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PCT/ EP95/ 027 3§ o6i03432N0Vel process for the production of biolgeig@khingctive
dineric protein %e present invention relates to a folding process for :
the preparation of biologically active, dinmeric TG--[err] (Transform ng
~ Gowh Factor type [err])-like protein. -®Background of the invention o
TG--[err]-like proteins, i.e. proteins of the TGF-[err] superfamly, play a
central role in nmany biol ogical regulation pathways such as enbryonal
devel opnent Novel fot the mraxfuctionscf ininlogldatly aétive dime oteiant bi ol ogi cal
agents which can be used also therapeutically for a series of different
pur poses. The -best known nenbers of the TG--[err] superfamly are the
TGF-[err] s tThenpresant invention@plajesite h folding Pracgssiter the prepdrationdf bividgivatyactive,t y

homodi mer i ¢ BT o (Herenfind Gibih o b bR 00 o 0 ° %

characterized by its ability to act synergistically with EG-F or TG-[err]
to i.ndUCe a ai&ﬁ,@q@gﬂg gr owm h of : untransformed NRK cells,
recently, TGF own to exhibit nunmerous regulatory effects
on a w de vaTGEBylikeprdieins: i.aoproteinsani thenE@PPaupertamilyl play acditeal raleipn mary

| nportance af. ' i | | l,: :
activity. oo Safanhetugs gt od Hbirbiah Bausicitet b feoBherfin df ifue.
absence of oftayrarg verpotentbiological agentswhic canebe usiediaiso therapeutigally for a series of
m t ogenesi s, 4 | | ol [ L Lkt said
processes, o?'ﬁ%bt%(rﬁ+doe%ﬁ%¢l%? ac |@é@%$§é%@g§p\ééﬁﬁﬁ"¥?%tglbg?f esis, -
myogenesi s, themselvegienesi's, osteogenesis and i mune cell function,

stimul ation of chenotaxis, or induction or inhibition of differentiation.
Many of the actions of TG--[err] are related to-the response of cells or
ti ssues to sTGEfowas origirjally purifiad do hamoganeity frommuoian piatelets dintmateptacenta did er

| nf | ammati on,o, G kléﬁ’gyr Jnd%ég'@e{%fa Hg{ngéin{eﬂé ﬁro%ﬁn %lgﬁ gfn%é’%‘d.r Q{a%sg éf %Mbq[uﬁ

granul ation ?l Ssue, rncrea e expressi S assocl
extracel | ul ag5.00@ DaxFifsb civaractenzed bylits abilifyi tb actsyoerngistically With &E8F eniGReter al

P br obi ast o Mt atenpgeideBEnd freih ol FnSBTadNaR Tais Fieafl RoEa a8 i on.
Until now, fbeen sﬁosmitqekhibiunurherpm feguhkdry_emmls on a widevariety\of bbthamirmalrapidat ed
TG Ter 1S d5ah Rk Sl iadiing ol fobuusd st bloein 265 vhiflrelond gty ar? 2N

PCT/ EP95/ 027 edlular activity. Depending upon the cell or tissue type, and the presence or absence of

other growth factors, TGF-B may either stimulate mitogenesis, cell proliferation and growth,

. or may effectively inh_ibit said processes, or rriay exhibit other actions like e.g. control of

| adipogenesis, myogeneéis, chondrogenésié. bsieogenesis and immune cell function,

~ stimulation of chemotaxis, or induction or inhibition of ditferentiation. Many of the actions of
TGF-B aré re!at‘ed to the response of Cells or tissues to sfresé or injury, and to the repair of
resultant damage. After inflamfnatioh, TGF-B 'plays the major role in the formation of
granulation tissue, increases the expression of gene_s 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. -

Until now, ﬁvé distihb.t but functionally and structurally closely related TGFTBs desig_n_ated as
TGF-p1, TGF-p2, TGF-B3, TGF-|34'and TGF-p5 are described.



- 2- All TGF-[err]s are synthesized as 390 to 412 am no acid precursors .
that undergo proteol ytic cleavage to produce the mature forms, which

consi st of tﬁ€p /38 nal 112 anmino acids. In their mature, nﬁrmrwrzawy
active forns, TG--[err]l to 5 are acid- and heat-stable disulfide-Iinked

- honodi ners of' two pol ypeptide chains of 112 amino acids each. The conplete
“am no aci d sequences. of human (Derynck, R et al. (1985) Nature

316, 701-705), nurine (Derynck, R et al. (1986) J. Biol. Chem 261

4377- 4379 Lpian TCE-[err] 1 (Sharples, K et al (1987 |
239- 244) )sh?\%drr%ng% %%YE'@E‘%%%&@%‘&%@&%‘H i g’&F‘?’F%fF ha “8&9'90 PF?'%P'lg‘Pngl e
$g‘: no ac; il romsivdget?G:p?ommrthsmm fo‘nrre. whithneonsiet ¢t theQuertrireal 912 Bmidacids. In
- err n e [

6, 3673- 3677; ‘n?\fa?‘ e &EJ“Q?‘}'%P&HP g@f |§3 to %afﬁ ac"{j‘?é’ape%%/gb?ié'fz'ﬁd&mkgﬂ)
3nd hu [namt T(?Gn{od{me%rﬁ of t‘v’&rph ofyipepstide dHamstof a12 afniho 2iBids Bhis T coﬁril}?&rﬁnﬂu&hcrhas

enonstrate [ e ro ure 0
70- 8056 S equereueteqs Al T (Dbl Bt {HeBh babih 18 104 8 e ekt o
L r onr} !coo(r]I Ci In@t al. g1986py. sauandgmnims?ﬂ%&zammendssimmmmm SHargles, Kl ét al. (19%)87)

I SU | de | upuni
Cel | 48, 40955]‘!5@) 34b- 544 shiow "éﬂo“éeeﬂiﬁ“QL s%‘éé‘f?“uﬂ'h&’r"{da?!ihmaﬁ ?&'i‘%aé‘
~produce TGF- dcferrelsnauémdiwsoméf the amini 2ok dequeniarvt Human W@Fﬂﬂr huhan TGF@zati ng
th fact t t el et b .
STt ci ont ARRMAEG ot o HlesPREMBE"Y b pdmdtrR iadudren. o ebasRenoy Blicibm.,
it hﬁf) prozlq%tF 2129- war)edmlnumanfmn:pc etncnarnbtralenarb(msmgﬁbs msmm?)h {
reco I nNan r e seen U es I n e
sequence | i d¥@84§ ﬁfg‘ %A@et%ﬂmegp@ tgigs %"?‘rg'tﬂ%ei‘ff qhé %QS °mat ur e
forns of TG%e&@érfcbldenngA[tﬁlér&cﬁméﬁ@TGﬂﬁ [oaigs]bdes %B{aﬁdd’fr&n ﬁd@helpmeléte%hdues

As has been shown f stei ne resi.dues. are for

i ntrachai n £A0sigtsiohoee §‘FRH"F§ °HT§E1W|°&%’"E'8%B§°§‘S@HF sueusiof TCRTR2 CQR'EFtZ S et

G uetter, Maq5(1gmw|a33m 434(1992)]. Heterol ogous expression of
TG [err] may | ead to a product which, although having the correct primary

structure, fails to fold properly to produce the correct, conplicated
secondary- ornécehﬁy Q&Umﬁt%fh'd% ué@ﬁurmnam ﬁulamgtt@eroaﬁearmﬂaaeksnéahe obi ol ogi cal

activity. Taki ng the conp exrté_ng -natlve TG L‘U‘aéd! rmlecules into
account, it 'ﬁ%“lljm rt%hi“ﬁub%@ﬁ"eé |'§@‘1‘”@9 gt fro SOuEces (.0.
respective Tdtelb) inl or86r16 Sbiaih éiﬁﬁdiéi\t dﬁabume fbrftéSﬁﬁg i \eheus mee@aumaodaﬁhédwoug h
expressi on reconbi-nant. TGF- rJ cg.g % eve eukar }/ g
96/ 03432 owever, it has proven to ext mely rcult to ol tam blO oglcally active recombinant
PET/ EP9;58 Ozﬁﬁ ﬁl\s can beI Teen from the sequences d?prct?d iln the sequence hsltnné under&i&:jﬂ s,
the yields o | ol ogi ca active, correct a ined are
stil |y far fri¥Ps-bis ﬁghg 112 gqnch;de long mature for\rns T%%dmn%%‘réz and’ ‘Pél? 43 contain
9 cysteme resrdues As has been shown for TGF-BZ the 9 cystelne residues are formmg 4
~intrachain and 1 mtercham dnsulﬂde bonds [Schiunegger, M. P. and Gruetter, M.G., Nature
358:430-434(1 992)] Heterologous expresslon of TGF-ﬂ may lead to a product which,
although having the correct primary structure, fails to fold properly to produce the correct,
complicated secondary or tertiary structures and whrch therefore, lacks the buologxcal

| activity.

Taking the complexity of the native TGF-8 molecules into account, it has generally' been
consndered expedient to express the respectlve TGF-B genes in cells denved from higher
organisms. Although expression of recomblnant TGF-(Ss can be achleved in eukaryotic



Therefore, attenpts were nade to produce biologically active TG--[err] in a

m crobi al hos{ygdgigeRyer. in e.g. bacteria the intracellular %g?&ﬁgmg% are

not conducive to correct folding, disulfide bond formation a

di sul fi de-stabilized dinerization which is apparentiy essential for
activity. Thus, only very little biologicaBly active TGF-[err] could be
obt ai ned after expression of the respective gene in E. coli under the '
control of the | anbda pronoter as described.in Eur opean Patent Application

EP-A-0 268 5§ﬂsten9§1 B 1fBIdE BPBIbIbgIBANECHRE SofrdtBly Folthd oelﬁﬁt'eﬁﬂ gngauibggﬁ sliftaf ﬂr rﬁ DNA

in E. coli Eerthecntrol of the trp pronoter yieldin actlv

| abel | ed pro &G SERAFRY+ h an apparent nol ecul ar wei ght of 13 000Da in an
aut or adi ogram of a SDS pol yacryl am de gel, but no activity was neasured
(Urushi zaki , n reconpi nant

t al 987) T r Res.

proteins ar eT%(?'S u%é&eﬁ'f’}‘mﬁjﬁ nra:égg? BmFHc%éelf’g'FF"é(I a‘%“éﬁj@ﬁF‘&é” g migrgpial host.
expressi on siiewever, mtel’gesbactbh@fheamn larmcohbiflosPdre et canddéive/to
mtracellulaa 8 g&efa refg 8 r ﬁ |n° usrlonc i, es toréb?rgwg@fﬁlle
bodi es whi ch '8% %h '+ 855%""?&5' é’rés" 5@ gﬁﬁ@W?Q%I"g"‘?ﬂ I$ APRRreRtly esgeMigl ur e
of the cell sfon admwarmisaaﬁy mumemmagcanpaamaeﬂ&m bé 6bteinkd Aftboskofstsion
whi ch can reg1 lﬁ? e svr%pq%hgkg !%31(1%{ %sol L&Hg cterlal gé?%qea;ﬁscewcq(;gt ain
the reconbin es
tnﬁt e]>c<hi bi t Ebagfameaueonmpnamm&n-mlmeea?g; ?ﬁbthéﬁbp&?dé&cﬁwﬂhb ssedm Gﬂh .

erefore IST¢E ﬁi%a a corage&lrela & ? G i S eref ore gqener
agr eed, that ¢ Wf#-ﬁ%lh frel ot e Jm-pramatec vieinga iadjog VPWﬂ%QP"ﬁ‘F}der
co Bd. tio nts | whiotdin bard with atiagab?rern mrmedomta ;M&ighﬂoﬂ 13' OUOPatlﬁ ?ﬁl amﬁawyéar;] of msteﬁd
subsequent | y | er to u efr n fromthe
denat ur ed unPQ?%cé%lg?‘%grﬂef Butpg.a (8'?' Was mpﬁﬂﬁ?éim%'?khgﬁ 1338 Tumor Res.
t hr ee-di nensR3kS®t ruct ure, the conformation of which i.s stabilized by
relatively weak interatom c forces such as hydrogen bondi ng, hydrophobic

i nteractions and charge interactions. In the case of cysteine contain- ing
pr ot ei ns t hi Whengeenmbinang pedtains ane\produeed at high levels irf batiterial (sucteadBnetdi) \When

| ncor ect 1 nertbeslrbtfeioniit g Bin aondi ThE e prMghVohnng ard ' o
proteins, i nPe@cipiates mfanredatouasgwmmasm rqirastileruodtésuhlchtcah@asecaghtzéd'ns ed,
since the fOb@ﬁ:sg?stHWﬁﬁﬁ flfeqanclogﬁrgrt{fﬁﬁ[#e}i Pﬁ S:GIra;é Qa{tﬁasm?’ér c é}d hon-

homogenous mat er us complicati ng rcatron o
protei n havi heseraclusian bedies; whishican eeadiy bﬁagpag@tndframhasguwe@actemmrptems

reduced act i ¥rtdin the recoMbindiY grtéirdn a mostly d
PCT/ EP95/ 02718 ;9 y denatured and reduced form w4h|ch does Igof din

of proteins E¥RHihe functignal activit gf its,natura) sauntamart M@%théml'%ﬂﬁﬁ?sﬁlﬁé a

sol ubi | i zat| Gmmérdénﬁrd@lﬁ&t Rigtheraftes géﬁérﬂll%ﬂgYeéﬂFﬂfﬁ tHel rBSoninkHt FeffRfie p?diﬂn
t hen reduci nﬂ%,s e‘-‘tﬁ%‘grl] entrati-on of the chaotrop in order to allowt

fol ding of t ilized ypder conditions which-arg ﬁﬁ'&ﬁﬂlﬁ indngigtginjng "t'ﬂésﬂé'l‘aiﬂfﬁg of

TGF-[err]. Hmm\ema subsbdubﬁﬂyﬁwsqaaamolaed ﬁfUrdé}I@@hMé?d e téﬁsuﬁorpfr&%&’n@% a

successful process f Of?"$ e; &&C{Hm i on z& hi ol og ca Bé ive, dineric

TG [orr]-1 | RN spfpided ol Brihe pepper. fungloniy St tyeasimensisnel staiche dne

whi ch al | ows corfernfation iohwhioh ist é‘ab:fﬁ@&b&@ﬁlaﬁvel?rvﬁéakllmtemmle fdrbes silieh @B Wd?bgen

remains pr eSS&‘id.A tygropic'x llg fnpegactglons and charge interactions. In the case of cysteine contain-
ing proteins this process may also involve formation of disulfide bonds. When the formation
of dnsulflde bonds is chemically promoted, the formation of mcorrect intramolecular and, in
the case of dimeric or muitimeric proteins, mtermolecular bridges should be prevented or at
least minimized, since the formation of undesired, incorrectly folded isomers may yield non-

ng

homogenous material, thus complicating the further purification of the protein having the
desired structure, or may generate a protein with reduced activity.



It is knowmn fromthe prior art (Tamet al., J. Am Chem Soc.
113: 6657- 6662, 1991) that dinethyl sulfoxi de (DMSO) can be used for
promoting a NAWOB43e and effi ci ent formation of disulfide RETEPI2718

pepti des. The nethod is selective, i.e. wWthout side reactions, and a w de °

pH range can be applied. However, correct di sul fide bridge fornatron was
shown only for peptides up to about 30 amno acids. In another publication
(Bentle et .al., US Patent 4,731, 440) di met hyl sul fone or a m xture of

di met hyl sul fone and urea was used for sol ubilization of somatotropin from
i ncl usi on bodi es. The sol ubilized protein then coul d be renatured by

: coln'Ej act i gg Fbldingiofpictelhsusuallyie peffomtidh agnultistep process icoinpsisimg tieolabilizdtiona
m oxi di zj py

Whi cn a1 1 B e PARGR pder3thBal Spftnne fontited 31 el Madarging pdcaRBRBR St o
can be i nprtreetiactropdinoederys aliow the toldiag oOBEroteidi Hawevet, suth am eprirbd&0iied | )

o cct of " UG TR Bt T B, bpdehf e oyrondel arety rbniBptcl S Eid e g

producti on sniccbssalnqsgoceeh iqr tne:pmuanuod bﬁbrbbgncal[ﬁ:achw. ﬁ]mericmsﬁap-ﬁkeaprbteﬁrrem its

denatured or, ot at i v Qrm__Thi '
unexpect ed F$§Fd ?é;"”f @‘{fm tis %ﬁ?ﬂdﬂ’l‘@‘ 53‘?*”?&@@@ ﬁg%Brp@tﬁ'f‘oduct
can be obt awnmhemewﬁgemmmﬁggdsgﬂtmﬁemw‘ bbmerm)norrerr c form of said
protein is treated with a folding buffer . whrch conprises (a) a mld
detergent and (b DMSO, DMF or DMS(O err] or a mixture of two or three of the
group consi pig m@mffrdam@pna\ﬁqm ¢t Lol AVFChem. Soc\VI3%BB505682, 1991) that

PCT/ EP95/ 02718

Dot ai | od doGPEY FYPcie (PNSO) SaRHe a5 FHErRPUELA SoIPSHYE AR S RIS
i nproved pr diseifide bondstil peptides UTHei method isselbictiee; i.e. withoul sidg reattions zandi a/wide

D ot o . coRt PRI BLABHR) Plubebe: il Sl Sip sihelioh 4 Mol g o

conpri si ng peptidas op ltalabiait 80 @eninto adids: In ariothenpublicatidn(Bdntlepetal., S Patendi n of

the TGF- | th

G oup conel ST 480 SlFlndbundiacts & ik Y i fIsdRY BRY AR Y BRGNP

of the gr oueoluwmmgm phepragtotrapisCiromyinsiysion bpdiga T hengolubilizedhprotein then could be
"TGE-[err] - |drnbrdd 6 samam.hgerreparﬁrgwswda coRGintigFsoflition bf‘tfﬁ%t@iﬁ Wil Wil

protein having 1n Its nonofreric rtofma sequence wth at |east 75% honol ogy

~ to at | eastogdiging@gerte ami no acid sequences of a nononer of the foll ow ng

rrerrbers of the TGF- [err] superfamly (which also fall within the .term

"TG--[err]-like protein”) TGE-[err]l, TG=-lerr]2. and TG r13; ,
growt h i nhi §P’LR9F'"9'¥dﬁ"éﬁsé19“ffPHFﬁ' Hahape WBM ddetergent is uLleol the f6lding

of a TGF-B- -like protem can be improved if dimethyl sulfoxlde (DMSO) dimethyisulfone
(DMSQO,) or dlmethyl formamude (DMF) is added

Obiect of the invention =

It is the object of the present invention to provide an improved process for the production of
biologieally active, dimeric TGF4B-Iike protein from its denatured or otherwise non-native
form. This object is achleved by the unexpected finding that considerable amounts of the
desired dimeric product can be obtained in an unexpected yleld when the monomeric form
of said protein is treated wrth a foldmg butfer which compnses (a) a mild detergent and (b
DMSO DMF or DMSOz ora mrxture of two or three of the group consisting of DMSO,
DMSO; and DMF |

(

-



1 nonkey kidney cells (i.e. polyergin;, Holley, RW et al. (1980) PNAS 77,
5989-5992; Ri Wwomes03432). (1986) PNAS 83 5531 5533); TG--[err] Wﬁ*y cken
enbryo chondrocyt es (Jakow ew, S.B. et al. (1988) Mol ecul ar Endocri nol ogy2,
1186-1195); TG--[err]5 from’ Xenopus Laevis (Kondaiah, P. et al. (1990) J

Bi ol . Chem 265,1089-1093); TG--[err]-related inhibins and activins
(gonadal proteins that regulate pituitary secretion of. follicle stinulating
hornone); Millerian inhibiting substance (MS, which inhibits the

devel opment @etdiled dbbdriotion airthel inyention nramml | an mal:e enbryos) ; bone

h B f d | d
T nerron' o 8 biesditinilffion fdee i imelie RrdHess ok s RrSaucion pla e, 1cnown
E oday -ar et Bfthohg;d?ﬂPa&welﬁk&ém &Wfﬁlsfﬁmmg@romﬂdorwgalﬁ(mhﬂﬂl )W(E’gro@ém \/\;1heh
ranscri rom the ene. conpl.ex. o osophi | a c
‘acts to (F:) ont FBWPH%?%)ﬁ%%@E&nf@ﬁbﬁﬂ? H@g i Wit ﬁ@?‘ﬂ? bu 539 54 édﬁ'gfdeé?"g?ﬂe
Xenopus tr anmidhnillowb ttfd?oldmgmfe&ﬁabmldttﬁdﬁGW-ﬁ@ﬁbéHfarﬁ@l &@géaﬁegaﬂﬁ)solvaﬁ}d

Vgr-1, a Vg-1 re nal i an ochem
Bi ophys. Res3$ @&?ﬂﬁ'ﬁ tgﬁgrowpng @'\@ég&MéﬁnﬁbN%(%@gg)“w“ﬂ”@E’f two or .
685-698; WWzmerge ofithblgréip cdnsistirg &ms@CDMSOQaR&QMFﬁZB 1534; Padgett, R et
al. (1986) Nature 325, 81-84; Weks, D. L. and Melton, D.A (1987) Cell 51,
861-868; Lyons, K .et al. (1989) PNAS 86, 4554-4558). WD 96103432

PCT/ EP95/ 027 fBe term “TGF-B-like proteln |n context with the present invention means a- ;ﬁotem hafing©
are heterodiners

I ncluded within the rreanl?rg @JI I|ke rotein”
cont ai ni ng s ihHMPROMENGpry a,sgaueng tFé‘F JQFStI 7ﬁ?e HRAIPYY oAt legst anef thenaming
nut ants of t hagidalegquénces ot A eivndmer 6fthé rtﬂlomP%rﬁﬁr@bnhe T&FY subeta®lly ihech

bi ol og| cal vities o arent nol ecu In a preferred neaning the
term " TGF- [eraﬁﬂ"fFuW@“Bmﬂ'Sm GrBUkmPRI&INYi t h the present invention _
represents any protein of the TGF-[err] superfamly In a m)re preferred
meaning it represents the followi ng proteins of the TG--[err] e‘jperfaml

TGF-[err] 1, TEE-PbGRP2ard TEF-Alen prowtiinhibiterisgiatad fromaendifonag mediem ok BSRal

origin, e.d..15h I-f%fléii'FﬁNO I
het er odi neri ¢ TGA gdﬁigbggn('s??tbfy;%:ﬁsgﬁ) 2 di fféeir’&t9 Supggﬁ;}sl’{fslggétﬁgzz am no

aci ds each, d&HstowrBdntdRBE) RINAS Bt Gir - fram ¢qlckm@mm@on9mtas

| | h
o bt or 1 oG MRoBb2 S8 oGl (fH) G Bblar SR digghp?] foeli AT s forl DY
]S i.e. Xpol yer gienppustigrevisd(Konhdaiah, Fretali ($R80) J Biol.\Gheoh 2658, 19891083); TGF-{{ relatdds
rom Xenopus jdaaud ?%dt Jﬁmﬁsgﬁs']adéleéecﬁg ttrlﬁd(g Eéég,eﬂ? giﬂ{ﬂféétcl'e‘t{nbﬁ' ﬁ{ I{o?i&@%ﬂﬁlhlamg

proteins that regu e pit
hor none) ; Mulloanpens); Mﬂﬂ&ﬁﬁﬂtlnmytﬂmjm (MIS, whichirihibits |thﬂ1l!3yet09mene0f the

devel opment Qi kfish iﬁhﬁ&aﬁéﬁhale%%pﬁggtaln@ﬁﬁgﬁﬁﬁ g;?\s F]Wea group of

nor phogeni ¢ pr ot el ns t%‘eou es Involve
i nduction of Pelpepydegdnveivedirihe in ¢fsartilagecandhone farmgtion; thesmembers of thisnn

today are BMraup Kriiinioddy'dré BMBE. BvPBMVBMP.4, %3 Brﬁ#’% Bmpuz sn&a ?gd Bipe

transcri pt fromthe deca enta- pl'egi ¢ gene conp brosoph

whi ch acts t &)dBstrapser m&gfeﬂecépentame%aenq ‘EPW V&M(@Ph@h'ﬁﬂ 6@&&

of the XenOptb%nirél@ﬁlﬁ-Fﬁdd&he!iQWthe'ﬂ? eﬁib%wg 1 (hé b@duaq#w Xdib8s PAnBAYWHIH ;
and \Vgr-1, a d

ated manmmal i Al so 1 ncluyded wihin the neaning
of "TGF-[err]® g" eﬁ%ﬂtﬂi theegetalpole ﬂéeqs%a) +38d YordA Yonl; rpigted fpammaliangene
di fferent TGM&M A. bt #e(19B86Y Bibétem. Biophy S JRERNCEmANH. 186, 857-860 Cad1R. abav e
ment i oned pr(% &ésn %emkcé‘ssr g& 5 noz(r)'lg\?, Jol\ra eatlak (P 3885 gclence 242, 1528-1534; Padgett, R. et
al. (1986) Nature 325, 81-84; Weeks, D.L. and Melton, D.A. (1987) Cell 51, 861-868; Lyons,

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



bi ol ogi cal activities of the parent nol ecul e. Even nore preferred
TG--[err]-like proteins are selected fromthe group consisting of
TGF-[err] 1, 0342y 12, TGF-[err]3, heterodimeric TGF-[ err [PET/EPPUBABNt S and
mutants of a TGF-[err] including hybrid nolecules in which parts of ’
different TGF-[err]s are exchanged, BMPs,.inhibins and activins. Even nore
- preferred are those selected fromthe gro?rp consi sting of BMP-2, TG -
[err] 1, TGF-[err]Z, TG--[err]3, and heterodi mers and fragnents and mut ant s

t hereof includin brid nol ecules in which.parts of the different
TG--[err]s Alpe "E!%E‘Héﬁ’g@a thﬁb‘?"é?@?%ﬁﬂ 9' GF@W?‘P‘D arg, hW‘mﬁﬁ‘-‘r"]‘@'@%r
TG [err] 3-girlRid Mfe?@ﬁt@%ﬁ ht@pr@fem-gcfrt[ﬁnems or fUtaHiS bisthe BBove Medlionkd

C-termnal .order,
PCT/ EP95/ 0 X¥etgins which retain one or all of the brologrcal activities of the parentmoleculey.”  t he

N-termnal 44 anino acids of human TGF-[err]1 and 6f the Gterminal 68
am no acids of TG-[err]2. Even nore preferred TG--[err]-1ike proteins are

those sel ech@pretesng fMeaniag simtesd rTE@Eﬁr"h@ pestein’ia %‘P@E‘é‘f'ﬁéh%a'\?ﬁ% inveBtiafhi no
aci d seq ue %s%séﬁte 'aﬁ% Bebtdiff of tﬂ@ a*rl” lf i BSnord Pe‘ter%ﬁ%ea reﬁreséms_

9, 11 or e nost pre erre i ke pro einis 1G--|err|3
t erm BMVP- 2 thadollowing pID@mSw&ﬂieaTﬁ%ﬁeﬂpmli THF-Bh TERB82 BMBTGET@ abi ol ogi cal

A5 of " caARmARE 8 aiufaf o an gt e A, B FodrAEERe or b6iind,"°
BVP-2 of SES3 wél a¢heterddimericiTEH - ﬂmmstmgaofrtwa diffecent subunits of 1 (2 amino arids

bi ol |

o1 Phod ©2% kL 44 tedherts B btk T Cip M PR TuBRLBolbstiBy SRR, ¢
E Po SB L Ir Et hvvadrtferenN (Ellfalg: gre;excheﬂghﬂﬁ gﬂowtlEirthbntoBdolatéd gofﬁtgc?tndrg}me_lq én:eﬁigarroc 0 :‘) g i ng
t ge gr owt h %é& kigRgy ﬁégiiﬁ) r?ﬁlyeg"p %Bﬁ%mmy chi c&en ginboyp ch M

I((rgmnol 13’%@-%%:;\ Xeadphsio.aw@rrerf- F&iited ihhibirlsl an@lativing (gbradas pmemthat
aycar

ul ar End cri noI 0, 1977-1986
i nhi bition @9"'@%”‘5‘?‘6@(&"'@?‘2'};\%\@8@& stylating gﬁélﬁ"ﬂ’ug\n ngcsg%stanqene
_IM/G:1[ LU] (f{ﬂﬁ@ mbﬁﬁahrbﬁg Wetobmdntloitﬁmmre‘ﬁmuam hnaﬁmdia‘i male. embryds)r;grrerl c .
err]-11ke protein.derjve om_an ource t.ho ed into
the corr esp%?ﬂﬂ'ﬁ PYRIG %'°4°tn gP r 899 EPW/%P "['%!Yﬁji"?ﬁi'g ?1'88871
accor di ng t cartilage pnd:bend formdtionsithe embmrsolithis graupdnown totay iace BMPfa 8MP:-3\e
TGF-[err}-| r r
. produced bybﬁg"ﬁﬁ&)ﬁh%@a&bpnant %@@F\é% Fn% tl'regrlrangérfé ﬁg?l ca %Qp%ﬁanet hods
~wel |l known plegrblgenacbmplamotmm(dppewhlohentsrto cmtmbmowpoermse lllmefIYn vitro
~folding due ;frﬂ‘obe
purified by @ﬁrﬁﬁa%ﬂtﬁ?ﬂ%aomw&emmﬁ% gﬂ‘?%ﬂﬁgénrg?\ omrggQ ﬂaél ne f
Sephacryl Seddyteshi_nd Vgr-1, a Vg-1 related mammalian gene. Also included wrthrn the meanrng of
"TGF-B-like protein® are heterodrmers contaimng subumts of different TGF-B like proteins, or
. fragments and mutants of the above ‘mentioned proterns whrch retain one or all of the
brologrcal actrvrtres of the parent molecule.

_Even more preferred TGF- -B-like proterns are selected from the group consisting of TGF-B1,
TGF-B2, TGF -B3, heterodimeric TGF-Bs, tragments and mutants of a TGF-B including

| hybrid molecules in which parts of different TGF-Bs are exchanged BMPs inhibins and
activins. Even more preferred are those setected from the group consrstmg of BMP-2, TGF-
p1, TGF-B2, TGF-B3, and heterodimers and fragments and mutants thereof including hybnd
molecules in which parts of the different TGF-Bs are exchanged, preferably TGF-$1-3, TGF-
B2-3 or TGF-B3-2 defined hereinafter or TGF-B1-2 consisting, in N- to C-terminal order, of



Bef ore being folded, the nononeric TG--[err]-like protein has to be present
i n a denat ur edw@i96/a3432inf ol ded), solubilized form Capable of péfepdsioyasy
denaturing and sol ubilizi ng¥protei ns are so-call ed:chaotropic agents wel |
known in the art, which, in-aqueous solution and in suitable
concentrations, change the spatial configurdtion of the respective protein
t hrough alterations at the surface thereof, either through altering the
state of hydration, the solvent WO 96/ 03432

PCT/ EP95/ 027 1&he N-termina|1I 44 amino ac;ids of human TGF-B1 and o&he C-lterminafl 68 §m;]no acids of
envi ronnent, ol vent - syr eraction. Exampl es of suc -
chaot r opi c ag?ﬁé%ﬁﬂ@ﬁﬂ%?@?ﬁ’?%ﬁﬁé'aﬁg RIPteiNs a5e tese selactad Hir®dhe gfouae,
sodi um t hi ocy zoasistinatof ¢ rowRinsHaviag thd dmih6 acitl 88ineés adpiitéd ﬁ_tﬁ@sé’cﬁiﬁ%ﬁﬁsﬁ%
and detergents au%r%@i) IiD? %m ch are SUﬁ%Ia{lped in concentrations in the
order of 0.01Y08e" RO 3. B £ 1A ar 38+ o9 preferad EGRflike peotain s KGRA3.
contai ni ng t hThéGmi BMPI2 intiliGesnilss wirnts@f BMPLR Whick RAW the s&ﬁe@%caﬂaﬂi 9;
with a | ow rmlq?ﬁ%b” ar I@%ht aﬁééhat | c%@r gan C rg.él d, preferabl%ﬁg&w g& , 3
or 4 C-atons, ¥a?ﬁ"&e £ Jhosedreraredingne Examples. i.eing BMP2 ehB3RAID AR 181
e.g. pH 10 andvithtamatiditionaleN-eyminarméthionine ahd tRSBMPI2 of SEQVID NOM FRBIRAY HBIN-ON

and solubilization of.the, oner . The nononer is then nade subject to
"fol di ng condﬁér}néﬂaéa"\m %‘fﬁ@{']‘r ow the recovery of. the biologically active

dinmer. The term"folding conditions" refers to conditions under which _
intra- and interchain disulfi d formation is pronoted and t he

denat ur ed rrbnéﬁ@%'q 'T?SFFHVW 8&9%‘gggr§hﬁ8“@°%?ﬁrﬁ'f‘ defprd as eMh8rated with the
bi ol ogi calt ac:- ithve ée(ll_.mi'g'i‘ﬁtiﬁn ProAtling adﬂ_ﬁg oan-brbmi)bm]ga%t&yh (Fd3fetfRaitd) A}.)é‘.f‘et al.
primary struc i €. e 0 acjd seguence)_o e nononer, bu

relates to thé%@? H‘a%’f%Megﬂ%]‘t' Wgﬁ'gﬂﬁﬁ%‘ép%wa?“%cﬁrf(bWﬁ&PMﬁ 7369

di ner i ¢ "pr oductherhibliory ffactoP TGRLESh thelglowth of RirArPA 3PS mefiirbimaidels (Bfdwh, T.J.

process includes rmation of disulfide bonds and the association of
nonomers into & ab?@i@,"“ﬂ\“ﬂ?'ob‘?%gpﬁ)f active structure. For this purpose

t he denat.ur ed - inhitshign of GCL-64£ 64IEDNAVsyrithesis a¥sgy 'g?aiaaf,f.ﬂ.r. etdd] gbalsmatééaﬁls ( ?) |
an organi € solven sel ecte

a mld detergent, as defin | nafter and (

fromthe grou n88ﬁ@°gquﬁg&§(n§k§0, DMF, DM err] and any m xture of two or
three of the @roup consisting of DMSO DMs( err] .and DVF, at a neutral or
al kal i ne pH an - sonahl e tenper at ur. e. g...betweer out 0 [err]C
and about 40 [g}hﬁ'@% ‘Eﬁ’g‘? g‘f’gﬁ@@ 'ﬁﬂ%?%"%é‘f‘&%'&ﬂg gﬁ'mfﬁalfe'_gﬁlfa@ﬁgﬂt" 10, nore
preferred i n {AECCHCL64) adifxCribed inkielExgmiplés heveifafter. i N t he case of DWF is
about pH 8.5 and in the case of DMs(Jerr] is about pH9.5. Convent i onal

buf fer systens which can be used for folding according to the present

i nventi on ar e Niarofmeris T@F-8:likeproteincizrised fromiaaysoured dranethod oari be/ foldRidusto theoH 6
and 10. Al buffers that

proteins are 58{5??&95'51"9 qimhg{%egﬁﬁpigg@rﬂbéﬁsel JPEF%th g%f'otgnq awoerdi}:g.ltodthg %reosfent |
method. For example, the monomeric form of the TGF-B-like protein can be derived from
natural source or can be produced by means of recombinant DNA technoldgy or
synthetically by methods well known in the art. In the case the monomer is not suitable for
in vitro folding due to contaminants, the solubilized and denatured monomer can be purified

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

Before b_eing 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 art, which, in aqueous solution and in
suitable concentrations, change the spatial configuration of the respective protein through
alterations at the surface thereof, either through altering the state of hydration, the solvent



I nvention. For exanple, suitable buffers are Tris, bis-Tris or piperazine
buffers. The buffers nmay contain additionally a salt I f desired, and a
basi ¢ ami no VRPM3432 desir ed. - WD 96/ 03432 -~ PCTEPISN2718

PCT/ EP95/ 02718 ' - 9- Salts .
whi ch can be used in the folding buffer e, for exanple, salts of Na[err]
- Li [err], Klerr], NHerr], Mlerr], Ca[er'?é', or Mi[err] with dferr],
Flerr], Br[err] J HCJ err], SOerr], phosphate, acetate, cyanate or

r hodani d, or ot her alkali netal - or al kal i ne earthnmetal - hal ogen or
pseudohal odENiIreRRNtRriPRISohaNt-surtane ataraction. - Examples gt st&hyhmtrqnweag.emseqy is

| NaCIt hat f aI Cdynaﬁfémtnbmae efea;tg&amané\mydrocmd?ﬂs | sadﬂm thibc?&iaﬁ’e Moﬁberﬁﬁnoﬁ;ﬁn used
inthe fo uf iS n| n era

concent r at ﬂh?lg%"ﬁ §§B‘Rﬂt4t°?ﬁ8“§r&@%q? é@% tib{ys F&QBQ err] or
(I)I/)IVF for the:fopwrgllaﬁenﬁh théordpr asmlt O/tolafwamnt QﬁlsdoaciﬂtﬂgaﬁohWMe Eqdyowscﬂuhsz td40
9 nore prefe out: % ut 0 even .nore preferre
concent r at |°8H{aﬂﬂ‘ %m&%&gf\ ‘ﬁ'& g&%‘fg gveeng itha B\"é'?‘g?%'!ﬂ'y
~about 20 %wdight alipifatic h@aﬁiﬂttﬁ?f@efﬁb@hﬁﬁh@d semeruwraé lnﬁtﬂe prefériBlylacdte % to
about 30 % .even ng Esrefer ? &/8 O/%Pé °<§}n‘8t he even fore
‘preferred @kaaMe 'F§° 0 B'Q%’H 2d abavean mpRAatuses Wi pvsO
and DVB02 aqesulfin Qbhataratiombfddsiubilzatiomofthe wdRdmen a concentration of about 5
%to about 40%. preferably of about 10 %to about 30 % nore preferably

about 10 %to about 20 % for the sol vents conbi ned. A mld detergent
sui t abl e f dFhetrhendmrds shgn afade spbjettao rfoldingtdoadifiéis® Mroh]allwﬂmrrbemekwof the ‘

o e ne bdga B bl e lind Bl R o Bl oS, 0,
af t er di nerintza-iand interchaip disutfite Hond fdnmation is primntpdoand the denatured mdnomer is

et 100 S0 Briy rhalphBlo wGg oL RLEENR, TR pREes

non-10ni C, onic anl oni or zw rge
non-i oni c dioes Ingtalnvolm any ehange inthe priveey stuctueer (.e.the aminoAgid seguenrns) of the

‘(j g_&lrag)e n ;rS] ﬁ%r‘o?}'erctmt%liﬁh &P ie Yeniakigh Bﬁfhg YraétinSionalRoRidARSRN df Herdiferic

‘ami dopr opy|Breduet whigh imessaciated withdhe Riplogicalastivitye Shis prosassingladesribeformation s

al so possi th%lsruﬁndH%Sn@s Andthi 'a8sctiatibh 8f ﬂSﬁﬁﬁ&S iHt& a cfindtic, Biolbhichiy &4t CHAPS
and CHAPSO etergent is preferentially present in the folding buffer’

at a concerﬁtﬁ“ﬁ{“%n of aboutl to 100 mM nore preferably at a concentration
of 30 to 60 nmM even nore preferably at a concentration of 30 nM

For this purpose the denatu_red monomer is treated with a foldlng buffer which comprises (a)
a mild detergent as defined hereinafter and (b) an organic soivent _selecied.fro_m the group '
consisting of DMSQ, DMF, DMSO, and any mixture of two or three of the group consisting
of DMSO, DMSO; and DMF, at a neutral or alkaline pH and at a 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 DMSO is about pH 9 to 9.5, in the case of DMF is about pH
8.5 and in the case of DMSO is about pH.5. - - |

_.Conventiona_l buffer systéms which can be used for folding accordihg to the present
invention are buffers'which provide sufficient buffer capacity between pH 6 and 10. All
buffers that have no inhibit‘in_g effect on thé.folding of proteins are applicable in the presént
invention. For example, suitable buffers are Tris, bis-Tris or piperazine buffers_. The buffers
may contain additionally a salt, if desired, and a basic amino acid, if desired..

.



IO 96/ 03432
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preferred enbodi nent of the,present i nvent i on the fol ding buffer

additionally contains a r edUci ng substance. A sui‘table reducing substance
whi ch encourages the formation of disulf i-@es in proteins or peptides is
e.g. a low nol ecul ar wei ght sul fhydryl reagent selected fromthe group
consisting of glutathione in its reduced form dithiothreitol inits

red utced f gr mSa[tjﬂvhich B Egﬂtséu%hﬁélwldmg"buﬁe‘i afe?de%Qﬁnéleféﬂttﬁ Bﬁﬂﬁ’?ﬁ? g(l‘elNhimm
Iin its reduc cy.si.ei a e ver e net hod al so
works if no S&c %réubgf Hcé‘"tﬂg" ?:dsé 3 E{B&grﬁ%lé’ eERtate: retaie fYangte 9'he
sul f hydr]%/I relimgiantg o&me@lkﬁbw#j%oﬁ?kﬂxgﬁﬁﬁﬁhmtﬁﬁ ethalat;gifrzi ansseudotiaiogen @oiv-
nore-prefera e [ at 230
enper at ur eq Popst Sgcafpeiibn cod st Peitare BNAC =0 Soripriion of LRE M
at about 4 [err]C, and for a reasonable tinme period, for exarrpl e between
about 2 and [ p on the
tenperature ubé)%ic %rﬁiﬂo ?g'ﬁ@g&g‘tﬁ‘r‘%r%&% g'ethg?(f'ﬁ?ﬁ? %@ierf'sot!& °§§"‘§§s?@g’f§“’f ol di ng
time period praferablydn asoseentratiorhef QB bducti on of a dineric, biologically
active TG--[err]-like protein according to the present invention may be

performed in a one step procedure, wherein the nonomer of said protein is
transferred tibetnefefred eonegnipatiohof DMSD., tDMSQzatmﬂM&')i@f tepumaseiot therpredeat ed f or

a time perioghhtién ﬂ[’:roﬁ: £ 5 %/ étﬁu 46"/ %Ifﬁ?ﬁ agsum%roﬁgyaﬁo&%%en |

e.g. O[err]Can err preterab err

di meri zati on (’E'GrWP% mp'?qu@ﬁéom%émW@W %@W%b@n&‘eﬁtﬂbaﬂ‘i - dementaorehe
fol di ng reactgrgtBrably dboutsd's: ﬂﬁw e 'emﬁbmfeﬁba %&dgﬂﬁﬁléﬁ% ngv.ft 9? Bih,

t he nononers m ght “undergo substanti al aﬂ}g ation leading-to the formation

of undesi r ed BRPBIRY %o RA MeNeiRGRIAEDlY abopt, %PWQ;mej?‘fﬂﬂrm‘?feﬂﬁfﬁfﬁﬁ are
i ncreased, | fcoh&ﬁ\trﬁﬁ&ﬁ @'aboﬁmanﬁﬁéQ& DMSb%‘ﬁ& UMWG’#@MSO andTDN@O ofof _
concentration 0.01 to 0.5 IS ef erred exanpl és
of ol i ng erRE PRGRMSC: 58 ba e Ak EaREemraboR AT 2avl 6 IRAROHEAO% n Brefeshal B

of TGF-[err] ?abauma% tb @bbt\89:%, mérepréferably abot {02%/td dbodt @0 20¥dr tiie Solvents
optionally 1 to nmv of a substance selected fromthe group consisting of

reduced gl ut £PAP 8 cysteine, cysteamn, and [err]-mercaptoet hanol
(however, as already stated above, the met hod al so works if no syl f hydryl

redox s yst € mA mllg Egtse?genz Suitable for the folding of a protein of the TGF-B superfamnly according to

- the present invention is any detergent which permits foldmg of the monomeric TGF-B -like
~ protein into the spatial conformation which after dimerization is associated with the
biological activity, while retaining said _monomer ina soluble form.

Such detergenté can be non-ionic, cationic, anionic or zwitterionic. Preferred detergents are
the non-ionic detergent digitonin and, more preferred, the zwitterionic detergents 3-(3-
chlolamldopropyl)dtmethylammomo 1-propanesulfonate (CHAPS) and 3-(3-chlol-
amtdopropyl)damethylammomo-a-hydroxy- -propanesulfonate (CHAPSO). It is also possnble
to use a mixture of the detergents, e.g. a mixture of CHAPS and CHAPSO. Mild detergent is
preferentially present in the folding bufter at a concentration of aboutt to 100 mM, more
preferably at a concentration of 30 to 60 MM, even more preferably at a concentfation of 30
mM. '



VO 96/ 03432 |
PCT/ EP95/ 02718 | - 11 - 1M
NaCl, 0.5 MW@YMHe, 20 to 30 % DVEO, 30nM CHAPS or CHAPSCRCTHERISOTS O, 5:

or 0.1 mg/m TGF-[err]3, 100 MM Tris, 2.5 mM of a substance selected from’

the group consisting of reduced gl ut athl ge, cysteine, cysteamn, and

- [err]-nercaptoethanol, (however, as already stated above, the nethod al so

vvorks i f no syl fhydryl redox system is present), 1 MNaCl, 0.5 M arginine,
1 0% DMF, 30nmM CHAPS or CHAPSO _pH 8. 5. After fol ding, the bi ol ogi cal 'y

active di e 3 %’eﬁﬂ'ﬁplemdl"l?"b?fdﬂl‘ Pregentdpyantion W@MF@P@?@F additigeally contains a

TGF- [ err] - | igligcing SitsstahcaA stitibly reamsg subBtaRad whish bAGourd)es A RFmondrher

dot th t ft duct f
he.r ocon HatHdes o Pt of epRSRAIe 10- RLASt MolBPila weigh SO eser iefashr | s

perfornmed biyom tﬁaagraup gllsrc'eldﬁhg stiglltatitormi ia ltsl tedgedd fohm cuunroﬂﬂém [myits rBesbe@p hobi c

B T T T T R

di meric bi ofys@inerarid/cye@iamir. li@ﬁelérlmbnlatm OGS nd/aaeh SUbREINES & preset.di Ng -

to the procgss. t he i.nven TGE- err I hs can, be used
in a vari etg B‘faﬁ%%‘?"& B‘fﬁtpetf?fgﬁ%@'ﬁ{ﬁyé@ reag &JIQIbBWqﬁg{@?ﬁﬁrpﬂ %fgfq%fyl ustrate
t he i nvent i aboutd fohomM htarelg'efeeﬁly alllcmthss thini tat ive. WD 96/ 03432

PCT/ EP95/ 02718 .

: 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 perlod for example
between about 2 and about 720 h. Since the duration of the foldlng depends on the
temperature used the temperature may be optimized for any desrred folding time period
and vice versa.

The production of a dimerie.' biologieally aetive_ TGF-B-Iike_ protein according to the present
invention may be performed in a one step procedure, wherein the monomer of said protein
is transferred to the foldlng buffer and the reactton mixture is lncubated for a time period of
eg.2 hours up to 7 or more days ata ternperature between e.g. 0 °C and 40 °C, preferably
4°C while folding and dlme_n_zatt_pn continuously take place The protein concentration during
the folding reaction is of considerable lmponance since when 'being too high, the monomers
might undergo substantial'aggr:egation leading'to the formation of undesired higher-order
oligomers. Final yields of dimeric product are increased, if the protein concentration is less
than about 2 mglml a concentratlon range of 0 01 to 05 mglml is preferred

Preferred examples of foldlng expenments according to the present mventlon for the toldmg
of TGF -3 are as follows

0.1 mg/mi TGF-B3,

100 mM Tris, _

optionally 1 to 50 mM of a substance selected from the group consisting of reduced
glutathione, cysteine, cysteamin, and f-mercaptoethanol (however, as already stated
above, the method also works if no sylfhydryl redox system is present),

*



-712 - Exanpl e 1:. Expression of TG--[err]1, TG-[err]2 and TG-[err]3 in
E. coli Exarrpl%;‘ﬁi'ugeneral met hods Bacterial strain: - E. cOldrpbdidats 137:
htpRlerr], lonferr],:lacl[err}],. maferr], trp[err], pholerr], rspL,

tsx::Tnl0, sup(Jerr] (Goff, S:A et al. (1984) PNAS 81, .6647-6651).

Plasm ds:. - pPLMu (Buell, G et al. (1985).1Nucleic Acids Res. 13,
1923-1938): This plasm d carries the bacteriophage | Plerr] pronoter with
t he phage Mu ner gene ribosone binding site (Van Leerdam E. et al. (1982)
Virology 123, 1}¥Ng8)- - pcl[err]: Plasmd encoding a thernolabile [err]
repressor and _conferring resistance to kananmycin (Remault, E. et al. (1983)
Gene 22, 103- 9P argiffiRe.ae| - el ect rophoresis: SDS pol yacryl ami de .

gel - el ectrophop es36%(BMSOPACE) and protein staining is done as described
previously (L Lo K. Nat ure 227, 680-685) using the M niprotean
Il cell from %&%%%0&0W5& ck 18 % pol yacryl ami de gel s. Heat

i nduction: 7 pHeoabols3- Medium (Maniatis et al. (1982), Mdl ecular C oning,

Col d Spring Harbor Laboratory, New York) in a 20 m culture tube contai ning
40 [err]g of each anpicillin and kanamycin (LB/anpl kan) are inoculated with
a single colooy and incubated w th shaking overnight at 30[err]C. 5 m of
this overnight culture are added to 15 m of LB/anplkan in a 100 m
Erienneyer flask. This flask is transferred.-to a 42C wat erbath shaker. A 2
m sanple is OdkegmibTEEPI, t ransfer (non-inducing conditions) and 1 ni
sanples at 1 h oL jhtervals after the transfer (inducing conditions). Cells
are pelleted 6§ g@}h rﬁ'fugati on (5 mn, 10.000 rpmin an Eppendort
centrifuge) ald mMefaspbstancerdeléctedirant tedsroup donsisied diabduced ghAathipars dysteing,

100 [err]l of . ffer for- SDS-PACE and heated for, 10 m.n at .95 err]C
5 [err]1 ali qﬁii?%ﬁ@%%ﬁé@gw?{eﬁ%ﬁgz GR&E‘_’G'P?segFﬁ?gY Fﬁ??“oﬁjb°¥%r+€%{“8m°g[c‘§°| s:
Conpet ent E. wowotks ifoe sylfhydryl redoxsystenh i9presbmt),cal ci um chl ori de procedure as
described in Wvg;i{s et al. (1982), Ml ecular Coning, Cold Spring Harbor
Laborat ory, New . Cells carrying plasmd pcl[err] are grown at
30[err]C. ER&nMlaegitting: Constructi on of expression vectors

pPLMI. hTGF- [ eqb%@w PLMu. hTG--[err]2 and pPLMu. hTGF-[err] 3 and expression
of TG-[err]l. -f’er.r] 2 and TG-[err]3 WO 96/ 03432

PCT/ EP95/ 027180mM CHAPS or CHAPSO, _ _ - 13 - The
codi ng sequenPﬁ' of TG-[err]l, TG--[err]2 and TG-[err]3 (shown in the
sequence listfrng), respectively, are cloned into plasmid PGem 5ZF(+)
(Promega) digested with Ncol, dephosphorylated with Calf_ |ntestinal

Al kal ine Phos pfgf RRfing, BAUISISIELN JaciVikifibt is Birifed ilorddr to remove incompletely foided
TG_F-B-Iike protein and impurities, in particular, pyrogens or other endotoxins v_vhich might be
~ presentin the preparation after production of the recombinant protéin in microbial host cells. _
' Separation of the dimer is performed by chromatography such as sizinggel
chromatography, tiydrophobic interaction chrorhatography'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.



Kl enow pol ynerase (G bco-BRL). The resulting constructs are designated as
pCKM 125 (TGF-[err]1l), pGKM 740 (TGF-[err]2) and pGKM 126 (TG~-[err]3) and
are used t oworens@pr m conpetent E. coli Y 1090 cells. C oneeTRPIsOgIIAg t he
correct inserts encoding TG--[err]1, TG~ [err]2 and TG--[err]3 are :
designated as E. coli Yl 090/ pCGKM 125 (TG--[err]1), E. coli Y1090/ pGKM 740

- (TGF-[err]2) and E. coliY 1090/ pGKM 126 @rG--[err] 3), respectively. E.
coliY 1090/ pGKM 125, E. coliY 1090/ pGKM 740 and E. coliY 1090/ pGKM 126
cells are grown in LB nmediumand plasnmid DNA is prepared by the method of
Bi nboi m HEKampied: E_nj;mgsldrh of( TKBF-B) ., TEBR:-BZand FEF@S imEsendir ch 7, 1513. 5 [err]g.
of plasmd DNAar ut't C letion in 50 [err]l restrict-ion buffer with
ei ther Nco & 2 S Ncol and EcoRV (pG&KM740) or Ncol al one
(pGKML26) Battedalistraint he r ecormendati ons of the supplier (Boehringer). The

WG [or ] ecépm%i%ﬂ%qﬁv iy il s d'#ﬁ%‘%““{rﬁtﬁ s i )
for 15 ni nStAet BIN{ 984) BNAS&e&ﬁyﬁﬁﬁéhtri fugatlon at 13.000 g for 15 min in
a SS34 rot Bfasl'rﬂ:ta Sorval | centri fuge. The supematant is discarded and the

- pellet is r'escrspended in 80 [err]l 0.089 MTRIS borate, 0.089 Mboric acid
~and 0.002 MEDW\(BaHEGhet dl.di §85) MucigicAdids Res2 53, %953dﬁweﬂms plesmid carriesohes 9%

xyl ene cya hal%
ayar ose. yeparteridpiabBF, samoet bim rHRAGE Mief ofnd'idasOa Bt i af B C 7%
volts till Leerdamy En?tt?ér(b9sailvue|°9ﬁﬂq°(5gr19r2§hches t he bottom of the 10 cm | ong
and 0.8 cm [}%\;_sc' e eIr es@g%} FrﬁflEﬁth%lgé%%’drﬂ%of Siid EB tantéfd 1. TG ¢

[err]2. and. are vi's | zed un er ort wave W
light, cut kuaemmncﬂemauuzbretal 41883 ﬁgnéﬁ%dpﬁdéﬁbt ed fromt he gel piece in a
‘Schl ei cher gfg orddit rap apparatus apply- ing 200 manp for 1.5
hours. The nts are precipitated (see above) and

resus pende@QS"POHBCD@WF@ 9¢E'3d709h9@$'$ {SOSPAGE) 3nd profain slainingds donecas | zed by
di gesti on %&éﬁb@& bt‘)fv C?ugg?i.ae?ﬁlﬂl. gk ' 9?&; Nawd%ﬁfseﬁssf ushigithe Mirfiteteand gel

purified as descr] %%g ng of the linearized
and puri fi &8l #iemRIORAPasd 1E5Rmt53ﬁ'ﬂ1§%tﬁ’ Mamidegels, ecqui val ent of the

respecti ve Hadf infii@idnf r agment DNA are incubated at 4C for 15 hours in 20

[ngr; L::)ggj Ogl I—,%%Ef '\ B"Medium (MAHIatia ot &b {1682), Molecular Cloning, Cold Spring HBBRr byt f e

( (710 mV TRI Séb@htonp INew fork)ltﬁ af’th viultlre Tﬁﬂe contdifing’40 u@oﬂeaiiMamprcﬂI;]n and .
adenosi ne- 0 a nt ai ni u se ri nger
10 [err]l| 35?“ 'ﬂ@?q (L@éﬂwtﬂafﬁtai& ﬂp@lég%wﬁiaaéﬂ‘ggﬁw a['gﬁ\’]‘?até‘? @%Ftbari%g[ err] O

conpet ent  vémight b&o&&s febf tﬁnsc‘o%mghnemteaamaddmo[wmﬂof Leiatnwkamn &i100t he
cells are heat shocked ﬁ_hl ncubation. for a 42gerr ter bath. 2

m of LB W Edenmeyerdase Jhigflask isdranglered @ 3 §2° E'Pathcﬁh e é@"‘ﬂ?{ Brr]cC
200 [err]l ta%! nc guaﬁétei%aﬁ ﬁﬁ'lu@iﬂg b&d&l@&p@dcpmtﬁ wsgatarﬁuuamtdwans avest
| u

kanamycin an

ated for s at - 30[ e[ r olon are,
cul tivat ed t%@'ﬁﬁéﬁﬂmquﬁmﬂﬂaﬁ 5’8’5‘?9{ any éﬁgﬁm&
codi ng for gh@ppbRédr éentm@e)[aoartﬂes@adnamrs[dmaid&m Theqiauws res‘aepémted in

100 ul of sample buffer for SDS-PAGE and heated for 10 min at 95°C. 5 pl aliquots are
~ loaded for SDS-PAGE. .

Pregaratron of oomgetent cells
Competent E. coli cells are prepared by the calcium chlonde procedure as descnbed in

Maniatis et al. (1982), Molecular Cloning, Cold Spnng Harbor Laboratory. New York. Cells

carrying plasmid pclesy are grown at 3-°°CT

Example 18: Construction of expression vectors pPLMu.hTGF-81, pPLMu.hTGF-32 and
pPLMu.hTGF-B3 and expression of TGF-B1. TGF-82 and TGF-83 -



in plasmds pPLMu. hTGF-[err]1, pPLMu. hTGF-[err]2 and pPLMu. hTGF-[err] 3,
respectivel y.wglgpfas: contai ni ng the above constructs are refpefgshsiopngis E.
coli LC 137/pPLMi. hTGF-[err]l, E. coli LC-137/pPLM. hTG--[efr]2 and E. coli
LC 137/ pPLMu. hTGF- 3, respectively. E. coli LC137/pPLMi. h(TG--[err]l, E.
coli LC 137/ pPLMu. hTGF-[err]2 and E. coli-L&E-137/pPLMu. hTG--[err]3 cells
are heat induced (see exanple 1A) and the expressed proteins are anal ysed
by SDS-PAGE. TG--[err]1, TG--[err]2 and TG--[err]3 all appear 2 hours after

heat inducti %@&dﬂ@%eqhéﬁﬂéS%ﬂTGF?ﬁ .eTGﬁBgiaﬁé FEFIE3 ($hdwh iR hePduabrddliisting).
nol ecul ar mass of approximately 12. 000 : ‘Exanpl e 1C: Fernentation of
t r ansf or mant s"eeRastivglyre E'-GFQQJ'F‘éS}"Qﬁm'EP Gemr34F¢r){Bromeaoa)digestadvith Neoly 1

E. col i LC137/ pidpMdsghohfidted vtk Chf Irﬂé&iinﬁ-ﬂlﬂlihéﬁﬁ@%ﬁﬁﬁbm&éhﬁq_ad Sartiied inwithl
Erl enmeyer flasks containing 75 LB pediumwith 4 /1 of a Llin
o Rananyci rREnaw BmArae (isesBBby The peullRG cotmins 3r oaeinaten s KM 1Mo
to 750n of LEBGRH)WEKNITU0(TERB2pdHd gGKM i 28 (TGF-§%) ind @R ds e Wandfomy 1

Erl enneyer flasks and. heated to 42[err]C by shaking for approximately
5 Eninutes | rEOPRBTE 080 Y08 Sals Floneh GGG caeH s S1oaNs SEFGS. TR

42C shaker angh afPERRSGrd Qésighatd & gEBﬁWO:S%@kW{g aers, Ei%wmp&é%; re

in an ice water bath and the cells aré collected after centTitugation

10 nmin: at 8. CHOTGMA2) and EseoliYd P/PGKM1EI(TGF-B3), respeelivels/ 03432

PCT/ EP95/ 02718 - - 15- Exanpl e
2: Expression_of TG--[err]1, TGF-l err]2 and TGF- err]_B I h Saccharonvces
cerevi si ae ThE-goli¥19R9/ 482 Y 1090/pREM 740 gnek E.JcoliY 1OSP/pGKM 126 cellgiare
TG--[err] 3 ar ' ' [ Sh& &y ; r of
[he 1 nduci bl e e m oo el RIS IRH OTUEE Bty th ReltRad! MLl 2ha

expressi on velerH. (A970) MwelsicrAnidsciesearch o 1313 b 410 oh\plasigINAy ate eyt togrompletisni d
D 1DB207R/ PHos T fosriaf B iR siieh o) @i SAL BRI s RESt nt Eeort Pio U,
the yeast veceidNcahaigne KRGHWIRS)follawingtherecommendations atthe supplier Bpefyinger)dthe
TG [orr] 2 and o cpinatby dadfr S5 § MiklyRPacaRiie, TOMAMEET. 3 FM Epra and
pronot er . ExS0dlethahal. Aftenincubation ah-707C for 5 mirdthe DDELIS pelitEbbyrtentrfdgation at
13.000 g for 15 min in a SS34 rotor in a Sorvall centrifuge._The supernatant is discarded
and the pellet is resuspended in 80 pl 0.089 M: TRIS borate, 0.089 M boric acid and 0.002 M
EDTA (TBE buffer) containing 0.25 % bromphenol blue and 0.25 % xylene cyanol. 4 times
20 ul samples are electrophoresed through a 1 % agarose gel in TBE buffer containing 0.5
ug/mi ethidium bromide at 50 volts till the bromphenl 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 énd TGF-B3, respectively, are visualiiéd under short wave UV light, cut 6ut with a razor
blade and electroeluted from the gel piéce ina Schl_eicher & Schiill Biotrap épparatus apply-
ing 200 mamp for 1.5 hours. Thé eluted DNA fragments are precipitated (see above) and
resuspended in 20 pl TE. |

5 ul of plasmid pPLMu are linearized by digestion with either Ncol and Sall, Neol and
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
respective purified fragment DNA are incubated at 4°C for 15 hours in 20 ul of ligation



Plasm d p31RI T 12 (European patent application EP 277.313) is linearized

. With restriction endonucl ease Sall. Partial Hndill digestion in the.

presence of wobéebaspbromide results in a 1 kb Sall/Hindl || PCEERS02718
conprising the 276 bp Sall/BanH - pBR322 sequence, the 534 bp pronoter of
the yeast acid phosphatase PHO5, the yeast .invertase signal sequence
. (coding for 19 anino acids) and the PHO5 14anscri ptlonal term nator. The
1 kb Sall/Hi ndlll fragnent of p31 RIT 12 is cloned in to the yeast-E. coli
shuttl e vector pJDB207. (Beggs, J.D. in: Ml ecular Cenetics in yeast, Afred
Benzon Synp(bsffeﬂﬁ?QdeBlﬁéﬂﬁthr? 5, JIQSUM m@lﬁamww,ommadmmeﬁphosut Wi th
_Sall and Hi géﬂ Ining-the 1 kb insert is
referred to%ﬂﬁle?)g@%ﬁgﬁgﬁ@ktokpﬁmﬁlg %}eﬁﬁr&e@ 2B:. .Construction of plasmd
pJDB207RI PHO5- TGF- B3 Pl asmi d pGKI\/I740 (TG, [err]3) (see exanple 1.G) is cut
ol s A M e b B S
m xture is [cagvingplasmidpclosAfter: aﬂguelhemllaaremeasshm by ineubationifor 4 Sann ina
POKMAGES - ( TGgad fiafel Batn?2 thi bPLE Heailid &e%&&?& ﬁ’cwle %glnlre (ujs% h3kéh lﬁl’e@ﬁ@ﬁh{ Sall

fragment is 1'so Fom an agar ose gel resuspende
steril e wat &°Qit208 pt aliquotstare plated meEﬁla{esrm]rlgirlrlg anieillin and karlﬂhyﬁﬁ/ana432
PCT/ EP95/ 027

8 f t
cont ai na. ¢ hCHRRER £or @3 HE L 20 fingle poluies o, qufvatyp and plpsHONA is e,
codon GCT \MSubbllod?Q gﬂm DNA lwgrﬂent@lodkhng for U?Flmt VGE-p2@End [TaF- ﬂ:&g ?,szMneeRll’lQS '
romoter-is. isolate sm on a
Bt | Ecort 1t PRRER PPLIR STBF pERBS T BR R s P RS foeoigi Bompey
Xhol . The | bsginirf the hbo@adahaée@wérefréﬁ&aewass dofi eLaeBPLIMTRFNH, E. col
transcriptional term nator remains on the fragnment. . The BanH / ECOR™ PHO5 .

pronot er f r AgnIPPLMILTGR;BE and) B. coll LG r’@?{PPbUﬁlhﬁgFfQ?r reegctivelyy 13, and the

BarmHl / Xhol vector fragnent are |ligated. One correct clone with the

TG--[err] 3 gene.under. the control. of :the PHOS5.pronpter cloned in an
ant i ol ockwi Ea.ell VG ABHPPEMFTEE-R) EeelrL¢ 437/ePLli BIGE $2.20d E. col

pJDB207R/ PHyg: Fa@[\f% USAL slrgzl:.ﬁs bélisie RER indiRua ;ﬁ@fmfﬁme%l HA@ thEFepledtdd 1 and

TG--[err]2 are e esse cer evr si ae. gg asm-ds-. contai ning t

codi ng sequ®nateins afe analyspd by PDSa‘?AﬁEGfo B1.TGF-84 any TRFE3zll appe g Ghiaurssatter

respecti vel ddee [ f rﬂ it h'
Ncol , addi t?ﬁgéﬁ@?u@é@&?hﬁltnjmker sdér’og&ﬁ gﬂ ﬁ'h va‘tﬂhdg ar"gg'%ﬁﬁ"ﬁ'ge‘???r cu s\zgsr

plasm ds ar @ppoximately 1286RPaand Sal | . The EcoRI/Sal | fragments are cloned
i nto pJDB207 as descri bed above. The resulting plasnids are referred to as

pJDBZO?R/ PHO5- TGF-[err].1 and pJDB207R/ PHO5- TGF-[err] 3.
Example 1C: Fermentatron of tran formants

Overnight cultures of E. colrLC137lpPLMu h TGF-m E. colrLClS?/pPLMu h TGF-ﬁz and

- E,coliLC137/pPLMu. h TGF-ﬁs in2f Erlenmeyer flasks contarmng 750mi of LB medrum with

' '40mg/l of amprcrllln and kanamycrn are grown at 30°C. 300ml of the ovemrght cultures are

~ added to 750ml of LB medrum contarmng antrbrotres as mentroned above in 21 Erlenmeyer |
flasks and heated to 42°C by shaking for approxrmately 3. 5m|nutes in a 65°C water bath.
The fiasks are then transferred to a 42°C shaker and incubated for 3hours. The fiasks are

- cooled down to 12°C in an ice water bath and the cells are collected after centnfugatron
for10 min: :at8. OOOrpm ina GSA rotor (Sorvall) '




Exampl e 2C. Transformation of S. cerevisiae strain GRF18 Saccharonyces
cerevisiae stygbgos@18 (MAT[err] his3-1 1. his3-15. leu2-3.p 5/02018
canferr], DSM 3665) is-transformed wth plasm ds pJDB207R/ PH05 TGF [err] 1
pJDBZO?R/ PHO5- TGF-[eri] 2 pJDB207R/ PHO5- TGF-[err] 3" using the transformation
protocol described by Hi nnen, Aetal. (19786-PNAS ‘75, 1929. Transf or ned
yeast cells are selected on yeast mininmal nediumplates deficient in

| euci ne. Single transformed yeast colonies .are isolated and referred to as
Saccharonmyces cerevisi ae GRF18/ pJDBZO?R/ PHO5- TGF- [err] 1 Saccharonyces

2

cerevi si ae 18/ pJD ces cerevisiae
GRF18/ pJ DBZM T ACChAromvees cerevisiae

PCT/ EP95/ 0271Re coding sequences of mature TGF-B1 TGF-[32 and TGF—BS are expreséedin Exanpl e
2D: Fernentagion of S. cerevisiae transfornmants an garatron of cell

extracts TheSg¢chatomycgs cerayisiae uaderihe cantro| ﬁﬁ%'“ﬁmﬁp preaf gyeRshadd with
PHO5 pronot ephosphatat® (PHO6).expr essi on cassettes and therefore requr re
derepression of the pronoter for the expression of TG--[err]l,  TG-[err]2
or TG-[err]3. Transformants are each grown in two successive precul tures
(10 n and 5U0hereypréssioneastorsiagitoRbtarctdd initwo steps:medi um prepar ed. according to

the recipe of, the Difco ast t hout . am no aci ds but

cont ai ni ng 18 @qswmggﬂép%m%o%ygﬁgjggmgﬁfl{ﬁ err])2Sderr], 1 g/l

L- hi sti di ne Bnebndfugtion ogblaemrde prBeomPHesathmepmumwmeFxpeeanare :
washed in O. go/%%p (ﬁ g the cells are used to inoculate 100 m of |ow
Plerr] m ni nﬁ‘l’ YR Eg #8d accor di ng to the recipe of the Difco Yeast
Ni t rogen Base nedi um (vvithout am no acids), but cont aining 0.03 g/| KH2PO4,
10 g/| L-aspa L- hi stidi ne an ucose., The c ture are
agi tated at b@%afp q%p’ aﬂ?‘?‘%’@“ﬁé‘?ﬁ&b—g{’g’bﬁc "FUPE“'B? r JREPUQLS, ¢
5 h, 24 h and\e@(phsbiﬂn@ﬁéﬁetteé Wi ah menho&ﬁ@%m@ecremheremmwmﬁp@ %
NaCI The cel |l E dsﬂ\;esus ,pﬁe(ﬁhiﬁ SIS buffer [ 66 MM pot assi um
phosphat e pH™FP t“’ﬁ'yn’m 'ﬁ@f‘g t ¥1. 8 g of glass beads
(0.5-0.75 mMmin d| arreter) are added and the suspensi on i s shaken vi gerously
4-5 tinmes fo %h on.a \Vortex M gl d. The cell extract is

decanted to &&¥ lion, of plasmid, 0JDE207/PHOS in the extract are
sedi nent ed b?lasmid p31fFu'g aeg I(Euroﬁmm gatert lapﬂtcaﬁcﬂOBP epmm) ig irarizdd wilthrestriction

S e 2 - PhedlTieste saf, PanEb Al ol bt bsBloe & Biidiimmbromioe QTR 7 2

col i LC 137/ pROBalliIEH fragmitk comiplisingithe 276/bpeSalliRamid pBESE2 sequbnce, thix S3hbe
1C,, CoLL 1 M AV T s 558 5 oy e B
10 M EDTA, lorri@|amiracies)and the\BHOS rarBetiptionaltermtinator. i de), pH 8. 3

(di sruption buffer). The cells are passed two tines through a Frenchpress

(SLM I'nstrunments, Inc.) according to. the manufacturers instructions and
t he The 1 kb SallHindtil fragment of p31RIT 12 is cloned in to the yeast-E.coli shuttle vector

pJDB207 (Beggs, J.D. in: Molecular Genetics in yeast, Alfred Benzon Symposium 16,
Copenhagen, 1981, pp.383-389), which had been cut with Sall and Hindl!l. The resulting
plasmid containing the 1 kb insert is referred t0 as pJDB207/PHOS-RIT 12.

Example 2B: Construction of plasmid pJDB207R/PH05-TGF-B3 |

Plasmid pGKM740 (TGF-B3) (see example 1.G) is cut with Ncol. The sticky ends are filled in
a reaction with Kienow DNA polymerase. EcoRl linker (5'-CCGGAATTCCGG:; Biolabs) are
added and the mixture is ligated. The resulting circular plasmid is referred to as pPGKMAG68
(TGF-p3) and is cut with EcoRI and Sall. A 0.4 kb EcoRl/Sall fragment is isolated from an
agarose gel, purified and resuspended in sterile water at a concentratidn of 25 ug/ml. The




volune is brought to 200 Ml with the disruption buffer. The suspension is
centrifuged for 20 mn at 15.000 g. The pellet obtained is suspended in 100
m di srupti ONOI9603482 containing 1 M Nad and centrifuged foPCI/EPIS027I8S
above. The pellet is suspended in 100 m disruption buffer containing 1 %
Triton X-100 (Pierce) and again eentrifuged for 10 m n as -above. The washed
-pellet is then suspended in 50 m of 20 "8 Tris/HC, 1 nMEDTA, 1 nM PNEBF,
1 WD 96/ 03432 ,

PCT/ EP95/ 02718 : -18- % DTT and
honogeni sed fregmantpentains the matuse gﬁdtlﬂmmvefﬂ:ﬁaofrmm withy as A3Gdm frame te codoai NS

crude. oo T abfios biuld d AR Sl | Bxample 98

Sol ubi l'i zation an ur | | On of nononeri rj3 10 m of the
TGF-[err] 3 suspensi on obt ai ned accord| ng to Exarrpl e 3A are acidified with

10 % acet | c14g pfigh Britibede 2 isbiodH s piabHSS 1Rl pwbgaéhgs?&rgfuge for

10 mn at room erat ure. mat a

Sephacryl SBQWVEQ‘P%HI?QM&H‘M@ QB@WPH@-BHNZMOQ HamhlandXhal. The a
flow rate of r%ee%é‘w cﬂHllf(Iﬁlltﬂ‘ig ﬂté’ %Héle bg &P t?&?lQVteﬁ'@HatQPremams

performed on phacryl S-100 armama r.can run1tn 1l %

Scet ic ag i dOGﬁhBSfFQQW%ITher%@Wé' qoﬁé?.ﬂ.é pmrlf@gmeebmeaﬁqvﬁ@alhﬁmwl C.

T
ot or ot 1 § ey e hd ehSiniol ik haefibh é o diod, OBt ot il °)
(Exanpl e 4) the TGioA3 pane hedermmrobnﬁtml_ﬁwp@mocmcmnad lrmmmnsioskv(naarrpl e
corbvi i oo T B RaPUEDY R LB DR FHBHE B80T erment ation €
perfornmed as descri bed above is- suspended in 20 nl 4Murea, 0.1 MTR'S, 1%
DTT, pH 8.0
Pt er ¢ ¢ anl S frARgE b KRl TErLECad RS Al ardsbte 5. oS e,
CSnL ; |t fe gg ?E) plasmids cﬁﬁtaﬁtgma;hé ©odifg sequentessof NGB Carmd TIGFH3 awp@lmﬂ 25and s o
gcjet I c aci dpgi'l_\lgﬁﬁ? \é\"féeaqwéq ggﬁ]eggmglﬁalrlg)oﬂh@ %ﬁeﬁggﬁg 'ﬁ?? g%ﬁ'ﬂgg?‘ g‘%‘gVe and
t he cl ear sagditiern efrEcoRtluﬂom:mdllgamm;l the resuitingdiicllar plasroids are cut With EOoRisandr ane
Cophacryt  SHcTRentisif Ragihgrhs Dol 108 B0 BodPad ARty A0S RedBARR"
yi el di ng rmplasmrdscara' Gierfast to]a3. NDBE&WBH@S—S‘GF—WWDBBWW&TG&B&#
mononeric TGF-[err]3 by RP-HPLC Al'iquots of the pooled fractions fromthe:

Sephacryl S-100 coI um (Exarrpl e 3 B) are purlfled on a Vydac 21 4TP5415
HPLC r ever s&xamg 3 f gre 141 B3 Hesperl a,
%

O 57, TRk bl o o
wat er and 3 ace on|tr| ;
| i near gr adDSM 36653 is tBhstormed with plasmidsh a m Xt ure of 55 %TFA 0.1 %in
wat er and 4 acetonitrile at a flow rate of 1rr1/mn The
eluate is r’riﬁP/?%&%p?@gTéEs&r bance at 216 . o :
pJDBZO7RIPH05-TGF-|32 . _ _
pJDB207R/PHO05-TGF-83 , S
using the transformation protocol described by Hmnen, A.etal (1978) PNAS 75, 1929
Transformed yeast cells are selected on yeast minimal medium plates deficient in leucine.
~ Single transformed yeast colonies are isolated and referred to as

Saccharomyoes cerevisiae GRF18/pJDB207R/PHO5-TGF-B1
 Saccharomyces cerevisiae GRF18/pJDB207R/PHO5-TGF-B2 and
Saccharomyces cerevisiae GRF18/pJDB207R/PHOS-TGF-B3.



‘'nm and i ndi vi dual peaks are collected nmanually according to the W

o Loante: 96/03432. PCT/EP9S/O2718
I .
pCT EPas) 027 i 260t o FCTE

Denat ured, nononeric TGF- [err]3 is eluted at .21: 5 M n. Dependi ng on the
|nd|V|duaI reverse phase colum used for -tike separati on the sane
preparation of TG--[err]3 is eluted around 16 min and 18 mn, respectively.
"TGF-[err]3 fractions are anal ysed by RP-HPLC-usi ng the sane col um and

sol vetnt fystm aggww%ﬁﬁs 61 S| odrdvisiaR! thiingfdriants.ahd preparatiom ol @{ntex@aaf gg
mn startin rom 0 0,1 n xture o

o6 TFA 1 vt B1S YERSt VRsdgrnants s petionat Bhaie, RFinin piasiein IS A0ler: oo
a single peadona'blledexpfbsélomcassﬂes)andllhegefm redtm-eidedapvesrslloalof dwmomolestmlthe

Exanpl o o Relesgnd g Bk o1 o, TR RUB el o arith B i

aliquots of sdeeesihqelptemmureSﬂ@ﬁll aw mml)GrE}snsplhlgh 8, rfiininmal mekium prepamd phase

polyacryi am Sttt 8 ol el b Yokt S Shad ol ondh¥ i nciborund

of- an appar ata ghbiasparagine insteadof (NHW):50,,12gODAistidine and20 g/l giadoseh Thé celis of

N Term ol o HeBerk] R el N4 M M 04 b e B P e 960

TGF-[err] 3 fmbohléw Frminimal nikdign preppredaicearding to thewegipaloftbe Difeal Yeast Nitrdgenr | |

0.1 Macetic ' ] b etyar Hn

gas phase pro |'ﬂe§g‘g eﬁ@é‘? ghﬁ%e#%igg’kp%ﬁ%ﬁ"ﬂ%gﬁgl osy§?6 S%dﬁL%#a%'&m
N-t ermi nal apA kbistidine ape 80 gt glucose. iThie cultured are agitated at303Grat 180 rim sequence
listing under SEQ ID No. 6. Exanple 4: In vitro folding of TG-[err]3

TGF-[err] 3 obtained above is folded at 4[err] C-in a buffer consisting of
0.1 MTris, GelisNrapHAPS)l oncummm colipcted atSdueé b agldthattw cantrifugation at3000mm

DVBO t i WwH 9.5
wth ek T sherlonBrEG53 Kabl i bl Wi? gl l#ﬁ"&i?l P2 days
at 4 Cthe smtassndn phgsmmm Véd4 WM Bwittergen e@lleag ©f glgsgibeagds{pi590.55

concentrat ed ane (Zﬁ]hlc%%d&& aﬂdttﬁ@sdsbﬁﬁs?dd ig h %eﬁfﬂsWSﬁhhé Ed?‘é iRl |
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chr omat ography as described in Exanple

. The supernatant and pellets are separated and stored at -20°C.

Example3 |

Example 3A: Becovery of norl—soluble monomeric TGF- from E. coli

E.coliLC 137/pPLMu hTGF-ﬂs cells are fermented as descnbed in Example 1C. Cell
disruption and recovery of non-soluble TGF-Bs is perfon'ned at 4°C. About 18 g of wet cells
are suspended in 60 mli of 0.1 M TRIS/HCI, 10 mM EDTA 1 mM PMSF (Phenyl Methan
Sulphonyl Fluoride), pH 8.3 (d_isruptlon buffer). The cells are passed two times through a
Frenchpress (SLM Instruments, Inc.) accordihg' to the manufecturers instructions and the
volume is brought to 200 ml with the dlsruptxon buffer. The suspensnon is centrifuged for 20
min at 15.000 g. The pellet obtalned is suspended in 100 mi disruption buffer containing 1
M NaCl and centnfuged for 10 min as above. The pellet is suspended in 100 mi disruption
buffer containing 1 % Triton X-1 00__(P|erce) and again _centnfuged for 10 min as above. The
washed pellet is then suspended in 50 mi of 20 mM Tris/HCl, 1 mM EDTA, 1 mM PMSF, 1
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PCT/ EP95/ 02718 |l e
5. Isol ati orWOP6/BR43:ri c bi ol ogi cal | y active TGF- [err] 3 by cﬁﬂ’ﬁws’é‘?&ﬁange

- chromat ography. The sol ution obtained in Exanple 4 containing between about
10 and 50 ng TGF-[err]3 is |loaded at 6 mygm n onto a H Load 26110

. S-Sepharose Hi gh Performance col um (Pharmacia). The colum is first washed
with 20 nmM sodi um acetate, 30% i sopropyl alcohol, pH 4.0 (buffer A) for 5-
m nutes and then eluted w adi over 45 mn startln W|th
U fer A comBThamyemeased a Jrtbraissng: A R A

‘NaCl . The egrjad ﬁtohammresxaedn atnoAS0iublifer fractionated manually.
Fractions are checked for dinmeric TG--[err]3 by_non-reduci ng SDS- PAGE and
for biological acti vity by | n vi tro b| oassay. Exarrpl e 6: Further
purificatiogy i i 3 Exanpl e 6A: Further
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Aliquots of the puri : Ler.r 3 of Exanple 6; respectively, are dried

i n vacuo ané"%#&!%é@’lﬂb’s!ﬁ[@x Qrt 15% pol yacryl am de sl ab gel s stained
wi th Coomassie Blue R-250.  The unreduced sanpl es exhi bit a single band of

apparent nol ecul ar wej ght of: around, as the redu. sanpl es
sﬁgw a bandEsamele3G: Regovery oftponomeric (g ‘ usise S

PCT/ EP95/ 0248 pellet of broken cells obtained from a , 500 mi fermentation performatias deﬁuheq)l e 6C
Mol ecul ar rrgggvedig tstersrpenggé in ﬂ) mi 4M urea. 0.1 MTRIS, 1% D1'I' pH 8.0. The mixture is kept at
room temperature for 30 mmutes wrth mtermuttant vortexing every 5 mlnutes Insoluble '
material is removed by centrifugation at 30‘0009 for 30 minutes at 4° Cand .th_e ‘supernatant
is adjusted to pH 2.5 with acetic acid and dialysed extensively against 5% acetic a'cid
overnight at. 4°C  The solution is centnfuged as above and the clear supematant is
concentrated by ultraflltratton ona YM 10 membrane (Amlcon) toa final volume of 4 mi.
The sample is then ohromatographed on Sephacryl $-100 HR (Pharmacia) in 5% acetic

acid as described in Example 3 yielding monomeric TGF-B3.

Example SD Further gunflcatton of monomeric TGF-@ by RP-HPLC
Altquots of the pooled fraetlons from the Sephacryl $-100 column (Example 3.B) are

purified on a Vydac 214TP5415 HPLC reverse phase column (4.6x 150 mm, The Separa-

" tions Group. Hespena, CA, USA) The column is equrhbrated in a mixture of 70 % TFA 0.1
% in water and 30 % TFA 0.08 % |n acetomtn|e, and the product is eluted by a linear
gradient over 30 min endmg 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 collected manually according to the UV absorbance.



Purified TGF- [err]3 from exanple 6A is analyzed by El ectrospray |onization

Mass Spect r onghloyipdasS! - MS) . The tot al mass found is very: cl operkmsioims
t heoretically expected val ue: Exanpl e 6D Ami no;acid analysis Amino acid

anal ysis was perforned as descri bed in Knecht, R -and Chang, J.-X :
Anal ytical Chenistry 58:2375-2379(1986). TH resul ts are in good agreerrent
with the theory. Exanpl e 6E: N-term nal Am no Acid Seauence determ nation.
10-20 nmg of TG--[err]3 of exanple 6A is evaporated in vacuo, dissolved in
25 m 10 nM deaaturedamodomesrdc TEB{E0dS eldteti @t 215 main. alépéndmg]uenmeindiﬁuw reveesei on
on a gas phasg sequencer 477 | ied BIOS St e no agid
Sequence of - PRSI Gtpd TRt e seteraitrtinR DA praraaion SE FAE A 9 AR

t heory. Ex depie abdr 18 Riim trespectively. Fr agnent at i on with Asp-N protease 92 ngy
(6.7 nnoles) TG-[err]3 are reduced, 4-vinylpyridylethylated, dried in an
vaccum centrifuge and redissolved in 200mM 5 "M HCl." 200 M 0.2 M

Tri s- acet at e TRFFg3*fractipht dre@analysed by RPrHPLTusklg theisame icglamn aid saiverttisgstgmrds
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218TP5415 colrgtatidniintes 629 ik And 2.9 iR, @Siivly, afobtied®) W th a |inear
gradient of 5 to 45% (v/v) acetonitrile in 0.1% TFA/water in 40 mn at a

flowrate of 0.1m/ m' n. | sol ated peptides are anal yzed by El ectrospray

!oni sa'éli on MExg t El&bfmﬁﬁbmtéﬁTG' 3 sgs.w?assmasses determ ned are
in good agre n e calc ues r e e
fragment oo AdMdya a@qvem%f tFerSoRTEEL - B Bk (L P B rtrotase
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PCT/ EP95/ 027 lﬁblecular mass of about 12.000 Da is obtained which is md|stmguushatﬂ€ from reducednpl e
6G Proteoly fra rren.f.ﬁ n wth V8 protease Simlarly to experinent 9
W th Aspr OGNS, e'lbgyrldylated TG-[err]3 is digested with protease
V8 and the fragrrents separated by RP-HPLC and anal ysed by ESI-M5. The
mol ecul ar ma Ses o_ 2 mre in good agr erren.t Wltf? the thegg&hécal

k1270 = o = S

i"denti fied CORGH- as hernvm@hméss 8useapohited in vacuo, dissolved in 25 u.l 0.1M acetic acid and
subjected to amino acid sequence determination on a gas phase protein sequencer model
470A (Applied Biosystems).

The N-terminal amino acid sequence is identical to that shown in the sequence listing under
SEQ ID No. 6. E '

Example 4: In vitro folding of TGF-B3 | .

TGF-B3 obtained above is folded at 4° C in a buffer consistihg of 0.1M Tris, 30mM CHAPS,
1M NaCl, 5 mM reduced glutathibne and 20% (viv) DMSO respectively. if necessary the pH
of the buffer is adjusted to pH 9.5 with NaOH. The final concentration of TGF-83is0.1
mg/ml. After 7 days at 4° C the solution is acidified with concentrated acetic acid to pH 3.5,
concentrated about 10 times by ultrafiltration in an Amicon stirred cell with YM10
membrane (Amicon). The concentrated 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 in Example 5.



112 amno acid residues. - Exanple 7: In vitro activity test for fol ded
TG~ [err]: Mnk-Lung Epithelial Cell (M-1-Lu) Acid Phosphatase Assay

4 TGF-[err]waorgslog4sei d TG--[err] is screened in vitro, in aPrceiEbesioaris

bi oassay which neasures the potency of the conpound in inhibiting the
growm h of a continuous mnk l'ung epitheligl cell -line M/-1 -Lu

- (ATCC/ CCL64). The M/-1 -Lu cell line has‘2§r'oven to be a sensitive reporter
i n the bioassay for TGF-bs, exhibiting a signoid-shaped concentration
response with a reported EC50 of approximately 10-50pg/ m (Tucker et al.
‘Sci ence 1984; 226: 705-707; Absher et al., J Imunol Methods 1991; 138:

301-303; Dogihgho5! isSibticH of dirlerietidlodain h@ive 12963 B Sition Sx&ibh gM/-1-Lu
cells, whos gro I.Teration I's strongly i nhi br )] , Is currently
consi der ed ﬁg.ﬂ!a!eﬂeefl\t | i ne nost suitable for the devel oprrent of an

anal ytical {Hedsthain obi&’nddhh sxsm !thld&ﬁta wue@ia&!ut 10 Ea@swﬁgrd?ega £992;

18: 877-887; Meager, t.hods - 1-14). -The assay is
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t he amount qf acid phosphatase produced in each well), the intensity of

stai ning coM®®Fbnding to the nunber of cells present in each well. The

absorbance O D. of each well is determ ned-at: 405nm and the assay data is
pl otted and anal g o) : ogramre.. In this
assay, one EHRHERE

e fecarrotrn of TGF-[err]
requi red f ogx '-BIPLM/ 1 Lu ceII prollferatlon
96/ 03432
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second applTcatlon -of a brass has been
equi | i br at cBAGE apd®yiimvitrohipagsaybat h. The resulting blister is surgically
renoved and t-he buns are treated daily, for 5days, with a topical

application_of 25n sterile vehicle buffer sol utlon (con5| sting of 0.8%w v
[Example 6B: Analysis by SDS-PAGE

Aluquots of the purified TGF-B3 of Example 6, respectively, are dried in vacuo and analyzed
by SDS-PAGE on 15% polya’crylaihide siab.gels stained with Coomassie Blue R-250. The
unreduced samples exhibit a single band 6f apparent molecular weight of around 25 kDa,
whereas the reduced samples show a band at around 12.5 kDa.




Hydroxypropyl cellulose in a solution of 10 mM Histidine, 140nM Nad,

pH7. 4) cont aiwpBgoMsy | ous anopunts (500ng, 100ng or 10ng) of pdjgmfgg,bﬂqd
active dineric TG--[err]3, or, with buffer solution alone, or are |eft
untreated. Al topicall y appliied materials are sterile, endotoxin-free and
pyrogen-free, and all mice are individualtd caged for the duration of the
experiment. -Each experinental group consists of 5aninals. After 5 days of
treatment with TGF-[err]S, the m ce are anaesthetized, the blisters. (|f '

pLese'nt) ﬁrg Ieoﬁ(l::c Ieuulabw?slsﬂemnmhm nbuns, and the bunms are . .y
AL.
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per cent age ofSpeattd:metrﬁ @Sm-MS) bihe tatabmassfatindiis velye elbsaltoi the ttmb:eﬁb&llyedpé?ojed
planinetry. lts_ are also conpared with the epithelial regeneration
process in you " (56-84day old) C57/BL6 nice with identical mniddernmal buns
whi ch are | eft untreated for the_duration of . the experinent. The results
~of the plani H feaéD strate that topical application of

fol ded activ i1y for 5days in a suitable vehicle

buf f er sti nulAfmiag aadanawewgs eaedgnm aswgscrbedria Jtheshta R and Chang, J.-X., '
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.conmpared with er on y or untreated woun mce are
apparent |y cdhesy.ent enough to successfully re-epithelialize their wounds
in the absence of any WO 96/ 03432 _ :
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second in vivo nodel of wound repair, namely on the healing of

full-thi ckneSTESMBWWW@E%‘PE’aW 1"#&"%9%n| ng) in adult rats, using
the follow ng protocol simlar to the one described by Mistoe, T.A et al.
(1987) Sci ence - full -t h| ckness 5¢cm long |inear incisions
are made w t h=X8 negis S RNBRSf the dorsal midline

of pent obar bi §zmg (@mweiswepfpé aﬁfakeauwé wnyup'yhaynétﬁﬂstedé’&rﬁa)m #hoaulac ks

have been previ o!i;sg%ashaved and depilitat e& a rcial cream t

hai r renover .Ccaniy E'FFM'&IZ()@P%M H 'dg?vgg “310 QLM Fé’F?ta? Rutfer. pk % -ons

( asI vi eved wi édmé.ﬂna%do frﬁﬂ'Zuﬁttdi’@]m' aneLme«gAm r(??sibmmf ca@bfaub@ n.a]gwta.ScoA) V\;/s

appl i cations rile .vehicle buffer QOﬂSI % W v

Hydr oxypr opy! é‘%‘@%l Mqawﬁ-htﬁg Sratein gplutign. IB g‘f‘ﬁ%? RuDg (dissglved;

cont ai ni ng V &ihiSQURl wir) Bihdopratsidasel AspoN (frord Pﬁuﬁm&h&ﬁmﬂﬂ)\utant Sequence Grade,
Boehringer M_annhelm Biochemica, FRG) at 37°C. After 13 hours, 50 mi 10% (viv) 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 0.1mUmin. Isolated peptides are analyzed by
Electrospray lonisation Mass Spectrometry, ESI-MS. The molecular masses determined
are in good 'agreement'with the cal'cula_te'd values for the expected Asp-N fragments.

LAL

The fragments identified cover the coniplete 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 analyszs of the V8 fragments



of a folded active dineric TG-[err]3. Edges of the contralateral right

si de incisions receive corresponding equal anounts of a placebo control
(Bovine SerurWOA$M4B n in the said vehicle buffer and edges BFVERENEA%Nns in
control animals receive vehicle buffer alone in the left side incisions and
no treatnment in the right side incisions fﬁ | owi ng surgical incisioning.

Al'l topically applied materials are sterile, endotoxin-free, and
pyrogen-free. Edges of each wound are then coapted with 5 evenly pl aced,
interrupted horizontal mattress sutures of 5- OEthilon. Al animals are
caged separately and the wounds are left to heaI for varying periods up to

and ‘i ncl udi nBx @_ﬁgld@ Protesiyticrteximisntation With ¥/8 pesteddel | Ce the entire dorsal
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strips which are secured bet ween hydraul i c cl aimps and then stretched to
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hbove for 1 nusity S ich N oy 3'5‘?'"%'4‘ eRREsgrls, b tho Mneipart Tt piRe
vect or DNA aﬁd“@ﬂon tRockvilleaMDe YAy enellsoaretsaedadeet;!@wawtmmq ¢ellg per welhdmt
DNA codi ng  f glowhty Medlint @zm[rﬁtfrﬁ ]Esser?baf MeGiun® With 5% InA %tglgﬁaﬁ f?v%mﬁcfmamm

respectivel y; shomn I'n the sequence-listing are 1 ncu at err
15 h in 20 [ sera) Hlldtiogatoi fanTGEl-Bfaandaiﬂ onMﬁiﬂbSksﬁys ape-fthed, ihCubadtddy& 27°C in a

humldlfled 5% 002 mcubator for 72 hrs Inhlbmon of cell prohferatlon |s determined by a

sensitive enzymatic cell staining method (w_hlch gives a __colonrpet_ncal estimate of the
amount of acid phosphatase produced in each well), the intensity of stainirig 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 i is plotted and analysed by means of a suitable PC software
programme. In this assay, one Unit (U) of activity is descnb__ed_ as the amount of TGF-$
required for half-rhaximal inhibition _of Mv-1-Lu cell proliferation.

EM‘!‘T‘I(?%WS es.y m FRG). Measurenents are made on 30mm x 8mm
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5mM DTT, 0.1 nM Adenosine-tri phosphate) containing 1 unit of DNA |igase

(Boehri nger)W o6h433 '] of the ligation mxture are added tpera@eN@sisl | of
cold (4 [err] 8 competent E.coli LC 137 cells carrying plasmd pcl857.

After 30 nmin the cells are -heat shocked by incubation for 1.5 min in a 42
[err]C water bath. 2m of LB .nediumare adBd and the culture is shaken for
60 mn at 30 [err]C. 200[err]l aliquots. are plated on LB pl ates .contai ni ng
Anpi cill'in and Kananycin and incubated for 22 h at 30 [err]C Single

col oni es ar e ggiin lb\@tlﬁdwaladn @@;@'q@,@&@dim pl ysed. Subcl oning of the DNA
fragnents COEI ng Eor Ig
results in p

--3 arllv?lcTGF [err]3-2 in pPLM
PPLMI. TGF- [ et Acddriddd) thetfwdtﬁldaibdhﬂﬂ:ﬂr%bsgﬁrbedoﬁfeﬁhﬁél% vﬁﬁa)dd@aﬁduﬂg age and
~respectively, C.ones containing.the a Rv?g ?strLtlcts referred as
VO 96103432 therefore represent major oblems mt e field of geriatric me cme erefore, the in vivo

PCT/ :EPEgll 0%; /bﬂ)logncal effects of the foldegladfcgve dimeric TGF-B3 on the healing of parfi&i-thickness
co! e? é_. b dre investigated in a partially deficient or
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. col i LC137/ prhpdited Wounbi eéﬁa]r&(téét{oﬁ@irﬁélv in‘oid aﬂiﬁﬂﬁchslr@{h}e following protocol:
.coliLC137/pPLMu. TG--[err] 1 (44/45)[err] 2,

.coliLC137/pPLMi. TGF-[€err] 2(44/45),3 and
. col i LC137/ |Siig\dimiBaermhat thdrBakinjuriés dremade onrtire Hersal thardy okeahagsthetizzdaic| e

T fore) o' CHPPAHIRBR (R Uay P b RRE MBS el TR AP rraltR Sl end,

i nduced pr ot elepiitatadowitht & cammercial creamdype kait remolverchoy asingled9sadond applicatiorndfel y

52,000 05 40414l B of Rl . o

E. col i LC137/ péduiting blistef isrsuigivallylrefitoved and thel burr&]arERfeaﬁedﬂ;dy fdriSdayss with a

arown at 3o (e aBbicgBrl B Seit bighie Yol Bilter Syl ibsisind ors 90 7L 1y 267
HB ITEdI udeﬁrI-lydroxyu_gpwlmall_mosstm asolutionrehtQm éhttldbevHOmM NaCl, gHY dhoanfaining

. j a_ 65
[LoKE anor B il (00 oo SFHHGT P oA Bl o2 43 Byl e
and i ncubat ecofution 3lohe, ofiaee leftapireatad. eAIIctomballu aﬁpkad matedals @mrste]rtlh |end0mxm1tree

wat er bath a%dg%ggﬁ lides, %{gﬁalﬁﬂﬂf;+ ?Fet |ﬁ&)f|ﬁ&£l§ gcgfof' He‘&?étioﬂ% V)\tﬂﬁg

8.000 rpmin-a tor ures given

. product i on ofEachexperinanialigroupsionsistsiof Banimas. [err] 1 -3 hybri d are al so
applied to for the solubilization of TGF-[err]2-3 and TGF-[err] 3-2.

E. col i LC137/ pPLMI. TGF-[err] 1(44/45)[err 3 cells are fernented as descri bed
above and i ndftes Bslays otiraatmantaviibr lKfaBd dhemicere anassthetizad, thediigiers (i present)

ol et o o SLE s BRalHeRRvaR it QuiE At of ncfibfihed Ialaphs the tat

(Phenyl Met hdvavenegsnerajed gpitheliunane outiined oatqwgmmqumsmm oypeéhead
projector film and the percentage of each original burn area that has healed is calculated by
planimetry. Hesults are also compared with the epithelial regeneration process in young
{56-84day old) C57/BL6 mice. with identical middermal burns which are left untreated for the
duration of the experiment.

wmmmmmm

The results of the planimetrical analyses demonstrate that topical application of folded
active dimeric TGF-B3 daily'for Sdays in a suitable vehicle buffer stimulates and accelerates
epithelial regeneration in'partial-th_ickness wounds on old mice in a dose dependent fashion
when compared with vehicle buffer only or untreated wounds. Young mice are apparently
competent enough to successfully re-epithelialize their wounds in the absence of any



cells are passed two tines through a Frenchpress (SLM Instrunents, Inc.)
according to the manufacturers instructions and the volune i s brought to
200 m wit h wénesiasiezr upti on buffer. The suspension is centriRQCIFPISHEI8 20 nin
at 15.000 g. The pellet obtained is suspended in 100 nl disruption buffer
containing 1 M NaCl and centrifuged for 10 mn as above. The pellet is .
- suspended in 100 m disruption buffer cofffaining 1 % Triton X-1 00 (Pierce)
and again centrifuged for 10 m n as above. WO 96/ 03432
PCT/ EP95/ 02718 227 - 0.3 g of
the washed {oeicaiy anplied RGH- Bgublpwml analyses mvesfthe extant of thes¢rii@hcedirenM EDTA,
1 nv PVSF, 1h
room t enﬁ%&gﬁ%'r?%-ﬁ 'IFEMS% eﬂ{wwﬁi[i rhlerﬁs%koué’lg S%f Eﬁ@e&at@& F é’ag@r'lgcgélt rat ed
acet ic acid W"HM@E@%@!&WWW& lon tissue hom)genl zer and centrifuged
in a Centricon H 401 centrlfuge (Kontron I'nstrument’s) with a fixed angle
rotor A .8.24 for. 60 mn, at 15. _[err]C and. 12 000 rpm The acetic acid of
the cl ear sEXARNRBE; : Jll-Hajckness Waunds in; A Aattoneric TG--[err] hybrid

exchan | ter
by T epoat Eﬁ%'é'én%?’a%‘ﬁ% s feadf e i@“%ﬂh R aloB e icyot 2 stblip i
Exanpl e 9. 2vwcsmpd¢lwé wound repeiscnamely-emthaihgnling of fidll-thigknass wounds (ermemipy2
(original n rﬁnﬁ'}fa&@)raésugﬁggﬁé'fﬁﬁ@l%r&ﬁwgh‘mﬁ? totthe one 8édehb&d by .

.242:1528- 1534 19 h rm na *

avi
Q A K- H K- Mpstpe. LA quﬁ'l'-)ﬁﬁﬁﬂw&eﬁﬂ"epar ed according to conventional
procedures in E. coli with the T7 pol ynerase expression system The BMP-2
DNA used for .expression i.s, show in the sequence .l.isting under SEQ I D NO

13. The recdngeniwhthickness5¢m ong lingarindisionsare made with skigicat soissarsNL.58 88 nus.
I n" a secondogf ardeeehtha dBrsaRmidiing ofddntobarbitoRle akaesfibtizddl\aie Wiktr Ri9@o6ed

§QI EP)ehsaLQ%w?ESp% ang ?%Sb%%ﬁ“&eﬁmi foéﬂ f'aéive-th 3 FomierA crgem: 2 o
QL .) BMP- 2typélh ir Rintove mesaxﬁmﬁmtﬂ roupspedges of the lant sidle ihGisiing tvigwerCi d t O
Fenper at ur e inine derHE g HnPomobl FHiaive s dnries) “BfioaRios 1ot ¥ s88 . of i
(Phar maci a, vehidle buffs (cmtushmg dfCO &%adeHydtowabyhcellalose inva schition of 10mNi lm /mn.

F

et or o1 SPRGE B PRACTENT ) AFRBNNG il a6y T ot o i RRAY Y

_Sl_ar: | FZr (r)]‘ reffa)ﬂolﬂed@cqu;mmeneﬁrﬁﬁ-ﬂm Eﬂgeslot?ﬂwmntraﬁﬁal [rightrsjde i mcxsnorlus recelvet e
Tvent! on | Shiectsndil ol hodls of SoBRode entRippYaE SeRRCARRE, iy s, o

“series of evahige bufferand edgescoffincisiaresiniicontuhanimalts redeivei vetlicie umar alpne)inethels

used in the h'&-d\é dﬁ:%né? oty %&Jﬁgg@gﬂ; Iﬁ\%g@ﬁ?ﬁé%@&%ﬁs f'i:j!@wuhb sbrofal ifdibiSting.

exper|nent ' ONSs_ are as

o All toplcally applied materials are sterile, endotoxin-free, and pyrogen-free. Edges of each
wound are then coapted w1th 5 evenly placed mterrupted horizontal mattress sutures of 5-
OEthilon. All animals are caged separately and the wounds are left to heal for varying -
periods up to and mcludmg 21days post treatment. After sacrifice the entire dorsal skin is
removed from each animal and all subcutaneous fat is carefully dissected from the
underside of each of the skins using a surgical scaipel. A template consisting of two parallel
surgical blades (Bmm distance between blades) is then used to excise sfrips of skin
(between sutures on each IﬂClSlOﬂ) for tensile strength measurements. Samples are taken
trom one end of each incision for htstologlcal analysls The maximum load tolerated by each
excised skin sample is m_easur_ed with a Universal Tensile S_trer_\gth Machine Model 144501
(Zwick, Uim, FRG). Measﬁrements are made on 30mm x 8mm strips which are secured
between hydraulic clamps and then stretched to breaking point at a rate 10mm per minute,



Bi ol ogical activity was detern ned 3 and 7 days after the start of in vitro

-protei-n fol diWQ9603432 WO 96/ 03432 S . PCT/EP95/02718
PCT/ EP95/ 02718 - ’ 28 - - ~Series 1: In
vitro Folding with Organic SoI vent. DM5SO or DVF I n the Presence of CHAPS or
~ CHAPSO Results of Bioassay No CHAPS/ CHAPRS - RSH DVBO DVF
pH TG-[err] Activity 1.) 30nM CHAPS 2. 5n1\/IGSH 10% '
8.0 [err]3.2.) 30nM CHAPS 2. 5mM GSH 10% 9.0
[err]3 with the magmymapEdP@cordsdvh @3Hart recorder. MSiisurements are made on trigicte
%:;H g §§m e% frﬁmco%ﬁ:%ﬁpgu %n%ﬁ% @Ent.al groups %ted of 4animals. Breakmgg g
[err]3 $'q:er[gt isTotMeasytpdon wouRdsshqwing evidenceof infection or excessive 9.5
[err]3 héerﬁo&h%e@b‘&%‘ﬁ 3% 2P WStinds). 30% 9.5
[err]3 CHAPS. 2. 5nM GSH 40% - , . 9.5
[err]3 9.) 30n1\/ICHAP825n1\/IGSH 50% 9.5 J[err]3
+ 10.) 30nM W%%u&@&i\h@%ﬂslle strengthlﬁafasurements demonstrate th§b @s:i;:d%cil
+ 11.) 30nmM CHAPS 1 err :
12.) 30mM lecgtlmf@gep actlve dmzem)TGF-Bs in a suitable vehiclg_ bgffel[ pees the - +

14.) 30mM CHAPS %% + 15.)
30mMM CHAPS ' 5¥oNNesgp adult rats ingdgse dependent fashion overg @da[/ ime|period when compared )

30V CHAPS 2 agaihkt@ys b@itﬁegroaﬂ%lstologlcal analyses reveal %énat{keﬂlfr In¢reased mflu)iLZf )
30nmM CHAPS 2. 5mM Cyst ea

30MM CHAPS 2™MSiRD q\%celrg. flbrggl%ts and collagen product:ongn gGFrﬁgrtfq]ag?fed wounds ovqr the )
30mMM CHAPS 2 25¢dy $eridd as compared to control Wgﬁﬁds A traﬁslé:nt I'bﬁérker%toss is also évuaéht)in

13.) 30nM Cl-lal%%knhg%%@h'up to 2fold299(6 accelerates the healmgg of %L—%mct{n%&é incisional -

30nMM CHAPS

30mM CHAPS 2%‘%@3@5@9" wounds up to 14dav$1§§'%the tfeatmea't5 [err] 3 g 22 )
30nMM CHAPS 2. 5nM GSH . 10% 9.5 [err]3 ++ 23.)
30MM CHAPS 2. 5nM GSH 20%

30mM CHAPS 2 Exampled:Pre: aration of solubilized snonomeric hybri TGF gins amgl of soiubilizetHAPS
2.5mMM GSH  monomeric BMP-2 40% 9.5 [err]3 + 26.) 30MM CHAPS
2.5nM GSH  — — — 10% . 10.5 [err]3 + 27.) 30mM CHAPS
O OM GsH  Example 9.1, Hybrid 76#7:f 8.5 [err]3  ++ 28.) 30mM CHAPS

2.5mMM GSH  smi of plasmid pPLMUQHE linearized By digedtiBh WX Ncol and'Sall and gel purified as
described ebove 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-B 2-3 and TGF-B 3-2, respectively, shown in the sequence listing are
incubated at 4 °C for 15 h in 20 pl ligation butfer (70 mM TRIS-HCI, pH7.5, 10mM MgCI2,
- 5mM DTT. 0.1mM Adenosine-triphosphate) containing 1 unit of DNA ligase (Boehringer).

10p..l of the ligation mixture are added to 200 of cold (4 °C) competent E.coli LC137 celis
carrying plasmid pcl857. After 30 min the cells are heat shocked by incubation for 1.5 minin -
a 42 °C water bath. 2ml of LB medium are added and the culture is shaken for 60 min at 30
°C. 200ul 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.

’ Subcioning of the DNA fragments coding for TGF-B1-3. TGF-B2-3 and TGF-B3-2 in pPLMu
results in plasmids pPLMu.TGF-m (44/45)83, pPLMu.TGF-ﬁ2(44/45)BS and pPLMu.TGF-
B3(44/45)B2 respectively. Clones containing the above constructs are referred to as



WO 96/ 03432

PCT/ EP95/ 02718 - . =29 - . Series 1
(conti nued) : WR96MBPS/ CHAPSO RS-H ™ DVSO DVF  PCI/EP9S/OpHS
TG--[err] CActivity 29.) 30nmM CHAPS 2. 5nmM GSH : - 10%
8.5 [err]1-3 - ++ 30.) 30mM CHAPS _%65mv| GSH | 10%
8.5 [err]3-2 ++ 31.) 30nM CHAPS ~2°5mM GSH 10%
8.5 [err]2 3 ++ 32.) 30nM CHAPSO 2. 5mM GSH 20%

9.5 [err]3 - _30mM CHAPSO 2. 5l GSH_ -

9.5 [err] % °°"|-C131’P§’4'V& TEH (EA5B3 B-calilort @PPLMU 2' @56[32(44/45)133 and

9.5 [err] 20% -

o8 [arld 1E§olrLC137/pPl'.’M§5l'dF @%Wh%brg% Lo

9.5 [err]2- 3 ++ RSH sulfhydryl reagent as specified in the
t

abl OVE:
drﬁirre'ta hIG;iI‘-| Or%%&?é@%gwt%ﬂeiﬂgﬁ (r)%-( F‘?fﬁcmwkf%m :I[§ @,ﬁw?er r]2:
TGF- [ er r] 2;E-peliLeN37/pBLMETGHH M(H/ﬁ)ﬂg awlmtmdug&(syee&amma{ﬁéranqi the2 Hybri d;
12 3 Tofoh ks drod bl o o) $06.PAGE, TREAVE TR SNl R BBy V1 {0

bi oassay d I'n exa 1N t In-vitro

bi oassay da:pealb%u after mmuaroﬁ as heat neeceﬂ protaing nngratm‘g:mm aryapparéh®-- [err] 3

GSH ein Actrvrtyl) 30mv
2. 5mvi GSH 20% BMP--2: : 30nmM 2. 5rr1VI

CSH 20% | ygaight culrgs o Egamawpgrg%gw% 438, Eég.m&anpmw@g% 20%

( Ql) BI\/P— 2 [32(44/55)]33 afé ﬂdolrLCﬁ?!pﬁMMESFGE-BMﬁ)Bz in 2 | Erenmeyer fl8si8 containing

( Ql) B'VP 0+ lg,f W% m%n mnM oﬁmpucrl in and Kanamycin gre @ng\% 3§ °C. %ﬁgp5

30rr1\/| O (hﬁﬂheEﬁibémlght cultures arelddded to 75®mbof LE mediif contarmng antibioticslas 30nM
. I%C'?';nl\zﬂpgg}_lo Zn?irgroned aboveQm 21 Erlenngmyer ﬂaslls and]heated to 42 °C by shakérﬁ; for gp\%rgx?r/ngt?éldy?’z
3.5 min in a 65 °C water bath. The flasks are then transferred to a 42 °C shaker and
. incubated for 3 h. The flasks are cooled down to 12 °C in an ice water bath and the cells

are collected after centrifugation for 10 min at 8.006 mpmin a.GSA rotor (Sorvall).

i n DVBO2[ er‘{‘ é?%;%f%gﬁ%tqu EO@LBNP- 2 in DWVSO /CHAPS No CHAPS

The procedures giVen below for the production of the monomeric solubitized TGF-B1-3
hybrid are also applied to for the solubilization of TGF-$2-3 and TGF-B3-2. '

E.coliLC137/pPLMu.TGF-B1(44/45)p3 cells are fermented as described above and inclusion
bodies are prepared as follows. Cell disruption and recovery of the inclusion bodies is
performed at 4°C. About 18 g of wet cells are suspended in 60 ml of 0.1 M TFH_S/HCI,' 10
mM EDTA, 1 mM PMSF (Phenyl Methan Sulphonyl Fluoride), 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 mi with the disruption buffer.
The suspension is centrlfuged for 20 min at 15.000 g. The pellet obtained is suspended in
100 ml disruption buffer containing 1 M NaCl and centrifuged for 10 min as above. The
peliet is shspended in 100 ml disruption buffer containing 1 % Triton X-100 (Pierce) and

~ again centrifuged for 10 min as above.

.



GSH: reduced gl ut at hi one DMSO di net hyl sui f oxi de DMs( err]:

di et hyl sul f e odAisl322: BMP-2 with additional N-term nal rCIERSID2TE8
(- QL) BMP-2: BMP- 2 | acking N«<terminal glutamine [err]3: TG--[err]3
Activity: +: mediumactivity of TGF-[err]3 in the in vitro bioassay
described in exanple 7 or . for@ati on of fol ded BMP-2 and
(-01)BMP-2, respectively, either determned in the in vitro
bi oassay according to Takuwa Y. et al. (1991) Biochem cal and

Bi ophysi cal 0egohthelwdshedpealet istthemsispendeldiid 10 96 -ol 20 mMBOiszHOID t i BDMAL 1 C

Protein-2 stLRED PUISH U5 HUAAHES RS kiaghbie AU B KAIRR YT hesi

t'ef ed ost’ c ce romat ogr aphy
and temperatuse.t Thesamplesis shen br@m@m pH 845 with qmeemtegmem:am

M kr oor gan o o eeefl ?j%@?ﬁé‘?ﬁ"ﬁi’? rfonizer oo IR o CHtHCL B A8,

m cr oor gani sientrifuge (Kontron Instruments) M@medlangledaloeAa 24foceminoat thithand &2
oL b o 0 3 Bl

137/ pPLMi. hTISF-Bdybidis exchangbe wills 10 988 HCI D3 ATtisen 8aidcstisred oeibwith YOS fitesi ae
GRFL 8 M 9

PCT/ EP95/ ogﬂéep&&gg%%@ﬁ%ﬁﬂ'm" of WP ﬁ%@ﬁééh V=6 SN oo VI (i)

APPL| CANT: (A) NAMVE: .ClBA-GEIGY AG (B) STREET:

Klybeckstr. gdl ea2:B (O daTY: Basel (E) COUNTRY:
Swi t zer | and _L——'Mg) POSTAL CODE (.ZI Pz 4002
' Inclusion bodies containing the mature form of BMP-2 (original nomenclature—BMP-ZA) as

described by Wozney et al., Science 242.1528-1 534(1988) having the N-terminal sequence _
Q-A-K-H-K-Q-R-K-R-L-K-§-§-C-K-R-H are prepared according to conventional procedures

in E. coli with the T7 polymerase expression system. The BMP-2 DNA used for expression

is shown in the sequence listing under SEQ ID NO. 13. The recombinant BMP-2 has an
additional methionine at the N-terminus. In a second approach a mutant of B_MP-2, i.e. (-

Q1 )BMP-2,' is produced which is thé same protein as above except that the first amino acid

is deleted and no methionine is present at the N-terminus.

10 ml of BMP-2 or (-Q1)BMP¥2 inclusion body suspension is acidified with 10 % acetic acid
to pH 2.5 and centrifuged in an Eppendorf centnfuge for 10 min at room temperature. The
supernatant is chromatographed ona Sephacryl S-100 column (Pharmacla, 26x78cmjin
10 % acetic acid at a flow rate of 1.4 mi/min. Fractions containing monomeric, denatured
BMP-2 are pooled. The pooled material is used for the following refolding experiments.

BMP-2

The versallty and broad apphcablhty of the invention is exemphﬂed by the results
summarized in the following two series of examples. The specific conditions and the
individual proteins used in the in vitro protein refolding experiments are listed. Other
experimental conditions are as de_scribed in Examplé 4.

Biological activity was determined 3 and 7 days after the start of in vitro protein'folding.

LR



(G TELEPHONE:
(1) TELEX: 962 991
producti on W0 96/03432
NUVBER OF SEQUENCES: 14

+41 61 69 11 11

VEDI UM TYPE: - Fl oppy di sk

(C) OPERATI NG SYSTEM PC- DOS/ M5- DOS
Rel ease #1.0, Version #1.30 (EPO

(i) SEQUENCE CHARACTERI STI CS: .

(B) TYPE:

nucl eic acid

PCT/ EP95/ 02718

HYPOTHETI

AP ey C"'APSO( \ﬂeﬁs‘"ﬁ RARIBR9AY SOURCE:
LC137/ pPLIfkp ehPSEHNPSEOAEAE56)

(2)

1) 30mM CHAPS 2.5mMGSH
2) 30mM CHAPS 2.5mM GSH
3.) 30mMCHAPS 2.5mM GSH

4) 30mMCHAPS 25mMGSH

5) 30mMCHAPS 2.5mM GSH
6.) 30mM CHAPS 2.5mM GSH
7.) 30mMCHAPS 2.5mM GSH
8.) 30MMCHAPS 2.5mM GSH

9.) 30mMCHAPS 2.5mM GSH

10.)30mM CHAPS 10mM GSH
11.)30mM CHAPS 1.0mM GSH

12.)30mM CHAPS 5. omM GSH '

13.)30mM CHAPS  10mM GSH

14.)30mM CHAPS 20mM GSH
© 15.)30mM CHAPS 50mM GSH

186. )30mM CHAPS 2.5mM Cysteme 20%

18.)30mM CHAPS 2.5mM B-ME
19.)30mM CHAPS 2.5mM GSH
20.) 30mM CHAPS 2.5mM GSH
21,)30mM CHAPS 2.5mM GSH
22.)30mM CHAPS 2.5mM GSH
23.) 30mM CHAPS 2.5mM GSH
24.)30mM CHAPS 2.5mM GSH
25.) 30mM CHAPS 2.5mM GSH
26.)30mM CHAPS 2.5mM GSH
27.)30mM CHAPS 0.0mM GSH

. 28.)30mM CHAPS 2.5mM GSH

17.) 30mM CHAPS 2. 5mM CysteammeZO%

(B),

(H TELEFAX: + 41 61 696 79 76

(i1) TITLE OF | NVENTI ON: Novel
bi ol ogical |y active dineric. protBFHEP

(iv) COVPUTER READABLE FORM
UTER:
- (D) SOFTWARE: Patentln

process for t
5102718

| BM PC conpati bl e

he

i)
(A)

| NFORMATI ON FOR SEQ I D NO 1:
(A) LENGTH: 339 base pairs

'(C) STRANDEDNESS: doubl e |
- TOPOLOGY: dérie@a: In vitro FolﬂlthWoT\)ﬂ?Ebm bMFfiiRm Presencé/@ 96/ 03432

(iii)

(D)

(B) CLONE: E. coli

10%

DMSO DMF pH_ TGF-B Activity _
10% 80 63 +
0% 9.0 83 +
20% 80 B3 44
| 30% 80 B3 ++
10% 95 B3 ++
20% 9.5 B3 ++
30% 95 B3 -
: 40_% 95 83 4+
- 50% 95 63
10% 8.0 63
20% 9.5 B3 +
20% 95 63 -+
20% 95 83 ++
20% 9.5 B3 +
20% 95 63 +
95 B3 ++
95 B3 ++
- 20% 95 B3 +
10% 65 83 o+
10% 75 B3 +
10% 85 B3 ++
- 10% 9.5 B3 ++
20% 95 B3 ++
30% 95 B3 ++
40% 95 83 +
10% 105 83 +
10% 85 B3 o
85 B2 ++



(i x) FEATURE: " (A) NAME/KEY: CDS (B) LOCATI ON: 1..336

(D) OTHER | NRtdrb&oBlsd\: / pr oduct = "human TG-- bet al " ( Xi PcTAtEQk AT
DESCRI PTION: SEQ I D NO 1: GCC CTG GAC ACC AAC TAT TGC TTC AGC TCC ACG
GAG AMG AAC. TGC TGC 248 Al a Leu Asp Thr AshiTyr Cys Phe Ser Ser Thr
QG u Lys Asn Cys Cys 1 5 -29- ' .10

15 GIG CGG CAG CTG TAC ATT GAC TTC CGC AMG GAC CTC GGC TGG AAG TGG
96 Val Arg Gn Leu Tyr Ile Asp Phe Arg Lys Asp Leu Ay Trp Lys Trp
20  Series 1 (coRtinued): _ 30 ATC CAC GAG CCC AAG GCC TAC

s Al Aon DanCHARS! ovso B! ® e FdefT0 gy ™"

45  CCC TAQQAE'BmWHA@S QB@WG@HACG CAG TAfAGCC AA@.EGTE1ETG GLGLLTG

55 " d0)Bomifopgbs Asmifiestlas cir antos a8 cB¥%0s aioete cos

TGC TGC GIG ZB0mM CHAPBA023mMM @SR G n His fgn Pro @5 A3 Ser Ala Al a Pro

qls qls Gcé%%é"@@”éﬁéoc?é"%@sﬁrc %?é TAC TAC GT& EGGEZCGC AAG‘*CCC

288 GI n AI a 3FE)80AMCRAPSIOe2.5MM GSH  Va0%lyr Tyr VaI 9B yBarg Lys &0

85 95 6/ 0
o) Epos) 0o A4 OMMCHAPSO 25mMGSH  2006° By .
/35)30mM CHAPSO 25mMGSH  20% 95 832 -+
36)30mMCHAPSO 25mMGSH  20% 95 B23 -+

RSH : sulfhydryl reagent as specified in the table

GSH: reduced glutathione

B-Me: B-Mercaptoethanol

DMF: dimethlyformamide

DMSO: dimethyisulfoxide

B3: TGF-Ba 32: TGF-B2;

B1-3: TGF-B1-3 Hybrid; 83-2:TGF-B3-2 Hybrid; 82-3 TGF B2-3 Hybnd

Activity: +: medium activity in the in vitro bioassay described in example 7 '
++ : high activity in the in vitro bioassay described in example 7

Series 2: Ih vitro Folding of TGF-B83 in DMSO5/CHAPS and of BMP2 and (-_Q‘I)BMP-z in

DMSO /CHAPS o |

No CHAPS GSH DMSO DMSOp DpH . Protein Activity
1) 30mM  2.5mMGSH20% 92  BMP2  +

2) 30mM  2.5mMGSH 20% 75  (-QUBMP2 +

3) 30mM  2.5mMGSH 20% 80  (QUBMP2 +

4) 30mM 25mMGSH 20% | 85 (Q1)BMP2 +

5) 30mM  2.5mM GSH 20% 9.0  (QUBMP2 +

6) 30mM  25mMGSH 20% 85  BWP2 =+

7) 30mM  2.5mMGSH 20% .95 (QUBMP2 +

8) '30mM  0.0mMGSH 10% 95 63 .

9) 30mM 2.5mMGSH 0% 95 83 .



AAG GTG GAG CAG CTG TCC AAC ATG ATC GIG CGC TCC TGC AAG TGC AGC 336
Lys Val Gu dn Leu Ser Asn Met Ile Val Arg Ser Cys Lys Cys Ser

100 - W0 96/03432 105 110 TGA . PCT/EP95/02718

339 (2) I NFORMATION FOR SEQ I D NO 2: ' (i) SEQUENCE - _
CHARACTERI STI CS: (A) LENGTH: 112 ami no acids (B) TYPE:
am no acid ' (D) TOPOLOGY: | i_nea?fo (i1) MOLECULE TYPE. protein
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: Al a Leu Asp Thr Asn Tyr Cys Phe
Ser Ser Thr Qu Lys Asn Cys Cys 5 10

15  Val Ar@Sidin Lewdpﬁﬁdgh@ﬂﬁmﬁ Phe Arg Lys Asp Leu a y Trp Lys Trp

20 - DMSO: d@n"_hth ulfoxude 30 Ile Hs GQu Pro Lys Ay Tyr

H s Ala Asn_Phe Cys Cs 35 40

45 Pro T)PWPE Tr E"'@é'r‘Y'?f_ Gﬂ%p Thr Gn Tyr Ser Lys Val Leu Ala Leu

50 - y Asn @ n H's Asn Pro Gy
Ala Ser Al aB 2 Pro@z&m agplyoqgth%rgnnﬁﬂxeth&He 70

75 - (“01)BMP‘2 B&P-2 laGking Artarmical gigtamiRe o Leu Pro Ile Val Tyr Tyr Val
Gy Arg LysrfsPro TGF-83 85 90-
95 Lys Val ' Gu A nLeu Ser Asn Met |le Val Arg Ser Cys Lys QIs Ser

Activity: +: medium activity of TGF-83 in the in vitro bloassay described in example 7 or
formation of folded BMP-2 and (- Q1)BMP-2 respectlvely. esther determined in
the in vutro bioassay acoordmg to Takuwa Y. et al (1991) Blochemlcal and
Bnophysucal Research Communication Vol. 174 86-101, "Bone Morphogenetlc ‘
Protein-2 stimulates alkaline phosphatase actwnty and collagen synthesis in -
cultered osteoblastic cells, MC3T3-E1 ", or by chromatography and
electrophoresis.

Deposition of microorganisms _
The following microorganisms are deposited at the Deutsche Sammlung von
Mikroorganismen (DSM), Mascheroder Weg 1b, D-3300 Braunschweig (FRG):

microorganism '~ depositiondate  accession number
E.coli LC 137/pPLMu.hTGF-1  November28,1988  DSM 5656
E coli LC 137/pPLMu. hTGF-BZ ‘November28,1989  DSM 5657
E. coli LC 137/pPLMu. hTGF-BS November28,1989 DSM 56568
Saccharomyces cerevisiae GRF18 March4, 1986 DSM 3665




WD 96/ 03432 - PCT/ EP95/ 02718

-34 - wo 96/03432 100 o108 péi/Bposio2ig)

| NFORMATION FOR SEQ I'D NO  3: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 339 base pairs - (B) TYPE: nucleic acid (O
STRANDEDNESS: doubl e : (D TOPO-G®BY: |inear (i) MOLECULE
"TYPE: cDNA to nRNA (vii) | MVEDI ATE SOURCE: : (B) CLONE: E.
coli LC137/pPLMu. hTGF- bet a2 (DSMb657) (i1x) FEATURE: (A
NAME/ KEY: CEXQUENCE LISTING(B) LOCATI ON: 1..336 - (D OTHER

| NFORVATI ON: / product - "human TGF- bet a2t ™ (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 3:  GCT TTG GAT GCG GCC TAT TGC TTT AGA AMI GTG CAG GAT . AT TGC
TGC 48 Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val @ n Asp Asn Cys
Cys (1)1 BENERAL INFORMATION: 120 125 CTA CGI CCA CTIT
TAC ATT GAT TTC AMG AGG GAT CTA GGG TGG AAA TGG ' 96 Leu Arg Pro Leu
‘{Z(r) Ile Asp Phe(il_)yipé[% As:p Leu Gy Trp Lys Trp | 130 135

(A) NAME: CIBA-GEIGY AG

(B) STREET: Klybeckstr. 141
(C) CITY: Basel

(E) COUNTRY: Switzerland

(F) POSTAL CODE (ZIP): 4002
(G) TELEPHONE: +41 61 69 11 11
(H) TELEFAX: + 41 61 696 79 76
(I) TELEX: 962 991

(ii) TITLE OF INVENTION: Novel process for the production of
biologically active dimeric protein

(iii) NUMBER OF SEQUENCES: 14

' (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, Vexsion #1.30 (EPO)

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

(i) SEQUENCE CHARACTERISTICS:
(A) 1LENGTH: 339 base pairs
~ (B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(i) MOLECULE TYPE: cDNA to mRNA



ATA CAC GAA CCC AAA TAC AAT GCC AMC TTC TGT GCT GGA GCA TGC 144 1le
Hs Gu Pro Lys Ay Tyr Asn Ala Asn Phe Cys Ala Gy Ala Cys 145

150 WO 96/03432 155 : 160 WD 96/ 0343 PCT/EP95/02718

PCT/ EP95/ 02718 -+ -35 - CCG TAT TTA
TGG AGT TCA GAC ACT CAG CAC-AGC AGG GIC CIG AGC TTA 192 Pro Tyr Leu
Trp Ser Ser Asp Thr A n H's Ser Arg Val U Ser Leu : 165
170 ' 175  TAT AAT ACC ATA AAT CCA GAA GCA TCT GCT TCT CCT
TGC TGC GIG TCC - 240 Tyr Asn Thr I'le Asn Pro Gu Ala Ser Ala Ser Pro
Cys Cys Val Sdiii) HYPOTHETICAL3d® 185 190
.CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC ATT GGC AAA ACA.CCC 288
G@n Asp Leu Qu Pro Leu Thr 1le Leu Tyr Tyr lle Gy Lys Thr Pro g 195
200 AAG ATT GAA CAG CTT TCT -AAT ATG ATT GTA AAG TCT
TGC AAA TGC Adrii) mméé%g EY®RPEre Gu A n Leu Ser AsSn Met Ile Val Lys Ser
Cys Lys Cys Ser (D10LONE: E. coli LC137/pPrMu.hTGF-betal (DSM 5656220  TAA

339 (2) INFORVATION FOR SEQ I D NO 4: (1) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 112 amino acids (B) TYPE:
am no acid (ix) FEATUBE: TOPOLOGY: |i near - (ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCR{ATnfd/xBEQch® NO 4: ' -

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

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

GCCCTGGACACCAACTATTGCTTCAGCTCCACGGAGAAGAACTGCTGC 48
Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Glu Lys Asn Cys Cys
1 5 10 15
GIG CGG CAG CTG TAC ATT GAC TTC CGC AAG GAC CIC GGC TGG ARG TGG 96
Val Arg Gln Leu Tyr Ile Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp '
20 25 S 30
| ATC CAC GAG CCC AAG GGC TAC CAT GCC ARC TTC TGC CIC GGG CCC TGC 144
Ile His Glu Pro Lys Gly Tyr His Ala Asn Phe Cys Leu Gly Pro Cys
35 ) 40 - 45
CCC TARC ATT TGG AGC CTG GAC ACG CAG TAC AGC ARG GTC CIG GCC CIG 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 GIG TAC TAC GIG GGC CGC AAG CCC -288

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



Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val @ n Asp Asn Cys Cys 1

5 WO 96/03430 15 Leu Arg Pro Leu T’y:ﬂ‘ll-:bbsmﬂmp Phe
Lys Arg Asp Leu @y Trp Lys Trp . - 20 25
30 lle Hs Gu Pro Lys Ay’ Tyr AsnAIaAsnPheQ/sAIaGlyAIaQ/s
35 40 - 4533- WD 96/ 03432 -
PCT/ EP95/ 02718 ' - 36- Pro Tyr Leu
Trp Ser. Ser Asp Thr Gn H| s Ser Arg Val Leu Ser Leu 50
. 55 60 Tyr Asn Thr Ile Asn Pro Gu Ala Ser Ala Ser Pro
%S QC/;S Vils oG 6l GAG CAG c'rs TCC AACI A'f% ATC GTG cec 'rc:c TGC AAESIGC AGC 5 336
n p le ro
85 - f.?sUVagL gb G(in érr Asn Slet q."]l.e-l;él A.{gygerl F.‘%s é%al'% g_reu Ser Asn
Met Ile Val Lys Ser Cys$0fys Cys Ser 105 100 . . 110 105
110 (2) | NFORMATION FOR SEQ ID NO 5: (i) " SEQUENCE
CHARACTERI STI,I@: ' (A) LENGIH: 339 base pairs (B) ¥E9
nucleic acid (C) STRANDEBRNESS: doubl e- (D) TCPC]_
| i near

(2) INFORMATION FOR SEQ ID NO: 2:

(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: 2:

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

Val Arg Gln Leu 'i‘jr ile Asp Phe Arg Lys Asp Leu Gly Trp Lys Trp
- 20 25 30

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 .80

Tyr Asn Gln His Asn Pro Gly Ala Ser Ala Ala Pro Cys Cys Val Pro
65 ; 70 % . 80

Gln Ala Leu Glu Pro Leu Pro Ile Val Tyr Tyr Val Gly Arg Lys Pro
8s ' 90 _ 93

Lys Val Glu Gln Leu Ser Asn Met Ile Val Arg Ser Cys Lys Cys Ser



(ii) MOLECULE TYPE: CDNA to mRNA (vii) | MVEDI ATE SOURCE:

(B) CLONE:.E.- coli LC137/pPLMi. hTGF- bet a3 (DSM 5658) (i x) FEATURE:
(A) NAVE/ KEWO %5/08:432 "~ (B) LOCATION: 1..336 PCT/BPISORHBR
| NFORMATI ON: / product- "human TG bet a3 (xi) -SEQUENCE
DESCRI PTION: SEQ ID NO 5: = GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG
GAG GAG AAC TGC TGT 48 WO 93 03432 |
PCT/ EP95/ 02718 -37- Al a Leu Asp Thr
Asn Tyr Cys Phe Arg Asn Leu G'u G u Asn Cys Oys 115 '
120 385 GrG o COROTTC TAC ATT GAEIOTTC CGA CAG GAT CTG
GG_CTGGAAGTGG 96 Val Arg Pro Leu Tyr Ile Asp Phe Arg A n Asp Leu
Gy Trp Lys Trp- 130 135 140 GIC CAT
GAA CCT AAG GEC TAC TAT GCC AAC TTC TGC TCA GGC CCT, TGC 144 Val Hi s
Qu Pro Lyd?2QRFe5ATION FOR SERSIP Mie36ys Ser @y Pro Cys 145
150 155 160 CCA TAC CTC CGC AGT GCA GAC
ACA ACC CAC A 192 Pro Tyr Leu Arg Ser Ala Asp
Thr Thr His. S(ea? )'?hr Va SW - 165 170
175 (A) IENGTH: 339 base pairs
(B) TYPE: nucleic acid
{C)} STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA to mRNA - K
(vii) IMMEDIATE SOURCE: N
(B) CLONE: E. coli LC137/pPIMu.hTGF-beta2 (DSM5657)
(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION:1..336
(D) OTHER INFORMATION:/product= "human TGF-beta2"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
GCTTTGGAT'GCGGCCTATTGC’I’TTAGAAATGTG_CAGGAT_AATTGCTGC 48
Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp Asn Cys Cys
- 115 120 _ 125
'CTA CGT CCA CTT TAC ATT GAT TTC AAG AGG GAT CTA GGG TGG AAA TGG 96
' Leu Axg Pro Leu Tyr Ile Asp Phe Lys Arg Asp Léu Gly Trp Lys Trp
130 _ 135 140
_ ATA CAC GAA CCC AMA L. TAC AAT GCC AAC 'i"rc TGT GCT GGA GCA TGC 144

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

145 . 150 155 - 160



TACAACACTCTGAACCCTGAAGCATCTGCCTC_GCCTTGCTGCGTGCCC - 240
Tyr Asn Thr Lewoosmaasro A u Ala Ser Ala Ser Pro Cys Cys Val Rica/EP9s02718

180 185 : 190 = 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 -35-195 200
205 AAA GIG GAG CAG CTC TCC AAC ATG GTIG GIG AAG TCT TGT. AAA TGT AGC
336 Lys Val Gu Gn Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser. . 210
215 CCG TAT TTA2(GG AJIGACA GAC ACT CAG CAC AGC AGG &TC CTG AGC TTA 192
339 (2) | BEORYEHONEOR.SEQ. B MR 8in s ser arg vell) LedF R
CHARACTERI STI €S: © P RS TRNGRE ™ 05 Ser noga‘f:allds FRLENE
TYPE: ani no acid 165 (p) TCPC]_OGY 119 near - WOLYB/ 03432
PCT/ EP95/ 02718 - 38- (i)
MOLECULE TYPEir Ra®tRCaTa ank éb). cak@aNedz BESGRE R q\é&/ OB 6 a.
Leu Asp Thr Asn Tyr Cys. Phe Arg Asn Leu Gu g* Eg Qé Nf zquI
5 n Ty Ile Asn Pr6 Glu Ala SemAla Ggf PEPYPr BYS ¥ P9F [err].e Asp
Phe Arg Gn Asp Leu GI;/BOTrp Lys Trp. 185 20 190 25
30

CAA GAT TTA GAA CCT CTA ACC ATT CTC TAC TAC ATT GGC ARA ACA CCC 288

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyi Tyr Ile Gly Lys Thr Pro

195 200 205
ARG ATT GAA CAG CTT TCT AAT ATG ATT GTA AAG TCT TGC ARA 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 ID 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 Trp Lys Trp
20 25 30

- Ile His Glu Pro Lys Gly Tyr Asn Ala_Ash Phe Cys Ala Giy Alé Cys
- 35 40 _ 45



Val Hs Gu Pro Lys Gy Tyr Tyr Ala Asn Phe Cys Ser Gy Pro Cys 35 -

40 45 Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr

Val Leu G wqwowz 50 55 - PCT/ER9SI02798/r Asn

Thr Leu Asn Pro Gu Ala Ser Ala Ser Pro Cys Cys Val Pro 65

70 - 75 80 a n Asp Leu GQu Pro-Leu Thr .
- Ile Leu Tyr Tyr Val Ay Arg Thr Pro -36- 85 _ 90

95 Lys Val GQu G n Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser

100 -105. e 110 (2) | NFORVATION FOR SEQ I D .

NO 7: (1) SEQJENCE CHARACTERI STI CS: - " (A) LENGTH: 336 base

pairs = Pro Tyr (&) THYRer satchsp chAGlA His Ser Arg VAL )LeSTERANRIDNESS: doubl e

(D) TOPOLOGY: d4 near (1ide MOLECULE TYPE: gpt her- nucl eic acid

(A) DESCRI PTION: /desc = "recon%l nant hybrid of - TGF-betal and

TGF- bet-a3 DNA" WD 96/ 03432 '

PCT/ EP95/ O/#18sn Thr Ile Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys3&l Ser (vii)

|'MVEDI ATE %gJRCE ol:B) CLONE: E. cgl [ 80

LC137/ pPLMP"TGE- bet al ( 44/ 45)bet a3

Gln Asp Leu _Giu Pro I.éu_ Thr Ile Leu Tyr Tyr Ile Gly Lys Thr Pro

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

(2) INFORMATION FOR. SEQ iD NO: 5:

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

(ii) MOLECULE TYPE: cDNA to mRNA
(vii) IMMEDIATE SOURCE:

(B) CIONE: E. coli LC137/pPLMu hTGF-beta3 (DSM 5658)
(ix) FEATURE:

(A) NAME/KEY: CDS

(B) LOCATION:1..336

(D) OTHER INFORMATION:/product= "human TGF-betal3"

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

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




(i x) FEATURE: (A) NAMVE/ KEY: mat peptide (B)

LOCATI ON: 1. . %8G 96/03432 (D) OTHER | NFORVATI ON: / product = " mesmhs 44
am no ' aci ds of human TGF-betal " (1 x) FEATURE:

(A) NAVME/ KEY: mat _pepti de (B) LOCATI ON::133. . 336 (D)
OTHER | NFORMATI ON: / product = "C-terni nal 687ani no aci ds of
human TG bet a3" (i x) FEATURE: (A) NAME/ KEY: CDS

(B) LOCATION:..1..336 (D) OTHER | NFORVATI ON: / pr oduct - "hybri d

. TGF- bet a nanda Leu Asp Thr Asn Tyr CHGPh&dralAsd"Leu Glu Glu (wh )CySEQSENCE
DESCRI PTI ON: SEQ | ;O 7: GCC Clg GAC ACC AAC TAJs TGC TTC AGC TCC ACG

GAG AAG AAC TGC TGC 48 Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr
‘@ u Lys Asn Cys Cys 1 5 10 E
15 GIG CCGTGACSICTCE THRC TRTTATIAGAT T CGE m@mc:rm GGE EFG(EGMG TGG 96
96 Val Arg Gdi pIcerel;' A1k RES pAE Gyl y@mﬁ%% riyslyt
20 ARy % 5 5 GA l%CC G GGC TAC
CAT coc Mc TTC RE TCA ccollcoiihice 144 er Hs Gu Pro Lys Gy Tyr
Hs Ala Asn Phe Cys Ser Ay Pro Cys 35 40
45 - WO 9%/ BBA3Ra cCT AAG GGC TAC TAT GCC AAC TIC TGC TCA GGC CCT TGC 144
PCT/ EP95/ 02718 . :
1 His Glu Pro Lys Gly Tyr Tyr 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 CTG 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 GTG cce 240
Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro
' 180 185 190
'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
195 200 205
AAA 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
TGA | N : 339

(2) INFORMATION FOR SEQ ID NO: 6:

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



CCA TAC CTC CGC AGT GCA GAC ACA ACC CAC AGC ACG GIG CTG GGA CTG _ 192

Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu Gy Leu 50
55 WO096/03432 60 TAC AAC ACT CTG AAC CCT GAA GCA TCRCTERSSAZMS CCT
- TGC TGC GIG CCC 240 Tyr Asn Thr Leu Asn Pro Qu Ala Ser Ala Ser Pro
. Cys Cys Val Pro 65 : - 70 75 -

80 CAG GAC CTG GAG CCC CTG ACC ATC CTG3®ac TAT GIT GGG AGG ACC CcCC
288 @ n Asp Leu Gu Pro Leu Thr Ile Leu Tyr Tyr Val Ay Arg Thr Pro

85 ' 95 AM GTG GAG CAG CTC TCC MC ATG
GTG GTG AAG TC‘I“TG?OWTWEACE“‘*"“ 3a6 Lys Val Gu dGn Leu Ser Asn
Met Val Val Ly&xiSeSEQURNCH PESCBYRITON! SEQ ID NO: 6: 100 105

110 (2) 1 NFORVATI ON FOR SEQ I D NO 8: ' (i ) SEQJENCE

CHARACTERI STI CS: d(y& LENGTH: 112 ami no aci ~ (B) TYPE:
am no aci d Ma Leu Asp Tpphse gy Gy8yPhe Arg fisn Leu Gly Gly %CE’&EE TYPE: protein

(xi) SEQUENCE DESCRI PTI O\IS SEQ ID NGO 8: 10 Ala Leu Asp TH5 Asn Tyr Cys Phe

Ser Ser Thr d'u Lys Asn Cys QIS 1 5 10
15 Val Arg. Gn Leu Tyr Ile Asp Phe Ar ys As Leu Gy Lys Trp
20 o Ve vzl e R B s Yy e T (S e b By s Gy Ty
Hs Ala Asn -Phe Cys2®er Ay Pro cyszs ' 35 30 40

45 Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu @y Leu

Val His Glu Pro Lys Gly '_I‘yr 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 L_eu'
50 _ 55 ‘60 '

Tyr Asn Thr Leu Asn Pro Glu Ala Ser Ala Ser Pro Cys Cys Val Pro
65 R [ I 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: 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 hybr:.d DNA of
TGF-betal and TGF-beta3 DNA" '



V\O 96/ 03432 PCT/ EP95/ 02718

-41- WO 96/03432 - .55 60 Ty mcMmsTdmsLeu
Asn Pro Gu Ala Ser Ala Ser Pro Cys Cys Val Pro 65 . 70

75 80 GI n Asp Leu Gu Pro Leu, Thr Ile Leu Tyr Tyr Val
dy Arg Thr Pro’ 85 -39 - - 90 . 95
Lys Val Gu dn Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser

100 105 | 110 - (2) | NFORMATION FOR SEQ I D
NO O (i) SEQUENCE CHARACTERI STICS: = (A) LENGTH. 336 base

pairs . (vii)( BnvebYRES S@m@bel c acid (C) STRANDEDNESS: doubl e

(D) TOPOLOGY: i near E _TYPE; other nucleic_acid

(A) DESCRI PTION: / d&¥c Cm“’"‘r %%%k%ﬂld'f% tal (4 iRPer®? hybri d
TG bet a2- 3" (vii) 1 MVEDI ATE SOURCE: - (B) CLONE: E. -coli
LC137/ pPLMu. TCribeterdiugd/ 45) bet a3 (i x) FEATURE: (A

NAVE/ KEY: nat pept i OCATI ON: 1. . 132 | (D) OTHER
| NFORMATI ON: /produc?ﬁ NNYE/KEYA Hﬁ?—ﬁ’ﬁétéﬁ aci ds of human

TGF- bet a2" (B) LOCATION:1..132
(D) OTHER INFORMATION:/product= "N-terminal 44 amino -
' acids of human TGF-betal"

(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION:133..336 '
(D) OTHER INFORMATION: /product- "C—term:.nal 68 amino
‘acids of human TGF-beta3"

{ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION:1..336
(D) OTHER INFORMATION:/product= "hybnd 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 TGC 48

Ala Leu Asp Thr Asn Tyr Cys Phe Ser Ser Thr Gli Lys Asn Cys Cys
1 5 10 15
GTIG CGG CAG CTG TAC ATT GAC TTC 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 S ' 25 _ 30
ATC CAC GAG CCC AAG GGC TAC CAT GCC AAC TIC TGC TCA GGC CCT TGC 144

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



(i x) FEATURE: (A) NAME/ KEY: mat _peptide (B

LOCATI ON: 133, .-336 WD 96/ 03432 _ S
PCT/ EP95/ OWdﬁslo:Msz - 42- PCT/EP95/02718 (D)
'OTHER | NFORVATI ON: / product= "C-ter m nal 68 anino acids of -
human TGF- bet a3" - (i x) FEATURE: (A) NAME/ KEY: CDS -
(B). LOCATION: 1:..336 (D) OTHER- | NFORMATI ON: / product = "hybri d

- TG bet a2- 3" (xi). SEQUENCE DESCRI PTION.. SEQ ID NGO 9: GCT TTG GAT .
GCG GCC TAT TGC TTT AGA AAT GIG CAG GAT AAT TGC TGC ‘ 48 Al a Leu Asp
Ala Al a TYWCAGRS PR CEE GCAGFAVGAC 8L ARG CABARCRCS GYS CTG GGA CTG 192 5
10 Pro Tyr Leu A% ser GHA LG TRCANEHLs THG AETvEATed By MauACG GAT CTA G G
TGG AAA TGG 50 96 Leu Ar% Pro Leu Tyr ”{0 Asp Phe Lys Arg Asp Leu Gy
Trp Lys Trp 20 2 : 30 ATA
CAC GAA CCC AMA GGG TAC AAT GCC AAC TTC TGC TCA GBC CCT TGC 144 |le

‘H's Qu Praclasg &&w&umﬂmﬁm A6x TERCEfoeSedT Ghy TBE BTeYGee . 240 35

BTG CTG ok dRE e Lo fg@‘%’é i §a=0%a”€% B b i S

-Val Leu d ¢5Leu . 80.-60
CAG GAC CTG GAG CCC CTG ACC ATC CTG TAC TAT.I.GTT GGG AGG ACC CCC 288 ' .
- Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Val Gly Axg Thr Pro -
' 85 90 _ 95 |
o AAAGTGGAGCAGCTCTCCAACATGGTGGTGAAGTCTTGTAAATGTAGC - 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:

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

(ii) MOLECULE TYPE: protein _
(i) SEQUENCE DESCRIPTION: SEQ ID NO: 8: . o

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

Ile His Glu Pro Lys Gly Tyr His 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



TAC AMC ACT CTG AAC CCT GAA GCA TCT GCC TCG CCT TGC TGC GIG CCC 240
Tyr Asn Thr Lﬁbggﬁgg,f’ro AQu Ala Ser Ala Ser Pro Cys Cys Val Pémﬁ‘gm-,ls
G ACC

70 80 -CAG GAC CTG GAG CCC CT
ATC CTG TAC TAT GIT GGG AGG ACC ccC 288 A n-Asp Leu Gu Pro Leu Thr
lle Leu Tyr Tyr Val Ay Arg Thr Pro -41 - o 85 90

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

WO 96/ 03432 50 _ . .85 . 60 'PCT/ EP95/ 02718
-43 - 100 105 - 110 (2)

| NFORMATI ON FOR SEQ I D NO 10: (1) SEQUENCE CHARACTERI STICS:
(A) LENGTH:. TWrR2AgmThe lguiAso Pro Glu Ala SeB)ALRYHYE PriChe Qyeikl Pro (D)
TOPOLOGY: | i ngsar (ii) MALECULE TYPE: prpfein = (xi) SEAUENCE
DESCRI PTION: SEQ I D NO  10: Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val
A@n Asp Asn Cys Cys 1 5 10

15 -+ Leu Ar Gy dsp éeu Bin R#Oel-emsph#?ﬁée [Des TPurgTys fal &y @Grg ThapPioys Trp

20 25 85 3o Ile Hs Gu Rso Lys Gy Tyr
Asn Al a Asn Phe Cys Ser Gly Pro Cys 35 40

45

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

{2) INFORMATION FOR SEQ ID NO: 9:

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

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

(vu.) IMMEDIATE SOURCE:
(B) CIONE: E. coli LC137/pPIMu.TGF-beta2 (44/45)beta3

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

. (ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION:133..336



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 Al.a Ser Pro
Oys COys Val Bioyossads: - 70 75 PCT/EP9S/02718
80 dn Asp Leu Gu Pro Leu Thr Ile Leu Tyr Tyr Val Gy Arg Thr Pro
85 - 90 _ _ _%5_ Lys Val Qu A n Leu Ser Asn
Met Val Val Lys Ser Cys Lys Cys Ser 100 : 105
110 (2) | NFORMVATI ON-FOR SEQ I D NO 11 WO 96/ 03432 '
PCT/ EP95/ 02718 (i)
SEQUENCE CHARACTER! &7 &R INFORMATIONS ’Rf%%ﬁ‘t%%nadaé% PR s
(B) TYPE: nucleic acid acids of hyn@y TEFRANBEDNESS: doubl e (.D)
TOPOLOGY: |inear : (| i) MOLECULE TYPE. other nucleic acid (A
DESCRI PTI ON: /dgs -econbi nant hybrid DNA - coding for hybrid

. TGF- bet a3- 2" 1 MVEDI ATE SGJRCE “(B) CLONE: E. coli

LC137/ pPLMi. TGF- bet &a(wsmecesz -
(B) LOCATION:T..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 GIG CAG GA‘I' AAT TGC TGC 48

Ala Leu Asp Ala Ala Tyr Cys Phe Arg Asn Val Gln Asp Asn Cys 'Cys
1 .5 S .10 ' 15
CTA CGT 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 Gly Trp Lys Trp
20 - 25 30
ATA CAC GAA CCC AAA 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 GIG CTG GGA CTG 192
Pro Tyr Leu Arg Ser Ala Asp Thr Thr His Ser Thr Val Leu Gly Leu
50 55 ' - 60
TACAACACT‘(_ITGAACCCTGAAGCATCTGCCTCGCCTTGCTGCGTGCCC 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
ARA GIG GAG CAG CIC TCC AAC ATG GTG GIG AAG TCT TGT AAA TGT AGC 336

Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser



(i x) FEATURE: (A) NAVE/ KEY: mat_peptide (B)

LOCATION: 1. .1 : (D) OTHER .| NFORVATI ON: / product - " i nal 44
am no Wo seusezz aci ds of human TGF- bet a3" (i x) yé&%z 18
(A) NAME/ KEY: mat _peptide = * (B) LOCATI ON: 1337 . 336 . (D)
OTHER | NFORVATI ON: / product- "C-term nal 6&gam no aci ds of
human TGF- bet a2" (i x) FEATURE: (A) NAME/ KEY: CDS
(B) LOCATION: 1..336 _ (D) OTHER | NFORVATI ON: / product- "hybrid . _
TG bet a3-2" (¥do) SEQUENCE DE {2l ON. SEQ I D N@q 11: GCT TTG GAC
ACC AAT TAC TGC TTC CCC AAC TTG GAG GAG AAC TCC TGT 48 Al a Leu Asp
Thr Asn Tyr Cys Phe Arg Asn Leu Gu GQu Asn Cys Cys 1 5
10 15 WO 96/ 03432 ' '
PCT/ EP95/ 02718) . INFORMATION FOR SEQ ID NO: 10: . =45 - GIG C&C CCC
CTC TAC ATT GAC TTC CGA CAG GAT CTG GGC TGG AAG TGG 96 Val Arg Pro
Leu Tyr Ile Asp Phe Arg G n Asp Leu Ay Trp Lys Trp 20 '
25 (1) 3BEQUENSECCEERRCTERESTIES :AAG GGC TAC TAT GCC AAC TTC TGT
GCT GGA GCA TGC (a) kfferdal 113 smiGoUadu@ Lys Gy Tyr Tyr Ala Asn Phe Cys

(8) TYP®: amino aci - 40 -

: o acid

Ala Gy Ala Cys

(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 Tfp 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
85 920 o 95

Lys Val Glu Gln Leu Ser Asn Met Val Val Lys Ser Cys Lys Cys Ser
w00 . - 105 110

(2) INFORMATION FOR SEQ ID NO: 11:



CCG TAT TTA TGG AGTI TCA GAC ACT CAG CAC AGC AGG GIC CTG AGC TTA . 192
Pro Tyr Leu Trp Ser Ser Asp Thr G n His Ser Arg Val Leu Ser Leu

55 60 TAT MI ACC ATA MI CCA GAA GCA TCT

TGC GIG TCC wogsmwz 240 Tyr Asn Thr Ile Asn Pro Qu Al a Se%%ez

Cys Cys Val Ser 65 . 70 -

80  CAA GAT TTA GM CCT CTA ACC ATT CTC-B4C TAC ATT GGC AAA ACA CCC

. 288 A n Asp Leu Qu Pro Leu Thr Ile Leu Tyr Tyr Ile Ay Lys Thr Pro

85 , .95  AAG ATT GAA CAG CTT TCT AAT -
ATG ATT GTA AAG(J)CEEJWMICS 336 Lys Ile Qu @n Leu Ser Asn
Met Ile Val Lys Ser (&% %3% er ’ 100 105.

110 (2) | NFORMATI SEQ) paifs. (i) SEQUENCE -

CHARACTERI STI Cs: (B) TYPE: nyqleic@edtH: 112 ani no . acids (B)

TYPE: anmino acid (C) STRANDEONDSSTQ@BGhLESY: | i near “+  (ii) MOLECULE TYPE:
protein (xi) SE% %% CRI PTI O\I SEQ ID NGO 12: Ala Leu Asp Thr Asn
Tyr Cys Phe Arg Asn QIS Cys .~ . . WD 96/03432

PCT/ EP95/ 02718 ... -46 - 1

S (ii) MILECUIE TYPE: other nucleié aci&/a| Arg Pro Leu Tyr 'Ile Asp Phe:

Arg Gn Asp Leu Gy )r BE&'(X&P‘HO% /desc = “_regou_nb:_.nant hyb_r:_.d DNA
coding for hybrid TGF-beta3-2" '

(vii) IMMEDIATE SOURCE:
(B} CLONE: E. coli I.Cl_37_/pP_IM_u.TGF-beta3(44/45)beta2

(ix) FEATURE:
(A) NAME/KEY: mat __pept;id_e
(B) LOCATION:1..132 |
' (D) OTHER INFORMATION: /product= “N-tenm.nal 44 amino
acids of human TGF-.-bgt;a_B"_

(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 DE. RIPTION: SEQ ID NO: 11:
GCT TTG GAC ACC AAT TAC TGC TTC CGC AAC TTG GAG GAG AAC TGC TGT 48

Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu Asn Cys Cys
1 5 10 ' 15



20 25 - 30 Val His Gu Pro Lys @y Tyr

Tyr Al a Asn’ PWO 933N a Ay Al a Cys - 35 PCT/EP95®2718
45 Pro Tyr Leu Trp Ser Ser Asp Thr Gn H| s Ser Arg Val Leu Ser Leu
50 - 55 60 Tyr Asn Thr Ile Asn Pro Qu
Ala Ser Ala Ser Pro Cys Cys Val Ser 65 -45- 70
75 80 A@n Asp Lou Gu Pro Leu Thr Ile Leu Tyr Tyr lIle
dy Lys Thr Pro : . 85 90 95
Lys Ile Gu Gn Leu Ser Asn Met Ile Val Lys Ser Q/s Lys Cys Ser
100 GTG CGC ccd @IC TAC ATT GAC TTC cealdh@ Gar €Y cENFGBMAE! 3¢ FOR SEQ | D
NO 13: ﬂ;‘A&? I GTH: 345 base
pairs A’%&B %%E nucler c aci 5@; &§ Asp Le MBE SS. doubl e
(D) TOPOLOGY: linear 20 “(ii) MOLECURE TYPE: CDNA to3ﬁRNA (ix)
FEATURE: (A) NAME/ KEY: CDS (B) LOCATION: 1..342 .
(D) OTHER I
bt o o '\Jﬁ%h%/:é‘gﬁguﬁc rad HHRScEME MY ROP LR Teh%aca Tac 144
PCT/ EP95/ 02 Med His Glu Pro Lys Gly Tyr Tyr Ala Asn Phe Cys Ala Gly Ala Cys
35 40 45 '
CCG TAT TTA TGG AGT TCA GAC ACT CAG CAC AGC AGG GIC CIG 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 Cﬁrs Val Ser

65 70 75 80

CAAGATTTAGAACCTCTAACCATTCTCTACTACATTGGCAAAACACCC 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 ARA TGC AGC 336 -
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: 12:

(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: 12:

Ala Leu Asp Thr Asn Tyr Cys Phe Arg Asn Leu Glu Glu Asn Cys Cys



-47-

Lys
120
AAT
Asn

Pro
150
AAC
Asn
175
240
180
TCG
Ser
205
336
215
345

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 13: CAA GCC AAA CAC

CAG CGG A CCC CTT AAG TCC AGC TGT AAG AGA 48GnAIaLsH|s
an Arg NRY$2 oy Lys Ser Ser COys Lys Arg 115 PCT/EP95/02718

' ' 125 CAC CCT TTG TAC GIG GAC TTC AGI GAC GIG GG TGG

GAC TGG ATT 96 His Pro Leu Ty‘g Val Asp Phe Ser- Asp Val Ay Trp

Asp Trp Ile 130 5 140 GIG CCT

CCG GGG TAT CAC GCC TTT TAC TGC CAC GGA GAA TGC CCT 144 Val Ala

Pro Gy Tyr Hs Ala P@e Tyr Cys His qlé}y Gu Cys Pro
155 0 TTT CCT CT GCTGATCATCTG
TCC ACT AAT CAT GCC ATT GIT CAG 192 Phe Pro Leu Ala Asp H s Leu

Ser ThrvaisArdipso Alea tyreIdMahs§iphe Arg Gln Asp Leu Gly 16® Lys Trp 170
ACG TTG GTC AAC,ECT GIT AAC TCT ,R2AG ATT CCTAAG@CATGC TGT GIC
Thr Leu Val Asn Ser Val Asn Ser LyS Ile Pro Lys Ala Cys Cys Val
185 . 190 CCG ACA GAA CTC AGT GCT ATC

ATG cntyamAﬁas:Equﬁﬁs1aeccxyﬁfy£9b9: Ala 2sn ﬁ553c§§<111h61yGL1a tgg Ser Ala lle
Met Leu Tyr $5r p Gu Asn 195 200
A

AAG GIT GTA AAG AAC TAT G GAC ATG GIT é’rILG GAG GGTI', TGT GGG :
Lys Val Val Leu Lys Asn Tyr A n Asp Met Val Val Qu Ay Cys Ay 210

. Pro Tyr Leu 3B Serl§dr R&§° ThAGIn His Ser Arg Val Leu Ser Leu
Q/s Arg 225 55 60

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

Gln Asp Leu Glu Pro Leu Thr Ile Leu Tyr Tyr Ile Gly Lys Thr Pzo
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: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 345 base pairs
(B) TYPE: nucléic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA to mRNA

{ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION:1l..342
(D) 'OTHER INFORMATION /product- "human Bone Morphogenet:.c
Protein-2"



WO 96/ 03432 o - - PCT/ EP95/ 02718

-48 - . (2) | MOIH0A2ON FOR SEQ I D NO  14: (i) SEQUPKITEP95/02718
CHARACTERI STICS: (A) LENGTH: 114 amino acids " (B) TYPE:
am no acid (D) TOPOLOGY: i near 47 - (1i) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 14: Adn Alla Lys Hs Lys @n Arg Lys

Arg Leu Lys Ser Ser Cys Lys Arg 1 5 _ 10
15 H's Pro Leu Tyr Val Asp Phe Ser Asp Val Ay Trp.Asn Asp Trp Ile

20 25 . 30 Val Ala Pro Pro Gy Tyr His
Ala Phe Tyr Cys Hs Ay du Cys Pro 35 : 40
45 . Phe Pro Leyx#l segdERcEipsdrabTA? o rofvb: A3n His Ala Ile Val GAn
50 55 : . 60 Thr Leu Val Asn Ser Val Asn
Ser Lys Ile Pro Lys Ala Cys Cys Val 65 o ! 70 .
75 CAA GCC AAB(FAC AMAQCA EGEHABA 1G60 8T AX 2CC IASC Jer Avist Ad2eu Tyr 4geu
Asp G'u Asn @rlala Lys His Lys Glm Ar$3ys Arg Leu Lys Ser ser s L 95
yS Arg
Lys Val Val Leu Lyilﬁsn Tyr G n Asng/bt Val \%sll duy dy COys Hy
100 - 05 _ 110 Cys
CAC CCT TTG TAC GTG GAC TTC AGT GAC GTG GGG TGG AAT GAC TGG ATT 96
His Pro Leu Tyr Val Asp Phe Ser Asp Val Gly Trp Asn Asp Trp Ile
'1_30 135 o 140 ' '
GTG GCT CCC CCG GGG TAT CAC GCC TTT TAC TGC CAC GGA GAA TGC CCT . 144
Val Ala Pro Pro Gly Tyr His Ala Phe Tyr Cys His Gly Glu Cys Pro
145 150 155. - 160
TTT CCT CTG GCT GAT CAT CTG AAC TCC ACT AAT CAT GCC ATT GTT CAG 192
Phe Pro Leu Ala Asp His lLeu Asn Ser Thr Asn His Ala Ile Val Gln '
165 170 175
ACG TTG GIC AAC TCT GIT AAC TCT AAG ATT CCT AAG GCA TGC TGT GTC 240
Thr Leu Val Asn Ser Val Asn Ser Lys Ile Pro Lys Ala Cys Cys Val -
180 185 190
CCG ACA GAA CIC AGT GCT ATC TCG ATG CTG TAC CTT GAC GAG AAT GAA 288
Pro Thr Glu Leu Ser Ala Ile Ser Met Leu Tyr Leu Asp Glu Asn Glu
195. 200 205
AAG GTIT GTA TTA AAG AAC TAT CAG GAC ATG GIT GTG GAG GGT TGT GGG 336
Lys Val Val Leu Lys Asn Tyr Gln Asp Met Val Val Glu Gly Cys Gly
210 215 _ 220
TGT CGC TAG | | 345
. Cys Arg

225



WD 96/ 03432 49

PCT/ EP95/ 02718 ' | NDI CATI ONS RELATI NG TO A DEPCSI TED
M CROORGANI SIW0 96/03432 PCT/EPYSRETi8 Rul e
13bi s) A, The indications rrade bel ow rel ate to the microor gani sm
referred to in the description . on ge - 30

line - 14-21 B. | DENTI FI CATI ON OF oSl T -

Further deposits are identi fied on an additional sheet Nane of
depositary_institut Deut sche Sanmi ung

von M kr oé?’g&HF%’ﬁmN FOR) SFR D 1: d&hositary institution

(i-nchudi ngpost al codeandcount ry) Mascher oder Neg 1B
(formerly: G iyS sReRed @mmsncs. : D- 38124 Braunschwei g

D- 3400 Gdttingen) CGer many Dat e of deposit

‘Accession Number (A1 LENGTHjALYARIPOI886S  (04.03.86)
DSM 3665 C. ADIBJTITEREY. ainhiidl @2 ONS (| eave bl ank if no appl i cabl e) Thi s

information is cong nﬂég rlnggdltlonal sheet W
request the Exper{2 ’Sol ution \%nere avai |l abl e. ‘D. DESI GNATED STATES

FOR VWH CH | NDI CATI ONS ARE MADE if ‘'the indications are not for. all
designated ) (ii) MOLECULE TYPE: prote:l.n .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14

Gln Ala Lys His Lys Gln Arg Lys Arg Leu Lys Ser Ser Cys Lys Arg _ ' ‘
1 ' S 10 ' . 15

His Pro Leu Tyr Val Asp Phe Ser Asp Val Gly."l'rp Asn Asp Trp Ile
20 25 30

Val Ala Pro Pro Gly Tyr His Ala Phe Tyr Cys His Gly GJ.u Cys Pro
35 40 : 45

- Phe Pro Leu Ala Asp His Leu Asn Ser Thr Asn His Ala Ile Val Gln
50 : 55 60

Thr Leu Val Asn Ser Val Asn Ser Lys Ile Pro Lys Ala .CYs Cys Val
65 70 75 S

Pro Thr Glu Leu Ser Ala Ile Ser Met Leu Tyr Leu Asp Glu Asn Glu
85 90 9s

Lys Val Val Leu Lys Asn Tyr Gln Asp Met Val val Glu Gly Cys Gly
100 o 105 - 110

. Cys Arg



E. SEPARATE FURNI SHI NG OF | NDI CATI ONS (| eave bl ank if not appl i cabl e) The
i'ndications |ighgeeddgl ow Wi || be submtted to the internationgéripispais
“later(specify the general nature of the indi dtionsca e.g., "Accession
Nunber of Deposit™) For receiving Ofice use only

et nat onal appi 1 oA PURTTONTRELetig 265 BREBGIRMEE RIS RN et

Bur eau on: Rl Lg_,; Aut hor| zed of ficer
Aut hori zed of ficer Form PCT/ RO 134 (July f?) ) B WO
96/ 03432 e
PCT/ EP95/ HRPHS '
1l\/|3 SRC??@I"CQHOTB gxafie belm.v relate to the mla]o-orgamsni ;e-fezr;ed to in the description . . ( PC_T Rul e
'S ] A—_TheTrorcatrons o D¢ et O R e C L OO U
referred {®. IDENTIFIGATIONIQFIDEPOSIT on page FuniPdeposits are identified on an additional sheet D
l'ine: “4 2+ B—-BENH-H-CATH-ON-O—DBERGST-
Further d¢ B&ﬁ"f‘l”‘ﬁ?‘é"ﬁmumﬂg an additional sheet -  Name of
depositary instituti Qgn Mikroorganismen Deut sche Sanmm ung
van M kr qar gani snen and - Zel 1 kul turen
( DSN) \ddﬁfeegédwumpmmmammmum«yk@m)(i ncl udi ng postal code and
country) ~ Mascheroder Weg 1B MasshreDgier dMgerhBhstr. 8
D-38124 Braunschweig D-3400 G3ttingen)
Germany .
Date of aeposit ' Accession Number
04 March 1986 (04.03.86) ' DSM 3665

C. ADDITIONAL INDICATIONS (leave biank if o applicable) This information is contiued on an additional sheet [ ]

We request the Expert Solution where available.

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (i the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave biank if not apﬂicable) .
Tbe indications listed belowwill besubmuned to the International Bureau later (specify the general nature of the indications e.g., “Accession

Number of Deposit”)
For receiving Office use only For International Bureau use only —e——
m' This sheet was received with the international application D This sheet was received by the Intemational Bureau on:
Authorized officer K / E : Authorized officer
' . CETHEm

Form PCT/RO/134 (July 1992)



D- 38124 Braunschwei g : Ger many Dat e of

deposi t . _ ' Accessi on Nunber . 28
Noverber 1999960332 11. 89) ' 50 DSN 5658 CPCHERISPRTIBIAL B
| NDI CATI ONS (| eave bl ank if not applicable) This information is continued
on an additional sheet 0 . We'request the Expert

Sol ution where avavbrATIONS RzmﬁﬂaEﬁbME&sﬁ%Tﬁ&E&MM NDI CATI ONS
ARE MADE (if the indications are not for all desi gnated States)

E. SEPARATE FURN SHI NG OF | NDI CATI QiSTRbieadss) bl ank i f not applicable The
~indications listed beloww !l be submtted to the International Bureau

| ater (speciy the general nature.of the indications e.g., Nunber of
Deposi [A.) The indications made below relaie io the Eﬁ:foorﬁﬁﬁﬁhtéhﬁ@ ..Qi.«f defefiptid® € only

For In era.q.;geonaBOBureau use onl,yme Thi si4sbret was received with the
| nt er ngrrorar < "’-"-““""‘—“'“‘“"‘”“““““7?"——“ ——————————————————————————— S -~—§-=-;
Bur eau B’nmEN'"" ATION OF DEPOS"' . 1 2. Fefwe@?“mrf H@Pﬂze@neﬁfﬁf’@bbw l:I

Aut hor F orm PCITRO 134 (Jul T997
Ndntd of¥edobifafy institutiof Doctache lugzg vo¥: . ) anismen und

ZQllkulturen {DsM)

Address of deposnary institution (including postal code and counxry)

Mascheroder Weg 1B
D-38124 Brgt_mschveig

Germany ‘

Date of deposn S Accxs:on Number
28 November 1989 (28. 11.89) | psM se58

—

C. ADDITIONAL INDICATIONS leave blonk if ot pplicable)  This information is continued on an additionsl sheet ]

We request the Bxpert: Solution where available

| D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (f the indications are no fo ol designated Siates)

E. SEPARATE FURNISHING OF INDICATIONS {lm bhnl: lfmt cppl'uble) .
 The indications listed below will be submitted to tbe lmemanonal Bureaulater (.rpenfy lhcgau-al nature of theindications e.g., "Accession

Namber of Depasit”)
For receiving Ot:ﬁce use only e ey fitt— - For lﬁtem_atidt_ﬁl Bureau use oni_y -——
m This sheet was received with the international application D This sheet was received by the International Bureau on:
. 12.07 95 N
Authorized officer C /( M Authorized officer

Form PCT/RO/134 (July 1992)



PCT/ EP95/ 02718

TO A DEPCSI'TER, W,
(PCT Rule 13bi's
m cr oor gani sm referred to in the description

i ne

Furt her deposits argﬂ?m PHS&F%

i nstitution
M kr oor gani smen and :
Addr ess of depositary inst | tut i on (incl udi ng postal..

Mascher o
Cer many
Nunber

C ADDIT
i nf or mat

W) 96/03432 | NDI CATI-ONS RELATI NG
NI SM . PCT/EP95/02718
A. The i ndi cati ons rradé’ beI owrelate to the
on page 30

5@: 'Sé)gi ‘%E%%%‘ITEM&ROO&&W%M deposi .t ary

PCT Rule 136 utsche ‘Sanmm ung von
(e Rl 3 S Rl T o on (DSM)
code and country)

1 4-21 | DENTLEL. CATI

be)é |cauor1§ made beltgv rflate to the microorganism referred to in the descnpuon Accessi on
on page Q. 5. - lipe 2 DSM 56568 |
ﬂ\ﬁdx-:mﬁﬁb%ﬁﬁﬁ D@bﬁﬁﬂe bl an k i f n OtFuﬂﬂzpdeﬂoﬁabL Rdntified dkldnSdditional sheet D

R | S r\r\nfn arad SR—a— ernhj' |Ln¢ chaat:
JTT U

NN

lig e d
I — -

W requep
FOR VWH C
desi gnat

rToac o

Hargeiqf depomRYARSYEh | |1t g guhe T Shmbiibip | "l Rixroorganiden Rl GNATED STATES
H | NDI CATI ONS ARE MARE{ixu1tdr@eni mtucat ions are not for all
bd St at es) E.__SEPARATE FURNI SHING OF 1 NDI CATI ONS (| eave

TTIootT

bl ank if
the inte
e.g., "A

n«tessaptpbqs@&bmmmih@lu&mﬁm@@dep@le sted below will be subnitted to |
national Bureau | at ggLSResddywéd'§soeneral nature of the indication

pcession D-38124 Braunschweig
Germany
Date of deposit _ Accession Number
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PCT/ EP95/ 0271 pe H‘I’Hi?f B}ﬁl?e Brotem or aV\glt%heregf comprising treating the ggnatured@tmomenc 1
Process for tfomm pf saikiiTGFBalikefprateidtiwithra foldiny bllﬂ@gcdmdrishgmhild/de@?gémﬁmﬁﬂ ng
Growm h Fact t TG reo
c o(r)rpr i Si ﬁ; ? :%%%‘Pﬁ ga[lcf l)fotée] mon @Hr'lrr%ﬁ% rpé&p protein into 81e spatlzﬁ conformatxon which
after dimerization is assocuated with the biological activity, while retaining said monomer in a
soluble form, and an organic solvent selected from the group consisting of DMSO, DMSO,,
DMF, and any mixture of two or three members of the group consisting of DMSO, DMSQ,
and DMF. '

2. The process according to claim 1 in which the buffer additionally contains a reducing
substance '

3. The process according to claim 1 or 2 in which the mild detergent is selected from the .
group consisting of digitonin, CHAPS, CHAPSO, and any mixture of the members of the
group consisting of digitonin, CHAPS, and CHAPSO.

4. The process according to claim 3 in which the mild detergent is selected from the group
consisting of CHAPS, CHAPSO and ahy mixture thereof.

5. The process according to claim 1 or 2 in which mild detergent is present in the folding
buffer at a concentration of about 1 to 100 mM '

6. The process according to claim 1 or 2 in which mild'deterge_nt is present in the folding
buffer at a concentration of 30 to60mM

7. The process according to claim 1 or 2 in which mlld detergent is present in the fo|d|ng
buffer at a concentratlon of 30 mM. '

8. The process accordlng to claim 1 or 2 in which the organic solvent is selected from the
group consisting of DMSO, DMSO,, and DMF.



formof said TG--[err]-like protein with a folding buffer conprising a mld -

detergent which permts folding of the nononeric TG--[err]-like protein
‘into the spwoisgbisspnformati on which after dinmerization is BEFERISALHY with
the biological activity, while retaining said monomer Tma sotubte form -

and an organi c solvent  selected fromthe group O,
Dvsg err], DWVF, and any m xture of two or threemm m ” roup
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1 in which the buffer additionally contains a reducing substance 3. The
process ackdhelpragessacsoeding to claim 2 or 8 inwhich organicrsiolventie usedyatrat cansentrationt ed

fromthe ga S, § 4dbt 86 odi gi tonin, CHAPS, CHAPSO, and any m xture of
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The process according to claim1l
the fol di AgrhakRquelo °<3Ft’@&“f|:?§§f'rtratlon of about 1 to 100 nM 6. The process
according to cla|m1 or ‘2 in-which mld detergent i's present in the folding
buffer at a concentration of 30, t rocess accordi ng to claim
1or 2in \lh'?%p'ﬁf:ﬁf #&?@F@éﬂﬂamgmgy&mmﬁgﬂ% sed @icRBcantratien of about .
_ concentratmo;:;t¢)§|;,¢§3_@3()1¥° -8. The process according to claim1 or 2 in which
the organic solvent is.selected fromthe group consisting of DWVSO

DMs(O err], and DWVF. WD 96/ 03432

PCT/ EP95/ 627183 process according to claim 9 in which DMSO is used ataconcentl’éﬁon of abBut The ‘
process a(q% Qrding to claim1 or 2 in which organic solvent is used at a
t

concentra ﬂ from about 5 %to about 40 %

13. The process according to claim 9 ih which DMF is used at a concentration of about 10
% to about 30 %.

14. The process according to claim 9 in which DMF is used ata concentration of about
10 %. ' ' o

15. The proc. - according to claim 9 in which DMSO; is used at a concentration of about
10 %. ) | - B

16. The process according to claim 9 in whlch a mixture of DMSO and DMF isused in a
concentration of 10 to 30 % for both solvents combined.

'17. The process according to claim 1 or 2 in which the TGF-B-like prbte'in is selected from
the group consisting of TGF-B2, TGF-B3, hybrid TGF- p1-2, hybrid TGF- B1-3, hybrid TGF-
B2-3, hybrid TGF- p3-2, and BMP-2. |

18. Thé process according to claim 17 in which the TGF-B-like protein is TGF-B3.

19. The hrdbess according to claim 1 or 2 in which the buffer has a pH of about 6 to about
10. .

i.ch .mld detergent I's present in
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about OC t o retced fddj, everg¢aptomethanol in its reduced form, cysteine, cysteamine, and
dithiothreitol in its reduced form.

23. The process accqrding to claim 2 in which the reduced sulfthydryl cbmpound ié usedina
concentration of about 1 to100mM.:

24. The process according to claim 2 in which the reduced sulfhydryl compound is used in a
concentration of about 1 to10mM

25. The process according to claim 2 in which the reduced sulfhydryl compound is used in a
concentration of about 2.5 mM. '
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