; QRSTe3e, ) TzZ6Tz WD (11/9G393 PCT/ Nz01/ 00113 NUCLECTI DE AND AM NO ACI D
SEQUENCES OF OOCYTE FACTORS FORi t ALTERI NG OVARI AN FOLLI CULAR GROMH I N
VI VO'OR Iﬂwympaggyhe present invention relates to nucleotigdeg;ng ﬁﬂ]?o acid
sequences of oocyte factors for altering ovarian follicular gro I'n Vivo
or invitro. The present invention also concerns novel honodineric and
het erodi neri ¢ pol ypeptides and their use for altering mammal i an ovari an

fol I i cUNEELGOTHIE | AND vAMINGN ACED oSEQUENEES c ORr OQG¥TENBACTORS r BAR! y

het or odtHEERING Py AB0RN EDLITOHT AR GROVRLT K TR RS thereor so
as to alter follicular growh in vivo or in vitro. BACKGROUND OF THE
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stinulating a greater than normal c es to ovul a fact

t hat i shevedfl soiak kaisltardolidulby gtokeh Wi der ersie visfo.comrer ci al FSH pr epar ations in
ovarian hyperstimnulation regimes both in nedicine and veterinary nedicine.
Recent studies have indicated that early follicul ogenesis is controlled by
i ntraogk & Ii@gm ErEiNVENISOM anul osa cel | -derived stemcell factor
(or c- E?% I gand) and the oocyte-derived growh differentiation factor-9
(GDF-9) have gai ned nost attention, because both appear to be essential for
early mamal j an fol licul ogenesis. GDF-9 was fjrst descrlbed in 1993 as a

novel nEipBplegklan prsvier of FeERIAIATH S UFGe HosPaBtiBle 19EsUMpiRtRE SR1Y BaEs Qfiovgrian
whi ch 'f%ll§%§érfe'si§"{l é)fhééé{%%ﬁ §1‘?‘cﬁd1ﬁ‘3rehﬂﬁldﬁVcﬁ&;Ym(d}@1€i RMResAB PribRey, sd¥hd !ﬂid(e
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mebor SIGFOLHA A FYePiech P P STe PR AP SR el S EERLA R SR8 i agel
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(honodi Iy t N9 L ner f a en, T er
(oo BB ot PR Bt RS Bk eRhaf LPAEpPEont R be BTG
i's eXpr@ﬂymhmmalmndymealogemst he primary stage of folli cuI ar devel opnent
until ovulation (MG ath et al., 1995; Laitinen et al., 1998). Using the
nouse GDF-9 sequence as a test sequence for the data base searches we

i dent i fagE.o Ras@kr stiiberl 19X10D8 5§ 8 o qeaitee of B9 tﬁaﬁﬁshnﬁ%ﬁﬁﬁrfhéiﬁldbété PIGE-

2-cell nouse enbryo library (Laitinen et al., 1998 owed that the
t r anscrf)pipgfamibi whisbve spdcaiay exme@m thettivety Gl\écl?kmh andLegolP93}. d.iGDRther

(Lait | rriees o e T Riatl) HDFRGR Satiar® saremiom peqors Dne e SHRLERss
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human GDFaIan @c@ﬁélag prajeasabelopgipgte 3 sroapof fabs Hkupiotesess Crowhiarien oétcheaTGF-
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1 999) . jTh@elyubsernandalh uiatbeESDbT OB fgRiMghibay e rigebmtahniedasgudiiie kab@heisihe
encoded by the gene has al so been nanmed bone norphogenetic protein 15
(BMP-15) (Dube et al., 1998). GDF-9 appelars to be essential for ovarian
foIIicqugenesi i iterature it is known th mmﬂmmMm m'cient m ce
(CGDF-9 -1-) are \mﬁw@m?"mmmme to an early arrest in mmm ﬁ ksis (Dong
et al., 1996). ovaries follicul ogenesis stopg.ah the primary
follicle stage mhen "BHé&*| ayer of cuboidal granul osa cells surrounds the

oocyte. Even though the oocyte continues to grow, the granulosa cells fail
to proliferate and no thecal ceII dlfferentl at| on |s assom ated W|th
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2 WO O1/96313 PCT/ Nz01/ 00113 wi Il d-type of ~ 1.0 (Shackell et al., 1993;

Davis et al., 1991). By contrast, honbzygous carrier ewes having t wo copj es
of the gerwoplmépsare infertile; due to an ovarian fail urepgpr@hibAls (Davis
et al., 1992). In ovaries of the (I/1) ewe, follicul ogenesis stops at the

primary follicular stage and the phenotype is not dissimlar to that seen
in GF;9 -./-}( m,ce .gBr.aw-TaI t?ﬁz-ill,., 1 993; McNatty et al., 1995, Smth et
al ., 19°s¥*?§e.meA U MRS D CPRPEseRadnEl; EYHEssidues Apianing dbyss chprastenistic diswphide
connech t; . : . r - | i nk
oo 4 Ben USRI Al SRR 4, SR Nl B roner

mutation Wth simlar phenotype to Tn

ani mal $9%2%end €903 Griffisl £1041., (1596Schiehflemette 1S397E ISR e @ bf HAVEGHA SRS
d when infertile femal es were produced by mating I nverdale. carrier

bt ai
(r)arrg | \?ﬁ%‘f? L eomsPed sayRmEh EYbresidog What iptespensible futhe covatentHhpmadinenisaticrsofaten

i nt aj t .a djstinct i d
The | nBfloftanddbd: IR BE RS GO nERMiBa ok LR et il il "heRbe"

pr esentvithramethiendistindt deanibiet bEtheifmily igtetadignesd)eep a nucl eotide substitution
beyond the mature peptide processing site of the GDF-9B gene which converts
t he codon GIC (amno acid valine (V) to GAC (am no acid aspartic acid (D)).

Ve al sp sheweeDFRALs Expréidéinh ShaRE: Ham @en#%%gtét&% &e%@l%lirh&vg%hﬂfgﬁbuntil

peptide processing site is convérted to a is converts a co

( codi ngvylationy(MeGrath et {Q)LPO%;d-aitinasdesral TAROY) cUsing thef wousecGBFrA sdquecet 4sex hty
resul ty j .t t LIk T Lespective tations |

| mver dacache for BEAA BRe TELUAS RE A0 ed, 2 GBRa FE RS T i epf Ty Basm)
" st r eakDNdv derines! fronk @ Bevell| rabwseyenslonydi lhiramy S(Liaitinko 90 23,0 0988 )) WEEistaledl @it the

Hanna s .and.i,n the | pverd 0SS . Hann s. .Previou i t, has been,
Chown (THERAENRr uits jaden B -G O R S E o viotoaootue - GDFS. inapieaie o
nor mal oda¥tdsi ol thy mouse WVRry TR AmeHINR U8 IGDIIL (Lakthien Gt SE0Y969). Pside"BCR dantc)iy

rel ated oocyte-specific factor GDF-9B several novel findings were™foun

us t o BEEEBrierivee fiost themnquse EST seqpencpmeomnplifiedsstspgment of she pasrasponding gene
fol i CHLRORRE] senbhiS ' - ' Lid i cal Lpant ant
for determ ni ngg%tn hgn o]\?lfjljl%z’i'?ilE r%’? llaénlotscgsarr{é) C%%nﬁ%lgrsﬂe;xré ;1'% §§ &lg%ar?gé%ugnagnd
GDF- 9BGBeIR gene girpeterssizein bsolated woermid tlhess (Aattonéroet alg-1998). dhievastiyglypin the

enhanc ol 14 ve|l opnent ., and ovul.atiop.rate... | ectivel hese
novel ﬁi}g%i ﬁgég’s H\A]/ﬁeﬁrd' ga}éﬁﬁé %%gssboélsg?%?se"bynﬁ’ﬁ?y g%uécjﬁg\/@&)c‘?ﬂgf e t%f’“x\;@arto‘gl e
and Ha@BX-TORASB manteatl. 01RH9).n Tab @emse 3nd hinBak) GIFCIO Feis HMNEBELDOILAS] ThEthe

i nvent ors .have f(gtb t@e first élﬁ det erm ned thﬁ full gene structure of the
sheep REBEIYEIGHIRE DY AR ERT: di3¢ Also REFRIBaTesb beiiesmerpRogsRtin BRAle1s U M) (ubes
necess@ray., 1®98)mai nt ai ni ng normal ovarian follicul ogenesis in sheep. The

i nventors have also identified the full gene structure of the CGDF-9B
variants in Inverdal e and Hanna sheep whi ch cause hi gher than nor nal

ovul at &y ' al Lhafeetili 1 n_honnzygous
ani mal G284 B 1 OF LRLARIOH by P B dtintdht y B b HrPuPBG ARG
sequen@PF-adefioient inzine (GPROr-éohredntbrtileeiue taiseedrly drivet infdllicalogeresf(Dsagepili,an
fertilj t resent .i.nvention is directed. ALl references, including
iy pat s T ODIS B SABE rolfkiceoete Putaf e efifiart fLFIFistase G same sty
i near pmbaidatl gegnulash evetin Garroialsale alyRN Bven TRt hdtocd ESFRLENES erow, the
constitutes prior_art. The discussion of the references states what their
g pells, b

aut hor&ay tonBrofisatte c%EHt R0 thecal ¢ell differentighion i asyosiataghyyétht fedicular
accura&ﬂar%aﬁernerti nency of the cited docunents. It will be clearly
understood that, although a nunber of prior art publications are referred
to herein, this reference does not constitute an adm ssion that any of

t hese iy b : r.al ein the art, in
New ZeaaR et eBliy ARG (Feext) o MUEBRRRRLE Blon Y WfheRe bty of 2
Romney flock of sheep (Davis et al., 1991). Segregation analyses determined that the gene is carried
on the X-chromosome, and that ewes carrying a single copy of the gene (I/+) have litter size about
0.6 lambs larger than noncarrier ewes (+/+). The increase in number of lambs born is directly linked

to an altered pattern of follicular development and an increase in ovulation-rate above that in the
2



Accordingly, to a first aspect, the present invention provides an isol ated
w | dt ype GDF-9B nucleic acid nol ecule conprising a nucl eotide sequence

sel ect ed fywenmmbtydsgroup consisting of: a) SEQID No: | ; . nce
able to hybridise under stringent conditions to the nol ecurgr}/}q%(’r?‘g???c) a

sequence which is a functional variant or fragnent of the nolecule in (a);
d) a sequence conplenmentary to the nolecule defined in (a), (b) or (c); and

e) an whdityproplsel 8 édnskelb s 88 ddmring alo 193, By eohwrasioliammedygsus err(ier) ewes
(D). | Bain® REC OBE BERLe: och DR/ 30TV AN 100, BI-OM 4858 Mol ARLAISHL U b,

| engt h nutate ei'c’aci stul e conprisi ng1 a nu
. sequent@yeleotatksfofoie (B gmeufolicarsgaicsingtoph at ale HiatyDfdNiduld wageShQ Tt

NO 5 ;. b bl hybri di . [ t L tot
ol ecubdbuis A ATt B 0 I EDR L3 e e BoE ot gas SRelh st
. of the199d; el M973); d) a sequence conpl enentary to the nol ecul es)

defined in (a), (b) or (c); and e) an anti-sense sequence corresponding to
any of the nolecules) in (a) - (d). 4 W 01196393 PCT/ NZ01/ 00113 The

nucl ei g %gbﬁjd %lﬁﬁ%&l@ EP&( gﬁngﬁfg‘gﬁ?%h %Qﬁ&bﬁ; c%&@% € Iﬁ%ﬁﬁf&l 0c(1)<

and may SI e- or e- e nucl el c aci ecul’'e may als
opt i onwiaé ylsc chpwi se came anX-linked mytatibie tvith, simdar- prehotypd tcomvatdaker elfvidence that

nucl eof,i bases, .or conbinatio theregf . In a thipd.as t, th resent
vent I ATRB o HaS S SIarRi T TP o i seebdtab b b gttt BfaRled i han
am no Adérdlesfeeatiaorers ptrintatbyf matihd N eflalUfrGaoms WithGasfer FahnSEkd DAV & |
SEQ I D NO:éc(‘{> . ar QI I? N%QG and b) A functional varjant or_fragnent  of
the seBluel?dal) Tbﬁifaaya 1R bas sy PANERRICRt the fRvepnes AeReIHTBNEISIE By ddisiae a
hormodi pRup GloRBLME ticFbedRe Rty Pept i de having subunits conprising an amno
aci d sequence selected fromthe. group consisting of SEQID NO:2 or a

functional fragnment or variant of said sequence. In the fifth aspect, the

. : vartar Id St o Vi b
Oh oer i PYCEHRR PUEN MBS AEN SHPLLE B0 RS b I8 LR LS
conpr i shesp aanudedtiie sbktitutierbeyune thermmert pepide Fr6gekdhd\Qit® ofirthd GDF-OBNgdne
f . i ant i . and e GDF-9 pol ypeptid

" § Onohishaon s Bhe8o CEF AGNREid HuREan? ko elCp B 61 s BHORDIA HUE
provi dgiSo isRovied ithdt in IERAE tshéepBE RO GuslkoSXPbSRRE NBe maﬁir@qiegﬁaé Yrodedsingesite is

processed honodi neric GDF-9B pol ypepti de conprising the steps of:éa .
gener at9mygteth ek dr d&i5 eomvertng £odept CAENEPdias dgr gluiamanee(Q) i p godan TAG @oding

conpri & X ! iy n r he i St f.
SEQ | O RCFTRnRHIDRCreB s B4 S BEER chifuk Aol 0 THER RGNS Thil in
gr oup; Inyprdaleanrd dtannagara siggastdd  belths widetlyisgi cuses ot rthe t“stredk” setagies i ang

ot el ey el P LARLARERNG R H0Ra % BRI PR e

bi ol ogewsd. | y-active processed heterodineric GDF-9B and GDF-9 pol ypepti des

conprising the steps of:
Previously it has been shown that GDE-9 -/- mice are infertile showing that GDF-9 is important for
normal fertility in some mammals. However, with the discovery of the related oocyte-specific
factor GDF-9B several novel findings were found by us to support the notion that: (1) GDF-9B is
essential for normal folliculogenesis in some mammals; (2) that GDF-9B is critically important for
determining the ovulation rate in some mammals and; (3) since GDF-9 and GDF-9B are co-
expressed by oocytes, they function co-operatively to enhance both follicular development and
ovulation rate. Collectively these novel hypotheses were only made possible by our discovery of the

Inverdale and Hanna GDF-9B mutations in sheep.



5 WO 01/9C313 PCT/ NZ01/00113 a) generating an expression construct
containing a nucleic acid nolecule conprising: (i) a nucleic acid sequence
sel ect ed fywomybépes group consisting of: SEQID NO:1 or a fup@hm@@g&nijagnent
or variant of said sequence; and (ii) a nucleic acid nol ecule encodi ng
GDF-9 or a functional fragnent or variant thereof; b) transfecting suitable
cells with said construct; c) selectlngﬁstable cIones (gqg?lsolatln and

pur i f yThgyinveetoesdiveepthe sy iy deigammed the Bl gene Euciare éh%epe@PE Byggne
ver t ebrahgim QHWW%PQ ?rd’c’éﬁ' 288 W §lovheihht ftX'sPﬁ&eéslﬁr ¥ inPAGe R it?rrrﬁ)gvagaan

nucl ei c aC| n sequences are aval l public ata ases such
as @Wl@g@deﬁﬁ/\hﬁﬁm@ﬁ@he imventers dass iabsn identified tlfeoﬁulltgwe stroetpreGiirthe GIIEOBI ¢

acid is AFOQ785 r einis 8089. Al.so provided b e PLe ent
mventY%f"fmg‘r %X?fﬁg'l ?ﬁe@B?e“g’S% A@%tcﬂl@e WHBIER, E%}ht "Rh O&H&H%I%CEI@
of t hendteno@iduganidialé titCinfeenildy it Abmadaygdub aniaels. Idndrdadyts the alislengtnedidach
a vector of the invention capabl e of expressing a pol ypep

e, of the
i nvent a%mumcpdaﬁaﬁ%mue%me@ veFanthdefspp aththelr e i smﬂﬂ%oaéé RA g
whi ch fé‘rﬂ”‘ﬁi@/ B&it@eﬁﬁ%éﬁﬁ’ﬁﬁﬁeh@&l Qiirtt&eql nvention. Mst usually, the ligand is
an anti body. It should be appreciated that the term "anti body" enconpasses
fragrrents or anal ogues of antibodies Wich retain the ability to bind to a

pol ype of t he vention, including but not l.imted to F

P F s heRlistetesgist noplugiheay et ar PrieBtaepiedis sty hrifly' S Shatershy
monocl ﬂlaaiporat%w b Srefi@icer v \dimaRel Rnahde thar afy eefehad comtitiied bﬂoﬂ ama MThe
may be a phage display nol ecul ehagtenerat ed agai nst poI ypepti des of

pr esendiscupsiontaf she wefergnwgw@t@ew dheir aplopscasesst gpd e FRbERRIK reserve t§~‘a F%at:@
recept alleIE§tH%oflc¥91%9§ e Qﬁmgﬁogt eB¥a PBcBh&RE N 1 B eieaﬂyr%der%mhat
het er odi mer? nul t1 nmer- or nt e eof. In an eighth aspect,

i nvent alqugh aviwgsr af pevhat pﬁbircaaem&s irefgrredhto hﬁr@mmhusyrefﬁfe@lﬁoanhmﬂmdﬁlm s

R S e R P e S e

het er ONbﬁEZdaq:anﬂQirym@xi}Id)td&doﬁn@Yl ovarian cell or organ cuI ture with or
W t hout ot her ovarian growh factors such as |G- 1 and/or other nenbers of
the transform ng gromh factor superfamly (e.g. activin, BWP2, TG-(31);
and 6

SUMMARY OF THE INVENTION

Accordingly, to a first aspect, the present invention provides an isolated wildtype GDF-9B nucleic
acid molecule comprising a nucleotide sequence selected from the group consisting of:

a) SEQID No:l;

b)  asequence able to hybridise under stringent conditions to the molecule in (a);

¢) asequence which is a functional variant or fragment of the molecule in (a);

d) asequence complementary to the molecule defined in (a), (b) or (c); and

e)  an anti-sense sequence corresponding to any of the molecules in (a) — (d).

In a second aspect, the present invention provides an isolated full length mutated GDF-9B nucleic
acid molecule comprising a nucleotide sequence selected from the group consisting of:
a) SEQID NO: 3 or SEQID NO:5;

b) a sequence able to hybridise under stringent conditions to the molecule(s) in (a);
c) a sequence which is a functional variant or‘ fragment of the molecule(s) in (a);
d) a sequence complementary to the molecule(s) defined in (a), (b) or (c); and

e) an anti-sense sequence corresponding to any of the molecule(s) in (a) — (d).

4



WO 01/9C393 PCT/ Nz01/ 00113 b) conducting a bioassay on said cell or organ
culture to assess the biological activity of said honodi neric and

het er odi rTBqun@@j)ypeptl des. In a ninth aspect, the inventi QET}NTZBY/I)H?
transgeni c ani mal nodel s useful for denonstrating the effect of sys

production of GDF-9B honodi ners and GDF-9B/ GCDF-9 heterodinmers on folli cuI ar
gromh. In a tenth aspect, the invention provides a nethod of adenoviral,
retroviral and al phaviral transfer of GDF-9B expression cassettes or GDF-9

expr esgRMueRESRId 891dcleasf b& &h @wrcmﬁa%w ; Stk DRA BedSRN Bbkant, aln%l‘%%’gb’é)

expression of GDF-9B honodi ners or het er odi ners, corrprl Si
_ the st gl arrdenblesitiandggl. iThe qugleicaciginglecubemay absogeptionally ¢pmptise pr ppimon

I, | udi
compr S7RAEEE RERARR oE AR bbbt B AR BT PRl E cGence. cel ect ed

. fromthe group consisting of SEQID NO:1 or a functi onal fragnent or
vari ant of said sequence, said nucleic acid nol ecul e bein erative

associ dBi Ahivd PEPosh @R pPIEsssE GAVRIGINRr PO Videy @B niselated nfullleng v@Pc B qdypeptidre
pr esentcoh%ﬁgigg'aﬂ Ao Y d E‘eﬁné&% JeRLre foro%‘thgg?ﬂg)vci%ﬁ%l@tgﬁﬁ& from the group

consistin onDd ric po ypept | units conprising
GDF- 9B or a)fun@ﬁ@%NGZa@EﬁdDNO @apr&mmm@&nw th or without

Funct i onal 2§ aghengeafay IR EabBl o R aPher s € porypept i do -

havi ng subunits conprising GDF 98 and GDF 9 poI ypepti des, or functional
fragrrets GDF- olypeptldes toget her with

?r ariants of said ]
or w t %ﬁﬁpﬂ@ﬁﬁn ther pr e@%fﬁalmmt?ﬁhprﬁglde% aghom@maﬁa |TB3t HLWDS%%# diolypeptide
ovari a%aﬁh@%ﬁuﬁl@%ﬁfpﬁsﬁﬂg% #inb GtEldlsegll.fénEe kijgaasrbsl @8 @dﬂ c n?&ﬁﬁ’é Y] SEQ D

epidermal growh factor or a menber o G-~ super am y

agoni stN@2 oaﬁtfawngltfyamnt@)@ar:a@toﬁsald sequﬂnae growth in ovaries of a mam"ral
or other vertebrate either in vivo or ifa vitao; 03" 2) alter isolated
ovarian cell growh/maturation i~a vitro (e.g. oocyte - cunulus cells

and/ or Igrthedifihs aspeet Itisd present\ViDveiti ACRD31dRCE II&dADEELE3polypeptide having subunits

selected from the group consisting of:

a) A mature GDF-9B polypeptide comprising an amino acid sequence derived from SEQ
ID NO:2 or functional fragment or variant of said sequence; and

b) A mature GDF-9 polypeptide or a functional variants or fragments thereof.

The present invention further provides in a sixth aspect a method of expressing biologically active

processed homodimeric GDF-9B polypeptide comprising the steps of:

a)  generating an expression construct comprising a nucleic acid molecule comprising a
nucleic acid sequence selected from the group consisting of SEQ ID NO:I or a
functional fragment or variant of said sequence of the group;

b) transfecting a suitable cells with said construct;

c)  selecting stable clones; and

d) isolating and purifying the expressed polypeptide.

In a seventh aspect, the present invention provides a method of expressing biologically-active

processed heterodimeric GDF-9B and GDF-9 polypeptides comprising the steps of:
5



In yet a twelfth aspect, the invention provides a conposition conprising an
effective amount of an agent selected fromthe group consisting of: a) a
honodi nmer iveo podegpept i de havi ng subunits conprising a GDF- 9EcPREyRRRis de or
a functional fragnment or variant thereof with or wthout honodineric

pol ypepti de havi ng subunits conprising GDF-9 pol ypeptide or a functional

fragment or, vagiant. r o eterodi meric pa pti.de havi ng. subunits
conpri si nga)a Cg‘g_-s “%%ﬁf%ﬁ%? %lgaeccgnr%g"%t ceﬁﬁ{nglgp%?glpeéé%(@g&olgc}ulef fﬂ%ﬂr'%br}gal _
fragments or vdyi anhscleic sl sbqGEice3Bleoted G thepobuPeRisisteg of ISR NOMWIdrh a

pharmaceutically or veterinarily acceptable carrier (including adjuvants)
or diluent; and opf{‘-‘i“@)tﬁ%ﬂqE Qagwevﬁfawﬁga@@ﬁ&l&wma nadot r ophi ns and/ or

ot her rel evant vay indBle ¥HmbREVIL! erREBRE %%ﬁ#@“&@gofﬂn%ﬁénal ]}gﬁgﬁl&h :of Legahh

aspect the invention provides a nethod of altering ovarian I cul ar

growth in a fenal ethaggafral or other femamle vertebrate, in vr.'vo said nethod
conpri si ng..t he,.st.en.. . l: {an and ot hex vertebrate ovarian
host cel |l sb i t%d 3 Cflgésggﬁweéﬁisg%l{e}%ﬁﬁé@?ﬂ%&casset tes to allow

over - expr espi oselafinGibREImespalidrisoktiag dndpirif9 e GFeprémedpagpepeids. Tn a
fourteenth aspect the invention provides a nethod of altering ovarian
follicular growh in a, female mammal or other fenale vertebrate, in vitro
sai d npfdiadbly ARPEdIS itAdsfbRed stetRri@bratd, ROSERE tHel@e BRHMBY écltypiids Bhiized.
vertebrate ovarian host cells with GDF-9B and GDF-9 expression cassettes to
al | ow over - expression of GDF-9B honodi ners and CDF- 9B/ GCDF-9 het er odi ners.
Accor dirg A3 dibfeldRid 33 Bitheih REql VAL BiRbRYh $E51i8 diFAE! GG GENbank
nol ecul e conprising a nucl eoti de %equence sel ecte romthe group

consi stnh§WISSHRYY.DThOacktsioSBE@nbeNOr theFheepd GBEY DdcIbiO acibis AROE545 and for
functi orgﬁl. f%gﬁ??@%of vari ant of said sequence. According to a further
aspectp‘E @ "provides a pol ypeptide conprising an amno acid
sequence said fromthe group consisting of SEQ mNO 12 and SEQ I D NO: 16,

or a functional fragnment or variant of said sequence. According to another
aspect Alseepronided by dge prasontdayeniionedrt seombinaht expresgiohoydciass Machgeantait a DNA

conpri : ( i - ns
o-15 ¢ SioRgale'h 53 BBl B SARIGRD Aoty 0L By O R ANg RS clr B e
ovar i emvehtian capabiabf expredsiey a paypapitidavthelinvesation.~a vi . vo or i~a vitao; or
ii) alter isolated ovarian cell growh/maturation in. vitro Preferably said
mammal is selected fromthe group conprising sheep, cattle, goats, deer,

pi gs, RurEdRionHIOispES of CladTBlckel iARALOO BT aQ%(aﬁd aithdsiggs RNdpalidepBtOoF the
comercial ly inportant species havin GDF- 9 gene havi n% a substanti al

x a : 3 : 99
i dent i inyepiégon: Héogmsugly, g@dw@ﬁéé%arbanﬂgﬁ@y-p&m% ¢ #RRseripteh thabie derre randibpdy e
i s prefelallayses elagmbrd ofrragﬁi‘okﬁ\fs S AHPFAWhiLE ri9inGhE GERES o BHE lﬁﬁa GRS FHide
sal non and "any other commercially inportant species having a su slpa I il
i dent i of/thednientorGbiclgdng byiratdisgtedfto Fridi(phe fregmentaSalivimeieculysi anfl the like. The
Descri pt.i | ' - S0 he . nt |
D " 8 Pl LB BAVBSH o SR AoRTATER Pk i B0
Fi gur eligandShewbe tiphage displayirdeleade gencacdigaindt polypeptidds-of thd presdne @pvention, a

single cell surface receptor or complex cell surface receptor. The polypeptide or peptide may be

present as a monomer, dimer, heterodimer, multimer or a variant thereof,

In an eighth aspect, the invention provides a method for assessing the activity of GDF-9B
homodimers and/or GDF-9B/GDF-9 heterodimers, comprising the steps of:

a) adding an effective amount of a GDF-9B homodimeric polypeptide; and/or a GDF-

9B/GDE-9 heterodimeric polypeptide to an ovarian cell or organ culture with or without

other ovarian growth factors such as IGF-1 and/or other members of the transforming

growth factor superfamily (e.g. activin, BMP2, TGFf1); and
6



Figure 2. Shows a portion of the nucleotide sequence of Figure 1 and
illustrates the Inverdale mitation. Figure 3. Shows a portion of the

nucl éot i déwpakuense of Figure 1 and illustrates the Hanna gE ﬁ/&mfl gure
4. Shows the deduced am no acid sequence of w | dtype GDF-9B i n sheep.
Figure 5. Shows a portion of the amno acid sequence of Figure 1 and
illustrates,the Inverdale nutation P?lggure hows ort| on_ of

aci d sequen@e Endeping & bioasiay ¢ paid BOTgR SU [ gttl?q)hlolog}cgtﬁgwyty of
Show t he si gnafais BeMeaGRrRGnY MRfcRIdimENd ilySSptidSB vv'th sheep. 9

01/ 9G393 PCT/ NZ01/ 00113 Figure 8. Shows the additional upstream ATG col on
present in sheep. Figure 9. Shows photom crograph illustrati ng t he

" locali [ o)

pe di s L CeBNOCRAE Mepat Bndih, POHEE rahleh e e, e S RerAl B Mk RN
. ovari aeffed] off systemicgpmdubtion of GGPFIB homodimes sindn GDEFBABIEDFhederodimers on
heteroﬁ1 08, actijvity irz vivo and i~z vitro. The term "i sol ated” neans
subst aht' s f“ygrgghjar ated or purified fromcontan nating sequences in the
cell or organismin which the nucleic acid naturally occurs and includes
nucl ei ¢ acids purified by standard pur| fication techniques as_ well

nucl ei &0 A&5dsasprepiedRvelion FERHEES RdRethedefaisnoyal. TeHeYiriang atpemaéérﬁﬁﬁf%@fy

and t hegsr ofeibfealiby cﬁgse&&eeﬂ ee@ o BtpE&ioatlaYsettt 8 ku@ Icemsco@gaggmmb 8 %&e@f
SEQID NG 1 is isolated fromsheep genom c DNA, and that of "SEQ |

and SEEfee) im@ivoSxpressign lo& (GIF-PBdronoang$ os ﬁ‘ﬁp%mwﬁemgoohmrsl, nmeprdahe ther

< onal SBESE B TeyinkitS G ERaR BE Sl e R RE AT Rt B

predi citudingaabxEeguanessarpanifising Peuokiourid méleailt 'ﬂ@vﬂgladﬁlcle:@ﬁ@e 8&quence
pr edi cted usi.ng the Signal P pr r anme & naI PV 1.1 server at

http: /A e%%ﬁréoz%bﬁledgleua KraEpting: $%QgIPa )T R f@@ﬂow fragment) orgyariang oy SAIAG
(Met) GQuubhR, Gl dudidlc 3fd }I;OTGCNQ bein@h oﬁggu{fptammaﬁon Aw%nr%ﬁls%gaﬁ@éﬁn control

deletion 1s observed in some sheep ere one of the two uences 1Is
not pregpmnce. Theref ore sonme sheep have a shorter signal sequence although
nost have the full length. From studi es of Hanna, Hanna cross | nverdal e,

| nverdal e and wi |l d-type sheep either related or unrelated to Inverdal e or
Hanna, Inas telemmth dspend 2lyg preserftanvéntion Gfdvides the tubowflan sgem: sebdceed fedre rthe goaips
fox one CIT preval ence of the shorter version of the signal peptide was
found " ﬁl th in the Merino breed of sheep but |ow in Romey breeds

i ndi cating a)haa H&mmbﬁﬁa%ﬁm@%vﬁ@ Eiuntee dednghridie GDIDBL oRAMENCtRRSEP

carried the longer . signal sequence regardl ess of their carrier status for

| nverdal e or HARSTREN ATt W5IERh Rl Vil §rnwithmit hemediaeria poliseplidk having dybenitst

d t eff 10 1 WO
02 ;93 GSSS I%CT? &(EZOO 1(1)581%%‘153? -b BELyDedB®r TRAR b Hakfhent ArWARL tReof!

b) a heterodimeric polypeptide having subunits comprising GDF-9B and GDF-9
polypeptides, or functional fragments or variants of said GDF-9B or GDF-9
polypeptides; ‘

together with or without supplementary gonadotrophins (e.g. FSH and/or LH) and/or other ovarian
growth factors such as IGF-1, kit ligand (stem cell factor), epidermal growth factor or a member of
the TGFp superfamily (i.e. an agonist or antagonist) to:

Dalter follicular growth in ovaries of a mammal or other vertebrate either in vivo or in vitro;

or

2) alter isolated ovarian cell growth/maturation in vitro (e.g. oocyte — cumulus cells and/or

granulosa cells)



It has al so been noted that an additional “in-frame' ATG start codon is
present in the sheep genonm c DNA sequence 27 nucl eotides upstreamfromthe
GDF- 9B ATGvewandzoxodon (SEQ ID NGO 9 , SEQ ID NO 10). Thi pcpREMEHEE | S
present in all sheep sequenced, whether w | dtype, Inverdal e or Hanna
carrier s, and is clearly independent of the Inverdal e and Hanna nutati ons.
It is gft knomﬂ whet her this u str%fn1start codon is, used during protein

t r ans| W YehA tWRLASERCY Hednytigppreyidespsompagionqemprismesy gitectiy ppowni«f| ap
in a sifnfdelRRAURSEMOEroap catidihkepal 9 ami no acids. Such a difference

bet ween sheep and ot her nammalian GDF-9B proteins would be unlikely to

af f ect the Purichpwediherichpolipentide hevisgeiubuniés compriging tai GRFeIB tpokypepitide of @
is cleaved of fg in. Lv.e . . ment j.on.th 0SSi hility
of an alter natﬁubgehc}or{;gg ’%‘g%le%{troarnsﬁlg%tﬁ%%gﬁ \21?? Og ild‘%lteh%v\wilocrﬁoc{rlr%lﬁnégglﬁg %,Pi‘e ﬁ?l e
sheep. The si gmahnipe@impiesigy GDF paypaptide onm funeti¢ flagesntedr vatiant thed@ot)
indicates that this additional 9 amno acid sequence ction as a
Slgnar peptidet hrtaradhiBenc pebpratide Joua Shuds Gt et S Shayitetdn dnd 2
still be the TEDR(I poRPep@ded Gr Fuhdtidnldframbts FQrarfantdf Hi@rshRbR bP A¥s¥-98.
In a further aspect, the present invention provides an isol ated pol ypeptide
sel ect ed fromRAPPHERY aci d sequences of SEQ ID NO 2, SEQ ID NO 4 and
SEQ | . Co . . . ) . e
ovari ey ppHaHRatRRaly A ERbly ReeRhe thiler LIDRhIRIN AP Bith
pr oducad dpyicexlhyr ashiding sipplensmidarngbmdogoplins emdir othemglevie ovegiregrowdls ifattor
nol ecul e ok th%_inYention or a functional variant thereof, in a suitable
host c¥S éﬂﬁ%ﬁpﬁs%e understood by a person skilled in the art. The term
"variant" as used herein refers to nucleotide and pol ypepti de sequences
wherein the nucl eotide or am no acjd sequence exhibits substantially 5Q0% or
gr eat el hEHBEAWY 20Pech the vehdeBioviies ¢ mathor Pfalicring yadd folisulasegomth Npa:
1-6 re (o To Vo - I 9 :
oDl oo e e oL ARy vl TR oM Lot B gl i forming
has a ewmbadaeahd attier vertapras odetanhest dedls iith. GIDROB/ard GDF-enprdseioncassetes tat

o 11 st ek BahoibdBr PRI pREFH R R GPrdR BRr e R oy e

nucl eoti des or amno acids or it may be a naturally occurring variant. The

term"yariant" tgl so i ncl udes honol o%gus sequences whi ch ,hy?ri,di se to the
sequgan]\é/. e f?iFteFﬂ IRGENTP IRVEHER PIOECHS Pt ﬁ_?fr @;eg,n.gtgvgngrt ¢lHepdayt growth in a.,
hybri dgatd ABmEANE} biheP Rt N drieBard, & 1;1:99%31&5&&15@@0&1@1& tR'sle ogmﬂpéoﬁﬁmgf
the in situ hybridisatibn procedure typically used are scribed in

( Ti sdampmatalian and 09y ver(ebpase gedrian thostice]l9 04h) GDWNYEr andsGDH-%expeaskiancasssttes to

desire e | eot ] e of the RY; is altered

appr op&%oé&% e e§'%§’he|§%‘5%sf9®§??% ﬁgrgg(ﬁm[%s %13“25 Fﬁé%’%ﬁ%&ofi%el%y nt hesi s of
the DNA or by 11 WO 01/96393 PCT/ Nz01/ 00113 nodification of the native
DNA by, for. exanple, .site-specific or cassette nutagenesis. Preferably,
wher e PEAF1BASO0] f&spﬁgﬁﬁ?ﬁlevwn rRIgideR aséa?}@ﬁcamardapkewé%uqo&mmng a
si t e- spREtHE stleiBE sdlbésd tReth MtRAGNBSsHting STHEYBNOUS] "D §6MRDUY8Sind
standard in the art. A "fragnment™ of a nucleic acid is a portion of the
nucl ei SEQEPIN@hBY: or ¢ feationelzagnent of vasiapt of saihr¢qeemepr i ses at | east a

m ni mum sequence capabl e of hybridising specifically with a nucleic acid
nol ecul e according to the invention, or a sequence conplenentary thereto,
under Atcordigerid & dwdhdri gapsctathe defdntien frevides aApdlfpeptide nbinpabing gnobypephcide

is a portion of the polypeptide .whi i Cthan, ful , but. whi c
st 11 PRavrR B A0 BR SPER RN pf SECm 870 LB oD B Geprt untliofal
" bi ol ofgigrdnlt Yr amidnv ef sdiek&uendep a pol ypeptide of the invention which is
able to elicit a neasurable physiological effect in the ovary or ovarian
cell of a manmal or other vertebrate. The physiol ogical effects may be
masurﬁ&oﬂngsﬁaﬁﬁotﬁkﬁ? hispt the hMGAOROPRVIRE Pimdthdd It %ﬁe,rfngyml@@r loRdvith
granul osa cells. An exanple of such an assay is one in I C folllclgé (

| - 2. 5 epmpdistiathe piep of inteidyeing pdigaid esclfimgehinaay prerofsiaims AalSdad gr anul osa
cells isolated fromtheca and oocyte cumnul us conpl exes. The cells are
washed and resuspended in fresh nmedia at a final concentration for bioassay
of 100,000 viable cells per well and in8ubated with or Wthout polypeptide
for 48 hours. At this time incorporation of tritiated thymdine is
nmeasured. The term "protein (or polypeptide)" refers to a protein encoded
by the nucleic acid nolecule of the invention, including fragnents,
mut at i ons and honol ogs havi ng the sanme biological activity i.e. ovulation
mani pul ation activity. The pol ypeptide of the invention can be isol ated
froma natural source, produced by the expression of a reconbi nant nucleic

o T —— a Y



general ly have the follow ng characteristics: (a) the ability to self
replicate; (b) the possession of a single target for any parti cuI ar
restricti ARo9Ndemyicl ease; and (c) desirably, carry genes fP{:T/ﬁ 1y
sel ectabl e marker such as antibiotic resistance. Two major types o vect or
possessi ng these characteristics are plasm ds and bacterial viruses
(bacteriophages or phages). Presently preferred vectors axe bacterial,
i nsect or nAmul kler feldctbr groavtll imayaries of adeanel droitheswierighratelpitherUa, vivo or in
pBl ueScri pt, pGEM. PGEX, pBK-CW, |anbda ZAP, | anbhda GEM pEFIR ES-P
pUB6/ 5/ H s, pBCYYT9%RBTr ack- OW, pAdenovator, pAdEasy-1, pSFV-PD, pCA3,
. PBABE, pPI Cﬁ PAQRASso1REd ot EhnRSI g ﬁﬁﬁth%atuﬂ"%@ﬁﬁ&moth' s list should not be
seen as I|mt| ng the scope of the present invention. Exanples of preferred
expression systens are as follows: 1. For an ifa vitro cell expreSS| on

98)

. system, t.h 93T, ce syste it EF| RES-
Wit ch BSITENE i St Poet 2R BE sl chmbARbE ned sBie el ofesr b
genes, hiuhgnsahorsesyenintldechd\iResdunts, day adtbdopedind iary other cdmﬁaelaulpempmttmblspédms
resi stance gene tgﬁbl eonycin resj stance, Alter nat IEﬁ)%Jf)%B t he co-e>rg|ro$ essi on

of twol@dnes GRE-PRescoe) avmeon syRintial Adantitn fniths, cHHYHCEE © Fresent

trici sifemidn. 8% @@r@b&ﬁe Y@ﬁ&ﬁf&blﬁe@é&é@ﬁi&ﬂﬂﬂé ?ﬂ)uﬁtc%ﬁip)ﬁsffné%ﬁﬁ:k&%t @fcksh é‘é@&
cell systemcan al so be used, e.g. syst em usi 8" vec

expr es siloan apd taemotlmwonmw@mldﬁgenpqmm Spﬁsles hmnm/ S@lbsgmlab@%nmtpl tb@@?,F QB

Wth r s in all tissues of transgenic aninmals, one
approagﬁa?@ceféphhsgﬁtg%g?%u%g% H s A vector {www.invitrogen.com to make

t he constructs For tissue specific expression the rat PEPCK 0.6 kb
prormt% ﬁ) | i ver a ki dney expression can be included in the construct
by repP& Qs‘irﬂét“l!bi’ PFBAdter in the pUB6/ V5-Hi s A vector with the PEPCK
pronmoter. For GDF expression in mammary tissue another pronoter system

(31 ac Sggﬂ‘*ﬁ%h@r ¢ e EPApt L B bt ERURON FIPRPATPRIA MO o B MRGmpIRBe ™ "

(e. 0. &Y 8 VWWVInVItI‘O en.con) to drive the expressmn of the CGDFs
into baI over ression In trans L ¢ ani the CW
enhang]gkgu(es acti §RBW6FH?t%‘FﬁP %98“%10@8? W&PFY;PC%%&LSQBE&?%%E 407: 3 13-319,
1997) or a nodified EF 1 a-pronoter can be used al so (TaboitDaneron F, et
aL, Transgenic Research 8. 223-235, 1998). Adenovii~uses, retroviruses and
al phavFigises axe Sbewe e poIinagf tae ﬁaﬁﬁ@ndeaﬁqq@@mp o Eigwe & yud dlhsirates ﬁlyﬂplrb'ardalc
approach to thosg,skilled in the art is that described by (TC He et al.
1998),. Wth respect to GDF expression the pAd Track-CW vector or
pAdenovat or vectors (ww. ~bi og~e. ~ne. con) can be used to nmake the construct

which is th f d iral, plasmd i .
ool 't EROE ot o ShOPRALRTRA of et rRtadendt 8 Fipd 1 A Bk R Fanna

CW- pronot er dri vanatida- expressi on cassette. This reconbi nant adenovi ral
genone is then transfected into 293T cells to make the virus stock.

Al ternative nethods for generating adenoviruses can al so be used for the
Same PERESE (e. Sho@?ﬁ% &h@&@aﬁnﬁ@%ﬂ’s&ﬁ@ﬁce éfr\ﬁllﬁ%q% GOP iﬁ'sﬁé%bl X. CO”) or
COs- TPC et hod (M yalce S et al . Non-cytopat hogeni ¢

Forest viruses expressing GDF' s can be generat ed using, fox exanpl e,

pSFV- P ors S | e Hi St i :
53 o1, THIOL> Fur SRy tar iyt e iR ERREnd or pbded 1 I cy o) Blved®
exanpl e, pBABE venttaticn, can be used for expressing GOF's in mammalian cells
(Morgenstern, JP and Land, H, 1990; Nucleic Acids Res 18: 3587-3596)) 4.
Yeast cells (e.g. Pic7iia pastoris, Sacclza~onayces cerevisiae) are another
_wel | estgpd 6shed Sesie eSsar@on oY HeCithing abm)%uéﬂl’dd dfemrguﬂa 1 bed dluistrites HadHagad,
et al., 1993);(MA Ronmanos et al., 1992) or exanple, the pPIC9 vector
(Wmv. i nvitro eg AUWR§D-can be used in Pichia pastoris

Figure 7. Show the signal sequence polymorphism for GDF-9B with sheep.



for the expression of GDF's. For coexpression of two genes, the vector
pA0815 (www. i nvitrogen.con) is a preferred candidate. 14 WO 01/ 96393

PCT/ NZ01/ O9bb39&393 Ecl aericlaia coli (E. coli) is a standar ﬂci,@tz@{/@(h%y
expression systemin w despread use. For exanple, the pET expression system
(ww. nova eg n.com can be used to express reconbi nant manmal i an GDF-9 and
GDF- 9B ]%St eve. Ia enceC-a research CO. Nz The DNA nol ecul es of the

i nvent F8H Ry be 9(‘?5?@@9?@ tlB?/a HP%FE‘?%AT dPHPEFﬁ%‘rtale*@ePl nkage wth

suitabl e control sequences in a replicable expression vector. Control
sequences nmay include origins of replication, a pronoter, enhances and

t r anscFigptei%nal Skows platomicsegyudridusiragimg tiystocaishidorsof GBE-9Beingotdooyteof t he
control sequence to be included in the expression vector is dependent on
the type of host or host cell intended to be used for expressing the DNA as
woul d DETWIIRDB DESCRIPHON OIOTHIEINVENTION he art. The expression vectors
useful in the present invention may contain at |east one expression control
sequence that is operatively linked to the DNA sequence or fragnent to be

expres : C oly,.S I S t [ :
cont 1 of * alerha B Soc S EREY RchS of MRPEIARI if 1R HERRRlor B Shafn [dliowyr
of usefwowtlexjar@PEidBhhanodimets ahd (ARRHROBIGBES hdteroliaersactivigyyn viheatd jx 1838t em
the tac system the trc system nmjor operator and pronoter regions of
phage | anbda, the glycolytic pronoters of yeast acid phosphatase, e.g.
PhoS, ThewrhoT®ifts fbadsh@bMeasllyakpliareit 'pﬂﬂflé@ﬁ%ﬁf éontaﬁh'i‘iﬂatﬂ{g%@&b@ﬂo%s in the
derived from pol yoma, adenovirus, retrovirus, and siman virus, ‘and

cyt omeefdl GonzaBisa. i, Whish theapudjeie eid| reptusally eemreprd prludes pucleig cacrcsis Hawified by
sequen 0 h r o, e

cukar yarran RGP RehRlouds'S: TR 88 ShABcOMei e BBl 1 REBpRRE il
const nnm]udmgdfCBtwhcbbgy,randrtlsosalchmmallsasjjxmhﬁsagé to be able to identify the
bacterial clone carrying the vector incorporating the foreign DNA Such
assays include measurable colour changes, antibiotic resistance and the

l'i ke. Prfgasy pheftleadadie aioticulet dfSSEG IDAVOC 0 isdRed fa@nhédp g@@duc PNA hand
gene i s detectable by clones exhibiting a blue phenotype on X- pl at es

Thi s f2eofixER & N@) 2819 9FQ IBNQ: 31 igelatsd frombN7eeh Heep wesa@gq%lna%@brqrom
the cubbhi8HdabRge St andard procedures. Depending on the host used,
transformation and transfection is perforned according to standard

t echni ques appropri ate to such cells. For prokaryotes or other cells that

| . h
o ococ i B halEidr MRl bAF b i HEIJ-EEAGRAE GPORIERS i SRS G D
| oyNO: 7FREQIENNG: BRnTineprkdictat tshmet sequatve appéarsml Hesyroude2 ahibi 1
S%sgﬁat regl |tat|)1n hrr?éhoc i‘ggraazegg an?p{)/aarim - 0! ?g)gmgz OSHA%GaS
(1978)P Biggfic f‘)?fipos $HhE rggegen gl o Br ef BIOSEAME 5 SWB&JOl/SCSQg BCT/ I/ 00813

Upon 1 jitgig#eioieldbe raupamehﬁceseslgﬁzupri(Nmén ¥ 410 1997 )PREH QOTG AVROMBCACA (RS in
pol yp gtr de encoded can II\@)ro duced, often in the formof a fusr on protein,

by cul YERIRNPRE amdSEQ EP NO: 8Thd 3 base ppie geletien itobseracd Hysome sheepipetscone of
det ect t t
FocoverS e GO PRty 3 A0 pRALGS] THBREY Somd MHPIRCR shffir Sighil“Rquence
achi evathouglh mepsthgvepthe delll length. kFmnn siudies lné Fanha, Haoma exaspherdale, alhserdplbr and
t t] f h Thi hod of ducj
ol y pa i8R R Bl s ResfRER AR ES B: A nEk e e Bpie ke
i nventC’D’[i’s lalmhidughesbhﬁ weére dttetbizngoustior Gn@GTMhe@afaEehce bf ﬁi&sslhmtﬂﬁférf sion of the
i.nventjon al so_form a

transf ect nf ec e.vectors, of

furthet'd FP(?B ld%fwatshéu‘ﬂ)‘il é%(%’ﬁthlglh\}leﬁ]t“? r1qonbrg iof iSBeEP BUtr {amt Heﬁ%’gﬁ@cktfe‘?ﬁs
the prigarating fHaemd HolyMORPRHE fal He BMhedinol tregh M RoRa-Y shé@gé@ﬁéd trﬁl reﬁga
cel | surface receptor or ‘conplex cell surface receptor or hage di sp

mol ecutig®dl pissyengs regardisss whefbeird&amier pEpns d@fomvﬁﬂéler Weﬁ‘tgp% A’ﬁheugh this
pol yp

i | iy SeRispR st REORPORESENL B8 RoCBRT U mONT the MR BRPRh s
met hodimvémionpr oduci ng ant i bodi es agai nst the wild-type (SEQ m NO 2) or
nutated (SEQ TD NO 4 and SEQ I D NO 6) GDF-9B pol ypepti de sequences as
nmononers or honodi ners or as heterodiners in conbination with GDF-9. The
anti bodi es can be used for the characteli sati on of the wld-type endogenous
proteins, or peptide fragnents and expressed reconbi nant proteins, or

pepti de fragnments and for passive inmunisation of recipient manmals for the
nodul ation of ovarian follicular growh in vivo. It will be appreciated by
the reader that a further aspect of the invention contenplates the use of

t he pol ypeptides of the invention in the preparation of antisera for the
detection of other GDF-9B -1ike




pepti des. Pol yclonal antibodies may be produced according to the nethod

used by (Koelle et al., 1991) incorporated herein by reference. Useful

anti body pred¥eEjen protocols are outlined in US Patent 5, ?é ﬁmn

Monocl onal anti bodi es nay be produced by nmethods known in e ar %%es

met hods i ncl ude the inmmunol ogi cal nethod descri bed by (Kohler and M| stein,

1975) as well as the reconbi nant DNA net hod descri bed by (Ruse et al.

1989) . Itigs alspgyeen nptod Su apaiditgpd /ineframe’ | ATG stantrqoden issprbssal imethe sheepegenomic

i nvent n._f.oll

col |5, v BpERged Ay PRC uBRON B L K- AN el ot 1 488 Y oiR

_ honodi fi2MNOany). Chis3BfEhee B thetear indilnghesp sdgoended fwhghaneildteyes Inkdx pr Hasiaon
of specific ov i oJI|cuIar rot nes be altered in cul tured
el | 5 GitrieRo A teerhpanegodi: of ik iy ERCER. Ban i iors: & s odsryBbesher

. heter odhmFﬁle%ﬂp@Qﬂt REdGER YRAE 8By roREn kiasditidtn| sﬁééib @EENS NGSS GH(E IS
the control of a specific pronmpter or a pronoter that expresses in all cel

types (Qkdf srdhpoall serlbin a sigsaksqquangey @xpdcbggnaéﬁ) ammn|@1ct,sa§9@t peliffersnce

COMPI i BE%vedn shiddUtla i fiahiaf GBIFdOB ARk, Sduld e BRNELARILARY RPAORGH bY
conpri se downstream regulatory sequences. i's cass e cou e

i nt r odtheematurg protdie ag én@pertloﬁ ofréirepiodechle isickerved off acthecmtwmfmanhe DA 9B bot
t he proj uclei o S esc i bed in er al .. 1996 ich are

subseqePr ot s SRaRPAR” BE R SRl Frols Mapatiihatim e ety SR gttt

t 0 ter sheephThe sigad peprite [fr@dxctﬁd’iﬂ)rpgﬂduﬁé (Nuilsef ettal. amf; iMdicaedl tAR| thisia8ditional 9

descri bed by (Hogan et al,, [996). Transgenic aninals produced by

t r ansf ém%ﬁméfsewnp% My EHEYQR & euérg%aem}derﬁnéﬁh@n%@ %ef%?ndr gisy tar the swaem t
tissue I r § i ent
il BT T e N B RPN € e m
and dellvered to the egg Vla E72 MIYO O 1.72 VdVO fertilisation to

produc f.the dev nt al

C ool < 080 PR BE BRABR11 50 Tl L LR B Bh " i

het er odcldmequemags difeSE(gﬂd N :E;ISIBQ 1D INO:| eatrl SE) IDWNODI Gior 4 ﬁlriclucnldla)ranmtahab@f
synt hesi, s .0 roduction.. The inventiaon alsq inclu s adenovi rus- based gene
t her ap?’hfcé’ct{’m&&m‘ééo fr@plpglgbq%\gagliaﬁgoq&j‘%a@gogﬂﬂm@;p_ SR i h cel |l cul tures,
organ cultures and whol e experinental animals for manipul ating ovarian
follicular protein synthesis or production. Non-limting exanples

i |1 ust FBE iPRlyPepidds mak beirspdused by fRrasaiop ob v witble [vectar p@mp@sxagpbeeemcd@e@md
that t v f. e

vari at /oA B M SRR GED: o APLRAA ol MRkeck nCE 3R MUY o8 s roylg be
t hose padesstned bkilpkmdn skillechim the artar e cont enpl at ed. EXAMPLES EXANPLE |

| sol ation of wildtype ovine CGDF-9B DNA and identification of nutated ovine
GDF- 9B DNA sequences 17 WO 01/9C393 PCT/ Nz01/ 00113 Di fferent conbi nations

of ol i Fhauetne O ident' Pras MREE hehein vefelrst toonudiotis/ mugﬂypa%txd@l%qﬂc@se%%ﬁﬁ&xe
previouslg gloned by us. were used DNA for obtaining

| 0 nom (70
f r agne RPECHH9e A agy %é‘C@ﬁe‘@‘Bn“@eﬁ@ %géﬁ Iiffné’teﬁ‘i?ﬁd'}‘mﬁ’rl‘i’%rwlﬁlames
wer e uggdedtle RRhBANRAG séubhcel F BEG ![@NDSJ qﬂ@f@sﬁee%'v@l@%efe?% QS%‘%()%Q)IO%I and

| i brari es and for obtaining cDNA sequence from w | ype ovine ovarl a
cDNA. Test Bistriehiy QOf%Sgﬁh@m@logm te theownwepceseef ba @re@entl ln‘muam progidad isaidriariaats

obtain n I f i f ve
o onon SRR kiABBURNEIR b EHAR htR, 1HE VIR CRRATHE fLe D HIGifIoBER B inee
1, | nveatds micketiSEQ DinNGridFequande Bsneh mediSEQidnD afNDiserfion EGARRLForRor deletion
Product on_ of eci fic.antibodies and denonst ratlon of natural honn%hneric
COP- 9BChABE REIPE FHePidtY aodmyng 2eids or J BRL Bt PHURUN ASPIERE N SiANe o L he term

_Anti gengarfank’ alsariitleied GonmIogdLs sajuehtdsdshiol Q?/Bﬁcﬂ% &f 8@ deghdieHUE kl%ofn'véﬁlon
sequences disclosed in the |,nvent|g)'r as  SEQ SEQ 1D NQO.. 3, and SEQ

1,
| D NO. UBdeg Stapdpsdaor Rreferahly sringpntdpydridisagen a@sda&natfav@ﬂw@ hos s&wsﬂeg $heoprt.

. cont 1 oEx $RAIEBE theSARRL B AXRILATTORAURS tyb A PERY Gl ddsBrifed HQUTisdal f@% a1a§999
anot her approach, anti-peptide antibodi es directed agai nst specific pept

sequentiugngy ShISERH0) DVimre wcllge@mmdemredstﬂ@nn@eme |AGINCY &F thenabive ENPetsf

are ge r t

L1 sh) o) approp BT RS ditdin <A RIS HISER Ao RS ST IS
GDF- 9B/ GDF-9 protein heterodi ners from bht ural sources and cell/tissues
overexpressing the respective reconbi nant proteins.




Previ ous evidence by the inventors' group (e.g. Aaltonen et ~I. (1999) and
Jaatinen et al., 1999) show the presence of GDF-9 nRNA and protein in
oocytes ofwonesspbsal follicles in rodents and primates. HeperWeosiaYy
evi dence by i munocyt ochem stry using a nouse antibody for the presence of
GDF-9B protein in sheep ovaries (Fig. 9}. The immnohistochem cal

nmet hodol ogy was simlar to_that described by Tisdall et al. ( 1999) Stem
cel | &&d#fca&ﬁu of. thej Ratiye RANA Yy Eay<I*eMDIen SitgPRSEHEiCror| cogssite smtpgenesin Preferabizep
ovary rd e

except f{gﬁf& Olftl%fﬁgbf gﬁﬁg)?n gbg%rllj;?‘&a%lf ge?a%n]cg mg(zlécgt\%]ans? gla: g}%ncl %rérgar

i n t hedpeagsemntagenadis i§ FIBHlOBEdusingSycinggnes Maiddrd ﬁethSattence Products). The
nouse anti body MLO was generated after ' an E. coli derived mature ovine
GDF- 9B peptide (0.2 ng) was injected in Freunds conpl ete adjuvant (FCA),

i ntrapey 'rgieal ¥ finublelc adld igta %or\!i@ﬁ?'@!f Yhe A&y akbRl BAOst REs ah Full- 1éngm and
antigen i.p. 18 1 WO Q1/96393 PCT/ NZ01/ 00113 and subsequent |

my ant PORRIISS 3 legsh & mipiaPbHpeauense GRreblenef hyfuidisingrapecificallys w&%@ nu%ékamd
af ter iﬁlﬂeéu!é“%l:cd?&lﬁstﬁ%r RN RAHYD 6P!d S&fugce %bﬁ&kmé?} ythEIIEf%S GurRiBH <8 Rht
data show that both mRNA and ‘protein for GDF- are pres

i n oocyorditiors amlﬁfmcgbe(lmm tAo‘rfe&gnmnt'hOﬂapolymgde @a:lpcuumyomhe pulypppt?_:w@blch is
Evi den e I, I I s IflC pepti de
sequeniat MR uE LA R, IR S PSS B R A AR B pRBE B P Fabi & 1
Ovulation rate in sheep follow ng adm nistration of plasma containing

tibo t hole |i ,t ted to GDF-9B t d
T eat et NEEh "B IARSEE T R ot 18) ARy DAL o CRE SRR ych 5, bl o (Bt 7
pept i dﬁ%a&%@% (pﬁyslologiigl Sfect $ Hﬁe&tzﬁy br b@ittah el of Bl Rardiddfbr dfdef Géf?éb?até hﬁ?eo

had their oestrous (r.e. ovarian) cycles synchronised using prostagl andin
Fza (Eshysilpgicdl cffegts may bp measured by a%amu§hweﬁl@ uug@pwéwnt teikiatgd thynudme

synchr S LRR%,
t he sugrgb g@ﬁ%?%%lgal&p% @({eﬂ,lglgf %%?n \I;\h/g% m n| er g}ghé@éjﬁ a pool(aébdg& %(r&
r ecov edssectadofrea fimtrh evarfanostkonpd aed\@sarmlma chh@l 1slotmmi ironutiiese dndmocyte cumulus

coyhot EOPPRRET i AR ARk < 1Ru oL i Dars P 2 Rl A Tor

ant i bodicassay ®f @05,008 v@e&al@&e&ﬁwewéwmﬁhh&bamswh a8 iwithoat pollypeptia® ngaEhoﬁﬁl I
9B as anti The other 5 ewes were adm nistered with a

expressed GOF-

pool ed%%%ﬁﬁﬁ”@ﬁ%ﬁ@b&dﬂ%@@ﬂfmrﬁl%@ﬁéﬁuéﬁde fl ock of ewes that had been

i mruni sed al so on 7 consecutive nonthly occasions. The pool ed plasma from

t hese aninmals did not contain detectable GDF-9B anti body. Antibody |evels

wer e ndde tared" pgteiar( oOEpeIgpeniidel eglare tad pmtein isacashé &y the nucleis agidrrpoldeuleof the

(1) ; 52g0 veﬂ_ %g%nﬁ}ﬁ%nls?m%&&sc&ﬁt ﬂd?lgolggsgﬁav‘{\@ hepéa%e b}% g]ca%%gtl{;i%{ \{\.g.l
ovulatlon manipulation activity. The polypeptide of the invention can be isolated from a natural

.

source, produced by the expression of a recombinant nucleic acid molecule, or can be chemically

synthesised.

The term “ligand” refers to any molecule which can bind to another molecule such as a polypeptides
or peptide, and should be taken to include, but not be limited to, antibodies, cell surface receptors or

phage display molecules.

In addition, nucleotides and peptides having substantial identity to the nucleotide and amino acid

sequences of the invention can also be employed in preferred embodiments. Here "substantial

identity” means that two sequences, when optimally aligned such as by the programs GAP or

BESTEFIT (peptides) using default gap weights, or as measured by computer algorithms BLASTX or
12



WO 01/9C393 PCT/ NZ01/ 00113 expressed full-length CGDF-9B and i ncubation wth
100 pl of diluted sheep plasma and 100 ~,.~. 1 of assay buffer, after

appr opri atwwolh @i ng treat ment and successive washes. Aftegc%&%upﬂﬁgyn W th
the sheep plasma and several washes, r abbit anti-sheep-HRP was added for 1

h at 37"C. The wells were then washed and devel oped w th o-phenyl enedi am ne
pl us hydrogen peroxide w th devel opnent being stopped with sul phuric acid.
The e\/\égaf\éﬂ’e aighatglegssnSQA%0 priferably st ansl ploak peeterably aSREADTessequentd idertitys

| at e L din F7a. ioiecti hron
2Lt 515 YA AR AR R R o SO
~admi ni $or atdngsle,ahe phisssiomionl of amino @il ihaviag panitantcheimicab piaPérticweudenneintgeadred

a signifjcant perturbatign in ovari.an follicular devel opnent i.n.njce when
he. anPREFD YEnet VHL A S MR OBIE Ofadirpiefo TSI TRE ARaT B 1o s i,
. this stydipdloihesr, 1@@%@@@%&@%%@@ intraperitoneally (i.p.) with the
E, coli-derived mature ovine -9B protein (0.2 ng) in Freunds conpl ete
adjuvant (FCA) (0.2 nil), and another 10 female mice were i mMmuni sed with

bovi ne Iﬁlaﬁgﬁﬁéraaghé’ét,b'{ﬂgfp??égt fvBBHon! SrolAey &%ﬁﬁ?me) trhngPer VeBtoPEEMBLRSfor use in

controls. sequent ooster injections”of the appropriate antigens
{0. 1 nprepirifig ppdlypeptstesor peptd®oDihe mpyeatiors eTlmsel veaiorstray bk Goweguaed acgording to
given at . 2. week intervals in a Span/ T il mxture and t anj,mal s

Tuor 't Recufioheal AR Bl PraaR e SR R o oiie V58150 Shah 2 ALIERHS o

t hese GDF-9B i mmuni sed m ce that the exogenous biological activities of
both GDF-9 and GDF-9B are likely to, be g_fﬁ{ect ed si réfe :bhese an%[tml S .
cont ai &8 ClangsVerios YRy ssirciadarasingdo Bisthesirdretrelide darsed: s vostorsruill e
2: MeaneferiithdVe knHlloRRY cll ¥ &by mouse pl asma fol | owi ng i muni sati on
wi t h bovi ne "al pha | actal bumn or ovine CDF-9B. The val ues presented show

t he absorbance at 490 nm which represents the | evels of antibody to GDF- 9B

or GDF-9 Treat - - 9Bovi ne oc-I| act al bum n<0. 060<0. 060GDF-9B2. 177
(0. 1630, 5ol LGy g pRa

(b)  the possession of a single target for any particular restriction endonuclease; and

(©) desirably, carry genes for a readily selectable marker such as antibiotic resistance.

Two major types of vector possessing these characteristics are plasmids and bacterial viruses
(bacteriophages or phages). Presently preferred vectors are bacterial, insect or mammalian vectors
and may include the following: the pUC, pBlueScript, pGEM, PGEX, pBK-CMV, lambda ZAP,
lambda GEM, pEFIRES-P, pUB6/V5/His, pBCl, pADTrack-CMYV, pAdenovator, pAdEasy-1,
pSFV-PD, pCA3, pBABE, pPIC9, pA0815, pET and pSP series. However, this list should not be

seen as limiting the scope of the present invention.

Examples of preferred expression systems are as follows:

1. For an in vitro cell expression system, the 293T cell system with a pEFIRES-P vector
(Hobbs S et al.,1998) which confers puromycin resistance may be used. For coexpression of
two genes, the aforementioned vector may be modified to change the antibiotic resistance
gene to bleomycin resistance. Alternatively, the co-expression of two genes and the
selection gene can be achieved by constructing a ftricistronic expression vector. A
corresponding stably transfected insect cell system can also be used, e.g. the S2 cell system

using “DES” vector expression system; www.invitrogen.com.

13



WO 01/9C393 PCT/ Nz01/ 00113 Thus we assert that procedures that |ead to the
nodul ati on of endogenous CGDF-9 and GDF-9B will alter ovarian function. |
Further ewdene@9os n support of our claimthat nodul ati ng hpopaizogsdiss COF- 9B
or CDF-9 and GDF-9B either as honodineric m xtures or heterodiners is

provi ded by our novel findings follow ng the i munisation of sheep (3-5 per
treatnent g p %gai nst KLH (cagp,tr,olﬂ ) GDF-TSB pept.i de conjugated tao KLH or
GDF- 9 frept i QeTEMHCHG' BRTISSNRIAPT $iall Hssupnplirpsgenic g 8BS gppraach is to use
consecut i veiRDABEN S-FRUA $8étbO M wul GitO¥A! E8R) ICHONR! 8 AbRlcrs! N Rte-
and thereafter the ovarian volunmes and nunbers of types 1, la and 2

fol licles wercsifigsaxprassignihe satdriR{I Ofoklp bromeater for pivet antukidse)( Stpyessiontcas| be,
1997). In agdjtil . 2 j 2 Sr: W, :
These r esul {5 Eedlh hO8OAARERE ol nBiREERCRraRAkE flut BUHAV R BcP Wi
nunbers of thepdsPUK rodoterantbra@bDFalxpfesdion i emnfrodry disisig) anothernpremibien rsysttm

h ith KLH & KLH ' ted to CDF-9B tid to GDF-9, tid )
e e P ok oD bR B e Bk o
;gzge) 1-2 19l chEmbire afiatirolthé ChEHhE™®aN $ANGRLIC! hlofilofi( BN HRBIENIREN
e) KLH486151806828(iMgeRB3nH 5tb) drive6@i3- dxpA3dds Gf-th6)EARs Aty GRffk 9 BRA GAAKA 0DRept

i de- KLH(149-488) (3221-13786) 5) GDF- 92841627804Pept i de- KLH( 248- 303) ( 10152- 257
45) (0- 11) ( 25*AreslonhasEansgaRic chimyls heXNME enbancedeB-vatin rrrpotgin (Okabe M, et al.;

SEVPGPSREH EQAJ-D ) h -9 nept enc .
KKPLVPASVNE%ESS‘#%quF/DBR%?’]l{ é) 188! ﬁ%‘ﬁn%dgam@s&%&goﬁégjg%c?%%eﬁ% (Jahoit-
mg/ eY\e of SDIainﬁ fonm,gf gﬂ@ﬁﬁsg@?i@mdﬂ&rdf8:|9{2|3|=2§$F199)89.|epti de6i n Freund's )
conpl et e adj uvant. Subsequently at nonthly intervals gn occasi ons, the
ani mal SIGRIAUSISEIQYITESS ngainhﬁ@rusaweggwr e*e?%fwﬁ?l@a@ﬁ@he@ae%waéwg%nﬁ in
a Span } ! : : I : eligba\v ept

G omy ¢ o PAGEbrRblchTh M ScliBd fn e oRIEHRERUARANTUCHEL JR1 500N A ehdict 1o
each c&DE exprrdssion dret pAd TrakiChl\evatorel ppdenuvatoh ectong (datvoqlipgaeicam) chmbe

o v 3 e P RaES eBPReAPhbS ReU L RR D)ok
r econbienagtt tof%aﬂadiem@b&n%tgﬁemrah BdrRIRAVITEN téntsiE 2 ORI Elproolf @i in GDP

manmal i an cells in vi.tno and i s~ vivo. Expression constructs 5]%enerat ed in
pl asni BXRrestCcasselint ARiiraeprakini adengxiralgsneme issthen yansdecsed ip 3R qeHe Ent i on

as SEQ e M vihs stabR Aﬂ?ery%ivegmetﬁaﬁjs fsggé%n'g}ajﬂgﬁ ade viﬁi?e[sicﬁﬂtaﬁ? %ﬁ%{ﬂé same

operative assoclation w an expre on control sequence

rrammlr yulsppﬁc(ie}‘gi ECﬁﬁmirmnE’ld b@a]qimc asl)sfw(ﬂlmazm?b_bm_mdi)t mraCE\@Sé‘?Cemqﬂmd
manma e n tabl e clones are selected using an antibiotic
oive Pkl g

sel ect optim sing the processing of the expressed

r econbanant Npglcypathbgenis SRUEIRE FotdIE virnwbes BxPeSeRS 6DIs Shii Be ig8ndibieadtulthga mish
an auxiliary expression cassette driving the overexpression of the Turin

prot ease i nSXMPIHIANCEP vestars as describsdobiburdstram ¢fpl.e JistiophemoEelhRiddll8e B3v e

mammal i an eypr G, OuitAGe! erdViar bt O SRs hARAbAE ki C i
have gener at e’dﬂﬁﬁln&n 293T ceeil ﬁwrlles tf?ané@gﬁse%ﬁsm tPE?a'?he’ plgF‘Iﬂ%@% e%%tﬁgr
cont ai ni ng véntorg.atanGoFuBR fpr expreagingrGIPB’adn meemmalianadells (Mokge@stein, BAdod diand) .
156: 189-93, 1 . - 0 ] G5z9B mature regi on sequence (SEQ >17
NG | and NBI.” 3&?9% ﬁ%@?ﬁ@fg‘r}“g&égésﬁ%ﬁﬁﬂ'e had been

4, Yeast cells (e.g. Pichia pastoris, Saccharomyces cerevisiae) are another well established

expression system to those skilled in the art (C Hadfield, et al., 1993);(MA Romanos et al.,

1992),. For example, the pPIC9 vector (www.invitrogen.com) can be used in Pichia pastoris

for the expression of GDF’s. For coexpression of two genes, the vector pA0815

(www.invitrogen.com) is a preferred candidate.
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engi neered to contain the effectively cleaved RRRR sequence. Cells sel ected
to resist 120-150 ug/m puromycin were cultured in HanF 12/ DVEM under serum
free’ condiwoai®sfer 4 days to produce ovine GDF-9B into th?c‘f}ﬁ%{&ﬂ%ﬁ

whi ch was subsequently used in bioassay as described in Exanple 4 0 gain
bi ochem cal evidence for physical heterodinerisation of sheep GDF-9B with
GF-9 the followi ng approach was used. A simlar rat/sheep chineric GOF- 9B
open réadi néC’Tef"ﬁf’fﬁl epdl degefi) iseristansiaudlabonatory e piessiony system trewmeﬂla‘ca@usaemmr

aci d FLAG epj m.iki Forest Virus vector and a
high titre % S stoclp%q? e%g{/é BES %E ?Mrﬁ%&ml Hseéfl O cEXRTESSys
descri bed i rcombiientmamataliah G- ot GBF 9B (stevBilawrehdE@ ad8seAich.c30@1.) . A hi gh
" titre SFV-PD oGDF-9B- FLAG virus was seen to very effectively infect hunan
293T cel | s and cause hi gh expression of oCDF-9B-FLAG in these cells. After
. I nf ect Tae DNWAInhd1&eudestoftdy ifedntibh ena HRCEX ?)?&Qecp%ta%ﬁgﬁh 'w@geﬁ%rlﬁﬂcﬁ e Wt
medi um and the protein was easily visualised as” a band i n West
bl ot afdiiaplsiconiyal ssquences inrp rplivsble pnressiop. veFior. Eoneseausrcesmay ln@ludn@ngms
GDF- 9B, F h, ner at
oEF! REQ PPeton's Qo annheal ghd nsEitfork | emiraE SRR oSSl g
pol ypepl¢ction oPtresninglo]l 28@Fnasab [bs imnhutled I8 Theceipressish abttyr EZiepen]:leMlbx( thé/tﬂilel &93

PCT/ NZQ1/ 00113 expressi GDF-.9 were infect

SV, POYSEOr o ElIRENe] 6 THrg Yot Blebensilnife T e cusih By wiHPas b8 acpsyeon
cul t ur ekilléni@ thd al@f supernatants from uni nfected and SFV- PD- oGDF- 9B- FLAG
infected cells were subjected to i nmunoprecipitation with 1 ~. g/ anti
FLAG M2 anti bodi es and conpl exes were recovered with protein G agarose.

El uate I

i G e LR Tl e e oo g ik s o bR o
ovi ne GOFeIge that i npmbv@admkecgtozube N AepFenemonfrespay to He exyassssée fhe wontrol

f I d f
SUBCT TR oo LSRR SR BB e PSSR e coe

ant i bomNaﬁsseqih&se Bxampiasrod psefal epdpt'eatlbﬂ) tored 8equEREdsSard thelilsadystem, eelt C&&ystem
physi c inte ion of reconbinantly expressed qvi B.and 9 and
Cont | 1 P YSlEnS Hi B SHErEr BB ObsPEte) RFTOMOME Ce ORR eabe REIRBcae gheolyie
descri prehofeds o Gt &40 hﬁlﬁseﬁ@ PIRYS, 6 &ﬂU@&C@ﬁhQ &t ApRAmating bRt d

i nvent?%n as Stlzy bl@@@ EQ T % 3, a{%d SEQ I'17 5§orn\?alr1$ ants o

t her eoprometeg%d@t\e@ri f@m lpab\s»am @#@ngvm@srqtrﬁvwmg@ gimien mmn@cyt@memlwm gy
syste r|c
D opy ESR TG Bl fckiterplr 5330l IRERATRE SEb AP A RE}iBh 3 oo
expr essignolsapeticaand| epkaryotio celispnd sisddvirusesopraroathinatioas theiofit i on wit h
expression control sequences. Effects of GDF-9B honodi ners and CGDF- 9B/ GDF- 9
het erodi mers on ovarian follicular growth in these transgenic aninmals are
assesshdthbyconutryphionadfr 4 eedteni Uk aﬂmrﬁrs adiantage MO MRl abds tRydentifihile BHRRERARCIbne

prowdes a neral method for n lation rate in_transgenic
ani mal 1Y Fﬂ&% Séao chomfaténg 1g1g }ﬁgxmamsﬁ? a@qa%dncapc}ee@péwrable colour

over ex i V, t.v of
reagent ot ol oo *e%?é“ﬂé“?f?.fééﬁtﬁ?c% cTRUBa% Fopllt SR LIRL AL AP TSS,
i nj ur i whish tgen¢ e d¢tecthibls byf clotes mmnm@mbmeapﬁmtypa&nnx-g@b platedi Mhis #hdilinags
have been obs rved I S de cri for effectivel tra sferrlng an
expr es%e’?(%o% 4%t @éeeéﬁ{,ﬁgsveeato& Y, ?@8 geﬁ%&lf © 4 é'ir‘}l Rracedy
invention as SEQ ID NO 1, SEQID NG 3, and SEQ m NG 5 or varlants

thereof in oper ati ve associ ation with an expression control sequence (CW
pr omot BEBEndiRg o1 theohest té?d’éﬁﬁ’é‘%}?tiq}‘saf}%frwsif@élpﬂllé perferned wcosstingip siandudes
or reC!eE!hﬁcﬁHes éh%bf%ﬁtef & s@ht&ﬂk NGok Prdiabhthd 0P bt @?llsnth‘!tﬂ I:(Srﬁalﬁ rsubstauﬂ a“l"c\éﬁ
For exa t he nmet hods all ow&temcmfecmno reci pi ent mal s Wt
GDF- 9BWal tf@mﬂl@uré%{ﬁaé@mt@w@% 120 So@al’rromdmaari‘émommlsé@dsmmcéﬁmmw r{gI}SA

into t f

reconbﬁa#t S1'9372 |rr11139eo %@{3 Z%iejas Le)}dwnﬂ?#e%g%né S’Vﬁ{(’% guChE?e}{ X"tag o(‘&?'};\ct“frﬁn
f ol | i cpHoaphate pmipmayn eetlasisefs@memb yand Van dberi®, Vieslbg e 52:846 (11978§i©r liposomal
Iaparosco%Y r’rﬁeg I‘EEtI’I c nmeasurenents or hornonal assays. A simlar in.
vi vo VISP sta[I% 5 f GDF-9B And CGDF-9 sequences and transcriptional units
can be achieved with al phaviruses or 235 WD 01/9(i 393 PCT/ Nz01/ 00113
retroviruses. These viral approaches offer ways of testing the bioactivity
of different GDF-9B and GDF-9 gene constructs if2 vivo and al so provide
alternative ways of imrunising ani mal s agai nst GDF-9B and GDF-9. EXAMPLE 4
Measur enent of the biological activity of hornodineric GDF-9B and

het erodi meric GDF-9B/ GDF-9 proteins in ovarian cell cultures. For assessing
the b| ol ogl cal actl VI ty of pr ot ei ns expr essed from t he nucl eot| de sequences

o o P — N~ 1~ N~ 1




An exanpl e of assessing the biological activity of honodineric GDF-9B is
shown in Table 4 bel ow whereby a partially purified reconbinant (r) ovine
(0) CDF- 9Bwabt/egbs i s assessed by neasurenment of [3H thym géARzo1/00113

i ncorporation by isolated ovine granulosa cells during a 48 h incubation at
37C. The results show that the roGDF-9B caused a 1.9-fold increase in
tritiated thym di ne incorporation by granulosa cells indicating that the
roGDF- 9B was biologically active. To obtain the granul osa cells, ovaries

ver e IresaVesRibrifafbh 818 sefeetelinehi@Ritt arl agpropridtd veitG®eE BolypehtiRatettdf dat®e
and the cells isolated and separated fromtheca and oocyte-cunul us

conpl epreducedheitagein) the fipme ofva Siséan pAWIn: &3 ealBHEE thei host padlsh Thedolypaptide pf WAl
conce . i . .

ook BTab P S BBRIRY, Ahg 105 AL ECFELLR, P M Lepu el G eden:
cel | s afitprifies po aucessirg. MeGDFer Bndpurifivation cambel iachi¢ved Iisigpany girecedures known

experiyrents) Treatnenfj3H th. mdine ijnto oration (c Control 3256283Rec
ol ne. ide Ehioamasas bk absorplistsplmd USR8l FHITEF o6 R s
and pagrbiaing/a pbl&%é{btﬁié dfshdigvéition consth@phanager edpeerortiggsrageny invettidme
protein eluted wth 0.5 111 NaC and di al ysed overni ght agai nst tissue
culture nedia. The control for this experinent was nedi a exposed to

non-tr f ' i ;

Chr o £t BRI Gfole andl o), Bahbrhe, HERGLHE SERIERE R she veciggs o
01/ 9C388 iDleRNSSs OROIRCT fidihed 45ped DB thEmedenviaveriiovan GDF- 9B sequence and

ol i gonucl eotide priners derived thereof enabled the inventors to determ ne
t he sheep GDF-9B genonic and eDNA sequences and to assess the expression of
GDF- 9Bint 4ddi&sy, b fufthéNaspb@aly thy prek@n ififeatibowayvidds fol an ad@d)y, ahtitaxly fragment,

literature it agpears that GDF-9 is needed fg%ﬁgr nuhﬁég celi qitg@@nesis
and t hYREIP CelbPYTTafe PRAPERTIOr APTIBITX CPY AWRPS TPCAPHITOT RARE R YGBRICGUIPS PRGNS 1P &
stimul ﬁ&llﬁgé He BPE&%?&&' &Tth kb, "THE ;%dl?peﬁ)ti@é’ Gl P ptRle nfdly- be PrEQR) adg %hgig)ineﬁs

t he prol ratio I rat granulosa cells in culture {Vitt et al.,
Reconbiimenthe@Drdimes| meltimey of avarsanstheresf.dogenesi s and gonadot r ophi n recept or
expression in nouse and rat granulosa cells (Elvin et al., 1999; Vitt et

al ., 2000). Furthernore, GDF-9 stinulates inhibin B production in human

gr anul Meee sgcifieally, thel ihueriof \firoyiddsaimathnde foraprodudimg pntépdies agaimst) the Twdd-¢ype
recent, studi early d ha = 0 I ve t ent

o t oot STShly 8% o &F apterP RS In A4 30 SFE T NGR ET B0 pl PR fdhenges o
bef or embhémérs \b Hontiieles Cdri A artdheligiers iAQiohibigatidaswite SDHOOTHe amitiodées can be
possi bl e biological effect of GDF-9B in the ovary. In our earl

[ r New
Zeal aneepalorthe characterisaifanont i “Eidofyre snAegenghs PERIEIN.nQk REBHIS gﬁ&%@@t%%
the | ; S -6Q ¢RMuR A
Syt en B B P TR A 0 B, SRl 1 o T
whet hemai@bilsdBr termaodidatadnf deiverarn follidubs gramtibrimbdp. showi ng that the
I nverdal e gene is actually an inactivated formof the sheep GDF-9B gene. In
I nverdal e animals the T nucl eotide at position 92 nucl eotides beyond the
mat ur ef; peNtbe AepRERERISIS) he réddeethins furthen iediofAhe Bk, contevitts the dsbef the
colon GIC to GAC causugg the substitution of the am.no achg val i ne éﬁ? to
aspar t PAYRERiIdey ¢) the tpveafipn fnghe prenagationyo! pptssas forithe detgtion of ipthes GRF-FB dike
ei t heraalibne, isoleucine or I'eucine which all represent hydrophobic
resi du% in contrast to the negatively charged aspartic acid. This am no
acid substitution causes a change in the surFace charge of the very area of

t he CLl Leh.s invalved in. the di nmerisati roc est

From TS E PG edplel abhY By 15ty efornE o8 AR BRRATET BRelb 2B aL: Tan
G ut t efncorpBiied Karein| by Fefeitndl. . Uset®9%ntibSe grdfduetioreprotdeols &t d8lined e US Patent

i nvention ?f w Zeal and 500844 al so provi ges evi dence for a second GDF-%QFB
gene muddtrbh Mxopale@tﬁbﬁdlaﬁwmrs ProdyieRd BY maqteeds knpi il hendthi RS, aethy
the sapejfaet@e GanERMIoAB @e«may&ga%eaesye (&hldr SindPRERRLY, PEF753%s! AT ok

ewes. anna'anlna S presen
recombinant DN A method described by (Huse et al., 1989).
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with a Cto T nucleotide point nutation at position 67 nucleotides beyond
the mature peptide processing site introducing a premature stop colon at

the place Wh ooyt ami ne (Q residue. This change wi || cauggrg [m?]
truncation of the mature peptide region causing inactivation 01Z e protein

25 WO 01/9C393 PCT/ Nz01/ 00113 product. Crosses between the Inverdal e and
Hanna famlies lead to 50%infertile femal es proving that both nutations

cl ear | {0 # fgder ombedimeat,dringentiparpsoyidedumethodef manwbtmg/oy@x;%foﬂimm
PCT/ NZ
%ﬁ&lﬁﬁh%ﬁ@%ptr}lnﬁgéﬁkgﬁlﬂrﬁ% %y ¥ )ﬂlr%sﬂ)‘érbf P&l?%@?fﬂo%ﬁt{ﬁ?g%s |Qnd GDF-

Hor el | I'- Kui tunen
Hovat t 8BGDE& betbr;odi%m:m,oﬂne Gimikgraad lgvedwif lexdiekdien eﬁ spaifioovdraat foilicubar (pEbEn9)

O R obS e s S5 8 R SESE Pl el GbF SRR o
. Heath DRF-bBASOR.9 MteroBihdrk eRsodidl seifbdRed ny, beDavdredGhto Ogald emsdtlc MRS the

honmozygous faor the X-linked Inverdale gene (FecXl) are devoid of secondary
and t eFentE f pofReriicayomater O tRIPROIRR AL SEPEFeRI §1t1 (g1 tYRes SeepiXampigs

49: 8951 Y QZtltuﬁggéx%% 16 Fi gyl cdskes l§baco e sh ﬂaﬁﬁﬂ?@%ﬁﬁfb&bﬂid GtaB 3RS khe

The expression an or mance of one enes. Yeas Res 9, 897-944
Daopi nn@\Nm apd 1Ay, odipmatly \épmgasn étmmem@rlygulauor}ssqqumom e Tbfs ENAn@SEﬁttﬁ qoyld

growt hf ap ynus he sy .
957" 568t g8 Yo The Bt 34 RS W Fishh! ButtBERt HE LK B T Prommal 9
Evi denegesf @k desteibed és dIKeillddr «a alip] 996) Getich lafef dubspbmly ousfatddosackabaedipiehhe
X chronmosone of sheep. Biol Reprod 44:620-624, 1991. Davis GH MEwan JC,

Fennes 89inpas andodipsverdy dekelar to/term, Thistschnigiecior fhei nrgdustien of trpRsgaRis amimals is
ovari aﬂeJ&)ﬁB&P Eﬁghﬁ%ﬂ@@??&%ﬁ‘%‘%@&?@ al{lﬁﬁlzfs)gna)!': 151% f)q()duéézir b}I Hgnsk&\ﬁ%ﬁ%lcglls in

prolificacy
culture der1ved from an embryo, or foetal or adult tissues; followed by nuclear transfer and embryo

transfer to recipient animals. Alternatively the gene cassette may be bound to mammalian sperm and
delivered to the egg via in vitro or in vivo fertilisation to produce a non-human transgenic animal.
Manipulation of the developmental regulation or the level of expression of GDF-9B homodimers or
GDF-9B/GDF-9 heterodimers may be used to alter the level of ovarian follicular protein synthesis

or production.

The invention also includes adenovirus-based gene therapy techniques for expressing GDF-9B and
GDF-9/GDF-9B in cell cultures, organ cultures and whole experimental animals for manipulating

ovarian follicular protein synthesis or production.

Non-limiting examples illustrating the invention will now be provided. It will be appreciated that
the above description is provided by way of example only and variations in both the materials and

techniques used which are known to those persons skilled in the art are contemplated.
EXAMPLES

EXAMPLE 1
Isolation of wildtype ovine GDF-9B DNA and identification of mutated ovine GDF-9B DNA

SeunnCCS
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on the X chronosone. Biol Reprod 46:636-640, 1992 Davis GH MEBEwan JC,
Fennessy PF, Dodds KG Discovery of the Inverdale gene (FecX). Proc NZ Soc
Ani m Prod w6:0289290, 1995. Dong J, Albertini DF, Nishinorpcknzbbomis TR, Lu
N, Matzuk MM G owth differentiation factor-9 is required during early
ovarian follicul ogenesis. Nature 383:531-535, 1996 Dube JL, Wang P, Elvin
J, Lyons KM Celeste AJ, Matzuk MM The bone norphogenetic protein 15 gene
is X-linked and expressed in oocytes. Ml Endocrinol 12:1809-1817, 1998 2

VO OL/ BifeétentPCohMyE bR 10k3 ofikiubledAde Grthdes Aderivé8ngrolh N nlBoushivh: MASE YK

MM Paracrine actions of e%rowth differentiation factor-9 in the manmal i an
ovary. Sag8enges deYiPRyy donedobs usowere pspdoinGRERoom zempmichvaigp t YNKPfor Cabtainingg e
LM Lajti NEEihed | i - i)

Vot gorery . Bb 1 a0 ALY (3, Pa i R Mo rt P s e B
der i vedbtgming Wilflagpeoshege penopiivelons) froausenyed dibeaiee dndorobtdining cBNA agygence

infertplity.in a dasage sensltive, manner. Nature Genetics 25:279-283 = 2000.
ari 111 PR SRE S Th B e Do i 1D OB TeAp LI ER o)
st r uct Hafnival OBRMRH M5 YeqhvhdRi} RRVERIBTR FrapfehRi dbtalnedStroMGhe kdbedtve a8h8Mc
for the transformng growm h factor beta superfanil Proc Natl Acad Sci U S

A 93: sPBlAgs3The yydtyp IRnrequange pgydisplpsedthese anYBRIR NOydnnverdalegs $EQAD
RommeynQd: acknd Bht NEEee > Nth.g, Prod 55: 296- 297, 1995. Hayashi M MGee EA
Mn G Klein C Rose UM van Duin M Hsueh AJ: Reconbi nant growth
differentiation factor-9 (GDF-9) enhances growth and differentiation of
cul turﬁg_é@ggz varian follicles. Endocrinology 140:1236-1244, 1999 Hobbs
S, Jitrap , Wal lace JC (1998) Devel opnent of a bicistronic vector

dri venpiyutdiéh fMBeciER! VREBIdiske afdalidm&sABESH | @Nndidkl ordodineR@ GDENSY eind
for creation of stable mammalian cell lines that e~. press very high levels

of recksteodinericeBFAB(GDES? prticing Bi mamipslimeevagesmun 252, 368- 372 Hogan et
al ( 1; In: Manipulating the nouse enbryo, Cold Spring Harbor Laboratory.
Press 1996) Huse et ~1., Science 246: '1275-1281 (1989). Koelle et al., Cell
67: 59ARGgensAd1 imiiohisany madmilsl atlerds dre gédatrated udb® nudO&ideIseqaRESdisclosed in

the invention as SEQ ID NO: 1, SEQ ID NO: 3, and SEQ ID NO: 5 or variants thereof in operative
association with an expression control sequence enabling expression of the protein in E. coli. Yet as
another approach, anti-peptide antibodies directed against specific peptide sequences from SEQ ID
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or variants thereof are generated. Immunoreactivity can be
assessed bylstandard methods (e.g. ELISA) and/or to obtain specific IgGs recognising GDF-9B
homodimers and GDF-9B/GDF-9 protein heterodimers from natural sources and cell/tissues

overexpressing the respective recombinant proteins.

Previous evidence by the inventors’ group (e.g. Aaltonen ef al. (1999) and Jaatinen er al., 1999)
show the presence of GDF-9 mRNA and protein in oocytes of preantral follicles in rodents and
primates. Here we show evidence by immunocytochemistry using a mouse antibody for the
presence of GDF-9B protein in sheep ovaries (Fig. 9). The immunohistochemical methodology was
similar to that described by Tisdall et al. (1999) Stem cell factor and c-kit gene expression and
protein localisation in the sheep ovary during fetal development, J Reprod Fert 116: 277-291. The
only exception was that a tyramide signal amplification step was also included in the present study
(TSA Biotin System, NEN Life Science Products). The mouse antibody M10 was generated after
an E. coli derived mature ovine GDF-9B peptide (0.2 mg) was injected in Freunds complete

adjuvant (FCA), intraperitoneally (i.p.) and at 2 weekly intervals boosted with 0.1 mg antigen i.p.
18



28 WO (11/9C393 PCT/ NZ01/00113 Juengel et al. (2000) Gene expression in
abnormal ovarian structures of ewes honozygous for the Inverdale
prollflcaqwogﬁngwsBlol Reprod, 62, 1467-1478. Laitinen M K?ﬂﬁgbﬁ&ﬂﬁp K,
Jaatinen R, Ketola |, Aaltonen J, Lehtonen E, Heikinheino vos O
novel growth differentiation factor-9 (GDF-9) related factor is
co-expressed with GDF-9 in nouse oocytes during follicul ogenesis. Mech Dev
78: | 38nd subseqyady | withi 0105 g aatigen iPAADayTweeBoR n6ix0Be endIBy anmaReraniiced 1

Veast  §eoh et ARR LIS BB AR SRS ey eapecitic.

expression of growh differenti atl on factor-9 Mol Endocrinol 9:131-136,

" 1995, P, H N sdal | W5, Tal
R Doy KOG Tese 1 pes dlA SRRt e FRA cm A for o OFES Aiky
. the ef b@é@&mqa oaaﬁmrﬁamﬂm%mu&neﬁ%@apd@gr@allo“sdymalaz A0b7.3- I35 1995.

McPherron AC, Lee X . two new nenbers of the transformng
grow h factor beta superfam I y cont a| ning a novel pattern of cystel nes. J

R i e P R S T e R B s A g

adenovioras@sactisitn g shdenaw Tabis 1IDNA-t erm nal protein conplex and a cosm d
bearing the full-length virus genonme. Proc Natl Acad Sci U S A
93:1320-1324,1996. Neilsen H., Engel breeht J, Brunak S, von Heijne G

| dent i friapRt | OOvafatiBh GKRY Mptshes‘epamow{gaamimﬁraﬁbﬂ gl pleeRd icdfi aRfieslidst ton
of their cleavage sites. Protein Eng 10:1-6 Scheufler C, Sebald W

Hul s meyreyhalg limpgtshagmosyanif (KiR) %ﬁﬂlmﬁ?ﬁé’ﬁogﬂh%%ﬁb%%enetl c protein-2 at 2.7
A resolution. J Ml Biol 287:103-115, 1999 29 WO (11/9(393

PCT/ NZ01/001113

Treatment Mean Ovulation Rate
(range)

Anti-KLH 1.6

(n=5 animals) (1-2)

Anti-GDF-9B peptide 0.2°

&) (0-1)

*p<0.05 (students t-test)

In this study 10 female sheep had their oestrous (i.e. ovarian) cycles synchronised using
prostaglandin F,, (Estrumate, 125 ng im.). All animals were observed to show synchronised
oestrus following markings with vasectomised rams. On day 5 of the subsequent luteal phase, 5
ewes were administered with a pooled plasma recovered from another flock of ewes that had been
immunised on 7 consecutive monthly occasions with a 15 mer GDF-9B peptide conjugated to
keyhole limpet haemocyanin (KLH). The pooled sera contained high titre antibodies to GDF-9B as
assessed by ELISA assay using a full-length E. coli expressed GDF-9B as antigen. The other 5
ewes were administered with a pooled plasma to KLH recovered from a separate flock of ewes that
had been immunised also on 7 consecutive monthly occasions. The pooled plasma from these

animals did not contain detectable GDF-9B antibody.

Antibody levels were measured by an ELISA procedure after the sheep plasmas were diluted
1:50000. The ELISA method involved coating a 96-well plate with 100 ng/well of an E. coli
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Schl unegger MP, Grutter MG An unusual feature revealed by the crystal
structure at 2.2 A resolution of human transformng growh factor-beta 2.
Nat ure 358v0309¢B8%, 1992. Schl unegger MP, Gutter MG Refi pegngoyshdd
structure of human transformng gromh factor beta 2 at 1.95 A resol ution.
J Mol Biol 231:445-458, 1993. Shackell GH, Hudson NL, Heath DA, Lun S, Shaw
L, Condell L, Blay LR, McNatty KP Pl asma gonadotro1ph| n concentrati ons and

ovar i afXRipsed delkidangth GDR-9B |anden@émmemb ¥Rt ofr dilutesk sheep \pipsme afndrlQQ whepfor
ene |

Repr oc e P b8 BagkTFe bt (loe RAST MRS Ahd ichoafiyii e

Pavi is ﬁhfhﬁp Wsmﬁamdyev@ar} viashed, mbbumnp#shb@egIRRmhﬁaﬂdatfdr Neh Mf (att:]TH«f wsns glﬁll‘d)f
emal e shee t.hat ar us or zygous t nver dal e

br ot Ay yehand KeusiPged B o L piminegplug T 8roees Pproneda guth ey Hlgpmenty

da Cosbaing dtopyst wih\é Fﬂﬁﬂ@ﬁmd.B Vogel stein (1998) A sinplified systemfor

generati ng reconbl nant adenoviruses. Proc Natl Acad Sci USA 95, 2509-2514.

Tisdall et al. ( 1999) Stemcell factor and c-kit gene expression and

protein localisation in the sheep ovary during fetal devel opnent, J Reprod
Fert 178e epgywegpach/given LA) n}l@ﬁ a@nle s iafravenously aeh4 Adayy la@r ednknistered with

differentiation.f ct 9 .stinmul roliferati but presses the

ol | | cracsttmrsdliih Beiirston B S2aMaRes afufis: dbe JYuaRoR BT PER ey
cel I's {dparvs 114 @Rt hft@ad&ﬂﬁllsﬁatﬁqlv&lpagsg{ay rat follicles. Biol Reprod, 62,
370-377, 2000. Vuoj ol ai nen K, BondestamJ, Hayashi M Raivio T, Evans L,

G oone NP, Hsueh AJW Ritvos O CGDF-9 regul ates inhibin B productl on in
oL o 385 R RoBh PRSI R R R R A SR BorRiB AR Rariag it
nucl ei dewddmnam ﬁremndeavhnmrtbe asinrels werelimmemised evithequBnod deeived tradiré voine (G12F-
group 8gnsln t}ns gudy IO ma?eEQuce w[élpe- 1|m-munlsed intraperitoneally (i.p.) with the E. coli-derived
mature ovine GDF-9B protein (0.2 mg) in Freunds complete adjuvant (FCA) (0.2 ml), and another
10 female mice were immunised with bovine alpha lactalbumin (0.2 mg) in FCA (0.22 ml) i.p. to
serve as controls. Subsequently, 3 booster injections of the appropriate antigens (0.1 mg at first
booster and 0.05 mg at second and third booster) were given at 2 week intervals in a Span/Tween/oil

mixture and the animals sacrificed 1 week after the final booster.

Here we provide evidence for these GDF-9B immunised mice that the exogenous biological
activities of both GDF-9 and GDF-9B are likely to be affected since these animals contained cross-

reacting antibodies to both growth factors (Table 2).

Table 2: Mean (t s.e.m.) antibody levels in mouse plasma following immunisation with bovine
alpha lactalbumin or ovine GDF-9B. The values presented show the absorbance at 490 nm which
represents the levels of antibody to GDF-9B or GDF-9

Treatment GDF-9B GDE-9
Bovine o-lactalbumin <0.060 <0.060
GDF-9B 2.177 (£0.163) 0.590 (£0.058) -
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b) a sequence able to hybridise under stringent conditions to the nolecule
in (a); c) a sequence which is a functional variant or fragment of the
mol ecul e | ) a sequence conplenentary to the nol ecu in
(a), (b) o‘?og@g)e}”gn d a) an anti-sense sequence correspondi kﬁgT oBgﬁﬁg%f t he
nol ecules in (a) - (d). 2. An isolated full length nutated GDF-9B nucleic
acid nol ecul e conprising a nucl eotide sequence selected fromthe group
consi stlihng wefasseal) th8FPotdduNS: tha lead 1SHRE HoddMationof ertlogenaw iBRSand BEF-98 will
hybri di se under .str.i ngent conditions to the nolecules) in (a); c) a
sequende® Ii/\‘/i’llaﬁlfal“f‘g’cé‘functlonal variant or fragment of the nolecules) in
(a); d) a sequence conplenentary to the nolecules) defined in (a), (b) or
~(c); and e) an anti-sense sequence correspondi n% to any of the nol ecul es)
g

in (a) Furthey evidencadniseppeit &f qui|dlaimethgt modppting mog?mfmc. GOFYher iGPHG and
f :

- SEo T DRO SBCOHIRCR SonBhinRtic REThlen o dhAURARARE I rBfad] by buphblel Hibhngs

t he sedqlétmieg )thé mmpapisatdon Af isheepd3rie pcmtrmmantegxmﬁ} S@IMIKJpHF(twrdmlhﬁDﬁ@B

subunlt risi eguence sel e rom.t roup.

consi st g‘% o d] %IﬂD %&ﬁg}’%&j}c? Bﬁ@f@&ﬂﬁug?’t?ih%@rﬁq oihevaawlingﬁt“%{ﬁ S‘E’é"icﬁed to7
seque n@ensesuuv% rh@itﬁllyddimiﬁmaﬂ:loﬁg ltepeirics eechastbd gt bghies as® itRfhfel the OFtde
group co Si ti@g of : a) A matur ol ypepti de co ri sing an am no

GDE- 9
26 0" s QBB AUeRTRS 1ol FHPSED 1t H8: 2 TR eI SR PY AgeRe. Bphamciia
of sai %r&%%’r@??ﬁmt@@fjalb)l9§7ﬁawﬁcﬁh@: the gpé%leﬁ/d%e&tdb%cgrof %ntfréigtﬁfli'cfég%elé’ ﬂBff eANt
or fragment thereof. 6. A vector conprising the nucleic aci ecul
cl ai m Ihese rebuisrarsungnarisedn Fable3313 PCT/ NZ01/ 00113 7. A constr uct
conprising the nucleic acid noleculeof claiml or claim2. 8. A host cell
whi ch has been transformed by a vector or construct as clained in claim6

or cl aiTablé. 3:9.Méerl bgatu vélushs hhﬂldﬁnﬂﬁrsaofp’vypersepm del ded awesd forlRmest foBowing
claimed in claim3. 10. A_ligand which

full-length |
bi nds FEMMTIGHBLRBFTRN Mm@oagg@pdafo@@a% EapiAPBlo GRF-IpPhigand

whi ch [ 10 a el &gk Wd‘i?r? R med A
| i gand zggﬂl?:lleal med i Eﬁl % Eﬁlae ”Ity FI g nf gﬁakmaﬁtl gggly or
an aﬁl body fragnent com%épm ng Erﬁx gen- .09 om N ﬁ%n ef\ i gand as
claimed in claim{12 wherein th S gan r&%eanra%ge%l % f

KILH 486 15180

(3) (353-651) (11623-17433) (61 65) (22 37

GDF-9B 296 8147 0 0

Peptide-KLLH | (149-488) (3221-13786)

(8)

GDF-9 284 16278 0 4

Peptide-KLH | (248-303) (10152-25745) 0-11)

2)

For these studies the GDF-9B peptide sequence was SEVPGPSREHDGPESC (SEQ ID NO 17) and
the GDF-9 peptide sequence was KKPLVPASVNLSEYFC (SEQ ID NO 18). The Romney ewes
were injected with 0.4 mg/ewe of KLH or KLH-GDF-9B peptide or KLH-GDF-9 peptide in
Freund’s complete adjuvant. Subsequently at monthly intervals on 6 occasions, the animals were

boosted with further antigen (0.2 mg/ewe on each occasion) in a Span/Tween/oil mixture (s.c.).

The results show that relative to the controls (KLH immunisations): (1) GDF-9-KLH and GDF-9B-
KLH immunisations each can inhibit antral follicle development thereby demonstrating that both

GDF-9 and GDF-9B are essential for normal follicular development in some mammals.
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14. Aligand as clained in claim1l0 or 11 wherein the ligand is a phage
di splay nolecule. 15. Aligand as clained in claim10 or 11 where the

l'i gand is w@oibhgoeformcell surface receptor(s). 16. A net hp&@&oﬁmﬁfﬁssi ng
bi ol ogically active processed honodi neri ¢ GDF-9B pol ypepti de conprising the

steps of: a) generating an expression construct conprising a nucleic acid
nol ecul e conprising a nucleic acid sequence selected fromthe group
consi sSEXAMBEESEQ m NO: 1 or a functional fragment or variant of said

BLE __ onal | riant -
o) ser Bt MeBiBinghl HRRMRE CDf A s Ry M P PRLk

pol ypepiaimsieliad fellsAn wer-hast ifviexpr essi ng bi ol ogi cal | y-acti ve processed
het er odi meri ¢ GDF-9B and GDF-9 pol ypeptides conprising the steps of: 32
WO O1/9(393 PCT/ Nz01/ 00113 a) generating an expression construct containing

a nucl ﬁkﬁ-e?s%n%ﬁeﬂn%y %,@ne?ﬁg@ il %hﬁﬂfd vebtbrsontiEifl Gudttille SEQHABRATISEHRE S the
fromthe group consisting of: SEQ mNOI| or a functional fragnment or i
var i aninvefti®adsoSEQJDeNEY; 1, HHL IPiNOa3.mnd $EQ IHLNG: r%?fe%aélaétse‘g%réﬁf RORSMIYS
or af donal .fr vari an eghrvb r f | ' S
W th SRaeEHe P TElestbn ¥BhEE" cabiPE N EFL, AT (i SHCHRD pipnf
puri f ysdaigetides) axprasfeettdfiohyieapd itdmaniBaliaf aelis land stbleaclemmvire atlected usingi anal

and al phaviral  transfer of GDE-9B expressian cassettes ar GDE-9 expf.ession
cnss ot PUDIG SolHiOR BiarkeroporgRyP o SR O AP 0] 1Ry ebessrrempinaat P LOEF M
of GDFsQReneMhdi BihSpRtedsddy S8 DMmbudtiehet afi aBilfary GRpiREdion Rgssehe divary dle
transferring into a recipient cell, organ culture or recipient animal, a

r ecombprepxpresdioncy ithairinpigaserp thepredusercals dhingRdeestt e conprising a

nucl eic acid nol ecul e having a nucl eoti de sequence selected fromthe group

consisting of SEQID NO 1 or a functional fragnent or variant of said
sequen@a, ansairdple wt lagieffeaivedmamivatian expression systempor ptodueing o6HH-AB ihomodinmérican

expressi on control sequence. A tr.ansgenic, gni.nal ' s heen ...

Cr Bner B S geRer e o 33T Gl HAS TR efe Vit e SRR B8 fontgining
met hod yRfra@beIIESrofMAbh BRatihlet SIUINIGI CHIOPAdbCrihl, 156:Y89-93,1980) fas@l © dfesvim
or other female vertebr ate, said nethod conprising the step of ,
t r ansf GF-AY matnicalezion sedvense HEEQVIE} N&rh@@n&@?)- él%e Huer pesessing\pifh hasbpea

and Gjléflggmeee)r(gdr t%sc%in Ath aesf:%f%&ti\?esfy Elgax%ld llﬂﬂ&ﬁg&fu—eﬁ&p (83315 ge(?&téﬁf to resist 120-150 ug/ml
puromycin were cultured in HamF12/DMEM under serum free conditions for 4 days to produce
ovine GDE-9B into the supernatant which was subsequently used in bioassay as described in

Example 4.

To gain biochemical evidence for physical heterodimerisation of sheep GDF-9B with GDF-9 the
" following approach was used. A similar rat/sheep chimeric GDF-9B open reading frame as
described above but containing a C-terminal 8 amino acid FLLAG epitope was cloned into pSFV-PD
Semliki Forest Virus vector and a high titre virus stock of SFV-PD-oGDF-9B-FLAG was generated
in BHK cells as described in Lundstrom et al, Histochem Cell Biol 115: 83-91, 2001). A high titre
SFV-PD-0GDF-9B-FLAG virus was seen to very effectively infect human 293T cells and cause
high expression of oGDF-9B-FLAG in these cells. After infection, during a 4 day culture processed
oGDF-9B-FLAG was secreted to medium and the protein was easily visualised as a 18 kd band in
Western blot analysis using anti-FLAG M2 antibody. For co-expression of ovine GDF-9B-FLAG
with ovine GDF-9 another 293T cell line was generated using a pEFIRES-P vector containing an

open reading frame encoding a prepro GDF-9 polypeptide. Parental 293T cells and 293T cells stably
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GDF- 9B honodi rners and GDF-9B/ GDF-9 heterodiners. 21. A nethod of altering
ovarian follicular growh, i~a vitro, in a female manmal or other female

vert ebr at ey o9fbeseset hod conprising the step of transformn TRITBb and
ot her vertebrate ovarian host cells with GDF-9B and GDF-9 gg:(pr essél’d(%?f{I

cassettes to allow over-expression of GDF-9B honodi mers and GDF- 9B/ GDF- 9
heterodinmers. 33 WO 01/9G393 PCT/NZ01/00113 22. A nethod as clained in
cl ai m @xpregsingooGRE:Riwere anfactnd il equal gulovstseef ST YHAN-HEDEWHFLAGH yirssdsnandof

sheep, r i P S el.i nd._.nes

cats a?\‘gﬂ oag@tsaﬁ%?éa?@u%t e?ﬁe(?% ik éﬁlug?/ml' %r @g N F %%g%a‘ltéé‘gs.s frﬁ%’. ‘dl%%ﬁ%?%g%das
. ¢l ai megFVrPBloasDIB-9BIFIOAG2Bfeshe il wead shbyedtddeddr igtruriopreeitaGie tith! O Nateanti
group consi sting of chickens, ducks, geese, sal non and any ot her

comer EFAG-Y12 ppdbedien angecomplexeswers rsAyRrsd tWish rretaisr iGsiagaross Elvatast ere
" | _ . i _ . .

 polypestiud AONHcERRAL Bing WATHAGIEL HAERNY Bl £ CDF AlnodRIP AR,

f r agmeanti GEAGaM2amttibblies dofmotaendt with wwiné GIF-hoamidimeroreaciod 90 & (GIOE-Shaniireg

subuni ts_conpri sing GDF-9 I ide_or a functional fra nt .or. vari

*her eoPeP(B eers@eRdn GiaperaeBn i ORI Rulerdug RSB e R iy SFEEE o
pol ypepGDIeIBIR. A GiafusSs pal yigenidogescipitateduMathi anlFLIAG AR N4rRibedieY.amhadet so-of
said GDF-9B or CGDF-9 pol ypepti des; together with a pharmaceutically or

vet er i HEPPNIPrepBEtonsP et él%du(%tqae&a%@hywﬁh%ﬁﬁ@%wmf repquepiRAnly sggressed
opt i ongliny AIEOBHnAGISHBRINE ¥BRR the 32RAMEL LPRRENEDEIGDHISE %é@rdaﬁrggﬂhag?nt

sel ected fromthe group consisting of: a) a honodi neric pol ypepti avi ng
subunits conprising GDF-9B or a functional fragnent or variant thereof with

or wt ' ' ol ' Vi Ng.S ni t rjsi . GDFE

ool Yoo SIPGLIRELE  DAPERI SR 13K10Ha2 IR RETRE] ) B isEhilon a5 SEQ

]E)ol ypepD |1v|ttef hestQJdDs NIy 8, tasd SBEQPID ];N(mgs_ (?D(E%gﬁé%ﬂﬂr% 9e9v|aﬁi1 l)éﬁ&ﬁﬁdaﬁgﬁ SItEY i~
unctional fragnments. or .variants of said . - or -9 pol ypepti des;

{ oget hEPISEEEIR AHmals (R TSR SRS ARG of IS E R PG ETe YR PBn

gr owt had@ebRfclimBaE USDPDB/EDFL pkitkink.| PBOJelesi N GDE! éncBai%Fogehuer@eé des aher

grom h factor or TGF~3 agoni sts/antagonists to: i) alter tollicular growth

i n ovaf¥Rsessed sepasdlplyRPr ef-cxrrensed WePPeBlYR assefiatiel With axplassion control sequencesr
1) al Bfkcd 3P GHRIBOYROAReShl EHPYBIEIR Y hakio8ndrd o 'bVifan filfcular growth in
these transgenic animals are assessed by morphometric measurements or hormonal assays. This
approach provides a general method for altering ovulation rate in transgenic animals. Production of
GDF’s into milk by mammary gland directed overexpression provides an alternative method of
producing large amounts of reagent for medical or pharmaceutical purposes. This approach is not

injurious to the health of the transgenic animal as no contraindications have been observed.

A method is described for effectively transferring an expression cassette composed of nucleotide
sequences disclosed in the invention as SEQ ID NO: 1, SEQ ID NO: 3, and SEQ ID NO: 5 or
variants thereof in operative association with an expression control sequence (CMV promoter) in a
recombinant adenovirus into recipient cell or organ cultures or recipient animals for altering
follicular growth in vitro or in vivo. For example, the methods allow systemic infection of recipient
mammals with GDF-9B and GDF-9 expression cassette bearing adenoviruses concentrating into the
livers of the host and allowing high levels of liver derived recombinant proteins to be released to the
circulation. Effects on ovarian follicular growth may be assessed by one or more criteria such as
laparoscopy, morphometric measurements or hormonal assays. A similar in vive viral transfer of

GDF-9B And GDF-9 sequences and transcriptional units can be achieved with alphaviruses or
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WO 01/ 9C>393 PCT/ NZ01/ 00113 26. A nethod for assessing the activity of
GDF- 9B honodi mers and/ or GDF-9B/ GDF-9 heterodi mers, conprising the steps.
of : a) addvogimsseeffective anount of a GDF-9B honodi neric perxegPédde;
and/ or a GDF9B/ GDF-9 heterodi meric pol ypeptide to an ovarian cell or organ
culture with or vvithout ot her ovarian growmh factors (including TG(3

agoni s /anta 0 sts and b CO&dUCtI ng. a bio z)ay gn_said cell or_orga
el t ur BUOSTUER o lese arah ABERhes PHIS VAYS eéﬁngs ¢ DARSHBY Rb Aifierens GDF-OB and

het er ogipre Ig [ Jef r
conpri si nggt E%@g{)%%gﬁ‘s l?ﬁtﬁ‘r)oogﬂma Ir?% r@s‘fll&ggﬁé nas cf’hfbgrr%f;H##\lhglglbgoar?g&%y%amst
9- 15 t 6DE-9B aadGé}F Pollicular growth in ovaries of a mammmal or ot her
vertebrate either i~a vivOor in vdt3"Q A" iii) alter isolated ovarian
cell growth/maturation i~2 vitro 28. An isolated functional variant

pol ypeEXAMPE®®r i sing an amino acid sequence selected fromthis group
consisting of SEQ)D NGO 17. 29. An isolated functional variant polypeptide
conprising an am no acid sequence selected fromthis group consisting of

SEQ > JeU 2 A
ncid sauden i e Vol SRR TREB8 ERIRGIRAC & SRR SER
NO  13profeink iblQatiih &I cullturesor a functlonal fragrrent or variant of said
sequences. 31. An isol ated pol ypeptide conprising an am no acid seguence
selected fromthe group consisting of SEQ )D NO 12, SEQ >D NGO 14 and SEQ

m NO  £6r asQéssimg fthE 611681841 aEflﬁgffo‘% ro@insVépkét8dd P — duSleSHRNCRTencdL disMBsed
i sol ated nuclerc acid nol ecule su stanti ally as described heréin wth

r ef er efciBe dpyverton ax IHR B0 Y brSEQ BNy 3 e &FQ IR NO:ah of yiantseereof ovarian
pol ypept bed herein with reference to any exanple
and/ or 1%\%02%%%& eo?{ddglé%y&%%géé 9(1i393 i ~ w PCT/Nz01/ Q0113 34. A vector
or gendncsmuplewd tasiensing ﬂwrfaoliog@alzmtwny) bihadodioetie GDEEBds siuivecinl Eabid 4 belew
present . i nvent i ubst tia escri n_wt erence to an
Excanp! EPRHY 8 ol B R ol 1 BIRRRET el te %L ) SepBotifte
of t heopFH$&iymidine gidorpotrasodby aotdal dinAgrafleded R dubap @l 48 NMiddbateIreeITeE.

to any_exanpl e and/or dra 36. A homodi neric pol ypepti de substantially
as desEhe BEHtHOR thaperfoRDBIR faised @ latrfold dngtease 1k Hapiatesk thpiding greormaretisn

37. A BpbanuReh BBlls in%ld?iﬁhy w&medl%@@%% Bl oglcaﬁ%%@&er ' ’P@%b&ﬁ{ @efgr\ﬁﬁﬁxbsa
reference to any exanple and /or draw ng thereof

expr eseilligovaries dlesyresaverpd divm gwes folbieles 42 Fompadiameier) CbSﬂeytpé [.f)teﬁd@d the cells
subst I e a f

30, A ol Rl e S BREL KRSE i BT S Sl bt N EAT e RN, a0
pol ypepsuspendedhis sl hmldlayatasﬁmlbamneﬂmiohémdnmsmﬁcbf Ix¢0’evishrie eeltspeamellexanpl e
thereof. 40. A nethod of adenoviral transfer of polypeptides to thereby
effect in vivo expression of honodi nmeric or heterodineric pol ypeptides of
the i nygé UONVISAPS A flckdhsdih AP HynR@ide RRIBpRatdrl 1 SVEIEIS HedulRa R8s after

exanpl e thereof.
exposure to roGDF-9B or control media (n=3 separate experiments)

Treatment [’H] thymidine incorporation (cpm)
Control 32561283
Rec ovine (0)-GDF-9B 6291+503™

RoGDF-9B was produced by transfected 293T cells and partially purified using heparin-sepharose
chromatography and the protein eluted with 0.5 M NaCl and dialysed overnight against tissue
culture media. The control for this experiment was media exposed to non-transfected 293T cells
and subjected to heparin-sepharose chromatography, NaCl elution and dialysié.

"p<0.001, ANOVA
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41. A nethod of altering ovarian follicular growth in a femal e mammal or
other vertebrate substantially as described herein in reference to any

exarrpl e the()g@/f)(,g,ggZ A conposition substantially as descripggy ?ﬁf/ﬁ)‘lﬂi W th
reference to any exanple and/or drawi ng thereof. 43. The use o

honodi meric or heterodineric polypeptide to alter follicular growth
substantially as described herein with reference to any exanple thereof.
3y DIW§§I@§6393 PCT/ NZ01/ 00113 44. A nethod for assessing the

bi ol ogi cal act|V|ty of honodi meric and heterodirneric pol ypeptides

subst agy b1y, o5, dEserlabed NELSLD i N ol SLSEC, | 0B, SEERL 8 BESRS e
' E ﬁ@ gﬁlﬁ_r'lbt\&sNtoA dateﬁlﬁmeAtheAsHeeﬁ@DR&BA@n&@ MAIDNAIrsef\nces and to assess the
h

Z\
Clwr mc“ﬁﬁsé@P@TﬁQﬁ%géf%‘éﬁlﬁﬁﬂ by et (Gallosdy chilo2W®a) cav) caV] ca] caVv] ca]
caV] ca] caV] ca] ca] ca] ca] calU] ca] ca] cal ca] ca
~ty| "' Bl d9?! 1! 2! #3$YB&{ upkf a\ ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] Eajc éi}eraqlm]ﬂcmme@ra] tha 6 V\&Fe%t]l% @p@@]dc’@r Edgse add) cmjtogencsig and Ghewel roeldy *

cal oa Aprd R bhcats ORISR OPEH it T RABER) B GKER AT BeTl

A557#881 8080 %t k1., 1999# ,a§' well as the prohferatxon of rat granulosa cells in culture (Vitt et al., 2000).

B Sl e e

DEeiaEE} v foRPEU(BL i P aldﬁb%% Vi étahll Cédmﬁ\@ﬁakﬁﬁd@am siahGRIes aﬂuﬁamc a

] cal ca] ca] ca] ca] ca] ca] ca] ca] ca &ca caV] ca] ca] ca] ca] ca! JEKIKXKgKKK

KKLLN, BNmrdamiep RoOuap SanokiRrr uWidleppie 84 la i PEGRERUPEL] e ECeR] ¢
gl ca| C%}lu%ek&%hg HeGRERAE Mkt %lﬁﬁb%rﬁ@dlﬁéﬂs%% Rl il of hirheRlrR hadiaal

STT
\/]aVWYYd'ﬂféréﬂtxatlm dol chdegpthn,armmlm bip pefovey Higbinxgitisine ddsciaberiaherainc ndtbadgc bsc bdena)

ca] ca EIEJW al)l(lz ﬁxleJ',] pos 1gl%]blgll>§1%ll e?i]egtac]f%lg %%%]tﬁeatlvca%l ca] ca] caJ c*a] ca] caJ caj cal g

r ?rsqs
uCuMIWIuuuuPvvUMmwwww x=xcxz" zL{{{ T| h| | ~xsnhc] Xl gb] X]]c]ca] c”a] caV]ca] ca] ca

c™a] ca] ca] c*a] ca] ca] caU] ca] ca] ca] ca] ca]c cal ca al cal cal ca
]Ca] C]a] gLour] earlnlzr N]ew eala%]d palent spec1f1ca110n ]no ;008 the pre]s,ent Vllnvenlors ]sh \l'eda lhat 1he ]

| |1 ~2~Rrbkattd &%%ﬁs&m%mlcmms&ﬂd 1£2idh %érltﬁmﬂlgc%}{w@g]rﬁé}h&&}kﬁ@i 2alicedhc”

a] caV] ca] ca] c™a] caV] ca] caV]ca] ca] caV] ca] ca] ca] ca] caV] ca]'ca] c”a] caV] caZ[ EPJS

\) 3{ zt bjrdaz(Ga]oF ] @]Cda]zﬁ%{l)l]wd]dsarmaﬂlo’d]mvﬁlﬁ 8B]gcad Iﬁaqfiﬁtqdda]tb%s}Bm}md} ca
VT avRR U Gt R R E HORMEY B R 88 ST R AU shsopaFRE B ety B
ca] ca] pakenlcaliealsand cramnwlaaitq&‘sﬂtm]m&breahm\ﬂegand%b Iﬁa{u@];@bﬁde processing

;{//} 2;? @% ]gaaﬂ]%%%p%%g Crg C@ea]ccggyeé ch ) Cg!&l]oa] C’Iaéca]G%é caled galsplaaisad gal ©

iy L sl i e s sl
1@ R kipheS~wdlinp eispléptine ajrclajaing odiicha bl a?mim]m’di@h&ﬂlc apsiaMscia] caltes] catiea]

o CheaH e bR S CRhEBhER A LRI RE fadesch fteape in toa suctpeghessy o

a] ca] caf malveal @@Nbﬁ&k&ﬁc\lk&ﬁ& WﬁMhQ@itﬁ/@]V@dl&ﬂ]k%@@éaﬂhh folckarak SR2Eerich R €Y
e el ksl Pt i G 8] Gk
>YD8

06| wabapled Lldsal el £abe vk ealsgle etehaghirat 6Rb pRiak Al Al oo
 CYFG& 83@@@@3}? 9B dehe aimaimadiﬂaﬂfred]m arlarbe]rcfav]ck af sladep Alilarajac hiving exdctgfieadaam] C

aV]cal ca ca C ca cal cal ca, cal/5 "c cNY] ca
2] Ca] COEPER) RO PR Ay B CHPE AT kT PR BRSO M BEAT ey CAF O R HATERF g
. caj caj Qﬁt}xcﬁ]@% Cla'n\icleotlde Peint mutation at position 67 nucleotides beyond the mature peptide

processing site introducing a premature stop codon at the place of a glutamine (Q) residue. This

change will cause a major truncation of the mature peptide region causing inactivation of the protein
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selected from the group consisting of:
a) SEQ ID No:1;
b) a sequence able to hybridise under stringent conditions to the molecule in (a);
¢) asequence which is a functional variant or fragment of the molecule in (a);
d) asequence complementary to the molecule defined in (a), (b) or (c); and

e)  an anti-sense sequence corresponding to any of the molecules in (a) — (d).

2. An isolated full length mutated GDF-9B nucleic acid molecule comprising a nucleotide
sequence selected from the group consisting of:
a) SEQID NO: 3 0or SEQIDNO: 5;

b) a sequence able to hybridise under stringent conditions to the molecule(s) in (a);
c) a sequence which is a functional variant or fragment of the molecule(s) in (a);
d) a sequence complementary to the molecule(s) defined in (a), (b) or (c); and

e) an anti-sense sequence corresponding to any of the molecule(s) in () - (d).

3. Anisolated full-length GDF-9B polypeptide comprising an amino acid sequence selected from
the group consisting of:
a) SEQ ID NO:2, SEQID NO:4 ; or SEQ ID NO:6; and

b) A functional variant or fragment of the sequence(s) in (a).

4. A homodimeric mature GDF-9B polypeptide having subunits comprising an amino acid
sequence selected from the group consisting of SEQ ID NO:2 or a functional fragment or

variant of said sequence.
5. A heterodimeric polypeptide having subunits selected from the group consisting of;
a) A mature GDF-9B polypeptide comprising an amino acid sequence derived from
SEQ ID NO:2 or a functional fragment or variant of said sequence; and

b) A mature GDF-9 polypeptide or a functional variant or fragment thereof.

6. A vector comprising the nucleic acid molecule of claim 1 or claim 2.
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10.
11.

12.

13.
14.
15.

16.

17.

'l " Y4%40% c

A construct comprising the nucleic acid moleculeof claim 1 or claim 2.

A host cell which has been transformed by a vector or construct as claimed in claim 6 or

claim 7.

A ligand which binds to a polypeptide derived from the full-length prepro polypeptide as

claimed in claim 3.
A ligand which binds to a homodimeric polypeptide as claimed in claim 4.
A ligand which binds to a heterodimeric polypeptide as claimed in claim 5.

A ligand as claimed in claim 10 or 11, wherein the ligand is an antibody or an antibody

fragment comprising the antigen-binding domain.

A ligand as claimed in claim 12 wherein the ligand is a monoclonal antibody.

A ligand as claimed in claim 10 or 11 wherein the ligand is a phage display molecule.

A ligand as claimed in claim 10 or 11 where the ligand is in the form cell surface receptor(s).

A method of expressing biologically active processed homodimeric GDF-9B polypeptide

comprising the steps of:

a)  generating an expression construct comprising a nucleic acid molecule comprising a
nucleic acid sequence selected from the group consisting of SEQ ID NO:1 or a
functional fragment or variant of said sequence of the group;

b) transfecting suitable cells with said construct;

c) selecting stable clones; and

d) isolating and purifying the expressed polypeptide.

A method of expressing biologically-active processed heterodimeric GDF-9B and GDF-9
polypeptides comprising the steps of:
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functional fragment or variant of said sequence; and
(ii) a nucleic acid molecule encoding GDF-9 or a functional fragment or variant
thereof;
b) transfecting suitable cells with said construct;
c) selecting stable clones; and

d) isolating and purifying the expressed polypeptide.

18. A method of adenoviral, retroviral and alphaviral transfer of GDF-9B expression cassettes or
GDF-9 expression cassettes to host cells or organisms to thereby effect in vivo expression of
GDF-9B homodimers or GDF-9B/GDF-9 heterodimers, comprising the step of transferring
into a recipient cell, organ culture or recipient animal, a recombinant adenovirus including an
expression cassette comprising a nucleic acid molecule having a nucleotide sequence selected
from the group consisting of SEQ ID NO:1 or a functional fragment or variant of said
sequence, said nucleic acid molecule being in operative association with an expression control

sequence.

19. A transgenic animal which has been transformed by a vector or construct as claimed in claim 6

or7.

20. A method of altering ovarian follicular growth, in vivo, in a female mammal or other female
vertebrate, said method comprising the step of transforming mammalian and other vertebrate
ovarian host cells with GDF-9B and GDF-9 expression cassettes to allow over-expression of
GDF-9B homodimers and GDF-9B/GDF-9 heterodimers.

21. A method of altering ovarian follicular growth, in vitro, in a female mammal or other female
vertebrate, said method comprising the step of transforming mammalian and other vertebrate
ovarian host cells with GDF-9B and GDF-9 expression cassettes to allow over-expression of
GDF-9B homodimers and GDF-9B/GDF-9 heterodimers.
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functional fragment or variant thereof with or without homodimeric polypeptide having
subunits comprising GDF-9 polypeptide or a functional fragment or variant thereof;

b) a heterodimeric polypeptide having subunits comprising a GDF-9B polypeptide and a
GDF-9 polypeptide, or functional fragments or variants of said GDF-9B or GDF-9
polypeptides;

together with a pharmaceutically or veterinarily acceptable carrier (including adjuvants) or

diluent; and optionally including supplementary gonadotrophins.

25.  The use of an agent selected from the group consisting of:

a) a homodimeric polypeptide having subunits comprising GDF-9B or a functiémal
fragment or variant thereof with or without homodimeric polypeptide having subunits
comprising GDF9 polypeptide or a functional fragment or variant thereof;

b) a heterodimeric polypeptide having subunits comprising GDF-9B and GDF-9
polypeptides, or -functional fragments or variants of said GDF-9B or GDF-9
polypeptides; '

together with or without supplementary gonadotrophins and/or other ovarian growth factors

including IGF-1, kit ligand (stem cell factor), epidermal growth factor or TGFp

agonists/antagonists to:

i) alter follicular growth in ovaries of a mammal or other vertebrate either in vivo or in
vitro; or
ii) alter isolated ovarian cell growth/maturation in vitro.
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30.  An isolated nucleic acid molecule comprising a nucleic acid sequence selected from the
group consisting of SEQ ID NO: 11, SEQ ID NO: 13, and SEQ ID NO: 15, or a functional

fragment or variant of said sequences.

31.  An isolated polypeptide comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 12, SEQ ID NO: 14 and SEQ ID NO: 16, or a functional fragment

or variant of said sequences.

32.  An isolated nucleic acid molecule substantially as described herein with reference to any

example and/or drawing thereof.

33.  An isolated polypeptide substantially as described herein with reference to any example

and/or drawing thereof.
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41. A method of altering ovarian follicular growth in a female mammal or other vertebrate
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36



KS, "109R%R& ()- KS, "109R%R& ()- P&#10%& ()- &#10%& ()-p  bA41029%RK K
FfOd09%8& ()- Kf9A0%R& ()- DFYA0YR& ()- K'109%&?& ()-
0109&&" () \WbAIWB929R m | " "1 ##| [ A1029RK M &YA0%RE ()- 99409 '181-2

>f SUA0% & & ()-y T90%& ()- Of YA09R& ()- Hf YA09R& () - #$ 0bU410
K3L1098&' ()-10?7&?10?&?10?2&? K=1099&?& ()- Dy7%0%& ()-z Cf &3%0% & & ()-z
Hf , 9409&& ()- 99RO " "((|[:bW10 K HSYA0%8& ()- DSYA0%& ()- DS %409%8& ()-
VBy %4 0944 (- mel@c(fp0%8s8essing Kye' Dlaogigal( peti(ity) of * BeedifrferioUdnd heterodimeric

>S5%4 0989&" () - 2 1090&" (. %LQ%B&:. () - OAL0%&R ()-y. > OB () -
oo va 0o 19 Tacplfed Wil SR B IR ISR PRI
K10%RPR&' () - G10940940% K=10%&' ()-_,,, ,_,vU41l0 K, %409R&RE& () -

- K'10%R&R& () - 10%&R& ()-G KIOYRPR&' () - GLO K=10%R&R& ()- KylO0%R&R&' () -

Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

~ "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph

Font xj ' . 7?1 HNVakt ~En/ =4/ " () . 02468: <>@DFHILNPRTVXZ\ *" bdf hj | nprt v$&l 3@ Sq| {
Enlu0',]% "' !$& =+.0134"' 9: <?1BBDHIK, NP} QTYX _d, nobr uw ~E8Y~] udNr *8Yu F7| X| G*
<U #% +_,, " #$UR' () *+, -./0123456789: ; <=>?@\BCDEFGHI JKL6Ti nes New
RomanAri al Couri er New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ; <=>?@\BCDEFGHI JKLM\OP

37



