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| NVENTI ON This application relates to the field of osteogenic
pr ot ei ns,woebteadsi16f maki ng i nproved 5ost eogeni ¢ prot ei reT/IRIA1/nBbI0ds of
treating patients with osteogenic proteins. BACKGROUND OF THE | NVENTI ON
The cystine knot cytokine superfamly is divided into subfamlies, which

i nclude, the transformng growh factor [3 (T&3) proteins, the

gl ycoprotein hornones, the platelet-derived growh factor-like 10
(PDG--1ike) proteins, nerve growh factors (NGF), and the differential
screeni ng-sel ected gene aberrative in neurobl astonna (DAN) famly (e.qg.,
cerberus). In turn, the T@&@3 superfam |y conprises approxi mately 43
menbers, subdivi ded into tbEsENERIFSIFOGERS: PROEEINSH3S, the activins and the
bone nnorphogenetic/growth differentiation factor proteins (BMP/ GDF). The
TGF-r3 superfannily nmenbers contain the canonical cystine knot topol ogy.
That is, cystine 15 knots ar &EHRORBRINVENTION, ynusual arrangenent of  si x
cystei ne reihduemmaﬁhembnetmcmaykwtsfoﬁamemd$mbemmemﬂmmysfehm&s itnpdbyed
CYSt el BESocn® profbl, d oo EMINIBaRAGURRERSRFBLAAI 11 N0, Lhrough whi ch

t he di sul 1 de bond between cysternes 3-6 passes. The active forns of these
proteins are honodi ners or heterodiners. In each case the nononer topol ogy
is stabilized by the cysteibAeKROUNRITF BHHIINVESTI®IN cyst ei nes contribute to
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protein unit. 20See Kingsley, 1994, Cenes Dev. 6. Lander et

2001, RV EeRp§: @@69)9??9'”3 the 9'V°°%W9Pciﬂt@°'§?e‘hﬁr%atﬂdéﬁr"f‘?ﬂngé?%l}sfa%%eers of
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bone fracture and related tissue injury, |leading to bone regeneratlon and
repair. BMP nol ecul es which have altered affinity for their receptors would
have i nproved biol ogical activity relative to the native proteins. Such
BMPs 15 include proteins with increased in vivo activity and may provide
potential inproved therapeutics for, anong other things, tissue
regeneration repalr and the I|ke by prOV|d|ng greater or altered
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type | or type |l receptor binding domain, wherein the nutation confers
altered binding to the type | or type Il BMP receptor conpared wth the

bi ndi ng twotzhe/2ype | or type ||l receptor by a correspomrdirng2oa/hisessype BMP.
In one aspect, the protein is selected fromthe group consisting of BWMPZ2,
BMP4, BMP5, BWMP6, 25BMP7, BMP8 and BMP9. I n anot her aspect, the
protein conprises at | east one nutation within: the type Il binding domain
A, the type Il binding domain B; the type | binding donain; and any

conbi nati on t hereof. The invention al so includes a designer
osteogeni c protein conprising an am no acid sequence conprising at | east
one nmutation in at | east one type | or type |l receptor binding domain,
wher ei aldohenll&0 BMPRIb). OType dinkedporaintiede bubam diongmitedl HhActRYP@ldo @ned y@rINl | BMP
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tation is a mutation w
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sel ect ed Scieora 2936 9 t7-BUR0QDN e Stiscingpresf of avhiobl biatHeaby acorv@3ted BB Gferdn8®), Tausd F41
With respegt 1EQeJeﬁt6rsSa%GlA§QG;?err%gﬁﬁ%M% 'é'%g%stméﬁﬂd‘ afBe% E&ﬁe @ép%cshpeﬁahﬁy IS a

nmutation within t % donmai n wherein sald nutation IS at

| east GKEPHFPRE N5Pa08IrEERIgE) FPB?W'T%%V' g PiBdipe: (E"t?ﬁléqeé'trfe??@tobsf PhoaphprylalsiagtyP36 R,
H39A, ardefferiNhanypdl reespppeibhobahoSEER rh@nlN@ df.the $}@xd family of transcription factors, and

2012/ 0%%%@5%%@&%%9&&@@@3 and activate tﬁ&%ﬁ’a&a%%%bé%?&%a the mutation is

a nutation wthin the type 11 binding domain B wherein said nutation is at

| east one nhHMAE PGFEP '%‘H’t PR HRE PG T@Br@sﬁ”&?rfaﬁ‘{jy P9 PRt TV 5t E83,
S839 Mébeellll@2nd EQ4lopf&8al piRFssenekth\48 @mhiybific pattspdertnatian ankésse grsificaionts SEQ

{ E Nto Ivell as promotlng wduﬂd ﬁeefllhﬁ Emepﬁﬁﬁg&gsestmgdm%%b ngFbsSwée rHIHaW |%(9£lech)t hi n
ety

rein |
cat | B SBie B O e nams: SMh o dh Sl Bien' RS e e 2pe
E94D, FI8&) tisk@/ihuryalpatingd® bongi re@enﬁretmmti repgir. oBMBEQ ecilesN@ich, have altered affinjty

anot heﬁor@l%’r%&eptotﬂ"@odﬂ'h%' |ﬁ%Brol/e§j @ol&@ﬂaﬁﬁ&ti@@ Watifd 8 thdRath ¥ BRotelnsPishich @MPQOWHI n
wher ei n on is tatlog selec ed &gnhe

cons sREE G baprresedin 1 R oniis) pisde Ppesia Eproveldrrens Ko an
i nser t imoangother thingsg lissuamoateraton depdit end INF like, 8y 2roviding grebied or Algred atidly W80
with 1Qesneeh Idveis iHaRbS BRUGRE BrpRlve it heMpedtics. I'n yet another
aspect, the nutation is a nutation within the type 1 binding domain wherein
said nutation is at |east one nutation selected fromthe group consisting
of H44D, P48S, A52N, D53A, [SCMMARWNDA THEARVENHG@GN| , V70M insertion of P

aftrer N71, Sd2BvendmBiNcludbé4\esifref Bm Pafﬂ&ielwg%r\éinb Rt e85t BRS futafortin @t I§@éﬁ] ggnce of

SEQ ID NO 1. aspe rotein c [1S tati at
each ofP&H"E g'cr?%?gmf—ﬁﬁé'”%[f a'”A\ﬁﬁ'fré"béﬁ m”%ﬁ%‘ o %’f,a?tﬁ%%t‘"”@%%m '\”?;lb"e' Bf tion
of a silliidMRereegpitan gorardre withttee binging to SRAtypei 7 typg i4ecepp7by 2 prireHSDding tNHFi WE% pect
to thepsequence of SEQ | D NO 1. In anot her aspect, the protein
Comprioe 2 aLER, RS, SRR kS, Bful Bt SeeceT
A725 aBiiPVgeMRG ad BME’ﬁespect to the sequence of SEQ ID NO 1 wherein the

nmut at i ons alrﬂanb%éf@sp&:ﬂ&% pré\5|3 RompiedLat 1¢bde npftalibn wiNGB Hhe 5O 1L bin¥A® Mmain

I nserti,o he R’pe i blndlﬁg (%%‘alnlg the t e% %E]gn%ror’halnl;ﬁ(}/é Ac‘Zr’?]Ehatlon ﬁ1ere§PA I n

yet ano din ses a tatiron at each of am no acids
V33, P36, H§'9e '”88‘50” Nﬂg'”c'ﬁ@? fegigner P95 ogeRY Proteip YT FIngian RMNessidcreatance he
sequeneen@fsm&Eer{t) ohNOmltation in at least one ltypeaROtypen raSPRE bindihd1onptir) tvkrin the
ri t L92,
COM L3 DAL RN 81 ST RSP, Mo oy R0y o 27,
t he mnty@fe i ng)e Il receptor by wild type BMP2.
In one aspect, the mutation is a mutation within the type Il binding domain A wherein said

mutation is at least one mutation selected from the group consisting of a mutation at V33, P36, H39, and
F41 with respect to the sequence of SEQ ID NO:1.

35 In another aspect, the is a mutation within the type Il binding domain A wherein said mutation is
at least one mutation selected from the group consisting of V33I, P36K, P36R, H39A, and F41N with
respect to SEQ ID NO:1.



are V331, P36K, H39A, 585N, MB9, L92F, E94D, E965, KO97N, and V991.

In a further aspect, the protein conprises a nutation at each of am no

aci ds V33yoR8®/02839, H44, P48, A52, D53, L55, S57, N68, pE#AB20w7/03363snserti on
of a single am no acid after N71, S72, K73, 174, A77, and V80, S85, M9,
L92, E94, E96, K97, and V99 with respect to the sequence of SEQ ID NO 1.

30 I n yet another aspect, the protein conprises a nutation at each of am no
acids V33, P36, H39, H44, P48, A52, D53, L55, S57, N68, S69, V70, insertion
of a single am no acid after Nr1, S72, K73, 174, A77, and V80, S85, M9,
L92, E94, E96, K97, and V99 with respect to the sequence of SEQ ID NO 1
wherein the nutations are V331, P36K, H39A, H44D, P48S, A52N, D53A, L55M
557A, N68H, Ir5@danothe7&dvkct | ths@utiians afmuatidh véthinalie thpELl) bibdiddom&in3BYiwhetaldl 34id A77P,
and V8%tat|§r5|§|§|l IeMgne An%gt’gn sé:r?c‘ié% froﬁptﬁé grog‘é&%g%ng %Pzgjmytggojn at E?3 S85, ME!'QPL@é,et

anot her aSE%gCt v Er oteln conpri ses nutat1 on at each am no aci ds
v33, P58 K9 I—Wﬂ Ve weh reﬁwftoﬁ??q%g?jo@g?,mN§81, S69, V70, insertion of a
si ngl e am non aturtberabpeet, thd/ytatied 25 a Kin@fionlwithjn th¥\pe 1l binding domain B wherein said

2012/ 02344 PCTH |é§29ée1&£l§1%ﬁ%§|eé€d7mr@mg g%gcon@éﬁng dY%st 538N, Niesdd, LB BE04KI 7,

and V99 W|th res&gct to the sequence O 1 wherein the nutations
are V35POS B36Kkan %%W"W&FE?C“ME%EQJ&B'&‘RI D53A L55M 557A, N68H, 569L, V70M

i nserti on ofn anocthenbtpert, NeImutsibAEs alkid@afion [Withi, theARpe,| bandichg \M8OAN V@, sdiB9,

L92F, ﬁ%ﬂe\@on |§gﬁ§ast 5%7%@@996@@&' fronﬁh@gr@ﬁ@édﬂggtmg%p@ﬁhtatldn@H@ﬁf @h@'A@Z t[bﬁ’?)ds
t he ALK2 rece a_ KD not gll‘ eat recept or

With aLR%SRBt“%Sr%%%?O ERERUHEE S99 RANINP AEd AfkE' T e%%d?&r”%ﬁﬁ %dkﬁo ot
gr éat erespérato thdheqgtente pfNEQ IDNOAEt RI | A receptor with a KD not greater than

about 2 nM It J&?arﬁﬁﬂeﬂa&%ctr e SRk bn W 4 Mut@tldﬁ%lt’ﬂ@tthgfyﬁé"-t ﬁﬁdlﬁd@ﬂ]aﬁhﬂ\&elpsaﬁﬁ nM

and t he B\P | n one
Repect M BPLEE FATINEIRE B B8 optb Ggina o S B2KS, A3y ¥h gl

ani no &0TAI N$at 23695 &/ 0M0 mexrtidnodt &tadter MA 1t BY 2, KIHEY, 13A4YeAT7Fornd VigAtwiheesbéctite ndi ng
reg| ONghe Sequence of 5B IbRweNt i on includes a deS| gner osteogenic protein

rising the am cid sequence of an

ThaR! nvenc: biF mite el bS naEREP e caBRAT & BrbY EroCEHD sl A AR no
aC| d sé@@@ﬁée’\l@f SSEW7P, Dﬁsm)orlzf a §i6di$ eminp weid BiteyN7i NB12uHES 14, désiagh&PO with
osteog%bgctgrtﬁggéqﬁlerggaﬁgg@m\gﬂ he am no acid sequence of SEQ ID NO 14.
The i nventi cl udes .a desi gner . osteo rotein co in m no
aci d sequendé an8 er§é&fﬁ?[‘5“?\kﬁ"§'8 BiRbis8S5 REHER & %?Ofaﬁ{%ﬁf'ggﬁh‘\s ﬁé‘? A§2%5§
desi gnépS. 857 fiFe AT Ve .drseitian coarpingle pmigo ki aligriNggd. 2 6/ efuéntandVsRe8EQ | D
NO237. respect to tha_IQ&quieﬁBéQﬁtSEQnDiN@i Wﬂ&@in_rﬂ%trh_ﬁlgtloﬂg a@rmngm asse PsgRarssavP
Pr ot ei RofORRE] UcBO \Ahw S88L, OCe THL R oL Nedl, 18ARI7PD8 JapRe 1 or type 11

recept or 'Bi ndi'ng doma ereint donrefd a1 SR8 bi nding to
the type 1 &vvet ywemspsﬁrpthﬁ @eaigin enmpsisgprnmetdtioni at kaghing appinadicidg) Vb PBRcHdype 1
or typesd MedeeRptan E4H/ ka7, GRd vwmm@l:jpsa tdthé EbquyRe oBfL\rRa |DTrhte1 met hod conpri ses

mtroducmgancec Cld enco ot. el
cul Lur i g CACTER Shicrdd B eBRuRgs SR o b el IS pat i sy

pur2f in@ lt9HeE%§r 6%!@.7. and V99 with| rgspgefdo é}gﬁeqs{encetCrﬁéEﬁd@ IN@i:bWa@rP'd thegngitioses a
sequenee: \%8l, estie eizdA, BN hmgnmkamoamw wmgpf any one of SEQ ID
NQs: 74-139. In-l:'slhfe rtf%ep\e{se %Et tﬂQ rlone?n co%%ﬁseg %%atl reac% of a I‘ %tcEs O3§,9?g),rl-,3§,l I-ll’]lg an
an no acid sequence CO P eas one nu a Ion I1n a | east one
type 1 P88 AdGped31455 §é7eﬂ)'§%r8681 @ ReprippPh P Ainglpadine iapid elirs NAlitHEi 16, EOnier s
alter edndai/ml B8 M8, LobEMYEES, RO Bnd \W&vith lesPddPtorteceptidice 6FBRTAIDAND:W t h t he

bi régl ng to f’g% gr}lo?r{%r %sp%ct,t IhX%?ote:H‘ ;rr?p?g%t \?M%tjt%%nv%t ﬁgcht&fgﬁln?%Pgs V?aii rI}336 On‘hl In A

one aspect,
wher ei h444748 A2 B3 6D, iSE7, 6{\{681 %fé’s‘ﬂcbH@eﬁfﬁi‘t(ﬁﬁstﬁ‘ﬁ'e@él“@cﬁlc'é@ﬂ?fr'ﬂm ﬂ?e%b} dp
consi starnagnefvse, 83 MB9, 002 aH94 1896, KEBGNd B84 with\E3pecBNBS seqiiée ofBHQIBSIOM t h

r espeCRNhgrginttpeemEB%hg%?eevgsfl, PieR, HBbANPiadp, Pass, As2N, D53A, L5sM, S57A, N68H, S60L,
V70M, insertion of a P after N71, S72E, K73Y, 174V, A77P, and V80A, S85N, M89, L92F, E94D, E96S,
35 K97N, and V99lI.
In yet another aspect, the protein comprises a mutation at each of amino acids V33, P36, H39,
H44, P48, A52, D53, L55, S57, N68, S69, V70, insertion of a single amino acid after N71, S72, K73, 174,



WD 2012/ 023113PCT/ 1B2011/ 053638 I n anot her aspect, the mutation is
a nutation within the type 11 binding donain B wherein said nutation is at
| east onewoubeti2en3sel ected fromthe group consisting ofPCKIBB11/DEBEEE Alll,
V114, F117, D119, N120, S121, N122, V123, and 1124 with respect to the
sequence of SEQ ID NO 4. In yet another aspect, the nutation is a nutation
within the type 1 binding domain wherein said 5 nutation is at |east one
nmut ati on sel ected fromthe group consisting of a nmutation at S72, N/6, A77,
H78, M79, N80, A81, N83, V87, T89, H92, L93, M4, N95, P96, E97, Y98, V99,
and P100 with respect to the sequence of SEQ I D NO 4. I n anot her
aspect, the nutation is a nutation at each of am no acid residues 157, K60,
G561, AB37, ANEYB0,Y86, Mag)d 9DADINEL KEE Spe /B9 tvith tepecs B(hie Baperab oSEERIIDNIA 4.

10In a%%ﬁuhﬁé mﬁéﬁ’cﬁn@tare ‘%/5&9 ﬂééhahhé’ﬁ(‘ H4§DaP£§ét %‘él\‘?rbﬁu%k E‘a%ﬁ/h S@J;A "’Hﬁsﬂos&ﬁ' d
resi dues K108, All V114 D119, S12 22, and
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yet ans®reranagpect, the nutation is a nutation at each of am no acid

r eSISdues S7%anNE@r’ asggc? fthe'?ﬂ(ﬁeln W(?S th%lg\QKZ é@gptormﬁa Kvﬁc?bgre]a%gthallﬁgl?out i—% the\/94

N95, P96, E97, Y98 he am no acid sequence
of SEQAFI fegwier with a KD ”Ot glr??teéHBf‘ ﬁB‘?“t %§Me‘€? AL%%@C‘%H’& tﬁ*he o BRSES3lSF BiER pipUt
conpr i dinW trenAciRi e ceptdr dvits @d(emt greeentban sbaut) 2 alv; treastRIBrrecapter aith arkpimot at

| east QRGtel HREapbud 5 AMRRd bk Bﬁ\)ﬁ%l&tr&%ptgﬂ \Mﬁi'aﬂ% n@Png@étéhtha\M%%&Rh% mhe nutation
confers aItered bi ndi_ng MP recept or co ared with

the bi ndi ngt¥eeFieect WeorTe'BF“r%rp‘éﬁ‘ﬂseﬁéc%ﬁ{ 82 l§y7vﬁ |9d°rt139 8\’ T "f‘tt"ﬂ%r
conpr i setdochied JjthiBthedype bor thy tyTe Il Bndiy re@ens10 ami no aci d nmutati ons not
20l ocat ed m*l'ﬁé"lh%nEl(k?ﬁnéll)ﬁQ@a liesq)dnelt &@eo&&ﬂ;epré-tén }ebrﬂﬁjrlsmg tt{imorb%rd sequence of-gh)e

i nvention i i sol ated nucleic acid nol ecule conprising a

nucl eotop‘?j%fsggldﬁg\wéé‘a%ncodl ng an am no acid sequence sel ected fromthe group
consi sting &he inhentigre fpaledrsea désigBEIPstdOgIBs pr8tetnocorrBrising the amino acid sequeree @Epect ,

t he nugkgi|6 n@ciod encodes a protein conprising an am no aci d sequence

seI cted 25ffomthe gro nsi st of t he sequence, of SEQ | D NGO 12, .S
DN 14, o6 Prtes SO RGeS e CoMPragy b8 B oI HEF Ghies an

| sol at &#Qrib&Oei4c aci d nol ecul e conprising a nucl eoti de sequence sel ected
fromthe gropPiInCanRst Filfd PhesRfe ddobific BbtelOcohpisind e GRfhoASRESdquerlch @f

nucl ei o @q[hg‘ grprl ses a nucl eoti de sequence selected fromthe group
30consi 5 the sequence of SEQ ID NGO 78, SEQ I D NO 80, SEQ I D NO 102,
and SEQ | D N@ h@antion includes aTdesignenyestaogenc prateinuedEnprisinaise m@mcidpwer!@mi? 9§ the
deszbgn@EQab/R@ qrotein corrpri si ng an am no acid sequence corrpri sing at | east
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15 BMP receptor conpared with the binding to the type | or type |l receptor
by a corresponding wild type BMP, thereby inducing bone formation in said
ti ssue. BRDEFI2DESARI PTI ON OF THE DRAW NGS FecTiahz1pod3pssse of
illustrating the invention, there are depicted in the drawings certain 20
enbodi nents of the invention. However, the inventionis not limted to the
preci se arrangenents and instrunentalities of the enbodi nents depicted in
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(N-T'in N dtycan at N80) and the histidine in WD

2012/ 023113 PCFt aBREE1 490683168 Butahen inemuthtior stteaph ef@nfiioagidaesidues &72, INF8, AT, BMP6,

g:/P \é\’el( |H]7-§~E\/Is7t89hﬁ8d?3\31 Q\Qigar €§7p@§§j|Hgg k?%\%ﬁg?@ PEN%? qﬁv@%ﬂﬁm@géé&wt of
CKEH an showi ng the correspondi ng ani no

aci'ds é@t I@?‘%"ea?fomcgkggt)f\‘g) %hown al ong the top of the figure. Figure 5,

conpri si ng peanethsr Zpedt, tchdpaignar BMRGUPsOtejh eqyeprising i emipe ede sEugée cpupising@at | on

of BNP%a@trHAe n@ta‘d%lhg[‘@ést B\ S pe Fdr%l’eﬂ r&z‘e\,pt%hgmngadoﬁﬂrno\'f\fﬁér&ﬂ ﬁ\@%tﬁ:ﬂi@ﬁ%dﬁ%rs

e ahorsd e T BPE T estiP e hinetd' e el el S Rond Wi &b Loueed

on the rercegm byszt\jetypegféttPQ:tyﬁlt%ucmwgesan@l3eé of6, ¥ ra & potsarhing asid hetatzetsmqﬂ ne
sulsbat @csed Wih Bt g,pem-?iug;uy& |BShdfa@¥maiAs. chr omat ogr am showi ng t he profile

frontpreparaﬁlve rever hase @urlflcatlo an 1 mage of
nyvention | sP te nuclela acid mo ecu prl? g cycleot e sequence
a Coonnassi e 'starhed"s non reduced uced on the

10 ri glspgedige pn eminBREd seserderselaged tomp e grasp cerhetlrtq etéttet %ﬁlgene@@feﬁﬁ@e@ M3s:q he

prepar g tve reversed phase puri fication step. Fi gure 6, corrpri si ng

panel s A-D, show | rrftgre gnnasm e- s al ned S schovm ng
. . nuclel acid encodes ap com rlsm a aml O CI FequnC? ele%te

purlfledB e'and various mitant s a op of

each gérpm.tm@p CW%S“@E@@“WPI@S”F‘HPF SHRIBING:13, KBS 'hb‘@-%e@l@@i%@oéﬁl’vl%?S@'[BA and
6B) andorgrdhgci ng (Figures 60 and 6D) 15condi ti ons Fi gure 7 shows
al kal i ne. ph?ﬁ m@é Q‘g aﬁ]éé ?s%féltled ic aC| sm tn%cl(éangarel 3 cet he

ALE VTS SF G EE}\L}I‘-‘JE fhe

ost eogeni ¢ I VI gterodimher to
var i ouseleded fiprethe Bmcoaglstlnaat%%t @d\‘(PSthtﬁé?’fbr aph I egend Figure 8
ShOWSI t he resuhd sspett, heORARER BMPcdrRasipans ewbib@ibenrRbqlede E@&B8Efrom the group

B S t t ronger
gl Q%Ea :éﬁags gr%a%ﬁ%ée%%n& O§§§Q Igﬂgﬁﬁ éé@c?%%ﬁ\%lgeﬁﬂds?%h% | ngvnt)o BVB?/ 6g
Figure 9, WY%‘F'?f‘g'”ﬁ‘éﬁ?élasmﬂhO&rRﬂ PRAudOiiR desracplY B PreteliRaPigiiondt 3BRe
medi at aeld byquedei comprisBiyRs leadtiogél nBtalidh ih St 18ash badpsID Wipa g rtdaetoahmuudoafaun

ect opi | & | t o, HA),

det efmgvrqggﬂqhe( ﬁﬁJ&w}ana FLsiﬂ%r obtAdEQ éﬁ“fé % Iv%q %’ﬁ%g@@lréée tzg'hte t\ﬂtﬁt”he 25
i ndi caP@ﬂ'”%FGF‘hf( fsRApbor t!E?IVFHEGCE‘QP?EIbBW}’FE) BMJ6. t Ke i CP’HHFSG%H‘E%PUG'OQ 3 NEfleig, 5
pg)3s Fiagjdre@cddBgisaidepraeiafidio altoel ¢, ¢uteringnaaldndell ahde Coaqitions haere saidareteihat ed as
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whi ch V\g)gﬁcleg "’I”Bﬁ%gﬁ%%ﬁﬁ'&%g i ndi cated BVP (BMP2, BMPG BMPA, and BMNPF) at
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representative NHPs that received BMPE and BVWPG respectively, at 0.5
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Figure 14 is a graph show ng the anmount of ectopic bone (cal cul ated as
mlligranms of 10 hydroxyapatite) as determ ned by JOT anal ysis for each
i b whi chowar/i2spBant ed with the indi cated BVP ( BMP- 2, PBUPBAY 695380P- E,
BWP- GER, and BMP-6) at the dose indicated (0.05 or 0.25pg). These are the
results froman experinment separate fromthat shown in Figure 13.
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Figures 24 is a graph showi ng the bone score as determ ned by
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This invention relates a "designer"” bone nnorphogenetic protein, referred
to herein as "designer 15 BMP," "designer osteogenic protein" and
"designer protein." The designer BWMPs of the invention may correspond to
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treated with 1.5 mg/ml BMP-2 as follows: panels 1 and 2 show LAT (lateral) and AP (anterior-posterior)
images, respectively, at the initial time point; panels 3 and 4 show LAT and AP images, respectively, at 2
weeks; panels 5 and 6 show LAT and AP images, respectively, at 4 weeks; panels 7 and 8 show LAT and
35 AP images, respectively, at 6 weeks; panels 9 and 10 show LAT and AP images, respectively, at 7

weeks; panels 11 and 12 show LAT and AP images, respectively, at 8 weeks; Figure 17B shows the
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30 3-nnethyl histidine may be substituted for histidine; honnoserine may be
substituted for serine; and ornithine may be substituted for |ysine.
"Reconbi mapt2biz/espsessed pol ypepti de” and "reconbi nant porypmptl/Hite3s as used
herein refer to a pol ypeptide expressed froma host cell that has been
mani pul ated to express that polypeptide. In certain enbodinents, the host
cell is a mammalian cell. In certain enbodi nents, this manipul ati on may
conprise 35 one or nore genetic nodifications. For exanple, the host cells
may be genetically nodified by the introduction of one or nore heterol ogous
genes encodi ng the pol ypeptide to be expressed. The heterol ogous
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The percent identity between the two ggquences is a function of the nunber
of identical positions shared by the sequences, taking into account the
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"Effective anount", or "therapeutically effective anmount,” as the terns are
used i nterchangeably herein, is an anmount that when adm nistered to a

ti ssue orwaemrad13 preferably a human, nedi ates a 35derettBie0i3hzs apeuti
response conpared to the response detected in the absence of the conpound.
A therapeutic response, such as, but not Iimted to, inhibition of and/or
decreased fibrosis, increased bone WO 2012/ 023113PCT/ 1B2011/ 053638 nass or
bone density, and the like, can be readily assessed by a pl ethora of
art-recogni zed nethods, including, e.g., such nethods as disclosed herein.
The skilled artisan woul d understand that the effective anount of the
conpound or conposition adm nistered herein varies and can be readily
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" or bt G RoEERTbE o 26 it bt e S ot T TR R Ao PEUBEn s *aod
bi nds sowpdiondliusageolSee Uhmayndpgy--Al Seghasist (2glbdiian i & Gplub @oddniRz &rer, Bds.nd
ot hte_fdmkﬁﬁy%sfcidt&ﬁpr%ﬁmd?mé@hggm,t\grﬁ}%_as é@Brp%d%féﬁrﬁanefe?{hcénstBQy or a
pept i i nhi bi tor. which recogni zes, an i,nds cogpate receptor (e.qg., a
ENRSty e BP0 e P TPREEBeaY S Sgma By R R er oo rerpadignat e
ant i getheredmdr iytee drieketler ¢ade gorssapquidiag theeto, doipgicatest asfelbwe:ant i al | y recogni ze or
bi nd oEheNak®! ecul efyrddl dilhecskanml €. TOHS| etdNegde desi gnated assay o
conditions, the spem%slé)ed binding noiety (e.g., a BMP or a receptor binding
fragrreﬁtspﬂ?éArcgof) bi n preferentially t§ a particul ar target nol ecule and
does n&utdmingcid n a sighifi cant anount toFother conponents present in a test
sanmpl e ydhevari ety of ggsay formats may b& used to sel ect an antibody that
speci fiA(r:inAey bi nds a K’PI ecul e of int erest, 25 For exanpl e, solid-phase
ELI SA i ngrrunoassay, i nnﬁnunopr eci pitation, Bl Acore, FACS, Cctet, and Western
bl ot ahtsligirgé s are anorig nany assays that Hmy be used to identify a BWP that
speci f iTgakihy reacts wryrh a BMP receptor. yTypically, a specific or selective
reacti %gtgxlnﬁél be at | ast tw ce backgrour&d signal or noise, nore
prefera ?y, at least tfve-fold greater than background signal or noise, and
nmoré t ypvasadiney, nore Adtan 10 ti mes backgM™ound, even nore specifically, a
BWP i s caadniind 0 "speci Gincal |y bind" a BMPgeceptor when 30 the equilibrium
di ssocigation constant (KD) is 100 pM nore preferably 10 pM even nore
pr ef eral%ly 1 pM yet nore preferably 100 nM and nost preferably 10 nM
The termeoMl' refers T the equilibrium dissociation constant of a
parti c@yaihel i gand-receptor interaction. '@Binding affinity" generally refers
to3gheA§arh{n§ngth of thg sumtotal of noncqvalent interactions 35 between a
bi n in% Ssite of a nolecule (e.g., a BMP [igand) and its binding partner
(e.g., Va™8\VP type | oYatype || receptor)V Unless indicated otherw se, as
used heggine, "bindingaffinity” refers ta@ intrinsic binding affinity which
refl ecqs%legci% i nter age;ai on between nenbers of a binding pair (e.g., BWMP and
its cognhate 2012/ 023113PCT/ 1B2011/ 053é38 receptor). The affinity of a
mol eculMeteningr j ts palMetner Y can general M/ be represented by the
di ssocipadihedn const ant ProKd) . Affinity can be nmeasured by conmon
met hodsg, knownLn the grt, including those described herein. Lowaffinity
BMPs generally bind a receptor slowy and tend to dissociate readily,
wher ead YRicgaf fi ni t y"™"5 BMPs generally BYnd a receptor faster and tend to
remai n bound | onger. A variety of nmethods of neasuring binding affinity are
known in the art, any of which can be used for purposes of the present
invention. Specific illustrative enbogjnents are descri bed el sewhere
her ei n. The term"k"", as used herein is intended to refer to the
association or on rate constant, or specific reaction rate, of the forward,
or conplex-formng, reaction, neasured in units: M1 sec-1. 10 The term
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30receptor. Thus, any difference in a binding characteristic and/or
affinity val ue between a designer BMP and a corresponding wild type BMP are
enconpasswo 2b12/wBB3t erm "al t ered bi ndi ng" as used her ei RCT/IB2011/053¢382 t er m
"surface plasnnon resonance", as used herein, refers to an optical
phenonenon that allows for the analysis of real-tinme biospecific
interactions by detection of alterations in protein concentrations within a
bi osensor matrix, for exanple using the Bl Acore system (Pharnaci a Bi osensor
35 AB, Uppsal a, Sweden, and Piscataway, N.J.). For further descriptions,
see, e.g., Johnsson, et al., Ann. Biol. din. 51: 19-26 (1993); Johnsson,

et al., Biotechniques 11: 620-627 (1991); Johnsson, et al., J. ML
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conpos weil-brownitd thoseefiphil is the mor et hanPearout Mbdp éloL iat 245304131 (1994).
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i n 1bhe seorpwsi thieomneh \B) @oreenbtrioingsidd etheios:i asparagteh ents plutatnenee#narbimatic side
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Descri pt.i.on ocl ene tic Pr ot

pr evi odgfi§ SEp é’g?z\ﬂlfetaéoaﬁﬁraéi rf"” YRk ﬁ@ﬁﬂif&b%ﬁ%gﬁ&? ?@'”fyr%’ft@f“ﬁ and
super f aretfiidnipe alPefepfed wwnedvativee agirar addse sibsttdtidpy greiine- eenyelingdaiiciog stlevare,
;e?) :c glr;%lﬁer@/iaﬁHH@ ({rd%fne a;bsme e aIH@r‘iéJ\Vaﬁne égtgmgt@gas&@tlite anlal@sa_ei?é'g r@Mﬁft%e ce.
u [ im i
1958 i PR 2o PSS e ianes piead Posity vaog Bat AR Ro.
3 204 Okl BNPIaORIRXISd (ns@erneteet gl., SABBCPABEHI3 N5 BITATBBDNconRIME bsee,
€. 9., kfBakent mgﬁbratgly 5&%6@&1@% ) reﬁ%e@neﬁtsig%ny @hdhige hhlmdPahebgNte vAudihdne 44)

BMP7 8% ogenj.c { or OPl) (see, e.g., US Patent No. 5, 141, 905)
BWMP8 ( &?%g%ée' ”t&s Patent No. 5,688,678), BW8B (0P3) (see, e.g., US

Pat ent No. Bre§%gd @fihm)) ac@\RpstifutpE2gre Gf@eeeyvhicizm)etegqcs% sussePbilityrip piddeolysis, (2)

6, 287, ﬁagaae sEuBtMtBﬂﬂg;( t%%%dat@n g?i),anb&érﬁwgi‘gl;%\fﬁhitﬁ@r-? for'ﬁqir?gQﬁotQﬂB&mp|&£laéd §4%1&Ngr (see,
e.g., at en ee, e.q. _Pat ent ..No.

6 07, R SR bR oot A et binal Ao ified 572 e pndodtominting B ERhoR: oy ) o
( GDF9) deistésss, andigr InseU@nPa@renn@lucrqmariw,so@zt?irzsz@)a, seBIPe® otherelhan the gpecifiefspeptident

No. 6, 3&uefck2)or e, (sHRR: or Saulliple diinoARRI dubaikutions (DlererabfAbh QP3O ino 533
é:fg’n t e‘&%mug)Uégﬁ’at entad tagiq%é?ﬁ__dss %]érqc g@lfze%éb%e é)oh{opn gf)the( p%gé;ﬁu%? gut%ld?\b

5, 897, #B3pmain(s) forming Bmolgoa@tpqhia@ﬁl .9 mtfndf qf s @D%ﬁfgﬁm%oerlezféﬁﬁdirrgcep\@hl ch

i ncl ud@.nzry@e.tds rﬂe@a&b@ét&e aMids haid %ﬁt@tl&&ih&@d ¢al b@daAiRbgangé tHRCEtktiral ALK- 3

(al so ) nd ALK al s BVPR nd T | .
{ocopt e RtaloRBbprefiGatehis o 4.2 B CEnE B a1l B @ et
BVP- r e#@pecsErsH MgiPaEn| W%@tqréﬁ@'ph%% typee Af @FWP@G“E@%W@M derapterizagdhg he
bi ndi Nngasmesddubrte}. | B&mPlks R Cdit-ratdghizddy peryRiviief Qécoﬂ(ﬁ\@)h ahy Pértidry anrdétaes taype |1

30%80‘3885%@%(1% 9,%%?‘%{ aét}&tu}%EQWMchuyabﬁm% Iples g&‘éﬁ@é# f@ g)’"gl f;rg i%!%g ﬁéﬁhecke
et al . NemNorkg(l 94))7iniagluetin G roteinpueture CA%ardannkJ 2TopgaK eds- padagy! hmel
ACTI | BNBIVRRH, NBIVR921)); and Thornton et al., Nature 354:105 (1991), which are each incorporated herein
by reference.
The terms "polynucleotide”, "nucleotide sequence", "nucleic acid", "nucleic acid molecule",
35 "nucleic acid sequence", and "oligonucleotide" refer to a series of nucleotide bases (also called
"nucleotides") in DNA and RNA, and mean any chain of two or more nucleotides. The polynucleotides can

be chimeric mixtures or derivatives or modified versions thereof, single-stranded or double-stranded. The
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No Bi nding No Bi ndi ng ++++ ++++ ++ +++ ++ BMP-4 No Bi nding No Binding ++++
++++ ++ ++ ++ BMP-6 No Binding No Binding ++ ++ ++++ ++++ ++++ WO
2012/ 023MBRCI/I2BAB11/ 053638 ALK 1 ALK 2 PCT/IB2011/053638

oligonucleotide can be modified at the base moiety, sugar moiety, or phosphate backbone, for example,
to improve stability of the molecule, its hybridization parameters, etc. A nucleotide sequence typically
carries genetic information, including the information used by cellular machinery to make proteins and
enzymes. These terms include double- or single-stranded genomic and cDNA, RNA, any synthetic and

5 genetically manipulated polynucleotide, and both sense and antisense polynucleotides. This also
includes nucleic acids containing modified bases, for example, thio-uracil, thio-guanine, and fluoro-uracil,
or containing carbohydrate, or lipids.

In the context of a nucleotide sequence, the term “substantially identical” is used herein to refer to
a first nucleic acid sequence that contains a sufficient or minimum number of nucleotides that are

10 identical to aligned nucleotides in a second nucleic acid sequence such that the first and second
nucleotide sequences encode a polypeptide having common functional activity, or encode a common
structural polypeptide domain or a common functional polypeptide activity. For example, nucleotide
sequences having at least about 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identity
to a reference sequence.

15 By "designer BMP nucleic acids," and grammatical equivalents herein is meant nucleic acids that
encode designer BMPs.

The terms “protein” and “polypeptide” are used interchangeably herein. These terms refer to a
sequential chain of amino acids linked together via peptide bonds. The terms include one or more
proteins that function as a discrete unit. If a single polypeptide is the discrete functioning unit and does

20 not require permanent or temporary physical association with other polypeptides in order to form the
discrete functioning unit, the terms "polypeptide” and "protein" may be used interchangeably. If the
discrete functional unit is comprised of multiple polypeptides that physically associate with one another,
the term "protein" as used herein refers to the multiple polypeptides that are physically coupled and
function together as the discrete unit. A protein to be expressed according to the present invention can be

25 a protein therapeutic. A protein therapeutic is a protein that has a biological effect on a region in the body
on which it acts or on a region of the body on which it remotely acts via intermediates. Examples of
protein therapeutics are discussed in more detail below.

“Designer BMP,” as the term is used herein, relates to a BMP protein comprising at least one
amino acid mutation compared to a corresponding wild type BMP without the mutation, wherein the

30 designer BMP has detectably altered binding for at least a type | receptor and/or at least one type Il
receptor compared with the binding of the corresponding wild type BMP for the type | and/or type I
receptor.

By "corresponding wild type protein" it is meant the wild type version of the designer BMP prior to
the introduction of any mutations. For example, if the designer BMP is a designer BMP2, the

35 corresponding wild-type BMP is wild-type BMP2. Thus, in one embodiment, design of a designer BMP
can, but need not, begin with a wild type BMP sequence wherein mutations (e.g., amino acid

substitutions, deletions and/or insertion) are introduced into the wild type sequence. Therefore, the
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ALK 3 ALK 6 ACTII A ACTIIB BWPRII BMP-7 No Binding No Binding ++ ++ ++++
++++ ++++ BMP-9 +++++ No Bi nding No Bi nding No Bi nding ++ +++ ++++

Desi gner wBorei12M2spBogenetic Proteins with | nproved Cst e®@GeEnBm1A0I3638 t y
This application is based, in part on the understanding that each BW

di nner binds to four BMP receptors two type | receptors and two type ||
receptors. The specificities of each BMP for each receptor 5 are known in
the art as shown above in Table 1. Al so, the receptor binding regions of
vari ous BMPs that nediate binding of the BMP for each receptor have been
mapped and are shown in Table 2. For instance, it is well established that
wild type BMP2 and BMP4 bind type | BMP receptors Al k-3 and ALK-6 with high
af fi ni dysignadBlaP reh topeepcnd wBVE wile /e BEIP Sandi thdlotatiwe of atfef munatioys cdorbetdaid, fot her

hand, d
hand, it e BOR: ARCRBUET A0 AU BN, ) Bl KO ool EGERY Qi

r ecept S coresPPeinGaT re&‘?r?qcﬁlﬁf'\ﬂlpf%élﬂ"c?hey do to type Il. It is believed that
the differimge peleinslogthe pespoyedsioh rohw¢ hagnagpfsr dotivare€ |ayalgsr dryvatiimteef tléSFr 3

super f aBNidoWaeTRORAES HafeiNahd :5?9 CBMB.Pé!‘ahtHe%ﬁﬁ%SfténﬁQ “féé(g&]&tal%’/@ﬁ /i *aaﬁvsi.w
twelve receptors is_ believed be due to each utilizin ecific

Feper £ 61 BTGP POERTIG AFORTAR B PEESBITRIGU I PEIT NG (S BT The
type | samelofltthe fhadtichahgoptizaiofibe proeindesortidpéiovas deriathl e 2. 15 TABLE 2
By the term “fragment” as used herein refers to a polypeptide and is defined as any discrete
portion of a given polypeptide that is unique to or characteristic of that polypeptide. The term as used
10 herein also refers to any discrete portion of a given polypeptide that retains at least a fraction of the
activity of the full-length polypeptide. In certain embodiments, the fraction of activity retained is at least
10% of the activity of the full-length polypeptide. In certain embodiments, the fraction of activity retained is
at least 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% of the activity of the full-length polypeptide. In
certain embodiments, the fraction of activity retained is at least 95%, 96%, 97%, 98% or 99% of the
15 activity of the full-length polypeptide. In certain embodiments, the fraction of activity retained is 100% or
more of the activity of the full-length polypeptide. Alternatively or additionally, the term as used herein
also refers to any portion of a given polypeptide that includes at least an established sequence element
found in the full-length polypeptide. In some embodiments, the sequence element spans at least about 4-
5, 10, 15, 20, 25, 30, 35, 40, 45, 50 or more amino acids of the fulllength polypeptide. Fragments of
20 proteins of the present invention include proteolytic fragments, as well as deletion fragments.

Variants of the proteins of the present invention include fragments as described above, and also
polypeptides with altered amino acid sequences due to amino acid substitutions, deletions, or insertions.
Variants may occur naturally or be non-naturally occurring. Non-naturally occurring variants may be
produced using art-known mutagenesis techniques. Variant proteins may comprise conservative or non-

25 conservative amino acid substitutions, deletions or additions.

The proteins of the invention include proteins having one or more residues chemically derivatized
by reaction of a functional side group. Also included as proteins of the invention are polypeptides that
contain one or more naturally occurring amino acid derivatives of the twenty standard amino acids. For
example, 4-hydroxyproline may be substituted for proline; 5-hydroxylysine may be substituted for lysine;

30 3-methylhistidine may be substituted for histidine; homoserine may be substituted for serine; and
ornithine may be substituted for lysine.

"Recombinantly expressed polypeptide" and "recombinant polypeptide" as used herein refer to a
polypeptide expressed from a host cell that has been manipulated to express that polypeptide. In certain
embodiments, the host cell is a mammalian cell. In certain embodiments, this manipulation may comprise

35 one or more genetic modifications. For example, the host cells may be genetically modified by the
introduction of one or more heterologous genes encoding the polypeptide to be expressed. The

heterologous recombinantly expressed polypeptide can be identical or similar to polypeptides that are
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BMP Type |l domain A amino acids Type | domain am no acids Type || domain B
am no acids BMP2 (SEQ ID NO 1) 31-44 48-76 83-100 BMP4 (SEQ I D NO 2) 33-46
50- 78 85-w020BMR23116SEQ | D NO. 3) 54-67 71-100 107-120 BMPET(BED/HID6IO 4)
55-69 73-102 108-126 BMP7 (SEQ ID NO 5) 55-69 73-102 108-126

normally expressed in the host cell. The heterologous recombinantly expressed polypeptide can also be
foreign to the host cell, e.g. heterologous to polypeptides normally expressed in the host cell. In certain
embodiments, the heterologous recombinantly expressed polypeptide is chimeric. For example, portions
of a polypeptide may contain amino acid sequences that are identical or similar to polypeptides normally
5 expressed in the host cell, while other portions contain amino acid sequences that are foreign to the host
cell. Additionally or alternatively, a polypeptide may contain amino acid sequences from two or more
different polypeptides that are both normally expressed in the host cell. Furthermore, a polypeptide may
contain amino acid sequences from two or more polypeptides that are both foreign to the host cell. In
some embodiments, the host cell is genetically modified by the activation or upregulation of one or more
10 endogenous genes.

Calculations of homology or sequence identity between sequences (the terms are used
interchangeably herein) are performed as follows. To determine the percent identity of two amino acid
sequences, or of two nucleic acid sequences, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first and a second amino acid or nucleic acid

15 sequence for optimal alignment and non-homologous sequences can be disregarded for comparison
purposes). In a typical embodiment, the length of a reference sequence aligned for comparison purposes
is at least 30%, at least 40%, at least 50% or 60%, or at least 70%, 80%, 90%, or 100% of the length of
the reference sequence. The amino acid residues or nucleotides at corresponding amino acid positions
or nucleotide positions are then compared. When a position in the first sequence is occupied by the

20 same amino acid residue or nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position (as used herein amino acid or nucleic acid “identity” is equivalent
to amino acid or nucleic acid “homology”).

To determine the percent identity of two amino acid sequences or of two nucleic acids, the
sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in the sequence of

25 a first amino acid or nucleic acid sequence for optimal alignment with a second amino acid or nucleic acid
sequence). The percent identity between the two sequences is a function of the number of identical
positions shared by the sequences (i.e., % homology=# of identical positions/total # of positions X 100).
The determination of percent homology between two sequences can be accomplished using a
mathematical algorithm. A preferred, non-limiting example of a mathematical algorithm utilized for the

30 comparison of two sequences is the algorithm of Karlin et al., Proc Nat/ Acad Sci U S A 87:2264-8 (1990),
modified as in Karlin et al., Proc Nat/ Acad Sci U S A 90:5873-7 (1993). Such an algorithm is incorporated
into the NBLAST and XBLAST programs of Altschul et al., J Mol Biol 215:403-10 (1990). BLAST
nucleotide searches can be performed with the NBLAST program, score=100, wordlength=12.

BLAST protein searches can be performed with the XBLAST program, score=50, wordlength=3.

35 To obtain gapped alignments for comparison purposes, Gapped BLAST can be utilized as described in
Altschul et al., Nucleic Acids Res 25:3389-402 (1997). When utilizing BLAST and Gapped BLAST
programs, the default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used.
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BMP8 (SEQ I D NO 6) 55-69 73-102 108-126 BMP9 (SEQ I D NO 7) 25-39 42-71
78-96 Rational amno acid substitution to alter receptor binding of

desi gner BORs12/028116ne enbodi ment, the invention conpri s@STIIRINMOKE638Ng an
amno acid nmutation in at |east one 20 receptor binding site thereby
providing altered binding to type | and type |l BMP receptors by designer
BMPs conpared to the binding of the corresponding wild type BMP to those
receptors. That is, it is well known in the art that wild type BMP2 shows a
relatively high affinity for type |I receptors, while wild type BMP6 shows a
high affinity for type Il receptors. It is further known in the art that
het erodi nners of wld type BMP2 and BMP6 bind to both type |I and type ||
recept ors Wrhdparehgitientiglbgtwebgihe afd deqidnyessiaa uinBivR o2tha pprabee ot iigntiget pasitdhsg t he

hi ghers g Q9% of o] n eachc ich'€
ooy & 501 Y 3R dai B £5aERa s AEFRY Bope, BB TR et el

act i ve NERHP Peiviseduged FRsEM Y |aignenegtof e twsfabticthers, in both in vitro and in
Vi vo bone f Oheratriparisoastseygencdadpidaie@rrsitmins ofgrereentadrplitg betive&B\MR2 sequeindshiegn

bi ng' nge %I:cfoln'aflsrhéc?%lr]}goa %Xtﬂ&nétlcg"é%o |tl1mr ﬁ'nccﬁm@temb%lmériﬁﬁé-gergent -EXrHﬁ’y Aetvu-ééﬁ‘?wd l

Li gand ALK3 rxD™(nivi) ALK6 ni vi | A rxD (nivi)
Act RI ngo\?c@ﬁeg%ﬁze(sd? %t3 ined using the Needle an-Wu sch algorlthm (Needleman et al.; J Mol

Biol 48:443-53 (1970)) which has been incorporated into the GAP program in the GCG software package
(available on at gcg.com), using either a Blossum 62 matrix or a PAM250 matrix, and a gap weight of 16,
14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another embodiment, the percent

10 identity between two nucleotide sequences is determined using the GAP program in the GCG software
package (available on the internet at gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40,
50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. One typical set of parameters (and the one that
should be used unless otherwise specified) are a Blossum 62 scoring matrix with a gap penalty of 12, a
gap extend penalty of 4, and a frameshift gap penalty of 5.

15 The percent identity between two amino acid or nucleotide sequences can be determined using
the algorithm of E. Myers and W. Miller (Myers et al., Comput App/ Biosci 4:11-7 (1988)) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue table, a gap length
penalty of 12 and a gap penalty of 4.

“Instructional material,” as that term is used herein, includes a publication, a recording, a

20 diagram, or any other medium of expression which can be used to communicate the usefulness of the
compound, combination, and/or composition of the invention in the kit for affecting, alleviating or treating
the various diseases or disorders recited herein. Optionally, or alternately, the instructional material can
describe one or more methods of alleviating the diseases or disorders in a cell, a tissue, or a mammal,
including as disclosed elsewhere herein.

25 The instructional material of the kit may, for example, be affixed to a container that contains the
compound and/or composition of the invention or be shipped together with a container which contains the
compound and/or composition. Alternatively, the instructional material may be shipped separately from
the container with the intention that the recipient uses the instructional material and the compound
cooperatively.

30 Except when noted, the terms "patient" or "subject" are used interchangeably and refer to
mammals such as human patients and non-human primates, as well as veterinary subjects such as
rabbits, rats, and mice, and other animals. Preferably, patient refers to a human.

“Effective amount”, or “therapeutically effective amount,” as the terms are used interchangeably
herein, is an amount that when administered to a tissue or a mammal, preferably a human, mediates a
35 detectable therapeutic response compared to the response detected in the absence of the compound. A

therapeutic response, such as, but not limited to, inhibition of and/or decreased fibrosis, increased bone
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BMP2 0.69 0.17 141 42 BMP6 150 102 0.73 2.0 BMP2/6 1.67 0.43 2.56 1.15
Accordingly, it is an object of the invention to provide designer BMPs with
i mproved WOnrdiz3tie type | and/or type Il receptors. AspPshaBzoii/ns3kisgure 1A
and Table 2, each BMP conprises three binding 10 sites that contribute to
receptor binding. FromN to Ctermnus, each BMP conprises a type ||
receptor binding site A, a type | receptor binding site, and a second type
Il receptor binding site B. Al though an exenplary alignnent of wild type
BMP2, BMP4, BWP5, BMP6, BMP7, BMP8, and BMP9 is illustrated in Figure 1,
the skilled artisan will appreciate that there are well-known alignnments
providing the relative positioning of various am no acids anong the nenbers
of t hemb& 3rBns Upedty, anaitheylike Staa lbe abddiy aesassed &y @ pldnhoer olvardechgniasromethadsher s,

in Int @,{Cmap‘é %%suﬁ%étﬁo%@%é&l&ldﬁ@éheré’p 2009/ 086131 (e.g., Figures 15-17,
Fi gure 31A) %ures 9-12), WO 2005/118636 (Figure 6), WO
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The term "Kp" refers to the equilibrium dissociation constant of a particular ligand-receptor
interaction.
"Binding affinity" generally refers to the strength of the sum total of noncovalent interactions
35 between a binding site of a molecule (e.g., a BMP ligand) and its binding partner (e.g., a BMP type | or
type Il receptor). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic binding

affinity which reflects a 1:1 interaction between members of a binding pair (e.g., BMP and its cognate
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In some enbodi nents, the backbone BMP is a wild type BMP and the nutations
are one or nore of the nutations listed in Tables 4 to 6. The desi gner BMP
may cont aWvo 2ary0280dbi nati on and any nunber of nutati onsPCiraBadi/nisesshese

t abl es. I n sone enbodi nents, the backbone BMP is a wild type BWP
and the nutations are one or nore 50of the nutations listed in Tables 4 to
6. The designer BMP may contain a pernutation and any and all of the
mutations listed in these tables or disclosed el sewhere herein. TABLE 4
Type ! Bi ndi ng Domai n Mut ati ons BMP2 BMP4 BMP5 BMP6 BMP7 BMP8 BMP9 Possi bl e
mut ati ons P48 P50 S71 S72 A72 S72 F42 F, S, N, A, P F49 F51 F72 F73 F73 F73
F43

As used herein, "substantially pure” means an object species is the predominant species present
(i.e., on a molar basis it is more abundant than any other individual species in the composition), and
preferably a substantially purified fraction is a composition wherein the object species (e.g., a designer
BMP) comprises at least about 50 percent (on a molar basis) of all macromolecular species present.
5 Generally, a substantially pure composition will comprise more than about 80 percent of all
macromolecular species present in the composition, more preferably more than about 85%, 90%, 95%,
and 99%. Most preferably, the object species is purified to essential homogeneity (contaminant species
cannot be detected in the composition by conventional detection methods) wherein the composition
consists essentially of a single macromolecular species.
10

Description
Bone Morphogenetic Proteins (BMPs)

As stated previously elsewhere herein, BMPs are members of the TGF-B protein superfamily all
of which are characterized by six-conserved cysteine residues (Lander et al, (2001) Nature, 409:860-921.
15 The BMP/GDF subfamily includes, but is not limited to, BMP2 , BMP3 (osteogenin) (see, e.g., US Patent
No. 6,177,406), BMP3b (GDF-10) (see, e.g., US Patent No. 6,204,047), BMP4 (BMP2b) (see, e.g., US
Patent No. 6,245,889), BMP5 (see, e.g., US Patent No. 5,543,394), BMP6 (see, e.g., US Patent No.
6,613,744), BMP7 (osteogenic protein-1 or OP1) (see, e.g., US Patent No. 5,141,905), BMP8 (OP2) (see,
e.g., US Patent No. 5,688,678), BMP8B (OP3) (see, e.g., US Patent No. 5,854,071), BMP9 (GDF2) (see,
20 e.g., US Patent No. 6,287,816), BMP10 (see, e.g., US Patent No. 5,703,043), BMP11 (GDF11) (see, e.g.,
US Patent No. 6,437,111), BMP12 (GDF7) (see, e.g., US Patent No. 6,027,919), BMP13 (GDF6,
CDMP2) (see, e.g., US Patent No. 6,027,919), BMP15 (GDF9) (see, e.g., US Patent No. 6,034,229),
BMP16 (see, e.g., US Patent No. 6,331,612), GDF1 (see, e.g., US Application No. 2004/0039162), GDF3
(see, e.g., US Patent No. 6,025,475), GDF5 (CDMP1; MP52) (see, e.g., US Patent No. 5,994,094), and
25 GDF8 (myostatin) (see, e.g., US Patent No. 5,827,733).
BMPs specifically bind their cognate receptors, which include Type | receptors: ALK-I, ALK-2
(also called ActRla or ActRI), ALK-3 (also called BMPRIa), and ALK-6 (also called BMPRIb); and Type Il
receptors: ActRlla (also called ActRIl), ActRIIb, and BMPRII. The BMP-receptor binding interactions have
been studied extensively, and the binding specificities of each wild type BMP for each type | and/or type Il
30 receptor is generally known in the art and are shown in Table 1. See, e.g., Nickel et al., Cyfokine Growth
Factor Rev 20:367-77 (2009); Heinecke et al., BMC Biol 7:59 (2009).

TABLE 1
ALK 1 ALK 2 ALK 3 ALK 6 ACTIA ACTIIB BMPRII
BMP-2 No Binding | No Binding | ++++ ++++ ++ +++ ++
BMP-4 No Binding | No Binding | ++++ ++++ ++ ++ ++
BMP-6 No Binding | No Binding | ++ ++ ++++ ++++ ++++
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ALK 1 ALK 2 ALK 3 ALK 6 ACTIIA ACTIIB BMPRII
BMP-7 No Binding | No Binding | ++ ++ ++++ ++++ ++++
BMP-9 +++++ No Binding | No Binding | No Binding | ++ +++ ++++

Designer Bone Morphogenetic Proteins with Improved Osteogenic Activity

This application is based, in part on the understanding that each BMP dimer binds to four BMP

receptors two type | receptors and two type Il receptors. The specificities of each BMP for each receptor

5 are known in the art as shown above in Table 1. Also, the receptor binding regions of various BMPs that
mediate binding of the BMP for each receptor have been mapped and are shown in Table 2. For
instance, it is well established that wild type BMP2 and BMP4 bind type | BMP receptors Alk-3 and ALK-6

with high affinity and bind type Il BMP receptors with lower affinity. On the other hand, wild type BMP6

and BMP7 are known to have bind type |l receptors ActrllA, ActrliB, and BMPRII with high affinity but bind

10 type | receptors with lower affinity than they do to type Il. It is believed that the differing cellular responses
from the approximately forty-three TGFB superfamily members signaling through interaction with
approximately twelve receptors is believed to be due to each ligand utilizing a specific repertoire of

receptors with which it binds with differing affinities. The type | and Il binding domains are described in

Table 2.
15
TABLE 2
BMP Type Il domain A Type | domain Type Il domain B
amino acids amino acids amino acids

BMP2 (SEQ ID NO 1) 31-44 48-76 83-100
BMP4 (SEQ ID NO:2) 33-46 50-78 85-102
BMP5 (SEQ ID NO:3) 54-67 71-100 107-120
BMP6 (SEQ ID NO:4) 55-69 73-102 108-126
BMP7 (SEQ ID NO:5) 55-69 73-102 108-126
BMP8 (SEQ ID NO:6) 55-69 73-102 108-126
BMP9 (SEQ ID NO:7) 25-39 42-71 78-96

Rational amino acid substitution to alter receptor binding of designer BMPs

In one embodiment, the invention comprises introducing an amino acid mutation in at least one

20 receptor binding site thereby providing altered binding to type | and type Il BMP receptors by designer
BMPs compared to the binding of the corresponding wild type BMP to those receptors. That is, it is well
known in the art that wild type BMP2 shows a relatively high affinity for type | receptors, while wild type
BMP6 shows a high affinity for type Il receptors. It is further known in the art that heterodimers of wild

type BMP2 and BMP6 bind to both type | and type Il receptors with relatively high affinity each BMP

25 apparently providing the higher affinity binding site for each receptor. See Table 3, below. The BMP2/6
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heterodimers are known to be more active that BMP2 or BMP6 alone or as homodimers, in both in vitro
and in vivo bone formation assays. Table 3 shows an example of BMP2 and BMP6 binding affinities to

type | and Il receptors.

5 TABLE 3
Type | Type Il
Ligand ALK3 ALK6 ActRIIA | ActRIIB
Ko (nM) | Kp (nM) | Kp (nM) | Kp (nM)
BMP2 0.69 0.17 141 42
BMP6 150 102 0.73 20
BMP2/6 | 1.67 0.43 2.56 1.15

Accordingly, it is an object of the invention to provide designer BMPs with improved binding to
type | and/or type Il receptors. As shown in Figure 1A and Table 2, each BMP comprises three binding
10 sites that contribute to receptor binding. From N- to C-terminus, each BMP comprises a type Il receptor
binding site A, a type | receptor binding site, and a second type |l receptor binding site B. Although an
exemplary alignment of wild type BMP2, BMP4, BMP5, BMP6, BMP7, BMP8, and BMP9 is illustrated in
Figure 1, the skilled artisan will appreciate that there are well-known alignments providing the relative
positioning of various amino acids among the members of the TGBB superfamily. Such alignments are
15 provided, among others, in International Publication Nos. WO 2009/086131 (e.g., Figures 15-17, Figure
31A), WO 2008/051526 (Figures 9-12), WO 2005/118636 (Figure 6), WO 2005/118635, WO
2005/113585 (Figure 3), WO 2001/92298 (Figure 6A-6C), Kirsch et al., EMBO J. 19 :3314-3324 (2000)
(Figure 1), US Patent Application Publication No., 2007/0293425 (Figure 6), Groppe et al., Nature
420 :636-642 (2002), Nickel et al., J. Bone Joint Surg. Am. 83:7-14 (2001), and Weber et al., BMC
20 Structural Biol. 7 :6 (2007). Thus, using protein sequence alignment algorithms and tools well-known in
the art, including the alignments of the amino acid sequences of the various TGFB superfamily members,
as well as the disclosure provided herein, the corresponding amino acid in one BMP/GDF protein relative
to the amino acid at any position in another BMP/GDF protein can be determined. In one embodiment,
the corresponding amino acid residues in BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-8 and BMP-9 are

25 shown (see, e.g., Figure 1A).
In some embodiments of the invention, the designer BMP comprises mutations in a type | binding
domain or a type Il binding domain, wherein the mutations confer altered binding to a type | or type I
BMP receptor. In some embodiments, the designer BMP comprises one or more mutations in both a type
I binding domain and a first (binding domain A) or second (binding domain B) type Il binding domain. In
30 other embodiments, the designer BMP comprises one or more mutations in both type Il binding domains.

In other embodiments, the designer BMP comprises one or more mutations in the first type Il binding
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domain, in the second type Il binding domain, and in the type | binding domain. In some embodiments,
the designer BMP comprises one or more mutations in the type | binding domain.
In some embodiments, the mutations improve binding to a type | receptor. In other embodiments,
the mutations improve binding to a type Il receptor. In other embodiments, the mutations decrease
5 binding to a type | or type Il receptors. In some embodiments, the mutations create or destroy a glycan
tether as more fully set forth below. In some embodiments, the mutations create or destroy a His
doorstop as more fully set forth below.
Because BMPs are so well characterized and understood in the art, it would be understood, once
provided with the disclosure provided herein, the location of possible mutations that can be made that do
10 not further affect the activity of the designer BMPs would be understood. Accordingly, the designer BMPs
of the invention encompass variant BMPs which differ from a corresponding wild type or designer BMP in
that it contains additional insertions, deletions, or substitutions which do not affect the receptor binding
affinity of the variant BMPs. In some non-limiting embodiments, those of skill in the art would understand
that the cysteines involved in cysteine knot formation and amino acids involved in receptor interactions
15 should not be mutated or should be changed with conservative substitutions, while other amino acids may
be more freely substituted, inserted, or deleted without adversely affecting biological activity of the
designer BMP.
It should be noted that unless otherwise stated, all positional numbering of designed or modified
BMPs is based on the sequences of the mature native BMPs. Designer BMPs are characterized by the
20 predetermined nature of the variation, a feature that sets them apart from naturally occurring allelic or
interspecies variation of the BMP sequence. Variants of designer BMPs must retain at least 50% of the
activity of the corresponding wild type or designer BMP activity in one or more cell types, as determined
using an appropriate assay described below. Variants that retain at least 75%, 80%, 85%, 90% or 95% of
wild type activity are more preferred, and variants that are more active than wild type are especially
25 preferred. A designer BMP may contain insertions, deletions, and/or substitutions at the N- terminus, C-
terminus, or internally. In a preferred embodiment, designed or modified BMPs have at least 1 residue
that differs from the most similar human BMP sequence, with at least 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
different residues being more preferred.
Designer BMPs of the invention maintain at least 80%, at least 81%, at least 82%, at least 83%,
30 at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identity with the corresponding wild-type BMP protein sequence.
Designer BMPs of the invention may maintain at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
35 least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identity with the conserved cysteine domain of the C-terminal region of the

corresponding wild-type BMP protein sequence.
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Designer BMPs may contain further modifications, for instance mutations that alter additional
protein properties such as stability or immunogenicity or which enable or prevent posttranslational
modifications such as PEGylation or glycosylation. Designer BMPs may be subjected to co- or post-
translational modifications, including but not limited to synthetic derivatization of one or more side chains

5 or termini, glycosylation, PEGylation, circular permutation, cyclization, fusion to proteins or protein
domains, and addition of peptide tags or labels.

Due to the degeneracy of the genetic code, an extremely large number of nucleic acids may be
made, all of which encode the designer BMPs of the present invention, by simply modifying the sequence
of one or more codons in a way that does not change the amino acid sequence of the designer BMP. The

10 designer BMPs of the invention do not comprise these sequences set forth in W0O2008/051526 or
WQO2009/086131.

As described above, BMPs are naturally expressed as pro-proteins comprising a long pro-
domain, one or more cleavage sites, and a mature domain. This pro-protein is then processed by the
cellular machinery to yield a dimeric mature BMP molecule. In a preferred embodiment, the designer

15 BMPs of the invention are produced in a similar manner. The pro-domain is believed to aid in the correct
folding and processing of BMPs. Furthermore, in some but not all BMPs, the pro-domain may
noncovalently bind the mature domain and may act as a chaperone, as well as an inhibitor (e.g., Thies et
al. (2001) Growth Factors, 18:251-259). Preferably, the modified BMPs of the invention are produced
and/or administered therapeutically in this form. Alternatively, BMPs may be produced in other forms,

20 including, but not limited to, where the mature domain is produced directly or refolded from inclusion
bodies, or comprises full-length intact pro protein. The designer BMPs of the invention will be useful in
these and other forms.

In particular embodiments, the designer BMP of the invention comprises a backbone BMP, i.e.,
the wild type BMP, to which the designer BMP corresponds. In particular embodiments, this backbone

25 BMP may be a wild type BMP2, BMP4, BMP5, BMP6, BMP7, BMP8, or BMP9 backbone.

In some embodiments of the invention, the designer BMP comprises at least one mutation in a
type | binding domain and/or a type Il binding domain, wherein the mutation confers altered binding to a
type | or type Il BMP receptor compared with the binding of a corresponding wild type BMP not
comprising the mutation. In some embodiments, the designer BMP comprises at least one mutation in

30 both a type | binding domain and at least one mutation in a type Il binding domain. In other
embodiments, the designer BMP comprises at least one mutation within the type Il binding domain A and
the type Il binding domain B. In other embodiments, the designer BMP comprises at least one mutation
in type Il binding domain A, type Il binding domain B, and a type | binding domain.

In certain embodiments, the mutation may comprise an amino or nucleic acid substitution,

35 deletion and/or insertion. In a preferred embodiment, the mutation comprises an amino acid substitution.

23



I NSERT S, P; DELETE P S72 S74 D96 E97 E97 D97 T67 Q T, E, D K73 S75 HI7
YO8 T98 A98 K68 Y, H T, A K 174 176 V98 V99 V99 V99 V69 A, V, 1 P75 P77
P99 WO 2012/023113 PCT/IB2011/053638

In some embodiments, the backbone BMP is a wild type BMP and the mutations are one or more
of the mutations listed in Tables 4 to 6. The designer BMP may contain any combination and any number
of mutations listed in these tables.

In some embodiments, the backbone BMP is a wild type BMP and the mutations are one or more

5 of the mutations listed in Tables 4 to 6. The designer BMP may contain a permutation and any and all of

the mutations listed in these tables or disclosed elsewhere herein.

TABLE 4
Type | Binding Domain Mutations
BMP2 BMP4 BMP5 BMP6 BMP7 BMP8 BMP9 Possible mutations
P48 P50 S71 872 AT2 872 F42 F,S,N,A P
F49 F51 F72 F73 F73 F73 F43 Y
A52 Ab54 N75 N76 N76 D76 A46 N, A
D53 D55 AT76 ATT S77 S77 D47 AE,D
H54 H56 H77 H78 Y78 C78 D48 D,C
L55 L57 M78 M79 M79 M79 V49 M, V, L
N56 N58 N79 N80 N80 N80 T50 T,N
S57 S59 A80 A81 A81 A82 P51 AP
N59 N61 N82 N83 N83 N83 K53 K, N
V63 V65 V86 V87 V87 L87 V57 IV, L
T65 T67 T88 T89 T89 S89 T59 AT, S
N68 N70 HO1 H92 H92 H92 H62 H, N
S69 S71 L92 L93 F93 L93 L63 L,S, F
V70 V72 M93 M9o4 194 M9o4 K64 MK, IV
N71 N73 Fo4 N95 N95 M95 F65 F,N,M
P95 P96 P96 P96 P66 INSERT S, P; DELETE P
872 S74 D96 E97 E97 D97 T67 QT,E,D
K73 S75 H97 Y98 T98 A98 K68 Y,H T,A K
174 176 Vo8 V99 Vo9 V99 V69 AV,
P75 P77 P99 P100 P100 P100 G70 S, G
10 TABLE 5

Type Il Binding Domain A Mutations
BMP2 BMP4 BMP5 BMP6 BMP7 BMP8 BMP9 Possible mutations
V33 V35 156 157 157 157 127 I,V
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P100 P100 P100 G/0 S, G 10TABLES Type 11 Bi nding Domain A Mitations BMP2
BMP4 BMP5 BMP6 BMP7 BMP8 BMP9 Possi bl e nmutations V33 V35 156 157 157 157

127 1, V woo20p2/1623113PCT/ | B2011/ 053638 P36 P38 PCT/IB2011/053638
P36 P38 E59 K60 E60 Q60 K30 K,R,P,E Q
G37 G39 G60 G61 G61 G61 E31 G E
H39 Q41 AB2 AB3 AB3 S63 E33 AE S, Q
F41 F43 F64 N65 Y65 Y65 Y35 N,Y,F
Y42 Y44 Y65 Y66 Y66 Y66 E36 Y,E
H44 H46 D67 D68 E68 E68 K38 H,D,K,R, E

TABLE 6
Type Il Binding Domain B Mutations
BMP2 BMP4 BMP5 BMP6 BMP7 BMP8 BMP9 Possible mutations
E83 E85 K107 K108 Q108 K108 K78 QK E
S85 S87 N109 N110 N110 S$110 S80 N, S
A86 A88 A110 A111 A111 A111 P81 P, A
M89 M91 V113 V114 V114 V114 V84 M, V
L92 L94 F116 F117 F117 Y117 K87 F.K,LY
E94 E96 D118 D119 D119 D118 D89 D, E
N95 Yo7 S119 N120 S$120 S119 M90 M, N, S
E96 D98 S$120 S121 S121 S$120 G9I1 S,G,D
K97 K99 N121 N122 N122 N121, V92 N,V, K

N122

Vo8 V100 V122 V123 V123 V123 P93 P,V
V99 V101 1123 1124 1124 1124 T94 T,V

In some embodiments, the mutations improve binding to a type | receptor. In other embodiments
5 improve binding to a type Il receptor. In other embodiments, the mutations decrease binding to a type | or
type Il receptors.

Tables 4-6 above provide a non-limiting compilation of example mutations of the present
invention where the position of the mutation is provided relative to the corresponding wild type BMP
amino acid sequence. Thus, in some embodiments, the designer BMP comprises the following preferred

10 combinations of mutations.

In certain embodiments, the corresponding wild type BMP to the designer BMP is BMP2.
Further, the at least one mutation within the type Il receptor binding domain A is a mutation selected from
the group consisting of V33, P36, G37, H39, F41, Y42 AND H44.

In other embodiments, the designer BMP comprises at least one mutation within the type Il

15 receptor binding domain A and further comprises at least one additional mutation within a type | receptor

binding domain. The mutation within the type | receptor binding domain is at least one mutation at P48,
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E59 K60 E60 QB0 K30 K, R P, EE Q &B7 GB9 GO B1 G1 G61 E31 G E H39 (Al
A62 A63 A63 S63 E33 A E, S, Q F41 F43 F64 N65 Y65 Y65
WO 2012/023113 PCT/IB2011/053638

F49, A52, D53, H54, L55, N56, S57, N59, V63, T65, N68, S69, V70, N71, 872, K73, 174, and P75 with
respect to the sequence of SEQ ID NO:1.
In yet further embodiments, the designer BMP comprises at least one mutation within a type |
receptor binding domain A, at least one mutation within the type | receptor binding domain, and further
5 comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within
the type Il receptor binding domain B is at least one mutation at E83, S85, A86, M89, L92, E94, N95,
E96, K97, V98, and V99 with respect to the sequence of SEQ ID NO:1.
In some embodiments, the designer BMP comprises mutations at each of amino acids H44, P48,
A52, D53, L55, 857, N68, S69, V70, insertion of P after N71, S72, K73, 174, A77, and V80 with respect to
10  the sequence of SEQ ID NO:1.
In one embodiment, the designer BMP comprises the following mutations: H44D, P48S, A52N,
D53A, L55M, S57A, N68H, S69L, V70M, insertion of a P after N71, S72E, K73Y, 174V, A77P, and V80A
with respect to the sequence of SEQ ID NO:1.
In some embodiments the designer BMP comprises mutations at each of amino acids V33, P36,
15 H39, S85, M89, L92, E94, E96, K97, and V99 with respect to the sequence of SEQ ID NO:1.
In some embodiments, the designer BMP comprises mutations at each of amino acids V33l,
P36K, H39A, S85N, M89, L92F, E94D, E96S, K97N, and V99l with respect to the sequence of SEQ ID
NO:1.
In other embodiments, the designer BMP comprises the following mutations: V33l, P36K, H39A,
20 H44D, P48S, A52N, L54M, S56M, N68H, V70M, S72E, K73E, insertion of a Y after K73, 174V, 77AP,
S85N, M89V, L92F, E94D, E96S, K97N, and V99I with respect to the sequence of SEQ ID NO:1.
In yet other embodiments, the designer BMP comprises the following mutations: V33I, P36R,
H39A, H44D, P48S, A52N, L54M, S56M, N68H, V70M, S72E, K73E, insertion of a Y after K73, 174V,
77AP, S85N, M89V, L92F, E94D, E96S, K97N, and V99l with respect to the sequence of SEQ ID NO:1.
25 In certain embodiments, the corresponding wild type BMP to the designer BMP is BMP4. In
certain embodiments, the at least one mutation within the type Il receptor binding domain A is at V35,
P38, G39, Q41, F43, Y44, and H46 of SEQ ID NO:2.
In other embodiments, the designer BMP4 comprises at least one mutation within the type I
receptor binding domain A and further comprises at least one additional mutation within a type | receptor
30 binding domain. The mutation within the type | receptor binding domain is at least one mutation at P50,
Ab54, D55, H56, L57, N58, 859, N61, V65, T67, N70, S71, V72, N73, S74, S75, 176, and P77 of SEQ ID
NO:2.
In yet further embodiments, the designer BMP4 comprises at least one mutation within a type |
receptor binding domain A, at least one mutation within the type | receptor binding domain, and further
35 comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within
the type Il receptor binding domain B is at least one mutation at E85, S87, A88, M91, L94, E96, K97, V98
and V99 of SEQ ID NO:2.
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Y35 N, VY, F Y42 Y44 Y65 Y66 Y66 Y66 E36 Y, E H44 HA6 D67 D68 E68 E68 K38 H,
D, K, R E TABLE 6 Type 11 Binding Domain B Mitati ons BMP2 BMP4 BMP5 BMP6
BVP7 BMPOWBNPR/023113 PCT/IB2011/053638

In certain embodiments, the corresponding wild type BMP to the designer BMP is BMP5. In
certain embodiments, the mutation within the type Il receptor binding domain A is at least one mutation at
156, E59, G60, A62, F64, Y65, or D67 of SEQ ID NO:3.

In other embodiments, the designer BMP comprises at least one mutation within the type Il

5 receptor binding domain A and further comprises at least one additional mutation within a type | receptor
binding domain. The mutation within the type | receptor binding domain is at least one mutation at S71,
F72, N75, A76, H77, M78, N79, A80, N82, V86, T88, H91, L92, M93, F94, P95, D96, HI97, VI8, or P99 of
SEQ ID NO:3.

In yet further embodiments, the designer BMP comprises at least one mutation within a type |l

10 receptor binding domain A, at least one mutation within the type | receptor binding domain, and further
comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within
the type Il receptor binding domain B is at least one mutation at K107, N109, A110, V113, F116, D118,
8119, 8120, N121, V122, or 1123 of SEQ ID NO:3.

In certain embodiments, the corresponding wild type BMP to the designer BMP is BMP6. In

15 certain embodiments, the mutation within the type Il receptor binding domain A is at least one mutation at
157, K60, G61, A63, N65, Y66, or D68 of SEQ ID NO:4.

In other embodiments, the designer BMP6 comprises at least one mutation within the type I
receptor binding domain A and further comprises at least one additional mutation within a type | receptor
binding domain. The mutation within the type | receptor binding domain is at least one mutation at S72,

20 N76, A77, H78, M79, N80, A81, N83, V87, T89, H92, L93, M94, N95, P96, E97, Y98, V99, or P100 of
SEQ ID NO:4.

In yet further embodiments, the designer BMP6 comprises at least one mutation within a type |
receptor binding domain A, at least one mutation within the type | receptor binding domain, and further
comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within

25 the type Il receptor binding domain B is at least one mutation at K108, N110, A111, V114, F117, D119,
N120, S121, N122, V123, or 1124 of SEQ ID NO:4.

In certain embodiments, the corresponding wild type BMP to the designer BMP is BMP7. In
certain embodiments, the mutation within the type Il receptor binding domain A is at least one mutation at
157, E6O, G61, A63, Y65, Y66, or E68 of SEQ ID NO:5.

30 In other embodiments, the designer BMP7 comprises at least one mutation within the type I
receptor binding domain A and further comprises at least one additional mutation within a type | receptor
binding domain. The mutation within the type | receptor binding domain is at least one mutation at A72,
F73, N76, S77, Y78, M79, N80, A81, N83, V87, T89, H92, F93, 194, N95, P96, E97, T98, V99, or P100 of
SEQ ID NO:5.

35 In yet further embodiments, the designer BMP7 comprises at least one mutation within a type |
receptor binding domain A, at least one mutation within the type | receptor binding domain, and further

comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within
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Possi bl e nutations E83 E85 K107 K108 QL08 K108 K78 Q K, E S85 S87 N109
N110 N110 S110 S80 N, S A86 A88 A110 Alll Alll All1 P81 P, A MB9 MB1 V113
WO 2012/023113 PCT/IB2011/053638

the type Il receptor binding domain B is at least one mutation at Q108, N110, A111, V114, F117, D119,
$120, 8121, N122, V123, or 1124 of SEQ ID NO:5.

In certain embodiments, the corresponding wild type BMP to the designer BMP is BMP8. In
certain embodiments, the mutation within the type Il receptor binding domain A is at least one mutation at

5 157, Q60, G61, S63, Y65, Y66, or EG8 of SEQ ID NO:6.

In other embodiments, the designer BMP8 comprises at least one mutation within the type I
receptor binding domain A and further comprises at least one additional mutation within a type | receptor
binding domain. The mutation within the type | receptor binding domain is at least one mutation at S72,
F73, D76, S77, C78, M79, N80, A82, N83, L87, 889, H92, L93, M94, M95, P96, D97, A98, V99, or P100

10  of SEQ ID NO:6.

In yet further embodiments, the designer BMP8 comprises at least one mutation within a type |l
receptor binding domain A, at least one mutation within the type | receptor binding domain, and further
comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within
the type Il receptor binding domain B is at least one mutation at K108, S110, A111, V114, Y117, D118,

15 S$119, 8120, N121, N122, V123, or 1124 or SEQ ID NO:6

In certain embodiments, the mutation within the type Il receptor binding domain A is at least one
mutation at 127, K30, E31, E33, Y35, or E36 of SEQ ID NO:7.

In other embodiments, the designer BMP9 comprises at least one mutation within the type Il
receptor binding domain A and further comprises at least one additional mutation within a type | receptor

20 binding domain. The mutation within the type | receptor binding domain is at least one mutation at F42,
F43, A46, D47, D48, V49, T50, P51, K53, V57, T59, H62, L63, K64, F65, P66, T67, K68, V69, or G70 of
SEQ ID NO:7.

In yet further embodiments, the designer BMP9 comprises at least one mutation within a type Il

receptor binding domain A, at least one mutation within the type | receptor binding domain, and further

25 comprises at least one additional mutation within a type 1IB receptor binding domain. The mutation within
the type Il receptor binding domain B is at least one mutation at K78, S80, P81, V84, K87, D89, M90,
G91, V92, P93, or T94 of SEQ ID NO:7.

Exemplary amino acid sequences of designer BMPs are set forth in Table 7, below. Table 7

shows the name and sequence of the designed molecules.
30
TABLE 7
NAME SEQUENCE SEQ ID
NO

BMP-A QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAANYCHGECPFPLADHLNSTNHAIVQTLVN 8
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-B QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADHLNSTNHAIVQTLVN 9
SVNSKIPKACCVPTKLNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP-C QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAANYCHGECPFPLADHLNSTNHAIVQTLVN 10
SVNSKIPKACCVPTKLNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP-D QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLNAHMNATNHAIVQTLVH 11
LMN-SKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
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V114 V114 V114 V84 M V L92 L94 F116 F117 F117 Y117 K87 F, K, L, Y E94 E96
D118 D119 D119 D118 D89 D, E N95 Y97 S119 N120 S120 S119 MBO

WO 2012/023113 PCT/IB2011/053638
NAME SEQUENCE SEQID
NO

BMP-E QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCDGECSFPLNAHMNATNHAIVQTLVH 12
LMNPEYVPKPCCAPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-F QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAAFYCHGECPFPLADHLNSTNHAIVQTLVN 13
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-G QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAAFYCHGECPFPLADHLNSTNHAIVQTLVN 14
SVNSKIPKACCVPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP-H QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYHAFYCHGECPFPLADHLNSTNHAIVQTLVN 15
SVNSKIPKACCVPTELNAISVLYFDENSNVVLKKYQDMVVRGCGCR

BMP-1 QAKHKQRKRLKSSCKRHELYVSFQDLGWQDWIIAPKGYAANYCHGECPFPLADHLNSTNHAIVQTLVN 16
SVNSKIPKACCVPTELNAISVLYFDDNSNVILKKYRNMVVRACGCR
BMP-J QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYHAFYCDGECSFPLNAHMNATNHAIVQTLVH 17

LMNPEYVPKPCCAPTELNAISVLYFDENSNVVLKKYQDMVVRGCGCR
BMP-K QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADHLNSTKHAIVQTLVN 18
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-T QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADHLNSTTHAIVQTLVN 19
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-AP | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPPGYAANYCHGECPFPLADHLNSTNHAIVQTLVIN 20
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-AR | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPRGYAANYCHGECPFPLADHLNSTNHAIVQTLVIN 21
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-AK | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAANYCHGECPFPLADHLNSTKHAIVQTLVIN 22
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-AT | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAANYCHGECPFPLADHLNSTTHAIVQTLVIN 23
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-DP | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLNAHMNATNHAIVQTLVH 24
LMNPSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-EQ9 QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCKGGCFFPLADDVTPTKHAIVQTLVH 25
LKFPTKVGKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP- QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCRGVCNYPLAEHLTPTKHAIIQALVH 26
E10 LEKNSQKASKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR

BMP-EK | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCDGECSFPLNAHMNATKHAIVQTLVH 27
LMNPEYVPKPCCAPTELSAISMLYLDENEKVVLEKNYQDMVVEGCGCR
BMP-ET | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCDGECSFPLNAHMNATTHAIVQTLVH 28
LMNPEYVPKPCCAPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-R QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPRGYHAFYCHGECPFPLADHLNSTNHAIVQTLVN 29
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-G5 | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCEGLCEFPLRSHLEPTNHAVIQTLMN 30
SMDPESTPPTCCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-ER | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPRGYHAFYCHGECPFPLADHLNSTNHAIVQTLVIN 31
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
BMP-GP | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPPGYAAFYCHGECPFPLADHLNSTNHAIVQTLVIN 32
SVNSKIPKACCVPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP- QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPRGYAAFYCHGECPFPLADHLNSTNHAIVQTLVN 33
GR SVNSKIPKACCVPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR

BMP-GK | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAAFYCHGECPFPLADHLNSTKHAIVQTLVN 34
SVNSKIPKACCVPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP-GT | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAAFYCHGECPFPLADHLNSTTHAIVQTLVIN 35
SVNSKIPKACCVPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP-GE | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYAAFYCDGECSFPLNAHMNATNHAIVQTLVH 36
LMNPEYVPKPCCAPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR
BMP-GE | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPRGYAAFYCDGECSFPLNAHMNATNHAIVQTLVH 37
R LMNPEYVPKPCCAPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR

BMP-JP QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPPGYHAFYCDGECSFPLNAHMNATNHAIVQTLVH 38
LMNPEYVPKPCCAPTELNAISVLYFDENSNVVLKKYQDMVVRGCGCR
BMP-JR QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPRGYHAFYCDGECSFPLNAHMNATNHAIVQTLVH 39
LMNPEYVPKPCCAPTELNAISVLYFDENSNVVLKKYQDMVVRGCGCR
BMP-JK QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYHAFYCDGECSFPLNAHMNATKHAIVQTLVH 40
LMNPEYVPKPCCAPTELNAISVLYFDENSNVVLKKYQDMVVRGCGCR
BMP-JT QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKGYHAFYCDGECSFPLNAHMNATTHAIVQTLVH 41
LMNPEYVPKPCCAPTELNAISVLYFDENSNVVLKKYQDMVVRGCGCR
BMP-A9 QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIIAPKEYEAYECHGECPFPLADHLNSTNHAIVQTLVN 42
SVNSKIPKACCVPTELSAISMLYLDENEKVVLKNYQDMVVEGCGCR
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WO 2012/023113 PCT/IB2011/053638
NAME SEQUENCE SEQID
NO

BMP-B9 QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCHGECPFPLADHLNSTNHAIVQTLVN 43
SVNSKIPKACCVPTELSPISVLYKDDMGVPTLKNYQDMVVEGCGCR
BMP- QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWIVAPPGYHAFYCDGECSFPLNAHMNATNHAIVQTLVH 44
E9B LMNPEYVPKPCCAPTELSPISVLYKDDMGVPTLKNYQDMVVEGCGCR.

BMP-G9 | QAKHKQRKRLKSSCKRHPLYVDFSDVGWNDWI IAPKEYEAYECHGECPFPLADHLNSTNHAIVQTLVN | 45
SVNSKIPKACCVPTELSPISVLYKDDMGVPTLKNYQDMVVEGCGCR
BMP929 | QAKHKQRKRLKSSCQKTSLRVNFEDIGWDSWI IAPKEYEAYECHGECPFPLADHLNSTNHAIVQTLVN | 46
SVNSKIPKACCVPTKLSPISVLYKDDMGVPTLKYHYEGMSVAECGCR
BMP969 | QAKHKQRKRLKSSCQKTSLRVNFEDIGWDSWI IAPKEYEAYECDGECSFPLNAHMNATNHAIVQTLVH | 47
LMNPEYVPKPCCVPTKLSPISVLYKDDMGVPTLKYHYEGMSVAECGCR
BMPQA | QAKHKQRKRLKSSCQKTSLRVNFEDIGWDSWIIAPKEYEAYECKGGCFFPLADDVTPTKHAIVQTLVH | 48
LKFPTKVGKACCVPTKLSPISVLYKDDMGVPTLKYHYEGMSVAECGCR

K no

SAGA

BMP- QAKHKQRKRLKSSSAGAGSHCQKTSLRVNFEDIGWDSWI IAPKEYEAYECKGGCFFPLADDVTPTKHA | 49
QAKSA | IVQTLVHLKFPTKVGKACCVPTKLSPISVLYKDDMGVPTLKYHYEGMSVAECGCR

GAC

BMP- QAKHKQRKRLKSSCKRHPLYVDF SDVGWNDWI IAPPGYAAFYCDGECSFPLNAHMNATNHAIVQTLVH | 50
GEP LMNPEYVPKPCCAPTELNAISVLYFDDNSNVILKNYQDMVVEGCGCR

BMP6- VSSASDYNSSELKTACRKHELYVSFQDLGWQDWI IAPKGYAANYCDGECSFPLNAAMNATNHAIVQTL | 51
SA VHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRACGCH

BMP6- VSSASDYNSSELKTACRKHELYVSFQDLGWQDWI IAPKGYAANYCDGECSFPLNAHLNATNHAIVQTL | 52
SL VHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRACGCH

BMPG6A SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACRKHELYVSFQDLGWQDWIIAPKGYAANYCD 53
GECSFPLADHLNSTNHAIVQTLVNSVNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRAC
GCH.

BMP6B SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACRKHELYVSFQDLGWQDWIIAPKGYAANYCH 54
GECPFPLADHLNSTNHAIVQTLVNSVNSKIPKACCVPTKLNAISVLYFDDNSNVILKKYRNMVVRACG
CH.

BMP6C SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACRKHELYVSFQDLGWQDWIVAPPGYHAFYCD 55
GECSFPLNAHMNATNHAIVQTLVHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRAC
GCH.

BMP6D SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACRKHELYVSFQDLGWQDWIIAPKGYAANYCD 56
GECSFPLNAHMNATNHAIVQTLVHLMNPEYVPKPCCAPELSAISMLYLDENEKVVLKKYRNMVVRACG

CH.
BMP6 VSSASDYNSSELKTACRKHELYVSFQDLGWQDWI IAPKGYAANYCDGECSFPLADHLNATNHAIVQTL | 57
ADHL VHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRACGCH
BMP6- VSSASDYNSSELKTACKRHELYVSFQDLGWQDWI IAPKGYAANYCDGECSFPLNAHMNATNHAIVQTL | 58
RK-KR VHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRACGCH
BMP6 VSSASDYNSSELKTACKRHELYVSFQDLGWQDWI IAPKGYAANYCDGECSFPLADHLNATNHAIVQTL | 59
RK-KR VHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRACGCH
ADHL
long

BMPG6A SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACKRHELYVSFQDLGWQDWIIAPKGYAANYCD 60
RK-KR GECSFPLADHLNSTNHAIVQTLVNSVNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRAC

GCH
BMP6 SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACRKHELYVSFQDLGWQDWIIAPKGYAANYCD | 61
ADHL GECSFPLADHLNATNHAIVQTLVHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRAC

GCH.
long
BMP6 SASSRRRQQSRNRSTQSQDVARVSSASDYNS SELKTACKRHELYVSFQDLGWQDWIIAPKGYAANYCD | 62
RK-KR GECSFPLADHLNATNHAIVQTLVHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRAC

GCH.
ADHL
BMP6 SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACKRHELYVSFQDLGWQDWIIAPKGYAANYCD | 63
RK-KR GECSFPLNAHMNATNHAIVQTLVHLMNPEYVPKPCCAPTKLNAISVLYFDDNSNVILKKYRNMVVRAC

GCH
long

BMP6B- SASSRRRQQSRNRSTQSQDVARVSSASDYNSSELKTACKRHELYVSFQDLGWQDWIIAPKGYAANYCH 64
RK-KR GECPFPLADHLNSTNHAIVQTLVNSVNSKIPKACCVPTKLNAISVLYFDDNSNVILKKYRNMVVRACG
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1124 1124 1124 794 T, I, V I n sone enbodi nents, the nutations
i nprove binding to a type !receptor. In other enbodi nents 5i nprove binding
to a typewD20e00pt1dr. | n ot her enbodi nents, the nutati omsTdBzMEBSE3%iI Ndi ng
to a type lor type!! receptors. Tabl es 4-6 above provide a
non-limting conpilation of exanple nmutations of the present invention
where the position of the nmutation is provided relative to the
corresponding wild type BVMP am no acid sequence. Thus, in sonme enbodi nents,
t he desi gner BMP conprises the follow ng preferred 10conbi nati ons of
mut ati ons. In certain enbodi nents, the corresponding wld type BW
to the designer BMP is BMP2. Further, the at |east one nmutation within the
type l11INageeptor DI nding domaln A ISEQRENGEat| on sel ected from thiesey mup
consi $ting of V33, P36, G37, H39, F41, Y42 AND H44.
enbodilments, [the designer BVP conprises at |east one nutation
VNFEE WDSW IAPKEYE E

t ype : 15r aran ;
PFP NS
ﬁébﬁvﬁm MWREpTLr ¥ LD A@{‘Gcl naA 1 nNg 50

addi t | SNEREA Sy
Wi t hi n BMPEES \ AQSHC @Y SRV menshl KMH’HEICHGEICSFPaNAHt’ﬂ@aBHAIMEVHmmP&tI 085 at P48,
. /ad [ad = w4 ANEQO

VO 2012(0334 SHCH A 0E e PR Gy A : AHMVATINEA LUQTE |1 67, ' o
V63, TGN ONGS ;v &Apmzmlsﬁiamkmmmm espect®’to the
sequengR gl PR RN ING i crrarr TV s roDI IO NE tAr kR A Ve hC R B I DU AR e S v o e ghesT uner
BMP CcOrari ses$ VEtNiEE e PCOOAKLIATS At FIon Sl T raRegqee 11 recept or  bi |ndi ng
domai M pfypeal | VEASIYNITEK TATHKALL YOS F Qi Gripiwi 1 AP Rey ARy PESEL S He @ PornADioRTl [Ng) dOnpi N,
and fyisther | B EBpYIEES AN EGS LAY T dddi i enal“ nut ation within a typp 11B
I ec ept] ®BMPEE-N (RGO RREE FTXREEN &/ DASHVENDOTYA WCE N FCDG Fis T iy peNATIEA 1§ 0Bt of 70b1 nd| ng
domai nNB i s at""EHEtOrie " it AT O al E83 > "EE5°A86, MB9, 192, E94, NI5

O R R R S T e

| n somSEEMdHI ment's mirises mitations at each of ahi no

aci ds ﬁwuf-E-p@é;;gmigg@gg ST SET NGBS 0, I HSET LTGRO [Plaf e

N71 <"N'R'6 K7R 174 N77 QI: | D
r PBMP- - | OAKARQRKRLRLS ARG TYE % amympmg P‘LNAHNNAMM\?CJTLF]’/H 51
NO 1. | oeg. LN EERLCE, I P RDDNkS esinghedcc conprises't foll oy ng

nut at i| eSg  HA4D, P48S, AS52N, D53A, L55M 557A, N68H, 569L, V70M|insertion
of a Pafter NIJ. OA W th respect O the
sequence of SEQ I D hK)l In sone enbodlnents t he desi gner BMP conpri ses
nmut ati ons at each of am no acids V33, P36, 15H39, S85, M9, L92, E94, E96,
K97, and VIitwugtthe elspebited dpsipie BYEg uemmiee ehbdini@ntsof teirkention tegnention is
embodi FBIfred mﬁy Q@s&gnﬁgpeawmsue sl %@aM&Heﬁ% eaeormgiés%y aYgne s ds
V331, P36K, F E94D, ﬁﬁ and V99l mnth [ espect
to the C%'B%[EQH@E”B‘% regeRtyr| B¥Ifg e ey TeigRaT B 8’8?%@?1?‘5'933{ RE BHEIYnUi P
conpr i $yes lltrdpepthbraiindngidagaimAt eMen o1es: prafdably, tRIBKIgN4ABOIR co@Diishd B, e @18, fursR N,

L54M  SReNbn Wadia typeOMecapftBindthg HomalnNSREL Ar&Bra8f, Be Yedddef BME7Smphded et 77 AP,

another at least one further mutation within a type Il receptor binding domain B.

In other embodiments, the designer BMP of the present invention comprises an amino acid
10 sequence at least about 70%, 75%, 80%, 85%, 87%, 90%, 92%, 95%, 96%, 97%, 98%, 99% or identical
to one of the sequences described above. In another embodiment, the designer BMP comprises an
amino acid sequence at least about 70%, 75%, 80%, 85%, 87%, 90%, 92%, 95%, 96%, 97%, 98%, 99%
or identical to the sequence of SEQ ID NOs:8-73.
In yet another embodiment, the designer BMP comprises an amino acid sequence as set forth in
15 any one of SEQ ID NOs:8-73. In another embodiment, the amino acid sequence of the designer BMP
consists of one of the sequences of SEQ ID NOs:8-73.
Further, in one embodiment, the designer BMP comprises an amino acid sequence at least about
70%, 75%, 80%, 85%, 87%, 90%, 92%, 95%, 96%, 97%, 98%, 99% or identical to the sequence of SEQ
ID NO:12. In another embodiment, the amino acid sequence is the sequence of SEQ ID NO:12. In yet
20 another embodiment, the designer BMP is BMPE.
In an additional embodiment, the designer BMP comprises an amino acid sequence at least
about 70%, 75%, 80%, 85%, 87%, 90%, 92%, 95%, 96%, 97%, 98%, 99% or identical to the sequence of
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585N, MB9V, L92F, E94D, E965, K97N, and V99l with respect to the sequence
of SEQ I D NO 1. In yet other enbodi nents, the designer BMP

conpri seswohle1dmBiiowi ng nmut ati ons: V331, P36R, H39A, HA2D1/1BA8 8053682 N,
L54M 556M N68H, V70M 572E, K73E, insertion of a Y after K73, 174V, 77AP,
585N, MB9V, L92F, E94D, E965, K97N, and V991 with respect to the sequence
of SEQID NGO 1. 25 In certain enbodinents, the corresponding wild type BMP
to the designer BMP is BMP4. I n certain enbodinents, the at |east one
mutation within the type 11 receptor binding domain Ais at V35, P38, G39,
A1, F43, Y44, and H46 of SEQ I D NO 2. I n other enbodi nents, the
desi gner BMP4 conprises at |east one mutation within the type 11 receptor
bi ndi nGEAaDMIOM 4A IrasrdtHetisrh iveimedl Mprantresicidtisedueast is treeqadid df SEAlID MCE @it ion

W t hin Qtah eﬂan r%@rﬁttﬁéde%BPérWFﬂgBﬂﬁga' n. The nutation within the type 1

recept or omain is at | east one mutation at P50, A54, D55
L57, N58, 85‘9""”0 R emRgasisnent dre degigger B corgerses gy gning pgid S%”C%?tdeaséﬂwubﬁ of
SEQ | D70 5%, 80%, 85%, 87% n00ye 192% LI5A) ©6% 970 OBWEIN S or iddnticatlieshegrrquenBVBHSEQ

CONRI i $$RoHs. '|ne§r§)thepé}ﬁbo'ame% kr@%rﬁméééld%eauénwe tHelsdf&eP bOSERIDINDRE, gféﬁi n A
at least one nutation with receptor binding domain,

f ur t he POt cRBRIPL e %%P'gneéﬁykp '%W¥§Ed| tional nmutation within a type 1B
recept or bi indamethed emiidiment hige dastgasri BIVIP worbirises arheminy peid équeecegtleast bibvautli ng

donai ”75%'%79%04/ e@/g 8@%69(1%1@%'@% 3bo, E55, §%799°/5°§r3denh@;ho tﬂe%%quéﬁ@@ofé@ \EL
and \V99_of WO 2012/ 023113PCT/ 1B2011/ 0 In certain

enbodi rlFéHPs°’7 ﬂ %‘03‘8? ‘?’B‘%“Bﬁﬁai Y Mooty rauBRp'sti %eﬁ%e”&‘égﬁ e D BB’ & ¥shvps.
| n 16 er teatimer embatiment thesdesipiee BivtiaBVBGER t hi n t he type 11 receptor binding

domain Ai SAaJesigﬁé}slﬁMlﬁ)r@ﬁ tHBJIn@éHuQrF n%§/ clalslgmseEé%gr@ﬁ)’of %ﬁ@ ’ong@ﬂ’theY@é]uerQés D67
of SEQ | ment s %g BMP co |ses

at | eaé’?SCBENeg%ﬁ‘f ' S%GW‘E"H?‘W‘ ﬂ@s@%%%lrag?‘@éé?ﬁyc%mmsﬁ&u MERY Rh et
f ur t heunigtommtedsa®s222 P4 | 28a28, 26128, 3d 82, 138.01abs, R6itAt 3H A0, Wit 48, Ad, A5t47pe0, B3, r@cept or

b' nd' NGe RNEY, B2, 66143, FOITAl74OFY ¥, BBidR §d)80, t9)(p£% §5 bﬁ@@P’FO@HO@ ﬂﬁk’g% %”ﬁiznvgg

| ea 0 S71, F7 N79
2l 18, T 38 O horndd o Sino NG oo TRt ooy Bt T oo
f ur t hesewrhed ch®l © N@h®/Hesi gner BMP conprises at | east one nutation
within a types ddy kné\Qn aRe Bk Wat QMﬁQhr‘@g)ftgrpff&éregeﬁeo@twn#ﬁ@s%gct%ﬁlerémlr%tdneﬁar

wthin tp t]%P éece t or } th g oqal i ﬁ? ses at | east
one adfft?d m"Ph.?{ EPEE Wi TR e Ppd e 'P’é&OéTHY'B‘?San KO GoriRISnSriL

mut at i @mingiacid idaletidnérupgatien at ther astiegpangfor barbaklyiigminosra¢rmpriging g daletidnesh gt leash €0
mutyat | QRindtacill ibueNBRBrabAld BminyLdid resﬁ&élsGeveDJﬂege prgf]srfbgly BSgraQo ad¥lédidue¥y22, or

cor 1 oS BBIITHE W1 P U R e AL PR Ao BBer e PG PeTaRk AP
enbodi reEdtresiduphepreferally #oaming adid residihes. ﬁ}pﬁ%p@@r%bb/ciépmmp Aol rdsidugs.doysainere i s
at | eapter@sB MuHhiad hédrediiuskDahd nfaOprefcbly 1ABMo d¥RFesidéoom BE cBRS 0Pl teplrQud D

NC. 4. o desi errlihl\m!’ her enbodi nents, the desi gner BMP6 conprises at | east
one rrutapl on W thin the type 11 receptor binding domain A and further
copri ses ain anethet erabpsiment ths inyealionnaermartises i desiohdr BMD proisia compisingpancamieg ndi ng
domai N .acid h&qiidhcat dfosnyWwokdlion thd&sefyspeesl of SEePI®INDBIFi 43 d@R&i BorhEisiag 4 east

Egg rmlvtg§£tlo gﬁca&%b? drrE§1fN7r$§%§‘n7c\7;§ é:a Z)§Xyl yrglal mgésgrgﬁeln Iq’%o}ber ém bodlrﬁe%’t tA—I92

furt heF”Vé'WB@)&PWﬁ?% a Fl'é”ftﬂé@'ipg H@E"B‘l\ﬂ“&e(bfﬁ?mrai BMR pratein eerarrisivg &n raming P%h
vv| t hi n saéquehqeeot by 6fﬂ6£§éoﬁ]éncb$ BOS Y 100 NOEBIT3 Avheddin {heqb&itenoe@npmésaéri Mindadidi N

t y‘aaeti’lbn}’trﬁﬁc nOJt tt%l {Flﬂﬁon%d%?ggﬁoxyl t%ﬂ} u£ ls'&@;ﬂ.@.ﬁ% o?gt Ié‘at t Jlda%ﬁko gi)cncie tio

ad |t|0na I ONn W Slﬁp rece
Wi t hi n"eEbeRe pfeﬁﬁblﬂf Feipe BEiS reskiup i aven ﬂ‘@??a‘?rﬁfe@blb’sg é.‘fn'rpéé@t reﬁ%Sﬂ?(ﬁt aMgon at
K108, INeiddablyAl hihino\dtid 4esiduds] prefdiblyOs artida Beid B3iddss, NER ZrorevIreiBrabir s dndiddtadid  SEQ

I D NO leeadues préfﬁgxblyrh %%QZII eSEﬂ%Q%&EB%f%abWarﬁﬁ’J 50‘?05%5?&1%'5 n&e%tg&}gﬁgblpw to

the desig certain
type 1% %‘%‘E?e?ﬂdoﬁes'ﬂlﬂqfid?’ﬁ’gm%ﬁﬁf%abb( 1 amigp aF'éé%sddedﬁ’éf‘ atatndon Miemigys ofgeg,
B L5 Adssign¥bBiVIP Yb@in aind=ell sefuebtzQ | D NO. 5.

Structural design of BMPs with altered receptor affinity mediated by glycosylation
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30l n ot her enbodi nents, the designer BMP7 conprises at | east one nutation
within the type 11 receptor binding domain A and further conprises at |east
one addi tworral2/amstiati on within a type 1 receptor bindi ng@CaaBREI1I053858e
mutation within the type 1 receptor binding donain is at |east one nutation
at A72, F73, Nr6, S77, Y78, M9, N80, A81, N33, V87, T89, H92, F93, 194,
N95, P96, E97, T98, V99, or P100 of SEQ ID NO 5. 35In yet further

enbodi ments, the designer BMP7 conprises at |east one nutation within a
type 11 receptor binding domain A, at |east one nutation within the type 1
receptor binding domain, and further conprises at | east one additional
mutation within a type 11B receptor binding domain. The nmutation within WO
2012/ 023113 PRl 4 B2i8ddsk0 hacid3letmbestrialepiiat BMP2aoeptidersipraidedign o bai (refddet 3o at

| east ‘HQr%mrQét@tdfofPBM@E I) %Q:ﬁ’armglycdb‘;l;téd ayelléég acF\;e%Zan %&%ﬂateﬁ%Z é%t;ﬂ:ed N122,

V123, or In certain e ment s

cor r es fURATAFA0CPS ft“ﬁ'bés %’N@ °F'b°r (fefrared ishegiaps 18IS BUPEPB adqition cdgiq disdlpsed
enbodi meminsiurtiidn elemabsrbicothatwE L balinprodueed BYEP6 1onogicept o dxserdialiygnahefnmitional i S
at ISea%Em&ﬁ'&i vatB@v;FJG%ma(glmér%%%duc%% m:g;ﬁr’ﬂrallar$§e?ﬂ1cum@p5 Y66 or E68 of SEQ ID

NOC. 6 nbodi nent s, e desi gner nprises at | east
one mutat | oﬁh%’aﬁ%ﬁ"?F"lsﬁ%hetr?/?)éeri‘l‘svaé%E‘BE‘B‘?re Bi®rv ”ﬂ@an{jﬁ}’}‘ﬁﬁ'%sﬂt%ﬂyﬁ%ﬂr%&‘f‘e
conpr i SEE calt BMeagimparee witd GHOIBMPRIin theityas | recepivr binding @giby.pe 1 recept or bi ndi ng

domai n. The|n”UE@teh+BBd.M'br§th'tH% E&?gnéa/@mplc&#&g&t Qb dbRdi QB r}néd%te%t by €ast
one mutation at S72, F73, D76, S/7, C78 N8O, A82, N83, L87, S89, HO2,

L93, MIkcosKjplien theseby afigpind agigdina et . "ﬁf@‘omi‘éﬂfs alfersd by diggiq type I receplor )y o
f urip hemhie ek dreritespredehiedistesrgthatiin BiRBalieo igy.| S¢3) calt prbdasd wigigperAMR Peh

wi thin pant‘é)(%rd%]thé t%@&)lﬂ;rQﬁer@bﬁpgh|Qghéj@§ﬁ%omtsb§awe@tfroanﬁ§Fec&ﬂﬁ (M1 %tu'\ Q&htr@étttch' n
the type rece r co

b £} Bosfi e SHPo D o000 Foths BOpis @Y Gy eH dRRRTcR SNt Aot at i on
Wi t hi nrdshige tliggre ud Towaet &Pt Erediirn diackingdagzimsina Brolige agsideeas fllugratednint Aduro 3, at
K108, 3 ntlf‘gclulg PR :Héorsté/;;- 1t adallérg thejdgtgjd;'s%loseﬁlggm d&ﬂn%llstrawjfgrahe ¥kdRe tRf 1124

0 $E0C BN Lo aies. upich R B R0 bR o RS T ALLD, ML D e (VP

E33, Y3®vardghe BG6nind re®BOr.|i.D, Adstidine "doorstop.” | n ot her enbodi nents, the designer

BMP9 conpri Wﬁﬁo@-tmshiﬁ@-ﬁnt bé)Jb@ndTW 5"4y' daﬂlcﬁﬂérttlh'@ow mé%ataycﬁ&lo;éld ﬂe@&r@%@ést bbrrlﬁé ng
domai n A tation Wth

er east
o s B It PG TR e e AReB R Fha e P P ent or
bi ndi n@indioerbgtmedndheaBMP bgpod ar@;h@ reagptat. | e datp fuFthor depu@straiggigat thedigorstpd @sidym 9
T500 P%y b&SGither MPtéted TS%Q to r'éﬁlave th®&ordt®rbr othbGesidtRO may B mutk@8 to HBQne SWsiti6ey O Of

SE
Q | oNg)e d?or?t%oa t'3|due I'-nurlx?r &he Oﬂta\%‘er Hs?e ere{nwer%eiﬁemonstrgema her desl\c/ipes m%l n A

conprises a one mu rece
at | eade myitedrippravidon “‘alicamieter’ ubich hsa, in tqrre@erp@r@ﬂt %Q'Vf@h ﬁgchdba’fﬁiertethqwel of

f ur t hefihe gRRarCWilRGHGR e AborsigRstid@e addi tional nutation within a type II1B
receptor bi inthe ty r ecept i ndi ng
dormin B 15 TP eoBnam it on e AP e e o357 Bl o

G?:@,S VgQI,InO Poig ,ml,@ﬁtlorrg]qt qﬂ’ecth@ dlyparnethgr and/or removegzk @ﬁ@ingpyorgjqp Guciues t{jereby
sequenegrsiding a desdingnBVP BWPaterk@eceptbr idtidgh i n Table 7, beI OW. TabI e 7 shows

tSEg P%mmagﬁ?ﬁﬁjﬁu%%?yp?neso%e ém%%d.%%ét%%‘? ges%‘%!ereé:lwli’segf'the venti anLr’I%ay comprise QFI'%[E NCE

one mutation in the type | and/or type Il binding domains of BMPs that confer altered type | and/or type I
receptor binding. In one embodiment, the BMP sequence is engineered to alter the receptor affinity of

30 BMPs in order to alter and improve the receptor binding and/or osteogenic activity of the engineered or
“designer” BMP. In one embodiment, this engineering involves identifying the residues involved in type |
and type Il receptor binding and replacing them to create designer BMP molecules that show, among
other things, higher affinity to both type | and type Il receptors than the parental BMP from which the
designer is derived.

35 In other embodiments, the designer BMPs of the invention comprise mutations that create a new
arginine “glycan tether” or destroy an existing one to reshape the type | receptor binding domain. That is,

the mutation to an arginine in the position two residues C-terminal from the first cysteine, equivalent to
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QAKHKQRKRLKS SCKRHPLYVDFSDVGWNDW | APKGYAANYCHGECPFPLADHLNSTNHAI VOTLVN
SVNSK | PKACCVP TEL SAlI SM.YLDENEKVVLKNYQ@DWVEGCGCR 8 BMP- B QAKHKOQRKRLKS
SCKRHPL YVRB 3D VAPPGYHAFYCHGECPFPLADHLNSTNHAI VQT L VIRCBBIESK1/D53638
PKACCVPTKLNAI SVLYFDDNSNVI LKNYQDMWVEGCGCR 9 BMP- C QAKHKQRKRLKS
SCKRHPLYVDFSDVGANDW | APKGYAANYCHGECPFPLADHLNSTNHAI VOTLVN SVNSK
PKACCVPTKLNAI SVLYFDDNSNVI LKNYQDWVEGCGCR 10 BMP- D QAKHKQRKRLKS S CKRHPLYVDF
S DVGMDW VAP PGYHAFYCHGEC PF PLNAHLI NATNHAI VQ TLVH LNI N- SKI PKACCVP TEL
SAI  SMLYLDENEKWVWLKNYQDWVEGCGCR 11 WO 2012/ 023113PCT/ 1 B2011/ 053638 NAME
SEQUENCE SEQ | D NO BMP- E QAKHKQRKRLKS S CKRHPLYVDF SDVGANDW VAP
PGYHAFYCDGEC SF PLNAHLI NATNHAI VQ TLVH LLI NPEYVPKPCCAPTEL SA

SM YL DENEK\RNPRY CphdArE G aikRe 1Be Bivfeart- coINKHIKHeK Rkt Hebe S CdtikHie Y BIIF SfdvfaheNBMWY

::’QEES\Y/'S@EL %Mtgﬁf')ém&m%k Vggl'e\m“évwﬁg(reglon cor&aared with éthK wild téoe BMP that

SCKRHPIPPFRSHYEHDW © P%%WWW%L%@FNMP L"’\VNO’SWPQSRt past one
PKACCVRTIEibith S\Altf 5 DEMNBAI de<hQDIMANARSIBERA dofist BiVFosidu QAHIKRIR K Se ceptor from

SCKRHPI HLFpM F&al}kl%nh' B GYEAS Y GRRET LA INSANE BB o0 NS e bpoRiiRY> CVP
TE LNA T SVLYF DENSNWLKKYQ DMWRGCGCR 15 . _ _ _
equivalent residue thereof, that is oriented in such a way that it impedes or increases interaction of the
designer BMP with a type | receptor.

In some embodiments, the amino acid mutation affects the conformation of the designer BMP
such that the mutation mediates the creation and or abolishment of an arginine “glycan tether” otherwise

10 present in the corresponding wild type BMP. In some embodiments, the mutation mediates an altered
conformation which creates or removes/abolishes a histidine doorstop conformation in the designer BMP
where such doorstop conformation is either not present or active, respectively, in the corresponding wild
type BMP.

Therefore, the skilled artisan, once armed with the teachings provided herein, would appreciate

15 that the presence or absence of an arginine “glycan tether” and/or a histidine “doorstop” in a TGFp
superfamily member may be assessed using any method known in the art for the structural analysis of
proteins, including, but not limited to, the methods exemplified herein. Once the presence of a “doorstop”
residue has been identified, then at least one mutation can be introduced into the molecule to reorient the
histidine away from the receptor binding interface. Alternatively, a mutation can be introduced that will

20 create or enhance a “glycan tether” such that the inhibitory effect of the histidine “doorstop”, if present, is
decreased or, more preferably, eliminated.

In one embodiment, where the TGFB superfamily member is BMP2, the mutation that removes
the histidine doorstop is substitution of another amino acid for H54. In some embodiments, the H54 is
replaced with alanine, glycine, serine, or threonine.

25 Although the present invention discloses such “doorstop”removing mutations for BMP2, the
skilled artisan would understand, based on the knowledge in the art, how to identify corresponding
mutations for other TGFB superfamily members and readily produce mutants lacking a “doorstop,” i.e.,
removing or reorienting a residue that would otherwise interfere with receptor binding by facing or
projecting into the binding interface. The effects of the mutation on protein conformation can be

30 determined using any art-recognized method for the structural analysis of proteins such as, but not limited
to, those disclosed herein. Alternatively, mutations that can remove the doorstop and increase ligand
binding to the type | receptor can be identified in silico using computer modeling methods available in the
art. Therefore, the present invention encompasses the design of TGFR superfamily members having
improved binding with the type | receptor in that they lack a histidine “doorstop” residue that would

35 otherwise be present in the receptor interface.

The present invention further provides the skilled artisan with the understanding of how to identify

mutations for other TGFB family members that would generate or destroy the arginine glycan tether.
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BMP- | QAKHKQRKRLKS SCKRHEL YVSFQDL

| APKGYAANYCHGECPFPLADHLNSTNHAI VQTLVN SVNSK |

PKACCVPT B AN BX2YABDDNSNVI LKKYRNMVRACGCR 16 BMVP-J QAKHKE@RKREN($1/053638
SCKRHPLYVDFSDVGARDW | APKGYHAFYCDGEC SF PLNAHLI NATNHAI VQ TLVH

LLI NPEYVPKPCCAPTELNAI  SVL YFDENSNWWLKKYQDMWRGCGCR 17 BMP- K QAKHKQRKRLKS
SCKRHPL YVDFSDVGARNDW VAPPGYHAFYCHGECPFPLADHLNSTKHAI VQTLVN SVNSK |
PKACCVPTELSAI SMLYLDENEKVWLKNYQDMWVEGCGCR 18 BMP- T QAKHKQRKRLKS

SCKRHPL YVDFSDVGARNDW VAPPGYHAFYCHGECPFPLADHLNSTTHAI VQTLVN SVNSK |
PKACCVPTEL SAl SMLYL DENEKVWLKNYQDMWEGCGCR 19 BMP- AP QAKHKQRKRLKS

SCKRHPL YVDFSDVGARDW | APPGYAANYCHGECPFPLADHLNSTNHAI VQTLVN SVNSK |

PKACCVRILEGA thivl 2dH [DieNEdive I§NYADMMYEGCGiisteR0ladiivig- thdrt K (EdkitnkiSted by the

g&%@%ﬁﬁ%@ﬁ%ﬁéﬁ%ﬁ%@%ﬁLé%@éﬂlr;&\ﬁ@ﬁﬂﬁé \éQJ]!Z?VNf %Pﬁ*éu&erfamny

S%RHPEWSB@@MWW%WMMWPWM‘N@WP%@Vﬁ%\ﬂ%]’é’cf‘” tether
PKACCVRBEAISA! tSMoNoBRNEK i QDMMEGDEER @daBMP- AT QAKHKQRKRLKS

SCKRHPL YVDF MMM %éﬁ%ﬁ%’h@@ﬁﬁ%%&% LD %%FM %\é\@&sﬁ irkment of
PKACCVPTEL SAl SM. YL DENEKWIL K PV@“%\V/‘“HGLT&I'W'% |

CKRHPL F\#EASSREs\REMF P ¢ ‘F@PFIA '@E@”F*?? @E‘Nﬂ?—ﬂl"'
PKACCVBibebisAlactsity. YitdoenNakiay/dérieDBMREGRR rddlicBMR-cBI$ with glycosylation activity that

differs from mammalian cells or is not present, such as bacterial cells, yeast cells, insect cells, or slime
mold cells. In particular embodiments, the designer BMPs may be produced in E. coli and maintain
10 biological activity.

Thus, in some embodiments, the invention provides methods for designing and producing BMPs
that can be produced in cells either lacking glycosylation or comprising altered glycosylation such that an
altered glycan is produced which differs from that produced by a mammalian cell. That is, the present
invention encompasses methods for introducing a mutation that removes a doorstop residue that would

15 otherwise impair or inhibit receptor binding. The skilled artisan would understand once provided with the
teachings of the invention that a doorstop residue that impinges upon the receptor-ligand interface may
be mutated to entirely remove the residue or other mutations can be introduced such that the residue is
oriented away from the interface. Such other mutations include, but are not limited to, providing a glycan
tether that will alter the conformation of a glycan and thereby alter the conformation of the ligand such

20 that the doorstop residue is orientated away from the binding interface.

Nucleic Acids Encoding Designer BMPs

The invention also includes nucleic acids encoding designer the BMPs described herein. Nucleic

acids encoding the designer BMPs described herein can be prepared according to a wide plethora of
25 methods known in the art.

In one, nucleic acids encoding designer BMPs are prepared by total gene synthesis, or by site-
directed mutagenesis of a nucleic acid encoding wild type or modified BMPs. Methods including template-
directed ligation, recursive PCR, cassette mutagenesis, site-directed mutagenesis or other techniques
that are well known in the art may be utilized (see for example Strizhov et al., Proc. Natl. Acad. Sci. USA

30 93:15012-15017 (1996); Prodromou and Perl, Prot. Eng. 5: 827-829 (1992); Jayaraman and Puccini,
Biotechniques 12: 392-398 (1992); and Chalmers et al., Biotechniques 30: 249-252 (2001)).

Thus, embodiments of the present invention can comprise nucleic acid molecules that encode the
designer BMPs of the present invention. In certain embodiments, the invention provides a nucleic acid
molecule that encodes for one of the amino acid sequences of SEQ ID NOs:8 to 66.

35 In other embodiments, the nucleic acid molecule encodes a designer BMP protein that comprises
an amino acid sequence at least 70%, 75%, 80%, 85%, 87%, 90%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99% identical to the amino acid sequence of SEQ ID NO:12. In some embodiments, the nucleic

35



QAKHKQRKRLKS S CKRHP LYVDF S DVGANDW | VAP PGYHAFYCKGGC F F P LADDVT P TKHA
| VQ TLVH LKFPTKVGKACCVPTELSAI SM.YLDENEKVWLKNYQDMWEGCGCR 25 BMP- El 0
QAKHKQRKRYBIS0R/GKRBIP LYVDF S DVGWNDW | VAP PGYHAFYCRGVCRYTRBLAEN36H P TKHA
| 1 QALVH LKNSQKASKACCVPTELSAI SM.YLDENEKWWLKNYQDMWEGCGCR 26 BMP- EK
QAKHKQRKRLKS S CKRHPLYVDF SDVGAWNDW VAP PGYHAFYCDGEC SF PLNAHLI NATKHAI VQ
TLVH LLI NPEYVPKPCCAPTELSAI SM.YLDENEKVWLKNYQDMVWEGCGCR 27 BMP- ET
QAKHKQRKRLKS S CKRHPLYVDF SDVGWNDW VAP PGYHAFYCDGEC SF PLNAHLI NATTHAI VQ
TLVH LLI NPEYVPKPCCAPTELSAI SM.YLDENEKVWLKNYQDMWVEGCGCR 28 BMP- R
QAKHKQRKRLKS SCKRHPL YVDFSDVGWNDW VAPRGYHAFYCHGECPFPLADHLNSTNHAI VQTLVN SVNSK
| PKACCVPTELSAI SM.YLDENEKVWLKNYQDMWVEGCGCR 29 BMP- G5 QAKHKQRKRLKS
SCKRHP XY DieBRME\ AN/ ARRSYHABYEEGH SRR REHRERT NMidAxhinJELiDIisbhuence of SEQ 1D
SNDPESWEWHE%%%&MJ&PEWMM% - 3inB¥Ea E%/QQ%UW%S
SCKRHPL YVDFSDVGWKNDW VAPRGYHAFYCHGECPFPLADHLNSTANHAI VQTLVN SVNSK |
PKACCVRTHE EA} gl\?l_eﬁ_DENEKWLKNYQDMNEGCGCR 31 BMP- GP QAKHKQRKRLKS
SCKRHPL YVDF SIiEV\BIBdinh ARPEY AATRICHEECMERLeADRIINST Mb 5 neA VR DoBVINGH comprises
PKAWWEWNQVQX&B\%MA&KWWW 372, B o5 W%%@@%A 97%,
FYCHGECPFPLADHL NSTRIHAI VOTL'VN SVNSK
PKACCVETEL N SOTiR DOGSNUT TAGEPESRATEEI R 3 NBB- ks m@mi@he nucleic
SCKRHPLYYDFSOMEANDMES h ARKGWARIPOPHGEGRFRLADBIINS THHAhMEELIY NeG¥MSKof| SEQ 1D

PKACCV'RI%N% %@mé&wmule encodes the amino acid sequence of BMPG

as set forth in Table 8.

10 In other embodiments, the nucleic acid molecule encodes a designer BMP protein that comprises
an amino acid sequence at least 70%, 75%, 80%, 85%, 87%, 90%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% identical to the amino acid sequence of SEQ ID NO:36. In some embodiments, the nucleic
acid molecule encodes a designer BMP protein that comprises the amino acid sequence of SEQ ID
NO:36. In another embodiment, the nucleic acid molecule encodes the amino acid sequence of BMPGE
15 as set forth in Table 8.
In other embodiments, the nucleic acid molecule encodes a designer BMP protein that comprises
an amino acid sequence at least 70%, 75%, 80%, 85%, 87%, 90%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% identical to the amino acid sequence of SEQ ID NO:37. In some embodiments, the nucleic
acid molecule encodes a designer BMP protein that comprises the amino acid sequence of SEQ ID
20 NO:37. In another embodiment, the nucleic acid molecule encodes the amino acid sequence of
BMPGER as set forth in Table 8.
Exemplary nucleotide sequences encoding designer BMPs are set forth in Table 8, below. Table
8 shows the name of the protein encoded and the nucleotide sequence encoding that protein. In general,

the mature protein coding sequence begins at nucleotide 847 of the sequences listed below.

25
TABLE 8
NAME SEQUENCE SEQ ID
NO
BMP-A | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 74

CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
AGGGCTATGCTGCCAATTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
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34 BWP- GI' QAKHKQRKRLKS SCKRHPL YVDFSDVGANDW
| APKGYAAFYCHGECPFPLADHLNSTTHAI VOTLVN SVNSK |
PKACCVPT B2 BUR2YABDDNSNVI LKNYQDWVEGCGCR 35 BMP- GE QAKHRORHBROKE053638
SCKRHPLYVDFSDVGAWNDW | APKGYAAFYCDGEC SF PLNAHLI NATNHAI VQ TLVH

LLI NPEYVPKPCCAPTELNAI SVLYFDDNSNVI LKNYQDWVEGCGCR 36 BMP- GE R QAKHKCQRKRLKS
SCKRHPLYVDFSDVGANDW | APRGYAAFYCDGEC SF PLNAHLI NATNHAI VQ TLVH

LLI NPEYVPKPCCAPTELNAI SVLYFDDNSNVI LKNYQDMWVEGCGCR 37 Bnp_j p QAKHKQRKRLKS
SCKRHPLYVDFSDVGWNDW | AP PGYHAFYCDGEC SF PLNAHLI NATNHAI VQ TLVH

LLI NPEYVPKPCCAPTELNAI SVLYFDENSNVWLKKYQDWVRGCGECR 38 BMP- JR QAKHKCQRKRLKS
SCKRHPLYVDFSDVG\/\NDW I APRGYHAFYCDC;EC SF PLNAHLI NATNHAI VQ TLVH

LLI NFE?NWEU KS
SCKRHPLYVDFS DVG\/\ND\N | APKGYHAFYCDGEC SF PLNAHLI NATKHAI VQ TLVH NO

LLI NPEPVPKEP CCARTF ESNAICCSYEFRIENSRAZG W chgg HKOQRERLKS
SR YV SRR R Rt e

LLI NP WPKPOMELARWAC@VET@F@EN&QWE G44.CTBM@T PYGCQAKHKORKRLKS
SCKRHPL YVDF SO SE AP N NSTREAT VOREVRESUREK |

PKACCYPTELSA 8M:MLAIDENEWM.GKW@BIWAE%@QA@L@TCAV@TTTCCGAGAACAGATGCAAGA
2012/ 023113P -@2@%@m%%gT%CACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
“CCAA C TTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAAAGCTAAATGCCATCTCGGTTCTTTACTTTGATGACAACTCCAATGTCATTTTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-C ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 76
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
AGGGCTATGCTGCCAATTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAAAGCTAAATGCCATCTCGGTTCTTTACTTTGATGACAACTCCAATGTCATTTTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-D ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 77
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCCACGGAGAATGCCCTTTTCCACTCAACGCACACATGAATGCAACC
AACCACGCGATTGTGCAGACCTTGGTTCACCTTATGAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-E ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 78
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC

37



SEQUENCE SEQ | D NO BMP- B9
QAKHKQRKRL KSSCKRHPL YVDFSDVGANDW VAPPGYHAFYCHGECPFPLADHLNSTNHAI VOTLVN SVNSK

|  PKACCVRVBLSR/1238¥L YKDDMGVPTLKNYQDWVEGCGECR 43 BM P- E9BTE@BMHKGREIRLKS S
CKRHPLYVDF SDVGAWNDW VAP PGYHAFYCDGEC SF PLNAHLI NATNHAI VQ TLVH

LLI NPEYVPKPCCAPTEL S P | SVLYKDDMGVPTLKNYCQDWVEGCGCR . 44 BMP- (0
QAKHKQRKRLKSSCKRHPL YVDFSDVGANDW | APKEYEAYECHGECPFPLADHLNSTNHAI VQTLVN SVNSK
| PKACCVPTELSP | SVLYKDDMGVPTLKNYQDWVEGCGCR 45 BMP929

QAKHKQRKRL KSSCKTSLRVNFEDI GADSW | APKEYEAYECHGECPFPLADHLNSTNHAI VOTLVN SVNSK
| PKACCVPTKLSP | SVLYKDDMGVPTLKYHYEGVEVAECGCR 46 BMP969
QAKHKQRKRLKSSCQKTSLRVNFEDI GADSW | APKEYEAYECDGEC SF PLNAHLI NATNHAI VOTLVH
LLI NPEYNRAPCLVPTKL S P 1 SVLYKDDMGGRQUEMEIFEGVEVAECGCR 47 BMPQA K gEn BAGA
QAKHKQRKRL KSECOKTSL RVNFEDI GADSW | APKEYEAYECKGGCFFPLADDV'I'PTKHAI VOTNUH
L KFPTIKVGKACCYPIRET2SC ARG CT SRRYIRDIVES PAA T ALBICENPC ﬁ%{?SA GAC

QAKHKERKRLKS SWM%%@@%&@&%W% PTKHA

| VOT L YHL KFPT KY(GRAGCAPTKIc K2 A CCEYWATYGAIDRENPT | KYHYEGVEVAECGCR 49 BMB-  GEP

QA CRRRTKSSCRR B WO SOV, AP FOYAREVCEGEC S8 FLNAFLI TATIATVO TLH

LLI NPEYVPKPCCA#: R Edahiddcc St Xt NYE e SAC&/Q SASTYNS
SELKTACRKHEL (@%{5 TGFC; AR .~ i~ X F_ :
VHLDI INPEYVPKP K i

AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
AGGGCTATGCTGCCTTTTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA

BMP-G ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 80
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
AGGGCTATGCTGCCTTTTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAATGCCATCTCGGTTCTTTACTTTGATGACAACTCCAATGTCATTTTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA

BMP-H ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 81
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCTCCCA
AGGGGTATCACGCCTTTTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAATGCTATCTCGGTTCTGTACTTTGACGAGAATTCCAATGTTGTATTAAAGAAATATC
AGGACATGGTTGTGAGAGGTTGTGGGTGTCGCTGA

BMP-1 ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 82
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
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51 BWMP6- SL VS SASDYNS SELKTACRKHELYVSFQDL

| APKGYAANYCDGECSFPLNAHLNATNHAI VOTL VHLDI NPEYVPKPCCAPTKLNAI

SVLYFDDNSMo2L KZRNBVVRACGCH 52 BMP6A SASSRRRQQ SRNRS TQPETOBXMARVE6BASDYNS
SELKTACRKHELYVSFQDLGNIDW | APKGYAANYCD

GECSFPLADHLNSTNHAI VOTLVNSVNPEYVPKPCCAPTKLNAI - SVLYFDDNSNVI LKKYRNWVRAC GCH
53 BMP6B SASSRRRQQ SRNRS TQ S QDVARVS SASDYNS SELKTACRKHEL YVSFQDL GWIDW

| APKGYAANYCH GECPF PLADHLNS TNHAI VQTLVNSVNSK |

PKACCVPTKLNAI SVLYFDDNSNVI LKKYRNWVRACG CH. 54 BMP6C SASSRRRQQ SRNRS TQ S
QVARVS SASDYNS SELKTACRKHEL YVSFQDL GADW VAPPGYHAFYCD

GECSFPLNAHLI NATNHAI VQTLVHL DI NPEYVPKPCCAPTKLNAI  SVLYFDDNSNVI LKKYRNWVRAC GCH

55 BMRAIE SASSRRRAQ SRNRS TOQ S QDEERVENSASDYNS SELKTACRKHEL YVSHEEGMIPW

| APKGYAANYCD NO
GECSFPLNAHLI Wﬁg@lﬁﬁ@%ﬁ%ﬁASﬂWﬁmﬁéﬂWNWM% CH.
56 BMpP6 ADHL @ g@éc 3, 2 GGAAACGCCTTAAGTCCAG
| APKGYAANY CDGECSHPRRADMIANATINEA 1T T/ HREICNREYATFKREGZARTRKEATGCACCCA
SVLYFIDDNSNVI @%@Wﬁ? N6 7. KR VS SASIYNS o rcerarorcee
SELKTACKRHEL ] %?WAWMKGY CSERITAAREEG 'ITNF%BM@'TACA
VHLDl |‘ IPREV\ /DK VY P " (74 ",‘.‘,

CBMP-J | ATCGTGGCCGAGACCTGC CYAC‘G_’I‘WC‘TG@GCGGCGCGGCTGG 83

CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCTCCCA
AGGGGTATCACGCCTTTTACTGCGATGGAGAATGCTCCTTCCCACTCAACGCACACATGAATGCAACC
AACCACGCGATTGTGCAGACCTTGGTTCACCTTATGAACCCCGAGTATGTCCCCAAACCGTGCTGTGC
GCCGACAGAACTCAATGCTATCTCGGTTCTGTACTTTGACGAGAATTCCAATGTTGTATTAAAGAAAT
ATCAGGACATGGTTGTGAGAGGTTGTGGGTGTCGCTGA

BMP-K ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 84
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AAACATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGCGTTGTGGGTGTCGCTAG

BMP-T ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 85
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
ACTCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTAG

BMP-AP | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 86
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
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BMP6 RK- KR ADHL | ong VS SASDYNS SELKTACKRHELYVSFQDL

| APKGYAANYCDGECSFPLADHLNATNHAI VOTL VHLDI NPEYVPKPCCAPTKLNAI
SVL YFDDNSMo 2L KZRNBVVRACGCH 59 BMP6A RK- KR SASSRRRQQ SRRRE/IBI)1B0IIBIARVS
SASDYNS SELKTACKRHEL YVSFQDLGADW | APKGYAANYCD

GECSFPLADHLNSTNHAI VOTLVNSVNPEYVPKPCCAPTKLNAI - SVLYFDDNSNVI LKKYRNWVRAC GCH
60 BMP6 ADHL | ong SASSRRRQQ SRNRS TQ S QDVARVS SASDYNS

SELKTACRKHEL YVSFQDLGAMDW | APKGYAANYCD GECS F

PLADHLNATNHAI VOTLVHLDI NPEYVPKPCCAPTKLNAI  SVLYFDDNSNVI LKKYRNWVRAC GCH . 61
BMP6 RK- KR ADHL SASSRRRQQ SRNRS TQ S QDVARVS SASDYNS
SELKTACKRHELYVSFQDLG\/\QDW IAPKGYAANYCD GECS F

PLADH : ]
BWP6 RK- KR | )nq SASSRRR@ SRNRS TQ S QDVAR\/S SASDYNS NO

SEL KTACKRHEL? DANYEECAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
e T B T R Y |
63 BMP6B- RK; DN AACCATGGATTCGT
SELKTACKRHEL «%ﬁ@xﬁm@ﬁ%ﬁ%ﬁ@%ﬁ%ﬁ@%mm |

PKACCYPTKLNA| 8w RNEMWERACE B 4Ac2BA2Q I ADRBIIBRCT¢RB2011/ 05B638
NANE 5;EQJENCI:Cgﬁiﬁﬁ%@cwmmcememTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCC

AATTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-AR | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 87
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
GGGGCTATGCTGCCAATTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AATCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-AK | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 88
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
AGGGCTATGCTGCCAATTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
AAACATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-AT | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 89
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCACCCA
AGGGCTATGCTGCCAATTACTGCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACTCCACT
ACTCATGCCATTGTTCAGACGTTGGTCAACTCTGTTAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACTATC
AGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA
BMP-DP | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 90
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
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CH BMPO9E2 REKRSAGAGSHCQKTSLRVNFEDI GADSW

| APKEYEAYECHGECPFPLADHLNSTNHAI VOTLVNSY NSKI  PKACCVPTKLSP |
SVLYKDDMAVO RLKXYEGVEVAECGCR 65 BMPOEG6 SAGAGSHCOKTSLRVNPEDIB2NDBUY3638

| APKEYEAYECDGEC SFPLNAHWNATNHAI VOTLVHLMNPEY VPKPCCAPTKLSP
SVLYKDDMGVPTLKYHYEGVBVAECGCR 66 BMP6- Short VS SASDYNS

SELKTACRKHEL YVSFQDLGAQDW | APKGYAANYCDGECSFPLNAHMNATNHAI VQT L
VHLMNPEYVPKPCCAPTKLNAI  SVLYFDDNSNVI LKKYRNWVRACGCH 67 BMP6- SA VS SASDYNS
SELKTACRKHELYVSFQDLGNIDW | APKGYAANYCDGECSFPLNAANNATNHAI VOQTL
VHLMNPEYVPKPCCAPTKLNAI  SVLYFDDNSNVI LKKYRNWVRACGCH 68 BMP6- SL VS SASDYNS
SELKTACRKHEL YVSFQDLGAQDW | APKGYAANYCDGECSFPLNAHLNATNHAI VQT L

VHL MNIPENMARPCCAPTKLNAT SVL YFDDNSNVISERKERSFVVRACGCH 69 BMP-E- NRT SEQ ID
QAKHKORKRLKS| S CKRHPLYVDF SDVGANDW VAP PGYHAFYCDGEC SE_PLNAHWNATINHAPVQ TLVH
L MNPEYVPKPCCAPTELSAF T CSMEYICBEINERYVC ) FUCBMEAGEEFEANR

QAKHKERKRLKS séﬁé%%i@é%@@ é@@ﬁﬁ&&i S RENARMNATRFA VQ TLVH

LMNPE NPKPCOB\PM M‘_ CAF%I?@IAG : AEATTBNMRTFEAATRR 6
QAKHKERKRLKS CRARIDNAL SRR, YRR YEDGEC, S PENAEIVRIATINHAl v TLVH
LNNPE‘NPKPCOAEHN!(L C&@DBNSRMIZLTK RMVARAGCECHA T2 BNMRAAGEERTGG

GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCCACGGAGAATGCCCTTTTCCACTCAACGCACACATGAATGCAACC
AACCACGCGATTGTGCAGACCTTGGTTCACCTTATGAACCCCTCTAAGATTCCTAAGGCATGCTGTGT
CCCGACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACT
ATCAGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTGA

BMP-E9 | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 91
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCAAGGGCGGCTGCTTCTTCCCCTTGGCTGACGATGTGACGCCGACG
AAACACGCTATCGTGCAGACCCTGGTGCATCTCAAGTTCCCCACAAAGGTGGGCAAGGCCTGCTGTGT
CCCGACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACT
ATCAGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTAG

BMP- ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 92
E10 CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
GAAAGTTTTGATGTCACCCCCGCTGTGATGCGGTGGACTGCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGTGGCCCACTTGGAGGAGAAACAAGGTGTCTCCAAGAGACATGTTAGGATAAGCAGGTCTT
TGCACCAAGATGAACACAGCTGGTCACAGATAAGGCCATTGCTAGTAACTTTTGGCCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGTCAAGCCAAACACAAACAGCGGAAACGCCTTAAGTCCAG
CTGTAAGAGACACCCTTTGTACGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTGTGGCTCCCC
CGGGGTATCACGCCTTTTACTGCCGTGGTGTTTGTAACTACCCCCTGGCAGAGCATCTCACACCCACA
AAGCATGCAATTATCCAGGCCTTGGTCCACCTCAAGAATTCCCAGAAAGCTTCCAAAGCCTGCTGTGT
CCCGACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACGAGAATGAAAAGGTTGTATTAAAGAACT
ATCAGGACATGGTTGTGGAGGGTTGTGGGTGTCGCTAG

BMP-EK | ATGGTGGCCGGGACCCGCTGTCTTCTAGCGTTGCTGCTTCCCCAGGTCCTCCTGGGCGGCGCGGCTGG 93
CCTCGTTCCGGAGCTGGGCCGCAGGAAGTTCGCGGCGGCGTCGTCGGGCCGCCCCTCATCCCAGCCCT
CTGACGAGGTCCTGAGCGAGTTCGAGTTGCGGCTGCTCAGCATGTTCGGCCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGGG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGTGGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGTTTATCACCTCAGCAGAGCTTCAGGTTTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGTTTCCATCACCGAATTAATATTTATGAAATCATAAAACCTGCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGTTGGTGAATCAGAATGCAAGCAGGTGG
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AN~ I ™ Rl £~ 1 ~ o~ ~r—

MRIE AL I Bl al | Prof.

Blotechnlques 12: 392- 398

the |nvent|on prOV|des a nucleic acid nol ecul e that



5 an am no acid sequence at |least 70% 75% 80% 85% 87% 90% 92% 93%
94% 95% 96% 97% 98% 99% identical to the am no acid sequence of SEQ ID
NO 14. | rweane/estiddi ments, the nucl eic acid nol ecul e erCOABH1H0TI63S gner
BMP protein that conprises the am no acid sequence of SEQ ID NG 14. In

anot her enbodi ment, the nucleic acid nol ecul e encodes the am no acid
sequence of BMPG as set forth in Table 8. 10In other enbodi nents, the

nucl eic acid nol ecul e encodes a designer BVMP protein that conprises an

am no acid sequence at |least 70% 75% 80% 85% 87% 90% 92% 93% 94%
95% 96% 97% 98% 99% identical to the am no acid sequence of SEQ ID

NG 36. In sone enbodi nents, the nucleic acid nol ecul e encodes a desi gner
BMP piloNemB {hat conprises the am rseQ@eNgGeEsequence of SEQ I'D NGO [ssEq I
anot hg¢r__enbodi nent, the nucleic acid nolecule encodes the am no jacNo
sequemce of BVPEECE @’§§AG§@QAC¢QSFTq@ACFAﬁGGFaCEﬂCéGCBGAGCCAACACTG?IGﬁGC@tSW@ caefbjodi meng s

the nyclei c pEidorn ECTTAﬁS?é%A@é%ﬁé@?@A éﬁgéﬁé‘ﬁé GGAGA@EG@TCTATCTETISA@EAGQOWDri sep an

aminolacid s/gw 2RPCARDRRSAGTT U%E EﬂéiggA OUPTBEYPABTY AN @%ﬁ@%@% 3% 9A%
950 96% 97 %@%Aé@%i%m% Sk %a%i@iégééic@ SeUUSHCE Of [SEQ I D
NG 37 | n sopesmeabodicnentsiccachermieh@rercacirganplrecub@rencodesra [desi gne

BVP prjotein | @%@S&@?ﬁiﬁﬁé&ﬁi@ﬁ@@@ﬁﬁéﬁ@&%@@i@%@gﬁﬁiﬁﬁﬁg@'\0 37. |n

anot h¢r enbofrrmemMcrcichecnictestcatirchonicesub@cencodesathercantdan [aci d
sequence of BYPEERTASCSERTF G CCCACTCAACGC c| eoti dp
sequemnces eng e&megs%%ﬁmggﬁgiﬁg okd gzﬁg(ﬁgA Wiﬁé@m Tabl g 8
shows ' AL g ' . e encofi
Alﬁﬁgﬁé&éﬁ Sééé@&e&i%ﬁiﬁﬁé@‘}é&éi@ &@%ﬁ%@éﬁ%&%ﬁ%&&&c@%g

[t he nand
t hat pPY¥Feln
nucl et i de 847rwfcrttiecsequerves:cricst@dcdyelcomcTRECIABLEC8ANAMECSHQUENCE| SEQ

I D NOIBMP- A | CCCAGCAGGGACGCCGTGETGCCCCCCTACATGCTAGACCTGTATCGCAGGCACTCAGGTCAGCCGAG
CTCACCCGCCCCAGACCACCGGTTGGAGAGGGCAGCCAGCCGAGCCAACACTGTGCGCAGCTTCCACC
TCEEEAGEETCEIETCEEEEAET

ATGGT( \SEEE] GECTEOTAGEEI R GEE GG
CTGAC
CCCAQ
CTCAC
ATGAA(
AGTTC]
TGCTT]
CCAAC]
GAAAG
GGTGH
TGCAC
GGGCA]
CTGTA
A@GC'AT@TG:@MTW@MK@@@@HW@@WX@@@@%@@WCMU

ATCA| COCAT TG AR SR TG TANCTC AL

» A
GACAGPNACTCAG] rm@éﬁ@m@ﬂ%@ﬁﬁm@@@mmﬁﬁmmmwc TATC
AGGACT GO T G AT T TGP TOAL T4 WS90 DD IESPCTHORPO1 1) 05363
NAVE f;EQJENCI_C’EEQGh&Ch@CBiVBT‘PBGTGGACTTCAGTGACGTGGGGTGGAATGACTGGATTATTGCTCCCA
CCTCG]
CTGA
CCCAG
CTCAC(
ATGAA(
AGITC]
TGCTT]
CCAAC]
GAAAG]
GGTGH
TGCACK
GGGCA J
CTGTAAGAGACA mZT E@M@@EWT@W@%@T@A@E@&TMM CCCC
GGG ATCACGE e T A P A AT LT T T T R TR T T GRACT JCACT
AATCATGCCATTGT TCAGACGT TGGTCAACTCTGT TAACTCTAAGAT TCCTAAGCCATCECTGTGTCCC
GACAAAGCTAAATGCCATCTCGGTTCTTTACTTTGATGACAACTCCAATGTCATTTTAAAGAACTATC
AGGACATGGTTGTGGAGGGT TGTGGGTGTCGCTGA 755 BMP- C
ATGGTGGCCGEGACCCGCTGTCTTCTAGCGT TGCTGCT TCCCCAGGT CCTCCTGEECGECECEECT GG
CCTCGT TCCGGAGCT GGECCGECAGGAAGT TCGECGEECEECET CGT CGEECCECCCCTCATCCCAGCCCT
CTGACGAGGT CCTGAGCGAGT TCGAGT TGCGECTGCTCAGCATGT TCGGECCT GAAACAGAGACCCACC

NN R NN R NN R SNV NI SNNTT SNNLNLNLNLNLN"T" A N A T SNNT™ A SN SNSNTT SNT R T NN R NN R NI NN SNSNTT N N

(09




76 BMP-D
ATGGTGECCCEGACCCGCTGTCTTCTAGCGT TECT GCT TCCCCAGGT CCTCCT GEECGECECEECT GG
CCTCGI TCOERAGRIIEIBECECAGGAAGT TCGECGEECAEECET CGT CGEECCECCCCPCATREITABGICEST
CTGACGAGGT CCTGAGCGAGT TCGAGT TGCGGECT GCTCAGCATGT TCGECCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGT GGTGCCCCCCTACATGCTAGACCT GTATCGCAGGCACT CAGGT CAGCCEEG
CTCACCCGCCCCAGACCACCEGT TGGAGAGEGECAGCCAGCCGAGCCAACACT GT GCGCAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGT GGGAAAACAACCCCGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGCGAGGAGT TTATCACCT CAGCAGAGCT TCAGGT TTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGT TTCCATCACCGAATTAATATTTATGAAATCATAAAACCT GCAACAG
CCAACTCGAAAT TCCCCGT GACCAGACT TTTGGACACCAGGT TGGT GAATCAGAATGCAAGCAGG'I' GG

GAAAG A

GGTGH CCACT TGGAGGAGAAACAAGGT GT CT CCAAGAGACATGT TAGGATAAGCAGCTCNID
TGCAC( 3 CATEFGAANR
GGGCA L IAAGTICCAG
CTGTAAGAGACA! WTWWWW@W@%QWW@SQKW CCCC
CGGGG| ATCACL AT AR AL ECACEGA AACC
AACCACGCGATT G« TCERFCACCTTATGRACTETAAGATTECCTAAGREATGERGT GTCCC
GL\CAGmamsr@ﬁ&f@@ﬁ@mmtﬁ%@fmm@mcwc
AGGAC/

ATGGT( TACECTTCT

CCTCG] i3] G m#’é‘g

CTGACH

CCCAG

CTCACA(

ATGAA(

AGITC]

TGCTT]

GAAAGITTTGAT 'sease* ' e‘ o 'ﬁt‘e G zt TG susﬂ'seaww 'ef.ﬂ
CGTGAAGT GO Qngg Ne'e AQA“_A, @,Lem Ae A Ae'g
TGCAC( ZAAGATGM@A@R@F@GF C

GGGCA[CCTCTCE, v

CTGTAAGAGACA ZMTWM@GCQEA@EW@@E@K@@E@CW@@%T@@E@@A@T@@&T CCCC 7
2012/ §23113P “‘i?%ﬁ%@éﬁ&ﬁ%@ﬁé@@@@%ﬁﬁ@@ﬁ@éﬁ%ﬁi@%ﬁéﬁ%@%ﬁ%€$€
CGCEES| 'ATCACG:GEEHWW&@E&@%&'@E@GH%%@A@T CACATGLATESTIAACC
AACCACGCGAT TG, y TR

GCCGACAGAACT CAESE€s

AT CAGEAURIES

ATGGT EECCEEGE

CCTCG[ TCCGGA W@T@@W@@W@W@@@Acm
CTGACGAGGT CCT CAE GAGET(IACT HCAGEA GARACHGAGACACACC
CC%GA%AOW@'C@@@@@@%@AY%IW@T@%WWWC%
CTCACPCGCCCCAEAE £ ICACC
ATGAAGAATCTTT &X5A TTTA
AGTTCTATCCCCAEXES AAGA
TGCTTTAGGAAACA ‘!.'5' (od 5 ACAG
CCAACTCGAAATTC IGTGG
GAAAG TTTGATGHALIEEEE; %@é&ﬁ@%@ﬁiﬁi&é&%ﬁ&mﬁé&%@ﬁw
GGTGGAAGT %MWWW@@WT@EWM&M&TU T
TmACE_A l\f‘f\Tf‘ G A EJ&WAE%Eg I\vl\vl\l\
GOGCAT EF T CLAGAAAACACAAD AR TAAGTICCAG
CTGTAA @m%;ﬁ%% -A-'y .E"e' ANCCCA
AGGCGCTATGCTG Fdc e ( ' ALeATeHcAACT QCACT
AATCATGCCATTGIEAEA @WW@FW@FWWW CCC
GACAGAACT CAGT Eot AT I A T e T AT RGEAGAA T CAARAEGE HTGL ATT ARAAACTATC
AGGACATGGT TG GEAGGCGPFEICEGETGT OBCTGAT LY ABIRC GGG TCAACCACAACGCCTCCAGATGE
ATGGT (mm@ﬁ MR SRR EESECSESCE SICE
CCTCG] SEAAG @W@Wﬁ@ﬂi@@@t\
CTGAG] f A T E AT B OO TR ACHEACICAC
CCCAGCAGEEA ILi'aTMbbbl/—\L/—\TLi,ll-\u’-\bblLJI/-\IL,L:LJ-\LMJ-\LILJ-\LJKJILJ-\W

CTCACCCGCCCCAGACCACCGGT TGGAGAGGEGECAGCCAGCCGAGCCAACACT GTGCGECAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGT GGG AAAACAACCCCGAGATTCTTCTTTAATTTA
AGI TCTATCCCCACGGAGGAGT TTATCACCT CAGCAGAGCT TCAGGT TTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGT TTCCATCACCGAATTAATATTTATGAAATCATAAAACCT GCAACAG
CCAACTCGAAAT TCCCCGT GACCAGACT TTTGGACACCAGGT TGGT GAAT CAGAAT GCAAGCAGGT GG

PNAR R N PN g g g g, [\ p—— g~ N

NI N N T

PN PNT" A PR A 7N R 7N NR R NN R T 7N\ |\ =Yg gy pogge=



WD 2012/ 023113PCT/ 1 B2011/ 053638 NAME SEQUENCE SEQ | D NO

GGTGGAAGT GGCCCACT TGGAGGAGAAACAAGGT GTCTCCAAGAGACATGT TAGGATAAGCAGGTCTT
TGCACCAAGRO CARIRBAGCT GGT CACAGATAAGGECCATTGCCTAGTAACT TTTGGECAIENT GHRAFRA
GGGCATCCTCTCCACAAAAGAGAAAAACGT CAAGCCAAACACAAACAGCGGAAACGCCTTAAGT CCAG
CTGTAAGAGACACGAGCCTGTATGT GAGT TTCCAAGACCT GGGAT GGCAGGACT GGATCATTGCACCCA
AGGGCTATGCTGCCAATTACT GCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACT CCACT
AATCATGCCATTGI TCAGACGT TGGT CAACTCTGT TAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTAAATGCCATCTCGGT TCTTTACTTTGATGACAACT CCAATGT CATTCTGAAAAAATACA
GGAATATGGTTGTAAGAGCTTGTGEGTGTCGCTGA  Bnp_|
AT%TCRCCIEA&C&T@GTUA&GFT@T@TTC&M@FCCFCCFW%

CTGT ANGAGACALECTTEE m&@@é@m@@@mﬁ@@@%&%m

AGGGG[ATCACH Z@TR'CEA@E%@@@M@M?@?@GH F@@@@E@@ GOAACC

PICCACACET FELTTCACE '
GOCGAGAGAACT CAREGCEAFCHEGEIICTGIAGT DT E@%&&@A@MH@I&@%ET&AACAAAT
ATCAGBACATGS Zgg@% mm@%WT%GCGTGCCCACCCTGAAGTACC
ATGGTUB’MP&W-\M@MQQ¢@GGG€JCT tw¢m¢ﬁmmm%w 32
6 [ FOCAX (3G CEETFCATTICCA

CTGTAAGAGACA iﬁﬁﬁ@%@@g@ﬁ&%@ﬁ%ﬁiﬁ%ﬁ%ﬁ%ﬁ%m
CGGEEG BIPA Mbthbé&thﬁM&idé&ﬁ%dm&mthﬂcﬂ@Mﬁd&ébh%hmmAML 213
AAACATGBRAA TG ' : ' S SRS
GACAGMEBTCAGT ¢
AGGACATGGTTG
ATGGT(GCCGEEG ; :
CCTOGT T COGGARCTORE0REoACEAAGT ICGERCOCICT BTG 'F@@@ACCCCT
CTGACGAGGTCCT @@ﬁ@%@ﬁm@m@%ﬁ%@ﬁm‘iﬁﬁm CACC
CCCAGTAGGGACEEOGT CaIFEE0CCECTACAT GITAGACCT STATCCCAGGEACTCAGGTCAS]OCEE
CTCACPCGCCCC A CICACTCCAA IOCECAG
ATGAAGAATCTT]
AGTTCTATCCCC "jm
TGCTTTAGGAAACAS

CCAACTCGAAATTE
GAAAG| TTTGAT Oy \
GGT GABUPGES AACECA TG T WCAACAGACURG L EAAGaAT ARGHCAL

[ CCT CT CCACCAAAACS

Tﬂdﬁ@TG@%ﬁ@?ﬁ%@W%@ﬁﬁ%@ﬁﬁfﬁﬁiw

CCACS FEE |é—\|u-\|\,|u-v-\\,|"‘ €T
ACT CATGCCATTGT TCAGACGT TGGT CAACT CTGr TAACT CT AAGATTCCTAAGGCATGCTGTGICCC
GACAGAACTCAGTGCTATCTCGATGCTGTACCTTGACEAGAAT GAAAAGGT TGTATTAAAGAACTATC
AGGACATGGT TGTGGAGGGT TGTGGGTGTCGCTAG 85 BIMP- AP
ATGGTGECCGGGACCCECTGTCTTCTAGCGT TGCTGCT TCCCCAGGT CCTCCT GEECEECECEECT GG
CCTCGI TCCGGAGCT GGGCCGCAGGAAGT TCGCGEECEECGET CGT CGEECCECCCCTCAT CCCAGCCCT

NI 2N R NN R SNSNTTT SNSNTT 2N R NN N SNTTIT SN N PN PNSNTT= N R SN\ D\ T NP S S NS"NV"T" R A R PSR PSR NAR NN N NN




AGTTCTATCCCCACGCGAGGAGT TTATCACCT CAGCAGAGCT TCAGGT TTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGT TTCCATCACCGAATTAATATTTATGAAAT CATAAAACCT GCAACAG
CCAACT CGARORIAREXHF GACCAGACT TTTGGACACCAGGT TGGT GAAT CAGAAPCTABISTAB36£8G
GAAAGT TTTGATGT CACCCCCGCT GT GAT GCGGT GGACT GCACAGGGACACGCCAACCATGGATTCGT
GGTGGAAGT GGCCCACT TCGGAGGAGAAACAAGGT GT CTCCAAGAGACAT GT TAGGATAAGCAGGTCTT
TGCACCAAGAT GAACACAGCTGGT CACAGATAAGGECCATTGCCTAGTAACT TTTGECCATGATGGAAAA
GGGCATCCTCTCCACAAAAGAGAAAAACGT CAAGCCAAACACAAACAGCGEAAACGCCT TAAGT CCAG
CTGTAAGAGACACCCTTTGTACGT GGACT TCAGT GACGT GGGGT GGAATGACTGGATTATTGCACCCC
CGGGCTATGCTGCCAAT TACT GCCACGGAGAATGCCCTTTTCCTCTGGCTGATCATCTGAACT CCACT
AATCATGCCATTGI TCAGACGT TGGT CAACT CTGT TAACTCTAAGAT TCCTAAGGCATGCTGTGTCCC

GACAG WAG] CCTATCTCGATGCTGTACCT TGEQUARBATGAAAAGGT TGTAT TAAAGAAQTAEEID
AGGACATGCGTTGIGGAGEGI TGTGEGTGICECT GA BI\/P— AR NO

ATGGTGGCCCCT
CCTCG[TCCGGA
CTGACGAGGTCC
CCCAGFAGGGACH
CTCACPCGCCCC
ATGAAGAATCTT]
AGTTC"ATCCCO
TGCTTTAGGAAACARTHS
CCAACT CGAAAT T AACRESTerACAOATAG

GAAAGLLIITCAT T 2A AT TCYCT COECATE

A(‘A(TT‘-.A(‘A(TTT‘AA(T‘AT(T‘-.ATT( Gl

GGT GG GO A kA AR AANCARCE FET CT L CARGAGAR I I ACGRIAMARAGGT CTT

TCCACEAAGAT GMAGACAGCTGIGE TECTAGTAACTTITGBCCATGATGGAAAA
CTGTAAGAGACA MJRGHPA@@E%Q@EI@AMMM@MIM%B&ACCCA
GOGGCTATCCTCOCATFACS CCTCTEET 2

AATCATGCCATT -

‘,A‘,AV A7 COF AR AT GEFG
GACAGMACTCAGI F CTATC
AGCACKT GBI TCS @%iﬁﬁw 'AAA é@‘é%?f;%‘

ATGGT B\GII@@?}?FGF@IAT@PA@@%CF%?F TXCECCAB
CCTCG]
CTGACK
CCCAG
CTCAC(
ATGAA(
AGTTC]
TGCTT]

CCAAC]
GAAAG]
GGTGH
TGCAC(
GGGCA
CTGT A/
AGGCC]
AAACA]
GACAG W TCAC%TIC:ACTAGCAATCTGTGGG

ﬁ%%wesmr%@éﬁéﬁé@éﬁ@ﬁmgé SHRA e

CCTCG]
CTGAC(
CCCAG CORTEICECer A
CTCAC( e :».‘uvr ‘_,.._ ‘m fRACKTTA ICACC

ATGAAGAATCTT TTTA
AGTTCTRYEEX ] AAER
TGCTTTAGGAAA! M@W@WWWWWWMTWW@SA ACAG
CCAACT CGAAAT T XL GACRAGAET: CGCARGEAQGTGG
GAAAG|TTTGAT J@A@@@%@E@E@@éﬁm ,'~\f‘€( ACACCRCEAACCATGEATITCGT
GG G AGT CaODEA T A A A A T T T A CACAC AT TACEATAACCATCT T
TGCACCAARGAT GAACACACCTGGT CACAGAT AAGSCCAT TCCTAGT AACT T T TGSCCATGATGGAAAA

GGGCATCCTCTCCACAAAAGAGAAAAACGT CAAGCCAAACACAAACAGCGGAAACGCCTTAAGT CCAG
CTGTAAGAGACACCCTTTGTACGT GGACT TCAGT GACH GEGGT GGAATGACTGGAT TATTGCACCCA
AGGGCTATGCT GCCAATTACT GCCACCGAGAATGCCCT TTTCCTCTGGCTGATCATCTGAACTCCACT
ACTCATGCCATTGT TCAGACGT TGGTCAACTCTGT TAACTCTAAGATTCCTAAGGCATGCTGTGTCCC
GACAGAACTCAGT GCTATCTCGATGCTGTACCT TGACGAGAATGAAAAGGT TGTATTAAAGAACTATC

R NN R 7™\ T P\ NP g g g R PN SNTT T PN PN SNNT NI SNSNN"T" AR NN OISR AN NS



ATGGTGECCGEGACCCGCTGT CTTCTAGCGT TGCT GCTTCCCCAGGT CCTCCT GEECEECECEECT GG
CCTCGT TCCGGAGCT GEECCECAGGAAGT TCECGEECEECET CGT CEEECCECCCCT CAT CCCAGCCCT
CTGACGAGOYGRIABXBAGT TCGAGT TGCGECT GCTCAGCAT GT TCGGCCT GAARCAEBIBACX3AEC
CCCAGCAGGGACGCCGT GGTGCCCCCCTACATGCTAGACCT GTATCGCAGGCACT CAGGT CAGCCEEG
CTCACCCGCCCCAGACCACCGGT TGGAGAGGEGECAGCCAGCCGAGCCAACACT GTGCGECAGCTTCCACC
ATGAAGAATCTTTGGAAGAACTACCAGAAACGAGT GGGAAAACAACCCCGAGATTCTTCTTTAATTTA
AGI TCTATCCCCACGGAGGAGT TTATCACCT CAGCAGAGCT TCAGGT TTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGT TTCCATCACCGAATTAATATTTATGAAATCATAAAACCT GCAACAG
CCAACTCGAAAT TCCCCGT GACCAGACT TTTGGACACCAGGT TGGT GAAT CAGAAT GCAAGCAGGT GG
GAAAGT TTTGATGT CACCCCCGCT GT GATGCGGT GGACT GCACAGGEGACACGCCAACCATGGATTCGT

eejjee’
TGCACK

CAAGATG

CCACT TCGAGGAGAAACAAGGT GEQUENBAGAGACATGT TAGGATAAGCAGG
NACACAGCTGGT CACAGATAAGGCCATTGCT AGT AACTTTTGECCATGATGG

IS5QID
AARR

GGGCA]
CTGTA/
eceee]
AAGCA
CCCGA(
ATCAG
ATGGT
CCTCG]
CTGACK
CCCAG

[CCTCTOS
AGAGACA
[ATCACGH
[GCAATT.
CAGAACT
LPACAT GG

C@TWA@@B@IT@EFWTWAWWW@

N FCGTELACLT, COCAGARAGLT

CAGTGCTAFCTCEATGATTGTACCICIGACGAGART GAMAAGGITIGTATTAAAG

CCCTTCATGGTGGCTTTCTT

memﬁﬁiﬂ&

GCGCCGACAACAGAGTCGTA
CEEITTICaTE

CTCAC(
ATGAA(
AGTTC]
TGCTT]
CCAAC]
GAAAG]
GGTGH
TGCACK

GGGCAT

CTGTA4
sceee]
AAACA(
2012/
GCCGA(
ATCAG
ATGGT
CCTCG]
CTGACK
CCCAG
CTCAC(
ATGAA(
AGTTC]
TGCTT]
CCAAC]
GAAAG]
GGTGH
TGCACK
GGGCA
CTGTA/

NGAGACA
[ATCACG
CCCGATT

23113P
CAGAACT

PACAT GG 2

CCAG
CCCC
ICACA

GCTGTGT

AACT

ZI%dGBZ@AC’]:I:Z@BM&AMM&GS&@ENGET%@:AGQPMACAGCAGTGAATTG

) §§CTCTAAGATTCCTAAGGCATGC

Y Amw S "‘%‘1
T
&%@@&x@r AFCACL
AN I E AT LA “
& " A

HTAAGT

MHWO@W&EA@ET@QWWM@WW

Wﬁ@mﬁmmﬁ&%

fRESEEeES R eI eE -étaaﬁnﬁﬁa @ﬁf@g@@%\c
FT@E@@@I@W@A@@W@E@W@M@W

-\L:b’-\L,LJ-\bbLi;T I GOALAUGUEGUAGULAGULULGAGLLULAALAL TG Li.,L:\LJ-\Li.,I ICLALL

ATGAAGAATCT TTGGAAGAACT ACCAGAAACGAGT GGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGI TCTATCCCCACGGAGGAGT TTATCACCT CAGCAAMAECT TCAGGT TTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGT TTCCATCACCGAATTAATATTTATGAAAT CATAAAACCT GCAACAG
CCAACTCGAAAT TCCCCGT GACCAGACT TTTGGACACCAGGT TGGT GAAT CAGAAT GCAAGCAGGT GG
GAAAGT TTTGATGTI CACCCCCGCT GT GAT GCGGT GGACT GCACAGGGACACGCCAACCATGGATTCGT

PNSNTT™ N R N ~NT

AN NI s AR 7P AR A R A PR R VT VT VT NAR R AR P A PP NA™T I NVT""" A "R R R NN NN gy




NAME SEQUENCE SEQ | D NO

GGCGCATCCTCTCCACAAAAGAGAAAAACGT CAAGCCAAACACAAACAGCGGAAACGCCTTAAGT CCAG
CTGTAAGAGKCACOORTTNGT ACGT GGACT TCAGT GACGT GGGGT CGAAT GACT GGRT T IBLIX36E3A
GGGGEGTATCACGCCTTTTACT GCGATGGAGAAT GCTCCTTCCCACTCAACGCACACATGAATGCAACC
AACCACGCGATTGTGCAGACCTTGGT TCACCTTATGAACCCCGAGT ATGI CCCCAAACCGTGCTGIGC
GCCGACAGAACT CAGTGCTATCTCGATGCCTGTACCTTGACGAGAATGAAAAGGT TGTATTAAAGAACT
ATCAGGACATGGT TGTGGAGGEGTTGTGGEGTGICGCTGA  BMP- GP

ATGGT GGCCGEGACCCGCTGICTTCTAGCGTI TGCTGCTTCCCCAGGT CCT CCTGEGECEECECEECT GG
CCTCGTTCCGGAGCT GEGCCECAGGAAGT TCECGEECEECGET CGT CEGEGECCECCCCTCAT CCCAGCCCT
CTGACGAGGT CCTGAGCGAGT TCGAGT TGCGECTGCTCAGCATGT TCGECCTGAAACAGAGACCCACC
CCCAGTARRIFACIECCGT GGTGCCCCCCTACATCCERGAERNT 6TATCGCAGECACT CAGGT CAGGEE&SD |
CTCACECCGCCCCAGACCACCGEGT TCGAGAGGEECAGCCAGCCGAGCCAACACT GT GCGCAGCTTACASG
ATGAAGAAT CT T T TGAAGAA T A A A AT ST CoACAA AR C AN CRICCIGACATICTIETTFAAT TTA

AGT TC[ AT COCCAELAGA G I AL EAGEd CALAGAREI HATT H T R AAGAGALIGAAAGA

TGCTTTAGGAAACAAT ACCAGT ICESCATCACEAATTT ARE AT TAATEAAAT UATARAACCTFGCAACAG

CCANCT COAMTI AT GAL CACHICE I GEACALEACL R LT CAGLCAGAMEL AR ACGT G

GAAAG[ TTTGAT GFCACGCERRTT GTEATR CACSEEAACCATEGATTCGT
W@W@@W@WW%@W*%WTU T
TGCAC(M@TG&A@M&M@@W&A@%@MK@M&&%THE@%%@&M@CAMA
GGGCAT \/ C A S CCAG
CTGTA/ AR CET RS R o AR

CGGGCT ATGCT GRE T T AC T C A CCAGRA TSRO T T IO CHECC AT CAT CTEAACT (CACT
AATCATGCCATT W&ﬁﬁ%ﬁﬁﬁww&ﬁéﬁ&dm

GACAGRAMPEAAT SCATCTCAGTI G ACTTTOA E‘ e ggu_ g(%g%?gg;ga-ec GGGGG AL
TGCT
A%O\MTGTWW%%% BMEEER (ccrccrocaecrroctorac
m&a@aﬁx@@h@ﬁﬁ@m

ATGGT{

CCTCG]
CTGAC

CCCAG

CTCAC

ATGAA( AATTTA
AGTTC] AAGA
TGCTT] ACAG
CCAAC] GTGG
GAAAG] TCGT
GGTGH ITCTT
TGCAC JAAAA
GGGCA] &TCCAG
CTGTA/ FFE%ACCCA

ceece 'BWWG:@ETTEA@WWGT@@@T@' TG’@@G’@@@@@@G‘E@A&F@T@M dCACE |

AT CA BB T A TG AL T T TAAC T AAGATT CCTARGEEATEL T ETdrooe
GACAGAACT CAAT GCArCI-GESEICTACRACEICRGANTECACAACTCCARTGECATICET ABAGAACTATC
AT OOT (OO TRk FE TGOS T %%QCM%GEZQS%SG??%%
A

CTGACA
CCCA(
CTCAC(
ATGAA(
AGITC]
TGCCTTTAGGAAA M@i@@d&@ﬁﬁ@@éﬂ'ﬁé@@@%ﬂ' 'EA#&'E@CETG'O@@@QMT@Q\TMM@@?E&A ACAG
ccan] AT CCANGCACGT GO
GAAAG|TTTGAT E@m@m&ﬂm m&%@@@&m@&&m&@@@%@\ TCGT
GGTI G FCACAARCAS A 3 A

TGCAC(
GGGCA]
CTGTA/
AGGGC]
AAACA]
GACA
AGGACATGGTTGTGGAGGGTI TGTGGGTGTCGCTGA 100 BMP- GT

ATGGT GGCCAEGACCCECTGTCTTCTAGCGT TGCT GCEg CCCCAGGT CCTCCT GEECEECECAEECT GG
CCTCGTTCCGGAGCT GEGECCGCAGGAAGT TCAECEECEGECGT CGT CAEGECCECCCCTCATCCCAGCCCT
CTGACGAGGT CCTGAGCGAGT TCGAGT TGCGGECTGCTCAGCATGI TCGECCTGAAACAGAGACCCACC
CCCAGCAGGGACGCCGTGGTGECCCCCCTACATGCTAGACCT GTATCGCAGGCACT CAGGT CAGCCEEG

PN 2N R SNSNLNLNSNNNN N NN NS A —— s SN AR PN A NN\ R NN N IR A A NN NI NI NN\ N SN NT= s N NS\
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BMP- GE ATGGTGGCTGGCACCAGATGT CTGCTGGCCCTGCTGCTGCCCCAGGT GCTGCT GGECGGAGCTGCTGG
ACT GGT GCCCGAGCT GGRCAGAAGAAAGT TCGCCGCTGCCTCCTCTGRCCGGCCT TCCAGCCAGCCTT
CCGACGAGOY ORI BIERGAGT TCGAGCT GCGGCTGCT GT CCATGT TCGGCCT GAABCATERBLE3R6E3C
CCTTCTAGGGACGCCGT GGTGCCCCCCTACATGCTGGACCT GTACCGGCGGCACT CCGRCCAGCCTGG
ATCTCCTGCCCCCGACCACAGACT GGAAAGAGCCGCCT CCCGGGCCAACACCGT GCGGTCTTTCCACC
ACGAGGAAT CCCTGGAAGAACT GCCCGAGACAT CCGRCAAGACCACCCGGCGGTTCTTTTTCAACCTG
TCATCCATCCCCACCGAAGAGT TCATCACCT CCGCCGAGCT GCAGGT GT TCCGCGAGCAGATGCAGGA
CGCCCTGGGCAACAACT CCTCCTTCCACCACCGGAT CAACAT CTACGAGAT CATCAAGCCCGCCACCG
CCAACTCCAAGT TCCCCGT GACCCGGCT GCTGGACACCCGECTGGT GAACCAGAACGCCTCCAGATGG
GAGTCCTTCGACGT GACCCCTGCCGT GAT GAGAT GGACCGCCCAGGGCCACGCCAACCACGECTTTGT
GGTGH CCACCT GGAAGAGAAGCAGTCGEGUERNBAGCGECACGT GCGGATCTCTCGRTSKEETD |
TGCAC<:AGGACGAGCACAGCTGGTCCCAGATCCGGCCCCTGCTGGTGACATTCGGCCACGATGCCAAG
GGCCACCCCCT GLAT 2 A GRS GEOEEX
CTGCAAGCGGCA!
AGGGCTACGCCH
AACCAQGCCAT O, ;
COCCAGCGAGCT AR CRGOAT CFrEOGT T G ACT TCGACGACAACTCOAAGET GATOCTGAAGAACT

ACCAGBACAT GGf (ST ISARGE T O IGEAGRTER. (L0 (BN R o acrocacarocac )
T T COUEACGTEET R CLABASAGET C

ATGGT ECCT GECY
ACTGGT
CCGAC
CCTTC]
ATCT((
ACGA
TCATC(
CGCCC]
CCAAC]
GAGT
GGTGCH
TGCAC(
GGCCA(
CTGCA/
ceecesy
AACCA(
CCCCA(
ACCAG
ATGCGI(
CCTCG]
CTGACA
CCCA
CTCAC(
ATGAA(
AGTTC]
TGCTT]
CCAAC]
GAAAG]
GGG+
TGCACC,
GGGCAT
CTGTAA
gcecee]
AACCA(
GCCGAC
ATCAGEH
CCTCG] (‘AT(T‘.(‘A('
T
CCCAGL CERCEIGCEFCERCCRCCTAGCAT GCTAGALCI G ATCETAGCOAGTCAGICAGCOCGEG 1P5
V0 20{ 27031 | SPETIT B L DS I538 SNANE SECIEEE SRR NG T
CTCACCCECCCCAGACCACCEST TEEAGATE A CACCCACCAACACTGTGCGCAGCT TCCACC
ATGAAGAAT CTTTGGAAGAACTACCAGAAACGAGT GGGAAAACAACCCGGAGATTCTTCTTTAATTTA
AGTTCTATCCCCACGGAGGAGT TTATCACCT CAGCAGA{SCTTCAGGT TTTCCGAGAACAGATGCAAGA
TGCTTTAGGAAACAATAGCAGI TTCCATCACCGAATTAATATTTATGAAATCATAAAACCT GCAACAG
CCAACTCGAAATTCCCCGTGACCAGACTTTTGGACACCAGGT TGGT GAATCAGAAT GCAAGCAGGT GG
GAAAGT TTTGATGT CACCCCCGCT GT GATGCGGT GGACT GCACAGGGACACGCCAACCATGGATTCGT
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ATGGTGECTGECACCAGAT GT CTGCTGECCCT GCT GCTGCCCCAGGT GCTGCT GEECEGAGCTGCT GG
ACT GGT GCCCGAGCT GGECAGAAGAAAGT TCGCCGECT GCCTCCT CTGECCGEECCT TCCAGCCAGCCT T
CCGACGAGOY AR BIIREXBAGT TCGAGCT GCGECT GCTGI CCAT GT TCGGCCT GAABCAEBIBBUAX3AEC
CCTTCTAGGGACGCCGT GGTGCCCCCCTACAT GCTGGACCT GTACCGGECGEECACT CCCGACAGCCT GG
ATCTCCTGCCCCCGACCACAGACT GGAAAGAGCCGECCT CCCEEECCAACACCGT GCGGTCTTTCCACC
ACGAGGAAT CCCTGGAAGAACT GCCCGAGACAT CCGECAAGACCACCCCECGGTTCTTTTTCAACCTG
TCCTCCATCCCCACCGAAGAGT TCATCACCT CCGCCGAGCT GCAGGT GT TCCECGAGCAGAT GCAGGA
CGCCCTGGEECAACAACT CCTCCTTCCACCAT CGGATCAACATCTACGAGAT CATCAAGCCCGCCACCG
CCAACTCCAAGT TCCCCGT GACCCGECT GCTGGACACCCGECT GGTGAACCAGAACGCCTCCAGAT GG
GAGT CCTTCGACGT GACCCCT GCCGT GAT GAGAT GGACCGCCCAGEECCACGCCAACCACGECTTTGT

GGTGH CCACCT GGAAGAGAAGCAGTCGEGUERNBAGCGECACGT GCGGATCTCTCGRTSKEETD |
TGCACCAGGACGAGCACAGCT GGT CCCAGAT CCGECCCCT GCT GGT GACAT TCGGCCACGAT GGCANG
GGCCACCCCCTH CCTC
CTGCAAGCGGCA! CCCA
AAGAG[ACGAGH dCcACC
AACCAPGCCATCS TGCC
CACCGAGCTGTC TACC

AGGACATGGTCG F@%@ﬁmgﬁ@%ﬁ%Am%%ﬁﬂ@%@ﬂﬁ@ﬂ/ 0536

NAME fSEQJENCI-TﬁE@CIT&AN@CBﬁ@CPB@GGGCTTCAGCTGAGCGTGGTGACAAGGGATGGAGTCCACGTCCAC

ATGGT( TACTGG
ACTGG] GAGCCTT
CCGACY CACC
CCTTC] CTGG
ATCTC CACC

 § O/AC A 1 u ) AN IRIAS
ADAAADRDTA A Jag
nd Pl N A AA n.ﬂ.ﬁ.‘.ﬁ. i ﬂ- H_ (ol A ﬁ-—-------l an A AT
'.v',-*'*\v,-'* - = lr—'- o o v'vl A A A *\" | 2\ . v, s W v e e -y e (W =
TCCTCE X
C&CC' 2 EJ4CEH 9 S CNCH ATA e N A ATICE A wWSAC TCINTFESARTY ST

CCAAC]
GAGT
GGTI G
TGCAC(
GGCCA(
CTGCA/
CCGEC
CAGACA
CATCT(
AAGCCC]
ATGGT(
ACTGG]
CCGAC
CCTTC]
ATCT(
ACGAJ
TCCTCA
CGCCC]
CCAAC]
GAGTI (A
GGTGCH
TGCACH
GGCCA(
CTGCAA W@W@@E@@E
CCGGC] PeiR eIz SAcCeNbeee e
AACCA(
CCCCA(
ACCAJ
ATGGT(
ACTGG]
CCGACEHA
OCTTC AGGaACE X CE S COC TACAT T
ATCTCCT MMMLIWMMIML}\AL}\MIMILI I TULUACLCL
ACGAGGAAT CCCTGGAAGAACT GCCCGAGACAT CCGGCAAGACCACCCGECEGITCTTTTTCAACCTG
TCCTCCATCCCCACCGAAGAGT TCATCACCT CCGCCGA$CT GCAGGT GT TCCGCGAGCAGAT GCAGGA
CGCCCTGGGECAACAACTCCTCCTTCCACCATCGGATCAACATCTACGAGAT CATCAAGCCCGECCACCG
CCAACTCCAAGT TCCCCGTGACCCGGCT GCTGGACACCCGECT GGT GAACCAGAACGCCTCCAGAT GG
GAGTCCTTCGACGT GACCCCT GCCGT GATGAGAT GGACCGCCCAGGGECCACGCCAACCACGECTTTGGT
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AGGAGT ACGAGGCCTACGAGT GOCACGGOGAGT GOCCT TTCCCOCT GGCOGACCACCT GAACTCCACC
AACCACGOCAT CGT GCAGACCCT GGT GAACT COGT GAACAGCAAGAT CCOCAAGECCT GCTGOGT GOC
CACCAAGCMEDQERAEAIET COGT GCT GT ACAAGGACGACAT GEGOGT GCOCACCETEABT AG3ABT
ACGAGGGCAT GT COGT CGCOGAGTGOGGCTGTCGGTGA — BMP- 969
ATGGT GGCT GGCACCAGAT GT CTGCT GGOCCT GCT GCT GCOCCAGGT GCTGCT GEGOGGAGCTGCTGG
ACT GGT GOCCGAGCT GGGCAGAAGAAAGT TCGOCGCT GOCT CCT CTGGCOGECCT TCCAGCCAGCCT T
CCGACGAGGT GCTGT CCGAGT TCGAGCT GOGGCT GCTGT CCAT GT TCGGOCT GAAGCAGOGGECCCACC
CCTTCTAGGGACGCOGT GGT GOCOCCCTACAT GCTGGACCT GTACCGGOGGCACT COGGACAGCCT GG
ATCTCCTGOCCOCGACCACAGACT GGAAAGAGCCGOCT CCOGEGCCAACACCGT GOGGT CTTTCCACC
ACGAGGAAT COCT GAAGAACT GOCOGAGACAT COBGLAAGACCACCOGGOGGT TCT TTTTGAACCTG
‘ CPEEEND |
ACTG
AGATGG
FAGAGA TTGT
GGT GGIAGT GECNCACE T A GAGAA GCAGGENGT GFCCARGEGECAGF GOCEATCFCTOGAT 000

Tﬂd%%%%@%ﬁ@W%%ﬁmWG

GAAGTICCTC

AGGAG
AACCA(
CCCCA(
ACTAC
ATGIG|
GCCTC]
GCGGA(
TCCCT(
CCTGT 4
TGGAA(
ATCTC
CGIGH+
GGGAC]
CTGGA
AGTGA(
ACCTG : (X ACLAL ACACGETEGAACTG
AGAGAGATGATC] FWMA&W%@A@W@I CCANACOEET CRAGCGAGRC

CGGCAH EINCEAALS '~'. 2 '; ‘g;'gga'uy" CEE .;iud; 2z S A Aﬂz:?l'kgé' ACCGA
Am%iq NSRRI Rt bt s B S D e
Ci

AACTT( \TEOECE W@@@FA@@A@T@M
GEECH ~TGALCECEACE CTGG
TGCAC] CAGC
GTGCT( -
GIGTH

ATGTG]

GCCTC]

GCGGA(

TCCCT( TCGA
CCTGTA AGCA

TGGAA( GECEAECE CANTCACAYCERELTaTTICAAC
ATCTC! GECACCACEAGATEACGAGAGOCEAGTT: ACCA
CGT CAOOOCT OPL AL AL FCRACCEC I G T GAT T ACLACTCC T AL CALLEAGECCT

GGGACT CCCCTA WW%@@E@C@@@A@B&TT&@@@W CEEAGACA

CTGGAAGFGECC PR REGHCALRYTATS KRS ELAP AFSHINEH GEATACSTEYAA ACAACANCATCOA

AT AT B o “"".‘%%‘@%"-“@'icfﬁ‘é e Fﬁgf e R odo

,,,,, VAL 3 . .
ACCTJ ] CACTHETIEA
AGAGAG €
CGGECH A
AGCCH AL TCEEACTGC

CAGAAAACCT COW@A@@@EW&@@@%&@AT@@KEW@&E@&TI AAAGA
T A GOOCT A AT Ao P T T T DT CEACGAL ST GACOREASANC
Al TCGTGCAGACCCTGGTGCACCTGAAGT IMWUIMMIWIMIM
ACCAAGCTGTCCCCCATCAGCCGT GCTGTACAAGGACGACAT GGGCGT GCCAACCCTGAAGTACCACTA
CGAGGGCATGI CCGTGECCGAGT GTGECTGCCGGTGAs4 15 BVP-  GEP

ATGTGICCTGECECTCTGT GEGTGEGECCCTGCCTCTGCTGT CTCT GCTGGECCGECAGCCT GCAGGGCAA
GCCTCTGCAGT CCTGGGEECAGAGGCT CCECTGECEECAAT GCTCACAGCCCTCTGGEGAGT GCCTGECG
GCGGACT GCCCGAGCACACCTTCAACCTGAAGATGT TCCT GGAAAACGT GAAGGTGGACTTCCTGCGG
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BMPG-

SL

AT GCCCGCEEECT GEEECEEAGEECECAGT GECTGT GCT GGT GGTGEEEECT GCTGT GCAGCTGCTGCGG
GCCCCCCCAEREREAGCCCT TGCCCELCT GCCGCGEECCECCECCCECCEEEEEECEAGIR BT 368G
ACGGCGEGAGCCCCCECCECACGGAGCAGCCECCECCGT CGCCECAGT CCTCCTCEEECTTCCTGTAC
CGGCGGECT CAAGACGCAGGAGAAGCGGGAGAT GCAGAAGGAGAT CTTGT CGGT GCT GEGEGECT CCCGCA
CCGECCCCEECCCCT GCACGECCT CCAACAGCCGECAGCCCCCEECELT CCGECAGCAGGAGGAGCAGC
AGCAGCAGCAGCAGCT GCCT CECEEAGAGCCCCCT CCCGEECGACT GAAGT CCGCGCCCCTCTTCATG
CTGGATCTGTACAACGCCCT GT CCGCCGACAACGACGAGGACGEEEECET CCGAGGEEGAGAGECAGCA
GT CCT GECCCCACGAAGCAGCCAGCT CGT CCCAGCGT CGECAGCCGECCCCCEEECECCECGCACCCGC
TCAACCGCAAGAGCCT TCTGGECCCCCCGAT CTGECAGCGCECEECECGT CCCCACT GACCAGCGCGCAG

GACA

GITCT{
TGGTA
CTTAT(
CCGI G
TTGTG
CCCCH
CAAAG]
ATCGC]
AAAACA

CCRANE
PCCCTCG

CTCAACGACGCGGACATGGT CABEAGENCE GTGAACCTGGTGGAGTACGACA
I CAGCGACACCACAAAGAGT TCAAGT TCAACTTATCCCAGATTCCT GAGGGT

ASEEAD |
GANG

\CGGECTG
CAGCATT]
[AGTATG
\CTCCAC
NGCCGCA
[GAGT GA
[CTACCCH
NGCCTGC,

JACAC
Hjeee

TTTT

CCAC
TCTT
CGTA
ATTG
TCAT

TGCACK
ATGCA4

TGCTG]
GAAAA4
ATGCCA

ACGCE

12/ 0231
CGCAAGAGEET T

FMBPE

ANSCAACCH
[ GCGCCA
MATACAGEE

CCCCTTCS
PCCCTCG

JAﬂ@@@GMG@&GG@M@WWM@GGMGMMG@L
RGI9EE9N¢qGEﬁQ9@?@9&&&@Tﬁﬁ@£§ﬁ¢f§@@ﬁ§@q@ﬁ?CQNﬁ@QQCE§G¢QQ¢¥$F

GTOSOCAA
CACARCITELAATETCA

> ' ' e} ¢ N y
ST CAACCACOCGOACAT GAECAT GAGC R I GTOARCET BT GEAGIACGACA
FCECABATTECTH
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EMEE
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CAAAAAGGACA

TGGT

LU

GAAT TLUGLATUTALAAGEALT GG I/-\ILiii:b’-\bl Il I/-V-V-V-V-\bLJ-V-V-\L,I Il

CTTATCAGCATTTATCAAGT CTTACAGGAGCAT CAGCACAGAGACTCTGACCTGI TTTTGI TGGACAC
CCGT GTAGTATGGGECCT CAGAAGAAGGCT GCCTGGAAE S TGACAT CACGGECCACTAGCAATCTGT GG
TTGTGACTCCACAGCATAACAT GEGECT TCAGCT GAGCGT GGTGACAAGGGAT GGAGT CCACGT CCAC
CCCCGAGCCGCAGGCCT GGT GEECAGAGACGGECCCTTACGATAAGCAGCCCTTCATGGTGECTTTCT T
CAAAGT GAGT GAGGT CCACGT GCGCACCACCAGGT CAGCCT CCAGCCGECGCCGACAACAGAGT CGTA
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SEQ I D NO
GI'CCTGGCCCCACGAAGCAGCCAGCTCGT CCCAGCGT CGGECAGCCECTCrCEEErEreEeEcAceeEe
TCAACCGCCARQA®OIEITIT GGCCCCCGGAT CTGGECAGCGEGECEECECET CCCCACT eATIBITRMA36HNG
GACAGCGCCTTCCT CAACGACGCGGACATGGTCATGAGCT TTGT GAACCT GGT GGAGTACGACAAGEA
GT TCTCCCCTCGT CAGCGACACCACAAAGAGT TCAAGT TCAACTTATCCCAGAT TCCTGAGGGTGAGG
TGGTGACGGECTGCGCAGAAT TCCGCATCTACAAGGACTGIGTTATGGGGAGI TTTAAAAACCAAACTTTT
CTTATCAGCATTTATCAAGI CTTACAGGAGCATCAGCACAGAGACTCTGACCTGITTTTGITGGACAC
CCGTGTAGTATGGGECCT CAGAAGAAGGCT GGCTGGAATTTGACATCACGGECCACTAGCAATCTGT GGG
TTGTGACTCCACAGCATAACATGGEGGECT TCAGCT GAGCGT GGTGACAAGGGATGGAGT CCACGTCCAC
CCCCGAGCCGCAGECCT GGT GGGECAGAGACGECCCT TACGACAAGCAGCCCTTCATGGTGECTTTCTT
CAAAGT GAENEAGGT GCACGT GCGCACCACCAGG BEAGERT ECAGCCGECGECCGACAACAGAGIIGEEAD
ATCGCTCTACCCAGT CCCAGGACGT GECGECGEGT CTCCAGT GCTTCAGATTACAACAGCAGT GAATRG
AAAACAGCCT CCASSARGCAT GGG TATEST CACTTFF CEANCAECTAOEGAT B ATTGATTCEATCGT
maﬁmﬁﬁwmﬁﬁ%%%ﬁw&c ATGA
ATGCA/ AT TG CCAACT Ya¥e AT ATCIG Z

T OCT O GBBCCAN AT AT O AT CTOTAT G G ACC T ACOAAA T ORI TATACT
GAAAN\ATACAG%‘K@C‘E&EET@EM TEREEATCEERACIAAccBMPberc At Accceae
ATGCCA ¢

GCCCCA
ACGGEC|
CGGECAH
CCGEECA
AGCAJ
CTGAA]
GTCCT(
TCAAC(

GACAG e e OEA ST EATEAGE I TGIOAA

GT TCTOHT OO LACHALAAALAANGAGT TEAAGT L GAACITATICEAAGAT LA GARTICALS
TGGT G T GoAGAR T CEOAT CEATARGERCT GTGTT AT SCCEAGT TTERARAARCCAMA]T TTT
CTTATCAGCATT T ATGAAG LT AL ACLAT CALALREAGAC T CIGACE TR FGETGGACAC

CCGTGTAGT AT G&CETEA GOECTHEERATICEGACATEACREEEACTAGCAATET GT GGG
TTGT G CTOCACK AT AN A T T A T T AR A FCACT CEABETICOAC
CCCCGAGCCCCA m@ﬂm&@@@e@@ﬁm&@ﬁmw@a TTCTT
ATCGCTCTACCCAR
AAAACAGCCT GCAE®
TGCACCCAAGCCH
ATGCCAACCAACCAEKOCEAT!
TWG‘WA@MM@@&%@??W%fW@W&TTU
JACAGGAATATGGT TGTAAGAGCT TGIGGATGCLCCACTAA 125 BMPO- RK— KR

ATGOOGGCCT QOGEOG .e.ﬁ.er_% .

CCCCCCECCECT L CC

@
CT wTWﬂWWWMWW@%\WWAWG@M
TCAACCGG T CACOR 4
Al T L
mao@sm@eweﬁwmmmmmmwmww@am@m
T%@MW$EM@WM@@JAIWFBTWM&IE&S
CTTAToAg%d'H T, CTTACAGGAGCAT CAGCACAGAGACTCTGACCTGT TTTTGTTGGACAC
CCGTGTA GAAGGCTGGCT GGAAT TTGACAT CACGGOCACT AGCAAT CTGT GGG
TT@@U@@MWWT&WW@WM@M@@TW c
mmmwmm&mmmmvmmmwmm
GT G TGN LAY oA R

ATCGCTCTACCCAGTCCCA wgg%memﬁAmm GA%%"]
AAAACACETNRECRRPARER AT AU I GTAT CoP SRS PIRotiAg eee e tsBN T CemRiRsR HIRsaYeiRieageid
TGCACCCAAGGGCTATGCTGOCAAT TACT GTGAT GGAGAAT GCTCCTTCOCACT CAACGCACACATGA
ATGCAACCAACCACGOGATTGT GCAGACCT TGGT TCACCT TATGAACCCOGAGT AT GTCOCCAAACCG
TGCTGTGOGCCAACT AAGCT AAATGCCATCTOGGT TCES TACT TTGATGACAACT CCAATGTCATTCT
GAAAAAAT ACAGGAATATGGT TGTAAGAGCTTGTGGATGCCACTAA 124 BMP6- RK- KR ADHL | ong
ATGCCGEGEECT GRGEOGGAGEEOGCAGT GECT GT GCT GGT GGT GEEGGCT GCTGT GCAGCT GCTGOGG
(GCCCCCEO0GCT GOGGCOGCCCT TGOCCGCT GCTGCTGGGGEG
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ATGCOGGGGECT GGBGROGGAGEGOGCAGT GECT GT GCT GGT GGT GGEGGECT GCTGT GCAGCT GCTGOGG
GOCCCOGOCGCT GCGECCGOCCT TROCCGECT GOCGOGECORCCGOCGCOGEEGEGCAGCT GCTGRAGG
ACGGOGGGAGOCCOREEEECACGGAGCAGCCGCOGCCGT CGCOGCAGT CCTCCT CBGEIBNAUTGEAC
CGGOGGCT CAAGACGCAGGAGAAGCGGGAGAT GCAGAAGGAGAT CTTGT CGGT GCTGBGGCT CCOGCA
COGGCCCOGREOCOCT GCACGROCT CCAACAGCOGCAGOCCCOGGOGCT COGBCAGCAGGAGGAGCAGT
AGCAGCAGCAGCAGCT GOCT CGOGGAGAGCCCCCT CCOBGRCGACT GAAGT CCGCGOCCCTCTTCATG
CTGGATCTGTACAACGCCCT GT COGCCGACAACGACGAGGACGRGEGOGT CGGAGGRGGAGAGGCAGCA
GT CCT GGOCCCACGAAGCAGCCAGCT CGT COCAGOGT CBGCAGCOGCCCCOGGEECGC0G0GCACCCGT
TCAACCGCAAGAGOCT TCT GBCOCCCGGAT CTGRCAGCGGOGGECGGT COCCACT GACCAGCGOGCAG
GACAGOGCCT TCCT CAACGACGCGGACAT GGT CATGAGCT TTGT GAACCT GGT GGAGTACGACAAGGA
demm@mmmm@ﬁammmmmaﬁmmmme
TGGT GAQGRET CRAGAAT TOLREAT S TAGAAS GRBETATGGGGAGT TTTAAAAACCAAACTTTT
CTTATCAGLATTT AT CAAGT CTTACAGGAGUAT CACCACAGAGACT CTGACCT GTTTTTGT TGGACAC
COGT GT AGT AT 83 AR AN R TSI TR R e S A 2R A G RC P NECARTE T aisic
TTGT GAGTICEABAGEAT RAGATGORGE FOGAGET, GABCTRGEEIGACHAGEBATEEAGTCOACEIICAC,

mwm W@g@%@ﬁ%ﬁ%@mg&ﬁﬁﬁ F&@J Tin

ATCOGCT ETHSECABTHRE R CEA IR ERETE T PRASA PHACKRABARISALST @%er ?‘?‘d
AAAACAGRITBEAGERAGDAT GACC TG TATSHBAGET FCTANARCTCRRAT GLEAEGHC TGEATCA The

TGCACCGAAGGRRTA @IMTEM@T%Q@@%TGCTCCTTCCCAUCGCCGATCACCTGA
ATGCAACCAACCA CCTTGGT TCACCTTATGAACCCCGAGTATGTCOCCAAACCG

TGCT GT GOGCCKAR P ARG PRAR P B IR P TE A P HR S PIer A PERBAIRC PUEARTRERCAT FEetelc
GAARAAATIACABEHA BAEGKEFUGT ANGACHT 5, GOAT BREAOTABRS .25 /BB - 920K 9BR, MOHI95%,
ATGCOG@%E@&WG@H@%&@T%E@E@@E LAt
G F.."..C.QQCCCCCC £
AGLGBAGATEEAGAAGEASATOT TETOSETCEREOBSCIEEERTAe

Gﬁﬁ@ﬁg& GERPEEGGCGCT COGBCAGCAGGAGGAGCAGC 128
\/\02012/023 13P@é‘@%%%é’i§ 638 _NAME SEQUENCE. SEQ | D .
‘%‘K Q‘%‘f@&%@ﬁ' CreR

CT GGAT@EF GFAUANERCEERT W@WM@WM&W@AA
(FoAGRLMEI R (efeR Gk JeseTrecarencmINSne OIN

e o e e

GT TCT CCACAMAGAGTACA LGPPOAATTITATCOSA@AT TOETCACHEREATM e
T GG CAGLE ! e Salvehd CHEEATIO N GG h BMPERARGCCCGAGT TTTAAAAACCAAACT TTT
CTTATCAGCATTTATCAAGT CTTACAGGAGCAT CAGCACAGAGACTCTGACCTGTI TTTTGI TGGACAC
CCGTGT. AGT ATGGGCCT CAGAAGAAGGECTGGCTGGAATTTGACAT CACGECCACTAGCAATCTGI GGG
CratugimnDeyigne BYPa GC'I'GAGCG'I'GGTGACAAGCIEATGGAGTCCACGTCCAC

CCCCGAGCCGCB@@QGF&H G doabfaCend b ore

L

AARACAGEL PATARTHACOTAT GABCTRHATCFEAGTIT FOAAERICTFESHAT GEASEMPFEGATCATed
TCCACCHARGHAREr Infehices T FoERAL A (STESAVGEAHAT £l & (R TS XfING THrtpFIchsE ) CEBIAAS

recTor W@%%%&%AWM%

ts, BNEsmarRe delpC@ﬁ@S mature

GAAAAAPWMN@B@AMT@@IW@FW@W

TCAACC@WNAGN@(%(T ST G B0 CRX ot EEA Tdirb 63

A LM TN

G
TW@M%&WT&PR@AM&%@@W@TWﬁ?MW&W 8
CTTATCAGCATTTATCAAGT CTTACAGGAGCAT CAGCACAGAGACTCTGACCTGTTTTTGT TGGACAC
CCGT GTAGTATGGGCCT CAGAAGAAGGCT GGCT GGAAT TTGACAT CACGGCCACTAGCAAT CTGT GGG
TTGTGACT CCACAGCATAACAT GGGGCT TCAGCT GAGE$ST GGT GACAAGGGAT GGAGT CCACGT CCAC
CCCCGAGCCGCAGGCCT GGT GGBCAGAGACGGCCCT TACGACAAGCAGCCCTTCATGGTGGCTTTCTT
CAAAGT GAGT GAGGT GCACGT GCGCACCACCAGGT CAGCCT CCAGCCGGCGCCGACAACAGAGT CGTA
ATCGCT CTACCCAGT CCCAGGACGT GGCGCGGGT CTCCAGT GCTTCAGATTACAACAGCAGTGAATTG
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NO CCTGTACAACCGGTACACCT CCGACAAGT CCACCACCCCCGCCTCCAACAT CGTGCGGTCCTTCAGCA
TGGAAGATGCCAT CTCCATTACCGCCACCGAGGACT TCCCAT TTCAGAAGCACATCCTGCTGT TCAAC
ATCTCCATGEQACCREZAAGAGCCAGAT CACCAGAGCCGAGCT GCGEECT GTACGT GT ECTEBIIAGATICERA
CGT GGACCCCT CCCACGACCT GAAGGGECT CCGT GGT GATCTACGACGT GCT GGACGGECACCGACGCCT
GGGACT CCCCTACCGAGACAAAGACCT TCCTGGT GT CCCAGGAT AT CCAGGACGAGGEECTGGGAGACA
CTGGAAGT GT CCTCCGCCGT GAAGAGAT GEGT GCGAT CCGACT CCACCAAGT CCAAGAACAAGCTGEA
AGT GACCGT GGAAT CCCACCGGAAGGEECT GCGACACCCTGGACAT CTCCGT GCCCCCT GECT CCCGEGA
ACCTGCCCTTCTTCGT GGT GT TCTCCAACGACCACT CCTCCGECACCAAAGAGACACGGECTGGAACT G
AGAGAGAT GATCT CCCACGAGCAGGAAT CCGT CCTGAAGAAGCT GT CCAAGGACGGECT CCACCGAGEC
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ACGGECGEGAGCCCCEECCECACGGAGCAGCCECCECCGT CGCCECAGT CCTCCTCGEECTTCCTGTAC
CGGCGEECT CAAGACGCAGGAGAAGCGGEGAGAT GCAGAASGAGAT CTTGT CGGT GCT GGGEGCT CCCGCA
CCGECCCCEECCCCT GCACGECCT CCAACAGCCGCAGCCCCCEECAECT CCGECAGCAGGAGGAGCAGC
AGCAGCAGCAGCAGCT GCCT CCCGGAGAGCCCCCT CCCGEECGACT GAAGT CCECECCCCTCTTCATG
CTGGATCTGTACAACGCCCT GT CCGCCGACAACGACGAGGACGEEEECGET C%AGGCI—IGAGACISCAGCA
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BMP- GER-NR
ATGGTGECTGCECACCAGATGTCTGCTGECCCTGCT GCTGCCCCAGGT GCTGCT GEECCGAGCTGECT GG
ACT GGT CCOEARZTIGEIEAGAAGAAAGT TCGCCGECT GCCT CCT CT GGCCGECCT PCTABIITABGSEE3ST
CCGACGAGGT GCTGT CCGAGT TCGAGCT GCGECTGCTGT CCATGT TCEECCT GAAGCAGCGECCCACC
CCTTCTAGGGACGCCGT GGT GCCCCCCTACAT GCTGGACCT GTACCGGECGEECACT CCGECCAGCCT GG
ATCTCCTGCCCCCGACCACAGACT GGAAAGAGCCECCT CCCEEECCAACACCGTECGEGTCTTTCCACC
ACGAGGAAT CCCTGGAAGAACT GCCCGAGACAT CCGECAAGACCACCCCECEGTITCTTTTTCAACCTG
TCATCCATCCCCACCGAAGAGT TCATCACCT CCGCCGAGCT GCAGGT GT TCCGCGAGCAGAT GCAGGA
CGCCCTGGEECAACAACT CCTCCTTCCACCACCGGAT CAACAT CTACGAGAT CATCAAGCCCGCCACCG
CCAACTCCAAGT TCCCCGT GACCCGECT CCTGGACACCCGEECT GGTGAACCAGAACGCCTCCAGAT GG
GAGT CC el sAo hfeAE 6 ErT € LAndiTiGa TMadaN S EpOKSRIEEA Xy BUAPs.
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ACA@GAAFE&T@GETG&QA%@WETQE%NW&RM&%deSQner BMPs r‘ndiy ﬂﬁeh@ﬁve@ﬂéﬁﬁlﬂat%ﬂt S,

the nu I acid
sequence aie B T SRy R BT i TRl T o OBl oo S4B o
93% 94% 95% 96% 97% 98% 99% identical to one of the nucleic acid
sequences set forth in SEQ ID NGs:74-139 or a 5 fragnent thereof. In other
enbodi nents, the nucleic acid nol ecul e encodi ng a desi gner BMP conprises a
nucl ei ¢ acid sequence at |east 40% 5@8 60% 65% 70% 75% 80% 85% 87%
90% 92% 93% 94% 95% 96% 97% 98% 99% i dentical to one of the nucleic
acid sequences set forth in Table 8 or a fragnent thereof. In another
enbodinent the nuclelc aC|d nDIecuIe encodlng a de5|gner BWP conprlses t he
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sequence of SEQ ID NO 78. In yet another enbodi nent, the nucleic acid

nol ecul e consists of the nucleic acid sequence of SEQ ID NGO 78 encodi ng
BVPE. w0 2012/a23|a80t her enbodi nent, the nucleic acid npCgaBtor1/e33638di ng a
desi gner BMP conprises a nucleic acid sequence at |east 40% 50% 60% 65%
70% 75% 80% 85% 87% 90% 92% 93% 94% 95% 5 96% 97% 98% 99%
identical to the nucleic acid sequence of SEQ ID NG 80, or a fragnent
thereof. I n another enbodi nent, the nucleic acid nol ecul e encoding a

desi gner BMP conprises the nucleic acid sequence of SEQ ID NO 80. In yet
anot her enbodi ment, the nucleic acid nolecule consists of the nucleic acid
sequence of SEQ I D NGO 80 encodi ng BMPG | n anot her enbodi nent, the nucleic
aci d nateedistioded: rierogkiample ain desiirgivals ABlsfhaceutipsli eaca, Mét leel, Glackl Butdishich sequence
at | eagt, g,p% 2% 60% 65% 70% 75% 80% 85% 87% 90% 92% 93% 94%
95% 96% 7% 98% 99% i dentical to the nucleic acid sequence of SEQ ID
NO 102, or é”‘?”f'eé@ﬁﬁﬁfcotvﬂ%’i’t@l?f”'c"’]“?f‘ difistionsr BMRH GATRYES Nkipg e R CNG e Y

nol eculvmeemobdorrpg)tanademsgmeﬁl\/% ¢ 0 pPystinime t dheoin (BEST) C palgirehyeae wbnde oof SEQ
| D NO H0%oc iieed, .ﬁrmé m%nnerrrp&dﬂonw 1U§h§at5‘rﬂcllk%' G A6l rrp!;g%fésb%%@nwst s of

t he nucleic encod mga 151'n ‘anot her
embodi AEAY 417t ﬁgg?ru‘?ﬁ 8“:1%?(:3!3& ﬁnwa@%m%cewwd?'ﬁ Isiieg, yd’ﬁe‘t‘seﬁl\fpa HErises a
nucl ei ett@bindntsgaiesiideowat intteastt 40% 50% 60% 65% 70% 75% 80% 85% 87%
90% 92% 93%no @ér%mb%érébnt%ﬁe/%es%ﬁﬁBl\?ﬁﬂc/&mpﬂgeé)nhﬁﬁgﬂhé ﬁ'atlemtv% atélﬁxx%H&Jﬁk&t@C' d

sequence, of SE

t he nu@<@t b%ddgﬂ“%m %H?l}?% D TEL ﬁa“’ thaégi')@H%%‘esewr'B%P%’éE”WP&K%Tf& c
acild seglei Paght FERIcADNNGP.1QB. 2009/006813an0tSuer @rivbddieremiay &thibitniopreeed aci d
ol eCUlcﬁar&é?é?éﬂlétl&llﬁfngtl&h@ntﬁﬂrﬂf{l&ilt@'lrﬁpr@\%’dqw@lﬁlﬁ‘d%@)@ene&gd §ﬁ.@1 hdp-iO 103 encodi ng
BVPGER. Met hods' of Produci ng Desi gner BMPs MPs are naturally
expressed as pro protelns conpr|3|ng a long prodonna|n one or nore

cl eavadethods @ ; it dhbesignenBMP®t ei n i s then processed by

the cellul a"l’hé’r%@gﬂtd'}q;rﬁﬂmb Cbctlvaﬁotydle%igf;’eraaMliSYrﬁé)p@é hdbessdl DORY by ARG € s&MBr
t he designer BMPs are produced in a simlar

manlﬁer aSSFﬁ%”gptﬁ%%"@HH?W tépe[)b&?ﬁ *eved to play a role in the folding and
processi ng dhe Bty of BegidnkeBMBs &r opg osonme EBMPs=ceitt¢re cpr bel detaraiimed rhayreceptor

nﬁncovelneﬂ@ |a¥sapé nﬁbrteQarE;gl@ AWk eormLthelAnK@nﬂL@@tA@eu NEBObUG b ephsnCer,
cnaper oduce

1N
e RSt Shs i Blro b PGS Farb Pt Bt Bl PeeRseriiasdits. 1
ot her dtdneitl eintillationtiexinBivRissays d SBO)p Bizdere dbdeay¢eactcd e iiaskamisiyy nidfd S9s(1949))any
ot her IROMA d¥B4y80shdl APhaASEREDY NcdinREdiAl I0Aliable from PerkihEIméN BosBrOdingreNnd t he
desi gngrh |§<N% 5 zw oduci ng using chem cal synthesis nethods such as, but not
linmted to, {/? etic nethods well-known in the art. In sone
enbodi ment sn pared einboditedntts Biasersderngyrfess blgsrean BRPaNcer asspyseprar dsdd bypee.ofonl
gene sxéﬁarmes IMEDBneYCus bemdd:ﬁeef:taed 5rETRL SYg ePuRS ). ss.&u‘oreaexame«a'tsmaa@b&ne@e@di ng

awldt {j igner. varlﬂ?:t spg cudeterrp at e
di r ect 8¢ ”gl A %n C‘Edif‘e b"edzg?set te Bn'r?ﬁfsrénsetﬁetg‘?"srece X {[f‘ Jrzr&sﬁenﬁo Rt ag%'ﬂ'esn S,
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wel | known id’btﬁdﬁ@mﬂdcﬁme(nﬁﬁ@ p|ae Hasad DitcOXBindingAdsBitis @ed to RdhE heBRMItDf 87 - 9
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Labor atrefugioApptedach, Col d Spri ng Har bor Press, Cold Spring Harbor, NY
(qul)) In other nﬂnoﬁ %%38%9 assag/a Eﬁ%gﬁs% gln Fyrl?‘ugélgé ]pF R%ﬁa&%@?{“"l Ses a

gene encodi ng a ner F? Uner ous propri ate
expresfP'ﬂwakaé?étLtS?@tur&rrﬁPpmﬁ“?fab'P‘e %d‘ﬁP%& Gity/desgigRase BY! 'f‘%fr‘eréomS Neigp/SEEP- of
host cebdxpdareokneinbeiused echaratterizEhecepropaiSHhiior MEdRE IBudi@yerc® Bisalimay
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[im pronoter se ribos transcri ptional
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vect or i se | ement's, such two replication

syst em?e‘% Oé'i' ngwaretanﬁ geaied "i’fﬁﬁi”?éﬁbﬁ'é@ BMH BN grgRANSPRY!ts "TH@d'éf%m %fé'%'?ton
vectors may be extrachronnasonnal vectors or vectors that integrate into a
host cell's genonne. In sone enbodi nents, the expression vector contains at
| east one sequence honol ogous to a hogg cell's genonne to pronote
integration into the genonne. Constructs for integrating vectors are well
known in the art. In sone enbodi nents, the expression vector conprises a
selectable narker gene to aIIOM/the selectlon of a stably transforned host
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351 n some enbodi nents, designer BMPs are produced by culturing a host cell
transfornmed with an expression vector containing a nucleic acid encoding a
desi gner WBORo1dar13t he appropriate conditions to i nducePOT/IBAUS@S3638r €Ssi on
of the designer BMP. The conditions appropriate for designer BMP WO

2012/ 023113PCT/ 1B2011/ 053638 expression are the same conditions known to be
appropriate for expressing native or wiwld type BMPs. These conditions w |
vary with the choice of expression vector and host cell, and may be easily
ascertained by one skilled in the art through routine experinmentation. In
sone enbodi nents, the designer BVMPs may be purified or isolated after
expression. Standard 5 purification nmethods include electrophoretic,

nol ecul ar, inmapHREuBgESIddimean the I dirsbdpedficcMA Butetab AiTgEeIr Typecl teckpig caron
exchange o Oyl ARNQRLS recl nmmqms-ﬁ\f&roﬁ@%wmn%Gcclﬂﬁeoaz@é909 caphy. and

chr onnat O?OCUSI ng ner a%rle&lrg%ance ILn suita urification technl qgues may
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col ums. In sonme enbodi nents, the designer BVMPs nay be nodified
coval ently or non- coval ent I y Coval ent m)dl fications may be introduced to a
pradbtei Methode p de BMPdues of the 15 protein with an

organi c der *rN@roktééd%&c%@ﬂ% mwaagﬂee E;Mpsr ﬁa@tbb rhgsé@gwumbgw ainsddesdh@i ns or
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structural &H&akpshsie ivegoueheed divatrsios of andnimobideyb af codis. pilfeaiiagng may be
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and asgam@ghwesgb@tqes respectively, hydroxyl ati on of pr al i ne and |ysine,
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nnet hyl at i oIrC1 %T’geg h dcyﬂf %‘oy qgr“’gu}gsnpggf’ # d i VEX), Vgl mt N Oﬁ >X?aenak‘ % i°st ?’%&;mﬁfgm"sml de
chai ns PR EO¥Gretdgiit on,5oPe @F@P ’§9”i€tq§i§é§ﬁjﬁeﬁ“3&‘ﬁfﬁ ’Wé{%ﬂda‘i” ”P‘i* Ot FEge W H,
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der| vati zati on my e sol sorp t1on ransp ort across he
bl ood 3BHicaiin Bézii‘fr |féfffﬁ tgwr G haPiet iof @Ud ncPhrfFiéail |aR@153%é?ffii3tdf1 Brgtaf
desi gI’lﬁrstoahe%ré’ﬁ?@.)msﬂ&rﬁaﬁgﬁﬁﬂ:&@irw@h@/hiﬁbdh@]ﬁl&aﬂaﬁa@i’ia ai deetrpad @orarynpOsSiaht et af

undesi ra, £ .eff-e6t - of 4 eln i, such
undest LBLE 51 95, SHARLL 0L A0 PhPLE D MLEILES hoRathe L TEdL At o
Renni ngtdi [Pkt pce TEpEmese ifEntiest T Fetirteycan R OPITEN PshieRglecyng &
Easb on scke ((1980)3cance Medical AAN6E hesnut.ype of coval ent nodification of

desi gner BMPs conprises linking the protein to one of a variety of

nonpr ot ei naceous polyners, e.g., polyethylene glycol ("PEG'), polypropylene
glycol, or 5 polyoxyal kyl enes, in the manner set forth in U S. Patent Nos.
4,640, 835; 4,496, 689; 4,301, 144; 4,670,417; 4,791,192 or 4,179,337. A
variety of coupling chem stries may be used to achieve PEG attachnent, as
is well known in the art. I n gmot her enbodi nent, the desi gner BMP
conprises linking the protein via a CovX-body linker to a CovX-body

anti body such as, but not limted to, the CovX-bodies described in US
Patent No. 5,733, 757 10and US Patent Publ i catl on No US 2009/ 0098130 Such
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Met hods of Assayi ng Receptor Binding Activity of Designer BMPs

The receptor binding activity of designer BMPs nay be assessed using any
met hods weaofam31135 assessing the activity of wild typ@CBIBPR11/053638 The
affinity of designer BMPs for one or nore BVP receptors can be determ ned
by receptor binding assays. For exanple, affinities for ALK-2, ALK-3,
ALK-6, ActRIl, ActRIlb, or BMPRII can be determ ned. Suitable binding
assays include, but are not limted to ELISA, fluorescence ani sotropy and
intensity, scintillation proximty assays (SPA), Biacore (Pearce et al.,

Bi ochem stry 38:81-89 (1999)), 20DELFI A assays, and Al phaScreenTM
(comercially available from PerkinEl ner; Bosse R, Illy C, and Chel sky D
(2002)). Any  knoln soneiee nedicpeintis, viBb acorie ok: swehatef:pl asanoyg mesonance
assays g%ru %;&ﬁgg/‘s ré%% mg\pbe %é@d@ :Jsesl}s/bt%)'aqgége s Qﬂgwgty O%%eoi%r@? F%' c.qlthe
5:572- 577 (20 S. Bi acore experinents have Been used previously

char act®fité binding of TGF-r3 isofornns to their receptors (De Crescenzo
et al., J. Biol. 25Chen1 276: 29632-29643 (2001); De Crescenzo et al., J.

Mol 5 Blpggmmggﬁgm fmiokd8a) (2003). I n other enbodinents, a
ol at o. prilEuical Lomland Assay is used to determine the affinity of one
or nore rmde"‘?'%ﬁr §M|B§ OFH}e FESﬁ‘i?”bPV‘??B?’bmW (EEBED Y. admidalifg th gumpemgl

nodi f i edfesahdavhoharBhIng4d tharenhaschartBiVRa phermeapitivrl edmpsiting Tha campasitiBi/Pan be

nonocl Q%lhls@%lb?%qysﬁgge Fn@% Qst E&&rﬁgalgsérglg' o@lo@% K/\ﬁh%PeRﬁ&éé:%néd@MPé‘.s to
protein. 30In her enbodi rrents ﬁ Ccr eenTM assailcé” (Bosse R et al
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35 desired, the conposition can conprise a fibrinogen-thronbin dispersant
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delivery to the site of bone cartilage or tissue damage. Local
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BMP2/6 BMWPE 5 ng/nnl - - - 25 ng/nnl - ++ + 50 ng/nnl - ++++ ++ 100 ng/ nnl
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sponge) inpregnated with the indicated total anount of designer BMP in 160
mcroliters of buffer was inplanted into the hanstring of 8 week old male
Long Evans rats. More specifically, three 8 nm bi opsy punched ACS di scs
were sutured together with non-resorbable silk sutures. The sponges were
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al S? pr esenkﬂ%r% plrg’ferag]y, the kit com%r?s-gégl_ Ieasjfgnel\?er;%nél éﬁ\ﬁl:pge?gcted from a protein having an

amino acid sequence selected from the amino acid sequence of SEQ ID NOs:8-73, even more preferably,
the designer BMP comprises the amino acid sequence of SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:36
and SEQ ID NO:37. Preferably, the designer BMP is BMPE, BMPG, BMPGE or BMPGER.
The kit can comprise any number of additional therapeutic agents for treatment to prevent bone
20 loss and/or increase bone mass or treat or prevent fibrosis. Such agents are set forth previously and
include therapeutic compounds, cytokines, vitamins, other members of the TGF superfamily, among many
others.
The invention also relates to an article of manufacture (e.g., dosage form adapted for i.v. or oral
administration) comprising a designer BMP in the amount effective to prevent bone loss and/or increase
25 bone mass or to treat or prevent fibrosis (e.g., more than 1 mg/kg, at least 10 mg/kg, at least 15 mg/kg, or
15 mg/kg). In certain embodiments, the article of manufacture comprises a container or containers
comprising a designer BMP and a label and/or instructions for use to treat or prevent bone loss and/or
increase bone mass or to treat or prevent fibrosis.
The invention is further described in detail by reference to the following experimental examples.
30 These examples are provided for purposes of illustration only, and are not intended to be limiting unless
otherwise specified. Thus, the invention should in no way be construed as being limited to the following
examples, but rather, should be construed to encompass any and all variations which become evident as

a result of the teaching provided herein.
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EXAMPLES

EXAMPLE 1

Production and Purification of designer BMP proteins

5 Production using Mammalian Cell Culture

Recombinant host CHO cells producing and secreting wild type and designer BMPs were
generated using standard recombinant DNA procedures. Conditioned medium was generated from
adherent cell cultures. Briefly, CHO cells were seeded in medium containing 10% dFBS and allowed to
grow to near confluence for 3-4 days. After this growth phase, growth medium was discarded and the

10 cells were rinsed once with PBS-CMF and subsequently switched to a serum-free medium supplemented
with 200 ug/ml dextran sulfate, 2mM sodium butyrate, and 10mM HEPES. Cells were then cultured for 7
days at a temperature of 31°C. Conditioned medium was harvested and clarified by using sterilizing 0.2
uM filtration. Conditioned medium was stored at -20°C until purification.

Purification of designer BMPs

15 In order to purify the novel designer BMP molecules from CHO cell conditioned media the BMPs
were captured by two steps of conventional chromatography and the results are shown in Figure 5,
comprising panels A-D. Only the details of the purification of BMPE are shown herein since all of the
other novel designer BMPs were purified in an essentially similar manner.

CHO conditioned medium (CHO CM) (pH adjusted to 8.0 with 1.0 M Tris, pH 8.0) was loaded

20 onto a Cellufine Sulfate column (65ml, 2.6 x 12.3cm) that was equilibrated with 20mM MES pH 8.0. The
column was washed with 10 column volumes (CV) of 20 mM Tris, pH 8.0, 10 CV 50mM MES pH 5.6 and
10 CV of Buffer A (6.0 M Urea, 50mM MES, pH 5.6). The BMPs were eluted with a linear 0-1.0 M NaCl
gradient over 5 CV (Buffer B= 6.0 M Urea, 50 mM MES, 1.0 M NaCl, pH 5.6). Upon application of a
sodium chloride gradient, a broad peak between conductivities of 30 and 45 mS/cm characteristic of

25 BMP2 was observed (Figure 5A). Fractions were analyzed by Coomassie stained SDS-PAGE gels and
BMP containing fractions were pooled. BMPs in fractions were identified as reducible dimers on SDS-
PAGE Non-Reduced gels (left panel of Figure 5B). The BMP pools from the Cellufine Sulfate
chromatography step were further purified by preparative Reverse Phase HPLC on a 10 x 250mm Vydac
15 um C8 Column (Solvent A= 0.1% TFA, Solvent B= 90% acetonitrile, 0.1% TFA), with BMP eluting with

30 approximately 32% acetonitrile. A tracing of the Reversed Phase chromatography step is shown in
Figure 5C. The protein was concentrated and acetonitrile was removed using a speedvac and the
concentrate was formulated into MFR-169 buffer via dialysis. The purified BMPs were characterized by
SDS-PAGE, A280 and LAL Assay (endotoxins). A photograph of an Non-Reduced SDS-PAGE gel (left
side of Figure 5D) and a Reduced SDS-PAGE gel (right side of Figure 5D) showing the same gel

35 fractions (F13 through F18) is shown. A total of 16 BMP designer proteins were purified to essentially the
same levels of purity and expression/purification yields ranging from 0.3-1.4 mg/L CM and the results are

shown in Figure 6 showing photographsa (Figure 6). Briefly, wild type BMP2 (WT) and designer BMPs
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BMPSE, BMPE, E109R, BMPD, BMP S85R, BMP SNE, BMPB, and BMP-EN are shown in photographs
of a non-reduced gel (Figure 6A) and a reduced SDS-PAGE (Figure 6B), and designer BMPs ai (variant
of BMPA), aii (variant of BMPA), ¢ (BMPC), hi (variant of BMPI), hii, i, f, and g are shown in photographs
of a non-reduced SDS-PAGE (Figure 6C) and reduced SDS-PAGE (Figure 6D).

EXAMPLE 2
Osteogenic Activity of designer BMPs demonstrated using In Vitro and In Vivo Assays

Alkaline phosphatase assay

Approximately 8000 C2C12 cells/well in a 96-well plate were treated with the indicated BMP ant
10 the dose indicated. Twenty-four hours post-treatment, the plates were processed to measure alkaline
phosphatase which is an art-recognized assay for osteogenic activity. The culture medium was removed,
and the plates were washed twice with calcium/magnesium-free PBS. 50 ul of 4-Methylumbelliferyl
phosphate (4-MUP Liquid Alkaline Phosphatase Substrate; Sigma cat. # M3168) was added to each well,
and the plates were incubated in the dark at 37°C for 15 minutes. Fluorescence was measured on a
15 Victor luminometer (settings: excitation at 355nM; emission at 460nM; CW lamp energy at 1120), 1
second per well. After the reading was complete, 50 pl of 2x protein assay lysis buffer (200 mM Tris-HCI,
pH 9.8/0.4% Triton X-100) was added to each well and the protein concentration was determined using
the BCA Protein assay (Pierce) following the manufacturer's microplate procedure. The alkaline
phosphatase measurements were then normalized to the total protein concentration (i.e., fluorometric
20 units per microgram of protein). As shown by the graph in Figure 7, C2C12 muscle pre-myoblast cells
treated with multiple designer BMP molecules showed significantly increased Alkaline Phosphatase
activity, as a marker of osteoblast differentiation, compared to treatment with wild type BMP2 (heavy line
with small circles). Designer BMPs exhibiting increased AP activity compared with WT BMP2 included
designers BMPA, BMPF, BMPG, and BMPE. Surprisingly, designer BMPE demonstrated equivalent
25 activity to that of the wild type BMP2/6 heterodimer (heavy line with squares), which is known to bind both
the type | receptors of BMP2 and type Il receptors of BMP6 with high affinity. Designer BMPE is the
result of introduction of the low affinity type | binding region of BMP6 into BMP2. The extremely high
activity of the designer BMPE molecule was extremely surprising since it was predicted that BMPE would
have low affinity binding to both type | and type Il receptors. Interestingly, the other designer BMP
30 molecules, designer BMPA, designer BMPF, and designer BMPG, have regions of wild type BMP6 that
bind the type Il (high affinity) receptors of BMP6 which have been introduced into BMP2 (see Figure 1B),
and these designer BMPs showed increased activity compared to BMP2, but not as high as that of wild

type BMP2/6 heterodimer (Figure 7).

35 BRE-lIuciferase assay

C2C12 cells stably expressing the BMP-response-element luciferase reporter (element is from

the Id1 promoter) were plated at 8000 cells/well of a 96 well and treated with the indicated BMP and
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EXAMPLE 3 BMP Receptor Binding To further elucidate the nmechani sm of

i ncreased osteogenic activity of the designer BMPs, 5 binding kinetic

anal ysi s wb2ee0h308 t he designer BMPs with a panel of BRPTABZPOIZ6IS was
performed using the Octet system (ForteBio, Menlo Park, CA). The Cctet K
anal ysis was perfornmed at degrees in TBS with 0. 1% Tween-20. Sanples were
agitated at 1000 rpm Anti-Human 1gG QOctet tips were saturated wth 10

ug/ nnL of each receptor-human-1gGl-Fc fusion protein for 20nnin, which
typically resulted in capture |levels of the receptor that are saturated
within a row of eight tips. Each BMP was prepared as a 10 sevenfold serial
dilution (typically 200-3 nMin singlicate) plus buffer blanks. Each
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mut at i &h-203, aBMRG and BMPE, conpri si ng either proline or arginine at am no
acid residue 36 (P36R) relative to the am no acid sequence of wild type
BMP2 as set fort I SE ID NOl irde2 produce BMP-CGEP (also referred to as
BMPGE P36) d to as BMPGE P36R), respectl veI Y,

pr oduced de§2@‘r?e¢e"BMP@ pikteE i Grepiblisstie atlae hlateghatad fensity of 4 KoM’ ReliskDS and or
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containing 50ug/ml L-ascorbic acid phosphate (L-Ascorbic Acid Phosphate Magnesium Salt n-Hydrate;

WAKO Pure Chemical Industries; Cat. No. 013-12061); B-glycerol phosphate (B-Glycerol phosphate

Disodium salt, 10mM Pentahydrate; Fluka BioChemica Cat. No. 50020); and 100 nM Menadione sodium

25 bisulfite (Vitamin K3; Sigma Cat. No. M2518). The indicated BMP was added to the appropriate wells at

the desired concentration. The plates were incubated at 37°C for approximately 15 days, with medium

replacement every 2 to 3 days. The cells were stained with the Alizarin Red stain following the standard
published protocols.

As shown in Table 9, below, designer BMPE induced mineralization of C3H10T-1/2 mouse

30 mesenchymal stem cells to a far greater extent than corresponding wild type BMP2 as indicated by

alizarin red staining. That is, as more fully discussed below, at doses where wild type BMP-2 was unable

to induce mineralization of the C3H10T-1/2 cells (5, 25, 50, and 100 ng/ml) BMPE homodimer induced

strong mineralization similar to that of the BMP-2/6 heterodimer all as shown in Table 9. Thus, the

alizarin red staining assay results further correlate the results obtained in the Alk-phos and BRE-luc

35 assays as disclosed previously herein.
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TABLE 9
Treatment BMP2 BMP2/6 BMPE
5 ng/ml - - -
25 ng/ml - ++ +
50 ng/ml - ++++ ++
100 ng/ml - ++++ +++

Rat inframuscular ectopic bone assay

To determine whether the stronger osteogenic activity observed in vitro by the designer BMPs

5 corresponded to similar increased activity in vivo, rat ectopic bone formation assays were performed.
Briefly, an ACS (absorbable collagen sponge) impregnated with the indicated total amount of designer

BMP in 160 microliters of buffer was implanted into the hamstring of 8 week old male Long Evans rats.

More specifically, three 8 mm biopsy punched ACS discs were sutured together with non-resorbable silk
sutures. The sponges were wetted with 160 microliters of the BMP solution containing the amount of

10 BMP indicated in the chart in Figure 9 (i.e., 0.1 pg or 0.5 pg). The wetted sponges were equilibrated at
room temperature for 20 minutes. The sponges were then surgically placed into the hamstrings of each

rat bilaterally. Each BMP (wild type and designer molecules) was placed into both limbs of 4 rats. Two
weeks post implantation, the animals were sacrificed and the hamstrings were dissected, placed in 10%
formalin and scanned by uCT (Scanco Inc.) to determine the amount of ectopic bone present. The

15 amount of hydroxyapatite in milligrams (mg HA) present in the limbs of the treated animals is shown in
Figure 9. Figure 9A shows the results for BMP2, BMPE and BMP2/6 heterodimer. Figure 9B shows the
results for BMP2, BMPG, BMPA, and BMPF. For each of the designer BMPs, ectopic bone was formed

at doses at which wild type BMP2 was unable to form a detectable bone mass. In a head-to-head
comparison of wild type BMP2 with designer BMPE was able to induce ectopic bone to the same extent

20 as wild type BMP2/6 heterodimer, closely matching the results obtained in the in vitro experiments
disclosed previously. Designer BMPs BMPG, BMPA, and BMPF also demonstrated significantly higher
ectopic bone formation compared to wild type BMP2 (Figure 9B). Results from this assay are shown in

Figure 9 and also presented in Table 10.

25 TABLE 10
Name Alk-phos BRE-luc Rat ectopic bone formation
BMP2WT ++ ++ ++
BMPA ++++ ++++ ++++
BMPB ++ ++ ++
BMPC ++ ++ ++
BMPD ++ ++ ++
BMPE ++++++ ++++++ ++++++
BMPF ++++ ++++ ++++
BMPG +++++ +++++ +++++
BMPH ++ ++ ++
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type BMP2 for the type Il receptors as expected since no mutations were made in the type Il binding
20 regions. Unexpectedly, designer BMPE maintained high affinity binding for the type | receptors ALK-3
and ALK-6 with the type | binding domain of BMP6 which has been substituted in place for that of BMP2,
while also unexpectedly binding the type | receptor ALK-2 with a KD of 2 nm. Thus, BMPE surprisingly

gained a very high affinity binding for ALK-2 not observed in either WT BMP2 or WT BMP6.

TABLE 12
BMP-2 BMP-6 BMP-2/6
BMPE BMPG
Receptor (nM) (nh1) (nM)
ALK2 >1000 >1000 250 2 <1000
ALK3 1 11 2 3 1
ALK& 1 20 0.5 1 1
ACTR IIA 53 3 25 40 2
ACTRIIB 8 0.5 1 6 05
BMPR
na 62 4 3 82 4
25
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15In this nodel, designer BMPE and BMPG were chosen since each represents a
different class of designer nolecule; designer BMPG shows high affinity for
bot h typewD 2arxb28mpe || receptors while BMPE bi nds t he P¢paBl011/@3363% Or
ALK-2 with high affinity in addition to binding type | receptors ALK-3 and
ALK-6 with high affinity. Radi ographs were obtained every 2 weeks to
conpare the healing of the linbs treated with the desi gner BMP nol ecul e
conpared with the healing of the contralateral linb treated with wild type
20 BMP2 in each animal. As shown in Figures 10A-10C, the data, which

I ncl ude seven animals from each group, denonstrated that the callus forned
earlier and nore robustly in the linbs treated with each desi gner BMP ( BMPE
shown in Figure 10A and BMPG shown in Figure 10B-10C) nol ecul e conpared to
that with bSRQ@thW.ﬁ“%{aM&ﬁ‘s %Qﬁﬁ M&@hlrﬁhtétlgﬁs J)f'lémé E%aél\ﬁlgE %anrlsm leﬂhér R)(ﬂné?)l\/PZ
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I n bone vol umqulrﬁ er.) en c ared with bone volune increase in wld type
BVP2 t I¥EtMeEPY B tyPerian Al PALIREAEE 4l | the native bone Wnere

there was cal lus, accordi ngly, BMP- E was much nore robust than BMP-2 in the
same animals. 30 WO 2012/ 023113PCT{A 42031/ 053638 TABLE 14 Bone Mass (ny

HA) N HP_Left - BMPE Right - WI BVMP2 % increase vs. R 5304 721.2298
609. 3317 18%H604 5p1. 4103 B Y06 15% 8104 |5BMpi216 313. 4301
Receptor | BMP-2 | BMP-6 BMP-E | BMP-G
2/6 GER
ALK2 >1000 700 250 2 >1000 2
ALK3 1 11 2 3 1 2
ALK6 1 20 05 1 1 1
ACTRIIA 53 3 25 40 2 2
ATRIIB 8 0.5 1 6 05 05
BMPRIIA 62 4 3 82 4 35
10 Thus, the data disclosed herein demonstrate novel designer BMPs, such as, but not limited to,

BMP-GER and BMP-GEP, which combine the attributes of BMP-G and BMP-E such that these novel
designer BMPs demonstrate high affinity binding to a wide repertoire of both type | and type Il receptors,
including, but not limited to, ALK2, ALK3, ALK6, ActRIIA, ActRIIB and BMPRIIA. The data further
demonstrated that replacing the proline at residue number 36 of the amino acid sequence of WT BMP2
15 (SEQ ID NO:1) to arginine produced a designer BMP that was as effective as an otherwise identical BMP
where the amino acid was not replaced. These novel osteogenic BMPs as exemplified by BMP-GER,
provide high levels of biologic activity thus allowing lower dosing and, in some cases, more rapid
osteogenic response, strongly suggesting that these molecules would provide highly effective
therapeutics.
20
EXAMPLE 4

In Vivo Osteogenic Activity in Non-human primates

NHP fibula osteotomy model

To further assess the potential therapeutic potential of the novel designer BMPs of the invention,
25 the activity of designer BMPE and BMPG was compared to that of wild type BMP2 in an NHP (non-

human primate) fibula osteotomy model.
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63% 9804 524.7777 474.0646 11% 16204 714.6123 536. 7611 33% 17504 431. 5738
406. 1264 6% 22506 625. 7583 466. 0707 34% average 26% std dev 20% std
error 7.M0020pai288d t-test PCT/IB2011/053638

A mid-diaphyseal osteotomy of the fibula was performed bilaterally with the 1-mm blade of an
oscillating saw in adult male Cynomolgus monkeys (Macaca fascicularis) with a mean body weight (and
standard deviation) of 7.5 £ 0.2 kg and an age range of seven to ten years. A small intramedullary
Kirschner wire was added to the previously described fibular osteotomy model to maintain alignment of

5 the proximal and distal bone ends for more uniform torsional biomechanical testing. The two major
advantages of this model are the ability to utilize a bilateral study design as a result of the low morbidity of
the procedure and the ability to remove a 6 to 8-cm segment of the fibula containing the osteotomy site
for subsequent biomechanical and histological evaluation without having to sacrifice the animal. A 500 uL
solution of 0.5 mg/ml of either wild type or designer BMP was added to a 30mm X 15mm ACS sponge.

10 The sponge was wrapped around the defect following surgery. An approximately 2mm fracture of the
fibula of each limb of a skeletally mature NHP was wrapped in an ACS sponge comprising either a
designer BMP molecule at 0.5 mg/ml dose (250 ng total delivered) or the same amount of wild type
BMP2 in the contralateral limb. Thus, each animal received wild type BMP in one limb and a designer
BMP in the contralateral limb.

15 In this model, designer BMPE and BMPG were chosen since each represents a different class of
designer molecule; designer BMPG shows high affinity for both type | and type |l receptors while BMPE
binds the type | receptor ALK-2 with high affinity in addition to binding type | receptors ALK-3 and ALK-6
with high affinity. Radiographs were obtained every 2 weeks to compare the healing of the limbs treated
with the designer BMP molecule compared with the healing of the contralateral limb treated with wild type

20 BMP2 in each animal. As shown in Figures 10A-10C, the data, which include seven animals from each
group, demonstrated that the callus formed earlier and more robustly in the limbs treated with each
designer BMP (BMPE shown in Figure 10A and BMPG shown in Figure 10B-10C) molecule compared to
that with bone formation observed in the limb treated with wild type BMP2.

Tables 14 and 15, below, set forth data providing quantitative assessments of the difference in

25 bone mass and bone volume observed between limbs treated with wild type BMP2 and limbs treated with
designer BMPE. As shown in figure 11, BMPE administration resulted in an average of a 33% increase in
bone volume (mm3) when compared with bone volume increase in wild type BMP2 treated limbs. This
MCT analysis included all the native bone where there was callus, accordingly, BMP-E was much more
robust than BMP-2 in the same animals.

30
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p=. 0040 O5TABLE 15 Bone volunme (nm 3) N HP Left - BWMPE Right - WI BMP2 %
i ncrease vs. R 5304 897.4342 720.0308 25% 5604 632. 8525 564. 9525 12% 8104
583. 9513 W¥B&ILARF1134% 9804 573. 0165 507. 0014 13% 16204 PCT/1B2011/053638

TABLE 14
Bone Mass (mg HA)
NHP Left - Right - WT | % increase
BMPE BMP2 vs. R
5304 721.2298 609.3317 18%
5604 561.4103 489.706 15%
8104 511.4216 313.4301 63%
9804 5247777 474.0646 11%
16204 714.6123 536.7611 33%
17504 431.5738 406.1264 6%
22506 625.7583 466.0707 34%
average 26%
std dev 20%
std error 7.40%
paired t-test p=.0040

5 TABLE 15
Bone volume (mm3)
NHP Left - Right - WT | % increase
BMPE BMP2 vs. R
5304 897.4342 720.0308 25%
5604 632.8525 564.9525 12%
8104 583.9513 336.0737 74%
9804 573.0165 507.0014 13%
16204 852.5689 551.2446 55%
17504 514.226 482.9475 6%
22506 766.8873 528.5033 45%
average 33%
std dev 25%
std error 9.60%
paired t-test p=.0070

Replacement of P36 relative to wild type BMP2 with arginine did not affect activity of BMPGE

Proline at position 36 relative to the amino acid sequence of wild type BMP2 as set forth in SEQ
10 ID NO:1 is purportedly important in conferring Noggin resistance and providing increased osteogenic
activity to wild type BMP2 (see, e.g., WO 2009/086131). Therefore, to assess the effect of replacing P36
with a non-conserved amino acid substitution on the novel activity of BMPGE, P36 of BMPGEP was
mutated to argininine to produce BMPGER and osteogenic activity of the two designer molecules was
assessed in vitro. The data disclosed herein in Figure 12 demonstrate that replacing P36 with arginine
15 (P36R) did not affect the binding affinity of the novel BMP-GE designer BMPs and both BMPGEP and
BMPGER were as active as BMP2/6 heterodimer.
BMP-GER has in vivo activity comparable to BMP2/6 heterodimer

As shown in figures 13 and 14, rat ectopic experiments show that BMP-GER is as potent as

BMP-2/6 at driving the formation of ectopic bone at the very low dose of 0.25 ug total BMP when all
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852. 5689 551. 2446 55% 17504 514.226 482. 9475 6% 22506 766. 8873 528. 5033 45%
average 33% std dev 25% std error 9.60% paired t-test p=.0070
Repl acenmawO 20f2/@383rel ative to wild type BMP2 with arqi mChaBzi1t033638 af f ect
activity of BMPGE Proline at position 36 relative to the amno acid
sequence of wild type BWMP2 as set forth in SEQ 10 ID NO1 is purportedly
I mportant in conferring Noggin resistance and providing increased
osteogenic activity to wild type BWP2 (see, e.g., W 2009/086131).
Therefore, to assess the effect of replacing P36 with a non-conserved am no
acid substitution on the novel activity of BMPGE, P36 of BMPGEP was mnut at ed
to argininine to produce BMPGER and osteogenic activity of the two designer
nol eculhegculasaragdiessdon bmAC$ spadge. THgurd at shotls #al ateBMViPRBaing BMR-GHR) botenof 2
denons | aci e § ' e he
ol ng a1y SPe AU o e LRI TR ARRER R BT et
ormed in the ectopic were quantified by uCT analysis.

The same samples were demineralized and scored for bone formation (Bone Score) by histology
5 and these results are shown in Figure 14. By this method of scoring, at the low dose of 0.25ug delivered
BMP-2 has no bone formation, and BMP-GER and 2/6 had the highest score. BMP-G and BMP-E were

also significantly more potent than BMP-2 but not as active as BMP-GER.

Comparison of BMP-GER with BMP-2 in In Vivo models of osteogenesis and tissue repair

10 Figures 15 and 16 show the results of a severe NHP fibula ostectomy model comparing the
activity of BMP-2 and BMP-GER. In this model a wedge with and approximate width of 4-6 mm was
removed for each fibula of the NHP and put back in place and held with a titanium pin. The defect was
then wrapped with an ACS sponge containing 250 ug total BMP at a dose of 0.5mg/ml. In each NHP
BMP-2 was placed in one limb and BMP-GER was placed in the contralateral limb. Figure 15A shows

15 photographs of radiographs taken at 5 weeks showing the defect in 4 of the 6 animals. The BMP-GER
limbs showed significantly more robust bone formation than those with BMP-2. Figure 15B (bottom panel
of the figure) shows uCT images of the fibulas of the same 4 animals following their sacrifice at week 10.
As can be seen, the amount of bone formed is much more robust in the BMP-GER limbs than in the
contralateral limbs treated with BMP2.

20 Figure 16A-C shows the analysis of these limbs comparing the strength, stiffness, and callus
bone volume comparing the BMP-2 and BMP-GER treated limbs from each animal. On average the
BMP-GER treated limbs required 21% more torque to break (Figure 16A), were 24% more stiff (Figure
16B), and the calluses were on average 55% larger (Figure 16C) than the contra lateral BMP-2 treated
limb. All of these comparisons had a p value of less than .01 by pairwise analysis. These data show that

25 BMP-GER induced fracture repair and bone formation significantly earlier and more robustly than BMP-2

in the same animal.

BMP-GER induced bone formation in an NHP model equivalently to BMP-2 at a 3 fold lower dose.

To further assess the effectiveness of BMPE bone formation in NHP, the ability of BMPE to

30 induce osteogenesis in a wedge defect assay was compared to that of BMP2. Figure 17A-C shows

radiographs of the bone formation following the wedge defect model in three non-human primates where

1.5mg/ml of BMP-2 was used in one limb and only 0.5 mg/ml of BMP-GER was used in the other limb

using a calcium phosphate cement based carrier. Radiographically, the healing and bone formation were

equivalent for each of the animals whether the treatment was with the high dose of BMP-2 or the lower

35 dose of BMP-GER. Thus, even at one-third the dose, BMPE was equivalent to BMP2 in inducing bone

formation, demonstrating the greatly increased activity of this designer BMP compared with wild type
BMP2.
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25 potential H's doorstop of BWPE (light gray) and BMP6 (dark gray). The
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shorter glycan rendered for BMP6 (in dark gray). 30ln order to determne if
the glycan of BMP-E is driving the interaction with ALK-2 and its higher
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15 ID NGO 71). As shown in Figure 22 BMP-E-NR and BMP- GER- NR have equi val ent
in vitro activity in an Al kaline phosphate activity assay conpared with
BMP- E anawBigPr2@BR1and are conpl etely resistant to Noggi RChBLoa1/B¥E38E and

BMP- GER are sensitive to Noggin. To understand the potential basis
for the Noggin resistance denonstrated in vitro by BMPE-NR and BMP- GER- NR,
the binding affinity of these nolecules for the type |l activin receptor

ActRI 1 B was 20 assessed. As shown in Table 16, below, activin-A is unable
to bind Noggin but the Noggin resistant BVMP-E-NR and BMP- GER- NR bi nd

Noggi n, but not as strongly as BMP-2, BMP-E, or BMP-CGER These data al so
show that the Noggin resistant BMPs bind the type || BMP receptor ActRIIB
W t h exkacesahe/rebibg bf BifIP46rsubsfitutddarto iBMPex/ @ith drilygihe findeh domaitadiffeihg. BN daHR:

W't hou%ar%g@@r’a@gs tegsgpﬁ\al IRJQ %%apéﬁ f@g@f)top%rnhllng %L@Bst&%@ﬂ& ¥1(ct Ft)h%ge Ll?s .ﬁ&l&ﬂ&ﬁSt S

t ha R are resistant elrr

hi gher 53t fAah prodychien ?ftFéWFBﬁ/I@r BT '”r':ecfébtoéragy P %rnsyftﬁ’at'a“ﬂﬂ‘g RYGRYAI%Nd are
t her ef ewdd altlpeoduce DBmelwBMrtvigcepriorts BeexWWin t he presence of high anmpbunts
of Noggi n. FABLE 46, sAelRba@iddpity (nM BI\/P-E 9. 00 BWMP- E-NR 0. 50 BMP- GER
2. 00 BMP- CGER- In ATinity BVP-E 1. 00 BVP-E-NR 6. 00 BMP- GER 4. 00
WD 2012/ 023 PSSV EYGETHGS S8 e ctaseDlRied o 8 mam! in Zomi saiiim acelae (oF

3.5), and crystallization attempts were performed using a “mosquito” automated robotic setup at 18°C

(TTP LabTech Inc., Cambridge, MA). Initial crystallization hits were obtained for each dimer and the
conditions were subsequently optimized to acquire crystals of good diffraction quality.

10 Crystals of BMP-E were transiently cryoprotected and frozen in liquid nitrogen prior to X-ray
diffraction data collection at the synchrotron sources (ID beamline of Advanced Photon Source SER-
CAT). Data were processed and scaled using programs Mosflm/Scala in the CCP4 package to deduce
correct crystal lattice type and to integrate/scale data. The resolution and unit cell parameters are listed
as follows: BMPE belongs to the space group of P452,2 with two copies of the BMPE in each asymmetric

15 unit; it diffracted to 2.7A, with a unit cell of a=b=67.78A, c=148.01A, a=p=y=90°.

The structure of BMPE was determined by molecular replacement method with program Phaser,
using fully glycosylated CHO BMP2 and BMP6, both determined at Pfizer, as search models. After
correct molecular replacement solutions were obtained and space groups confirmed, Phaser-calculated
electron density maps were used to evaluate the quality of the search models, and regions in question

20 (especially areas around type | receptor binding and glycosylation) were stripped from the original model
for rebuilding in order to avoid model bias.

The structural model of BMPE went through rigid-body refinement, followed by simulated
annealing, positional and temperature factor refinement using program Phenix. Stripped areas were
rebuilt using omit maps, and the processes were repeated along with TLS refinement until the refinement

25 stabilized. The final refinement statistics are: Rw/Rf = 0.2252/0.2840, rmsd bonds = 0.006, rmsd angles =
0.935. The structure is in very good geometry based on Procheck results.

BMPE, a designer molecule wherein residues 44-80 of BMP2 replaced by the corresponding
region from BMP6, maintains the overall framework of BMP2 while possessing the Type | receptor-
binding segment of BMP6. As shown in Figure 21, the crystal structure revealed that the grafted segment

30 still retains a similar conformation as in BMP6, forming a small helix in the pre-helical loop within which
the “doorstop” H54 points toward the receptor. However, without wishing to be bound by any particular
theory, it may be that due to the presence of “glycan tethers” at R16 and E110* (E109 of BMP-2), both of
which form multiple hydrogen bonds with the third and forth glycan moieties (p-mannose and a-mannose,
respectively), the extended glycosylation chain is attached to the protein surface, exactly as seen in CHO

35 BMP2. The tethering of glycan chain also dislocated the pre-helical loop by about 2A in reference to the
overall framework. Without wishing to be bound by any particular theory, it may be that the surprising

discovery that the BMP6-like pre-helical loop combined with the BMP2-like glycosylation present a
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ActRIIb on rate (K on) with equal nolar ration of noggi n* BMP-E no binding
BMP- E- NR no bi nding BMP- GER 1. 00E+03 BMP- GER-NR 1. 00E+06 *little to no
change i rworror2apa1ai th up to 10 fold nol ar excess of No@@irnB2011/053638

Al t hough the BMP-E and BMP- GER nol ecul es conprising the Noggi n resistant
portions of activin-A denonstrated Noggin resistance in vitro, these
results did not correlate to inproved in vivo activity. That is, when the
osteogenic activity of these BMP-E-NR and BMP- GER-NR was conpared with 5
that of BMP-E and BMP-CGER in a rat ectopic assay, the NR nol ecul es were
much | ess potent. This data is shown in Figures 23 and 24. More
specifically, the Bone Score for BMP-GER and BMP- GER- NR was conpared and,
at al | bineing epitopatforoths Alke stegtof, 0/V|’ﬂ.(.‘2t5dqég noOncﬂExalpglnte&cSwnﬂgelthanﬁM]PZ Gr BYIPS.
BIP- GER &8 dubn IUIBET EAPETHL, RS ARD AW Enthgatgse R SmpSHdibd 3F 1 Y.

Fi gure 24 denonstrates that B E uced a muc Bone Score
corrparQHCW'?W”W@“NPA'#W@P?H”?O 5‘1\/'6'6 assay. Thus, for both 10 BWP-E and
BMP- GER t he purportedly Noggin resistant versions were nuch |ess potent in
vivg than their NR (Noggin resistapi)ypugterparts, and in the case of
BMP-E, alnost all in vivo activity was | ost due to incorporation of
sequences ofedgBResiglance see Fjgure 24 conparing BWMP-E-NR with BWP-E).
These dat a theorderstd rirvegtighthat rebistemreportizt ssoretalf Bigle dindiiadsogpint ventd iadrkase the

conf er LiRg, NeAH.Ger 6SBMb-2NREse pohdPhbREE R HREUA L Rfnd: ModfiEd bRbRntdaipe ||
receptors ACtRIIB) , 4l d not. increase in vivo oSt eogenl c 15activity

of the"tﬁ@@éegh‘gf resfvisnce to 099'” Fcemr t was CaBsiRtehR bl tPEROSC\BEH T di d
notioi mprcopeatidneof asC-tmyiali mrt@ag tof activip- -Pokhtot ik thesBIgPz incighéesl resistarice do Nogaireed,

it aPp%rb%Qn t@eedﬁ@rzﬁﬁﬁ@gktﬂtreé r\:@dré/sowasﬁ;lﬁ '18' ﬁ'B/eref&rQQO laQttéﬁrlmed@r%trQPﬁE n&MPs of
the invention deno reat | | ncr eas ct E{JI Sstjcs

e
conpar 869 PRI O A O eV b R S - Y
wi de vaeduetaesothe diogdin oxatsiansrs (N @mingi dcliotstuaterromert saltstitatpd Nog ¢iMi-E 2EEQ 1D

r eSI st NALR) bk EWII$ GQ$ §'é“@r[ﬁf1@éﬁ to E@&JC@%MP@@R @M’ﬁat 19: 78)Rd BWQ!EF! QR ( cpvgde
ov 0 en in |nprove
iff"@ﬁg B g g2 BRI SRanE BV, é%n%qgwqﬂﬁ bp scayin o
The d| %hb@mhe@haié aeta(ttmasamdcoe\perey with BVE apbBMIrHGERmod iatﬁattotrmwtelmdstant to
publ i C%béﬁtﬂwﬁfetB@,ﬁb d_ﬂg,toegmp aER atgegeeg}melt@%mor ated herein by reference in
their entir nvent i on, has di scl os e to
Speci f1o ertBUMAERG Mo po LIS RE B NRER Goree ETirsarart wira sy BVEFRRE S one
of thi end RYBriIERINR, nih«;/ bipeing] effinityedd] thege otoleewles ok the|tyd Il activinsecgptpr AgtiRIFbwas
dlerzar t labsdiOMAst dhBwik il BabRP1d] ibblo@NsiGEARE u.ebfuet B &irdd NSRBI BNthe N@g.&%&%eg
cl ai s ten constru an
i ve PREEE-YE ARG P NS SRR B8 b Cas AR e BT A RRELCY
desi gnéptaBlsPshmvahatite Naggip restsiantBilbs biedtse tyehé BiirtregebionAqtiIIBvith extigrnelpiigh t ype
L O{j t ity thar:rsa&ehh@merlﬂiandiansf BMPBER. Wih&Ut @isRing hﬁoe%éhﬁb’((j tmy%anﬁﬂér%}eag_t ered
Inding to the t %%MD o ared wth .the bi.nalng to
the ty gn se data Squ?Xé? tlhlat %PCQEI,?%II’IJ ewd N C%I[\lrﬁeaéeprgn ar?t?omoqg& c{ue to thgwuchmlgmer
25 aft" inity for the BMP type I receptors than that of Noggin and are therefore able to b|nd BMP receptors

even in the presence of high amounts of Noggin.

TABLE 16
ActRIIb affinity (nM)
BMP-E 9.00
BMP-E-NR 0.50
BMP-GER 2.00
BMP-GER-NR 0.07
Noggin Affinity
BMP-E 1.00
BMP-E-NR 6.00
BMP-GER 4.00
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2. The protein of claim1l1, wherein the protein is selected fromthe group
consi sting of BMP2, BWP4, BMP5, BMP6, BMP7, BMP8 and BMP9. 10 3. The protein
of cl ai mwQ 2028i18i Nng at | east one nutation wthin: PCT/IB2011/053638

a. the type Il binding domain A; b. the type Il binding domain B;

c. the type |I binding domain; and 15d. any conbination of the above. 4. A
desi gner osteogenic protein conprising an am no acid sequence conpri sing at
| east one nmutation in at |east one type | or type Il receptor binding
dormai n, wherein the nmutation confers altered binding to the type | or type
|1 BMP receptor conpared with the binding to the type | or type ||
20receptor by wild type BMP2. 5. The protein of claim4, wherein the
mutation is >BME{IIBR;NFRI’0mthe group consi st|7r5g of : a. |a mutation

within the t e H—bindin uxfﬁnbll r\t 1’8 {hg r“él gtllgp S at | east one
25nut ati on selected from tlhe @r ouogr?:gﬁ on &ha ma Oatl%)ﬁ@gt 33, P36,

H39, and F41| @8MPH# respect |to t he sequence ﬂQﬂO'nQEQQI NO 1; b. a mqutation

wi thin the typgplEN®INding domain A WNeT eifd binding nutation 15 at | east one
mut ati on sel egcted fromthes nr nnp consisting of /33| DQR!( DQRD H39A1 and

F41N wi th resp¥ECHo SEQ I|D NO 1; 30c. 2% Pdn within the type ||

bi ndi ng donai BMB-GHfeMRi n qai d nmutati on |s BR0EFedast one nutation|sel ected
fromthe group—To t3 = 83-—S85 W_FQ?_EQQ E96,
67" bina Yoo st E e e THE i Yo ARy kg oo e
mutation within the type | 1 binding ‘domain B wherein said nutation is at

| east one matl@uglomhesBlIPE! &d BMBIAERN SolgEddspPedbrpFising tHenigogafin E&83tKnt BN oVBIV,

LO2F, '§8 RLA ﬁéﬁ%@ﬁatemgﬁm r%%glargz%%lw @Jot megeer% lﬁtgtd.lcf Qot%t)rrégg tA R];NQGJ‘ in fvo @

mutation wt omal n erein sald tation 1s at |east
one nufdtibon e é‘é‘?’éﬂl‘ePF‘S?ﬁef"ﬁéCtUFSb?Iﬁ‘eé%HMF&N%@”%‘?MP Gﬁﬁt'\‘éﬁ VRS FORPARANIN pag,
A525 DBt of BAD-RBACE0RSERIPET 2BAHA 49565 FEIBR hbiBouleSSiEre i, lesSEOtentVTHi datn

i nsert 'ls%O\% ini g?ﬂe@@b%n@ﬂ NRor@G é?:lf@:glltyetﬁe ggr;le ch%%%{ MFSGEIi?aﬁd BWBER&H‘QWE@O he

with respect to the sequence oq? tion wthin

type 1 me%ﬁ‘ddﬁtr?&uCﬁn%ﬁﬁt'@i‘%t%ta‘i’ &P tP&t ? onig.O 5at‘9 |a§%1§t° F@hé%?ﬁ% |96ﬁ?t'y
sel ect edipérfooned RIPQERINRCBND0SH iMGgwt 2684 45nilRg8Sgurd32 NemDisBAtes tebBMPES57A,

N68H, 3Rkced 4/Aldh H.gjh%ﬁ é&deoéboﬂef cd?npaieh Sl 'EMP E ﬁﬁ%ﬁytméﬂ?ﬁmo a5 L4V, THOd, fibn bd’iwd

VBOA with respect to sequence of SEQ | protein of claim 4,
whefei BME BndfiNtEFR ”&?o"r‘ﬁﬁ’f’ﬁ%‘@é“?ﬁ&t“é?ﬁ'%%‘é V%%?’E&eéedmﬁ’ﬁhd‘?ﬁstpﬁ‘@”tg? Yifpthan their

NR (Noggin resistant) counterparts, and in the case of BMP-E, almost all in vivo activity was lost due to
incorporation of sequences of activin-A (see Figure 24 comparing BMP-E-NR with BMP-E).
These data demonstrate that incorporation of sequences potentially conferring Noggin resistance,
while increasing binding for certain type Il receptors (e.g., ActRIIB), did not increase in vivo osteogenic
15 activity of the designer BMP.
Further, although the addition of Noggin did not improve the osteogenic activity of the designer
BMPs in vivo, indeed, it appeared to decrease their in vivo activity, the novel designer BMPs of the
invention demonstrate greatly increased osteogenic characteristics compared with wild type BMP and
provide potential novel therapeutics for a wide variety of applications even without demonstrating Noggin
20 resistance in vitro. Therefore, the designer BMPs of the invention provide remarkable novel potential
therapeutics demonstrating a greatly improved clinical profile for, among other uses, bone augmentation
and repair.
The disclosures of each and every patent, patent application, and publication cited herein are
hereby incorporated herein by reference in their entirety.
25 While the invention has been disclosed with reference to specific embodiments, it is apparent that
other embodiments and variations of this invention may be devised by others skilled in the art without
departing from the true spirit and scope of the invention. The appended claims are intended to be

construed to include all such embodiments and equivalent variations.
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consisting of: 10a. a nutation at each of am no acids H44, P48, A52, D53,
L55, S57, N68, S69, V70, insertion of a single amno acid after N7l1, S72,
K73, 174, wo2p122n611%¥80 with respect to the sequence of SEQTIB2OND0BH3S

b. the protein of (a) wherein the nutations are H44D, P48S, A52N, D53A,
L55M 557A, N68H, 569L, V/OM insertion of a P after N71, 572E, K73Y, 174V,
A77P, and 15VB0A; c. a nutation at each of am no acids V33, P36, H39, S85,
MB9, L92, E94, E96, K97, and V99 with respect to the sequence of SEQ ID
NO 1; d. the protein of (c) wherein the nutations are V33l, P36K, H39A,
585N, MB9, L92F, E94D, E965, KO7N, and V991; 20e. a nutation at each of
am no acids V33, P36, H39, H44, P48, A52, D53, L55, S57, N68, S69, V70,
insertion of a single am no acid aftoeeaM$/1, S72, K73, 174, A77, and V80,
S85, MB9, L92 E94, E96 K97, and V99 with respect to the sequence of SEQ
ID NO 1; an he protein of (e) wherein the nutations are
V33l , P36K1 ﬁs@eﬁ'gnwﬁiﬁf ppﬁ%’sco'%'é'ﬂp ab lopgi oRe MU 1587183t BB IYPe 5 6B 1YPeV OM
i nsertl on of raeRoffindirg ddimbin, SR EN tHEABMatioh Zdifers AlTSFEY biadinh /8I0Aypd BarNypeNB9,
L92 E94D, Aqithe
mut &t ons. ar & 33 LA e AR B ne WA B DR el RS R
560L, V7OM i"IBPEPYR of a P after N71, 572E, K73Y, |74V, A77P, and VBOA
585N, MB9, L92F, E94D, E965, K97N, and V991. 30 7.The protein of claim1l,

wher ei n thezpr ot ‘Fﬁé]or&buﬂ@]&latuhq \ﬁlé@nﬁggr%{%?n% selcted iBmtiRR Qo ShGRhEE EMEBN
about 2 nM bi nds the ALK3 receptor with a KD not greater than

about fNWﬁABM%BE'P&WPﬂ BMRGe 4B ALKe receptor with a KD not greater than

abdat 1 nM the protein binds the ActRII A receptor with a KD not greater

than about 2 nM Tﬁeh&otaheﬁ&d.rﬂ1bdoﬂféﬁs.rt§b¢|eé§tto% hBrali®GRRROr 35w th a KD not
greater than about rot eln binds the BMPRI | A receptor with a KD

not greater than %bo‘h‘?‘y%ewgb'ﬂ‘ik)i‘g WW3"IH12/ 023113PCT/ 1B2011/ 053638 8.
The protein of cl&i theltypeflihindmgdopangrising 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10

am no acid mut atlg)nshgpgeﬂbgg,aé@(qném i n the type 1 or the type 11 binding

regions. ner. os eogenic protein selected froma protein
co%’f)rl sing the anf nS”%%qng’rggé’qoug’ﬁéé °'6f any one of SEQ I D NOGs: 8- 73.

10. A designer osteogenic protein conprising the am no acid sequence of SEQ

D NO 12. q 4. A deS|gner oé‘télogeﬁfc g%wg&ﬁ"r‘prlgﬁd 8098 GeiR s RhE: SPREihShtNEhst he
am no %ﬁé mu%ﬁ(%u a??east oneEl% Porl\{%e Il receptor binding domain, wherein the mutation confers
altered binding to the type | or type Il BMP receptor compared with the binding to the type | or type I

20 receptor by wild type BMP2.
5. The protein of claim 4, wherein the mutation is selected from the group consisting of:

a. a mutation within the type Il binding domain A wherein said mutation is at least one
25 mutation selected from the group consisting of a mutation at V33, P36, H39, and
F41 with respect to the sequence of SEQ ID NO:1;

b. a mutation within the type Il binding domain A wherein said mutation is at least one
mutation selected from the group consisting of V33I, P36K, P36R, H39A, and F41N
with respect to SEQ ID NO:1;

30 c. a mutation within the type Il binding domain B wherein said mutation is at least one
mutation selected from the group consisting of a mutation at E83, S85, M89, L92,
E94, E96, K97, and V99 with respect to the sequence of SEQ ID NO:1;

d. a mutation within the type Il binding domain B wherein said mutation is at least one

mutation selected from the group consisting of E83K, S85N, M89V, L92F, E94D,
35 E96S, K97N, and V99l with respect to of SEQ ID NO:1;
e. a mutation within the type | binding domain wherein said mutation is at least one

mutation selected from the group consisting of a mutation at H44, P48, A52, D53,
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10 12. A designer osteogenic protein conprising the am no acid
sequence of SEQ I D NO 36. 13. A designer osteogenic protein
conpri si nyorzhe/@ailao aci d sequence of SEQ I D NO 37. 1512CAVIREKVOZ563%
producing the protein of claim1, the nmethod conprising introducing a

nucl eic acid encoding the protein into a host cell, culturing the cell
under conditions where the protein is produced, and purifying the protein.
15. The method of claim 14, wherein said nucleic acid conprises a sequence
sel ected from 20t he group consisting of the nucleic acid sequence of any
one of SEQ I D NGs: 74-139. 16. A designer BMP6 protein conprising
an am no acid sequence conprising at |east one nutation in at |east one
type 1 or type 11 r e6g®50rNds, A6, Vgo,danmsnion whesigldarhihe adiafas NON STH7BI S

altered binding to the , o u d wth the
binding to the tygetrl:l é?ﬂtgfld %O%th?éésggﬁ)t?%ﬂr@%a ér%ggpédéamqu%g

The protein of ci 'E‘Bat'oﬁﬁ"étP'élthr? pfel W”&tqoﬁﬁ“” vhegsd) ?é‘f By gH Pt IRt §FOup
consi sting of: mutatian selectadt fevkhi A gwiup leonsistitgeoftHAgp, R48ShABZN, MF3aarsaMn A

whegein said nmutati @3z edh, é@@s\tﬂoﬂ/ﬂﬁwéﬁ!%%téftgmﬁe's?ﬁ SR AR QﬁcPUp
consisting of a mutation at 157, K60, Gol N65, Y66, and D68 wit

respect to the sequé/ﬁ%wmre@é@t?ﬂielﬁ@”&"‘c%"fsﬁc"ﬁ%%| on within the type 11
bi ndi ng domain B wherein said nutation is at | east one nutation sel ected

fromthe grgup C@Mr&%lh Bgclé?r]% 4K;\'ﬁQ§e|n M@-Qoterﬁ‘%%pnsyéﬂﬂﬂ‘tatldrzéég ectéa]ﬂjo% th%@p
S121, N122 V123, and 1124 with respect to the sequence of

35c. B’iq ¥n within the type 1 binding donmain wherein sald rrutatlon i's
at lbeast one nut aé.i emgaioe et exdh bf @annd hedsgtBuPAE AHZIDSB) rbg, 857, AlegngcatVon at

S72, N76, Ar7, HI8, ifQen é\#%%mgr%%hno AP AN 023 LEBPEL AB2AN1/s8930R8pecN83,

v87, T89, HI92, L93, Y98, V99, and P100 with respect to
t he sequence of SEQt?I\%eRﬁﬂuﬁncec? 'ngRJE[tgétl on at each of amino acid residues

157, K60, G681, A6B, thN6Eoteod,(a)awmtbrédd&rewntthtione spett4ll, d48H ARG ebk d-56M, SEQ

D NO 4; 5e. a nutatdseh nNabH R0 \IOMARLARN 3EA B aft @ N7 8 URSE KBS, I7NL AG7p AddL 1,
V114 F117 D119, JV§$A S121, N122, V123, and 1124 with respect to the

am ﬁo acid sequence 'SEQ I D NGO 4; and f. a nutation at each of
am no aci d resi dues a37RatiofNaGeachpi7amikdy 8ids\NB3, PIBO39, A8%, M3IBB92, V8% E9%889F7, HI2,

L93, MR4, N95, P96, aﬁng W@,&espya% thQEecPéfQ:g oMbEd D eSRECt to the am no 10aci d
seauence of S5Q 1 b N g s SrPe b L8\ B LPres MU SR 970,
type lor the type!! E@f‘ﬁhdﬁ%@ P@@Naanﬁé/99|1519. An isol ated nucleic acid nolecul e
compri sing a nucl got AifRatsk GLERE 8 ARMEOBUIRIVBNPIHTHES H44, P48, A52, D53, L55, S57,
N68, S69, V70, insertion of a single amino acid after N71, 872, K73, 174, A77, and
V80, S85, M89, L92, E94, E96, K97, and V99 with respect to the sequence of SEQ
ID NO:1; and
f. the protein of (e) wherein the mutations are V33I, P36K, H39A, H44D, P48S, A52N,
25 D53A, L55M, S57A, N68H, S69L, V70M, insertion of a P after N71, S72E, K73Y,
74V, A7T7P, and V80A, S85N, M89, L92F, E94D, E96S, K97N, and V99I; and
g. the protein of (e) wherein the mutations are V33, P36R, H39A, H44D, P48S, A52N,
D53A, L55M, S57A, N68H, S69L, V70M, insertion of a P after N71, S72E, K73Y,
74V, A77P, and V80A, S85N, M89, L92F, E94D, E96S, K97N, and V99l.

17.

30
7. The protein of claim 1, wherein the protein binds the ALK2 receptor with a Kp not greater
than about 2 nM, the protein binds the ALK3 receptor with a Kp not greater than about 2 nM,
the protein binds the ALK6 receptor with a Ky not greater than about 1 nM, the protein binds the
ActRIIA receptor with a Ky not greater than about 2 nM, the protein binds the ActRIIB receptor
35 with a Kp not greater than about 0.5 nM, and protein binds the BMPRIIA receptor with a Ky not

greater than about 3.5 nM.
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aci d sequence selected fromthe group consisting of SEQID NGCs:8 to 73.
20. The nucleic acid of claim19, said nucleic acid encoding a protein
conpri si yoan122181é aci d sequence sel ected fromthe growrpTaBrgi/8i3638y of the
sequence of SEQ ID NG 12, SEQ ID NG 14, 20SEQ ID NG 36 and SEQ | D NO 37.
21. An isolated nucleic acid nolecule conprising a nucleotide sequence
sel ected fromthe group consisting of SEQ ID NGOs: 74 to 139. 2522. The
nucleic acid of claim?21l, said nucleic acid conprising a nucl eotide
sequence selected fromthe group consisting of the sequence of SEQ ID
NG 78, SEQ ID NO 80, SEQ ID NG 102, and SEQ I D NO 103. 23. A
nmet hod of producing the protein of claim 16, the nmethod conprising

i ntroduci ngsa 30T prefed @ ciatin enwettkrngmprding ’prZ)Beh,nS,imt?osag,ng aahd acid

cul tur i e §ald gt 16&kdd V\Hﬂﬁ‘ﬂ{e 52N 9H i R/Béu\éfﬂﬁﬁgere&@h protein is produced, and

purifying said protein thod of treati ng a bone di sease
associ ated with bone Ioss in a pati ent i n need t hereof, the nethod
conpri si ng adm nAsdesighergostengefid etsin selerta fiom of papteﬂiesbrgm'eihg ab¢ eodenadd

protei gecgjfengg@% I 4 e BAUSL- P74 1 ent, thereby treating bone disease in said
patient. WO 2012/ 023113PCT/ 182011/ 053638 25. A nethod of treat i ng fibrosis

in a patient in need thereof, the nethod conprising adm nistering an
ef fective anmdunt A@ési@edtmdogmprolsih eogwising theraotreianid eéquehei o BEQIDNSARd
patient, ther eby treating fibrosis. 526. A method of inducing bone fornmation
in a tlssue said nethod conprising contacting said tissue with a designer
ost eogeni ¢ 51r ot ef eI LIS HoRT Cpr?tﬁ'Bg‘é'W'S'i”ﬂH\ﬁ@F%ﬁ O RePREREF S N 4ai d
ti dgue. 10

12. A designer osteogenic protein comprising the amino acid sequence of SEQ ID NO:36.

13. A designer osteogenic protein comprising the amino acid sequence of SEQ ID NO:37.

15 14. A method of producing the protein of claim 1, the method comprising introducing a
nucleic acid encoding the protein into a host cell, culturing the cell under conditions where the protein is

produced, and purifying the protein.

15. The method of claim 14, wherein said nucleic acid comprises a sequence selected from

20 the group consisting of the nucleic acid sequence of any one of SEQ ID NOs:74-139.

16. A designer BMP6 protein comprising an amino acid sequence comprising at least one
mutation in at least one type | or type Il receptor binding domain, wherein the mutation confers altered
binding to the type | or type || BMP receptor compared with the binding to the type | or type Il receptor by

25 wild type BMP6.

17. The protein of claim 16, wherein the mutation is selected from the group consisting of:

a. a mutation within the type Il binding domain A wherein said mutation is at least one
30 mutation selected from the group consisting of a mutation at 157, K60, G61, A63, N65,
Y66, and D68 with respect to the sequence of SEQ ID NO:4;
b. a mutation within the type Il binding domain B wherein said mutation is at least one
mutation selected from the group consisting of K108, N110, A111, V114, F117, D119,
N120, S121, N122, V123, and 1124 with respect to the sequence of SEQ ID NO:4;
35 c. a mutation within the type | binding domain wherein said mutation is at least one mutation
selected from the group consisting of a mutation at S72, N76, A77, H78, M79, N80, A81,
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N83, V87, T89, H92, L93, M94, N95, P96, E97, Y98, V99, and P100 with respect to the
sequence of SEQ ID NO4;

d. a mutation at each of amino acid residues 157, K60, G61, A63, N65, Y66, and D68 with
respect to the sequence of SEQ ID NO:4;

e. a mutation at each of amino acid residues K108, N110, A111, V114, F117, D119, N120,
8121, N122, V123, and 1124 with respect to the amino acid sequence of SEQ ID NO:4;
and

f. a mutation at each of amino acid residues S72, N76, A77, H78, M79, N80, A81, N83,
V87, T89, H92, L93, M94, N95, P96, E97, Y98, V99, or P100 with respect to the amino
acid sequence of SEQ ID NO:4.

18. The protein of claim 16, further comprising 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acid

mutations not located within the type | or the type Il binding domains.

19. An isolated nucleic acid molecule comprising a nucleotide sequence encoding an amino

acid sequence selected from the group consisting of SEQ ID NOs:8 to 73.

20. The nucleic acid of claim 19, said nucleic acid encoding a protein comprising an amino
acid sequence selected from the group consisting of the sequence of SEQ ID NO:12, SEQ ID NO:14,
SEQ ID NO:36 and SEQ ID NO:37.

21. An isolated nucleic acid molecule comprising a nucleotide sequence selected from the
group consisting of SEQ ID NOs:74 to 139.

22. The nucleic acid of claim 21, said nucleic acid comprising a nucleotide sequence
selected from the group consisting of the sequence of SEQ ID NO:78, SEQ ID NO:80, SEQ ID NO:102,
and SEQ ID NO:103.

23. A method of producing the protein of claim 16, the method comprising introducing a
nucleic acid encoding said protein into a host cell, culturing said cell under conditions where said protein

is produced, and purifying said protein.
24, A method of treating a bone disease associated with bone loss in a patient in need

thereof, the method comprising administering an effective amount of a designer osteogenic protein of

claim 1 to said patient, thereby treating bone disease in said patient.
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25. A method of treating fibrosis in a patient in need thereof, the method comprising
administering an effective amount of a designer osteogenic protein of claim 1 to said patient, thereby

treating fibrosis.

5 26. A method of inducing bone formation in a tissue, said method comprising contacting said

tissue with a designer osteogenic protein of claim 1, thereby inducing bone formation in said tissue.
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