[err]3 and E. coli LC137/ pPLMu. TGF-[err] 3(44/45)[err]2 in 2 1|

Er I-enneyeRSH asks sulthydsjl reagent/adspdcifizd ih hemableum with 40 ng/l of Anpicillin
and Kana h are %’own %té.o C. 300 m- of the overnight cultures are added
to 750 m LB nE ”ﬁﬁ?g 'Pﬂ?ng anti biotics as nentioned above in 2 |

Er | enneyeDMSQ@:s ks dimmathyisudfogidet 0 42 C by shaking for approximately 3.5 mn
ina65¢C er bath., The flasks are then transferred to a 42 C shaker and
i ncubat ed[’% 3 h%n%@ly&mgw@are cool ed down to 12 Cin an ice water bath
and -the c@Bl s argGras3 ected after centrifugation for 10 min at 8.000 rpmin
a GSA rot %é (Sorsf_&lf%z The procedures given bel ow for the production of the
nmononeri c “§ol ubi I'M2€¢ TG--[err]1 -3 hybrid are also applied to for the

sol ubi l'i zgfizan offGFEt-Bedybhid- 3 and TG--[err] 3-2. '

E. coli LC137/ PLIVLII_. TGF-é?_iryr 1,1 (44/45)[err]3 cells are fernented as descri bed
above and BRI usil Gr-BRsaiHybrid, e prepared as follows. Cell disruption and
recovery @p.g:he 'rr(q;:l.lg@b@.g,bhgdi es is performed at 4 C. About 18 g of wet
cells are suspended in 60 ml -of 0.1 MTRIS/HCI, 10 nmM EDTA, 1 nM PMSF .
(Phenyl NMACHEW: Sut-phBegiunEpetiyity inthe ipMtm biogssay degaribed imexarenie 8 The cel | s
are passed two tiggs r i NP !,%elgk- ; ,gl NC.).
according to the ﬁnmggcﬁ?g’rlgtﬁl@truc?ﬁéﬁssé an %ﬁ%'\&%ﬁ E;85 brought to
200 M with the disruption buffer. The suspension is centrifuged for 20 min

at 15. 000 ppedi |fdor@itighed is suspended.in 100 m disruption buffer
containin : C fuged for 10 mn as above. The pellet is
suspended The falpwing mitirearganisma wené tieposited tah thei DeutdcHs Sammamgxob00 ( Pi er ce)
and again i 1 1 : pellet is
920 P Bbiahidd (D faSiteider WEY b, B:3308 BRbudBhwdBIPAE):

microorganism : deposition date accession number

E.coliLC 137/pPLMu.hTGF-|31 November28,1989 DSM 5656

E. coli LC 137/pPLMu.hTGF-g2 November28,1983 DSM 5657 -

E. coli LC 137/pPLMu.hTGF-B3 November28,1989  DSM 5658

Saccharomyces cerevisiae GRF18 March4, 1986 DSM 3665



m of 20 MM Tris/HCI, 1 nM EDTA, 1 nM PMSF, 0.1 % DTT, pH 8.0, and stirred
wth a magnetic stirrer for 1 h at roomtenperature. The sanple is then
brought tWQ®4/0348 with concentrated acetic acid and honogemwcymposopreo Tef | on

ti ssue honogeni zer and centrifuged in a Centricon H 401 centrifuge (Kontron -

Instruments) with a fixed . angle rotor A 8.24 for 60 mn, at 15 C and 12 000
rpm The acetic acid of the clear superB@8tant is exchanged with WO

96/ 03433 PCT/ EP95/ 02719 - 26-
10 MM HClI in an Amicon 8010 stirred cell with YMD5 filter by repeated )
concentration and dilution of the solution with 10 M HC . Exanple 11:
Series of refolding experinments with different TG--[err]s and .
TGF- [ err]sgﬂ%‘?qadéls%ﬁﬁGversal ity and broad applicability of the invention is
exenplified by the results summarized in the follow ng series of exanples.
The specific conditions and the individual proteins used in the in vitro
protein refolding experinents are listed. Qther experinental conditions are
as descr i(bedGENEREX ANPORMATION ol ogi cal activity was determined 3 and 7 day
after the start of in vitro protein folding. In vitro Folding in Oganic

Sol vent wi thout Detergent: Results of Bioassay No RSH -DMSO
DMF . pH -ﬁ%ﬁﬂw: ' Activity 1.) 2.5mVl GSH 10%

9.5 J[err]3 (A) NAME: CIEA-QEIGY Ag. 5mM GSH 20% 9.5

[err]3 + ) .5 30% 8.0 [err]3

+ 4.)  2.5mM GSH® S"é‘ifﬁ/??)' my%ec;@ér%b_ 5 [err]3 | ++ 5.)

2. 5nM GSH 40% (C) CITY: Basel 9.5 [err]3 ' ++ 6.) 2..5mM GSH
50% &)5cohfry} Switzerland ++ 7.) . 2.5mM GSH 40% ‘
6.5 [err]3 + 8. 2. 5mVl GSH 40% 7.5
[err]3 - +(F) POSTA: CORG )+ 40Q%, . - 8.5 [err]3 -~

+ 10.) 2.5nmM G;SH(G) TEQ¥HONE: +41 61 6910 31 [err]3 o ++ 11.)

0. OnM GSH 40% (H) TELEFAX: + 4?'?1 GL_)ng :-;6 -

(I) TELEX: 962 991

(ii) TITLE OF INVENTION: New process for the production of
biologically active protein - '

(iii) NUMBER OF SEQUENCES: 12

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(2)- INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 339 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: . linear



12.) 2.5nM GSH  40% 9.5 [err]2 + 13.)

2. 5mM GSH 40% 9.5 [err]1-3 + 14.) 2.5mM GSH
40% wo096/03439.5 [err]3-2 + 15.) 2. 5mM GiRt/EPISAPS

9.5 J[err]2-3 16.) 2.5mM GSH 10% 9.5 Jerr]3

+ 17.) 2.5mM GSH 20% 9.5 [err]3 ++ 18.)
2.5mM GSH 30% 9.5 [erpd3 ' ++ 19.) - 2.5mM GSH
40% 9.5 Jerr]3 + 20.) 2.5nmM Cysteine 40% :
9.5  Jerr]3 + 21.) - 2.5nmM Cyst eanm ne 40% 9.5
[err]3 ii) MorEcute Tye¥O k034 3dNa L

PCT/ EP95/ 02719 - 27 - RSH sul fhydryl reagent as specified in the table
GSH: reduced gl ut at hi one DMSO di et hyl sul f oxi de DVF:

di met hl yf or pa) deydeemettoar: nofG--[err]3 [err] 2: TG [err]2 [err]1-3:

TG--[err]1-3 Hybrid 133-2: TGF-133-2 Hybrid 132-3: TGF-132-3 Hybrid
Activity: +: nmediumactivity in the in vitro bioassay described in exanple
8 ++: high activity in the in vitro bioassay described in exanple 8

Deposi tion @f;if ewa@raeRispiReekne fol | owi ng m croorgani sms were deposited at

t he Deutsche Samm ung_von M krqorgani snen (DSIpb Mascher oder. Weg 1b, D 3300
Braunschwei g ( FRGI® MEfofgaifidntCl37/pPLMu. hIGF-betafe (B PR dat e

accessi on nunber E. coli LC 137/pPLMi. hTGF-[err]1 Novenber 28, 1989 DSM
5656 (ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION:1..336
(D) OTHER INFORMATION:/product= "human TGF-betal"” -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG GAG.AAG AAC TGC TGC ] 48
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys Asn Cys Cys
1 5 o 10 15

GTG CGG CAG CTG TAC ATT GAC TTC CGC ARG GAC CTC GGC TGG ARG TGG 96
Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp
20 25 30

ATC CAC GAG CCC AAG GGC TAC CAT GCC AAC TTC TGC CTC GGG CCC TGC 144
Ile His Glu Pro Lys Gly Tyr His Ala Asn Phe Cys Leu Gly Pro Cys
35 40 45

CCC TAC ATT TGG AGC CTG GAC ACG CAG TAC AGC AAG GTC CTG GCC CTG . 192
Pro Tyr Ile Trp Ser leu Asp Thr Gln Tyr Ser Lys Val Leu Ala Leu
50 55 . 60

TAC AAC.CAG CAT AAC CCG GGC GCC TCG GCG GCG CCG TGC TGC GIG CCG 240
‘Tyr Asn Gln His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys Val Pro '

65 70 15 80

CAG GCG CTG GAG CCG CTG CCC ATC GTG TAC TAC GTG GGC CGC AAG CCC 288



E. coli LC 137/ pPLMi. hTGF-[err]?2 Novenber 28, 1989 DSM 5657 E.- coli LC
137/ pPLMu. hTGF-[err] 3 Novenber 28, 1989 DSM 5658 Sacchar omyces

cerevi si g0 6gi33s3 March4, 1986 DSM 3665 - WO 96/ 03433 CT/EP95/02719

PCT/ EP95/ 02719 -28 - SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (i)

APPLI CANT: (A) NAME: ClI BA-CGEIGY AG (B) STREET: Klybeckstr. 141 (C) CTY:
Basel (E) COUNTRY: Switzerland (F) POSBBL. CODE (ZIP):. 4002 (G TELEPHONE:
+41 61 69 11 11 (H TELEFAX: + 41 61 696 79 76 (l) TELEX: 962 991 (ii) ‘
TI TLE OF | NVENTI ON: New process for the pr oducti on of biologically active

prot ei ”%‘Ehi a NUYVEER BFo SERURNCER: vhi &‘{’y)ﬁ}?’ Bhfs FORM (A
VEDI UM - Floppy disk (B) COMPUTER: PC corrpatl (O OPERATI NG
SYSTEM PC- DOS/ M5- DOS 9) SOFTWARE: Pat%ht I n Rel ease #1 9(§ Versi on #1. 30

(EPO) (2) I NFORVATION FOR SEQ ID NGO 1: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 339 . Ra%8cPRId Bré Boc TAFAr@UTeelfc 866 %ee Tec aac Tec acc 336
Lys Val Glu Gln Leu Ser Asn Met Ile Val Arg Ser Cys Lys Cys Ser '
100 | 105 110 |

Ta , 339

(2) INFORMATION FOR SEQ ID NO: 2:

(1) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 112 amino acids -
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein :
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys Asn Cys Cys
1 -5 10 _ - 15

Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp
20 : : 25 .30 o

Ile His Glu Pro Lys Gly Tyr His Ala Asn Phe Cys Leu Gly Pro Cys
35 | 40 | 45

Pro Tyr Ile Trp Ser Leu Asp Thr Gln Tyr Ser Lys Val Leu Ala Leu
50 55 ' 60

Tyr Asn Gln His Asn Pro.GlyiAla Ser Ala-Ala Pro Cys Cys Val Pro
65 70 L 75 : ' - 80

Gln Ala Leu Glu Pro Leu Pro Ile Val Tyr Tyr Val Gly Arg Lys Pro
| 85 90 . 95



(C) STRANDEDNESS: double (D) TOPOLOGY: |i near WO 96/ 03433

PCT/ EP95/ 02719 -29 - (ii) MOLECULE TYPE: cDNA to nRNA (iii) HYPOTHETI CAL:
NO (vii) WONEOBAIBE SOURCE: (B) CLONE: E. coli LC137/pPLMi. |PRIFERSO2119 ( DSM
5656) (ix) FEATURE: (A) NAME/ KEY: CDS (B) LOCATION: 1..336 (D) OTHER

| NFORMATI ON: / product = "human TG--betal " (xi) SEQUENCE DESCRI PTI ON: SEQ I D
- NO 1: GCC CTG GAC ACC AAC TAT TGC TTC-BBC TCC ACG GAG AAG AAC TGC TGC
48 Al a Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Qu Lys Asn Cys Cys 1

5. 10 : 15 GTG CGG CAG CTG TAC ATT GAC TTC
CGCAAGGACCTCGGCTGGAAGTGG _ 96 Val Arg Gn Leu Tyr Ile Asp Phe
Arg Lys s_T 0] ' 5 . 30
Ne he &6 Ve R el X R %Eclkﬁc‘,’ah%‘gré&r G B oo 144
lle HHs Qu Pro Lyst0@y Tyr His Al alBén Phe Cys Leu @§ Pro Cys 35

40 45 CCC TAC ATT TGG AGC CTG GAC ACG CAG TAC AGC AAG GIC
CTG GCC CTG 192 Pro Tyr Ile Trp Ser Leu Asp Thr A n Tyr Ser Lys Val
Leu Ala Leu 50 55 60 TAC AAC CAG CAT AAC
CCG GCC G2r MECRENSOBOMRCEED TIECNI GG :GTG CCG 240 Tyr Asn G n H's Asn
Pro Gy Ala Ser Ala Ala Pro Cys Cys Val Pro 65 70

75 ‘80 '

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 339 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA to mRNA
~ (vii) IMMEDIATE SOURCE:
(B) CIONE: E. coli ILC137/pPIMu.hTGF-beta2 (DSM5657)
 (ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION:1l..336
{D} OTHER INFORMATION:/product= "human TGF-beta2"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GIG CAG GAT AAT TGC TGC 48

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp Asn Cys Cys
115 : 120 , 125
CTA CGT CCA CIT TAC ATT GAT TTC AAG AGG GAT CTA GGG TGG ARA TGG 96
Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg Asp leu Gly Trp Lys Txp
130 _ 135 _ 140
" ATA CAC GAA CCC AAA GGG TAC AAT GCC AAC TTC TGT GCT GGA GCA TGC 144

Ile His Glu Pro Lys Gly Tyr Asn Ala Asn Phe Cys Ala Gly Ala Cys



CAG GCG CTG GAG CCG CTG CCC ATC GIG TAC TAC GIG GEC CGC AAG CCC 288

WO 96/ 03433 , PCT/ EP95/ 02719
-30 - Gwo a3y G u Pro Leu Pro Ile Val Tyr Tyr Val G ydwEpssws®ro 85

90 _ 95 AAG GIG GAG CAG CTG TCC AAC ATG ATC GIG CGC TCC TCGC
AAG TGC ACGC 336 Lys Val Gu G@n Leu Ser Asn Met Ile Val Arg Ser Cys
Lys Cys Ser 100 105 -32- - 110 TGA '

339 (2) INFORVATION FOR SEQ I'D NO: 2: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 112 amino acids (B) TYPE amno acid (D) TOPOLOGY: linear (ii) _
NL‘]_ECUIIEErTYPE protein ¢xi) SEQUENCE DESGR PTION. SEQ IDMg 2: Ala Leu Asp
Thr Asn Cys Phe Ser Ser Thr GQu Lys Asn Cys Cys 1 5

' 15 Val Arg G n Leu Tyr Ile Asp Phe Arg Lys Asp Leu Gy
Tr P LygcdAT28TA TGG AGT TCA GAC ACI2DAG CAC AGC AGG GIC CTG 36clim H s Gise Pro Lys

Gy Tyr Hs L Gl 35 40
45yPr05T9rTyrl ﬁe"l'&sﬁpsg E%% e T%S§5? B sASE A a Leu 50

55 _ 160 Tyr Asn G n I—J|7§ Asn Pro Gy Alld5Ser Ala Ala Pro Cys
Cys Val Pro 65 70 75
80 An Ala Leu Qu Pro Leu Pro Ile Val Tyr Tyr Val d ,&:Lys PrggS
90 TAT AAT ACC ATA AﬁgBCCA GAA GCA TCT GCT TCT CCT TGC TGC GIG C 4

Tyr Asn Thr Ile Asn Pro Glu Ala Ser Ala Ser Pro Cys Cy- 'al Ser

180 185 1¢
CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC ATT GGC AAA ACA CCC 288' =% _
Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Ile Gly Lys Thr Pro -
195 200 ' 205
BAAG ATT GAA CAG CTT TCT AAT ATG ATT GTA AAG TCT TGC AAA TGC AGC 336
Lys Ile Glu Gln Leu Ser Asn Met Ile Val Lys Ser Cys Lys Cys Ser
210 215 220

TAA ' 339

(2) INFORMATION FOR SEQ .. NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 112 amino acids
(B} TYPE: amino acid .

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4;

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp Asn Cys Cys
1 5 .10 .15 -

Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg Asp Leu Gly Txp Lys Trp
20 . 25 S 3



WO 96/ 03433 PCT/ EP95/ 02719
-31- Lys Val Gu A n Leu Ser Asn Met Ile Val Arg Ser Cys Lys Cys Ser 100
105 WO096/03433 110 (2) | NFORMATION FOR SEQ I D NO 3: (ROT/EBESOENCE
CHARACTERI STICS: (A) LENGIH: 339 base pairs (B) TYPE: nucleic acid (O _
STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA to nRNA
(vii) | MVEDI ATE SOURCE: (B) CLONE: E. coB8-LC137/ pPLMi. hTGF- bet a2 ( DSM6657)
(i x) FEATURE: (A) NAME/ KEY:. CDS (B) LOCATION: 1..336 (D) OTHER

| NFORVATI ON: / product = "human TGF- bet a2" (xi) SEQUENCE DESCRI PTION: SEQ ID

- NO 3 CCE1d T3 sCATu Bxo (FSCGTATTYyEQEsnl Rla Alsh Brel cUd QUGAG YGATa AYE TGC TGC

48 ‘Al a Leu Asp AIgSAIa Tyr Cys Ph(cafﬁrg Asn Val dn p Asn Cys Cys 115

120 125 CTA CGT CTT TAC ATT GAT TTC AAG AGG GAT CTA
GGG TGG AAA TGG 96 Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg Asp

Leu Ay Trﬂo% LER ’lki()Ser Ser Asp Thr Gln Hi®0Ser Arg Val Leu Ser Lekt0 ATA CAC
GAA CCC AAA TAC TGCCAACTTC-TGTGCTGGA%ZATGC 144 1le
y Ala Cys

Hi s Gu_ Pro Ly%oGy Tyr Asn Al @°Asn Phe Cys Al a®

- Tyr Asn Thr Ile Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Ser
65 - _ 10 75 80

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Ile Gly Lys Thr Pro
' 85 | 90 95

Lys Ile Glu Gln Leu Ser Asn Met Ile Val Lys Ser Cys Lys Cys Ser
100 105 . 110

{2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CBARACTERISTICS:
- (A). LENGTH: 339 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDN_A to mRNA
(vii) IMMEDIATE SOURCE: -

(B) CILONE: E. coli LC137/pPIMu.hTGF-beta3 (DSM 5658)
(ix) FEATURE: _

(A) NAME/KEY: CDS

(B) LOCATION:1..336 | |
(D) OTHER INFORMATION:/product= "human TGF-beta3"

~ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:



WD 96/ 03433 . PCT/ EP95/ 02719
-32 - 145 150 155 160 CCG
TAT TTA m@@; 337 CA GAC ACT CAG CAC AGC AGG GTC CTG AGC TT]Q: ,%Pgsm,l;gz Pr o

Tyr Leu Trp Ser Asp Thr @ n His Ser Arg Val Leu Ser Leu 1

170 175 TAT AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT

TGC TGC GIG TCC . 240 Tyr Asn Thrg4le Asn Pro Qu Ala Ser Ala Ser Pro

Cys Cy Val Ser 180 . 185 CAA GAT TTA GAA CCT CTA ACC ATT CTC
" TAC TAC ATT GGC AAA ACA CCC 288 A n Asp Leu Qu Pro Leu Thr Ile Leu

Tyr Tyr Ile Gy Lys Thr Pro 195 . 200 . 205 AAG

ATT GAA CAG CTT TCT AAT ATG ATT GTA AAG TCT TGC AAA TGC AGC 336 Lys

|l e G uGCr MTGeGAGAEC ART FAG TGL I'TPafGE PAC SHIG GHS GAFSAAS) §GSEIGT210 48

215 Ala Leu A Thr 26 g@AC s Phe Ar Asn Leu Glu Glu Asn Cys Cys

339 (2) INFCRIVA ON FOR QF . (i) SEQUEN CHARACTERI STICS: (A

LENGTH: 112 antt® aci ds (B) TY am no acid (D)1 OPOLOGY: linear (i1)
MOLECULE TYPE: protein (xi) SEQJENCE DESCRI PTION: SEQ ID NO 4: Ala Leu Asp

i\loa A aG&EngG@/EC&D%CA%% ﬁﬁ]GKrg ’lgr G{\ae?ﬁr% ﬁlé G%STﬁAAfys Arg Asp 615Leu Gy

17[3 Lys Va} Arg0Pro Leu Tyr Ile Asp PhgsArg Gln Asp Leu Gly Tgplys Trp

130 135 _ 140
GIC CAT GAA CCT AAG GGC TAC TAT GCC AAC TTC TGC TCA GGC CCT TGC 144
Val His Glu Pro Lys Gly Tyr Tyi: Ala Asn Phe Cys Ser Gly Pro Cys '
145 _ 150 . 155 160 : -
- CCA TAC CTC CGC AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CIG - 192
Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu

165 170 175
TAC AAC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC GIG CCC 240
Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro
180 185 o 190
CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT GTT GGG AGG ACC CCC 288
Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Val Gly Arg Thr Pro
195 ' 200 205 -

AAR GTG GAG CAG CTC TCC AAC ATG GTG GTG AAG TCT TGT AAA TGT AGC 336
Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser

210 215 220 S

TGA : ' 339

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 112 amino acids
(B) TYPE;.amino acid



WO 96/ 03433 PCT/ EP95/ 02719

-33 - lle His Gu Pro Lys Ay Tyr Asn Ala Asn Phe Cys Ala Ay Ala Cys 35
40 WO 96/03433 45 Pro Tyr Leu Trp Ser Ser Asp Thr G nPEXEPS271¢ g Val
Leu Ser Leu 50 55 60 Tyr Asn Thr Ile Asn
Pro Au Ala Ser Ala Ser Pro Cys Cys Val Ser 65 70

75 80 An Asp Leu Gud®Pro Leu Thr Ile Leu Tyr Tyr lle Qy
Lys. Thr Pro 85 : 90 95 Lys Ile Gu A@n Leu
Ser Asn Met I|le Val Lys Ser Cys Lys Cys Ser 100 105

110 (2) | NFORVATI@N tdEdr6ER Lbhdd2 5: (i) SEQUENCE CHARACTER! STI CS: (A
LENGTH. 339 base pairs (B) TYPE: nucleic.acid (C) STRANDEDNESS. double (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA to nmRNA (vii) | MVEDI ATE SOURCE:
(B) CLONE: Eiitoﬂdmcwwﬂmmotéﬁ@:- bet a3 (DSM 5658) (i x) ‘FEATURE: (A)

NAME/ KEY: COS4 § T bEBEREPTERE: g%b BT RER ¢.NFORMATI ON: / pr oduct = " human
TGF-bet a3" (XxI QUENCE DESCRI PTI SEQ ID NO 5: WO 96/ 03433

PCT/ EP95/ 02719 -34-
Ala Leu Asp Thr Asn Tyr Cys Phg Arg Asn Leu Glu Glu Asn Cys Cys

1 5 ' 10 15

Val Arg Pro Leu Tyr Ile Asp Phe Arg Gln Asp Leu Gly Trp Lys Trp
20 25 : .30

Val His Glu Pro Lys Gly Tyr Tyr Ala Asn Phe Cys Ser Gly Pro Cys
35 40 45

Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly leu-
50 ' 55 60

Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro
65 70 75 80

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Vai Gly Arg Thr Pro
85 _ 90 95

Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser
100 105 110

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 336 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

~(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = “"recombinant hybrid DNA of



CGCT
Al a
120
TGG
Trp
AAG
Lys
155
CTG
Leu
AAC
Asn
190
288
200
TGT
Cys
339

TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG AAC TGC TGT 48
Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Au A u Asn Cys Cys 115

WO 96/03433 125 GIG CGC CCC CTC TAC ATT GAC TTC (er/EMes/osy CTG GCC
AAG TGG .~ 96 Val Arg Pro Leu Tyr Ile Asp Phe Arg G n Asp Leu Ay -
Lys Trp 130 : 135 ' 140 GIC CAT GAA CCT
GGC TAC TAT GCC AAC TTC TGC TCA €B&-CCT TGC ' 144 Val Hs GQu Pro
Gy Tyr Tyr Ala Asn Phe Cys Ser Ay Pro Cys 145 150 .

160 CCA TAC CTC CGC AGT GCA GAC ACA ACC CAC AGC ACG GIG

GRA €3iGpetal andlfd-Begn3Tprateu Arg Ser Ala Asp Thr Thr Hi s Ser Thr Val

Ay Leu 165 , 170 o 175 TAC AAC ACT CTIG -
CCT GAA GCA TCT GCC TCG CCT TGC TGC GIG CCC 240 Tyr Asn Thr Leu
Pro Gu Ala Ser Ala Ser Pro Cys Cys Vval Pro 180 . 185

CAG G s CThEBAOS0GE ACC ATC CTG TAC TAT GIT GGG AGG ACC CCC

An Asp Leu Gu Pro Leu Thr_ lle Leu T'@F Tyr Val G%&'Thr Pro 195
(B) CLONEGSE pGRLEFEIEAPRENE. TFCheead (AACIN G GTG AAG TCT -
AAA TGT ACGC - 336 Lys Val Au @n Leu Ser Asn Met Val Val Lys Ser

Lys Cys_Se . 215 220 TGA
(2) Il\é@ﬁ%\#ﬁ%lzm SEQ ID NO 6: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 112 am (F0 YBYE/KEY Bma¥\p¥ptiden no acid WD 96/ 03433

PCT/

EP95/ 02719 (z3510caTTON:1..132

(D) OTHER INFORMATION:/product= “N-~terminal . amino
acids of human TGF-betal® ' ‘

(ix) FEATURE:
| (A) NAME/KEY: mat_peptide
(B) LOCATION:133..336
(D) OTHER iNFORMATION:/product= "C-terminal 68 amino
acids of human TGF-beta3"

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION::..336" | |
(D) OTHER IN¥ RMATION:/product= "hybrid TGF-beta named
TGF-betal-3" - '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

GCC CTG GAC ACC AAC. TAT TGC TTC AGC TCC ACG GAG AAG AAC TGC T6C 48
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys Asn Cys Cys
1 : 5 10 15
GTG CGG CAG CTG TAC ATT GAC TTIC CGC AAG GAC CTC GGC TGG AAG TGG 96
Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp
20 25 30 '
"ATC CAC GAG CCC AAG GGC TAC CAT GCC AAC TTC TGC TCA GGC CCT TGC 144

Ile His Glu Pro Lys Gly Tyr His Ala Asn Phe Cys Ser Gly Pro Cys



(D) TOPOLOGY:
SEQ ID NO 6: Ala Leu Asp Thr Asn Tyr

35 40 a5

linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON:
Cys Phe Arg Asn Leu Au @ u Asn Cys

Qys 1 WO 96/03433 5 10 : PCTEPYM27IY g Pro
Leu Tyr Ile Asp Phe Arg A n Asp Leu Ay Trp Lys Trp 20 25
‘30 Val His Glu Pro Lys Ay Tyr Tyr Ala Asn Phe Cys Ser Ay Pro Cys 35
40 - 45 Pro Tyr Leu Arg¥er Ala Asp Thr Thr His Ser Thr Val
Leu- Gy Leu 50 55 ~ 60 Tyr Asn Thr Leu Asn
Pro Qu Ala Ser Ala Ser Pro Cys Cys Val Pro 65 70
75 35 80 A n Asp Lem Gu Pro Leu Thgslle Leu Tyr Tyr Val Qy
Arg Thr Pro 85 95 Lys Val Gu G n Leu
Ser Asn Met Val Val Lys Ser % Cys Ser 100 105
110 (2) I9RRMRFETEN CN@CA?\CC(@)C SEQIRCETCRARMGPERIGTI CS: 108)
LENGTH. 386 D@ @.epahifcs séB)AlIYE’é% TRHOMR! BiAGkH fe) vall ReNE! doubl e (D)
TOPOLOGY: Ilng r (ii1) MOLECULE.TYPE: other nucleic acid (A DESCRI PTI ON:
/ desc = "reconbi nant hybrid of WO 96/ 03433
PCT/ EP95/ 02719 -36 - TG betal and TG-- beta3 DNA"
TAC AAC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC GTG CCC 240
Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro
65 . 70 75 | ‘80
CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT GIT GGG AGG ACC CCC 288
Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Val Gly Arg Thr Pro -
85 90 95
AMA GTG GAG CAG CTC TCC AAC ATG GTG GTG AAG TCT TGT AAA TGT AGC 336
'_Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser
100 105 - - 110
(2) INFORMATION FOR SEQ ID NO: 8:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 112 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
Alg Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys Asn Cys Cys
1 _ 5 10 15
Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp
20 ' - 25 : .30
Tle His Glu'Pro Lys Gly Tyr His Ala Asn Phe Cys Ser Gly Pro Cys



(vii) . MMEDI ATE SOURCE:" (B) CLONE: E.. coli

LC137/ pPLMu. TGF- bet al (44/ 45)bet a3 (i x) FEATURE: (A) NAME/ KEY: nmat _peptide
(B) LOCAWGHémB433L32 (D) OTHER | NFORVATI ON: / product = " N-t erRGIVERIS/02712n1 no
aci ds of human TGF-betal " (ix) FEATURE: (A) NAVE/ KEY: mat_peptide (B)
LOCATI ON: 133..336 (D) OTHER | NFORVATI ON: / product = "C-termi nal 68 ani no

aci ds of human TGF-bet a3" (i x) FEATURE38 ( A) NAME/ KEY: CDS (B) LOCATI ON:
1..336 (D) OTHER | NFORVATI ON: / product = "hybrid TGF-beta nanmed TGF- betal -3".
(xi ) SEQUENCE DESCRI PTION: SEQ D NO 7: GCC CTG GAC ACC AAC TAT TGC TTC
AGC TCC ACG GAG AAG AAC TGC TGC 48 Ala Leu Asp Thr Asn Tyr Cys Phe
Ser Ser Thr_ Qu Lys Asn 10 :

15 GTG B TwAGRST I%A%IA‘%/& é(ﬁ/\é%f“f Thrfif RET R 3‘%& lccomicet . TXCRIce

.96 Val Arg Gon Leu Tyr Ile ASp Phe Arg Lys Asf0 Leu Ay Trp Lys Trp 20

25 30 ATC CAC GAG CCC AAG GGC TAC CAT GCC AAC TTC TGC TCA
GEC CCT TGC 144 1le Hs Qu Pro Lys GlgTyr H s Ala _Asn Phe Cys Ser
Ay ProTgydsn TWDLEB/AFp4Bz Glu Ala Ser Ala Ser Pro Cys Cys Val Pro

PCT/ EP95£02719 -37 - 70 75 : 80

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Val Gly Arg Thr Pro
85 90 95

Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser ‘
100 : . 105 110 . : -

(2) INFORMATION FOR SEQ ID NO: 9:

(1) SEdUENCE CHARACTERISTICS :
(A) LENGTH: 336 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOIDGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "recombinant hybrid DNA
coding for hybrid TGF-beta2-3" '

{(vii) IMMEDIATE SOURCE: . .
(B) CLONE: E. coli LC137/pPIMu. TGF-beta2(44/45)beta3

(ix) FEATURE: o
(A) NAME/KEY: mat_peptide
(B) LOCATION:1..132 |
(D) OTHER INFORMATION:/product= "N-terminal 44 amino
acids of human TGF-beta2"

(ix) FEATURE:



35 40 45 CCA TAC CTC CGC AGI GCA GAC ACA
ACC CAC AGC ACG GIG CTG GA CTG 192 Pro Tyr Leu Arg Ser Ala Asp Thr

Thr Hs S Leu Gy Leu 50 55 N 60
TAC AAC A Ec#og%’&s"}ic OCT GAA GCA TCT GOC TCG OCT TGC TGC GTGPEEEPISO2119 5,
Tyr Asn Thr Leu Asn Pro Gu Ala Ser Ala Ser Pro Cys Cys Val Pro 65

70 _ 75 .39 80 CAG GAC CTG GAG CCC CTG ACC
ATC CTG TAC TAT GIT GGG AGG ACC CCC - 288 @n Asp Leu Gu Pro Leu Thr
Ile Leu Tyr Tyr Val Gy Arg Thr Pro 85 90

95 AAA GIG GAG CA%?TMAAC ATG GTG GIG AAG TCT TGI AAA TGT AGC
336 Lys val du @& Val Lys Ser Cys Lys Cys Ser 100
105 (B) TOATEQN: lBB\IFCBIBATI ON FOR SEQ ID NO 8: (i) SEQUENCE

. : d .
ToPoLoGY: Iinear (L) NENERTR AR AR b el B S pr o sEG

ID NO 8: Ala Leu Asp Tﬁrcl#sﬁfmnaeyﬂﬁflahetéé' Ser Thr Gu Lys Asn Cys Cys 1

5 _ 15 Val Arg G n Leu Tyr IIe Asp Phe
Arg Lys Asp u Lys Trp 20 : 25 30
Ile Hs GQu IIgfe"o ?}%@éj Tyr H's Ala Asn Phe Cys Ser Gly Pro Cys 35

40 () NPBE/KEYAOCDS/ 03433 _

PCT/ EP95/ 02719 - 38p) 10CATION:1..336
(D) OTHER INFORMATION:/product= "hybrid TGF-beta2-3"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

| - GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT GTG CAG GAT AAT TGC TGC 48

Ala Leu Asp Ala Ala_Tyr Cys Phe Arg Asn Val Gln Asp ASn'Cys Cys
1 5 10 ' 15

CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG GAT CTA GGG TGG ARA TGG 96

Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg Asp Leu Gly Trp Lys Trp
20 25 30
ATA CAC GAA CCC ARA GGG TAC AAT GCC AAC TTC TGC TCA GGC CCT TGC © 144
Ile His Glu Pro Lys Gly Tyr Asn Ala Asn Phe Cys Ser Gly Pro Cys
35 40 45
CCA TAC CTC CGC AGT GCA GAC ACA ACC CAC AGC ACG GTG CTG GGA CTG 192
Pro Tyr Leu Arg Ser Ala -Asp Thr Thr His Ser Thr Val Leu Gly Leu
© 50 . 55 | . 60

TAC AAC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC GTIG CCC 240
Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro

65 . 70 : 75 80
CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAE GTT GGG AGG ACC CCC 288

- Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Val Gly Arg Thr Pro
85 90 . 95



Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu Gy Leu 50

55 60 Tyr Asn Thr Leu Asn Pro Qu Ala Ser Ala Ser Pro Cys
Cys Val @odi3433 70 75  PCI/EP95/02719 '
80 A n Asp Leu GI u Pro Leu Thr Ile Leu Tyr Tyr Val Ay Arg Thr Pro 85

90 95 Lys Val Gu @n Leu Ser Asn Met Val Val Lys Ser Cys
Lys Cys Ser 100 105 = -40- 110 (2) | NFORMATI ON

FOR SEQ I D NO 9: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 336 base pairs,
(B) TYPE: nucleic acid (C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii)

MOLECUL Y h | "
hybri d g%i c’% %E ﬁ&@&%é@%@fé@%% %MVE%S?FE ‘é‘&k?;‘é"”?g?a” .

'CLONE: Elyscdpi C’Llelélm ;SPEMFIT@ et 2l 2l 3¥B eIeF3CY T HYSFRRTERE: (A

NAVE/ KEY: mat epti gdgo (B) LOCATI ON: 1105132 (D) OTHER ILMFORVATI ON: / pr oduct =
"N-termnal 44 anmino acids of human TGF-beta2" (i x) FEATURE: WD 96/ 03433 -
PCT/ EP95/ 02719 -39- (A) NAME/ KEY: nmt_peptide :

(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 112 amino acids
(B) TYPE: amino acid ,
(D) TOPOLOGY: linear _ ' ‘

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:.-

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp Asn Cys Cys
1 5 : ' 10 _ 15

Leu Arg Pro Leu Tyr Ile Asp Phe Lys Arg Asp Leu Gly Trp Lys Trp
20 25 30

Ile His Glu Pro Lys'Gly Tyr Asn Ala Asn Phe Cys Ser Gly Pro Cys
35 40 45

Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu
50 55 | 60

Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro
65 - 70 : 75 80

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Val Gly Arg Thr Pro
85 90 95

' Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser
. 100 : . 105 . - 110



(B) LOCATION: 133..336 (D) OTHER | NFORVATI ON: / product= "C-terninal 68 anino
aci ds of human TGF-beta3" (ix) FEATURE: (A) NAME/ KEY: CDS (B)

LOCATI ON: WO B88433D) OTHER | NFORVATI ON: / product = "hybri d TCRAT@&PASes19 (i)
SEQUENCE DESCRI PTION: SEQ ID NO 9: GCT TTG GAT GCG GCC TAT TGC TTT AGA AAT
GTG .CAG GAT AAT TGC TGC 48 Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn
Val @ n Asp Asn Cys Cys 1 -46- 10 .

15.CTA CGI CCA CTT TAC ATT GAT TTC AAG AGG GAT CTA GGG TGG AAA TGG

96 Leu Arg Pro Leu Tyr Ile. Asp Phe Lys Arg Asp Leu Ay Trp Lys Trp 20

25 (2) INFORMATION FORATED T©AGidsAM CCC AAA GGG TAC AAT GCC AAC TTC TGC TCA
GEC CCT TGC 144 Ile Hs Qu Pro Lys Ay Tyr Asn Ala Asn Phe Cys Ser
Gy Pro Cys 35 40 45 CCA TAC CTC CGC AGr
GCA GAC ACA ACC SEAUENOECCHARCTERISTITS GGA CTG 192 Pro Tyr Leu Arg Ser

Ala Asp Thr Thr Hix$ SSicTbr3 eHigSy.Leu 50 55
60 TAC AAC ACT CAjAACGCCT &Z{’%%A GCC TCG CCT TGC TGC GTIG CCC

240 Tyr Asn Thr L&) PEE:prerleie 3mid Ser Ala Ser Pro Cys Cys Val Pro 65
70 (C) STHANDEDNESS: double 80 CAG GAC CTG GAG CcCC CTG AcCC

ATC CTG TAC TAT %}r %[é_g? ACC CCC 288 G n Asp Leu-GQu Pro Leu
Thr 1le Leu Tyr I ' A3 Fhr Pro 85 90
95 WO 96/ 03433 ' . -

PCT/ EP95/ 027(%_9) 'tﬁﬂ.};CULE TYPE: other nucleic acid

(A) DESCRIPTION: /desc = "recombinant hybrid DNA
coding for hybrid TGF-beta3-2" '

(vii) IMMEDIATE SOURCE:
(B) CLONE: E. coli LC137/pPLMu.TGF-beta3 (44/45)beta2

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION:1..132
(D) OTHER INFORMATION:/product= “"N-terminal 44 amino
-acids of human TGF-beta3"

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B} LOCATION:133..336
(D) OTHER INFORMATION:/product= "C-terminal 68 amino
acids of human TGF-beta2"

{ix) FEATURE:
(A) NAME/KEY: CDS

(B) LOCATION:1..336 _
(D) OTHER INFORMATION:/product= "hybrid TGF-beta3-2"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG AAC TGC TGT - 48



AAA GIG GAG CAG CTC TCC AAC ATG GIG GIG AAG TCT TGI AAA TGT AGC 336
Lys Val Qu d@n Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser 100

105 WO 96/03433 110 (2) | NFORVATION FOR SEQ | D NO 10PCTEPoSAUIENCE
CHARACTERI STICS: - (A) LENGTH: 112 amino acids (B) TYPE: am no acid (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: prot ein (xi) SEQUENCE DESCRI PTI ON: SEQ

ID NO 10: Ala Leu Asp Ala Ala Tyr Cys- Arg Asn Val dn Asp Asn Cys Cys

1 5 : 15 Leu Arg Pro Leu ,
Tyr .Ile Asp Phe Lys Arg Asp Leu Gy Trp Lys Trp 20 25

30 Il e Hus Ghw ASpOTHY Asd TwrTgys ARe Migaadis lePuCym 38h Gsycy¥s o Cys 35

40 45 Pro Tyr Leu Arnger Al a Asp Thr hr H's Ser Thr Val~
Leu Ay Léu 50 55 yr Asn Thr Leu Asn
Pro Gu Ala Ser Ala Ser Pro Cys Cys Val Pro 65 : 70

75 GIG CGC ccc crc $Hc A &P'r'fétt:cﬁ tad’GRr L@d d&d Tbk;eAple?lﬂGJyr Tyr 9\{&' Ay
Arg Thr Pro_85 95 Lys Val Qu A@n Leu

Ser Asn Yadt A%&Proatey Jer dde QS&PE?sM@yEl‘Séﬁpfﬁb‘ Gly Trp Lys Trp 105
110 WD 96/ 03433 20 - 30
PCT/ EP95/ 02719 - 41- (2) | NFORVATI ON FOR SEQ ID NO 11: (i) SEQUENCE
CHARACTER! STI CS: | . -

GTC CAT GAA CCT AAG GGC TAC TAT GCC AAC TTC TGT GCT GGA GCA TGC 144

Val His Glu Pro Lys Gly Tyr Tyr -Ala Asn Phe Cys Ala Gl Ala Cys
' 35 : 40 . 45
CCG TAT TTA TGG AGT TCA GAC ACT CAG CAC AGC AGG GTC CTG AGC TTA 192 _
Pro Tyr Leu Trp Ser Ser Asp Thr Gln His Ser Arg Val Leu Ser Leu
50 _ 55 60

TAT AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT TGC TGC GTG TCC 240
Tyr Asn Thr Ile Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Ser

65 70 75 . o 80
CAA GAT TTA GAA CCT CTA ACC ATT CTIC TAC TAC ATT GGC AAA ACA CCC 288
Gln Asp Leu Glu Pro Leu Thr'Ile-Leu_Tyr Tyr Ile Gly Lys Thr Pro

85 90 : : 95

AAG ATT GAA CAG CTT TCT AAT ATG ATT GTA AAG TCT TGC AAA TGC AGC 336
Lys Ile Glu Gln Leu Ser Asn Met Ile Val Eys Ser Cys Lys Cys Sex

100 105 : 110

(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 112 amino acids
(B) TYPE: amino acid
(D) TOPCLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION SEQ. ID NO: 12



(A) LENGTH: 336 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: doubl e

(D) TOPOLOGY: linear (ii) MOLECULE TYPE: other nucleic acid (A

DESCRI PTI OMO0 96203833 = "reconbi nant hybrid DNA codi ng. for hybrpc/dssobaba3- 2"

(vii) | MVEDI ATE SOURCE: (B) CLONE: E. coli |

LC137/ pPLMu. TG-- bet a3( 44/ 45) bet a2 (i x) FEATURE: (A) NAME/ KEY: mat peptide.

(B) LOCATION: 1..132 (D) OTHER | NFORMVATI emB/-product= "N-term nal 44 am no

aci-ds of human TG--beta3" (ix) FEATURE:: (A) NAVE/ KEY: nmat peptide (B)

LOCATI ON: 133..336 (D) OTHER | NFORVATI ON: / product= "C-term nal 68 am no

acids of human TGF-beta2" (ix) FEATURE: (A) NAVE/ KEY: CDS (B)

LOCATI ON: 1. . 336%%9I'HER | NFORVMATI ON:  / product = "hybrid TGF-beta3-2" (xi)

SEQUENCE PESdSY hr ey FYF ¢ Bhe AxgpsrrisvchE: A8t a9 CYACYPGC TTC CGC

AAC TTG GAGL GAG AAC TGC BGT 48 10WD 96/ 03433 15 :

PCT/ EP95/ 02719 -42- Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu G u . Qdu Asn
s s :

Os & Val Arg Pro Leu Tyr Ile Asp Phe Arg Gln Asp Leu Gly Trp Lys Trp

20 25 30

Val His Glu Pro Lys Gly Tyr Tyr Ala Asn Phe Cys Ala Gly Ala Cys
.35 40 45

Pro Tyr Leu Trp Ser Ser Asp Thr Gln His Ser Arg Val Leu Ser Leu
50 : 55 . : 60 ' -

Tyr Asn Thr Ile Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Ser
65 10 75 : 80

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Ile Gly Lys Thr Pro
85 90 95

Lys Ile Glu Gln Leu Ser Asn Met Ile Val Lys Ser Cys Lys Cys Ser
100 _ _ 105 - © 110



1 5 10 15 GIG CGC CCC'CTC
TAC ATT GAC TTC CGA CAG GAT CTG GEC TGG AAG TGG 96 Val Arg Pro Leu
Tyr lle %ﬁﬁg%%_rrg An Asp Leu Gy Trp Lys Trp 20 PCT/EP95/02719 25
30 GIC AAG GCC TAC TAT GCC AAC TTC TGT GCT GGA GCA TGC
144 Val Hs GQu Pro Lys Gy Tyr Tyr Al8# Asn Phe Cys Ala Ay Ala Cys 35 _
40 45 CCG TAT TTA TGG AGI _TCA GAC AGC AGG GTC
CTG AGC TTA INDIGATRONS RELATING TR S&EP%IT@WWFOQW%%GI’ Arg Val .
Leu Ser Leu 50 55 : 60 TAT AAT ACC ATA AAT
' OCA GAA GCA TCT GCT TCT OCT TGC TaCUST@u i) 240 Tyr Asn Thr lle Asn
Pro Qu Ala Ser Ala Ser Pro Cys Cys Val Ser 65 70 -
75 80 CAA GAT TTA GAA CCT .CTA ACC ATT CTC TACTAC-ATF-GSC
AAA ALA mﬁ‘ndxcauons mad2 GHw@Ehiae 18.ge micearg@ise rlrpd kdubePescrigtioe Leu Tyr Tyr lle Qy
Lys Thr Bifgs5 _  9%Be _32-19 95 AAG ATT GAA CAG CTT

____._____-_.___..__.._....___.___..._.___.__._._..___‘___,.._,__—______—. =

Leu b RFNTEICATIONGF DEFGSHo; (ys Lys Cys FUsifr dangyjes are idendt 4i'on an additionsl ghes ||
| ( W.&&NJW SEQTD NO_ 12: (1) SEQUENCE CHARACTERI STICS. (A)

LENGT TYPE am no acid (D) TOPOLOGY: linear (ii)
EI\)/GD/_(I;:EIIJI’;E TYPE: p r 49 SEQJENCE DESCRIPTION: 'SEQ ID NGO 120 =~ WO
)
P95102719

- 43 - | Address of depositary institution (including postal code and country} PCTHEPS

Mascheroder Weg 1B (formerly: Grisebachstr. 8

D-38124 Braunschweig ' D-37077 Gdttingen)

Germany : ' .

Date of deposit Accésion Number
04 March 1986 (04.03.86) ‘DSM 3665
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The indications listed below will be submitted to the International Bureau later (specify the general nature of theindications e.g., *Accession
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Al a Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Gu Gu Asn Cys Cys 1
5 10 15 Val Arg Pro Leu Tyr Ile Asp Phe
Arg An y Trp Lys Trp 20 - 25 " PCT/EP95/02719

30 Val His %Igﬁ&gro Lys Ay Tyr Tyr Ala -an. Phe Cys Ala Ay ﬂ Cys 35

40 , 45 Pro Tyr Leu Trp Ser Ser Asp Thr G n H's Ser Arg Val
Leu Ser Leu 50 Thr IIe
ren Pro Gu Al a NRICATIONS RE}AT{gg/éT&A %ITO%TEDG%HCR(%)R(-EX&IW
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3. The process accordlng to claim 1 or 2 in which the organic solvent is-selected from the
group-consisting of DMSO, DMF and any mixture thereof.

4. The process according to claim 1 or 2 in which organic solvent is used in a concentration
of about 10 to about 50%. | -

5. The process according to claim 1 or 2 in which organic solvent is used in a concentration
of about 20 to about 50 % -

6. The process according to clanm 1or 2 in which organic solvent isusedina concentratlon
of about 30 to about 50%

7. The process accordmg to clanm 1 or 2 in which organlc solvent is used in a concentration
of about 30 % to about 40 %. ' '

8. The process according to claim 1 or 2 in which organic solvent is used in a concentration
of about 40 %.

9. The process according to clair_n_1 or 2 in which the TGF-B-like protein is selected from the
group consisting of TGF-B1, TGF-'BZ, TGF-§3, heterodimeric TGF-8s, fragments and '
mutants of a TGF-B including hybrid molecules in which parts of different TGF-Bs are
‘exchanged, BMPs; inhibin and activins. |



- The indications listed below w ||l be submtted to the International Bureau"
| ater (specify the general nature of the indications e.g., "Accession '
Nunber of_  De oséﬂt ") For receiving Ofice use only: PCT/EP95/02719
- For Int ervh%?&gﬂ Bureau use only [err}gThis sheet was received with the

international application —ferri— This sheet was received by the
| nternational Bureau on: Auth %ﬁ@ of ficer '

Aut hori zed of fi cermnmm (July 1992) WD 96/ 03433
PCT/ EP95/ 02719 48 ss for the production of a dineric,

bi ol ogi cal Iy active *Trdnsforming Growth Factor type [err] (TGF-[err])-Iike
protein, conprising treating the denatured nononeric formof said TG~

[ err] -1 e TRE ptcdess wtddidifg deEiging € ok 2fid RRichWid TGF mr?r r&ieitvis 38lcelcddrins _
sol vent selected fromthe %gugecon5| stin err DMF, and any
{

f O,
mi xt ur e tBe graMp consistingef Hal B1B3: h!ébf@"g@g oA dyorid K&%m pricNBEY er r ]
and DIVFrP%Z? h‘l}aﬁdqm;gg@z'gﬁ&gw_ﬁg to claim1l in which the buffer
a

additio y ‘contal ns a reducl ng substance. 3. The process according to
claiml or 2 in which the organic solvent is selected fromthe group

consi st n L Xt ur.e th f. 4. The . accordin
Conel ai it T8 eRRdER aRMiriRg o B Th b1 Whie HACTGR B R pro BB RIBRERE, Fon o

- about 10 to about 50% 5. The process according to claiml1l or 2 in which
organi ¢ solvent i ed. . n.a concentration, of .gbout 20 to abput, 50 % 6. The
pr gc els s Lcr 5? & ‘?FIG%? %‘S:%qrg':"%t‘la@f °é§?'ﬁ‘sah‘1!”£md|"ﬂ§h% @%P(/é‘?‘ﬁ a pg‘l Qf@gﬂ”f fid,
concent rgdoupmg.of . about 30 to about 50% 7. The process according to claiml

or 2 in which organic solvent is used in a concentration of about 30 %to
-about 40 % 8. The process according to claiml1l or 2 in which organic -

- sol vent 13 THE @fodels AcEstBiRg 6 BAY bPAaims 1 or 2 in which the buffer has a temperature of
~ about 0°C to about 40°C.. | |

14.The process according to claim 2 in which the reducing substance is a reduced
sulfhydryl compound.

15. The process according to claim 2 in which the reduced sulfhydryl compound is selected
from the group consisting of glutathione in its reduced form, B-mercaptoethanol in its
reduced form, mercaptomethanol in its reduced form, cysteine, cysteamine, and
dithiothreitol in its reduced form.

16. The process according to claim 2 in which the reduced sulfhydryl compound is used in
a concentration of about1 to100mM.

. 17. The process according to claim 2 in which the reduced sulfhydryl compound
is used in a concentration of about1 to10mM

18. The process according to claim 2 in Which the reduced sulfhydryl compound isusedina
concentration of about 2.5 mM.
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(54) Title: NEW PROCESS FOR THE PRODUCTION OF BIOLOGICALLY ACTIVE PROTEIN
(57) Abstract

The present invention relates to a folding process for the preparation of biologically active, dimeric, TGF-8 (Transforming Growth
« Factor type 8)-like protein in a detergent-free folding buffer.
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