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Purified BMP~11 proteins and.prsoessas for producing ther are
divclosed, Resowmbinant FNA moleciiles encoding the BMP-11 protelns
ors alse disslosad. Ths proteins may be ussful in regulating follicle
stliimulating hermone, such a3 for contruception. In addition, the
proteine may de useful for the induoction of bone, ocartilage and/or
other corninective tissue.
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TIILE GF _THE INVENT!ION

BMP-11 COMPOSITIONS

BACKGROUND OF THE INVENTION

The: present. invention relates to s novel family of purified

proteins designated BMFP-11, DNA molecules encoding ther, and

vracesses for obtaining themn. The inventors have previously
desigriated the BMP-11 proteins as Activin WC. The BMP-11

proteins may be usefal te induce bone and/or cartilage tormat .on
and in wound healing and tigsue repailr, or for augmenting the
avtivity of other bone morphogenetic proteins. The  BMP--11
proteins may also be useful to regulate the production of
follicle stimulating hormone, for contraception, to promote
neuronal cell survival, to stimulate hematopoiesis, and to
supprezs the develcocpment of gonadal tumovr:s.

United States Patent 4,798,88% dizclosed DNA encoding the
prepro inhikin ¢ and 3 chains. United States Patent 5,671,834

14

discloses phairmaceutical compesitlons of activin with two beta,

pd

chains formulated in a pharmaceutically acceptable carvier.
United States Patent 5,102,807 discloses a purified inhibin
protein which suppresses production of F3H without suppressing

producticon of Juteinizing hormone.

BMP-11 protein is a member of tne TGF-f superfamily of
proteins. The TGP~ cuperfamily includes the family of proteins
known as bone morphogenetic proteins {(BMPg), as well as a group
of proteins that are termed inhibion-f3. As discussed further
BMP-11

)
protein is expected to demonstrate BMP-11 activity, as further

herein, when dimerized with another BMP-11 {(homodimer

describad herein, as may be measured 1n accordance with the
assays descrived in the exawmples herein., When dirmerized as a
hetercdimer with inhibin~o proteins or with other inhibin-f}
proteins, the inhibin-f/BMP-11 heterodimer is expected to
demonstrate effects on the production of follicle stimulating
norwone FSEH), as described further herein. It is further
expected that, in homodimevic form or in heterodimeric form with

another wember of the bene morphogenstic protein family, BMP-11
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will exnibit BMP act.vity, 1.e., the ability to induce the
formation of pone, cartlilavge and/or other connective tissue.
Thus, depending upen the epvivonment of BMP-11, it may form
diners which will demwneticate either activin or  inhibin
activity, or bone, cartilage and/or other connective tissue-
induciog sctivity.  Accordiigly, BMP-11 activity is defined as
e ability Lo regulate cne production of FSH in the assay
desoyioad st Example 8 herein, or the ability to 1nduce tae
Gores ., cart slaae and/or olher connective tissue in
the assavs desovibed ar Bxanples & to 7 herein.

Droveins termed inlobiuns and activins are produced in tnae
gomad and exist naturaily v follicular fluid.  These protelns
act At Tt deviel ob the st erior pitultary gland to inhipit
Cinhibing) or =timuiate (act ivias' the release of folliclae-

stimulating horeone (FSH) [{or reviews see, e.J., Ying, S.-Y.,

Erdoor. Kev., ©.267-293% 11982 <r Ling, N. et al, Vitamins and

Hormornes, (Zoademic Fross 198807 . Rriefly, dimeric

prot2ing  corn UF oene chaln of dinhipin o and one chaln of

iuhibin § ‘@, ov # are tewed inhibins and are characterizzd

vy treiy apility Lo inhibit the releasc of follicle stimule

U

ring

herrorne (RS whioe otler diwecio proteins counprised o

WO

[

chatus of  inhivin B (B, or By are termed activins and are
charactesized by rhelr ability to stimalate the release of

falticle staimolaving horoone  (FSH) (see, e.g., Ling et al.,

Nature, 327:776 722 (1986 . Jale, et al., Nature, 321:776-779

.

{1886y or Masorn =toal. Nature, 5318:65%-663 (1985) or Forage et
al., Proc. Narl. Acad. Sor. USA, 83:3091-3095 {(1986) 1.
ates the development of ova
ies (Ross =0 ai., in Textbook of Endocrinciogy,
cd. Wiiliams, p. 255 (1981 and Uhat excessive stimulaticn of
rhe ovariss with PSH w.ll lead =o multiple ovulations. ©EH is
also  itmporbant i testicoeosr function, Thus, BMP-11, in
Beterodimerys w th o megkber of the inhibin « family, may be
Lseiul as a coniraceptive bassd on the ability of inhibins to
T (3¢

SEEEs

decrease fertilit in remals nanrals and decreaas

<

spermatogenesis in male mammals.  Administration of sufficient

amount s of other inhibing car Lnduace infertility these mammals.

BMP-11, a¢ a howodimer or zs a neterodimer with other protein
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subunits of the irhibin-f group, may be useful as a fertilizy
inducing  thaerapeutic, based upon the abillity of  activino
molecules 1n stimulating FEH release trom cells of the anterior
pituitary. See, for example, United States Patent 4,798,385

BMP-11 may also ke useful for advancement of the cnset of
fervility in sexually immature mammals, sc as to increase tase
bifetime reproductive performance of domestic animals such as
cows,  sheep and pilgs. It 1s further contemplated that DMP-11
may be useful i promoting neurcnal cell survival [see, e.qg..
Schubert et &l., Nature, 344:868-870 (1590)), modulatiag
hematopeiesis by inducing the differentiation of erytnrolid cells
(sem, «.g., Broxneyer et sl, Proc. Natl. Aacad. Soi. jes,
85:9052 905 (19$8B8) or Eto ot al, Biochem. Biophys. Res. Coqn,

14£:1095-3103  {1987)], for suppressing the developmen o1
gonadal tumors [see, e.g., Matzuk et al., Nature, 360:3732 319
(19%2)) or 1or augmenting rthe activity of bone morphogenetic

-~

isee, e.d., Ogawa et al., J. Rioi. Them., 207:24233 -

pMP 11 vrateins may be further characierized by their

ability to modulave che releave of follicle stimulat g

&
g
-
A
Wt
e
3
'
U

[t

t
(ESH) in estab’ished in vitro bivassays Ing  rat anterioc

us
pituitary cells as desciribed isee, .g. Vale et ail,
Encdocrinclogy, 91:562-572 (1972) ; Ling et al., Nature, 221:779-

24 n
782 {1286) ov Vale et al., Nature, 321:776-779 (1286¢) 1. it is

contemplated Lnat the BMP-1J] protein of the invention, when
composed as a homodimer or a heterodimer with other ivhibin 3

chaine will exhibit stimulatory effects or the release of

n

4

tollicle stimulating hormone (FSH) from anterior pituitary cells
as described [Ling et al., Nature, 321:779-782 (1986) or Vale
et ail.., Nature, 2321:776-77% (1986)]. Additionally, it Lg
wontemplated thor the 8MP-11 protein of the invention, when
composed as a haterodimer with the inhibin o chain, will innibit
the releass of foliicle stinmulacing hormone (FSHY from anterior

pituitary c¢ells  as described [see, e.g., Vale et al,

&

Endocrinclogy, 91:562-572 (1972). Therefore, depending on the
particular composition, it is expected that the BMP-11 proteln
¢f the invention may have contrasting and opoosite effecis on

the release of follicle stimulating hermone (FSH) from tae



g

PRV,

610191

A

anterior phrtuitary.
Aoiivin A {the homodimeric composition of inhibin #,) has

been shown Lo nave erythropoiet co-stimulating activity [see @ 5.

Eto ot al., Biochem. Blophve., Res. Commun., 142:1095-1

s
<
A
D
.
x
~J

—

- o b — P 3 . . T H ’ Sy
and Murata =4 atl., Froco. Nat. S o 348
frasgy and Yoo et al., Natio: 330:7¢ & 1

e R ey NN [ P L J S . N
connenplatead Chat thie BME- 23 o1 the a

similar erythropotiet 1o stinulat ing activity. This activity of
*'“ |

the BME 11 be Turtler characterized by the ability

ci the BMP Genonstrate =rythropoietin activity in

tre Diolo F

foyvined using the humasn K-562 cell line

as desccibed by ltozzio et al., Blood, 45.:321-334 ({1973) and

LS. Pal. Noo. O,07%1, 8341

v
v

s Cen s en 4 Lo - L0 . . e e y om
sLractures Of sevoial  protedins,  degignated PME-S

been olucidated. The unigue

proveins, along with their

proesence 1 s, suggesta shat thoy are dwpoctant regqulators of

Lone  revair proctesses,  and omay  be  invelved in the aoimal
Mol Avseance 07 boue lssas . The BMP-11 protein of the present
invernt for os oreiated Lo Lhe above BMP proteins, and o expected

sobove tissue, such as tendon or
actlivities of  the BMPs. in
“he proteins of the inveantion wmay
serhans synergistically with other
factors Further cher apeutj <
ne invention therefore compr:se a
therapeutic  anount  of st leuast one  BMP-11 protein of the
Ppsertior woth oa fherapeutic amourc of ab least one of the other
i oo owned patents and appillicotions
conbolinarions may  comprise  separate
sirs v heteromolecules comprised of

BME- 11 proteins may Le

combinad witl other agents Lo to rthe treatment of the
cope and,/or cartiiage . wound, or tilgsue in guestion.

Thess agents oo var iuus

"'.‘

qrowth factors such as eplderma

growhh facrtor (EGE! fibroblast growth factor ({(FGF), platelet
o

ved growtl fector (PROFY, cransforming growth factors
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and TGF-G3),., and k-fibrobklast growth factor (kFGF), parathyroid
hormone  (PTH), leukemia inhibitory factor (LIF/HILDA/DIA;,
insulin-like growth factors (IGF-1 and IGF-IT). Portiong of
thege agents may also be used in compositions of the present
inventioi.

The bhovine BMP-11 DNA sequence (SEQ ID NO: 1) and amino
acid seguence (SEQ ID: 2) and human BMP-11 DNA seqguence (SEQ ID
NO:10) and aminc acid sequence (SEQ ID NO:11) are set forth in

the Seguence Listings herein. Activin proteins are capable of

regulacing the production of follicle-stimulating hormone (£8H

and thus BMEP-11 may be useful as a ceontraceptive or a ferti

[

inducing therapeutic. In homodimeric form or in heterodimers
with preteins of the inhibirn-f group, purified BMP-11 protein is
expected to demonstrate activin activity, and may be used to
gtimalate F3H. In addition, it is ewpected that the purified
BEMP-11 protein may be useful for the induction of bore,
cartilage and/or other connective tissue.

Bovine FEMP-11 may be produced by culturing a cell
transformed wich a DNA seguence comprising nucleotide #37% to
nuclectide #704 as shown in SEQ ID NO: 1 and recovering and
purifying from the culture medium a protein characterized by the
amino aclid sequence comprising amine acid # 1 to # 109 as shown
i SEQ ID WO: 2 supstantially free from other proteinacecus
materials with which it is co-produced.

Human BMP-11 is expected to be homologous to bovine BMP-11
The ‘nvention, therefore, includes methods for obtaining tue DNA
sequences encoding human BMP-11, the DNA segquences obtained by
these methnds, and the human protein encoded by these DNA
Sequenceas ., This method entails utilizing the bovine BMP-
nuclectide sequence or portions therect to design probes to

ezn libraries for the human gene or fragments thereof using

ard techniques. & DNA sequence encoding part of the human
protein {(SEQ ID WO: 3} and the corresponding amino acid

sequence (SEQ ID NO: 4) are set forth in the Sequence Listing.

These sequences may also be used in crder to design probes Lo
obtain the <complete human BMP-11 gene through standard

technigques. Human 8MP-11 may be produced by culturing a cell

transformed with the BMP-11 DNA sequence and recovering and
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purifying BMP- 1L from the calture medium. The puritied
srpragsed profteln 1y substant lally free from other proteinacecus

materialy with which it s co-produced, as well as from other

The recovered  purified protein  is  contemplated to
demonatrate the abllity o regulate the production of FSH.  ‘fhe
vreteins of ¢the invention may e {urther characterized by the
ability to :eqularne toe production of  follicle stimulating
hormene  (FSH)  u established 117 vicro biloassays using ratbt
anterior plituitary cells. BMP-11 proteins may alsc be

characterized py the abho ity to induce the forwation of borve,

wrt it age and/or cther connaoctive tissue, for example, 1in the

%%

-

1

rat vone formation assay described below.

Liiother aspeat of the cpvention provides pharmaceutical

compositions cont ainling a (herapeutical ly effective amount of a

BME-15 prorein in a pharwaceutically acceptable vehicle o

carvier. BMP 11 composaitions of the ipvent ion nay be usetul for

e .

che regulactioon of follic

-

= stinulat ing hormone, and way be

useful Lo coutraception, Compositions of the dnvention wan

.

ey

-

furthey incloade at loast one other therapeurically useful sgent
SUCh as tihe BRMEP sroteling BMP-1, BMP- 2, EMP-3, BMP-4, EMP-5, BMP-
5 ogrd BME-T7, digclosad for instance i Unibted States Patents
S,UL0R, 922, 5. 013,649 5,116,738, 5,1.06,748; 5.187,07¢; and
5, 141,905, BME £, disclosed i POT publication WQ91 /18098, and
BMP -2, disclosed i PCT publicaerion WO93/00432, and BMP-10,

ticen  serial number

disclosed 1 co-psrding  patent apel i
DR/0EL, 595, fijed on May 12, 19933, The BMP-11 compositicns may
aiso be usctful for a pamber of uses involving regulation of the
product Lon W tolliacie Stoimulatl L hormone, including
contyaceni von These pethods, according to the inventiorn,
entall adninlisverin

e @ parient npeeding such treatwent, ar

1
2
af fective smount of BMEP-17

The conpositions of vhe (nvention may comprige, in addition
[ BME- 11 wrarein Ot e AP TN f the inhibin- Y O of
LA SR L L e i ofner mecoers ol Lne innipin qroup o
proteing or inbibin « proteing, as well as other therapeutically
vecful agents including growth factors such as epidermal growth
Fector  (BEGF), fibroblast grownh factor (FGF), transforming

growth factor (TCF-o and I6F-F), and insulin-like growth factor
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(IGEF)
The BMP-11 compositions of the present invention may also
e useful for treating a number of bone and/or cartiiage
defects, peviodontal disease and varicus types of wounds. These
metnods, awccording to the invention, entail adwinistering to a
vatient needing such bone and/or cartilage formation wound
realing or tissue repair, an effective amount of a BMP-11
protein. These methods may also entail the administration of a
protein of the invention in conjunction with at least cne of the
novel BMP proteins disclosed in the co cwned patents and
applications described above. In addition, these nmethods way
also include the administration of a BMP-11 protein with other
growth factors including EGF, FGF, TGF-wo, TGF-8, and IGF
Still a further aspect of the invention zre DNA sequences
coding for expression of a BMP-11 protein. Such sequences
include the sequence of nucleotides in a 5' to 3’ direction
1llustrated in SE¢ ID NO: 1 or DNA segu=snces which hybridize
nnder stringent conditions with the DNA sequence of SEQ ID RO:
1 snd encode a protein having BMP-11 activity. Finally, allelic
o oother variations of the sequences of SEQ ID NO: 1, whether
such nuclectide changes result in changes in the peptide

sequerice or not, are also included in the present invention.

Stiil a further aspect <f the invention are DNA seguences
coding for expression of a BMP-11 protesin. Such sequences

include the sequence of nucleotides in a 5’ to 3’ direction
rllustrated in SEQ ID NO: 1 or SEQ ID NQ-10, and DNA seguences
which, but for the degeneracy of the genetic code, are identical
to the DNA sequence of 3EQ ID NO: 1 or SEQ ID NO:19, and enccde
the protein of SEQ ID NO: 2 or SEQ ID NO:11. Further incluced
in the present iuvention are DNA segquences which hybridize under
stvingent conditions with the DNA seguence of SEQ ID NO: 1 or
SEQ ID NO:10 and encode a protein having BMP-11 activity.
Firally, allelic or other variations of the sequences of SEQ D
NO: 1 or SEQ ID NO: 10, whether such nuclectids changes resuvit
in changes in the peptide sequence or not, but where the peptide
sequence still has BMP-11 activity, are also included in ths
present inventicn.

A L[urther aspect ©0f the invention includes vectors
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congrising a DONA  seguence  ags degcribed  above In operavive
asgoCiatic with  aa  oxpression ontrol sequence therafor.

Thesae vestors nay ke employed in a novel process for
producing a invention in which a cell line

ey T D,
transforned

enccding a BMP-11 protein in

operat.ive expression control  seguence

lerefor . do cultured in oa auitaple culture medium and a BMP-11

racouered and narifled therefrom. This process may
employ o numbes of known cells bhoth prokaryotic and eukaryotic
1€ host cells for expression of the polypeptide.

The presant frnvention alsce includes the use of the DNA

cigquences  and  vectors  of  the  dnvention in gene therapy

applicarions Tn . tre vectors may pbe transfected into
the cellag of a tro, and the cells may be re=-
Lot poanced Tnro Alternatively, Lhe vectors may be

1rvroducedt inle o petient in vovo through targeted transfect . on.

Grher aspects and advantages of the present inveati powlll

of rthe following detalled

Arary 1ot ion and oreferrad smbodinvents thereof.

UoLhe Sequsnueg

SE 1D NGO e a partiai nuclectids sequence of the bovine
Qb 11 encoding the mature bovine BMEF 11 polypept ide .

SED I NC:2 is the amino acid sequence cf a partial
propeptide and the complete marure bovine BMP-11 polypepride,
encoded by SEQ T NG

RO LD NO:3 s oa part L2l nucleotide gequence of human BME-

CSED 1D ND:4 1y oa garcial amine acid sequence For humeas: BMP -
L0owolvpeptide encoded by S50 (D NOU3

©ud Th NG5S and 8 are primers te bovine BMP-11 usea Lo
e humasn RMP-11 5 ofher BMP-11 proteins.
QrEQ 1D NO:7 is a DNA sequence that is inserted into pMT2

CXM o add an Xnol recoonit lon site near the SV40 origin of

SHC TD NT:R 18 a DNA seguence inserted into pMT21 to ingerct

ar Yho! recoganition =ite upstream from the DHFR gene.

IS
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SEQ 1D NO:vy is a DNA seqguence comprising a portiocn of the

EMC virue leader segquence.

,\
G
=
o
o
—
o]

IS

SEQ ID NO:10 idis a DNA szeguence enc A partial

r

propeptide and the complete mature human BMP-11 protein.

SEQ D NO.11l 1s Uthe awmino acid sequence of a partial

1

prepept ide and the complete mature human BME 15 protein encoded

~.the Inovention

1
i
1

The bovine 3MP-11 nuclectide sequence (SEQ ID NO: 1) and

enrcoded amino acia seqguence (SEQ ID NG: 2) and human PBPMP-11

~

weleollde sequence  (SEQ ID NG:1¢)  and encoded amino ac.od

QT ND:11) are depicted in the Sequence IListi

-

0

gaoguence  (Hh

2
—

RE|

£l

herein. Parified bovine BMP-11 proteins of the present
invention are produced by culiaring « host cell trarsformed with
a DNA seguence comprising the DNA coding sequence of SEQ 1D NO:
L iron avcleotide #3275 to §704 or the DNA coding sequence of SEQ
Lo NGy 10 from nucleotide #7600 to B1086 and recovering and
purifying from the culcure medium a proteiun which containc the
anins acild seguenss or a substantiailly homoioaosus gequencs as
sepresented by amine acide # 1 to # 109 of SEQ ID NO- 2 or amino
acias 1 rto 109 of SEQ ID NO: 11. For production of BME- 1
proteins inwammalian cells, the DNA sequence further COWPY 1sas
a suviteble propeptide linked in frame with the above DNA coding

sequences for  BMP-11. The propeptide wmay be the native

progeptide of BMP-11 or a propeptide from another member of the

TGF- superfamily

The human BMP-11 sequence of the present invention s
obitalned using the whole or fragments of the bovine BMP-11 DNA
sequence, or the partial human BMP-11 sequence of SEG ID NO: 3
a8 a proke. Thus, thne human BMP-1i DNA sequence comprise the
DNA segquence of nuclecotides #28 to 5185 of $70 ID NO: 3. The
auman BMP-11 protein comprise the amino acid ssquence of amzno

acids K1 to 52 of SEQ ID NO: 4.

LB

v 1o expected that BMP-11, as expressed by mammalian cel

such s CHO cells, exists as a netevogensous population of

9]

active gpacies of BMP-11 protein with varyving N-termini. [t o¢

expected Lhat active species will coemprise an amino acid
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sequence beginning at least with the cysteline residue at Amino
acid #6 of SEQ ID NO:1 or 3LQ ID NO:10, or further in the N
terminal direction. g, it ism expected that DNA sequenc?g
encoding active BMP-11 proteins will comprise nuclieotides E375
av #3460 to 703 of SEQ D NG:1 or nuciasotides #7600 ov #77hH ro
#1086 of SEQ ID NO:10, and may comprise additional nuclectide
sequence in the 5/ direction of SEQ D NO:1 or SEQ ID NO

The N-terminus of human BMP-11 has been expevimentaelly
determined by expression in DL ool to ke as  foliows:
(MINLGIDXDEUSSE, wherein X designates an amino acid residue with
no ciear signal, consistent with a location of cysteine at that

“

3 species of BMP 11 wi

-

- S - T e e o -~ EE TN A
position. Thus, it is expected Lhat tihi

A

Hawe an N orerminus atb amine acrnd #0101 of SpQ I NG:1 or skl LD

NO: 10, and DNA sequences encoding this

(I)

recies will comprisze
micieotides # 375 to #0701 or SEQ  ID NO:1 {(bovine} or

nucieotldeg # Y60 rto 1

~

186 of 3EQ 1D NC:10 {human). The apparent
molecular weight of human 2MP- 11 monowery was determined by sSDS-

PAGE to be approximately 12 kd. The human BMP-11 protein exists

as a clear, colorless solution in 0.1% trifiuorcacetvic acid.
The BMP- 11 proteins recovered from Khe cultare medium are

viarified by isolat ing them from other protelinacecus materials
feom which they are co-produced avd from other ceontaminants
present .

EMI'-11 poroteins wmay he characterized by the ability to
reguiate Lhe production of FSH. BMP-11 proteins may further be

characterized by the ability to modulate the release of follicle
N X

ot iwnlating Loimone (FSH)  1n established in vitro bioessay
nsing rat anterior pituitary oells as described (see, e.g., Vaje
er al, Endocrinclogy, 91:%62 572 (19721; Ling et al Nature,

17 79-782 (19867 ov Vale et al., Nature, 321:776-77% (1986}]

EMP-11 proteins may alsce he characrerized by the ability to

Fore, cartilage and/or other connective
Fasue . ducn Lissue inducing activity of BME-11 may [uvther be
charncterized bv the ability te induce the formation of bone,
cartilage and/or other connect ive tissue in the assays described
in the cxamples below.

The BMP-1LL ng provided herein also include factors

encoded by the sequences gimilar Lo those of SEQ ID NO: 1 or SEQ
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I NO:10, but into which moditicavions ave naturally provided

{e.g. allelic variations in ths nmiciectide sequence which may
result in aminoe aoid changes in the polypeptidetr or deliberately
arngineered. or exampls, synthetic polypeptides may wholly or

4

partially duplicate continuous seqguences of the amino ac.d

idues of 8EQ ID NO:2 or SEQ ID NO:11. These gequences, by
s

o

T
virtue of sharing primary, secondary, or tertiary structural ard
conformational chnaracreristics with inhibin 3 polypeptides ot
SEQ ID NO:2 or Skg ID NO:Il may possass BMP-11 activity in
common thervewsth.,  Thus, chey may be ewployed as biologicaily
active substitates for naturally-occcurring BMEP-11 polypept:des
Lol therapeuric processes.

Cther specific wmutations of the ssquences of BME-L1

proteias degcribed nerein involve modificarions of glycosylacion
s3ites. These modificaticns may involve O-linked or N-linked
ylyoosylation slites. For instance, the absence of glycosylation

Or  ouly  partial  glycosylation resalts from amino acid
subst itution or deletion at asparagine lirked glyoosylation
recogqaition  sites. The asparagine- linked glycosylation
recognition  sites  conprise tripeptide seguences which are
specifically recognized by appropriate cellular glycosyiation
enzymes . These Lripaptide sequences are either asparagine-X-
tnreonline or aspalagine-X-serine, where X js usually any aminc

acid. A variety of aminc acid substitutions or delet ions at one

cro ot of tne first or third amino acid positions of a
glycosylation recognition site {and/cr amirnc acid deletion at

the second posgition) results 1in non-glycesylation at  the
modified tripeptide sequence In addition, expression of the
BMP-11 protein in bacterial cells results in non-glycosylatsad
rrotein, without altering the glycosylaticn recognition sites.

The present invention also encompasses the nove! DNA
seqguencas, free of agsociation with DNA segucnces encoding other
pretainacenus nmatevials, and coding for byprcuuion of BMP-13
proteirs.  Thesa DNA sequena:s include thosge depicted in 38D ID
NG:1 or SEQ 1D HC:10 ina 5 to 3¢ direcrion and thos: sequences
winich hybridize thereto under stringent hybridization
conditions, [or examples 0.1X 88C, 0.1% SDS at 65°C Ilgee

Maniatiw et al, Molecular Cloning (A Laboratory Manual), Cold
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Spring Harkor lLaboratory (13¢7), pages 387 to 382) and encode a
protein having BMP-11 octivity. These DNA segquences alao
include those which comprise the DNA sequence of SEQ ID NO:3 a1a
those which nybridize thereto wunder stringent hybridizarion
conditions and encode a proteln naving BMP-11 activity.
Similariv, DNA sequenues which code for BMP-11 protelns

IV NO:1 or SEQ 1D NO:1(0, bt

i

B

.,

coded for by the sequences ob o

[

wiich differ in codon seguerce due to the degeneracies of the
genetic code or allelic wvavrliatlions (naturally-occurving base

changes in tne specles popular ion whicl may or may not result in
an amine acid change=) also cncods the novel factors degcoribed
herein. Variat.ons in the DNA cequences of SEQ ID NO:1 ov SEQ
1D KO:10 which are caused Ly point muracions or by inducsd
modifications (including inservion, deletion, and substituticon)
Fo  enhance the activity, half-life or producticn of tne
pclypeot ides =nooded are also encompassed in the invention
Lnother aspest of tne prosent lovention provides a novel
merhod for preducing BME-11 proteins.  The method of the present
invenrion involves cultusing a suitaple celi line, which has
heen traraformed with a DNa scquence encoding a BMP-11 proteln
of rhe invention, under the control of known ragulatcry
seguences.  The transformed host cells are cultured and the BMP-
i1 proveing recovered and purified from the culture madium. The
purified proteins are substantially free from other protelins
with which they are co-produced as  well as  from other
contaminants
Suitable cellg or cell lines may be mammalian cellis, such
as Chninesea hamster ovary cells (CHO) . The selection of suirvable

mawmalianr nost

,
™
.
r
{
o
Q
o
=
.l
1
e
W

o hods for transformation, culture,
amplification, screening, product production and purification
are Mnown in che art. See, o.g., Gething ana Sambrook, Nature,
293:620-625 {19&1), or alternatively, Faufman et al, Mol. Cell.

iol., S{7y:1750-1759 {198%; or Howley ot al, U.Ss. DTatent

G A46 Anccher auitable mamnalian cell line, which 1
descriped in the accompanying exawplas, is the monkey COS-1 cell
Lipe. The mammalian cell OV-1 may alsc be suitable.
Bacterial cells may also be suitable hosts.  For examwple,

rhe varicus strains of B. coli (e.g., HB101, MCi06&61) are
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well-known as host celis in the field of biotechnoicgy. Various
strains of B. suptilis, Pseudomnonas, ~ther hacilli and the 1 ke

may also be emoloyed in this wmethod.
Many strains of yeast cells known to those sgkilled in the

art may also ke available a

i

host cells for expression of the
polypeptides of the present invention. Additionally, whare

desired, insect cells way be utilized as host cells in Lhe

method ©of the pregent invention. Sze, e.g. Millexr et &al,
Genatic  FEngineering, 8:277-298 {Plenum Preggo 1985} and

references cited therein

Another aspect of the present lavention provides vectors
for use 1n the methed of expressicn of these novel BMP 11
polypeptides. FPrefevably the vectors contain the full novel ONA
sequernices decscribed asbove winich encode the novel factors of Che
lnvent iorn. Additionally, the vectors contain appropriate
EXpressicn control soquences pecmitt ing expression of the BMF-11
protain seguances., Alternatively. vectors incorpoerat.ong

moditied sequences as described above are also embodiments of

~

1

the pregent invention. Additionally, the ssquence of SEQ (D

4

NG:L ox SEQ IR NG:10 or other sequences encoding BMP-

11 proteins

could be maanipulated to express a mature BMP-11 by deleting RMPE-

1 wncod: proveptide sequences  and  replacing them  with
sequences  encoding  the complete ropeptides  of other BMP

proteins, activin proteins or other members of the TGE -8

superfamily.

The vectors may be employed in the method of transform.ng
cell lines and contain selected regulatory sequences  in
operative associaion with the DNA ceding sequernces of the

vention which ure capable of directing the repiication and
expression thereof in selected host cells. Regulatory seguences
for such vectors are knowa to those skilled in the art and nay
be selected deperding upon the host cells. Such szelechion is
routine and does not form part of the present invention.

Foo expression in wmarmalian bogt cells, the vector nay
comprise a coding sequence encoding a propepiide suitable for
secrebion of proteins by the host c¢ell linked in proper reading
trame to the ~oding sequence for mature BMP-11 protein.

Suitaple propeptide encoding sequences may be obtained from DNA
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encoding proteins of the T6P-5 superfamily of proteins, for
exampie, including BMP-2 throuagh BMP-9. Por exacple, see United

Stares Patent 5,168,150, the disclosure of which s

corporated by referciice, 1 which a DNA encoding a precursor

porcion of a mamnalian protein other than BMP-2 i1s fused te the

DNA  encoding a mature BMP-2  proteirn. Thus, the

invention locludes chimeric JHA molecules comprising a DA

seguence encoding a propentide fron o member of  the TGE- 3

proteins linked (o correct reading
sequence onooding a BME-11 polypeptide. The term "chimerao" is
wmed o signity theo the propept Lde origipates from o diffecent
polypept tde than sMp- 171,

A protein of the present dnvention, which regulates tie
producticn o: FSH, hasz posolhle application in dncreasing

e

4

Ce ey N : oL JURMSI. B . cen
(noa Composition as a honodimer D1 0s

PN

1~

slity, whon axprasged
a hetercodimer witlh other pooizius of the inhibin g8 family. The
proteins of the present  invention may also be useful for
cortraceplion, when expresced in a composition as a hetercdimer
witi proteins of the inbibhin-ow family.

A profein of the present dinvention, which induces

cartilage and/or bone formation in <lx

o

umstances where bone s
not nerwally formed, has application in the healing of bone
Fractures and ceirtilage Jdefects in humans and other animals.
Such & pireparstion empicying & BMP-11  proteln may have

prophylactic use in clossd as well as open fracture redustion

and also in the improved fivation of

\
-

rificial joints. Dg novo
pone ormation induced by an oo eogenic agent contributes to the

repair of congeniial, crauwwa induced, or oncologlc resseotion

inducad cranicfacial defects, and aiso is 1IN Cosmer Lo
plastic sargery. A BMP 11 orotein wmay Se used in the trealment
of periodontal disease, ard Ln cthar footh repall processes.
Such agents away provide an environment o atfract bune-forning

cells, stimuiate growrh of  bope-forwing cells or  induce

o~

Jifferentiaticn ol orogenite of bone-forming cells. BMP-

polypeptides of the inventicn may also be use i1 in the
Lrzatment of OB enDoTosis . A wvariecy  of osteogenic
cartilage-inducing and bone inducing factors  nave  been

Gocoriped. Sce, o.g., Furopeoar patent applications 148,15% and
i ’
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162,016 ior digscussions thereof

The praoteins of the invention mav also be used in wound

healing aad velar «d tissue repair. The types of wounds :nciude.

%

put are not Linmiced to burns, incisions and ulcere. (Bew, ..

o

PCT Publication W084/01166 for discussion of wound healing anc

A furthe: anpect of the invention is a Lhevapeuwtic method
and compozition for repsiring fractures and other conditicns
retated to cartilage and/or bone defects or periodontal di-

trr invention farther compoises therapentic nethiods and

compositions  for  wound healing and  tigsue  rerair. such
SONOOS L a Lhevapeutically effective amount cf at
least one of toe BMP-11 proteoing of the invenrion in admixtura

matrds,

z
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S 3 prepavat Lon @leOYllg'ii BMP- 11 protein may alsc

LN eann TiEronal survival and therefore be useful in

Craasplaniastion  and  treatment of  rfouditions  exhibiting  a

it L8 expected that the BMP-11 proteins of the inventicn
may act in concart with or perhaps svasrglatically with oiher
roLatzd proteins and growth factors. Further therapsutic
nethods  and (:':_mv:')o:ﬁii_i,cm.:':‘- of the iaveution thervefore comprize a
apeut o ancant of  at Jeast one BMP-11 protein of the
inventlon with o therapeutic amount of at least one of the BMP
proveing oo ovhern growth factors disciosed in o ownsd paten.s
and  appiications  described above. Such combinations may
comprise  separate molecules or heteromolecules comprised of
different moieties.  PFor example, a wmethod and composition of
the invention may comprise a disulfide linked dimer comprising
. BMP-11 protein subunit and a subunit frowm an inhibin-o
srotein, ar inhibin-f protein or a BMP protein, such as BMP.
through BMP-10. The ugents useful with 8MP-11 may include
varlous growrh factors such as epidermal growth Tactor (GOF),
transforming growth

i

platelet devived growth factor (PROF)
factors (TGF-a aud TCGF-2), and insulin-iike growth factor (IGE) .
urther therapeutic methods and compositicns of the invention
couprise s Lherapeutic amount of at lezst one BMP-11 protein of

tne iovent fun with a therapeutic amount of at least one of the
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BEMP proteins disclosed in oo owned patents and applications

I

described above, Guch  oosbhipatlong may  comprise  saparat
molecuies of the BEMP proteins or beteromnolecules compyised of
differant BMP moietiss. For example, o method and composition
of the irvenrion may comprizge a disulfaide linked dimer
comprising a BMP-11 protain subunit and a subunit from one Of
the "BMP" proteins described above. Thes, the present inventisn

tncludes a vurified BME- 11 polypepdide which is a heterodimer

whersin one gupunit comprisecs at least the amino acld segquence
from aming acid #1 to amino acid #1049 of SEQ ID NO:2 or SEQ 1D
NC: 11, and once sabunct connoosss an aulnoe acid sequence [oroa
borne nerphogenet 1o protein selected from the group conslst ing of

BMP- 1, BME-2, BM®» 2, BMP 4, BMP* 5, 8MP-6, 8MP-7, BMP-8 anda BMP-

S, b further embodiment may comprise a heterodimer of BMP-11
moieties.  Furthier, UMP-11 proteins may be sombined with other

agents beneficial to the treatment of the bone and/or cartiiag
ud

varicus growth {factors such ae evidermal growth factor (EGE),

(T,

;,.-

derect, wound, or tissgus in gquestion. These agents

e

fibroblsst grouwth factor , platelet derived growth factor
(PDGF), transfocmiang arewth factors (TGF-o and IGF-8), and k-
flbroblast growth factor (kACP), paratnyroid hormone (PTH),
leukemia inhibitory Ffactor (LIF/HILDA/DIA;, lnsulin-like growth

factors (0(3F-1 and 1CGF-11) . Portions of these agents may aiso

D D-‘

be used in composiitions of the present inventio

The BMP-1% proteins of the present invention may also be
vsed 1n cormposibions conbined wich boue morphogenetic proteins.

7 -

e, Ogawa @t al., WO g2/14481 {(1992); Ogawa et al

J. Riod. Chem , 267:14233-14237 (19%2). 'The bone mox phogener 1o

proterns useiul in surh conpositions include BMP-1, BMP-2, EMP-

L
3, BMP-4, BME-S, BME-¢ apd BEMFE-7, disclosad for Instance 1n
Tnited  Srates  Patents ©,108,922; 5.013,649; 5,116,738

~1171

5,106,743; 5,1R7,076; ad 5,141,905, BME-R, digclugsed 10 PTT
publicariocn WOS1 /18098, and BMP ¢, disclosed in PCT publication
WOD3/004732, znd BME - 3 disclozed in co-penuding patent
spplicacion scriai numbe:r 007061, 68950, filed on May 12, 19293
The preparacion and fornmulation of such physiologically

acceptable protein  CcompOElllIons, naving due regara Lo pll,



)

isotonicity, stabkility and the like, ig within the skill of Lhe
art..  The theyapeutic compositions are also presently valuable
for wveterinavy applications due to the lack of species
speciiicity i BMP and TOF proteins, Particularcly domestic

1 P

anima.s  and thoreughbred horsse  in addition to humans are

sived patients for such treatment with BMP-11 of the present
invention.

Tiie therapeuoin met hod includes administering bt
compos it lon top.ocally, systemically, or lovally as an implant or
device.  When administered, the therspeutic composition for use
i this invention  is, of  course, in  a pyrogen-trees,
physiclogical.y accedtabnla form. Funtheer, the composition may
desirabily be encapsaelated or dnjected in a viscous form for
delivery to the gite of bone, cartilage or Lissue damasae
Tepioal adminiatration may be suitable for wound healing and

Therapeutically usaful agents other then the

BMU- 01 veoteins which may also optionalily be included in the

composttion A degceribed above, mAY alternatively or

additionailly, be administered simultaneously or gequent ially

BME-L1T composition in the methoeds of the inventicorn.

treferably for bone, cartilage or ather connective t:sstue
foraation.  the composition  includes a mavtrix  capable  of
delivering BMP-11 or other DMP proteinz to the site of tissue
agmage in need o repaix, providing a structure for the
developing bone and cartilage and optimally capable of being
resorbaed inte tiae body. The matrix way provide slow release of

BMEP-11 and/or other bone inductive protein, as well as ovrope

~

preseutation and appropriate environnent tor cedltular
infiltration. Such matrices way npe tformed of material
presently in use for other implanted medical applications.

The cholce of natrix maverial is based on biccompatibility,

plodegradability, mechanical propertics, cosmetic appearance and

interface properties. The particular application of the BMP 11
conmpositions will define the appropriate formulation. Potential
matrices  for  Lhe compositions way be biodegradable and
chemically defined calcium  gulfate, tricalciumphosphats,
hydroxyapatite, polylactic acid and polyanhydrides. Otler

potential mater:als are biodegradable and biclogically well
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defined, such as bone, tenden 20 dermar cotlagen.

moat rices tged of pure protelns O ext raceliuvlar watr iy

components . Oy potentiol matrioo:

chemically defined, such an sinteved hydroxyapatite, b ovlass,

aluminrarcs, oro other ¢ ol Matyices may be comprised of
combinat tons of any of the obo ot materia.
such oo td ans ool bagen  and

COTpROSsiLLon ssnch i in aloiom aiuminate-phosphate and

processing to alter nors sice, oarticle slze,
and bilodesradability.

Brogress oo be nond ored by peoicdio assessment SFpone
growth end-or  veoalc, The oo can pe menitorea,

exampla, X-rays, histomorohometoic determinat ions and

attending

a5 Lactors action of

the BMP 11 protein, =.g. ihe patlent!

soverity of any infecrion, cime O

\
3
—_
N
3
o}
X
i
~t
=
3
~
T
N
9
;
)
7
ol

ray vary with the type ot sMb

i the compositicn.  The dosage

may also vary with the typs of malrix uvsed.
Y f

The following examples 1(lluastrate pract ice of the present

lovention in recoveriug and chorvacterizing bovine 3MP 11 prore.n

ar.d employing 1t to

re
-~

caver the human and other BMP-11 prortelns,
obtaining the luman proteias aod expressing the proteine via

reconinant foechninigues

EXAMPLE 1

800, 0045 TeCOmLInants »f a2  bovine genomilc livrary

constructed it the veotor ARMBETY are plated at a density of 2000

recont iniant  bacrteriophsae plaques per place on 100 plates.
- . 3 - . p; 1.
; K ritroce i Lalosn el Leas ) thie

olaques are aade [vom these plates and ampiified.

A fragment nasl BME DN/ to nucleotides #1031
_ , . e e T A
To Blaeor (Faiguve 4, Uninoed 5,141,206 1w P -

Tabelled by the racdom pritdeg procedure of Feinberg et al.

(Bral. Bicchem. 1220 ¢ 13 {34933317 and hybridized to one set of
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Fitoers in standard hybraidization bt fer (SHB) (bx 88T, 0.176

SDE, Sx Dephardt “s, 100 pg/ml Salwmon sperm DNAY at 60'C fovr 2 to

3 ouaye. The filters are washed under reduced stringency

conditvions (4% 38C, 0.1% SIS et 60°0). Multiple positively

ooy

Tdizing recompinants arve noted. 52 positively hybridizing
reconhinant bacteriophage plagques are gelected and replated for

5

onday iow . Duprlicate anitrocsilulose  replicas

bty
o
=

7

[ 5]

cocmnlrant plagues are made {rom thes: 52 secondary piates and
amps ified.  Goe ss=t of nitrocellulose filters 1s hybridlzozd to
The numan BME Y DNA probe as described above and washed unden
the  =2ane sduced  gtringency conditions. “he other set ol
Titters Is hybridized to a mixed BMP-5, BMP-6, and BMP-/ probe
Sr PR ar 0R00 overndoht o and wazhed with oa 01X 98¢

6590 (styjingent nybridization and wash conditions) The mixed

R [ . RPN ] . IR . I b - 20y - T AT
probe consists of relatively equal amoants ot “P-labelloed DNA
Pragnent s comorising nucieo! ides #1452 o #2040 (Fiauwre 4,
Unired States Fatent 5,106,748} of the human BMP 5 sequanos,

nuclaectides #1395 ro #1693 (Figure 4, United States Patent
5,187,078 of che ruman BMP-6 sequence, and nucleciides 1081 to
Fla0: {fagure 4 United Brvateg Patent 5,147, 0C%0 ol the huran
FCUUILOS The BMP-5, BMP-6 and BMP-7 DNA fragmants are
A B }'\, = et 1«,!_ Ve Yo nalen - H N Y S Y ey I 1 NS sEPEH } ot s b

' rabel tad DY Une Yanaom priming pro<aauldre aldg ecdualr rnumnbers of
addod Lo

'ning the oths2r set of nitrocellurose fiiter

a

counts per minute {opms) of each prebe are combined anc

s

a4 A

52 secondary plates A recombinants, which

hyoridized positiivaely to the human BMP-7 probe under the reduced

stringency condit.ions and exhibited weax or ne hybridization to

the mixed BM¥-5/6/7 probe under high stvingency conditions, are

P B
Sex L Ten

or  further analysis. All 14 recombinants which
exhibri these hybridization characteristics ave plague puritied
and bacteriophage DNA 1s prepared {rom sach. The positively
hvprid. zing reaion of one of the 14 recombinants exhibiting the
Hybridization chavacteristics described above, decignated Mirx-
30, is localized to a 0.5 kb Sacl restriction {ragument . This
tragment is subcloned into & plasmid vecter {(pGEM-73) and DNA
seqguence  analysis 1s performad. The part.al DNA  sogquence
(SAQUENCE ID NCO. 1) and derived amino ocid zoguence (SEQUENCE (D

NO. 2} of clone N7r-3C are shown in the Sequence Listings.
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The pacteriophsae Nr 30 has been degeosited with the ATCC

on April 7, 19972, and accorded the accession number ATCD V0439
This deposit meets the reguirements ol the Budapest Treaty of
the Internat:icnal Renognition of the Deposit of Microorganisas
for tae Purpose of Patent Procedures and regulations thereandes.

Leasy a portion of the boviie

Iavent Lorn . The nuclect e

one AL - contaars an open reading frame of 456

nucleotides $240 70l L0 SED DD NG The rucleotide sequence oL
B304 to #7500 of S8R0 10 NO: 1 detines an open reading [rame of 378

i, encoding et least 124 aming acids of the C-terwinal
coriion of 2 bovine BME-TL protein, as determined by aligrmect
Lo ootbase BMP O probteins and otnsr proteins within the

246 to #3123 deflines an open

Lous  owith o the segquence endc oding  the

Tedicred 126 aming  aoid BME-11 peptide, however a  cednoed
Gecrec cr oamine acid ddent ity of the peptide deduced {coom this

WOgEon coce (Er4s o §327) fo other BMP proteins and

ol et

potent ial ol oo aceeptonr colsepiug Beences make it ditfioult
to define the 57 Iimii of rlis exon of the bovine BMP-11 gene.
“he presconce of an in-brame stop oodon At nuclect ide positions
#2643 Lo §245 indicatoe that cuclecoide sequence of clene A7r- 30

Leeagt one exon/intoon e bovine BMP-11

Fased Lpon Dhe knowledge of other proteins within the TGF (
family, it is predicutad tuoat the BMP-11 precuvsor polypeptide
would be cleaved at the sultibasic seguence ARG SER-ARG-ARG In
Ggresment withooa proposed  Consensiy proteolyt 1 DYoness g

<A i

segquaence oL ARG-X X ARG Meavage of the BMP 17 preoursor

polypeptide expecied te generate a 105 aminog acid wmarnure

reptide beginning with the aming acid ASN at positicn #1. The

procecsicg of BMP-31 into e matare form s expacted Lo Involve

o,

Tmevizat ton and remnova. of the K-terminsl reglorn in a manner
snalocous ro Lhe processong of che relat -ed protelin TGF-f (Gentry

et al., Molec., & Cell. $:4162 (1988); Derynck el al.,

[t iz contemplated therofore that the mature active spec.es
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of BMF-11 cowprises a homodimer of two polvpepiide subunits

each subunll comprising amino agids # 1 to # 102 with &
predicted molecular weight of approximately 12,000 daltons.
Further active gpecies are contemplated comprising amino acids
#5 to #19%, thereby including the first conserved cysteline
rezidue. As with other members of the TGF-8 family of proteins,
the carboxy-terminail region of the BMP-11 prctein exhibits
greater seguence conservation than the wore amino-terminal
portion. The pecrcent amine acid identity of the BMP-11 protedn
in the cysteine-rich C-terminal domain (amino acids #6 to #109)
te the corresponding region of other proteins within the T4GP-§
farmily iz as tollows: BMP-2, 39%; BMP-3, 37%; BMP-4, 37%: BMI-
5, 42%, BMP-6, 45%; BMP-7, 42%; BMP-8, 39%

39%; GUF-1, 24%; TR 81, 36%, T3IF-(2, 38%; T::;'f«"—;’)’z, 38%: inhabin

(B), 41%; iuhibin B{A), 3¢

O
o\e

EXAMPLE 2

Human BMP-13

Bovine and human BMP-11 genes are presumed to e

significantly homoloaous, therefore the bovine codinyg seyuence
or Aa portion thereof 1is used as a probe ©to screen a human
genomic library or as a probe to identify a human cell line or
tissue which synthesizes the analogous human protein. 2 hunan

enomic library. such as Stratagene catalog #944201, may he

L}
m

screered with such a probe, and presurptive positives isolated
and DNA geguence oktained. Evidence that this recorbinant
encodes a portiocn of the human BMP-11 relles on the bovine/hwuman
protein and gene structure homologies.

Once a recowmbinant bacteriophage containing DNA enceding a
portion of the human BMP-11 molecule is obtained, Uthe human
coding sequence can be used as a probke to identify a human cell
line or tissue which synthesizes BMP-11 mRENA. Viternatively,
the bovine BMP-11 coding sequence can be used as a probe to
identify such human cell line or tissue. Briefly described, RNA
is extracted from a selected cell or tissue source and either
electrophoresed on a formaldehyde agarose gel and transferred co
nitrocel iuiose, or reacted with formaldehyde and spotted on

nitrocellulese directly. The nitrocellulose is then hybridizad
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te a probe derived from a coding sequence of the bovine or human

BME -1 Alternatively, the bovine BMP-11 coding sequence 1

n

used to desgign oiigonuclaotide primers which will specifically
amplify a portiocn of the BMP 11 encoding sequence located in the
regicn located between the primers utilized te perform the

specific amplifioal oo reaction. It is contemplated that bovine

and human BMP-11 sequencss woula allow one to specifically

iy correspording human PME-11 encoding sequences from mRNA.

CDNA or genomic DNA tenplaten Cnee a cositive source hasz been
identifZed by one of the above described methods mRNA IS
selected by oligo (d7T) cel uinse chromatography and cDNA 1s
synthesized and cloned in AaL10 or ather A bacteriophage vectors
known to rhose skilled 0 rre art, {i.e. MAP) by established

technigues

Poole: =t &l ., supfar . Tt 1s also possible o
verforn  inhe  oligonuciest ide  primer  dirvected amplification
yeaction, deson ibed above, Jiseotly onn a pre-established human
CONA or  genomico 1ibrary  whionh has been  oloned into a A
bacteriophage vecto: . T oseeh cagses, a library which yislds a
spacifically amptifisd DNA product encoding a portion of hunan
BMP-11 protein  could ke scrveened directly, utilizing the
fragunent oF anplified B 17 oncoding DNA as a probe.

O lgonucleotids primers deasligned on the basis ot the DNA
sequence of the kovine ByMp- 17 genomic clone N7r-30 are pradicted

Lo allow the specific ampiification of human BMP-1i1 encoding

s

o)

T

ot ad
21

sequencaes . The following ol tgonue]

o #

forth in SEC D NG, 1 and synthesized on an automated DNA

primer is designed on

T

the pasis of nucleob ides iP5

,__
U
“N\
C
—
rt
e
o
T

DNA sequencs set

synthesizer.

AGATHCTCCCGCUAGTGCGAGTAC

Tne {irsc nire cleotidas  of primer O {(underlined)
coumpirise the recogaition  sequence  for  the  restriction
endoruciense Xbai which can be uveilized to facilicate the
manipulatrion of a2 specifically amplified DNA sequence encoding
the BMP 11 protein of the invention and are thus not derived
from tne DRA seguence presented in SEQ ID NO: 1.

The following oligonuacicotide primer is designed on the
basis of nuclectides % 721 to # 678 of the DNA sequence set

NOL 1 ana synthesized on an aurtomated DNA

s

Torthh oin SbQ I
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synthesizer:
GCECATCCAEGAGCAGUCACAGCGATCCAC

The flirst nine nucleotides of priwer D lunderlined)
comprise the  recognition @ sequence for the restriction
endonuclease BamHI which can be utilized to facilitate the
manipulaticn of a specifically amplified DNA sequence encoding
the BMP-11 protein of the invention and are thus not dervived
from the DNA seguence present in SEQ ID NO:1.

1 LfLed

"1

The standard nucleotide symbels in the above ide
primners are as fTollows: A, adenosiune; O, cytosine, G, guanine:

and T, thymine.

Primers C and D identified above are

allow the amplification of a specific {rem hHuwan

genomic  DNA. The amplificatien reaction 1s performed =g
Toliows:

Human gencmic DNA (source: perigheral blood lymphocytas) is

denatured a% 100°C for five minures and thern chilled on ice
pricr to addition to a reaction mixture containing 256 uM each

desxynuclectide triphosphates (dATP, d3Tf, 4ACIF and 4ATTE) 19 mM
Teis-HCL pls.3, 50 wM KCI, 1.5 mM MgCl,, 0.001% gelatin, 1.2%
units Tag DNA polymerase, 100 pM oligonucieotide primey O and
100 pM oligonucientide primer D. This reaction mixture ig then
subjected to thermal cycling in the following manner: 3 minutes
at %4°C, 1 minute =t 50°C, 1 minute at 72°C for one cycle, then
1 minute at 94°C, 1 minute at 50°C, 1 minute at 72¢C for chirty-
nine cycles.

The DNA which is specifically amplified by this reaction is
separated trom the excess oligonuclectide primers ¢ and b
utilized to initiate the amplification by the use of a DNA

purification resin based protocol under the cond.tions suggestad
by the manufacturer. The resulting DNA product is digested with
the restriction endonucleases Xbal and BamHI, phenol extracted,

chloroform extracred. Buffer exchange and removal of amall

fragments of DNA vesulting from the Xbai/BaHI restriction digest

ig accowplished by dilution of the digested DNA product in 10 Mm

Tris-Hel pH&.C, 1@ Mm EDTA followed by centrifuagaticn through a
T

centricon™ 30 microconcentratar (W.R. Grace & Co., Beverly, Ma.;

Product #4209) . The resulting Xbal/BamHl digested amplitied DNA
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product is supcloned Tobo : sotor (pRluescript) petween

o

Fot
e
.
A,
J’_
3
1
.
.
<
P

U

-

“he ¥Xpal and RawH! restricticon sites of the polylinker region.
DNA sequence anlalysis of the res. Lting subclones indicates rhat
rhe specifically anplitied DNA  sequence product  encodes A
porcion of the buman BMP-11 protein of this invention. The DBNA
seguence  (SEQ LD NO:3) and derived amino acid sequernce (8SkQ 1D

NO-d) of this speoifically amelariad DHA fragment are set forch

4
o
)
—
L
et
.
G
R
C

#27 of thig sequance comprise a port lon
of ol ig(‘n‘.m_'?‘;e:’)'-f i primer € and nucieot ides #1186 vo 213
conprise a portion ol oli gonncleor ide  priwer D urilized U5
perform  the specilio atgl iflcatlion reaction. Due to the
funct ine of oligenucleotide priners O and D (designed on the

wMD U1 DNA sequenae) in initiating the
ampiiticavion reaction, they may nob correspond exactly U0 the
actaal sequencs encoding a bnan uMpP-11 and are theretore not
crarslated 1o the above amind acsd @rguence derivaticn. The ZNA
Crom nusleotide #0860 o #1385 or QEQ I NO: 2, or
Dortions tooredi, B e fically ampliftied from tbe human genomlo
DNA template Can De utliized 35 & probe to identify additional
himan BMP- 11 encoding seguences from numan genemi< or human CDNA
whridizet ion/ corcening taechniques snown

&

Cre million, two nundred Ui nuand reconbinants of a hanan

fetal  brain  oDNA O Tibrary  (Stratagene catalog #  936206)

fn the vectors AzZAVIT Aave plated at A density ot

24,000 recorbinant pacter.iophgs olaques per plate on 50 plateg.
Copllcare nitrocelluloss rep.icas ot Fhe recompinant

ey oophage plagues are made  from  these pilates. A

oligunuclest ide probe designed on Fhe basis of nucleotides #53-
402  of  SEZ 1L NOD:R o ig wyntnes ised  on  an  automated  DNA
svnthesizer. This ol ig:'m.y"l aoride probe as  radicactin ely
lapelled with 7"P ATD and 1o hybridized to bhoth sets of thez

icas  in SHR  at &€5°C. Nine

O
3
I
o
rh
~
-y
(T

positively hybroidising r2conn Pnants are noted.
vositively hybridizing reconbinants, named AFB30.5, is plaque
purified. Bacueriophage plate stocks of the purd ified AFB30.5

FDNA ~lone are prepared and hacteriophage DNA IS isolated. &
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Y

pact=rial plasmid named FB30.5, generated by the in vive

€2}

excislion protocol described by the supplier (Stratagene) and
containing the ecatire insert of the AFB20.5 bactericphage <DNA
clene. has been depesited with the ATCC, 12301 Parklawn Drive
Rockville, Marvyland USA under the requirements of the Budapest
Tyealy and designated as ATCC # . A portion of the DNA
saquence of cloae FB30.5 isg set forth in SEQ ID NO: 10.

Orer million recombinants of a2 human genomic library

(Stratagene Catalog # 944201) constructed in the vector AFVLIX a-e

[

plated at a density of 20,000 recombinant bacteriophge plagues
per plate ou 30 plates. Duplicate nitrocellulose replicas of
the recompinant bpacteriophaygs plsques are made from  theuse
plates.An oligonucleotide preobe designed on the basis of

nucloet ides #57-#85 of SEQ ID NO:10, with the 2xception of an

irnadvertent subsiitution of CAC for GCC at nucleotides H5G-d61

of 8FQ 10 NO:LC, is synthesized on an automated DNA synthnesize .

This oligonucleotide probe is radioactively labeiled with yPo-
ATP  ard  is hybridized to  both ets <t the duplicate
nitroceliuleose replicas in SHB  at  65°C. Five positively
hybridizing recombinants are noted. One of the positively

hybridizing recombinants, named 30GEN.4,1is rlague purified.
Bacteriophage plate stocks of the purified 305EN.4 genomic clone
are preparved and bacteriophage DNA is isclated. & Lacteriophage
stock of this gencmic clone has been deposited with the ATCO,
12301 Parklawn Dvive, Rockville, Maryland USA under the
requirements of the Budapest Treaty and designated as ATCC 4§
o A portion of the DRNA sequence of clone 30GEN.4 is set
forth in SEQ [D NO: 10. A portion of the DNA& seguence of the
genomic clone 20GEN.4 was determined to be identical tco a
portion of the DNA sequence of the cDNA clone FB30.S. The
extent of thie cverlap (nucleotides #1-H198) of QEQ 1D NO:10
were used as a basis to complle the partial coding s seguence of
the BMP-10 protein. The genomic clone 30GEN.4 is expected to
contain additional %' coding sequences of the human BMP-11
rotein which are expected to encode the remainder of the BME-1(1
precursor polypeptide, including the initiator methionine. The
partial seguence of human BMP-11 is presented in SEQ I NG:10

ana it should be noted that nucleotides #1-198 have bheen

o
»s



[
[Vh

o)

G1 E205-PCOT 24

01¢151

determired to b present ‘n both the 300EN.4 genomic clotie and
Yo FR3I0.5 ¢DNA clone while nucleot ides #199-#1270 are derived

entively from the CDNA <olone FS30.5.  SEQ IR NO:10 predicts &

16

human BMP11 precursor protelin of at least 362 amino acids.
Based on the koowledgz of othar BMPs and clher proteins within
e TGE -8 family, it ie predicted that the precursor polypept jde
would be cleaved ar the nultibasio gedguence ARG-SER-ARG-AKG

Ve H P,

sos # o4 tnrough #-1 0t SHEQ 1D NC:1i) in agreement with
X

the propossd consensus vroteclytic processing seduence ARG-S

ARG. Cieavage of the human BMP-11 precursor polypeptide at this

location would generats a 0% amwno  acid mature pept ide
Deginning with the amino acid ASN at position #i of SEQ D
NC:11.  The processiog of loaman BMP-11 into the matuvre form is
axpected to lrvolve dinerivation and removal of the N terminal

raegion In g manner asalogous o the vrocesing o

I<
G
e

-
Tl
—
)

-

2
T
jos!

e

-
~
9
v

Moleo., & Cell. Biol., 8:41&2

(1388 ; PR.Derynok, =t al. Mature  316:70 (1398%) . It 1Ls

contemplated tharn the mature active species of human BMP
comprises a hovodicer of two golvpeptide subunits, each gubunit

ComPrising amino acicds #1-4108 of SBQ 1D NO:1li, with 2 predicrad
molecular weight of 12,000 daltons.  Further active species are
coutrmpldt»ﬁ cowmprising amino acide #7 #1008 of SEQ 1D NO:ll,
thereby cluding  the  firel  conserved  cysteine  resldue.
Hoterodineric molecules comprioing one subunit of BMP- 11 and

another subunis of anccher member of the BMP/TGF-§ superfamily

¢_
W
(T
0
~
i

are alse contempl

In ~rder £ procuce boving, human or other mamnalilan BMP-11
crotelns, bhe DNA onending it s rrapsferred into an appropriate

axpression veot or aud iatrodaced into mammal.an «ells or other

8%
»,‘

errved  sukaryouio or prokaryenic hosts by conventional

Py

jSR =
genetic engin@ey ing rechnidues The preferved express;on systen
For piologicalty act ive recombinary human BME- 10 is contemplated
ro be staply vransformed wawmaiian cells

Crie ekiiled in Lhe art can ~onstruct mamnalian expression
vectors by employing the seguence of SEQ ID NO:1 or SHEY 1T

O:10, or other DNA sequeances erieoding BMP-11 protelus Ov other
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modi fred sequences and known vectors, such s pCD [Okayama ot
al., Mcl. Cell Bicl., 2:1631-170 ({i982}], pJdL3, pdl4 {Sough et
al., EMBC J., 4:645-653 (2985)] and pMT2 CXM.

The mammalian expression vectory oMTZ CAM is a devivative of
91023 (b) (Wong et al., Science Z28:810-81%, 1985) difrering
from the latter in that it contains the ampicillin registance
gzne in place of the tetracycline resistance gene and fortheyr
contains a Xhol site for idnsertion of ¢DNA clones. The
functional elements of pMT2 CXM have been described (Kautfman,
R.J., 1285, Proc. Natl. Acad. Sci. USA 82:68% 593) and inciude
the adenovirus VA genes, the 8V40 crigin of replication
iacluding the 72 bp enhancer, the adenovirus wajor late promoier
including a 5’ splice site and the majority of the adenovirus
tripartite leader sequence present on adenovirus late mRkNAg, a
27 eplice acceptor site, a DHFR ingsert, the 8V40 warly
pelyadenylation site (8V403), and pBR322 sequences needed for
propagation in E. coli.

Plasmid pMT2 CXM is obtaiused by BcoRI digestion of pMi2Z-

VWE, which hasg been deposited with the American Type Tulture

Collection (ATCC), Rockville, MD (USA; under accession numbery
ATCC 67122. EcoRI digestion excises the ¢DNA insert present in
PMTZ -VWF, vielding pMT2 in 1lin form which can be ligated and
wsed  to transform E. ¢oli HB 101 or DH-% to ampicillin

resistance, Plaswid pMT2 DNA c<an be prepaved by conventicnal

metheds. pMT2  CXM is then constructed using lcoopout/in

mutagenesis [Morinaga, et al., Biotechnology £4: 636 (1984).

This removes bases 1075 to 1145 relstive to the Hiod IIT site
near the SV40 origin of replication and enhancer sequences of
PMTZ. In addition it inserts the followinag sequence:

5" PO-CATGGGCAGCTCGAG-3'

at nucleotide 1145. This sequence contains thne recognition site
for the restriction endonuclease Xho I. A derivative of

pMT2CXM, termed pMTU23, contains recognition sites for the
restriction endonucleases PstI, Eco BT, Sall aand XhoI. Plaswid
DMTZ2 CXM and pMT23 DNA may be prepared by conventional methods.

PEMC2£1 derived from pMT21 may also be suitable in practice

of the invention. pMT21 1s derived trom pMT2 which is derived

from pMT2-VWE. As described above Ecokl digestion excises the
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ADNA crmert preasent i pMT-VAE L yielding pMT2 in linear faorm

reform E. Coli HB 101 or DH-

oMT2 DNA can be prepsred by

M7 s derivea from pMT2  rhrouch the following two

. 76 bp of rthe 5 untranslated region of

for DN o]

site ig ingerted to

equence rmmediataely

ungstream from DHER:

Lo introduced by digestion with
wnt of DNA polymerase

This deletes a 250

RNA (VATI) region but

[}
Oy
AU

b osegnent from
does sobl intorTess with VAL ANA gene expression or function.
pMUzl s algested witn ZeoRT oand dbhol, and used to derive che
vector poMCAR]

A portion of the FMOV leadsr s oprained Lrow pMTZ-BU AT

Yoy asT - 1660 1193893 ] py digesliion
b, fragment . nis
Sco RT Tagl fragaent

esis on Jow melting

ement.ary strand are

withh a5 Thal proteuding end and a 27 Xhol

z_)rot,rtz«‘iiug end which hasg the (oliowlng segquence:

S CSAGOTTAAMNANCH TUTACCOUTC T SAAT KCOGGHACSTGET T¢I

vy J
TG

..(1]!3: 1

TRl megaen e matohes tho BMO wirus leader  sequenca T rom
acleatide 767 to 827, icoaiac Znanges the ATG at position 10

within the EMO viius leader to an AUT and 1s £0 ~liowed by a Anol

pMT2 1 Ece RI-Zhol fraguent,

e BMO v “racgment . and che 63 bp

f_"\
3
o

T
—
=
s
—
i
o
s

-1

yeculting in  the

igonucteotade  adapt=r Tagl -¥Xhod

vector pEMCIEL
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This wvector contalns the 3SV40 origin of replicatioun and
enhancer, the adenovirus major late promoter, & aDNA copy of the
majority of the adenovirus tripartite leader seguence, & small
hybrid intervening sequence, an SV40 rolvyvadenylation signal and
the adenovirus VA T gene, DHFR and (-lactamase markers and an
FMC gequence, in appropriate relationships to direct the high
tevel expression of the desired c¢DNA in mammalian cells.

Tne construction of vectors may involve modification of the
PMP-~11 DNA saequencass. For ingtance, BMP-11 cDNA can be nodiilied
by removing the non-coding nuclectides on the 5 and 3' ends of
the coding region. The deleted non-ccding nucleoticdes may or
may nct be replaced by other sequerices known tc be beneficial
for expression. These vectors are transformed irto appropriate
host cells for expression of BMP-11 proteins. Additicnally, the
sequence of SEQ TD NO:1 or SEQ 1D NG:10 or other seguances

encoding  BMP-11 proteins could e manipulated to express a

mature BMP-11 by deleting BMP-11 encoding propeptide sequences

and replacir

W

them with sequences encoding the complete

propeptides of other BMP proteins, activin proteins or other

members of the TGF-§ superfamily.

One skilled in the art can manipulate the seguences of 2
LD NG:1 or SEQ [D NG:10 by eliminating or replacing thes
mawmzlian regulatory sequences flanking the coding sequence with
bacterial segiuences to create bacterial vectors for
intracellular or extracellular expressicn by bacterial cells.
For example, the coding seguences could be further manipulated
(e.g. ligated fto other known livnkers or aodified by delet ina

non-coding seguences thersfrom or altering nucleotides therein

by other known technigues). The modified BMP 11 coding sequance
could then be inserted into a known bacterial vector usinq

ceedures such as described in T. Taniguchi &% al., Proo. Natl

N T
u

cad. Szi. USA, 77:5230-5233 (1980). This exemplary bacterial

vector could then be transformed ianto bacterial host cells and
a BMP-11 protein expre"vpd thereby. For a strategy for
e

vroducing xtraceliular expression of BMP-11 proteins in

v

[

pacteriali cells, see, e.g. European patent application EPA

w

L Ry BN R
.L.//,J":‘

[

Similar manipulations can be performed for the construcricn
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GF an ngech veotor [See, e.g orocedures descrlibed in paplished
Suropedil patent applloation o uL476] for expression in ansect
cellg. A yeast vectoy could @isd e CONSL] ructed enploying yeast
regulatory Sequences i intraceliular  or  extracelluiar

pressioan of the factcers of tne present invention Ly voast

celis. (Gee, e.y., procedeves described in pu.blishe:d poT

applicaticn WOBL/30639  and Huropean catent appiication EbA

A met hod for producing nigh fevels ot a BMP-11 protein of
the invention in mammalian cesls wey involve the construction of
cells contdaining multiple copies of the heterclogous BMP 1L

Slogous gene o Jinked tooan anpl ifiable mavker,

siolate cediwotass  {(DHERD are for which cel.s

Te,

conatning Lnoroaged g Copiles Can be celected for propagat 1ol

‘noincreasing concentrations of methotrzxate iMT%) according to

Che procedures of Kautman ana Snarp, o Mol 159:601-62¢

FLORT . Thais  agpproach  can be enployed with a nunber of
different well Lypes.
Fov example, a plasmid containing a DNA seguence for a BMP-

11 of fhe inventoon inooporative associablon with cthev plasmid

m
(TJ
,.:4
':
v
H
-
i
U
=
=
&

ng expression thoreot and the DHEFR expression
piastuid  pAAAZASY LA)Z (Kaufman and Sharp, Mol. Celii. B 10l

ye oo 1ot roduced ainto DHFR-deficient CHO
v ovarious wethods including caloiam phosphate
(roporation or provoplast
are selected for growth

serum, and subsequent.y

selaected for ampliticat ion oy growth in increasing
comoent At fons ol MIX {e.a. scquential steps in 0.02, 0.2, 1.G

and SuM MTYR) as described an raufman et al., Mol Cell

5217500 (Las3) Transformanis acve ocloned, and biologically

active BME-11 expression is menitored by one oy more of the BMP-

ed in Bxamples 5 to § below. BMP-11
expressioa  should  inereas: with increasing Jevels oi  MTX
resistance. BMP-11 polypeptides arve characterized uzing
arandard 1 echniques known in che art such as sulse labeling wili
53530 metnionine o cyatelne and polyacrylamide el

ctrophoresis.  Siwmiiar procedures can pe fol lowed to produce
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EXAMPLE 4

L Expressed Bml

To measure the biological activity of vhe expressed SME-Lt
profteins obtained in Example 3 above, the proteins are recovarsd
From the cell culture and purifis=d by iso
proteing from other proteinareous matevisis with wnich rthey are

o oproduced as well oag frow other contamirants. The puvif ied

protein may be assay-d in cocordance with rhe assays for

[5ed

IS
activity described 1n Examples 5 to 8 pelow.

EXAMFLE 5
Al RIQAES

1s

in

Pl P S [ D P Y F e -~ gl ' ¢ 3 1
tnnaaren’s Hogprtal, Boston, MA. Tre: oot W-20 c2lls wiih
e N AT [ S - . L : =
Tertatn BDMP proleins results in (i) askaline

P e e gt b o v = ey e 1 P . L : . - 4§ o T s N
prospratass produorion,  (2) ipduction of PTH gtimularod CAMP

and (31 anduct Lor of csteocalein synthesi

ana (2 reprvesent  characteriseics

G phenobypile property only digplayea by nature ostesblasto.

Below two in vibro assays useful in conpariscn of PME

activitiacs Of novel outecinductive moiecules are e

_Phosphatase A Oeol

W-20 cells are plated into 96 well rissue culbture plates at

celle per well inn 200 gl of media {(IMs with

tetal calf seruw, 2 mM ylutamine oud 100
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Units/ml penicilli
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alliowed =o attach

37°C.

media 1s

annel pipetior and reulz
sawple deiivered in DME with 1

Serun, 2

ced with an

010191

The cells are
0, incubatoy at
renoved from each well with a
egqual volume of test
(% heat inactivated fetal calt

penicillin-streptomycin. Te st

oA

sukstanc are amssayed in triplica
The tesl sanples ana

hours, plates are rewmovaed T

Al

media are removed from the celld

The W-23 ol Aver

-~ Y 3 S N i . a N £ -
well of calorum/maqnesidm D=

rthese wazres 478 diad

the: assay platess are =“hen place

(P

. Ly eaimes o P R P
gquick freswing.  Ouncs frowsen, Lo

the dry Lce/ethanc! path and

vopeated Zowmore Dimes for & Low

compiete,  the  maubhiane

avallable for measurernant

50wt ol assay mix

assay well ana thoe assay plates are

minLtes at 3790 in 4 shaking waterbath at

~

the assay plates oun 1Ce
‘1“ FY SeATY Y Yy =1 et . N L
{1 ,“p‘_k ot e Lt 3«-‘:

a wavelength of 305 nancmelbeors.

5 krnown standards T gLy

Cled warer tg added to each well a

mM ol

orbrance for each well is

allowed a 24 hour

indicator cells. After the 24

incubator and the test

vashed 3 times with 200 ul per

chiosphate buffered saline and

3
2

d on a dry ice/ethancl bath for
- assay plates are removed from
thawed atv 27°C. This step is
al of 3 freaze-thaw proceduras.
und phosphatuse 1is

voeine, 0.05% Triton X 100, 4 mM

tate, pd = 10.3) 1s added to each
t henn incubated oY 30
50 oscillations per
tncubation, the reaction 1is

N NadiH to each well and placing

read at
These values are then compared

an eatimate of the alkaline

phcsphatase actavity 0 cach sample. Fop example, using known
amounts oo »ohLorophenocl  phosphate, abscibance values are

genereted. Tnis o is shnown 1n T

‘able T.
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Table 1

Absorbance Values [or Kunown Gt andards
of P-Nitrophenol Phesphate

p-nitrephenol phosphate umoles
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Absorbance values for  xnown amounts o BMPe oo e
derermined and coavarced to proles of pooitrvophens! pnospbate

cleaved per unie tame as shown in Table 11

Takle IX

Alkaiine Phosphatase Values for W20 Cells
Treating with BMP-2
GMI -2 concenrtrat jon  Absorbance Reading umcles substrate

Q 0.645 C.024
L.he 3.696 0.02¢
.12 0.76% 0.02v
5,25 0.223 0.036
12.5C 1.121 0.044
25.0 1.457 C.aobu
50.0 1.662 G.067
106.G 1.977 0.080

These waiues ave then uged (o compare the activities ot
known ameunts of BMP-11 b

RIEA

e . A N o - v - 4 -1
W-20 cells ave plataed at 10° cells per well in 24 vl L

multbiwell tigsue cuvlrture dishes in 2 mls of DME containing 10%

[ (]

heat inactivatred feval calf seraw, 2 mM glutamine. Phe: colls
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of 95% atr 5%

ave allowed to aritach overnight Iinoan

CO, at 3720,

™

The next day the wmediun is changed to DME containing 19%

feral calf serum, 2 mM glutamine and the taest substance in a

st substance is administered

total volume of 2wl Rach te

it
“

{

triplicace wellg. The rest substances are incubated with the W

A

20 cells Foroa fotal obf S6 hours with replacement at 48 hours by

the zcame test modias.

AY trhe erd of 35 hours, ©0 gl of the test media 1s removed

from eacn well and assayed for osteoczalein productlion Leing a

5

iy e o e e IR, Vi A RN N - . S R ~ = ey
radiclimmuncassey o wouse Dsteudalrsin. The details oI the

<

a80Ay  are described  in the kit manufacture by Biowedical

I

d
Technoelogres I, 379 Page  Street Stoughton M2y nzol2.
o, 1] ol 1 ¢

Reacents for the assay ars foand as product numbens RT- 421

1 -~ .

LS C B LT et ancardl, BT -4742 Goat anci mouse

e
vinousie: SR

Caveccaloin,, EBT-431R (iodinated mouss csteocalein), BT 4415
and BT-414 idenkey anti gcat IgG) . The RIA
sunthesised by W-20 oells in response oo BMP

oul ez Gesorlbed 1 the protocol pro fided

by the manufacturver

The values ootained for the test samples are comparec Lo

valucs for kxnown etanaards of nouse osteocaloin and Lo the

1 . .

amount i osteccaicoin prodoced by W-20 cells 1o response O

cnallenge with known amcunts of BMp-2. values for BME-2

induced osteccaloin synbhesis is sthown in Tabilie

11l
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Table III

Osteocalecin

BMP-2 Concentration na/ml  Osteocalao.l
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EXAMPLE 6

Lo Sumpatli-Reddl Assay .

A wodilied wversion of rtbe rat bone formation acsav

described 10 sampalt and Reddl, Froc.

Nati. Acad. sSci. USh,

o evaluate bone, Tartilage and/or

other connect | ot ive activity of BMP-11 proteins.
This modified assay 1s herein callea the Rosen-modified Sanmpalii-
Reddi aasay. The ot hanol precipitation gtep of the Sampati-
Peddi procedure 1s renlaced by dialyeing (it the composition 1s

a scluricr) or diafilrering (i1f the composition ie a suspension)

the [racoion Lo be o

wmn

soegyed  agalinst warer. The solution or
suspension Ls bhen equilibrated to O 1% TFA. The resulting
solut.lon e added to 20 mg o of rat matrix. A mock rar o matrix
sample not tresied with tne preteln serves as a conteol.  This
material s rroven and lvouhnilized and the resulbing powdsr
cnclogood o #5 gelatin capsnl=g. The capsules are Imgolanted
s tree abdorainal thoracic area of 21449 day otd
mzce Long Tvans rata, The ioolani g are semoved after 7-14 davs.

lysis

e

Half 20 each itmplant 15 uoed for alkaline phosphatase ane

o,

Acad. Sci,, 62:1601 (1972

e onner hast o of vach caplant Js fixed and processed for
nistological analysis. 1 s jiyeolmethacrylate sections arve
statned with Von Kossa acsd aoid fuschin to saore the amount of
1nduced pone and cartillacse Pornation present Ln esach dwgplans.
“he area of each histological

new bone and/or carvtilage

icates that greater than 50%

of tne Impilant 3 new bone andyor cartilage produced as 2 direct

i3

3 bl

Tinotne imolant A gcore of +4, +3, 2, and +1

would  indicate  thal. grveastss  thas 40%,  30%, 20% ana 10%

Cively f rhe tmplant contasneg new cartilage and/or bone.

Thie BMP-T1 proteins 20 Lihls invaention may be assessed for
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EXRAMPLE 7

3 BMP-11

'31‘JL' :uJJ 'J.] ]\(5:, L

-

To measure the biological activity of the expressed BMP-11
proteins obrained in Example 3 above, the proteins are recovesed
from the cell culture and purified by isclating the BMP- 11

ovoterns from other proteinaceous materials with which thneyv are

oo prod

protein may e asasayed in acoordance with the rat bone formation

a=d as well as from other contaminants. The purified

asgay described in Rxample &.
Fferificatrion i carvied out using standard techniques known
to those skilled in the art.

e A e B B i =T A
Proteln anaivysis l1s oonducted using

3L as 3D8-PASE acrylamide [Laemwii, Nabture
stalusd with silver [Oakley, et al.
Lasgy ) oard by mmunoblot [Towbin, et
USA 764200 (127G) ]

The  foregoing degcoriptions detall presently preflerraed
cmbadiments of the present invention., Numerous modificaticons
aud variaticng in practice thereof are expected to ocour to
those skilled in the art upon consLderaL;om of these desorip-
tlons. Those modificabions and variatlong arve believed
encoinpassad witiiin the claims appended hereto.

EXAMELE 8

Tests to detapwipge aqtivin activity on BMP-11

[

Puritication ts carried out using standard technigues known
fo those skilled in the art. toils contemplated, as with ot her

proteins of the TGF-f superfamily, that purification may 1ncluede

the use of Hepasrin sepharose.

Protein analysis is ccooducted usging standavd techniques
such ag SDE-PASE acrylamide {Laemmli, Nature 227:680 {1970 ]

siained with gilver [Oakley, et al. Anal. Eiochem., 105:23671
V13803 ) and by fmmunoblot [Towbin, et al. Proc. Natl. Acad. Sci
USA 76:4350 (1979)]

BMP-11 vroteins may be further characterized Ly theilr
ability te nodulare the release of follicle gtimulating horuons
(FBEY  in established In vitro bioassaye using cat anterior
pitultary cells as described in, for cxawple, Vale at al,

Fudocr intodog 21:562-572 (1972); Ling et al., Nature, 321:779-
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782 {1986) or Vale et al., Nature, 321:776-779 {1986), vhe

isclosures of which are herehy incorporated by reference.

Alternativaly, BMP-11 may be characterized by their ability

o stimulate erythropoietin activiry in the human K-562 cell

line, as descriped by Lozzio et al., Blogcd, 45:321-334 (1975)

and Upnited States Patent No. 5,071,834, at column 15, t he
disclosures of which ars hereby inoorporated by reference.

T oadditicn. BMPO11 may o2 characterized by thelr activity

in cell @Survival assays,  as aeacribed 1n Schubert, Natuys,

344-866-870 (1.990) ., the disclosure of which is incorpovated by

reference

The foregoing descriptions, defali presently rreferved
epmbodiments of the present inventicn. Numerous wodi ficaticns

snd versations in practice rhereof are expected to ofcur LO
those skilled in the art upon conslderation of these legurin-
fions.  Those modifications and variations are belisved to be

encompassed withlin rhe clains appended hereto.
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SEQUENCE LISTING

{1) GENERAL INFORMATION:

(1) APPLIC
{A) NAME. {ENETICS INSTITUTE, INC.
(B) STREHET: 87 CambridgePark Drive
(C) CITY:. Camnbridge
{D} STATE: Massachusetts
{E) COUNTRY: USA
(F} POSTBL: CODE (ZIP): £2140

(C) TETL.EPHONE: 617 876-127
(Ej TELEWRX: 617-876-5851

(A1) TITLE OF INVENTICN: BMP-11 COMPOSITIONS

(i1 NUMBER OF SEQUENCES: 11

MED LM TYPE: Ploppy disk

) COMPUYER: IEBM BC \"I“pdk ihle

VO OPERATING SYSTEM: ~DOS/MS DS

! SOFTWAPRPR . PatentIn PblHaSt #1.0, Versior #1.25 (&pO)

4_'3?5‘

fiv) COMPUTFR READABLE FORM:
{
(<
s}
L2 INPORMATTION FOR SED ID NO: 1

JOM0)
(A} LENGTH: 739 base jpairs
(B} TYEE- nucleic acid

1) STRANDUIDNESS : double

{17 SEGURNCS CHARACTERISTICS:
1
i
]
)
¢
)

(D) TOPOLOGY . linear
(11} MOLECULE TYPE:. DNA (genomic)
(vi) ORIGLNAL SOURCE:.

(A} ORGANISM: Ros Taurus

(B) STRAIN: Bovine Activin WC

(1x; FEATURE:
(&) MAME/XEY. CDS
(B! LOCATIGN: 324..704
lix} FEATURE:
(A) NAME/KEY: misc feature
WB) LOCATION: 322..323
(D) OTHER INFORMATION: /nates "putative 2 end of intron"
(in) FEATURE:
{A) NAML/KEY: wat_ peptide
i8) LOCATION: 375..,702
{3} SEQUENTE DESCRTIPTION: 38Q D NO: 1:
AAACTCTATT VTGSUGTEAA SCTGTGAGTT AATAGATYICA CGGGACAATA MAGATIGGEOT
STTCTTHAGA COTIGEGCCA AGBEGOTGAT GAGGGTCAGS TTGCCRAGAG AGAGAGAALT
AGGGARECTG AGTTTAGUCA CGRCATOGCOTA GCTGGCOAACA ARAGTGCCTA GAAAACAGOG
GTTOGGUAGC GGAGCACTGG AGAARGCTCAG AAATCACTTC GTTTTICTT 1PCOTECCCCY
BUTGAGGGGE AGGTGAGALY ARACAGGGAS TAGCAGOTUC TCCGAGGCTCL ATTACATCIC
TIWTCTCOTAT CCOTCACCCS CAG CAT COT TIT ATG CAG OTT
T

His Pro Phe Met Glu 2l
-17 -15 10



cud

ATy
105

cec

His
- 17

Glu

ragadTC

52065 -RCT

AOA NAA
Lys
-5

TCA
Ser S

1C

GAG
T Glu

GCT
Mia

GGC

Fre Gly

TAC TGC TCC
Tyry Oys 581

ARG CAG CACG

Lvys Gin Gln
90

TGT OGO TGO

INFOEMATIOR

ClCUACeoOT

W
—_
&

CGG TOC CGGE CGG AN OTG

Arqg Ser Arg Arg Asn Leu
1

TOS CGC TCT TGC CsC TAC

Ser Arg Cys Cys Arg Tyr

s
TGS GAT TGG ATC
Trp Asp Trp Tle lle

AN

AL

GG 1
Sl

CLC
Gl Rla

ANG ATC
Me:te Ile
ATT ATC TAC GGC AAC ATC
Ile ile Tyr Gly Lyz Ile

95
TRAGETGGGO 47
1140

SJACTOCCTEC TOOCIGE

FOR OSEQG OID NO: 2

(1) SEQUENCK CHARACTERIST! Ce
(A} LENGTH: 126 amine acids
(n) TYER: amino acid
7y

Pro Phe Met
-15
Asn Taeu GlLy

1
1
Lrg 'Tyr Pro

5
Tve Met Fhe
50
Asn Pro Ary

€5

Pro Ii= Asn

—d

ot

4"

Pro

TOPOLOCEY -

Tinsar

protelr

DESCRIPTION: 358¢ {D NO
Gin Leu Arg val len Gliu

-0

Lell Asp COye

e Ths val Giu
20 25
Lys Ala Azn

WMer Gl

Hig

Ser Ala
70

Maty Leu Tyvr rhe Asn Asp
35
¢ly Met vVal Val Asp Arg

100

coT
Fro

cee

]

Cys

Lys

90

CTe
Lieu

CTC
Leu

20
ApL
IJYS

ATG
Met

GGC
Gly

ATG
Mt

PAGAGCTC

GAC
AsD

ACT
Thr

CGC
Arg

CAA
Gin

7T
Ser

O7C
Leu
8BS

BTG
Met

TCCOCAR

Len
&0

Pro

GG
Ala
70

TAC

Tvr

i
GTG

ra

vk d.

CAGACCCTGO

GAT
AsSp

GAC
AsD

BAG
Lys

st
r

Val

Gln

Gln

01015

GAA
Glu

L
\o
i3]

T
Phe

446

GCC
Ala
40

494

CCG 542
2ro

ccc
Pro

[0a)
W0
@)

5
—3
™
Y
¢ o]

Q
T
+3
[oh}
o

789

Arg

Cya
15

Tre

Ly
P4

Gln
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\2) INFORMATION FOR SEQ 1D NO: 3:

(1) SEQUENCE CHARAUTERISTICS:
(&) LENGYTH: 213 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: doukle
(L) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{vi; ORIGINA!l. SOURCE:
{Ah) ORGANISM: Hcmo Sapiens
(B) STRAIN: Human Activin WC

(ix; rEATURE:
{A) NAME/KEY: CDS
(B} LOCATICN: 28..183

(ix) FEATURE:
(A) NAME/XEY: misc feature
(B} LOCATION: 1i84..185

010191

(D) OTHEER INFORMATION: /unote= "two-thirds cf codor at

of partial clone"

(x1! SEQUENCE DESCRIPTION: SEQ ID NO: 3:

TCTAGATGOT CCCGCCAGTG CGAGTAC ATG TTC ATG CAA AAR TAT C
Met Phe Met CGln Lys Tyr Pro His

i

ACC CAT TTG GTG CAG CAG GCC AAT CCA AGA GGC
Thr His Leu Val Gln Gln Ala Asn Pro Arg Gly
1c 15

TGT ACC CCC ACC AAG ATG TCC CCA ATC AAC ATG
Cys Thr Pro Thr Lys Met Ser Pro Ile Asn Met

25 30 35
ALG CAG3 CAG ATT ATC TAC GGC AAG ATC CCT GG
Lys Gln Gln Ile 1le Tyr Gly Lys Ile Pro Gly

45 50

GCTGTGGCTG CICCGGATCC

{2) INFORMATION #OR SEQ ID NC: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: linear

{xi} MOLECULE TYPE: nrotein

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Met Phe Met Gln Lys Tyr Pro His Thr His Leu
1 5 10

Pro Arg Gly Ser Ala Gly Pro Cys Cys Thr Pro
20 25

Iie Asr Met Leu Tyr Phe Asn Asp Lys Gln Gln
35 40

Ile Pro Gly Met
50

5

TIT GCT GGG
Ser Ala Glvy
20

CTC TAC TTIC
Leu Tyr Phe

C3S CAT

UL B

cCe TGET
Pro Cys

AAT GAC
Asn Asp
40

ATG GTGGTGCATC

Met

Val Gln Gln ;

Thr Lys Met
30

Ile TIle Tvr
45

and

99

-
N
2

192
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{7) INFORMATION FOR 5RQ (D MU: bHhe

(1) SEQUENCE CHARACTERIST LC5
(AY LENGTH: 30 bas:c pailvs
(BY TYrE: gaciela acia
() STRANDEDNESS . 3 ingle
(D) TOPOLOGY: 1inear

(ii) MOLEIUGLE TYPE. ONA Lgenomic)

(viy ORIGINAL SOURCH
(A) GROANISM: primec C toe Zovine dotilv in WC
(ix) FEATURE:
(A NAME/KE7: misc feature
(B) LOUATION: 5..0

(DY OTHEE INFORMATION: /noteo "Restriotion site for Xbal”

{(x1) SEQUENCE DHESCRIPTION: =

al
')

) 1D NO: 5

TASTCTAGAT GCTCIGCCCA GTCCSAGTALU

[
[y

(2 INFPORMATION FOR $RQ 1D NG: 6:

[1; SEQUENCE «"HAFAC'I‘ERI STLCH -
{A) LENGT: 30 base pgn' g
(R} TYPE: n‘:f*}'—t-ir;‘ ac:d
(C) OTRANDEDNESS: single
(D) TOPOLOGY: linear

i) MOLECULE TYPE: DNA tgeuwmic)

(vi) ORIGIMNAI SOQURCE:
(A} ORGAMNISM: Primer I to Rovipe Activin WC

o

t"EATURE !
(&) NAME,/KEY: misc featuve
(B) LOCATION:. 1..9
0y OTHER INFORMATION: /rorfes "Restriction site for Bamdl®

L_

(xi1 SEQUENCE DESCRIPTION: SEQ 1D NO: &

2ONGCTAC AGCGATCCAC 3
(3G DNVFORMATTON FOR SEQ L
Dl SEQUENCE CHARACTER ISTIOS
(A0 LEMGTH: 15 base palrs

(R} TVFE: nucled

<

CCL O STERANDEONESS: sinule
(D) TOPOLOSGY . lineax

COMOLECULE TYFR- DNA {genomiod
Vvl (’.’P-LMNI\’ SOUKCE .

(A UGAMNISM: DNA inserted into pMT2 CX

St SEQUENCE DESTRERIPVION: FEQ L

[

CATGGGCAGC TCCRS

Vs
(2]

(2} [NFCRMATION PO SEQ [ NO: 8:
(3 SEQUENCH CHARACTERISNICS :
(A} LENGTH. 34 el IE
(B) VYRW: > actid
UV STRANDEL )N £S5 singlie




GI o s205-007

(id) MOLZCULE

fvii OQpIa

(&)

(ix) FEA
(
\
D

(1%}
(R)
{(B)
(D)
Uil

CTGCACGTGEA

(27 INFORMATTON

(1) $b
(‘A,
(B)
(<

r
A) NAME/KEY:
B
93]

SEDUENCE DESCRIPTION: SEQ

GOCTGAAT

SN R

010191

TOPOLOGY . linear

TYVPE: DNA (genomic)

1LEAL SOURCE .

ORGANISM: DNA insevied into pMT21
URE:

misc_ feature

LOCATION: 1..6

OTHER INFORMATION: /note: "Pst restriction site"

FEATURE:

NAME 7/ ERY

LOQCATION: 15, .26

OTHER INFGRMATION:
Fiten”

misc_ feature

/notes= "Roo RI and Xhol restricticn

1D NO: 8:
CTCGAGCCAT CATG

FOR SEQ ID NO: 9:

CRARACTERISTICS:
LENGTH. €8 base pairs
TYPE: nucleic acid
STRAWNDEDNESS : single

(D} TOPOLOGY: linear
(i1) MOLECULE TYPE: DNA (genomic)
{(vij; ORIGLWAEL SOURUCE:
(Aj ORGANISM: Portion of the EMC virus leader sequence
{x) PURLICATION INFORMATION:
{&) AUTHORS : Juag, S K
{CY JCURNAL: J. Virsl.
(D) VOLUME: €23
LF} AGES: 1651-1660
{(G) DATE: 198%
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9-

COASGTTIAAN
ACGATTEC

(20 INFORMATIY

(1) j N
\"\\
{3)
{C)
(o

(11)
{viy ORIGI
(A

{vii)

()

{1x} FEATU
}

3

7

fa
\I“\
(8

ALNCGTCTAG GCCCCT

MOGLECULE

IMMEDIATE

CGAA CCRCGGUGAC GUGETTTTICS TTUGAARAAT

JNOPFOR OSEG ID NO. 10

ENCE CHARACTERISTICS:
LENGTH: 1270 base pairs
THYPE: pucleic acid
STRANDEDNESS: singie
TOPCLOGY: linear

TYPE

DNA (genomic)

[ SOURCE -
ANISM: Humran

WAL
ORC BMP~11
SCURCE:

CLONE: FB390.5

')1_,: N
NAME/KEY: CDS
LOCATION: 1..1038

N

o



N
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(1.0} FFATURE:
{A) NAME/KEY: mab
TRYOLOCRTTION: 760

tx1) SEQUENCE DESCRIPTION: SEQ 1D NO: 10:

RO OGE TCO ARC OGG CCA (OO CCG TOC GTG GCG CCC GAG CCG GAC GGC 48

1o Arg Sexr Ser Arg Pro Ala Pro Ser val Ala Pro Glu Pro Asp Gly
253 S250 4t 240

Cad AGC CGTC GAG CTG CGC CTA GAG $6
[iis Ser Arg Glo Leu Arg Leu Glu
-225

TGO CCC BTG TGC GTT TGE
’ ro Val Jvs Val Try
-23%

ASC ATCO ARG TOG CAG ATC TTG AGC ARA CTG CTGG CTC AAG GAG GCG CcCC 144
ser Lie Lys 3er Gia lie Leu Ser Leu Arg lLeu Lys Glu Ala Pro
-220 -210

[
\n
(38

ARL ATO AGC OG0 GRG GTG T2 AAG Ok CTC UTG CCC ARG GOG CCG CCG
Asn lle Ser Arg Glu val val Lys Cln Leu Leu Pro Lys Ala Pro Fro
205 -nR0 -19% ~-1390

CTCG CLG TAG ATC CTG GAC CTA CAC
Leu GIn Sln Ile Leu Agp Leu His

- 18

TTC CAG GGC GAC GCG (TG CAG 240
Phe G.n 3ly hsp Ala Leu Gln
-1R80 i

[#al
[Sa

COC GAG GRC TTC CTG LSRG GAG SAC GAG TAL CAC GCC ACC ACC GAG ACC 2e8
Pro Clu Acp Phe Lau Clv Asy Glu Tyr Bis Ala The Thr Glu Thr

-170C Leh -160
GO AT AGD ATG GCC CAG CGAG RCG GAC (ThA GUR GTA CAG ACA GAT GGC 36
Val Ile - Met bla Glu ¢lu The Pro Ala Val Glu Thx Asp Gly

» O -145

AGC CCT CTC TGC TGO CAT TTT CAC TIC AGC CCC ARG GTG ATG TTC ACA le4
Sey Pro Len Cvs Cys His Fhe His Phe ser Pro Lys Val Met
-1aC 135 -130

LAG GTA TG ARG GUO CAC OTG TGO TG TAC CTA CGG CCT GTA CUC CGU Fa2
Lys val Leu Lys &la Gin Leu Tvp Yal Tyr Pro Arg
-1u5 ~120 ~1190

OO QOC ACA ST TAC OTG CAG ATO TUG CGA CTA AAA CCC CTA ACT GGG d&0
Pro Ala Thr Val Tvr Lea Gln ile Len Arg Lou Lys Prc
-105% 100 -95

A
L
[ee]

GAA GGG ACD GCA S SO0 GBA GOC GG CGT CAC ATC CGT ATC
Glu Glv Thry Ala Gly Gly Gly Gly Gly Gly hArg Arg His 11
90 -85 -80

Toa CDC TCA GGC

30 TCA COTG ARAG ATT GAG TTG Cad C
1l ly el His ot Arg Ser Gly H

TGG CAG AGC 576
Arg Ser Leu Lye T ¢l

ATC GAD CTTC AAT CRA OUC TTR CA AGT TGG TTC OGC CAG CCA CAG A

aC 5.4
le Asp Phe Lys 3in val Leu His S2r Trp Phe Ax Gln Pro Glao Ser
)

~ -
-2y - D

AAC TGG GG ATO GAG ATC ABC GCC T GAT CCU AGT GGC ACA GAC CIG 672
Asn Tru Gly Tle Glu Tie Asn Ala phe hsp Pro Ser Gly Thr asp Leu
-45 -4 0 -35 30

SO OTO ACC TCC UTG G303 OCG GGA GO0 GAG GGG OTG CAT CCA TTC ATG 720
Ala Val Thr Ser Leu Gly Bro Gy Ala Glu Gly Leu His Pro Phe Met

GaG CTT Ccer STC TCC OGG CGG AAC ITG GGT 7¢8
Giu Leu Arg Vel Ser Arg Arg Asn Leu Gly
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10 -5 1
OTG GAC TGC CAU GRG CAC TCA AGD GAG TCC IGC TGC C3A TAT CCC ERNS
Leu Asp Cve Asyp Giu His Sec Serv Slu Ser Arg Cys Rrg Tyr Fro

5 Lo

e AA GTG GACT 'PTT GAG CCT TTZ 6GC TGG GAC TGG ATC 4ATC GCA CCT 64
Leuw Thy Vai Asp Phe Glu Ala Phe Gly Trp Asp Trp Ile Ile Ala Pro
25 30 35

LEAG CGC TAC AAG GUC AAD TAC TGC TCC GGC CTAG TGC GAG TAC ATG TTC =12

Ly® Arg Tyr Lys Aia Asn Tyr Jys Servr Gly Gln Cys Giu Tyr Met Phe
40 45 50

ATG CAR ARA 'TAY CCG CAT ACC CAT TTG GTCE CAC CAG GIC AAT CCA AG G
Met Glu Lys Tyr Pro His Thr Ris Leu Val Gln Gln Ala Asn Pro Arg
ns 60 65

FEC TOT GOV GGG CCC TG TGT ACC CUC ACC AAG ATG TCC CCA ATC ARC Julr
Gly &ar Ala Gly Pro Cys Tys Thr Pro Thr Lys ket Ser Pro Ile Asn
e 75 ap

[§)]

ATGCTC CTAT VUC AAT GRU ARG JAG CAS ATT ATC TAC GCC ADG ATO O0CT 1056
Meac Leu H

. i}
Tvr Pha Ao Asp Lvs Gin Gln Ile Tle Tyr Gly Lys fle Pro

TGT GGC TGS MCT TAAGGTAGGG GATANIAAGRT 1106

GGC ATC GG
vV Tys Gly Tys 3Zecr

BT Fow
Giy Met

100

GUOTCCCUCE TAUANITUTAD CCTCARGALCT CTAGCCCTGE CCOOATOCTC CCAAGCCOTA 1ue6
FRCECTAECCTC JROTOMICCC GUGAACATCA CACCHTTCCC CGACCARGCT GTETGCARTA 1026
CAACROAGES AGCTAGSITGCE GAATTGACGSE TCAGGGETTT GGGG 1270

{a! INFORMATTON FOR SE{ T NO: 11:

s]

(1) CUENTE CHARACTHERISTICS:

SE

(A} LENGTH: 3262 amino acids
{B) TYVPE. amino acid

(D DOPOLCGEY: linear

Pt 1

{1i) MOLECTILE TYPE: protein
(X1) SEQUENCE DESCREIPTION: SEQ ID NO: 11:

r Arg Pro Ala Pro Ser val Ala Pro Giu Pro Asp Gly
-250 -245 -240

Cys Pro Val Cys Val Trp Arg Gln His Ser Arg Clu leu Arg Leu Gl
-235 -230 -225

fer Iis Lys Ser Gln Ile Leu Ser Lys Leuw Arg Leu Liys Glu Ala Pro
220 =215 z10

Asn Jle Ser Arg Glu Val val Lys Gln Leu fLeu Pro Lys Ala Pra Pro
=205 ~200 -1485 -394

Leuw @ln Gin Ile Leu Asp Leu His Asp Phe Gln Ciy Asp Ala Leu Glp

- 185 -180G - L5
Pro Glu Aup Pne Low Glu Glu Asp 8lu Tyy Hiz Rla Thr Thr Glu Thr
a -165 -1G0

M
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S5er

o
e

(o]
(S ol

Met

Thr

Val

Alna
T0

e v

5205-pCT

Phe

LB

AL

[
v’
=

oo
o

14

Gln

T .
LU

-120

Leu

His

[

Ny b
L

Asn

Gln

Sy

a2

Prc

Ser

10

P
Iyt

Ser

Ly

Tro Ala

Ser Pro

Tyr Leu

Arg Ber
Trp Pue
ABDp Pro

-35

Gilu Gly
=20

Arg Ser
Ser Arg

Acp
30

Gily Gln
45

Val Gln
Thr Lys
le Ile
Ser

vai

-
J
e

[opte

Sex

1l

Met

3
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Claims

1.An isolated DNA molecule comprising a DNA sequence selected from the group
consisting of .

(a) nucleotide #375 or 390 to #704 of SEQ 1D NO 1

(b) nucleotides #760 or 775 1o # 1086 of SEQ ID NO 10,

(¢} nucieatides encoding amine acids 1 or 6 to 109 of SEQ ID NO:2:

(d) nucleotides encoding amino acids 1 or 6 to 109 of SEQ 1D NO 11. and

{c) naturally occurring allelic sequences and equivalent degenerative cocon
sequences of (a) ar (b).
2. A host cell transfcrmed with the DNA sequence of ciaim 1.

3. A vector comprising a DNA miclecule of claim 1 in operative association with an
expression controi sequence iherefor.

4. A host cell transformed with the vector of claim 3.

5 An isolated DNA molecule comprising a DNA seguence selected from the group
consisting of nucieotides # 375 to # 704 of SEQ 1D NO:1 and nucleotides # 760 to
1086 of SEQ 1D NO:10.

6. A vector comprising @ DNA molecule of claim 5 in operative assouiation with an
expression contral sequence therefor.

7. A host cell transformed with the vector of claim 6.

8. A method for producing a purified bone morphogenatic protein-11 (8MP-1i1)
protein, said method comprising the steps of:

(a) culturing a host cell transformed with a DNA molecule according to claim
1. and

(b) recovering and purifying said BMP-11 proteir: from the cuiture mediur,

9. The method of ciaim 8, wherein said host cell it transfarmed with a DNA molecute
comprising a DNA coding sequence selected from ihe group consisiing of.

(a) nucleotide # 275 to # 704 of SEQ ID NG 1

(b) nucleotide # 760 to # 1086 of SEQ 13 NQ: 16, and

(c) naturally occurring allelic sequences and equivalent degenerative cocon
sequences of {(a; and {(b).

10. The method of claim 9, wherein said host cell is a mammatian cell and the DNA
mclecule further comprises a DNA sequence encoding a propeptide from a member
of the TGF-p superfarily of proteins, said DNA sequence encoding a propeptide
being linked in proper reading frame tc the DNA coding sequence.

11 A purifiad bore morphogenetic protein-11 (BMP-11) polyneptide comprising the
amino acid sequerice from aminc acid # 1 to # 109 as set forth in SEQ ID NG 2
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12. A purified bone marphogenetic protein-11 (BMP-11) polypeptide compnsing the
amino acid sequence from amino acid # 1 to #109 as set forth in SEQ ID NOC 11

13 A purified BMP-11 polypeptide of claim 12 wherein said polypeptide is a dimer
wherein each subunit comprises at least the amino acid sequence from amino acid #
1to# 109 of SEQ ID NO:11.

14. A purified bone morphogenetic protein-11 (BMP-11) polypeptide produced by the
steps of
(@) culturing a cell transformed with a DNA molecule comprising the
nucleotide sequence from nucleotide # 375 to # 704 as shiown in SEQ 1D NO: 1; and
(b) recovering and purifying from sad culture medium a polypeptide
comprising the aminc acid sequence from amino acid # 1 to amino acid # 109 of
SEQIDNO 2

15. A puritied bane morphogenetic protein-11 (BMP-11) polypeptide produced by the
steps of

(a) culturing a cell transformed with a DNA molecule comprising the
nucleotide sequence from nucleotide # 760 to # 1086 as shown in SEQ ID NO. 10;
and

(b) reccvering and purifying from said culture medium a polypeptide
cornprising the amino acid sequence from amino acid # 1 to amino acid # 109 as
shown i SEQ 1D NO: 11,

16. A purified bone morphogenstic protein-11 (BMP-11) polypeptide according to
ciaim 12, wherein said polypeptide is a dimer comprising two subunits, wherein one
subunit comprises the amino acid seguence from amino acid # 1 to amino acid #109
of SEQ iD NO: 1, and cne subunit comprises an amino acid sequence for a bone
morphogenetic protein selected from the group consisting of BMP-1, BMP-2, BMP-3,
BMP-4, BMP-5, BMP-6, BMP-7. BMP-8, BMP-9 and BMP-10.

17 A chimeric DNA motecule comprising a DNA sequence encoding a propeptide
from a member of the TGF-Bsuper{amiiy of proteins linked in frame tc a DNA
sequence encoding & bone morphogenetic protein-11 (BMP-11) polypeptide, said
BMP-11 polypeptide being selected from the group comprising amino acid # 1 to #
1G9 as set forth in SEQ 1D NO: 2 and amino acid # 1 to #109 as set forth in SEQ ID
NO: 11,
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