MODULATI ON OF OVULATI ON FI ELD OF THE | NVENTI ON The present invention
relates to the identification of novel domains of functional significance
on GDF- 9 woaoéddseAB nol ecul es and to agoni sts and ant ageairsizzo0svoeh4
interact therewith to nodul ate the biological activity of these nol ecul es
to alter mammal i an ovarian function and ovul ati on rate. BACKGROUND OF THE

| NVENTI ON GDF- 9 and GDF- 9BMIODNGLATROMOEOBURATBIONr e expressed in the
oocyte of the developing follicle and play a role in mammalian fertility
(Fitzpatrick et al, 1998). GDF9 is a nenber of the transform ng growth

fact or mENad OFCFRE ENVENTAON ¥ (McPherron and Lee, 1993) which is expressed
in oocytes fromthe primary stage of follicular devel opnent until ovul ation
(l\/t:Grath et ah, 1995; Laitinen et ah, 1998). GDF9B is closely related to
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expressed. in the deve oocyte i h mans (Aal tonen et ah, .1999)

r odent ngdulste thchiofet %ﬁacti‘g%of (eRgamelecuips o altpyananypaliqn-yarigh ﬁeﬂ?ﬁowgé
rum nargvglaﬁgﬁgﬁgstel ner et al., 1999; Bodenst ei ner et al . , 2000; Gallovvay
et al., 2000) and marsupials (Eckery et ah, 2002). In sheep expression of

GDF9 can be seen in prinordial follicles whereas GDF9B i s expressed in

EndTeo RO I TRE BURNIFONT  ne et fam 1y, ‘are coded b

prepropept| des containing a signal peptide, a proregion and a Cterm nal

mat ur e reg1 on which is the biol o%‘l\gally active peptide. Cleavage of the

mat ur e FRbi%omnd @b I éalpe spasyr an BMP barare exprstsed By themoqexty efcthp idgvelpping
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responsi bl e f.or coval e i nt erchai n di sul phj.de seen in,neatly all
reiBer SBISHH ZRFTSS o oS o e HaSE TR oG ReHl orBb Sty
active (RECHhilE: 9. %}@5 QWRhes br A1, 193@9@D]¥%‘ i€dlodlly 12880 GHEYRMEbE bi al SGDF9

uncl ear whet her t gm ol ogically active diners are honodi ners (GDF GDF9
andG3F91§9®5;@B§Ien @fralhé )il ma@sprcmgr wm%)ocmes\nh‘élememe ainke ash@BE dbuter

forns p r I t Ll a ed on th oV t hat
coro: hotour Rar Bt Ul R PR M GPE R b (EOT IS, GBEREI e
CDF9B hmmbhdﬁ&hﬁwﬁrtﬁ bE hﬁpﬂémﬂ il tl@&lebMpn{gY(ﬂj&y(%tmaﬂumang QQdlJoneh br b5, 1990), ear
whet her any such |ffer?nce is related to the fact that sheep are

mord- ovafetoraiehas’s o ndflri AbEsealdy ISy laadncagg! g BPE).eyuingreas
m ce ar B Yy ry {Ah a in
control |Ong Sae?l% rfeglta?])i afl)9n9|0ng }é%f%l? |%}y |n8(r)r§¥2%lwa%5a§; Zt%ggd L@gﬁh?ﬁﬂ lgﬁe
nat ur e (Btkarpheitralac200@msIn sh@ssmressalonfmﬁ Gﬁ)fé) dmlbb oeaent pfmdrdat a‘pllfeiaas
Jeffery et al used.a bioin
conser V& ‘?aéé?lgﬁélgé%?)gggssgd HhI?FBB?l‘Yof?’ﬁ’g? PS?HS Cﬁaﬁgpy&ﬁ@ § %(nd f or
GDF 9 adofDF- 9B across different species, in an attenpt to identify
ons of functional significance. However, this study did not correlate
%5ons identified as possible functionally significant sites with effects
on nodul ati on of ovulation in vivo.
GDF9 and GDF9B, like most other members of the TGFp family, are coded as prepropeptides

containing a signal peptide, a proregion and a C-terminal mature region which is the
biologically active peptide. Cleavage of the mature region from the proregion is carried out by
an intracellular furin-like protease, and occurs at a conserved furin protease cleavage site.
30 Most members of the TGFB superfamily are biologically active as dimers, and although
GDF9 and GDF9B do not contain the cysteine molecule responsible for covalent interchain
disulphide bonding seen in nearly all members of the family, these molecules are thought to
be biologically active as dimers (Galloway et al., 2000; Yan et al., 2001). However it is
unclear whether the physiologically active dimers are homodimers (GDF9-GDF9 and
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It is an object of the present invention to identify domains of functional
significance on the GDF-9 and/or CGDF-9B nol ecules and to identify agonists
and ant agwoisdcaswiach i nteract with such domai ns or m mpcTaNmbnshooE NS t O
nodul ate their biological activity thereby nodul ati ng mamral i an ovari an

function_and ovulation rates in vivo;, and/or to provide the public with a

usef ul ERBYBLEDENR), 08 hteredimpsi (GIINP-CRF MR ey Whethesiadl hprscdipiet dembrplayi@

cl ai ns ARS} - i St ' r i .
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by t hatintpertamtirnledadhe mbaserind sheep thd GDIFOBpoaselherds ute tht merst bivattivea & anan

al so be pre . . SUMVARY OF THE | NVENTI. ON The present invention is based on
the i dehets PRGD: dscHiciigy afhe ﬁﬁ?¥|§u€N?T dgf\lﬁﬁ%‘%‘:iedﬁé?ela@adﬂitﬁ‘? ioh it Shegmareapr- 9
and sCOR&R-sRl186H %ﬁnﬁﬁdﬁrﬁ Dl and oﬁ@%gg?_@f Shce)t \Eﬁére%snﬁlﬁfeaﬁtz poly-

therew th. More specifically, the présent invention is based on the
i dent i favebatorsnClaady deth SRSy arslaGDEFABoflay utimial weles ypeortrodiing andpomaintainimgept or

bi ndi n mai.ns_of -9 .and{ or -9B an u ive dinmerisati i ndi ng
donai naetP TR AR, s ande doe A3GRT S e hehES gbarienl, pl fhe

i nt er aclevélopimend dfitherdpies.pr esent invention is directed to a putative type |
receptor binding domain of GDF-9 conprising the am no acid sequence:

CK) 32ECE( X) 1O0LKW X) 2W ( X) 16RAVGHRY(X) 6M X) 2Nl (X) 2EK(X) 33Y (SEQ I D NO
1); wherein the am no acids (other than X), formthe binding domai n when
th ) o . L . . ‘

pr asent e or o e orn Rt FRICARA) baphat lpthdl itichs g0 g
domai n myinb@DR{ diffenepr TGIFHY farhidy andmiceraend fee GI¥NRE end (KPFSIB Wédekl X2t

A7SPLSVL(X) 8AY(X). 61 (SEQ 1D NO. 2);.wherein, t am aci ds, (ot her than
VR ST e e e e P R R A S e

di mensimpalordeRitd irddivns idea6ifitd @s JAAGIbRS FaRAbonAlllY QiFhiRAnt Wi RAihPERUIQH the
putative dinerisation binding domain of CGDF-9 ‘conprising the am no acid
sequendeedulaionpgmyvidation iy Xy X) 4L(X) W X) 9Y( X) PRYC(X) 14PVHT(X) VQ(X) 21 (X)
7VP( X) PSCVP( X) 2Y (X)20DM X) A(X)5R (SEQ I D NO 3); wherein the am no acids
(otlder than X), formthe dinerisation binding domain when the GDF-9
nolecule is in a three dinmensional tertiary structure. Xin SEQID NGCs 1, 2
and 3 rlepr @sebjest afhthe pnésant iag¢mdionesiideray gloamést ofi fandthmalEEnificssguantde

o1 mai n RBIEAHEOr ST D 5P BEURT i {paRt B e 4 Ramereies SRbORSIocb i

than X sug@a6@aRe BendiMid #8h ABRalr8kd BlodeRESHRS b3slbgibMtaciiVity @BlcBy lod@ltRy. The
present invention further provides an agoni st or antagoni st t%at I's capable

of i nt engemiahen avariandiactinn andrevulnitoatrates IGDIN09 ahd/ pdiorprodidadhepuldisl with ed
fr@@tq%e@ﬁ%wé:orrprisi ng SEQID NO | 5SEQ ID NGO 2 and SEQ ID NO 3. The
agoni st or antagonist is preferably a peptide conprising at |east 5
contiguous amno acids of SEQID NO 1, SEQID NO 2 or SEQID NO 3, or a
functional derivative, honol og, analog or mnetic thereof, or an antibody

or antifody fragment, that binds thereto., Preferably the L
"Hie t%rm “cgmpnsmg’has used 1n this spec&‘lcatlon and claims ){neans “consisting at least in
part of”, that is to say when interpreting independent claims including that term, the feature
prefaced by that term in each claim all need to be present but other features can also be

25  present.
SUMMARY OF THE INVENTION

The present invention is based on the identification of novel domains of functional
30  significance on the GDF-9 and GDF-9B molecules and to agonists and antagonists that

interact therewith.



peptide is at least 8, at least 10, at least 12, at |east 14, at |east 16,
at least 18 or at |least 20 contiguous amno acids of SEQID NO 1, SEQ ID
NO 2 or SEQ2bds/d8313, or a functional derivative honol ogpcanea2003/006314i netic
thereof, or an anti body or antibody fragnment that binds thereto. The

pepti des of the invention preferably abut with or include at |east one

am no acid of the putative binding domains. Mst preferably the agonist or
ant agoni st comprises one or nore peptides selected fromthe group

conpr i SYleus: SP@I@@)IBRM}RS«%PWM sE@sedonthe ientifFSGOR\ADINWPYACE)SEOEQL] D

) oo PR 5 e e ERENEE ! SRR APl

functi mbnmbn\b@idlﬂgdolhﬁﬁp bpgDIR9 ah@9r GDIHBEidCo tigehies fand @htagbnigRtthody
or antibody fragnment that binds thereto. Am no acids in parentheses refer

o ami feteret heraxfiteh ar e optionally added for conjugation purposes and do
not correspond with the GDF-9 sequence per se. The present invention is
also directed to a putative type | receptor binding donmain of GDF- 9B
conprising the am no acid sequence: (X) 22QCS(X) 10LGN X) 2W ( X)

16 RVL HYIGBe( plpseak (ilx\)enﬁb(l)'(,}. diBeted)to 3B puipBEQLID Necefd) biiingidomaiveofiDIG9aci ds
(ot her than >19§ form e bi ndi ng domai n when the CGDF-9B nolecule is in a
three GOHRRSISAT alf“g’roﬁc YUHGct ure. The present invention al so provides

i d s SRl EC R R R SR R o R SR st (B 1D NG 15
11xpherpidieihife AMRACRE! (Hhet #a080), T&%h@b‘ﬁlcﬁﬁ’% Bhig Headho GrieomifleMien the

GDF-9B nolecule is in a three dirénsi onal lary structure. The present

i nvent ilon thies dimensiandktsrtiaestpugtarei ve di neri sation bi ndi ng domai n of GDF- 9B
conprising the am no acid sequence: (X) 28F(X)V(X) 4L(X) W X) 9Y( X) PNYC( X)
14PNHA(X) 1 Q(X) 2V( X) 7VP(X)PSCVP(X) 2Y(X) 20G M A (X)5R (SEQ ID NO 12);

wher ei n_t he a } no acid ot her. th he dij rlsat on .bi
dorai n THreeeRL RepRior B b Wt T Fibitiye ol reHion Bl {TBHE AL

st r uct WoRpriXingthSERinolAcNFRqdéhcedl and 12 represents the am no acid residues
present in the GDF-9B sequence shown in Figure 2. The X am no aci ds do not

f odfn pe(Xt)abVAPHé)QX@%USBbSHLﬁH)sﬁé{ (FoeTdPRQ IBXNOh2); present invention. The
t th t d t
glrjnt n?nﬁlleg‘flﬁ%gpg%ﬁfo acw%the es)esrg)t o gjnt i n(%né %19 ?’ﬁglr‘% b h%d(té]?{: o %8‘??155 eor

ant agom;Staﬂiﬁ@ddm&nﬁambéraa@fstﬂum,act| ng with one or nore putative GDF-9B
bi ndi ng domai ns sel ected fromthe group conprising SEQ ID NO 10, SEQ ID
NO 11 and SEQ ID NO 12. The agonist or antagonist is preferably a peptide

Corbr | 555, FO0 G G o R ol SRS
20  comprising the amino acid sequence:
X)2eFOnFELX)LE)W(X)o Y (X)PRYC(X)14P VHT(X)VQX)I(X)7 VP(X)PSCVP(X) Y
(X)20DMX)AX)sR (SEQ ID NO: 3);
wherein the amino acids (other than X), form the dimerisation binding domain when the GDF-9

molecule is in a three dimensional tertiary structure.

25
X in SEQ ID NOs 1, 2 and 3 represents the amino acid residues present in the GDF-9 sequence
shown in Figure 1. The X amino acids do not form part of the putative binding domains of the
present invention. The amino acid symbols, other than X, correspond to the one letter code as
set out in Table 1, below.

30

The present invention further provides an agonist or antagonist that is capable of interacting
with one or more putative GDF-9 binding domains selected from the group comprising SEQ ID
NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3.



analog or mnetic thereof, or an antibody or antibody fragnent that binds
thereto. Preferably the peptide conprises at |least 8, at |east 10, at | east
12, at | emet2odsoat | east 16, at |east 18 or at |east 2@CToNIR00F00E4anm no
acids of SEQID NGO 10, SEQID NO 11, SEQ ID NO 12, or a functional
derivative, honol ogy, analog or mnetic thereof, or an antibody or anti body
fragnment that binds thereto. The peptides of the invention preferably abut
With Ofmi . N . P . .

pr of er Aty P PSP g BARRE 1 i lerity o fepBld Skl B ledt £QHRighons M acids

sel ect ed SEQD Ne& 1gBBQIDNOpL ios SEE 1T N6): BRut NG MSRNHSvASEdnIdING andB);

SF GADHW SEQ.ID NO 14). PRV GNS (S D.NO 15):
NVRCPSEY SE8on B RRSDOM) O BHSPY MERRER) (e RASHBPES NRefyrpply the
GSl b YKE¥Fido) is(a2Est B, MTead8)0, af NhstC{ 3Gk VEKYYPL Shdst ( SER l:ceg%t'\i@ orl@) lea®202

r
functional derivative, honol og, anal og or mnetic thereof, or an antibody
or ant iconidguous ggrinaecidhaf QAP Nekt.ePBQ IBNGY2 aei SRR iIP V&Y. Bnirhe Sestivadler

to am .aGl ti.onally added. .f conhj ugatign purposes, and do t ..

cor r 65 onGRPA g Rulo¥ o Bf e Uherb Ol 47 hh e RERE SRR 2Ry i

i nvent ithdretol AMhieqGh@ptides ot theodvaftiomgaefeaiblyngod REtht ihabdOda 16t endddmidofciadre
manmmal , sai d nmethod conprising the step of admnistering to said mammal an
ef f ect itNEPHABFRINGNS AWABS. nore agoni sts or antagoni sts that are capabl e of
inggracting with one or nore putative GDF-9 and/or GDF-9B type | or type I
receptor binding domains and/or dinerisation binding domains as defined
above, Mod matfesmblnthet dponist ok agiagahistcémpiitey dnbenranbre fopafier sdddoged fibm the

i nvention provi des a nethod of nodulating the ovulation rate of a fenale
manmal ,gr%‘ﬂﬁ%’i”i‘ ‘adninistering to said mammal an effective anpunt of one

or nor e prpPRASsGARNYERRAITIOM SEQ | QINGINGR 48 and 13 to 19, or a

functional variant thereof, or an anti bod%/D]or anti body fragnent that binds

t her et FSQKWIONWMIM&(Chspect the pres@RQ IMent)on provides a use of one or
nore a i nist that are finteracting with one or
13 PLEObRAYGARYEE SRR

nore p and/ or GDF-9B ty Il receptor binding
domai NSVARPICVEARAS sation bi ndi ng deme nsNas 7tef i ned above, in the
manufacture of a nedi canent for nodul ating the ovulation rate of a fenale
mamal .Géiﬁé%@%(9), the invention prd® NQi$e @€ one or nore peptides

sel ect gg({{gpﬁsyhg(% oup conpri sing SE@%&?\@: .to 9 and 13 to 19 or a

functional variant thereof, or an ant nti body fragnment that binds
t her et ®r a functienatuletif atttey henwiog amebbhigcammnmetio thenmdubatn mgtibédy on ahtiiddyn

rate of. a fenpl e . | . In a still further aspect, the present invention
prg\sli d&agﬁleﬁ%ﬁ@ﬁ%@é‘?’ conposition conprising one or nore agonists or
antagoni sts that are capable of interacting with one or nore putative GDF-9

and/or GDF-9B type | or type |l receptor binding domains and/or _
di ner i S¥RineradiEi pryeriberss Keferis pmand adids whichoye ropdenaliyt #dded for conjugation

phar m%%ds&?éﬂ&’dcﬁ?&%g}r loﬁd%{hrt-hg Griff-o &2 ieRé:e ey eferably, the
conposition conpri'ses one or nore peptidées selectéd fromthe group
conprising SEQID NGs 4 to 9 and 13 to 19 or a functional variant thereof,

o3 RS TESH staagt b0 o IEARA (2 RHABiEcyR RETbior binding domann of GDF-9B
comprising the amino acid sequence:
(X)22QCS8(X)10)LGW(X), WI(X)16RVLHY GL(X)6L(X)sL(X)2EL(X)33Y (SEQ ID NO:10)
wherein the amino acids (other than X), form the binding domain when the GDF-9B molecule
is in a three dimensional tertiary structure.

30
The present invention also provides the putative type II receptor binding domain of GDF-9B
comprising the amino acid sequence:
X)mIAPH(X) Y (X)47 VPISIL(X)sL Y (X)6l (SEQ ID NO:11)



DESCRI PTI ON OF THE DRAW NGS The invention will now be described in detail
by reference to the figures of the acconpanying drawi ngs in which: Figure 1
shows t hewpasedisen4of peptides of SEQ ID NOs 4-9 on ovi reT@2Zo@B00631gur e 2
shows the position of peptides of SEQ ID NGs 13-19 on ovine GDF-9B; Figure

3 shows the GDF-9 an type | and type Il receptor bindi n% conpl exes;
Fi gur esVhesein the @Bﬂ@m&[ (ﬁgles thgnrb), et e Wpding domeimanvberp thedePFR yplechle

recept qf]“p%&gémf“q éﬁeﬂﬁ&f FEr2ein two different orientations; Figure 4c
the 3-D ec

shows r str cture %nd putative type Il receptor bi ndi ng
domai nslHeopreSHE- ﬁverfﬁogualeo 4osidenshd pataliv® dimkeeatioar biatingctdameainant GDR-8Bi ve
di merisati on. bi d|n in for GDF 9; Figures 5a and 5b show the 3-D

ol eculcgfnp??’rn@é 4¢1%e type | receptor binding domsu ns for GDF-9B
in swo fr f 2 g@p ure
and put®%8v§(fnkéﬂﬁ(¥%%§@§?”& %ﬁgﬁ%ﬁ%&@ﬁ Fi ur e db?%?ws
3-D rmle‘hKX)sR SEM@ B putative dinerisation binding dOfTB.I n for

GDF- QB S 6a to ho nce..hopol o a
nurber derifEpae' Si oBEF Uik SPh 0GR Re Rl bindhhe s R e Fo SIS, e
of funcsrBmawculeugmefuhf@rtﬁmenﬁb@un@uzrysamwué.he effect of a polyclonal

anti body from sheep i mmuni zed agai nst ovi ne GDF-9B peptide (SEQ ID NGO 14)
on ovine (0) GDF-9 and oGDF-9B stinulated 3Hthym dine incorporation of rat
gr gpul d [ h i e

i ndi ca?%gntgﬁg ?%ve pé?’ ?gg%%r%gg%g@ée}ﬁgﬂ{er%% gaggisge\é dluwﬁ %tééq@é ?’me:g%t r ol
medi a (seqeencersbiown wh tHigure ZDG[DEeQXmmmGBErdQ&)o nddafoam praets ef tiedpwativet hiadingan
and st dard or of the f 3.re cate experinments. *P<0.05 versus
cont £ ole RSO SRt EBPRT AP 2510 BHLGTPIS S B bR DR S 4 at e

cells tla@grcgagamgoﬁ@ﬁqlagg 1algglogpd| es; Figure 8 shows the effect of a
pol ycl onal anti body from shéep i muni zed agai nst ovine GDF-9 peptide (SEQ

ID NO 8) on ovine (o) GDF-9 and oGDF 9B stinmul ated 3Hthym di ne

I
a8 o On Pl ERlon AR BB b Bect S e REGEHSUAGR! banabB e BeBRE B,
t r eat echneiok lihcﬁe)pﬁtaﬁﬂfe GBH-¢B bindéng @@B4iAs Wilddialfora @¥g@uplco @Em? BEQ DaN®:
presented are the n_and standard error of the mean of 5 replicate

exper i MdndEQ IR¥E: ésa%SEQsID:Hﬁ% ndl nedia treated cells, aP<0.05, bP<0.01

versus oGDF-9 and oGDF-9B treated cells that did not receive antibodi es;
Figure 9 shows the effect of a polyclonal antibody from sheep i nmuni zed
agai nstThevdgorisChFa3&zqneshtis pefe{rgﬂ@ a Rpde tompasingai kast(DrorEHYao8s anmomamg 9B

ai Aot 1 S TRa%ETLG35 BRE ht st B NG ioh bt G nertyabl e hegeolog,
[ esponsRaly G%Fdrhﬁm%@nh@le@e o@ﬁh|aﬁt156cﬁﬁ<5&ﬂ1t1‘%&5hﬁﬁ@rﬁ%ﬁﬁhatn@iﬁﬂﬁﬂ{eket@ PRESLBly

wi thout o or oCGDF QB) Dat a presented are the nmean and standard error

of t Be the aeptise compaipes adeast 8xpdeasidft &t leqed ol atdeast b Ett\l%ﬁst helep deagie 01; ?t
apo. oa-h 220 B G Tt dBiisso L RRD B 2t LD roiaetel TP B 0

ant i bodiesionkl defieative, &hmgyhearefd‘ge@t iimetic Pkok,0 68l ana Biitidadgyor aatbsReep
[ mggnl zed agai nhst oa/ GDF- 9
fragment that binds thereto The peptides of the invention preferably abut with or include

amino acid(s) of the putative binding domains.

Most preferably the agonist or antagonist comprises one or more peptides selected from the

group comprising

30 C(GG)PRVLHYGLNSPNHAI (SEQ ID NO: 13);
SFQQLGWDHWI(C) (SEQ ID NO: 14);
C(GG)PRVLHYGLNS (SEQ ID NO: 15);
NVPQPSCVPYKYV(C) (SEQ ID NO: 16);

PISILLIEANGSIL(C) (SEQ ID NO: 17);

5.



peptide (SEQ ID NO 6) on ovine (0) GDF-9 and oGDF-9B sti nmul at ed
3H-thym di ne i ncorporation of rat granul osa cells when added directly to
t he bi oaswayoosltsesihori zontal |ine indicates the | evel ofcrespesmecnd the
granul osa cells treated with control nedia (i.e. nmedia w thout oGDF-9 or
0 CGDF- 92%. Da ayﬁ)r sented are the nean _and_standard error of the nmean of 3
replic %Iléél{j% nts. **P<0.01 ver sUSESOH N&): I85dmd treated cells,
aP<0.0 gs oGDF-9 and OW d cells that did not
recei v?@r@f@o %gpfilnd Figure 11 sho eNg?'?gz’t of a polyclonal antibody
f r om s heep finvtomdl zéativated, nisamae gn enaBi-of npieptic dheleGEQr & Nalikydyoor amtibode

V. GDF-9B stinulated 3Hthym di ne i ncorporation of rat
granul ggagntegfj tbbﬂgﬁ&ﬁ%ﬁﬁ%d directly to the bioassay. The horizontal |ine
i ndiscates the | evel of response of the granulosa cells treated with control
media (i.e. nedia wthout nGDF-9 or oCGDF-9B). Data presented are the nean
and st akaiodcedsrigmarntheses raserriomigo peigs ppm@llquéef ferrogjugatigpuiposezemdus
cont rol P<0. 05 versus mGEDF-9 and oGDF- 9B treated
cel s tIf Oqﬁ&ﬁésﬁ ‘?aﬁ’gtlégﬁlﬂeﬁgﬁ% BEHCE 8T SETAI LED DESCRI PTI ON OF THE
| NVENTI ON The present invention provides putative type |, type Il and

di nerisation bindi nglpdomal ns of GDF-9 and GDF-9B. It is postul ated that
sti mul dRiadHrBer asheRt Bie Psremd inveREeR PrASS Agnghodgbmpdrlstiog thermvaligan sus of Rat

| 08" 2t R SaaTNOR clinbliohE (RIGGEL AL A bl B Uliver

e manma I'n" wor esent ‘i nvention,
t hree cﬁmrmmsoﬁmad osmlom:agnmstmbr aﬂrtegqmﬂtsathav ere@batie tof [igtetaceng wﬁtﬂnpmeldr more

recept or put at i e di mer..s bi, ndi mai.n of
TiteB ol p Bty i oS oetne tindopdoami st Grensgn

ant agorﬁlﬁdlﬁg ihahinghedFRicaRbb A, lad GRABY e Blo1dbitl bagyikomtRese domal ns and

potentiating or reducing thei r bi ol ogical activity in vivo. The 3-D

nol ecul ar structures and putative type I, type Il and dinmerisation binding
t 5d f d .GDE- 9
R TR SRR R N e

Al k6 eohmdmahbmnpﬁdnghﬂﬁﬂuﬁeﬁ@gim’@idﬁmﬂmml aii efft@ieusidigt bhenescre Pepiedes

t t dellj Schwed t al 2003). BMP2 (K h et
a1 200071e5A NS ERALT Nt HOSh Lot 19, Poddyneiiord e Bliept R RBAbRgror

BMP15. a};ﬂgodyﬁggn%ﬁggﬁmdgtﬁ&%sch et al 2000) was used as a tenplate for

the Al k6 ect'odomain. The ActR2 ectodomain (Greenwald et al 2002) was used
as a terrpl ate for the BWR2 ect odomsu n. The putative GDF9 and CGDF9B type |

et 201 "o R oD B BRI R GO €8 e PEPURBRY BN
( K' I sChir@tapble?O0Mteradify With Ank\? b Duddittl e EHER) Eﬁ'cUSr GIDFb9BQSI;§EQI dp 'f'ﬁ:!enﬁ

were determ ned by hono|l ogy using a_nodel of BWMP7 binding its type

r ecept deceRtr Rpindinge damaing and/en dimersptionrHuinding adomaingi ave defimetli abovisi nnll thg
domai n \ n del of BMP2
di nmeri %ﬁug%%ofgc e@tcﬁgp}!\%g%@ﬁﬁ\%gg@eu réﬁé)ggp |Og% ﬁe%éfgﬁgesan\%%‘pg pr oduced
usi ng the UCSF Chi nera package fromthe Conputer G aphics Laboratory,

Uni verslj%%aﬁ li.fornja, San Franci s 0 (supported by NIH P41 RR-01081),
(Pét er'd ¥ ezeb%ﬂonm@vgd&aﬁﬁﬁf‘eg d’Flet‘He IR REPRASSpiekdtsdy frg@nthensroligr e
then coERgihe WA IbNGOS A (a9 RRNGS RY 19 ¢ 4eIAG Rl vhiley Wredt, 8t f6o3P or
protelns in a nu er of ferent species and a consensus sequence

det er mantitodysfragroent that Binds tleget®aint theaharfudactireeott a peedicanteypor Ithodudating the

di meri sat ia%onratggfggemﬁg?ﬁ ns flor GDF-9 and CDF-9B respectively.

30  In a still further aspect, the present invention provides a pharmaceutical composition comprising
one or more agonists or antagonists that are capable of interacting with one or more putative
GDF-9 and/or GDF-9B type I or type II receptor binding domains and/or dimerisation binding

domains defined above, together with a pharmaceutically acceptable carrier or excipient.



A nunber of peptides were then synthesised which corresponded with
sequences within or overlapping with the putative binding domains, or which
cl osel y abotwexbsbdie put ative bi ndi ng donai ns, and whi chpeemz2e05t00a1pat ed t o
have an agoni stic or antagonistic effect on the bi ol ogical activity of
GDF-9 and/ or . GDF- 9B when adm ni stered in vivo, particul ar, peptides were
desi gn&iete@ Be URCQIRROSHANSGRPIEFES PR OBPEECRAPE %ﬁ:s:rf:&ﬁcmdn@omd ¢ EEOUP KPEPTISing

di mensi t L f | I e
am no aci s | n F(ehrn{bt% anﬁgln on%?%go@gét;ﬁﬁﬁbﬁoa@%}ttt%é% %Hfagl%bﬁaf be ﬁbor&
non Corﬁ@ngmmhat/\bmas thicteto, thigakr WlﬂDﬁ phaxmacduticalipasepiable odiribr not:xcmmamal n a

gl ycosyl ation site; and so that they could be coupled to a carrier protein.
It was considered that the conbination of these factors would result in

pepsi despSORIPERUNO P IR PRAVINGSUCe anti bodies that would influence
bi ol ogi cal activity and woul d not have cross-reactivity problens. Thus, in

a first emnbodinent, the present invention is directed to putative bi nd| ng

d [ f GDE- 9 t.ati bi ndi d

oS A un s s A gl
. e putative e

recept or. bi nfjl ng domai n. of GDF-9 TTEI’I Si n t he am no a(F:)l d sequengg (X) 5

11 VAPHB@wed)shawseqsitiop cg”mbéeserf sréle? oppving§#PB-9; t he put ative

r d sequence:
0P 26r R BB Rk R g b oy RPERTERES R sl S R S0 v 30
PEC\/P&) )ﬁlglf}f@ X)sﬂﬁﬁ&/mé) GDE)YDadd (SBQ-QBDty(I}jsI@I aid typelrihreeépstot hlﬁdﬁlgi cnmip&ccb Tjs (ot her
t han orm-t at v omai ns -9 nol ec elslna
three oFlgﬂéfﬁ%“%mﬂe oy f}")ﬁﬁ? B rugiee ‘P@Hﬁ%’ reSPRIAPIAENG SRS
corresqgf\gm:o;; Ihev P ettt b8EntaRHR; Set out in Table 1, below. X in SEQID
NGs 1, and 3 represents the am no acid residues present in the GDF-9

S eq ue ncFeglstﬁ drshpws [EheyBrld nioleqwdardtrupiute frsk putplave type It hesepiot Ainiding drinnainpr
{Jgthe present invention. The present invention is further directed
to an ;%OI’]I 8t or antagonist that is capable of interacting with one or nore

put at i igéHd 3hbwa therigDAdasReHlar Selcast el Hiietivd dighedicaith 50dRE dsmag HEQDID
NGs 1 to 3.Preferably the agonist or antagonist is a peptide conprising at

Ieast §»cont| guous amno acids of SEQID NO 1, SEQID NGO 2 or SEQ ID NG

3, ﬁdgggé b S8 #RE BEnoIBATR s%ctu@ﬁ'l&d‘tg%t%fveg}rg%f fe(c\:%tft{);'retgiﬁ(g&% éig{nlag{é o

antlbo or anti1 body fragnent that binds t
at Ieas(’orGDFaQBiretamdﬁerenabnblﬁammsjz at | east 14, at Ieast 16, at Ieast 18

o2 JRESE P S TG ArctBs 30 PRV E SIS e eattr DIPIEE JQRAits oFan

ant i bodyppromnt i body fragnment that binds thereto. The peptides of the
i nvention preferably abut with or include at |east one am no acid of the

put at i gk ddishepvs ptl2 molegatar stwetﬂera@d Ipyitative dispesisation bindingt degoin & GIIMIB:; ses
one or ﬂg&rgs BERS '69%30\% eaﬁén%g tn%%gtyhc?f EbPYPn ﬁogﬁi?' 9% %¥m a number of different
species and the putative sequences of the various sites of functional significance;

25 Figure 7 shows the effect of a polyclonal antibody from sheep immunized against ovine GDF-9B
peptide (SEQ ID NO: 14) on ovine (0) GDF-9 and oGDF-9B stimulated *H-thymidine
incorporation of rat granulosa cells when added directly to the bioassay. The horizontal line
indicates the level of response of the granulosa cells treated with control media (i.e. media
without oGDF-9 or oGDF-9B). Data presented are the mean and standard error of the mean of 3

30  replicate experiments. *P<0.05 versus control media treated cells, °P<0.05, "P<0.01 versus
0GDF-9+0GDF-9B treated cells that did not receive antibodies;

Figure 8 shows the effect of a polyclonal antibody from sheep immunized against ovine GDF-9
peptide (SEQ ID NO 8) on ovine (o) GDF-9 and oGDF-9B stimulated *H-thymidine

incorporation of rat granulosa cells when added directly to the bioassay.  The horizontal line



C( GG) PRAVGHRYGSPVHTM (SEQ I D NO 4); FSQLKWDNWIVA(C) (SEQ ID NGO 5);
C( GG) PRAVGHRYGS (SEQ I D NGO 6); SVPRPSCVPAKYS (SEQ ID NO 7); GSI AYKEYE(C)
(SEQ | D N0 28(6/05901d AKYSPLSVLA(C) (SEQ I D NO 9); or a feoriNmosio00314
derivative, honolog, analog or mnetic thereof, or an antibody or anti body

fragment that binds thereto. Anino acids in parent heses refer to am no
aci ds opficataths laghed rpeonss Af taerasnlopu cplbs disatss dvidlo captrolcoediasponthedis

i ooty ARGENEE B Rrton) Myl BREGRG ATIRIIER bnd UenBEESRD of S LR s ©

dlrecte\g to putative bindin conprising utative
type | mepieyx @xpd:mnehmg“‘ﬂﬁmﬁs versus GOkt SIBrediv ticstcd el lfe 050 *Redd1 versus

(S 1 e SEDR 0 e (el O i ncf ceieUPOBER Al ny doral nof  GDF- OB
conpy i S 1?&6'[9'%%090@1’{15@6:% df §§Gl~j}%fb‘ﬁ§l antiBdd ffr%ﬂn' éﬁ@é]',( Mgﬁoze(f gééﬁlg%%éh[%‘- RJ%Y

6l (SEQ I'D NO 11 and e putative meri sat’l on ndi n
GDF- 9B mﬁé‘? i (SERY IDhé\I(aml%o oac pling e(@eGDE-9 (3x)d 2EEYBPB( mmula(ex) Mymidine

O 1) RS HE sl el Gl U BN SR b DRASBn o BT

domai nsln&ﬁlaaﬂs e 165F 09 Bespoh&e o €hd Srahilloda lchllL @etedBASH @BAKOI xﬁéchlae('i ¥. media
structure, and_the renmaining am no acid synbols correspond to the one

letter Wisput 86D o5 gCLOBRPata presepigcdosve the mearsEm! stendacs emror ofltme ardn pf 3

r epres u S in
i ooy o 3 Rl SRR E Al Hoh 8o BBl An BRI binled AL SRR, ppR0Ds

pr esentversw entiranmedih érepred selit, Pavent’ P@@L 0l sremus OGGDF-QGCB@BFISIB matageellssthator
ant agoni ét that, is gm%?bl e of interacting with one or nore putative binding
dormai i€ BPHEPEYC #REIYUSe group conpri sing SEQ I D NOs: 10 to 12.

Pref.er afjbire 10RB0RY AR éﬁ’ec@ bf @%B%Bﬂélscﬁltlb§d}ﬁfr9 1&9%&&@%@%18@5V159@F 2

conti guous ani no aci ds or a unctional” derjvative
anal og, Pelﬁbﬁ‘bl(@@(brIDrnN@t |6(}, @mecrvel@f (0orGRR- %mdboG@FefPB asttmlhietdgl -aa]g{mdine

h bi P f bl
J e e e e
cont i guﬁﬂm&atamlm) leazel as r@sfpoﬁﬁ?of Ehef\Qamll@sa SER Bt Owilkl coftrobbEfkdil’ (N6 mbdia OF

a functional derivative honology, analog or mnetic thereof, or an anti body

or ant i BERRpt PERSNRRE ORMTOB)- T2 preasmsedorte thremgep andigisndsrd emer ofifve maan it 3

oSS s L) 05 M, gl opoub gy,
or nor eI akd HRF-OB techtddr aeiis thae digrmot peceivepntibodier; and

20  Figure 11 shows the effect of a polyclonal antibody from sheep immunized against ovine GDF-9

peptide (SEQ ID NO 8) on murine (m) GDF-9 and ovine (0) GDF-9B stimulated *H-thymidine

incorporation of rat granulosa cells when added directly to the bioassay. The horizontal line

indicates the level of response of the granulosa cells treated with control media (i.e. media

without mGDF-9 or oGDF-9B). Data presented are the mean and standard error of the mean of 3

25  replicate experiments. **P<0.01 versus control media treated cells, *P<0.05 versus mGDF-9 and

0oGDF-9B treated cells that did not receive antibodies.

DETAILED DESCRIPTION OF THE INVENTION

30 The present invention provides putative type I, type II and dimerisation binding domains of
GDF-9 and GDF-9B. 1t is postulated that stimulation or inhibition of these domains by agonists
or antagonists that interact with these domains will be effective in modulating the ovulation rate

of a female mammal.



C( GG) PRVLHYGLNSPNHAI (SEQ I D NO 13); SFQQLGAWDHW (C) (SEQ ID NGO 14);

C( GG PRVLHYGLNS (SEQ I D NGO 15); NVPQPSCVPYKYV(C) (SEQ ID NO 16);

Pl SI LLI EANGSDag(08Y91¢ SEQ | D NO 17); GSILYKEYE(C) (SEQ | DpR@NZL8)5/000314
andC( GG) VPYKYVPI SIL (SEQ ID NO 19); or a functional derivative, honol og,
anal og or mnetic thereof, or an antibody or antibody fragnment that binds
t her et g1 Wik deading ensta the paesenitineensiony afhaee diensiond e ofibe pptativy TAHIBd

Synt hoal LeREbE B nRsaRer RSB SEbAAET afl le Sl SR b bbRPe a0t e

pept i d&ZDBHO ai‘nkle’j]i)ﬁ-\%lbvai)émmyed ficthel dﬁﬂ@ﬁtﬂﬂ@ﬁ@l@sﬁbﬁ bfdrias aﬁl@l’cag“omsts that are

non- sequence,_ nodi f i cat.i onf Non sequence nodificatjions can _includ

acet y| dofsHalycapahle of hinding & PRAINS ar{&*oaote%%ﬂhagm refuedng dhelr biological
gl ygosyl.atitom vike ?H@@ bl ﬁoi%l:t'ﬂgl' c?th%? aﬁ& tgé E'IF '?hrglgﬁsaélon
present 1 nvention are shown In re tiron to e|r |t|

GDF- 9B bimslieg ddreaing sresthown in fighieg da Bs4dla1ahﬁa 12), 5drfes ﬁélﬂ -9 ued §/}DFI—9iB aesphétivaly.
enbodi ment the invention is directed to an isolated peptide selected from
the gr oup corrpri si ng: C( GG) PRAVGHRYGSPVHTM ( SEQ | D NO 4): FSQLKWNW VA( C)

SEQ | VP SCVPAKS SE 7 AYKEYE( C SEQ.ID NO. 8
AYSPL VAT e BResiogel é%e%;%&@m PRV AlkSpestodmm ang puPR>

SF
T S, SRR ) TR R B i o

GSI1QYKES@(V@de(G&;EIﬂOQS)NBMH%IKH&‘»hd:t al @QOJRM\BMPSSl(Grﬁ@ﬁ@ﬂd[Sm 199%%): weare a

functignal derivativ o] . ti.c In a fourth
enbodi r?é%cl %%p)? %\%ﬁf ﬂﬁgﬁ gl:ilree%&g Q?‘gdoé‘?ﬁ?tgggﬁsgk {)?Fgﬁﬁ)b‘g%@u?erda%nt s
whi ch b@hpm {08 tINR1IW edi®dotne PThel AStRS ectbddrhdh NGRendafl @nd 2882)50as used
Preferred anal ogs i nclude peptides who's sequence differs fromthose of the

i nvent i3} t§irrite foyy the B MPRIrrstqdpmeiny e Therphtstive (GPEQ prd GRi9Botywe Idendingons
d

Conser oriei s dllefifh Oy EhufEl ot BOAERey 3Pbctis il 200D BB 415

acild f omodehof BMP2\binkding wlltsaype:hﬂ:hqﬁbEAiLﬁBI @Sirsch eg al, 200 STet piitatdRSGMED hi n

the foll qw -.valine, gl |

ool everfa s biheal vinag fbaits Mt Giorthitid PLbroley Sainedh M ot MR ne.

seri ne,b1ﬁ$ﬁ§ﬁ9 1R 1T ¥Rt AR D (HeBfwald il aPHEuD)! @ﬁ@ﬁﬁt&@ve GRS bil %eﬁﬁ les

of conservative substitutions can also be found in the sequences of -9
and GDIdogBHiSnOf:iCQQE%Qn@aGDB%fWQA;hedewmlmddebs Utvsndlogyt weing 4 modef D& BMVP2

manmal i I onsensus. se uence ar
conserva F@%‘@h gﬁgr g@{? 3?6(@ Yk eRPrD rwl%% NS pﬁoﬁ%{iﬁé]usmg e OESr
20  Chimera package from the Computer Graphics Laboratory, University of California, San
Francisco (supported by NIH P41 RR-01081), (Pettersen et al 2004).

The sequences of the putative binding domains were then compared with the corresponding
sequences of the GDF-9 and GDF-9B proteins in a number of different species and a
25  consensus sequence determined as shown in Figures 6a to 6f for the type I, type II and

dimerisation binding domains for GDF-9 and GDF-9B respectively.

A number of peptides were then synthesised which corresponded with sequences within or
overlapping with the putative binding domains, or which closely abutted the putative binding
30  domains, and which were anticipated to have an agonistic or antagonistic effect on the biological
activity of GDF-9 and/or GDF-9B when administered in vivo. In particular, peptides were
designed to be on the outside of the molecule according to its three dimensional structure; in a
flexible region of the molecule; at least nine amino acids in length; non homologous with other

9



TABLE 1 CONSERVATI VE AM NO ACI D REPLACEMENTS For Ammo Aci d Code Repl ace
with any of Alanine A D-Ala Ay, beta-Ala, L-Cys, D-Cys Arginine R D-Arg,
Lys, D Lywo 2b@mm99ang, D hono- Arg, Met, He, D-Met, D1l epCONZ20»5000814
Aspar agi ne NDAsn Asp, D-Asp, Gu, DGu, An, DAn Aspartic Acid D
D- Asp, .D-Asn Gu, DGu, An, D-An steine C D-Cys, S M

D Met, HEF bets ﬁwﬂs@mﬁmm&ow Enggrgentagih qigsknowg protqinggin argesptha qéimls

D Al 5, BB 8 Byeddion S nd 8y Py PP St B8 Al Blolip ﬁ'Vﬁ?ﬂyr

| sol eumonadd:reﬂ)—thatethe \z’aJIn,berhMa bf tHseeu fackdrk evouldvedsplt Da Iidbptldee ubatmauld Eb hsad, to
Val , Lysi ne, K D Lys, hono- Ar g
D- horo-P A?céme,@é@bog T\/g’(at P?’é’e tﬁgﬁ‘)gﬁa@“ﬁwﬁ@t%ﬁd’i‘mﬁ% nij @1 rossge%l"@’ s,

He, 5D- Igrgbletn8U, D-Leu, VaI D- Val Phenyl al ani ne F D-Phe, Tyr, D-Thr, L-Dopa,
Hs, DH's, Trp, DTrp, Tr ans-3, 4, or 5-phenylproline, cis-3,4, or

5- phenyl proI ine Proline P D-Pro, L-I-thioazolidine-4-carboxylic acid, D -
»or L- I-oxazol i di ne-4-carboxylic acid Serine S D Ser, Thr, DThr al I o- Thr

Vet . Do, D BB Ol ke s, TR0 6 R T R

D- Tyr, (BDE9<£@nﬁhEmg. Dopa, H| s, DHs Valine V D-Val, Leu, D-Leu, He,
Dlle, Met, D-Met Qther anal Qgs include peptides wi th modifications which
i ncrease peptlde & FBiative §YP6§G€?PP§H£1%% desratf GPR: samprisignifeamipp acidr
norjg non- pepti de Slgaﬁgﬁe.(v\hl ch replace the peptide bonds) in the peptide
sequence. Al so included are anal ogs that include residues other than

naturally occurri 'EC?%?( j i ural ly
occurring synt het(?g 2am 0913%1?%&@5}@65?3@?&3%%%%@% g)and cyclic
analogs. In a fur@%ﬁllﬁwé the invention provides a use of the agonists
and ant agoni sts ion, in a rret hod of nodul ating the ovul ation
rate of a fenmle cludin n.an n- human Such
non- human ma tﬁaﬁb“ éﬁ Ce]%%"tb‘?lp mg Hadn 0@@@ %@131%8’223@“10 acid
canel i ds, possumsse ﬂ@ﬁehurran pr| mat es such a s mar rmsets cats, dogs and

ot her conmmerci al lré@ ﬁortant ecies. The nethod may conprise adm ni stering

1

t o18ai d nanmal APHX) HRouwAPLEVLOR AN (Xnd (SEQFID NO: 2); and

3. the putative dimerisation binding domain of GDF-9 comprising the amino acid

sequence:

(X2sFEOuFEOLXLEX)W(X)o Y (XHPRYC(X)14sPVHT(X)VQX)1(X)7VP(X)
PSCVP(X)2Y(X)20DM(X)AX)sR (SEQ ID NO: 3);

20  wherein the amino acids (other than X), form the putative binding domains when the GDF-9

molecule is in a three dimensional tertiary structure; and the remaining amino acid symbols

correspond to the one letter code set out in Table 1, below.

X in SEQ ID NOs 1, 2 and 3 represents the amino acid residues present in the GDF-9 sequence

25  shown in Figure 1 and do not form part of the putative binding domains of the present

invention.

The present invention is further directed to an agonist or antagonist that is capable of interacting
with one or more putative GDF-9 binding domains selected from the group comprising SEQ ID
30 NOs1to3.

10



sai d agoni sts or antagonists, or a functional variant thereof, or an

anti body or anti body fragnent that binds thereto. It is contenplated that
equi val enwohlwewdispg4si t e pepti des of GDF-9 and/ or GDF- 9Broii/Nz2o@wedi4t o b e
treated will b e used in the nmethods of the present invention, as shown in
Table:%%F 0 ABLEIAGDFQBSquDN0138e IDN014SquDN015C
(GO P iﬁﬁ% aRSptide ewrmweﬂm RSOBBEHTPRYIMY T AGEHNHA

CPRILHYG. pﬁﬁ%v 5 WW%@%%R% o Eﬁ&%@@%@%@%ﬁ%ﬁ?

CPRVL HYGnNSicpbersafnoCPRenHBSG RERMIHdySF Rl B ENN\birOP RS GPRSechlyntha peptide

SFROL GIBANE 0k BB e TGt Ye: RGSRIMAR: SERS GHBERY e Srigess

CTGYL P¥ahihSRNA o fSEEQLIB\RIY , OF Y& NSor 8RB0 1D GRRYL BY@R@E’!\HM denvatlve
SFRQL GADHW! AP pi g CPRVLHYGLNSPNHAI “SFHOL GADHW &NS goat

CPRVL Y YOrNpa e lmwmmme@pﬁ\mmm@%@mMﬂmmnhWbm@Fm@uw

D No. TeSi e b TG nbER A s el Pl g TR Arisavis Ry o oF e
Pl SI LLIpmNGSIbindify siGS) LYKEYE (O C (GG) VPYKYVPI SI L cow SVPQPSCVPYKYV

Pl SI LLI EANGSI L GSI LYKEYE CVPYKYVPI SI'L deer SVPQPSCVPYKYV PI S| LLI EANGSI L
GSI LYKEYE CVPYKYVPI SI L dog SVPQPSCVPYKYV PI SI LLVEANGSI L GSI LYKEYE

CVRYKYRh3! drcfeis SHROBSYE O B Sl LYRANGS ssum
S PRPSCVPYI?IK/I Pl Sf/LLI 5%& L G LYI%EYE PY@@&}{%%&U@%@%@Y?& ﬁo&n b
SVPRPS@vPKaompisvi:M EASGSI L GSI LYKEYE CVPYKYVPI SVL human SVPRPSCVPYKYV

Pl SVLM YKYVPI SVL VPOPSCVPYNFL PNMSI LLI ETNGSI L

GS! LYK BN B o Qs BRARPEANGS) LGSl LYKEYE
C\/PYKFIH@@JILWWW@WQDSCVPYKYV Pl EANGBIsh. GSI LYKEYE CVPYKYVPI SI L pig
SVPQPSCVPYKYV PI SI LLI EANGSI L GSI LYKE PYKYVP SI L goat NVPQPSCVPYKYV

Pl SI LLIES@ERAESHRYMGESE CvPYKYVPI S L(SEI%E?JNQ/@@DSQ/PYKW PI SI LLI EANGSI L

GShkY! L consensus SVP | SI LLI EANGSI L GSI LYKEYE
C\/PYKY@D(’IE%%?% eq IDNo 4 Seq ID ﬂﬁgeq 'D No 6 C (G0
PRAVGHRYSIAPREEVEFSQL KWDNW V( C) C ( GO) (SERANENRY Y, aadw CPRAVGHRYGSPVHTM

FSQL RYGS dog CPRAVGHRYGSPVHTM ESQLKWNW VA CPRAVGHRYGS
chi %géb%g&spvmm FSQL R EPRARFIRYGS

or a functional derivative, homolog, analog or mimetic thereof, or an antibody or antibody

fragment that binds thereto.

20

Amino acids in parentheses refer to amino acids optionally added for conjugation purposes and

do not correspond to the GDF-9 sequence per se.

In a second embodiment the present invention is directed to putative binding domains of GDF-

25 9B comprising:

1. the putative type I receptor binding domain of GDF-9B comprising the amino
acid sequence:
(X)22QCS(X)1)LGW(X), WI(X)16RVLHY GL(X)6l(X)sL(X)2EL(X)33Y

30 (SEQID NO: 10);

2. the putative type II receptor binding domain of GDF-9B comprising the amino

acid sequence:

OIIAPH(X)Y (X)47VPISIL(X)sL Y(X)el (SEQ ID NO: 11); and

11.



cat CPRALGHRYGSPVHTM FSQLKWDSW VA CPRALGHRYGS goat CPRAVGHRYGS PVHTM
FSQLKWDNW VA CPRAVGHRYGS human CPRAVGHRYGS PVHTM FSQLKWDNW VA CPRAVGHRYGS
nouse CPRAWRHIRYGBRYHTM FSQLKVWDNW VA CPRAVRHRYGS sheep CPRANGREGSRIHTM
FSQLKWDNW VA CPRAVGHRYGS pi g CPRAVGHRYGSPVHTM FSQLKWDNW VA CPRAVGHRYGS
possum CPRLVRHRYGSPVHTM FSQLKWNW VA CPRLVRHRYGS rabbit CPRAVGHRYGSPVHTV
FSQLKWDNW VA JcPRAYeHRipE praeyRaRych el arnsan ook -9R opmrigeiesntan seids us
CPRAVGHRYGS PVHTM ﬁ@‘% VA CPRAVGHRYGS GDP9 Seq ID No 7 Seq ID No 8 Seq
ID No 9 SVPRPSCVPA | AYKEYE (C) AKYSPLSVLA(C) cow SVPRPSCVPAKYS

SVPRPSCVPAKYS C51 ATKEYE AKYERL VT fa SVPRISCVPARYS. (ol AVKEE AKIOPLOVLT
goat SVPRPSWPAK@%"P@@@ &%fél@é&.@sﬁ » SVPRPSCVPAKYS GSI AYKEYE
AKYSPLSVLT nouse, SVPRPSCVPCKYS GSI AYKEYE GKYSPLSVLT sheep SVPRPSCVPAKYS
GSI AYKEYISTAespming acids; (@thsyphasdyparey shappiayrevmdmeydpnays Assshe sDF-OB

Sl PRPS A

S PRSI 5 A S PT b SERORHIS B e
GS| AYKEYE s8R 8\d oheTétter nodtudsadet om infTabkeel , belokvat i on rate may conprise an

i ncrease or decrease in the ovulation rate of the fermale mammual by the

adm ni stration of one or nore agonists or antagonists of the invention to
sai d arg /RISB@IBINOG0] M aﬂaubqépl%en@@ﬂfégarﬁﬁb%ﬁi fe'gllebé’greTs&ltsiﬁ'tﬁe 9B
mor e agoni sts or antagoni sts which in turn bind to the particul ar binding
dori n seauenpr slovam ity BgueBrandRlot ot £ part phthelputitivg buslingaddarnaing gf the ereset.
Wthoutmp%g)r&g bound by theory, it is considered that binding of a type I,
type I or dinerisation binding domain of GDF-9 and/or CGDF-9B by an
agoni st/ antagoni st, and in particular by one or nore antibodies raised

agai nst one or nore peptides selected fromthe group conprising SEQ I D NGs:
4-10 amthelgledht idveatibt & 418b éiré&é&@b Gh "a%éﬂ@tt S htAONGE Blak 3 bQALRS of interacting

bi ol ogically active GF-9 and/o Where such a decréease conprises an
appr oxi'Vit enseumere nuigtiye @yﬂn%dm@ms/ palgctecafiomytbe geovie compoiving AEQHD Ndw 1Ras
begn ohsgpved previously, in particular, in Hanna Sheep where a single
point mutation in the GDF-9B gene shoul d result in half the anmount of
active GDF-9B in heterozygous animals and resulting in an increased
ovulation rate and tw nning. In honbzygous animals, where there is no or

very |i ulatln active GDF-9B, the animals were sterile (Gall owa
et au; %“1665'3? RGOSt mﬁﬁﬁ%“ At aﬁl?ttﬂ?swrrwrkswg 5ig> a%lﬁhguama@mwrﬁ% nt

modul atgEgn IDNN@S! AL 08y hah@stsiay %eﬁe%eo Qﬁ%g HothBlog NGeRih W AR4JH2L0%n

Hanrahan et al, 2003).Thus, it is postul ated that an agoni st or antagoni st
of t he anfibedst pomntibedy Eegteriahaiobinds theeass., Prefesably the peptide comprises at least 8, at

20  least 10, at least 12, at least 14, at least 16, at least 18, or at least 20 contiguous amino acids of
SEQ ID NO:10, SEQ ID NO: 11 or SEQ ID NO: 12, or a functional derivative homology, analog

or mimetic thereof, or an antibody or antibody fragment that binds thereto. The peptides of the

invention preferably abut with or include at least one amino acid of the putative binding

domains.
25
Most preferably, the agonist or antagonist comprises one or more peptides selected from the
group comprising:
C(GG)PRVLHYGLNSPNHAI (SEQ ID NO: 13);
SFQQLGWDHWI(C) (SEQ ID NO: 14);
30 C(GG)PRVLHYGLNS (SEQ ID NO: 15);
NVPQPSCVPYKYV(C) (SEQ ID NO: 16);
PISILLIEANGSIL(C) (SEQ ID NO: 17);

GSILYKEYE(C) (SEQ ID NO: 18); and
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results in a decrease of approximately 50%in the circulating | evels of
active GDF-9 and/or GDF-9B will result in an increase in ovulation rate,

whi | st arwegoed/shoter ant agoni st, or conbi nation thereof pcrheoosesedits in a
reduction in the circulating concentration of active GDOF-9 and/or GDF-9B to
approximately zero, will result in a decrease in ovul ation and

sterilisati ofCGOYHEREVBIS Rl . Pref er ab(SEQ HR Nyd®)st or ant agoni st of
the invention is an anti body which binds to the consensus bindi ng domai ns
of GDF-9 and/or GDF-9B of SEQID NCs: 1, 2, 3, 10, 1 1 and 12. It should be

appreci ated. that the.term.antibody"” enconpasses fragnents q nal ogues. of
ant i bod"e% ?Q{?Halr g?ré‘fa VenRomplog; ?’37/31?% Oﬁirﬁg”%’ﬁ %‘e’@B s‘érn%s‘fmﬂf’?fg'i R agﬁmyn
def i nedydleh@it Mhat bk ukdlg but not limted to Fv, F(ab) fragments, ScFv

nol ecul es and the |ike. The anti body may be pol ycl onal or nonocl onal, but
IS |§r ef erably nmonocl onal. Such anti bodi es may be prepared by any techni que
known in the art for exanple (Juengel et ah, 2002) for adm nistration to an
ani mal ,Ainime adids inggeenthesgsasker teearminouacidsaptiomllyAdted fratcbujelytiomspurposes.

anti bodi es may be produced in vivo by admnistration of an antigen in a

sui tabl e adjuvant, i.e. for use in active inmmunisation. Suitable adjuvants

i ncl ude, Freund' s | ete,or i.nconplete adjuvant, DEAE dextran or simlar

i mmno&l?erﬂﬂpggﬁ??ﬁgg&’?ﬁqm Fiention M38 & s¥ntesiteddsinedsann teehpalagyon may al so
be prodygfdsdYIG dsC lReer ¢ i j u Lsed
monocl onal %ﬁti bg’g?‘té; oﬁgﬁgr&iﬁgi ?\f;g}éﬁbﬁﬁagpgﬁ%q%@ﬁgﬁ?ﬁ?pglrleglidgngg,alﬂ\é/\ﬁch
carnObe medidicaiiinsg ox t zomchgrdence c oradificationONA Nosefeniiepse s mollifecaipes enab  include

i nvention t her t enpl at.es t use of one. or re oni sts and/ or
ant agone}cgp'gal{%)f]’ %@9%@8%’%08?‘}%%@8%0‘% ﬁa%%@%ﬁ}?gﬂf%?p’ ‘Wﬁ 1%he or nore active
i ngredi ents known to nodul ate ovulation rate to enhance the effect on
ovul ation. The active ingredients may be selected fromthe group conprising

GDF- 9; THFsRBificEivitithg sitPBPEtRics ec&RpRficd ALKE hresbhlinPeltd BVERowRin Fiatd gnal

fragments or variants thereof. In particularf, the invention contenplates
t he useheif pesfpBoR BEUH? end GRF:BRmnelegulesraswheowin imfigures bedy 2orespaativdpdy

fr gment (Fc) that binds to a peptide of SEQ ID NGs: 13-19, in the

nodul ati on of ovulation in a fenmale mammal . The present invention further

provi dda athikasmbeibmentcit iC@NTIOS 1§ dRectediPhh SHolfedbeptRieelcoRtd fagARhS brddp
antagoni st of the present invention together with a pharnaceutically
accept a9 TEHE i er useful for the nmodul ation of ovulation rate.lt is
i ill be
)Wl

conten@@@g{m@m%mirﬁs or antagoni sts of the éﬂdﬁﬂN@m

tested for biological activity in an animl nodel or in"an in vitro nodel
and suiESQLEZWANWIY¥ AX6hpounds fornul ated i nto phar ma(SHQ IRNO:a)nposi ti ons.

The,ph i npositions of the present invenij conprise, in
addit i g%&?%ﬁgﬁgﬁgk%re agoni sts or antagoni sts of t@gﬁ%& t’)i nvention, a
phar mea@SIA YRENE@Fcept abl e excipient, carrier, buffeggsbaflg)ser or other
material well known in the art. Such materials should be non-toXic and

shoul d A6 SPASML#AdE® with the efficacy of the active(SHYHRN®AY;. The
precis PR \er or other material wll ident upon the
desire {‘Tjgéf}ur e %‘%Yﬁ}@%%ceuu cal conposition, an@%ﬁ]gsmggg’of

adm ni SFROLGWBHFVI(Oy al , intravenous, cutaneous, SUSHQ aDaWSI4);
i ntrade i.nt ul ar or intraperitoneal. Pharmaceutical conpositions
forzsora(ﬁ{%%\ﬁsé?gﬁ\@n may be in tablet, |ozenge, c@@&u@}\l%d\/ﬁer, granul e
or |iquigpbesmveyitabl@ or other solid oral dosage @@W@ l%i.ual |y

i itol, Cry

include a solid carrier such as gel atine, starch, mahn talline
cel | ul HSILIGEANGBIL.(Chert materials generally used i (SHShHD dMzel; cal

manuf ac(t}élfL%{Kﬁ(ﬁi((l:)arl y, liquid pharnmaceuti cal COWOS&S%(?EBNO- 18); and
C(GG)VPYKYVPISIL (SEQ ID NO: 19);
30

or a functional derivative, homologue, analog or mimetic thereof.
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such as a syrup or emulsion, will generally include a liquid carrier such
as water, petroleum aninmal or vegetable oils, mneral oil or synthetic
oi | . For wotwewspaus, cutaneous, subcutaneous, i ntrader mal/N22005/000314
intraperitoneal injection, the active ingredient will be in the formof a

parenteral | y acceptabl e agueous sol ution which is pyrogenfree and has

sui t abl'® pEpurths empediaiepty thednventipn |is Wirectpd toy aptipadiesr o Adidsefiagmantse which

i nventi t [ ddi tional nodul ators of
ovulatﬂgﬂo 0 6§g§£ﬁ%ﬁ%?%ﬁ@%%?@%géfgﬂﬁ?ﬁé4g%é?%ggghtical conposition of the
present invention to give an additive or synergistic effect to the
treatnent regi ne. Exanples of such additional nodul ators of ovul ation

include,follicle stimilating, hormgne, Andr x (an andrgstej ndi one protein
vacer e anton I R B T S nce LR AT G TV Ron by b o

adnisni shefeeorbiviie SRNY atial MibsBRAUENT deddtiohs ¥ ipkdFHbIi2RBRUShY é%iM tlpeedt the

| east one agoni st or antagonist of the present invention depen g upon
whet herbiolpgicat adsivity of the peptidectenssechtiove suestitgmse tyracllyiihtludetheppbaititiired by

a skille rker., mnistration..of the pharmaceuti.cal ,.conmpositijon. of the
vent 1 O SRl CRROEH Vb PR e B R bR R T et g
suf fi ci @otps: @alideelyche; d§sineedathiasefdline ! iolbitnd, Melicitied UadarticTAted, atbtthalic aunt
adm ni stered, and rate and tinme-course of admnistration, will depend on

t he natdfPeraging. glulpayne; yerde, thyeoninpsly sinpramgining: enddelienylatapins Hapsing Fixamples
Prasc! | @t LaRBlallAEMione oy MBCHS AR ANHAORGHECEL G GDE I IbEBR in
responsibility of general practitioners and other nedi cal doctors, an

t ypi cal FigutealtastoaGic ohertebpfthe ebditstivdein diffeleat tiamahalthn tjeeies wodigateantoothet he
i ndividual patient, the site of delivery,. the nethod of adm nistratjqn and
ot her f%’@f%ggs REBRRCS @ep;’ﬁm t pél?%rcé)?‘s%&aatﬁﬁl Bhsyptipps cqne bp Arksy O%n%a%le 1

pr ot ocahegowent i oned above can be found in Rem ngton's Pharnmaceuti cal

Sci ences, 16th edition, Gslo, A (ed), 1980. The invention wll now be
described in greater detail by reference to specific Exanples, which should
not,be construed as in any way Iini&jgﬁg%?e scope of the invention.
EXAI@PLES Exanple 1 Use of peptides af‘?i i bodies to putative type I and
type Il receptor don@ONSERVATIVpWMINGACIDREPSACEMENTSRI ns on GDF-9 and
GDF- 9B tq mani pul ate ovul ation. Twelve 10 to 18ner peptides were

synt hesi $884¢8PP esponding to the putative TGF-b type I, type Il and

di meri satj@qp bi ndi ngfnai Riﬂ%‘;’ afdPbr 9 and GDF-9B 3-D protein sequences
and includi ng, where necessary, additional residues to facilitate

conj ugat iAdmnihe Keyhdl e Li npedlaHagnbetpahianl{I§isHP-Cxs generate an antigen. The

i d : PRAV/ GSPVHTM, (SEQ | D NO. 4);
FSLKVONIP RIS ( SES | D D %B&Rﬁﬁggﬁww&i%%opggm} 6);
SVPRPSCVPAKYS (SEQ I'D NO Wikt, IRSOAVKEYE(IE) 04SBEQEP NO. 8); AKYSPLSVLA( C)
(SEQ ID NO 9); C(G3) PRVLHYGLNSPAHAI (SEQ 1D NO 13); SFQAGADHW (C) (SEQ I D

NO 14); ASpa@gPRVLHYGLNS (BEDn, Bsnd-A®) ClnPGhsSrYRYGIC) (SEQ I D NO 16);
Aspartic Acid D D-Asp, D-Asn, Asn, Glu, D-Glu, Gln, D-Gln

Cysteine C D-Cys, S-Me-Cys, Met, D-Met, Thr, D-Thr
25 Glutamine Q D-Gln, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp
Glutamic Acid E D-Glu, D-Asp, Asp, Asn, D-Asn, Gln, D-GIn
Glycine G Ala, D-Ala, Pro, D-Pro, .beta.-Ala Acp
Histidine H Asp, D-Asp, Lys, D-Lys, Tyt
Isoleucine I D-Ile, Val, D-Val, Leu, D-Leu, Met, D-Met
30 Leucine L D-Leu, Val, D-Val, Leu, D-Leu, Met, D-Met
Lysine K D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg,
Met, D-Met, Ile, D-Ile, Orn, D-Orn
Methionine M D-Met, S-Me-Cys, Ile, D-lle, Leu, D-Leu, Val,

D-Val
14



GSI LYKEYE(C) (SEQ ID NO 18); and C(GG VPYKYVPISIL (SEQ ID NG 19).In this
study, groups of 10 anoestrous Rommey ewes were injected wth 0.4 ng/ewe of
each peptwoesdddsdomaenj ugate antigen in Freunds conpl et e adjronzanis/oaesds 10
anoestrous Rommey ewes were injected with 0.4 ng/ewe KLH antigen as a

control \%}%up. Subsequentlil)ugat monthly intervals on 4 occasions, the
ani mal s aylplsaipeed wi t h hey diyr.dartlingdnDopa, HiggP d¥ie, T, each occasion) in

a Span/ Tween/ G| mxture ($ch.a esh I Qus Vit 1S ,mni tored using
vasect om sed rans during tﬁce/}%)r’ giejadég%zi’é’ggzp(%l%%%oém%\/%}?gﬁ’8% rate was
assessed by | aparoscopy ovéphbeylprodinecessi ve oestrous cycles and again at
the termpation of the experjnment approxjnmately 20-30 days after the |ast

| apar oscc}gsﬁneAl | of I?he coﬁt‘l!r)ré’b Lelm@soaa?lﬁam%%a%@gizlm ®af> Bestrous activity.
The gesults of the effects,of 1pgRLLAGe-AL D, . 4-9 and 13-16, 18 and
19 on ovul ation rate are s(r)lown In Taﬁlﬁeé angg’%&aa BLE 2 Number of ewes

showi ng deriseed ovulSti on Pate, Thn&eThy elloilhr,\Meir DeMigt,at i on rate > 3/ nunber

of ewes exam ned Treat nent rvat i arge 2345 KLHO0/10 0/8 1/9
0/9 0/10 KLH Peptide (SEQ 1\%@ iéjal\’f%ﬁé)’f[*bg%g}by?/9 ** 8/10 *** 8/10 *** |
KLH- Pept ihgedndeQ | DINO 5) DLk, S&r, B-3&, 4lclPhd M, DfMeéM&id)’j* | KLH Peptide
(SEQ ID NO'6) 4/10 * 4/10 * 7/10 ** 7/10 ** 10/10 ***’| KLH Peptide (SEQ ID
NO 7) 0/10 0/10 1/10 1/9 1PtdletfOn YrlPPpYalde (SEQ ID NO.8) 1/9 1/10 2/9 4/10

kL Pept 1 HET8EG 1B No. 13) D110 37 207 4 F6RgPAdEDd o 2 |t . pept i e

(SEQ I D NMalihd) 2/9 OV 10 7/ D-Vil, be@ D-Let/ 1%, DIk, MefiDRPRMk i de (SEQ I D NO 15)
2/ 10 4/9 * 6/9 ** 6/10 ** 6/10 ** | KLH Peptide (SEQ ID NG 16) 2/10 0/10
2/9 3/10 5/10 ** D KLH-Peptide (SEQ ID NO 18) 2/10 3/10 2/9 4/10 * 7/10 **

I KLH 8aRt 4 %*_@E&JQ&P%%%S aﬁtﬁ ﬁlogffi?at’fonél WHich/ Hrease Pe e *Fabflilty.* Such] |

8lo
P<0.05; ** PO O using c = Type | receptor binding site,

= Type #alqgsgept emtiinnflirregagiples ;ond or miomreongwptide bendse(Widclp egpldcd ebe geptitet ed
to the tvpe | receptar binding sjte of -9 EQ LD NGs: . 4-6), and, GDE- 9B
(ST PR by RN RBeRS, Rlch Caffhoc s, hany et Oiride eauppwer than
conpar eghtially hgc@@im%rpianﬁiﬁﬁla)cicgm% Dhmine Rtidd CordhéieaitarhilyOodclifing synthetic
dinerisatjon site of GDF-9 (SEQ ID NO 7) and the peptide directed to the
type ||apweagidsye.gibsts sgaginpapapmogorisgnd spadicianalges. 9) di d not appear to
have any significant effect on the ovulation rate of the treated ewes

conpared to controls (KHL) ewes. However, peptide of SEQID NO 8 (directed
to the hyphirthbr aspeaptherinidmiohpgodiésen ofe Eike Sgonidrowedamtagdrdis 6f tiatvention,

|t ti i ti ) i ) t the 4th d 5th ob i i.e.
o (A 2 i pethor G RO RS crRsTSR et fhriede, FRERS. teG g both skl
bi ndi ngn&H-hen®f nfdmBB (SER hbhMNehan llﬁalﬁﬁﬁlsl%I&N%%%%acﬂlan%%%ﬁ?%te%epiﬁ%r .

alteration on ovul ation rate. Peptide of SEQ ID appea
ef f ect i harsest cawalidsatpassims, penrhempp prisfatesheudhy pe mirnxasetepieals, dbgsGBRd ABhethan

the pe%éngx%er%{ally important species.

25  The method may comprise administering to said mammal an effective amount of one or more of
said agonists or antagonists, or a functional variant thereof, or an antibody or antibody fragment

that binds thereto.

It is contemplated that equivalent binding site peptides of GDF-9 and/or GDF-9B of a mammal

30 to be treated will be used in the methods of the present invention, as shown in Table 1a, below.
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SEQIDNO 18 in that it significantly affected ovulation rate after the
first booster injection. The peptide directed to the dinerisation site of
GDF- 9B ( SEQ2bdé3/d¥621416) had no significant effect on ovulpatrinmossabesiunt i |
after the final observation when 50% of the treated ewes showed an altered
ovul ation rate. Exanple 2 Effect of antibodies raised against GF-9 and
GDF- 9B peptides on 3H thyni di ne i ncok®kRtlon by rat granul osa cells in
vitro. Various antibody preparations were tested for their ability to
neutralize the effects of ovine or nurine GDF-9 and ovine GDF-9B on rat
granulosa ceIIs when added d|rectIy to the ranul osa cell culture using a
previ ousTy “descr | bed’qn%’t ll(’;ﬂlg;/t:Natty et ard DZ“O’O%Z A t?ﬁqatn 8% 800 my/ n  of
| gG was added for €agh T Ahhi ch M§Q%Wg;’g Rd o Ff%ed from a
sheep i uuni zed wi t%RYWefG%E“@Ior GDF- 9B é&gﬁ speci f?P ¥H the bal ance
of 19G pygified froff SHEEP FHiGni zed wi t F"REAT e antlh‘-’dd}r“é’gmtﬁere able to
neutral izg the ef f €CE 5 0F "PRE gr owt h f act'GFUERA™ t hey WeFe™HFiEct ed agai nst
(see Fi gyrd 1) THYEGEFET9, even SRS mal | SUBBFEEeFve ef f ot
was obseryve \Q/ieth tHE BBl "ant i body, CRYHFETHE incor POAPFY was further
suppr essgd by t he (ﬁﬁf—"’% Iﬁlﬁwﬂﬁ‘ddy sanpl e§F %WWth GDF- 9BVHRFBody sanpl es
were able 1 Bl EUBpFesSs the sti i Tef f ect "BFYSBEPE- 9 and
0GDF- 9B gn t hyni di ngRYlﬁcY,% Nﬁ:)l\}ﬂéfl on i ndi ca?ﬁl at thi sSCRREBYEy was
speci f i crgfkjy bl ocklchgVLtPh(éL SfYeéCts of GDF- §B™" WWW se, iRy e 10, even
SBYPECct was obSERIFSEPHFt h t he“"BOHEFOE ant i body,

though a;small supprEssiye
t hym di ne_j ncor poractPf{gleMS?meﬁFt her supprésgeiPy the CORYYYENEi body and
ppr eSEVPHEM™St | nul at ory

the GDF-9. antibody SAPFENEE abl e to co

effect of OGDF-9 arfd GERSB™SA t hyni di né*PHE Br atl oncleWthﬁ%t‘tsl ng that
this antihady,was specifically blocking the effects of GDF-9

Neutralization of tHEEFFECEE™5f ovine and JHGFTHE GOF- CE&IRFYE6VEne GDF- 9B by
anti bodi es directed agai nst specific regions of the protein (e.g. SEQID
NO 6, SEQID NO 8; SEQ ID NG 14; SEQ ID NO 19) on incorporation of

t hym di rer-ypt ake shy rhaio g6 anul osae@ebll@ in VitrQg fHakehst 0gel koWt h the
effects of activevidgrstiiveateOn WekdirtARS@&TRAN! | ddeBrxkk (¥ VO cidt) ShReRéRee
exanpl e @y, indi gat@scirhaty t ar gekiNgrfhnddiese r&eiQns: of tbgREQLiN can

bl ock bidedogi cal sagdekatiskityvof t he pps@tfhficdrd MuldskPlxeySPeci esvkip€sH, resul ts
al so indbcat e t hatedeberaii bodi esragaimsisit hesasipgeans of fhermiyr e

regi on obt GDF-9 anshe&bievRE are ebigetisifedd pPasshMekys nNeut kalvkeipRg GOF- 9
and CDFe8Bun| n sympmedeyRept i des peivieaheddt o t harixpe: | andydyRerddr,

r ecept orhivpadien sgirreS/pOkvvCDF- 9 and ks @Br di sasesdver ei Byakeusef ul in

al teri ngwewul at i eteseadv@viyy femal erfmmmlidGL |t deesxael appedykiye:t hi s
study, what peptisdesséarget ed to phiterfiri@it sat i@pn&kie arecglhhaghime at
interferking W t hsomabatev@n, i N Vi ¥esirlizaMésht, be @ppagent tociherResson
skil | ed zewit he aitedebatevidvi | € t herimyventden hasshegpvyidescr thedyipRsSoNe
detail foor the putppesesyelv cl ari bysrangawder st andireys vari epsxaRdifi cations
and al t epstat i ves nvaprbh@yeRbodi MeRtsangdvdet hods:sdeserd bed Bavelhnsmy be
nmade wi tshent depevideB@irikam t he seapersafcsihe i nvenkken di selagedherein.
Ref erences are listed in the foll ow ng page and are incorporated herein by

this refersence. kNIIEFREAL APPLI GASELENTd¥eL Pr es@ityrbfivent | efbyRERYEdeES
conposi tions and nethods for nodul ating the ovulation rate, and

GDF9 Seq ID No 4 Seq ID No 5 Seq ID No 6
C (GG) PRAVGHRYGSPVHTM FSQLKWDNWIV (C) C (GG) PRAVGHRYGS
cow CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
dog CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
chimpanzee CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
cat CPRALGHRYGSPVHTM FSQLKWDSWIVA CPRALGHRYGS
goat CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
human CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
mouse CPRAVRHRYGSPVHTM FSQLKWDNWIVA CPRAVRHRYGS
sheep CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
pig CPRAVGHRYGSPVHTM FSQLKWDNWIVA CPRAVGHRYGS
possum CPRLVRHRYGSPVHTM FSQLKWDNWIVA CPRLVRHRYGS
rabbit CPRAVGHRYGSPVHTV FSQLKWDNWIVA CPRAVGHRYGS
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therefore fertility, in femal e mammal s i ncl udi ng humans. REFERENCES 1.
McPherron AC, Lee SJ:. GDF-3 and GDF-9: two new nenbers of the transform ng
grow h f awpaoednsbassuperfam |y containing a novel patterPoToNZ2ospbeEmes. J
Bi ol Chem 268: 3444- 3449, 1993. 2. MG ath SA Esquela AF, Lee SJ :

Qocyt e-sgeci fic expression of growh differentiation factor-9. Ml

Endocri 4ol 9: 131- 13BRAEGHLESPGIN| 5j t | nen MSONIBY6Fai nen KRAEATASnen R,
Ketola |, Aaltonen J, Lehtonen E5 Hei kinheino M Ritvos O A novel growth
di fferentiation factFBRIGHRYGEEHTY) rel at ed FPEEFBIIVA co- eS@REEEES Wi th GDF-9
i n nouse oocytes during follicul ogenesis. Mech Dev 78:135-140, 1998. 4.
Dube JL, Wwang P, Elvin J, Lyons KM Celeste AJ, Matzuk MM The bone

nor phogepet i ¢ protein kbageme rs X-| i rkedpamdsexpr esgad nong oocyt es. Mol
Endocrinol 12: 1809- 181%vrHr86&®arts JaatdsmemeyeRe) Laiakisresyrabd)P. |

Vuoj ol ai°Aen, K., Aalt omsepgesdveaktsouhi 0,cskhvretdei ki nhekmrrsiKa, Lehtonen, E.
and R t¥e%, O Local i savermscofrgr owm h adifvkersent i at izamssbaator-9 (Gdf -9) nMRNA
and protceiTRaizger at ovarsvesesavidxcDNA cleemivagysof rat ~EPfiSrand its novel
honol og °@DF- 9B. Mol Cel IsvErrdocrkyrol 15Gs1A@Orr1 93, 1988&en6rAal t onen J,

Lai ti ned°M Vuoj ol ai nenvigesdaakinen ResHoxetd i - Kui tunensia Seppa L, Louhio
H, Tuur ™ P2 Sj oberg J, sBestezowaRys Hovatdsaav&viDal e L axRetyas O Human grow h
di fferedfisati on factor -sveresGEK®) and dstsxaovel hormiogsvadF- 9B are
expressétsduri ng early svedestoakogenesicsiavdefd i n Endeessisioh Met ab 84:

2744- 27309 1999. 7. Bodenstmtveerys KJ., cCimaypysCM , MoetdeesviaCL. and Sawyer,
H R : MsPeeul ar cl oni ngiedestirexovi ne gsowkbyedi f f er ertdratizon factor-9 gene
and expre®dton of growshpxtistfrarent i at icornvkaat or - 9 iaavevine and bovi ne
ovari esr2Bj ol ogy of Repvexiucticeys 60, 38ixv38f;, 1999 cxfkerBadenstei ner, KJ.,
McNatty, KP., Cay, CM, Melier, CL. and Sawer, H R : Expression of
growt h &PRFeeiiFf er ent | atsverestaekor - 9 | mstdvernvari es sefseh.etrtal sheep
honobzygous or heterozygous for the Inverdale prolificacy gene (Fee ).

Bi ol ogy...of Reproduction 62: 1479-1485, 2000. 9. Gallgoway SM MNatty KP,
Canbr i dg¥ fﬁwflﬁﬂéﬂft g ON/@@IO% (ARG COMmPrise AR inghgage prdeqreass i feryulation atex,
Dodds K thd/aehaRBEM AN byBaR! Adinfatitd bk Dnbr Bobey 98oriRs MW aRdo8RSts! &F
oocyte-derived growh factor gene (BWMPI'S) cause increased ovu §t| on rate
and Ji nfigyantion tg said angind segpdtingsingintibydenbeing raiseddh vie Gevait oresorabor? Z@enia®3,

< p. & OB pafiin g Bl e pori B BiRGise i SMCP P ok (P PBoly
fact or #feantle biviegioalraphivigeteido€ protein 15 during follicular formation and

growh in a marsupial, the brushtail possum (Trichasurus vul pecul a).
Mol ecul ar & Cel I ul ar Endocrinol ogy; 2002. 11. Yan, C, Wang, P., DeMayo,

J., De J i:no r S V. - Skinner, S..S.
Dunbar w}gﬁ%utlzbe[l){lj%eb%hgﬂ Lnby 41&?@? e Q %gdgrﬁg %af%l}(dﬁl%\/loi@la @g{léeggﬁyg?ilf d'ng( %s
of Uonelimeriphiogebietling dombimi of XEDE9d agd/ontGDBINE diyve at i ohRtlarftagindst, Ond Nin

ovarian_function. Ml ecul ar. Endocyi nol 15: 854-866, 200 1.
partlcufar by one or more anfibodies ralrse aga%g one or more peptides selected from the group

comprising SEQ ID NOs: 4-10 and 14-20, results in altered circulating concentration of
biologically active GDF-9 and/or GDF-9B. Where such a decrease comprises an approximate
50% fall in GDF-9B activity, an increase in ovulation rate has been observed previously, in
15 particular, in Hanna Sheep where a single point mutation in the GDF-9B gene should result in
half the amount of active GDF-9B in heterozygous animals and resulting in an increased
ovulation rate and twinning. In homozygous animals, where there is no or very little circulating
active GDF-9B, the animals were sterile (Galloway ef al; 2000). Similarly, point mutations in the
GDF-9 gene and concomitant modulation in ovulation rates have been observed in sheep (WO
20 03/102199; Hanrahan et al., 2003).
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12. Fitzpatrick , S.L., Sindon, D.M, Shughue, PJ., Lane MV.,
Merchenthaler, 1J., and Frail, D.F.: Expression of growh differntiating
factor-9 wesengesi4ri bnucl eic acid in ovarian and non- ovarinmoosedent and
human ti ssue. Endocri nol ogy, 139 (5), 2577-2578, 1998. 13. Hanrahan, J.P.,
Gregan S. M, Ml sant , Mullen, M, Davis, GM, Powell, R, Galloway,
. Nyseit |1~°oh%sﬁiﬂﬁt°€1 Hbaté%l FEGRISHRfCIR0NE OF e igheniion, prearabingiyn herenf Bht- 1

5 are i b0 UbLat t

Canbr i doe e T ers Trab s> S0k iR' HARRACOHS TsEhle OpP-Yhndrer,)
J.L., HuldESOB whllLresultieiat hn iBcrease Bimothiatiéh ,rafeeacleifst dﬁ b.gomitaw antgonis, B)r,
O Cornell, A R. Lait,i nen, MP., Cranfield, M, G oone, Ri.tvos

N Nat t yomeinstion therge FaiFeHLs i FeipRen e sircyladng cwgtrﬁmnprr&g i GDFS
protsei mindfr AISF-OBIENbbAIxithAelyONAT li ol .
Reprod. 67(b), 1777- 331985(1 DR, Hfééﬁritelrl;%&e@fe? ge%tedtvg%gﬁg%ﬁa thﬁggc,%n %
Wi | yrmfamalsmar@nabhrr st, R, Goone, N, and Rtvos, O ,: Gouping of
conserved regi ons (GoCore): Better predi ction of function from sequences.
Post er ESHRE Campus April, 2003. 16. J.Geenwald, J.Goppe, WKw at kowski &
S. Choe, Prélesblyathe siobhist wmagontshefﬁepaveﬁ%&si aﬂ?%ﬁtfb%@? kil in gOTR L cglsyéﬁéL@,X

Honp s |ens Mus nuscul us NCBI _PDB 1LX5, 202. 17. T.Kirsch, W Sebal d
M K. Dr &ysing gompine of A8 and/BrsDE -9 of SKQ BVNQSdept dri0) Al ard bloHwhewld brsromo

S agloe n Saghl@@géé%aéﬁggtﬁﬁfx at%?% .y’1 %ncé\)rgé]ats%s %mgﬁf E%%ﬁx%g %J‘I‘_ aﬁl‘l@%‘@zﬁﬂg

Ch| mer aetainXhw iabilidy i@ binid oo as:ysseﬁsnsftmmdmg( pbmamt dyﬁyledi asear, (ilh:h&ﬁhdg butaloy $infited J.

Co t 605-16 2004 19. .S h Ki N, d
Poi £ sciio % rpé%% é% %ﬁ%ﬂ?%ﬂ?ﬁe&%ﬁﬁ% P!g@%dm@r Eg@%@&&l or
2003 J )

(555 R 50 S R s g 5 B

Gr oone knrwe in tiRj ary &y examplel (Fangpleat ol MRE2 foy m@ﬁ;xstramn@ amnphalgbedbi use in

pr qtei d ferenlatlon act or co-operate .to, requl ate
o1 et kg UL, ARSI, S Rob85 Sha? b5 SHRATHRA ) SR o
put at i \of atny@ﬁlglen rlﬁCaepmmblebadydvm ﬁ@nﬁt s@fin Golivd e ARRIshSdd) g Sufigblardd E{}Q/aﬁt‘é' d

10 2W 16 RAVGHRY! 6 2Nl 2 33Y
(SEO | Bl e 6p Dl Honspriscath bant Aok deNam ool mveiostmabny
d

e L T R A e

c o npr i snet@octsrﬁuChms ruimmcmcd an;da tuaaceed Mhoﬂoﬂdl\éﬁﬁbléd()zé{ (c¥InpéisiBR LB (ignad A¥d X)

ol n AN TRt R e PE G Fhng AR TR RCT RN A feshorry

structure 3. A putatlve d| nmeri sation binding domain of GDF-9 conpri sing
the am no aci d sequence: 26F( X) 1 IF(X)L(X) 4L(X) W X) 9Y(X) PRYC( X)

14PVHT (Hap veegsgyt mwengommpbm) Hys thy u(s«pﬁ OB DANA(LERis{SSBQ oF Brfgpnists,
wher ei Q)fttﬂg ﬁggeﬂf) 13\9énqi§>n fﬁt po?nblhep[?o?l V&t’h 01? [ r(T)]r tmore active ingredients known to

modulate ovulation rate to enhance the effect on ovulation. The active ingredients may be
25 selected from the group comprising GDF-9; GDF-9B; BMPRII; BMPIB receptor (ALKG6);
ALK 5 and BMP6, or functional fragments or variants thereof. In particular, the invention
contemplates the use of BMPIB receptor in combination with an antibody or antibody
fragment (Fc) that binds to a peptide of SEQ ID NOs: 13-19, in the modulation of ovulation in
a female mammal.
30
The present invention further provides a pharmaceutical composition comprising at least one
agonist or antagohist of the present invention together with a pharmaceutically acceptable

carrier useful for the modulation of ovulation rate.
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di meri sation bi nding domain when the GDF-9 nolecule is in a three

di nensional tertiary structure. 4. A putative binding domain as clained in
any one obocb@i/03891di to 3, wherein X represents the am necanNzdorsgsoauwes
present in the GDF-9 sequence shown in Figure 1. 5. An agonist or

antagoni st that is capable of interacting with one or_nore of the putative
GDF- O Bt Waontpnaiaias Hhat dre agewisispr RaganistspdHthernketiop viHbesestd for Rvlogealas

cl ai med,.i:p: Ly Ly : ' n ' as, cl.ai med
ol 5 S (YaPARR ool Fin i o RogddaB9BRT) ot S0LBIAN o aigfoely
SEQ | D iN@: pHabm&Eeqitibad dd@ipoRitions. IBHS phRxmdeuBcal @bmpoditiogs dfohalpredeti ivadritioa,

honol o anal og or njicireti c thereof, or an antibody or _ antibody, fragment
that. biHideCoTRs gt sddign IRyBRf €t MBS 290PathoaT antagnanss af thepressntinypiag, a
CONPBri SiamatcRgPdl ty o] [ : I 1
S | D R o, S o i U b afial oL ol o
or mi ménitle arhdyushimatenialashoaht hebmenytosic andt shbuldynot irtepfira twithtthe efficachs of ther et o.

8. An ni st _or._an oni st as clainmed i.n claim®6,, G Ijsi a .pepti de of
0 o0 2000 Bl A HEBILRL ik E el LA S BUTPRLS M SRRt o
NQ 3, thé désired hatur®bBihe PRAimGaEINEE] cIFTRIRG, 2k 6ute bf AR GtibheLesl, or
an antibody or antibody fragnment that binds thereto. 9. An agonist or

ant agorin§¥veagus; CHiaReQNs; fitbeviangpue, inkedepmpk infgpnanspelpt ordetraferijencpeast 12

conpi guous ami no acids of SEQIDNO | SEQID NGO 2 or SEQID NO 3, or a
functional derivative, honol og, analog or mnetic thereof, or an antibody
or ant iRhetyadenticatectimpdsitiondi fod rdl hatreinistrafibn ridy dgoini Bbleqr loaaigeg @apsiile,as
clainmed in claim®6, conprising eptide of at |east_ 14 contiguous am no
i ds. GPdeb e FRBR g, ArjaRiel SBoter s it dereestorvil Wl madr 2
der i vatsoM@ cafRIRLE as 3BRHAY s cH k61, (R ARTe cQludR, 80bi sbody
fragnment that bi n_dsagf %eré%g.s 1c:L.’ An agén?%?eﬁolfrle gntua%ohﬁggﬂlggg%ﬁgﬁﬁgghlsn

cl ai m @enershpuiserd mgpharpegeuticsd menufictireaSimilhely cliqtid ghouscesticabecaunpatitioos SEQ
| D{NO SEQ LD NO 2 ar. SEQ 1D NO. 3, or a.functional .derivative, honol og,
ana%%lc?g Sg?h %Qarrg?’]iug (frheé’?&ei%? 1, ‘g}l %?Herﬁm'i%%ﬂ@e B Hialidy e Susly %W@%{’ Heﬁrﬁ%euﬁ?’nds

t her et aninld.or ABgagislBiodlk, MimeANbiR@PHIntetiRDiC! @i ned in claim 6, conprising a
pepti de of at |east 18 contiguous amno acids of SEQID NO 1, SEQID NO 2
or SEQID NO 3, or a functional derivative, honolog, analog or mnetic
ther eofpo; Gt ARnGN icRRAYR ?Lﬁ).@ﬁﬂag&%, EAGIRIN of HittapDiifddsa tiﬁgét?tng)glelg’c%tivp‘n
agoni st or antagonist as clained 1n claim®b, corrp|p|3| ng a-peptrde o at

| east 2@gredinti wilbbsinaie fionacf dsaraftedHQat3piible dqueSolididiGyvhich & py2E&2d-D NO

3, Qr funcgtional ,derivative, hopolq anal og or mnetic thereof, or an
anlzﬁbo%edapﬁéﬁ? PHEG B d@‘ﬁ@ﬁf’“ﬁ\r&f&%@ﬁﬁ’s thereto. 14. An agoni st or

antagoni st as clained in any one of clains 5-13, conprising a peptide
wherein the peptide abuts with or includes at |east one amino acid of a
put at i V@ BHifigdhes gerdlarainanta she linsenden iconwmplatere thef ussl af wee lordmoties additiomgoni st

or ant %QQJngﬁ&saosf g\kﬁ‘é’cﬂ)%dto' ‘t?e gorl dncl)ﬂ“ﬁastgrfed Cvl/i?ﬁ %Be Eﬁa]ﬁ%ace%%gﬁréo%pno iti%?leoto ‘[rhermr ©

present invention to give an additive or synergistic effect to the treatment regime. Examples

25  of such additional modulators of ovulation include follicle stimulating hormone, Androvax
(an androsteindione protein vaccine conjugate), and steroid hormone. Such modulators may
be administered either separately, sequentially or simultaneously with at least one agonist or
antagonist of the present invention depending upon whether ovulation is to be increased or
decreased as will be appreciated by a skilled worker.

30
Administration of the pharmaceutical composition of the invention is preferably in a
"therapeutically effective amount", this being sufficient to show the desired benefit to the
individual. The actual amount administered, and rate and time-course of administration, will

depend on the nature and severity of the female mammals underlying condition. Prescription
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pepti des selected fromthe group conprising: C(G5 PRAVGHRYGSPVHIM (SEQ I D
NO 4); FSQLKWDNW VA(C) (SEQ ID NO 5); C(GG PRAVGHRYGS (SEQ ID NO 6);
SVPRPSCVRMEEBIG((SESQ4] D NO  7); GSI AYKEYE(C) (SEQ I D NO &r/Namabs/000314
AKYSPLSVLA(C) (SEQ ID NGO 9); or a functional derivative, honolog, analog or
mnmetic ther eof , or an antibody or antibody fragnment that binds thereto.

16. An QidteEnen. peplscisionssmidosagecctanisayishin dhe wspansibilijs of gencstl mactitiomersor e

ot oup. caprnel RePtell el L RSP lo) SEesne bRy OO B e

| D NO &hditi caﬂ)tmu@ﬂﬁmeﬁat(esﬁcﬂld XD deliyery %m&%ﬁ@d&lﬁﬁ&@dr&mth&)

GSI AYK Y SEQ | D NQ, nd AKYSPLSVLA(C SE X
functi g’ KX P@Ctlfi%‘ﬁ)ﬁ? dnfj‘ ‘b‘g IBS ‘?h(nh%'legén Wé‘?t@é\fli‘(i)s nle?ltm%\‘?fi abvebody
or gnt '@ﬁqlﬁé fBﬁlﬁglelh % s@Hﬂﬁﬁa@eﬁh%P%c%cé@ﬁ@thréﬁﬂfo'nd@ﬁook %Idzd_ 6 and is

useful as an agonist or antagoni st one of nore putative ng domai ns
of any one of clains 1-4. 18. A putative type | receptor binding domain of

GDF- 9B ' id. - 2 1 W

oot L By P s A5 S AR R R PG Gt G Htbe i e
aci ds (sthbﬁlarndt baBonSirued 8¢ M dnhrevdyi 108t @tﬁ@mgaoﬁ\ﬂh@@n\ﬁeﬂﬁo@F'gB mol ecul e is
in a three dinensional terti ary structure. 1 A putative type Il receptor

bi ndi ng domai n of GDF-9B conprising the am no acid sequence: (X) 4

11l QPH(E% ﬁ;gVPI SIL(X) 8LY(X) 61 (SEQ ID NO 11), wherein the am no

aci than X), formthe binding domain when the CGDF-9B nol ecule is
in a three di nensional tertiary structure. 20. A putative dinerisation

bi ndi ng, do of GDF-9B conprising the ami no acid sequence: (X) 28F(X)V(X)
4L( X) V\(%% ‘&&I(’Q) PNYC(X) 14PNHA(X) 1 Q X) 2V(X) 7VP(X) PSCVP(X) 2Y(X) 20G M A
(X) 5R ($RQf Rphdks 42 i b Ehel

di meri sation tgﬁ%| ng %ﬁ}?ﬁﬁﬁgﬁt@vgqﬁl gﬁBd %@ﬁeelgﬁ%%f’ﬁog r&?ﬁlag)s aﬁlfrd%rB&tQR/e

di mensidmatisationtdoaraynssay GRF 9 and GDF-98 ppunanipvletelivebiting. domai n as cl ai med in
anycone of clainms 18-20, wherein X represents the am no aci d residues
present in the GDF-9B sequence shown in Figure 2. 22. An agonist or

ant agoriiwélvé hato i Smeapatikdes Fbrel FPhkeaisdd Odr érﬂil 18E piffi®e PGEL eV e
GDF- 9B bi ndl g donmi ngﬁiglf SEQ Isg NG 10, SEQ % f and %EQ Fgﬂﬁtﬂgﬁgg

cl ai med! i2rd gHipensntions binding Homagisoen ez G 9 a@drﬁ@’f SIBr 3dAtraigfein Sﬁtqualsceelaaldrred

in cl alipigdingC WheFd SbQsdly, PERfitidIR1 Wsidles! ©28kilRate conjugation to Keyhole Limpet

Haemocyanin (KLH) to generate an antigen. The peptide sequences were:

20
C(GG)PRAVGHRYGSPVHTM (SEQ ID NO: 4);
FSQLKWDNWIVA(C) (SEQ ID NO: 5);
C(GG)PRAVGHRYGS (SEQ ID NO: 6);
SVPRPSCVPAKYS (SEQ ID NO: 7);

25 GSIAYKEYE(C) (SEQ ID NO: 8);
AKYSPLSVLA(C) (SEQ ID NO:9);
C(GG)PRVLHYGLNSPNHAI (SEQ ID NO: 13);
SFQQLGWDHWI(C) (SEQ ID NO: 14);
C(GG)PRVLHYGLNS (SEQ ID NO: 15);

30 NVPQPSCVPYKYV(C) (SEQ ID NO: 16);
GSILYKEYE(C) (SEQ ID NO: 18); and

C(GG)VPYKYVPISIL (SEQID NO: 19).
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contiguous amno acids of SEQID NGO 10, SEQID NO 11 or SEQID NO 12, or
a functional derivative, honolog, analog or mnetic thereof, or an anti body
or anti boap 2becagpEnt that binds thereto. 24. An agoni st POI/NMOGPOOE1ISt as
clainmed in claim23, conprising a peptide of at |east 8 contiguous am no
acids of SEQ ID NO 10, SEQ ID NO 11, SEQ ID NGO 12, or a functional

deri vatipvthis stediol ssoyps enH) eecestrovs Remingy tefwss edfre igectedh vetht 0 Bodg/ewie efhedcbody

fragment, i in reto. . An,_agoni st _ar anta ist as clainmed in

ol ai'm 25ptESKIH SRub® BRI 8 Fr s IR 18mBR R0 RouinE e Besseq
| D NO Ksre SERcl® WiEth 114 nfffvd RIND ahfige®rasan toaedl | &gi CRibkatichthe at MOSHRhIOOY |
anal og .or mnetic thereof, or, an anti bOd{q or anti body fragnent that binds

t her et dntsB/alsnpn dyepsasions the ariggbnvere beostadavith dusther cntipen §32 agapeics eagha
id . i 1 i d .. 1 C ID.
Ror 31 ogisifth REH Srhe1SRBY OB AT GO B84 esfibug aldifil Ml ugnfiERd) Buing

m et i cvasdvéoreséd rams duringrthé bodylingrseasohi Hddyoviiagigmestt vdsabsebseddsy lapaoedopy
27. An agonist or antagoni st as cl ai r’rgd in claim23, coppri |%% a peptide
of at 1% g%t oMn FHARTFYHo SR nt/ i d8¢ of e HhendpTmipatioge @ | BN ImMEEQ

I D NO aia?roxﬂhat@lyf 2N8H Hgylgdﬂe‘ii%é V8L IapSrosddpyP Q0¥ 1RNBLAGI QledUiBRET dyaBEAOT

or an antibody or antibo fragment that "binds thereto. 28. An agoni'st or
ant agoriestroussacgivily made irgsulls af thexdfectsorfineptiilesgofaShfR pDiN@s:of-9 and 184k, 186ind

co%i gq@uq%%é}%nte}ge%e %@%gglﬁ?legfzﬁllo’ SEQ ID NGO 11, SEQ ID NGO 12, or a

functional derivative, 8‘@1" or mnetic thereof, or an antibody
or anti body fragnent that binds thereto. 29. An agoni st or antagonist as
clainmed in claim23, cor}pri sing a peptide of at |east 18 contiguous am no
aci ds ofABEB 3 D Ntymber of gees showimgaleredgpmlationnese (igactiye oxary i Ovulstign rate
derivative, honology, @Qlagﬁg\,egrx L, jghi ¢ thereof, or an antibody or antibody
fragnment that binds thereto. 8 n agoni st or antagonist as clained in
cl ai m{23, i Sihg af peptide of at |gast 20 contiguous am no,aci ds pf SEQ
I D NO| 10, G%E%He l‘NQ 1, SEQ 1D NO 12,6§er‘éalf)ﬂncti onal deri vai f@‘ég,eg

honol ogy, analog or m rretilc thereoj, r ag ant|i bogy on anti bogdy fragngnt
that binds thereto. 31 An agoni st™ or lant agonijst as clained in any ong of
cl ai mg 22- 30, conprising,a peptd'c/{ge, whefein th%gpepti dg/ @Buts w th or
i ncludes at | east one amno acid of a putative {oi ndi ng domainlas claifred in

any Or%LHIP?E%e?E?}DIJ&‘_)Z%”’;Z An agoni st Qr ant §g9ﬂi*st a3, &Laimed in any one

of clains conpfising one or nore peptides selected fromthe group

ilsing: . /L HYGL NSPN SEQ I NO. 13):,.SF 0 (SEQID
&%WEZL%%?&%%NS%EEQI ”Rl& ?5)4BONVPQ3) PYK\?\%’ (SEQ[?D( No.Q 16) ;

D S TR I B LR b O IRVECGL (S TR0 1) and

KLH-Peptide (SEQ IDNO:7) | 0/10 0/10 1/10 V. 1/10 D
KLH-Peptide (SEQ ID NO:8) | 1/9 1/10 2/9 4/10 * 5/10 #* I
KLH-Peptide (SEQ ID NO:9) | 0/9 3/9 1/10 2/10 1/10 I
KLH-Peptide (SEQ ID NO:13) | 1/10 3/10 4/10 9/10 ** 9/10 #x I
KLH-Peptide (SEQ ID NO:14) | 2/9 0/10 779 #4 5/9 ** 6/9 *x I
KLH-Peptide (SEQ ID NO 15) | 2/10 49 * 6/9 #* 6/10 ** 6/10 ** I
KLH-Peptide (SEQ ID NO:16) | 2/10 0/10 2/9 3/10 5/10 *+ D
KLH-Peptide (SEQ ID NO:18) | 2/10 3/10 2/9 4/10 * 7710 *+ 1
KLH-Peptide (SEQ ID NO:19) | 4/9 * 5/9 * 5/10 7/10 ** 9/10 ##% i

15 *P<0.05; ** P<0.01; *** P<0.001 using y*
I'=Type I receptor binding site; II = Type II receptor binding site; D = dimerisation site
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or a functional derivative, honolog, analog or mnetic thereof, or an
anti body or anti body fragnent that binds thereto. 33. An isolated peptide
useful aswenoagspiigt or antagoni st of one or nore of thecpmzzavesweodit ndi ng
domai n of any one of clains 18-21, selected fromthe group conpri si ng:
C(GG) PRVLHYGLNSPNHAI (SEQ I D NO 13) SFQQ_GV\DHng (SEQ I D NGO 14);

R atNes disetyditp thidype § yecenigPbirsmersieof () F-04868Q B NOs: 46) and GDF-

efce

Pl SI LLI I S NO 18

& vp%ﬁti&%z PO D4 gltingait U CE Ll 1% Mo & b B g
anal og HIn) evedsi ¢ t hereof. 34. An antibody or antibody fragnent that binds
to one or nore peptides of claim33 and is useful as an agoni st or

ant agoni st of one or nore putative binding donains of any one of clains
1821 AR pebiteuhiodeoly FDANBILNGy WAEPUIER) (A TBIO0T) fd FFBLSTATIRIcd
said nmeth o conprising the step of adm niste to sai'd ma an

ef f ect iteethartpp il oicenie bordinmsite af MPEOs(SHQ Abt Mo ) stid mt appgaranehavk any

clainms 5-15 and -32., that are ca e of |nteract|n wi th one re

put at i et ey O ety Soyiple of e TESFs oS GRRRGH PRl (T haeHEs-

and/ or dbWerdrSpéptids J7iSEL 1D N@m@ (WreBled 3B YthO RfHeOfi &&e}ﬁcﬁsbladﬁl ahd KBsBE.9)and

altering the biological activity thereof. 36. A e §u | ati ng the

ovul at i haved esignficent eipsationiaayalation saterin swematabert| masd &r |oh@ervailosla(n ¢ afterial

an of f aglok %gl é‘é‘?‘dﬂé of one or nore peptides selected fromSEQ ID NOs 4 to 9
13 to or a‘functional variant thereof, or an antibody or antibody

fragrrent t hat b| nds thereto.37. A use of one or nore agonists or antagoni st

as claiped in a one, of ., cl ai 5-18 and_ 22-32 in_the nmanufacture of a
edi carbiR DISAST aees 10 1he e b yReRIOr BIding tiet GDF ih(SEQHRAPS: Heandal Y e
of one r.e | A&l I Py rne of
2 medi o %%?‘ﬁ%%%ﬁﬁﬁfﬁﬁaﬁtﬁe(‘%ovﬁi% Il Pokaedls S5 /NG mARE
use of oo effective & modulitom fiso\mlﬂatmtqub@jgfpé rlhmembsoﬁ@m%]ﬁ mhmi the peptiadennfl 7

rats ofSHOPRASo TROM Ry oot CRIebRARS Ui b Rl bR pbterdtieeden moa 1

claim 16 or 33 and b) one or nore antibodies or antibody fragnents as
claimed in claim 17 or 34, in the manufacture of a nedi canent for

modul at Yisgpenide sitgetad ite the éllﬂé?f@ﬁtl%ll sléqu 6DFa PR BEQWIE NEY:nl @) Had msdsignifisnt i s
f or mul

and b) aéf%gfjt Bigvﬂgt?(%{n%%eﬂt%g corrp05| |Sgﬁ}a{(;{glll R@?Iglgﬁ% %ﬂg% %ra%r%fgéévess o egt%l o]
ant agorahsteslcamle(tlloairate.d in any one of clains 5 15 and 22- 32 toget her with a
pharmaceutical ly acceptable carrier or excipient. 42. A pharnmaceuti cal
corffposition conprising one or nore peptides as clainmed in claim16 or 33

t oget hqnszmlf,igza pharmaceutical |y acceptable carrier or excipient. 43. A
pharmaceutical conposition conprising one or nore antibodi es or antibody

Effect of antibodies raised against GDF-9 and GDF-9B peptides on *H thymidine incorporation

by rat granulosa cells in vitro.

Various antibody preparations were tested for their ability to neutralize the effects of ovine or
25  murine GDF-9 and ovine GDF-9B on rat granulosa cells when added directly to the granulosa
cell culture using a previously described method (McNatty et al., 2005). A total of 100 pg/ml
of IgG was added for each treatment which was comprised of IgG purified from a sheep
immunized with the GDF-9 or GDF-9B peptide specified with the balance of IgG purified
from sheep immunized with KLH. The antibodies were able to neutralize the effects of the
30 growth factor that they were directed against (see Figures 7-11). In Figure 9, even though a
small suppressive effect was observed with the control antibody, thymidine incorporation was
further suppressed by the GDF-9B antibody samples and both GDF-9B antibody samples
were able to completely suppress the stimulatory effect of oGDF-9 and oGDF-9B on

thymidine incorporation indicating that this antibody was specifically blocking the effects of
22



fragments as clained in claim17 or 34, together with a pharmaceutically
acceptabl e carrier or excipient. 44. A pharmaceutical conposition

conpri si nyoaposuseviar nore peptides as clainmed in clai m 26Tmwz28B/0a08d4b) one
or nore antibodies or antibody fragnments as clainmed in claim17 or 34,
together w th a _pharnmaceutically acceptable carrier or excipient. SEQJENCE

LI STI NGIRETS. Bikeraser indligate W zysn Kiswah atsisHl syppioviivaeffon ms@sersﬂgmw
220> <H TSR LGN WD pNEIR Bbntduat RS R Py 4 B i Gl e

i n Fi guand the <ZDB9 adibddy mplfeﬁﬁ?abm&)).con(pﬂéiély%&ﬁﬁrkssz(gg) stﬁﬁxﬁa?g% )efféd;gbgf «
sequenc GDF-9 in _Figure <220> <221> Xaa .<222> ) < > Xaa
re1(‘:I ers &8{: e ag‘éq%(léﬁg'ed]%fo inf ERopEpQsation jn¢jsating, that wiis antibddy( yes
(68% <29%,3aﬁgﬁg,glgé1§ﬁ§thggﬁteg@ ofemepce of CGDF-9 in Figure 1 <220> <221> Xaa
<222> (76).. (81)<223> Xaa refers to the sequence of GDF-9 in Figure 1
<220> <221> Xaa <222> (83) ..(84) <223> Xaa refers to the sequence of GDF-9
in Figure 1 <220> <221> Xaa <222> (87) ..(88) <223> Xaa refers to the
sequenddeusfaligiongof theFeffeste of ovine and murine GDF-9 and ovine GDF-9B by antibodies

directed against specific regions of the protein (e.g. SEQ ID NO: 6, SEQ ID NO 8; SEQ ID NO:
14; SEQ ID NO: 19) on incorporation of thymidine uptake by rat granulosa cells in vitro, taken

10 together with the effects of active immunization with these peptides in vivo in sheep (See
example 1), indicates that targeting of these regions of the protein can block biological activity of
the protein in multiple species. These results also indicate that the antibodies against these
regions of the mature region of GDF-9 and GDF-9B are effective in passively neutralizing GDF-
9 and GDF-9B.

15
In summary, peptides directed to the type I and type II receptor binding sites of GDF-9 and
GDF-9B disclosed herein are useful in altering ovulation rate in female mammals. It does not
appear from this study, that peptides targeted to the dimerisation site are effective at interfering
with ovulation in vivo.

20
It will be apparent to the person skilled in the art that while the invention has been described in
some detail for the purposes of clarity and understanding, various modifications and alternatives
to the embodiments and methods described herein may be made without deporting from the
scope of the invention disclosed herein.

25

References are listed in the following page and are incorporated herein by this reference.
INDUSTRIAL APPLICATION

30  The present invention provides compositions and methods for modulating the ovulation rate, and

therefore fertility, in female mammals including humans.

23



<220> <221> Xaa <222> (91).. (123) <223> Xaa refers to the sequence of

GDF-9 in Figure 1 <400> 1 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Xaa Xae 2@5391% 10 15 Xaa Xaa Xaa Xaa Xaa Xaa Xaa XeaeTXeao0saaodaa Xaa

Xaa Xaa Xaa Xaa 20 25 30 u Cys G u Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

Xaa

Xaa Xaa

b

<210>

120

<229> Xaa <ZOBB34A4GH49, 19985) <223> Xaa refers to the sequence of GDF-9 in

Leu L
Xaa XaaRW
Xaa Xaa Xaa Xaa 65 70 75 80 Xaa Met Xaa Xaa Asn lie Xaa Xaa G u Lys Xaa Xaa
Xaa Xaa Xaa Xaa 85 90 95Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

105 0, X X X X X X X X T
Rharop A0 51 SIpRPE3 2ad THITE red Ge Benbi dine nsotint. (51)
(<§%%> Xaa refreweh faotdrRtasQppetamely Vonfadind aindvEl Siteth bf Sestlnes<33is1 &Aam<222>

IS

35 40 45 Xaa Xaa Trp lie Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
ES 55 60 Xaa Xaa Xaa Xaa Arg Ala Val Gy His Arg Tyr Xaa

(57) <223> Xaa refers to the sequence of  GCDF-9 in Figure 1 <220>

Figure 1 <220> <221> Xaa <222> (112) ..(119) <223> Xaa refers to the
sequence of GDF-9 in Figure 1 <220>

10

15

20

25
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<221> Xaa <222> (122).. (127) <223> Xaa refers to the sequence of GDF-9 in
Figure 1Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5
10 15 Xaawdaaic(agoiXaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa XeaeTXaaoosmaodtaa 20 25
30 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 35 40 45
Xaa Xaa Xaa lie Val Ala Pro Hs Xaa Tyr Xaa Xaa Xaa Xaa Xaa Xaa 50_55 60

Xaa Xaa/Xaa Kedensginexda.Jx&dayxdaMxddoottes, GdaanchSawper, N : Mdeoten cBBIMD075 80

Xaa Xaa Xaa Xaa Xaa Xaa. Xa .90 95
Xaa Xaa Xaa ggvégggréaa @ig%%%@@ C@? ? %‘Ef(%gﬁsm@aq glf%“’th@gerf%ati% 110
Xaa Xaa Xaa Mawr-Xda oXaw addofing ovmﬁesXbelagﬁyao ré%&@hé{ﬁlao,)%-j%?lg@i 120 125
<210> 3 <211> 135 <212> PRT <213> Qvi ne <220><221> Xaa <222> (1) ..(26)

<223> Xaa refers to the sequence of GDF-9 in Figure 1 <220> <221> Xaa <222>
(28).. (38) <223> Xaa refers to the sequence of GDF-9 in Figure 1 <220>

221 0 > a € t S e ﬁDﬁq
|<:I gusrPeX?a;g%é&eggt%%r Xlégﬂ&%;% 42K)Xla dl%é)é%?g\@ag%’ ?g#'e%@et g&? sequence

of GDF-9 in Fxmesseon of2gowihk 20d>diRaentiadcr fad)9 . in( 4%) ovaR3>oiXdeal ahewps to
the Sequenceho%floz(yzr[g)gus or ﬂetero%ygousjfor the Inverdale prolificacy gene (FecX’). Biology of

Reproduction 62: 1479-1485, 2000.
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283, 2000.

15
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<220> <221> Xaa <222> (49) ..(57) <223> Xaa refers to the sequence of GDF-9
in Figure 1 <220> <221> Xaa <222> (59) ..(59) <223> Xaa refers to the
sequence w0 2BsP1N Figure 1 <220> <221> Xaa <222> ( 64PCIINZEZN)5/06@528> Xaa
refers to the sequence of GDF-9 in Figure 1 <220> <221> Xaa<222> (82)

(82) <223> Xaa refers to the sequence of GDF-9 in Figure 1 <220> <221> Xaa
<222> (85) ﬁ%’%’s}f? azpoagsociaiad Wéthgwﬁl ingrepsrd exadpiiongatesind orility imCanbiidge and

<220> <221> @g ; < > refers to the sequence of GDF-9
in Figure 1 %%1%5%%%?1 ga%emf(i)g@d'(lg%%@’%% <223> Xaa refers to the
se](c:]uence of hGDF-9 in Fi g:‘”éDIl: <2_20>F_<221> Xaizz(ZJEZZ (21(33%@5. (égzzll (<i(2)g> Xaa
refers t sequence -9 i gur -
(125) <%§3> gfﬁﬁgﬁﬂ’eﬁg“r’sPﬁ‘gs%el\]'ieqﬁéﬁh’ebofw éﬂiﬂlﬁ) P I%ffaéﬁrp &t EQW“%%Z&&-:Xaa
<§§§> ( %gg) -(;)(’d&%@ﬂ, ROR 3L al@ien! YT, SChaBfLIAE MEWIBBAR, 8 p.ORinds, 8., FAafy
<220> <221> Xaa

K.P.,: Growth differentiation factor 9 and bone morphogenic protein 15 are essential for

P
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25 homology-modeling server (2003).
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30 factor 9 co-operate to regulate granulosa cell function. Reproduction 129:473-480.
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<222> (130).. (134) <223> Xaa refers to the sequence of GDF-9 in Figure 1
<400> 3 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa XaalO
15 Xaa XamoXa@/0Xewa4Xaa Xaa Xaa Xaa Xaa Xaa Phe Xaa Xaa Xaa/N@eosxaes120 25 30

Xaa
Xaa
Xaa
Thr
Xaa
Xaa
Al a

Xaa Xaa Xaa Xaa Xaa Phe Xaa Leu Xaa Xaa Xaa Xaa Leu Xaa Trp 35 40 45
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Tyr Xaa Pro Arg Tyr Cys Xaa 50 55 60
XaaWHA T SRAIXRPSXaa Xaa Xaa Xaa Xaa Xaa Xaa Pro Val H's 65 70 75 80
Xaa Val G n Xaa Xaa |ie Xaa Xaa Xaa Xaa Xaa Xaa Xaa Val Pro 85 90 95

Koo Yan Xobare S La8elRE Mg BniRE oaDiah ARRNEE WEAHHE B0 125

Xaaseqpenckaa Xaa Xaa Arg 130 135 <210> 4 <211> 16 <212> PRT <213> Ovi ne

<400> 4Cys Pro Arg Ala Val Gy H's Arg Tyr Gy Ser Pro Val H's Thr Met 1 5
10 15 <®®&E@(@mEKW@)§m®®1M @HRQXX%MO%NI(@%@OPWE (S8Q @n Ny bys

Trp
<40

<210> 6 <211> 11 <212> PRI _<213> Qvi ne

Oﬁs gw@gi T g aigi;éo %ailgs (%I?er ép% )%RO dormp thefipdipg domam when thg GIH-Gsmylecule is

in a three dimensional tertiary structure.

2. A putative type II receptor binding domain of GDF-9 comprising the amino acid

sequence:

10 X)siIVAPH(X) Y (X)47SPLSVL(X)sAY(X)sl (SEQ ID NO: 2), wherein the amino acids

(other than X), form the binding domain when the GDF-9 molecule is in a three dimensional

tertiary structure.

3. A putative dimerisation binding domain of GDF-9 comprising the amino acid

15  sequence:

(XsFX)nF L)L) W(X) Y(X)PRYCX)14PVHT(X)VQX)I(X)7VP(X)PSCVP(X), Y
(X10DMX)AX)sR (SEQ ID NO: 3), wherein the amino acids (other than X), form the
dimerisation binding domain when the GDF-9 molecule is in a three dimensional tertiary

structure.

20

4. A putative binding domain as claimed in any one of claims 1 to 3, wherein X

represents the amino acid residues present in the GDF-9 sequence shown in Figure 1.

5. An agonist or antagonist that is capable of interacting with one or more of the putative

25  GDF-9 binding domains of SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3, as claimed in

any one of claims 1 to 3.

6. An agonist or antagonist as claimed in claim 5, comprising a peptide of at least 5
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional

30 derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds

thereto.
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<211> 13 <212> PRT <213> Ovine <400> 7 Ser Val Pro Arg Pro Ser Cys Val Pro
Ala Lys Tyr Ser 1 5 10 <210> 8 <211> 9 <212> PRT<213> Ovine <400> 8 Gy Ser
He Ala Two2byms@81y Tyr Gu 1 5 <210> 9 <211> 10 <212> PBT/N20B37006314 ne
<400> 9 Ala Lys Tyr Ser Pro Leu Ser Val Leu Ala 1 5 10 <210> 10 <211> 114
<212> PRT <213> Ovine <220> <221> Xaa <222> (1)..(22), <223> Xaa refers to
the seqlience 4% 2@ppisony pragnigiras Jaiepedotn cgipn 6, Remprisinga paside of(@olpast B3>

55 " ¢ et S g SRR NI SaR] IENOIR LROTHONCE 2o SEIINTREE, {7 HR4fa

(39).. (40 Xaa refers to the ’sequence 0 I'n Firgu
<220><2Rtivatiesn ho@dRog, @dddg or (iBticchRef Xaanratibody dartibedys 6apeesethef bitl¥- 9B
in Fi gL{Bgre%. <220> <221> Xaa <222> (66) . . (71)
5
8. An agonist or antagonist as claimed in claim 6, comprising a peptide of at least 10
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional
derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds
thereto.
10
0. An agonist or antagonist as claimed in claim 6, comprising a peptide of at least 12
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional
derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds
thereto.
15
10. An agonist or antagonist as claimed in claim 6, comprising a peptide of at least 14
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional
derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds
thereto.
20
11. An agonist or antagonist as claimed in claim 6, comprising a peptide of at least 16
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional
derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds
thereto.
25
12. An agonist or antagonist as claimed in claim 6, comprising a peptide of at least 18
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional
derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds
thereto.
30
13. An agonist or antagonist as claimed in claim 6, comprising a peptide of at least 20
contiguous amino acids of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID NO: 3, or a functional
derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds

thereto.
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<223> Xaa refers to the sequence of GDF-9B in Figure 2 <220> <221> Xaa
<222> (73).. (75) <223> Xaa refers to the sequence of GDF-9B in Figure 2
<220> <22i® Wesws59922> (77) ..(78) <223> Xaa refers to treTsamusnoes1of

GDF-9B in Figure 2 <220> <221> Xaa <222> (81)

(113) <223> Xaa refers to

the sequence of GDF-9B in Figure 2 <400> 10 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Xaal%aa > agerisheianesanighas ¢lagnadin syxere oaelaikeaS-X3acotaprisiaga @entiddy s

Ser Xa : eu Gy Trp Xaa Xaa
Trp 110 Xag g PR e Rl it §Afoigted 19 QREwIRR PO MY RiBing Al
Xaa XaeasAlximedlin hieguord of clapms G4y 50 55 60Leu Xaa Xaa Xaa Xaa Xaa Xaa |ie Xaa

Xaa Xaa Leu Xaa Xaa G u Leu 65 70 75 80 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Xaa Xaa Xaa Xaa Xaa Xaa 85 90 95 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa

Xaa 5Xaa] 5Xaa  XQR agiist %2 anti8éhid 0 clbPmed 40 . el&ﬂclai%%g?l 4 Jsorﬁﬁé%irzl% b8 or lt%%lgg

PRT <213> Ovi ne <220> <221> Xaa <222> (1).

> Xaa s to

sequendeptiflescoieced from Hiegroep Cor@ing:<221> Xaa <222> (47).. (47) <223> Xaa

refers cRieRATARAASsNuERE 98 1" At BHRoi%50”

FSQLKWDNWIVA(C)
C(GG)PRAVGHRYGS
10 SVPRPSCVPAKYS
GSIAYKEYE(C)
AKYSPLSVLA(C)

(SEQ ID NO: 5);
(SEQ ID NO: 6);
(SEQ IDNO: 7);
(SEQ ID NO: 8); and
(SEQ ID NO:9);

or a functional derivative, homolog, analog or mimetic thereof, or an antibody or antibody

fragment that binds thereto.

15
16. An isolated peptide useful as an agonist or antagonist of one or more of the putative
binding domains of any one of claims 1-4, selected from the group comprising:
C(GG)PRAVGHRYGSPVHTM (SEQ ID NO: 4);
FSQLKWDNWIVA(C) (SEQ ID NO: 5);

20 C(GG)PRAVGHRYGS (SEQ ID NO: 6);
SVPRPSCVPAKYS (SEQ ID NO: 7);
GSIAYKEYE(C) (SEQ ID NO: 8); and
AKYSPLSVLA(C) (SEQ ID NO:9);
or a functional derivative, homolog, analog or mimetic thereof.

25
17. An antibody or antibody fragment that binds to one or more peptides of claim 16 and is
useful as an agonist or antagonist of one or more putative binding domains of any one of claims
1-4.

30 18 A putative type I receptor binding domain of GDF-9B comprising the amino acid
sequence:

(X)22QCS(X)10LGW (X)) WIX)1eRVLHYGLX)sI(X)sL(X1EL(X)sY (SEQ ID NO:10),
wherein the amino acids (other than X), form the binding domain when the GDF-9B molecule

is in a three dimensional tertiary structure.
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<221> Xaa <222> (49) .. (95) <223> Xaa refers to the sequence of GDF-9B in
Figure 2 <220> <221> Xaa <222> (102).. (109)<223> Xaa refers t o the
sequence wO 2083059841 n Figure 2 <220> <221> Xaa <222> ( 2tZ)Nz2005/00d317) <223>
refers t o the sequence of GCDF-9B i n Figure 2 <400> 11 Xaa Xaa Xaa Xaa
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 1 5 10 15 Xaa Xaa Xaa Xaa
Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 20 25 30 Xaa Xaa Xaa Xaa

Xa Xaa éa tﬁ\% E@S Il>[< rgcékoq ((l)ing cg) o}:ﬂDls-@BA'Qmﬁgﬂgfﬁ@ AR amaiRAaclaa

Xaa
Xaa
Xaa
Xaa
Xaa X
Xaa
Xaa
Leu
Xa

(1)°.

Xage

Xaa

aa Xaa 50 55 60 Xaa Xaa Xaa Xaa
dceXaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 65 70 75 80 Xaa Xaa Xaa Xaa

Do AR R NP REEC e 0! (B 10 NSEL 1 Biseeriss T g o
i gtéa)lnl)lé)z %é@n Slz%in rﬁ%#%&otﬁ%ﬁ witeh4he CIF-5B hictedilé REn adRie didddstonibtertidid 2>

a rs to the sequence of GDF-9B in Figure 2 <220>

<221> Xaacta222> (30) ..(30) <223> Xaa refers to the sequence of GDF-9B in
Figure 2 <220> <221> Xaa <222> (32) ..(35)

10

15

20

25

30

20.

A putative dimerisation binding domain of GDF-9B comprising the amino acid

sequence:
(X)2sF OV L)W (X)s Y (X)PN Y C(X)14PNHAX)IQX)2 V(X)7VPEOPSCVP(X), Y (X)20G
MIA (X)sR (SEQ ID NO:12), wherein the amino acids (other than X), form the dimerisation

binding domain when the GDF-9B molecule is in a three dimensional tertiary structure.

21.

A putative binding domain as claimed in any one of claims 18-20, wherein X

represents the amino acid residues present in the GDF-9B sequence shown in Figure 2.

22.

An agonist or antagonist that is capable of interacting with one or more of the putative

GDF-9B binding domains of SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12 as claimed in

any one of claims 18-20.

23.

An agonist or antagonist as claimed in claim 22, comprising a peptide of at least 5

contiguous amino acids of SEQ ID NO: 10, SEQ ID NO: 11 or SEQ ID NO: 12, or a functional

derivative, homolog, analog or mimetic thereof, or an antibody or antibody fragment that binds

thereto.

24.

An agonist or antagonist as claimed in claim 23, comprising a peptide of at least 8

contiguous amino acids of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, or a functional

derivative, homology, analog or mimetic thereof, or an antibody or antibody fragment that

binds thereto.

25.

An agonist or antagonist as claimed in claim 23, comprising a peptide of at least 10

contiguous amino acids of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, or a functional

derivative, homology, analog or mimetic thereof, or an antibody or antibody fragment that

binds thereto.
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<223> Xaa refers to the sequence of CDF-9B in Figure 2 <220> <221> Xaa
<222> (37) ..(37) <223> Xaa refers to the sequence of GDF-9B in Figure 2
<220> <22AY® Wiecas9A22> (39) .. (47) <223> Xaa refers to tireTsemusnoes1of
GDF-9B in Figure 2 <220> <221> Xaa <222> (49) ..(49) <223> Xaa refers to

t he sequence of GDF-9B in Figure 2 <220> <221> Xaa <222> (54).. (67) <223>
Xaa refers to the sequence of CGDF-9B in Figure 2<220> <221> Xaa <222>

i;g)l> %572) <223>9]|§€a retf n%sé;zagsc ﬁleﬁqﬂ ezsofcoﬁ‘?r:s%% | f)eﬂ'fidgLerat :fea§12¥@>

a <2 da refers to t sequence of GDF- in
Fi gur ecgnt@ﬁ%aﬁ%%lﬁcld@af SEQZPD K@) 0, SEQZIID XFRBE @ IPeNér 82, taw aﬁ@C‘@@qﬁbence
of GDF-9B 1 n Figure 2 <220> <221> Xa 26(1_37 8 aa r @ sto
the sededvaiiveohompiogganalog-pf digiesic Hoig m%i&%?d&ﬁ%@t%’@% rasthey f hea;23>

Xaa re%?n&%é@e%e he sequence of GDF-9B in F| gure 2 <220> <221> Xaa <222> (96)
. 15) aa refers to the sequence of GDF-9B in Figure 2 <220>

27. An agonist or antagonist as claimed in claim 23, comprising a peptide of at least 14

contiguous amino acids of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, or a functional

derivative, homology, analog or mimetic thereof, or an antibody or antibody fragment that
10  binds thereto.

28. An agonist or antagonist as claimed in claim 23, comprising a peptide of at least 16
contiguous amino acids of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, or a functional
derivative, homology, analog or mimetic thereof, or an antibody or antibody fragment that

15  binds thereto.

29. An agonist or antagonist as claimed in claim 23, comprising a peptide of at least 18
contiguous amino acids of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, or a functional
derivative, homology, analog or mimetic thereof, or an antibody or antibody fragment that

20  binds thereto.

30. An agonist or antagonist as claimed in claim 23, comprising a peptide of at least 20
contiguous amino acids of SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, or a functional
derivative, homology, analog or mimetic thereof, or an antibody or antibody fragment that

25  binds thereto.

31. An agonist or antagonist as claimed in any one of claims 22-30, comprising a peptide,
wherein the peptide abuts with or includes at least one amino acid of a putative binding domain
as claimed in any one of claims 18-21.

30
32. An agonist or antagonist as claimed in any one of claims 22-31, comprising one or more
peptides selected from the group comprising:
C(GG)PRVLHYGLNSPNHAI (SEQ ID NO: 13);
SFQQLGWDHWI(C) (SEQ ID NO: 14);
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<221> Xaa <222> (120).. (124) <223> Xaa refers to the sequence of GDF-9B in
Figure 2 <400> 12 Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Xaa 1wb 206b/i589{aa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa XaaCXaa2d@aoehe Xaa
Val Xaa 20 25 30 Xaa Xaa Xaa Leu Xaa Trp Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa Tyr 35 40 45 Xaa Pro Asn Tyr Cys Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
Xaa XaaCEOCHRVH XA NGa Xaa Pro Asn BEQHPANXaS) ie G n Xaa Xaa Val Xaa

Xaa XaaNgi ﬁgjﬁ@é Xaa Xaa Xaa V, X ro Ser Cys Val Pro Xaa Xaa
Tyr Xaa (%%Cééﬂ aa a% Xaa Xaa Xaa @aEa(ﬁgﬁgla Xaa Xaa Xaa Xaa Xaa Xaa
Xaa XaaPIMIDLIEXNGSIL(B3a Xaa Xaa Gy MSEQIBNoa7¥aa Xaa Xaa Xaa Xaa Arg 115

120 125 < > <211> 16 <212> PRT <213> Ovi ne <400> 13 Cys Pro Arg Val
Leu H sO E&@ﬁﬁ% Asn Ser Pro Asn HXEQIRNQ 8 adio 15 <210> 14 <211>

11<212>, ViR vRYgfe <400> 14 Ser ; Leu Gy Trp Asp H's Trp
Iie%i 5C 0 )<210> 15 fi 11> 11 <212> P@%%y%@%’e <400> 15 Cys Pro Arg Val
Leu Hi sorTyrfu@itipnilederisivSehortogl Gnat@d @» rhinetizlterebd, or an antibody or antibody

fragment that binds thereto.

33. An isolated peptide useful as an agonist or antagonist of one or more of the putative

10 binding domain of any one of claims 18-21, selected from the group comprising:

C(GG)PRVLHYGLNSPNHATI (SEQ ID NO: 13);
SFQQLGWDHWI(C) (SEQ ID NO: 14);
C(GG)PRVLHYGLNS (SEQ ID NO: 15);
NVPQPSCVPYKYV(C) (SEQ ID NO: 16);

15 PISILLIEANGSIL(C) (SEQ ID NO: 17);
GSILYKEYE(C) (SEQ ID NO: 18); and
C(GG)VPYKYVPISIL (SEQ ID NO: 19);

or a functional derivative, homolog, analog or mimetic thereof.

20 34. An antibody or antibody fragment that binds to one or more peptides of claim 33 and is
useful as an agonist or antagonist of one or more putative binding domains of any one of claims
18-21.

35. A method of modulating the ovulation rate of a female mammal, said method
25  comprising the step of administering to said mammal an effective amount of one or more
agonists or antagonists of any one of claims 5-15 and 22-32, that are capable of interacting with
one or more putative GDF-9 and/or GDF-9B type I or type II receptor binding domains and/or
dimerisation binding domains of any one of claims 1-4 and 18-21, and altering the biological
activity thereof.
30
36. A method of modulating the ovulation rate of a female mammal, comprising
administering to said mammal an effective amount of one or more peptides selected from SEQ
ID NOs 4 to 9 and 13 to 19, or a functional variant thereof, or an antibody or antibody fragment
that binds thereto.
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<212> PRT <213> Ovine <400> 16 Asn Val Pro Gn Pro Ser Cys Val Pro Tyr Lys
Tyr Val 1 5 10 <210> 17 <211> 14 <212> PRT <213> Ovine <400> 17 Pro H e Ser
H e Leu Lwo2bbems@1y Ala Asn Gy Ser He Leu 1 5 10<210>pt8/N220057008315212>
PRT <213> Ovine <400> 18 AJy Ser lie Leu T-yr Lys Gu Tyr Au 1 5 <210> 19
<211> 12 <212> PRT <213> Ovine <400> 19 Cys Val Pro Tyr Lys Tyr Val Pro lie
Ser lie Leu 1 5 10

37. A use of one or more agonists or antagonist as claimed in any one of claims 5-18 and
22-32 in the manufacture of a medicament for modulating the ovulation rate of a female

mammal.

38. A use of one or more peptides as claimed in claim 16 or 33, in the manufacture of a

medicament for modulating the ovulation rate of a female mammal.

39. A use of one or more antibodies or antibody fragments as claimed in claim 17 or 34 , in

10 the manufacture of a medicament for modulating the ovulation rate of a female mammal.

40. A use of a) one or more peptides as claimed in claim 16 or 33 and b) one or more
antibodies or antibody fragments as claimed in claim 17 or 34, in the manufacture of a
medicament for modulating the ovulation rate of a female mammal, wherein the medicament is

15 formulated for separate, sequential or simultaneous administration of a) and b).

41. A pharmaceutical composition comprising one or more agonists or antagonists as
claimed in any one of claims 5-15 and 22-32 together with a pharmaceutically acceptable carrier
or excipient.

20
42. A pharmaceutical composition comprising one or more peptides as claimed in claim 16

or 33 together with a pharmaceutically acceptable carrier or excipient.

43, A pharmaceutical composition comprising one or more antibodies or antibody
25  fragments as claimed in claim 17 or 34, together with a pharmaceutically acceptable carrier or

excipient.
44. A pharmaceutical composition comprising a) one or more peptides as claimed in claim

16 or 33 and b) one or more antibodies or antibody fragments as claimed in claim 17 or 34,

30  together with a pharmaceutically acceptable carrier or excipient.
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