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OR 11V VI TRG oihgsBr esent invention relates to nucl eotide apgy p/ﬁ] %
sequences of oocyte factors for altering ovarian follicular gro a vivo
or iii vitro. The present invention also concerns novel honodineric and

het erodi nmeri ¢ pol ypeptides and their use for altering nmanmali an ovari an
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as to alter follicular growh ii7 vivo or iii vitro. BACKGROUND OF THE
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stinmulating a greater than normal nunber of licles to ovulate, a fact
t hat i stherebf sd dsltashterdbBtulay gtdvehva deo asis viofo.cormer ci al FSH preparations in
ovarian hyperstimnulation regimes both in nedicine and veterinary nedicine.
Recent studies have indicated that early follicul ogenesis is controlled by
i nt r aovgaicaGRevdod OPTHINIENTGON anul osa cel | -derived stemcell factor
(or c-kit ligand) and the oocyte-derived growh differentiation factor-9
(GDF-9) have gai ned nost attention, because both appear to be essential for
early m"ralranfollrcu esis. CGCDF-9 was rtdes lbed . in 1993 as a
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1992; Sﬁﬁ'&h@@ﬁ%@ﬁdr@ﬁk@d @ﬂdﬂtetaﬁ{' ’foliiglﬂgcéiﬁ@ﬂs ?sgc%%troﬁd B%'xﬁt?ao%néﬂ factofs98Owhich the
Scheufler et al. nbefs of fanuly have a conserved
sevent hgl@lslowes:reﬂtderw t stery rcelépfﬂmrb[ce rcdrrlt tltgend:)oxﬁalderﬂle mqrntérdmwrcbagrpwﬂl

of two t r i

o von” R, ARRPTREE I bPORY R il Lo 1AL SEACERRR B sl
(heter oehr]yanajlmalhanﬁmilmlog@ﬁ)b‘sdg is expressed in oocytes fromthe primry
stage of follicular devel opnent until ovulation (MG ath et al., 1995;
Laitinen et al., 1998). Using the nouse GDF-9 sequence as a test sequence

for thegotawhas: SeRFBEER WB3iadailovélirshber oS- t&nbfdfm@xgw@as@dose@tuemp-
tag (EST) cDNA derived froma 2-cell nouse errbr o library (Laitinen et al.

1998) . Pesuphdemdy whéah is speaifieallyaxpisssedfin thei @vaﬁso pPheammcﬁnd 1998). Like ether s

55% honol o ous to ssed i.n oocytes of. nouse var t
care ¢ MBS eppitot T fanBn -G Shoauis? X HPnSrside Santivyie B
fromthe fH?ég‘-i@n %ﬁa assecuaﬂe@e: WEnREPhbfute@ gn! HARABO tleaVed R6meR Ieaneaobe@gde
gene from human genoni ¢ mapped t he cgene | ocus to chronpsone

and dedby a@intaee] otegse b@b’n@erséo St QP Qi wrip-likprPratenset £HowhpeiPH Qf |ﬂaan§F-
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and the protein encoded by the gene has al so been naned bone norphogenetic
protein 15 (BMP-15) (Dube et al., 1998).1GDF-9 appears to be essential for

ovarian follicul omthe literature it is -9
deficient mce (Wﬁ hmlmlmﬂ re infertile due to an emmmm“mﬁmmmﬁ

foll'icul ogenesi s % ., 1996). In CGDF-9 -/- ovariegygdpl | i cul ogenesi s
stops at the primary'Pb6Micle stage when one layer of cuboidal granulosa
cells surrounds the oocyte. Even though the oocyte continues to grow, the

granul osa ceIIs farI to prolrferate and no thecal ceII drfferentratron IS
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expressed by oocytes, they function co-operatively to enhance both
follicular devel opnment and ovul ation rate. Collectively these novel

hypot hesewowglegszoanl y nmade possi bl e by our discovery of thectiysisahs and
Hanna CGDF-9B nmutations in sheep. 3 WD 01/9G393 PCT/ NZ() 1/ 00113 The

inventors have for the first tinme determ' ned the full gene structure of the
sheep GDF- 9B gene encoding the wild-ty protein and have shown that it _is

necess&SEinG ki Yrhigh i r?@“th’@?eﬁian Wapb’%t rﬁesﬂf&eﬁ ifernning dhies | charagtesisie gisuiphade
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vari an n Inver e an na s ause “hi'gher

ovul atibop ah&t1993; l@nffﬁﬁ et 87 YI@QBSS@iBuﬂEJ &t aﬂnd9993f Qﬂbét'rhéﬁibdr@ o HEOEGB P family
animals. It is broadly to the fuII-Ien th wildtype and nut ated GDF-9B

sequeh@esa gaeserved; samréh e t@tﬂueah@t is mspensehie forrihe nevaﬂm@ gpeodsnerisatiorein®yo an

fertility that the rect 11.ref I ncl udi ng
ony. pitied Bonirts RhSHER et AT B e seRutibRitPy of gl EGRIC L AREPEL)
lncormﬂﬂﬁéxﬁﬂlewlstﬁ&qﬁaﬁ&@ofmfaﬁlmqut@t@dmser@ade that any reference
constitutes prior art. The discussion of the references states what their

aut hors assert and the applicants reserve the right to challenge the

accur i’ﬁlgmg Pﬁ‘ré' f‘%ﬁﬁﬂé ﬁ(fl lﬁ'b% §?H)Tngp“ stﬁ% ?ﬁ‘f kdnibfarc l&}dpent until

under st a nu cations are referred
to heroeuhtlon I(M;Gn ghet ehd@%nbetmcn etcdn slB?&uU@lnarthemnsesG&F—? hequengeyasod test

t hese docunents,.fo

New Z&RTEHE g ﬁiiah%/ boﬁeh ePpcilounter @%H%/%R@B@ thﬁ%w sﬁ&fxe ggg%}(ngn/

t;gF agféDrl\Sét' ldaﬁpe;tt’l,ogt hezl ¢Bﬂelﬁﬂ0§6 b Bt hmaryp(‘lcmlizdﬁsa?h i1898)atveéel sktmlhdi ;mg tt]ze
nuc| ei ¢ aci ecul e ri g c| eot.i de seq sel ecte rom
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under o%E}Ftbi‘G?ﬂ{e ARAEH Bta‘?jﬂsat Rt EﬁteezféUd}DFlm ((atinenCet A, %@98‘?%@"@@“@@ a

functional variant or fragment of the nolecule in (a); d) a sequence
conpl enimeradsrived frome thromewssl BSTesquanes Waapplified b)fraamelqth the ferresporting gene

anti - ?1%%? frum&d g&ﬂﬁﬁc PNA %ﬁ%ﬁ)@? Irttﬂ%t n® 1640Y t@8nrb dﬁ@so@ﬁéj g tsaél Qif:&l?ﬁ)ed lthe( ﬂirﬁan

a second aspec prese t1ron provides an |
mut at GDKBBB— %erﬂnmbmm: frami rslo]mtrldemstmd clmpsr (Aaltogem ente uhl EB¥9) dbttesestqmg}ycen thc

selected fromt rou nsi sti.n SEQ.TD.NO. . 5

= seqien' e R N S3Ttar tBein A anmic f Eies AUSH ERUCT RS

in (abDB—DBa(mmueﬂeteawmm) i FheanbiweCind alan\GIDF-9Bt gepks hmgfs&ﬁtcm‘éd tahe the
nol ecul es) %) a sequence conplenentary to the nol ecul es) defined i
(a)) prc)telerene %Ynthlc éyneahﬁSaqttq begaged @a&eﬁwh@g?neeg ERtEitnky EVBry) Gt)u'?ehe
mol ecy} gls)lgggr) (a) - (d). 4 WD (11/91>393 PCT/ Nz(11/011113 The nucleic
acid nol écul € may be an RNA, cRNA, genonmic DNA or cDNA nol ecul e, and may be
singl e- or double-stranded. The nucleic acid nolecule may also optionally

COMDY 55 9 rBles 181 SYLPHConaRIR TARROBn B LT 8 10MALEOY B0 E R O

conbi aspec eséent I nven rovi des an
i sol aCﬂDIF—Qldeheieﬁnmtde (GI]E@ B—)mé yfenpile die toameaﬂﬁ RIDERt &ufcé]mm@geaemﬂ(w ake

;i!] gcl Eg ]gnna§ﬁg9 g/[ ovaries %Qﬁllcgltoggr?esm stops)at t%%rPﬁJlary fol?hcle stag,% wPen one layer of
cuboidal granulosa cells surrounds the oocyte. Even though the oocyte continues to grow, the
granulosa cells fail to proliferate and no thecal cell differentiation is associated with follicular

enlargement.

The Inverdale fecundity gene (FecX') was identified as a major gene affecting the prolificacy of a
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
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b) A functional variant or fragnent of the sequences) in (a). In a fourth
aspect, the present invention provides a honmodimeric nature CGDF-9B

pol ypept i dad@wehg subunits conprising an amino acid sequepeg s@iaslsd from
the group consisting of SEQ ID NO:2 or a functional fragnent or variant of

said sequence. In the fifth aspect, the present invention provides a

het er odi neric oI ypepti de havi n subunits selected fromthe group
consi sthwgtymo a) -OAShegkgH et al@dﬁ SEDpGE ghelptlO8b). danpamtest homazysein earsier ewes

Seque”qﬁvﬂ@rtg%%&p 1k %th%grlégyﬂo ‘afe ﬁ‘fermén% e o(/ 1B Hre Yon¥iRbh gﬂtav@fe}: 3pi d

sequence,; mat ur ptide or a unctl onal vari
f r agnmerd®82) herovefies ¥hehep(lds eswe, |fn1henlogmesfswtd)meat the puindes follicidars stagd and pheect

ol ypegUP B ienerih e BRb{En of GO e Bh E RS SR &l A LR, il of ok
. conpri siong; Smitkled 41, ¢o9mi d nol ecul e conprising a nucleic acid sequence

sel ected fromthe group consisting of SEQ 117 NGO I or a functional fragnment
or variant of said sequence of the group; b) transfecting a suitable cells

W th sg @ecﬁ;ﬁﬁﬁ}r&‘x‘t‘fé Rogﬁeg&qoeﬂn&a] S‘i@éﬂfw&l %%o Q@nﬁ@cubﬁ Qﬁ?ﬁe‘ Hﬁzeﬁﬂ% flock

purifying the‘express ypept i 2 seventh aspect e present
I nvent ivas aisooshiosk@stoacanytdnod-loked wptatos i with slnnlaogh@atypyxtaémvev@lqar Belss@dihat

het eroqi maric GDE- es co r|S|n ste WO

03/ oot Bk i} 2 i ARlalof B REPi € SyrSO R o8 kit b i o pBlinea Swhen

cont ai nnfegile femigbeweregaodhced bgmﬂtmcdmdlals b:nﬁer 1(am)s vatkmacﬂlm Harmﬁ ietles €EQagner
fragnent

sel ected fromthe group.consistin EQ,) D NO: a functj onal

or var iag 115%#] 'ﬂ] dggrgﬁ‘uléq‘?c S bepRy n%;r}tﬁllng?ﬁggqegpgerg]@y ds‘%ﬁ"é’é{’}l ée@ﬁ%éﬁ?‘ﬁ]&%mt
GDF-9 %rmtq”{l&qg;qde%@tnvfef@wmt or variant thereof; b) transfecting suitable
cells wth said construct; c) selecting stable clones; and isolating and

purifying the expressed poI ypepti de Preferably the ceI | s transfected are

vert ebrIﬁ‘tI\?ew %Xﬁfﬁ? ﬁ’a{eHFAﬁﬁﬁca?lEn %J.'%ngéi Lve:[ éﬁ@eﬁcgeﬁt ﬁogﬂ.t&@gﬁgntiﬁed in Inverdale

sheep a nucleotide substitution beyond the mature peptide processing site of the GDF-9B gene
which converts the codon GTC (amino acid valine (V) to GAC (amino acid aspartic acid (D)). We
also showed that in Hanna sheep the C nucleotide beyond the mature peptide processing site is
converted to a T. This converts a codon CAG (coding for glutamine (Q)) to a codon TAG (coding
for termination) thereby resulting in a truncated mature protein. These respective mutations in

”

Inverdale and Hanna are suggested to be the underlying causes for the “streak” ovaries and
anovulatory conditions in homozygous Inverdale or Hanna ewes and in the Inverdale cross Hanna

cwes.

Previously it has been shown that GDF-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.



The GDF-9 nucleic acid and protein sequences are available in public

dat abases such as CGENbank and SW SS- PROT. The accessi on nunber for the
sheep GCDFw gwughsyi ¢ acid is AF078545 and for protein is AN4888300A5S0
provi ded by the present invention are. reconbi nant expression vectors which
contain a DNA nol ecule of the invention or functional variant thereof, and
hosts transformed with a vector of the invention cagﬁble of expressing a

pol ypdpeiiteensers hipge faivhnfirsh Hmeadetermingd Gadnll gepsetticune phihepheaFDE-9R &R on
usual Lo e EROA St SRR s 5eORp R b deebont Ao MABR  or ibevan

"ant i olliglilogacsisjiashep. Thadmentoss baveadisd dentifiedahe full phreditestunt bf ther @DEIIB

the ability to_bind to ol ypepti de.of the inventjon, including but not
i - e e, TPeisie. 3 Rt Sheetc ppiti el YR n(pSF He ok Vo RRiSR o Bty
ey  b@eRSbMGheNAimar 1B MFeitQiAin hdddzybsustin@halk abisYbroRIPe B8 #il-lenBths@ii@ype
enbodi nents 't he Ilgand may be a phage di spl ay nol ecul e gener at ed agai nst

pol ypapt impuated CRITEB sequcapes andyarents therepf and dhear usgin theypedidationeigppgmalian
conpl - r: . di ol ypepti de or peptide may be present as
a rmnggrﬁ\=,?;[1?}l glla?r%??ﬁ%gltltelro Phggs,dlgr%uhrétdf)rrer or a variant thereof. In an eighth
aspect, the invention provides a nethod for assessing the activity of

GDF- 9B _honpdi mers and/ or GDF- 9B/ GDF-9 het erodi ners, . conpri sing.t he sieps

of - ayblh IpieaCain KBRS o6 PRI RSTETS SERYERRIn BIGHIT N PG BreghoreDy
and/ ofin & bted HyHferndiet RoOMHmIBHOE 1P tladd oMt | 61§ bfRredbe QUAtItARs ggibf afll 'Phgan
culture with or 'wi thout other ovarian growth factors such as TG--1 andl or
ot her disstiriers obthetrpfsrancemsittos mhagthgirowtliors assetbrand upe ppplivanty reserve thagighy ta,
BVP2, L), . . i

bi oas é:ieg;ﬁé&‘ e 30ty a&%&%‘é&ﬁ@?ﬁﬁ&%@é&é@ ey B |°g‘%|ﬂ g&%‘%@’f’?i‘?@“ of
sai d hithodiinze ninaband griet artquiblieations pol i¢feeetl itd srein, thiarafierande dspaot corstimte

i nventio rovides transgeni c_ani nal nodel s, useful for nonstyati t he

of { oc en GBSy od Ak P BPICBrmE BT o o8 et artpreroa i et B 40
het er otiwBeSafoif i@lah{ otheréo@tgWt h. I n a tenth aspect, the invention

provi des a nethod of adenoviral, retroviral and al phaviral transfer of

GDF- 9B expression cassettes or GDF-9 expression cassettes to host cells or
organi snms to thereby effect in vi>>0 expression of GDF-9B honodi mers or

GDF- 9 SUMMARNcOETIEARNVENTEHMNr i si ng the step of transferring into a
reci pient cell, organ culture or recipient animl, a reconbi nant adenovirus

i ncludi ng_an _expregsion cassette conpri si n nucl ej ¢ aci.d nol havi ng
o AT GRS e e o BRI TP GG Bh D s S PSED T BRI
a f ungtiganslecdit 8gmBASin®h niAEbRRtseQlertakdle SQRUHGAHR grod Sofdtieihgbs aci d

nol ecul e bei n%ﬁl n o&gr ative association with an expression control
sequence. @n QI2Nensh aspect the present invention provides the use of
an agent | egt - i St J s J IS
polypeptizﬁ h%&? g%éﬁgﬂﬁPfgﬂ%§%%f@ggﬁgag%ﬁggﬁhgpﬁgkgﬁ%g?@%ﬁgﬁhég%gnent or
vari ant t lkegr eafsequenhe whichiig hfunctibmatodrian or fragroént o€ thei eletide im@);subuni t s

i Si GDF- 9 I tid i | . f iant th f;
oy hot o mepRE sy RyRuEREuahH e lad Aot B8 T B IEIOR ana GOk 0
pol ypepti @gs, a@tnti-s&iit s@udhcd doagsPutdingab avRbf @Bhfolehles ah ¢b)GE).9B or CDF-9

pol ypepti des; together wth or w thout suppl enentary gonadotrophins (e.g.
FSH and/ or LH) and/or other ovarian growh factors such as ~G-1, kit

I gangh GSde6SACRPbct! ABtREknt BREHRTTHoVAEONM ﬂofa%tﬁfﬂ ety nﬁfl%%‘i?if GIH-9B Mfacikid ( 3

superfam ly (i.e, an agonist or antagonist} to: yalter follicular growh
i n ovaridggole¢ule comprising s nuedtide spananed selecateddirorn dhe group/eansisting ofi vitro;

a) SEQID NO:30or 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 (a) — (d).
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or 2) alter isolated ovarian cell growh/mturation i~2 vitro (e.g. oocyte
- cumulus cells and/or ' granulosa cells) 7 WO 01/ 96393 PCT/ NZI 11/ 00113
1n yet a tyelohbésegspect, the invention provides a conposi ti,gpm%mgbsi ng an
effective anount of an agent selected fromthe group consisting of: a) a
honodi meri ¢ pol ypepti de having subunits conprising a GDF-9B pol ypeptide or
a functional fragnent or variant thereof with or w thout honodineric

pol ypepti de havi ng subunits conprising GDF-9 pol ypeptide or a functional
frag n’?%e%hcl\é@_rdcﬁﬁﬁlokbﬁ’l%%fgé be alP RNR, RRIN, QehS¥RIC INRAUYERA ISR 1208 may be
subunits conprising a GDF-9B pol ypeptide and a GDF-9 pol ypeptide, or

f unct i sigle-for slgablatsirapdedy Ihe amelsicotcid malecaiprmep alse q@biPndly edmprisst dngedy; more

t oget he ith a pharmaceutical l r.veterinarily ac table carrier
(hol v aaeip R RABLT B Rt Blsitore phs i BRI oA g s uppl ement ary
. gonadot r ophi ns and/or other relevant ovarian growh factor

agoni sts/antagonists. In a thirteenth aspect the invention provides a
net hod IBf2 gk @pRegt e rprasent dNYGnEQn Rrovidesnen lsq%atadfféHd%gthafgﬁﬁﬁBo ipobyppptide

femal e : o i i S : tep of transformn
.cﬁﬁ'ﬁ)hﬁgﬁ ah ﬁnnﬂdthd é’e@}lgr?:'g%gfég{re?g%nﬁtgggfdg c|8951§thl% oft €P g

manmal i an and ot her verte I'ls wth GDF-9B and GDF-9
expr essi on atassSEQHD NO: 2| STy DV Aex pr SRQ M N@b; @IUF- 9B honodi ners and
GDF- 9B/ GDF+ 9 heter odi ners. .| fourteent h aspect, .t i nvention provides a
met hod of g?t eri nféjm%\lloélraig%lapg?ﬁr%??& Og{r?%\ﬁf%eﬁ%&g H,l?fﬁ‘erral e mammal or ot her
femal e vertebrate, ita vi.t~-o0 said nethod conprising the step of

transform ng nmammal i an and ot her vertebrate ovarjan host cells w th GDF-9B

and GDRD G E3iedPPein thea LSR8 VeTsion) Pavidey 8rhomqaimets aprte @BF-YB polypeptide
honodi iRy #,e %ﬁ%r@?%b%ﬁ%?'aﬂ d5hEed EBiRce MGG tho g?ouprHl’ohB%n bhe

invention provides a n el ¢ acid nol ecule conprising a nucl eoti de sequence
sel ect NOLrymivirsiogaldiagnenher wiriangoforidsegrenegz NO 11, SEQ ID NO 13 and SEQ
m NO. 15, or a functional fragment of variant of said sequence. According
to a further aspect the invention provides a pol ypeptide conprising an

am no docithe Setjuespeet, slad gresemninyéreioyr propideo ashesdrodignent RECHIPAdNAavihg sabaniSEQ
| D NO: 16, ncti onal .Mqagg(gpnt or variant of said sequence. According

or.a f
to anothigred Lompifie SFUPicRRY provi des a nethod of altering follicular

grow h conmprising the step of introducing a ligand as clained in any one of
claims 9-15 to: 8 WO 01/9C>393 PCT/N Z(11 /00113 i) alter follicular
growt h i n @Var Pemagre SLFEREECMerbdneqmprEsingesy anmoacihaaquence derived iom SEQ

hit)' G OT ii) 1B o AHAbAS PARhAR GBkht FEANDYMRLRALT on 111 vitro

b) A mature GDF-9 polypeptide or a functional variants or {ragments 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:1 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



Preferably said mammal is selected fromthe group conprising sheep, cattle,
goats, deer, pigs, humans, hor ses, canelids and possuns, cats and dogs and
any ot her yw@u®y36i al |y inportant species having a GDF-9B ggrgnRaviens a
substantial identity to the GDF-9B sequences of the present invention. Said
vertebrate is preferably selected fromthe group conprising chickens,
ducks, geesge, sal non and ang.ot her commer ci al I%/c;l or.tgé}g s?eci es. having a
subst ant | aP) i dEHETAYEEE FRELHFCYBIEEGHRATEE DRUAGEagH daqleruls GamHisimgn,
Brief Descript (ign fhublERMcRDSequbhdeaklebel Fidtn thRe'ethsy drdisAaPes SEQ@ID N1 or a
invention will be described in relation to the acconpanying draw ngs, in
whi ch: Figure 1. Shagdonah&agmenicstvptant 9bepid praperse: tid dt ype GDF- 9B in sheep.
Figure 2. Showg;a i C y QU - E .

1 Pust rai es thet nb abgeRl el AR ROk G5RY B8 ALY EmtnlBE varian
nucl eoti de sequenciembf;Fi gure 1 and illustrates the Hanna nutation. Figure
4. Shows the deduced am.ng.aci.d sequence of wldtype GDF-9B in sheep.

Fi gure 5. owd? ?Eiﬁ:gpg%lﬁé%&?cetlﬁémﬁ?ﬁa O t’sequence of Figure 1 and

i [T ustrat eg) t heldotng sehdlec1onbs parido bolakih @ widepurifynl ohseprixeed pédypaptidé he ami no
acid sequence of Figure 1 and illustrates the Hanna nutation. Figure 7.
Show t he signal sequence pol ynorphismfor GDF-9B with sheep. 9 WO 111

/ 90393PP6_@_1/aH§Qﬂe ¢t YandiBciEl QM RrBbrafd) R¥We Vel fheald bE bRBALIIUDSLs i SaIAEG codon
present 1 n sheep. Figure 9. Shows photom crograph illustrating the

| ocal i sation of GDF-9B in an oocyte. DETAILED DESCRI PTI ON OF THE | NVENTI ON

As dis hov th I . C of | NV 1 I | gt of
o B S-S0 R B8 0 R R bl
hell;) er odﬁc_irSF’\lﬂSBGtR(vT.t Sl‘hgI Acasission @Pﬁhbiﬂifzr tHietsheep GDE-2 pudteiciasial iabAfRﬁ78_ﬁé5uaﬁd for
substanti al |, ted or purified from contam nating sequences in the

cel oﬁ%ﬁ‘@éﬁﬁéﬁﬁgﬁ%i ch the nucleic acid naturally occurs and incl udes
nucl eic acids purified by standard purification techniques as well as

nucl ei ¢ aci ds prepared by reconbi nant technol ogy, including PCR technol ogy,
and t hads piloeitied dly|thie pyaseiteiniveabn dfr efcombhilayt, exphessivncteeiors whict avntagt alRNAf

SEQ ID . is.1solat.ed from.sheep. n nd t hat aqf .SEQ | 3
and seariscs e FRRLEH ot BT PR BRATIRRLTe gl hosfy Bedstipeet rysrgh b od,
Hanna ﬂh/eﬁ@éxycﬁh@ablbbfbyqﬁ'eﬁﬁﬂjhﬁ@ﬁ/ﬁ@tiﬁh@itbéimhﬁcﬁmr phism may occur in the
signal peptide of GDF-9B in sheep (SEQID NO 7, SEQ mNO 8). The

predi cted signal sequence appears to be around 25 am no acids |ong as

predic %%%&ﬁiom dsPet It WpreSer AL ASA Brokided R dgalt ¥hichlbif@r %8 pdlipeptide of the
http://~enome. cbs. dtu. dk/servi ces/Si ~nal P) (Neilsen et al., 1997) from ATG
(Met) inyenidm. (MhstyushallySE® ligonfi@ arvangihadysHshopTd haippeeciztedthishidie tsm ‘rantibody”
del et i [ i e . . T. i

not - pr Sesne R R Hatn s brallR R RRINENS I Fph 1 MO AR R BA R
nost hafthetiinenfion, lindledigg but gotdimistiud FesH(alf), Hagments, Sefmanadeanss ahdterldal &he

| nver dal nd w.l d- e sheep either _related or unrelated to |Inverdal r
Hanna. SRy s ermgiRiD D BETPaReibs vk i Bl iRl ot doPs SRR B
for onggildimd}ee RIphugd ERERYGholbtiBe EORIAIET aph@ist pOlypoptided @f SegptadenPBIVEAIEE, WaS
found to be high in the Merino breed of sheep but_low in Romey breeds
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/GDF-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, TGF(31); and
6



i ndicating that the pol ynorphismmay be related to breed. Mbst Rommey sheep
carried the |l onger signal sequence regardless of their carrier status for

| nver dal e Wo oifagwgg. Al t hough this pol ymor phi sm needs to bepgg /K%@l"Mo‘? ed it
does not effect or nodify the clains made in this invention.

01/9I>393 PCTI Nz(11/ (10113 It has al so been noted that an additi onal

“in-frame' ATG start codon is pres in the sheep quence 27
nucl eot 1 desCLptTEORIRE f SITEIY B0 B ThaLoBAs FIE g g ok MEoRG S iEsh
D NO 10). Thsa'i’dﬁ@ﬁb‘@iﬂf&wlaﬁdlhét%ﬁﬂﬂherld’po@%kpﬁﬁ&ep sequenced, whet her
w | dtype, Inverdale or Hanna carriers Is clearly independent of the
I nverdal e and Hanna nutations. It is not known whether this upstreamstart
codon i n e
Toy 1 4% 2R LG ReLROHRIG OIS, Bahtnl hriBCRGAT A HR tong Fidne kPO
_aci ds. eﬁmzthofasy:htdrﬁfer prodectiat wé eBDESe pomndinerh end nGiedB/GDFDhe@Rofimsteions
woul d ﬁeg llkeﬁ%ﬁto affect the function of the mature protein as this

portio ecule is cleaved off in the active mature GDF-9B, but we
nmention the possibility of an alternative protein translation start site

whi ch nay be present in sheep he si | peptide predicti ro ra
(Nt 1's T4 AT SpECts B Ve i e oA s LSRN 3 ot V50 Aot COuertce
may fuggbr.op e%ﬁre@sl&'n G%Ett&eﬁi Gﬁ@ Bhrdssdh dabiRitbd Kehokt %élf& & §1Barfi@hs fchﬁ]ereby

signal peptide would still be the Thr (T) amno acid indicated in SEQ
NO. 7 affdctSaE@vmeNmeseon of C@H—BBth@modaweot GDHa%B/&BE-@ rhetqrcrrdxelnm @mnmsmg th@s

an |soI te ol.ypepti de selec am no

Bo PR RRE e SeBBpRR! Rl ol e B iR R LSRR e
f unct i ontsuding affaex;nudsairecazyatel @mpridinkgi Calchsic @i0whdledule BaviggralracleBiid®iequdnte
polypeptlde may be produced by expression of a suitable vector conpr|5|n
the. nueHEsted Feltheotioun congftiiel SAVLR: Nohl OF AafWnEHoIe] SRETCL0T Wt RES
in a sYlhaRle sBaShuckl lachS mpst gﬂ; bangfr&d% Shad af%caue@r\a&ﬁ al Kkp ﬂeeff?d eoﬂtba
art. The term "variant" as used herein r fers to nucl eotide and pol ypepti de
sequenéeBiendter ei n t he nucl eoti de or am no acid sequence exhibits
substantially 50% or greater honology with the nucleotide or amno acid
sequence of SEQ ID NOS: 1-G respectively, preferably 75% honol ogy and nost
pr ef er &blay cBVetth%Uspanthogiest intmtior puevides gsheisd be aprages reelected dram ohe group
prOV|ded sai d ¥ariant has a biological activity as defined herein. The
vari anf MB&arrived at by nodification of the native nucleotide or anino

aci d sequenge HYhcitsdimBBE! HAIoREpLBN hadthgl RERRItE Wbmp4RSt GDR-DBNoOR @elcabhAN
of one or nore nucleotides or am no acids or it may be a naturally

occurring vari GagmentHy asigrt theeof anithoravishout hemediserisopalyrapside hawng sHbwts
whi ch hybridis G%ﬁﬂ I d or
preferably strﬁ)g@ﬁ%mﬁ ri%§§§?§%ﬁEg%% r%?%%g%?gﬂw asa?%htﬁggg skilled in
the art. Exbhpd ehetafodtm@id npdi'pqptlthﬁybhavmgsaubmntsmcma@damg tGIPF-8BI lapd uS3H-8r e
described in ( I t al Jue 0 uc
variant is desf)é)lzggbutdﬁg r?ﬁc un'”? frg & ce "of afl rt%ats n(a |S\9}e S@Eﬁg aqrt 3"#2%9
appropri at el y. pdipeptidks;er at i on can be made t hrough eIectlve synt hesi s of
t he DNA or WO 01/ 9 PCT/ NZzp1/ 0(.11 ' native
DA by foeeBe idig iy Supnieaen e goprotantat fos mugudies LB apbier afgppyanian
wher e peRjvith $atsore susAVICH- 1 98P ABArd (MR defdHbS, é‘;ﬁﬂéfﬁﬁf? grofml itdckd? ¥ 1aQRSmber of
site-specific priner directed nutagenesis is enpl oyed, using techniques
st andathe TGEf h@ea‘annly/& & fanzgmeist or aoffagemstmml eic acid is a portl on of the
nucl ei ¢ aci ess than full |ength, and co ea
M ni num squ@& Oé%%wéo% ‘H}%F‘i“ﬁd’lo;l rﬂjﬂ%‘f}é‘c?rfqﬂ&%v%e tteﬁ‘l gerrﬂié’ P& e f’é?ff’ﬁf’"
nol ecul e acgprding to the invention, or a sequence conplenentary thereto,
under stringent conditions as defined bel ow. A "fragnent" of a pol ypeptide
is a portion) giertisatpdloypept cdbgrabiidmaiusationgs vithafe.£.uddcyleengnhlup aellswimidéir
‘Stl|| retains the bi 5ogical activity as defined herein. The term
blologlcalﬁp 58??9%3 refers to a polypeptide of the invention which is
able to elicit a neasurabl e physiological effect in the ovary or ovarian
cell of a manmal or other vertebrate. The physiol ogical effects may be
nmeasured by assays such as the incorporation of tritiated thynudine into
granul osa cells. An exanple of such an dssay is one in which follicles
(1-2.5 mmdiameter) are dissected free fromovarian stroma and granul 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 incubated with or w thout pol ypeptide
for 48 hours. At this time incorporation of tritiated thymdine is
nmeasured. The term "protein (or polypeptide)" refers to a proteln encoded

e




identity" neans that two sequences, when optimally aligned such as by the
prograns GAP or BESTFIT (peptides) using default gap weights, or as
measur ed lyooeowsgus er al gorithms BLASTX or 12 WO 01/ 9G393pc/NZ01/00113

PCT/ 11" ZI'l 1 /00113 BLASTP, share at |east 50% preferably 75% and nost
preferably 90-95% sequence identity. Preferably, residue positions which
are not identical differ by conservative am no acid substitutions. For
exanmp! B Yet pdwsllithsaspects theringmtigpiprryidesiakomnesitiog comprisiag agledliertive ampuysef an

ties s&gégts%%gn_q;&ﬁtfpé%l%gé@&gsﬁginggg not likely to effect the properties of

a protein imtin anpl es”include glutam ne for asparagi ne or
gl utam ¢ acd)d 4 bomadpeerid polapéptide Ihaviagf wbuhits compeasing at GBFAR: pelypeptideent Aon

provides in replicable transfer . ors. suitabl.e faor use in preparing a
ol ypepti de.or et EegmeRi er b T o3 Gatiioriiimb i ROTBRLER Fating
accordi ng to twebnitgerapild GREONIyitptibeoas funchénalBygient 9 vatdne thekddm
cloning vectors_ avail able in the art. The cl oning, vectqor_ 1y be sel ected
accordi ng t® thBetgipdimesic palypentide hayige sebypisqcomptising a (-3F Pofypeptide and a

general |y havegphey Blgls}gﬁg\f}(ﬁg o TRRAhEN frifhefs drNarhh€ &bidd ODE-9RSE! GDF-9
replicate; (b) the possession of a single target for any particul ar
restriction embdypepiidese; and (c} desirably, carry genes for a readily

sel ect nar.ker_.such tihiotic.resist . .Or 1) of vector
ossosCRHEeT RuLd nHRRaeRBetl: rcle il RE AL Sy QutTBiRE chipPAfocy iikhe
( bact esridogphiegsldy ichythagamplentthese péladopotiny amtorueidrasievan ovidamt gowel factor

i nsect or, mammalian vectors and may include the follow ng: the pUC

pBI ue KA/ 20MEORSIPGEX, pBK- OW, | anbda ZAP, | anbda GEM pEFTRES- P,

pUB6/ VS/ Hi s, pBC, pADTrack-CW, pAdenovator, pAdEasy-1, pSFV-PD, pCA3,
pBABE, pPlIC9, pA08I5, pET and pSP series. However, this |ist should not be
seen al ? thitesny aspret Soo pwention pEvides danethpd\ad mifedng opssiappfodlicubm gspwilein ad

expr essgi . i WS O, 3N Lo itia. i .
vor ont 3T Be i Adnd Clortbe I P68 KshbriliEhl S 3140,
whi ch mﬁlﬂfrﬁﬁ?n phd oMge vertabest svaian QOSI&%':HDWitg_S(?EF&BCHndCIﬁER-@r@@ESQGn eisg_ew_ to
genes, e aforenenti oned vect or y be o. change the antibiotic
resi st A IPeOYREREPIESSIBN 8h |'§B ﬁ’%@? F’&Fﬁc"é‘dr&# @ﬁgpﬁ:v%hg}?mglﬁ&l‘% 0- expr essi on
of two genes and the sel ection gene can be achieved by constructing a

tricistronic ex%r ession vector. A correspondi r}g stably transfected insect
cel | slpst épnrteanthaaspectpibie igwegtion pipvidene methed| of digsng wvardanmiplliqoas growsl oy 2.

expr esghat RYAaTbr S fetald §e2RBeC Al Jaia nithdd SR REUeN of RadsibA0hd 3
mammaljan 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.

According to a further aspect the invention provides a nucleic acid molecule comprising a
nucleotide sequence selected from the group consisting of SEQ ID NO: 11, SEQ ID NO: 13 and

SEQ ID NO: 15, or a functional fragment of variant of said sequence.

According to a further aspect the invention provides a polypeptide comprising an amino acid
sequence said from the group consisting of SEQ ID NO: 12 and SEQ ID NO:16, or a functional

fragment or variant of said sequence.

According to another aspect the invention provides a method of altering follicular growth

comprising the step of introducing a ligand as claimed in any one of claims 9-15 to:



2. Wth respect to expressing GF' s in all tissues of transgenic ani mals,
one approach is to use the pUB6/V5-H s A vector (ww.invitroaen.com to
make the GPH9i/bHes6ss. For tissuespecific expression the ratmﬁﬁﬁgﬁﬂglg kb
pronoter for liver and kidney expression can be included in the construct
by replacing the Ubi-C pronoter in the pUB6/V5-H s A vector with the PEPCK
pronoter. For GDF expression in mammary tissue another pronoter system
woul d be prif er r dier feldiculahgrowith isenarion ef apranundor weher detebrate eilleas it tvévobwsvit ne
~3-lactogl obulin_gene _pronoter and/or the bovine oc S 1 casein pronoter
(e.g. pBC 1 vectB8F® {w.invitro eg n.com to drive the expression of the

. CGDFs into myy K. Eet i RbabvRURCaX foRasmRRurhfiod mafsgeni ¢ ani mals, the QW
enhanced (3-actin pronoter (Ckabe ™M et al.; FEBS Letters 407: 313-319,
1997) or a nodified EF1 a-pronoter can be used al so (TaboitDanmeron F, et
cal., Tpapsgeni c. h. 8: - , . A0V T S troyjryses .and
aIphav?gﬁgggyéggﬁgﬁﬁgéﬁsﬁf?gﬁﬁgfﬁ%ﬁﬁ%%%%ﬁhﬁgéggggﬁ%ﬁHgﬁsf%ﬂg.é%%%ﬁ%?%épgg
appr oalmirs, hdresse calielidsemdiposduing, ety andsioghahd agsahéertxechnnrciallCirhjsorednt species
1998),, Wth t to GDF expressi.on.the pAd Tr - vector or
oadenotitis o BB senmuagech SURELOmOBtH Be GO RERETPReok Hifs preget
whi ch jpSedthai SGRr $er@BfatOlsTReeMbly ke RAGIERSH tHe AEBH YInbAin® LRIBKENE, dutks, foese,
coli to generate a reconbi'nant adenoviral genone which contains a

CW- pr gakpe end ahy etheGoPmaepridlysinmorienisspeeiee having ¢ splestisl ilgntity da dheo (GDTPB
genone,_j r ; jnto 293T cells to nake the virus stock.
AIterng??9%£§9¥ﬁggga%gf&ggﬁggating adenovi ruses can al so be used for the
sanme purpose (e.g. PCA3 plasm d based gene transfer (www. m crobix.com; or
COos- TP nE hod,aw1 @éﬁrs'et al., 1996). 3. Non-cytopathogenic Sem i ki Forest
vi ruses™¥ bﬁ%gg?ﬂﬁy AVIP&H be generated using, for exanple, pSFV-PD
vectors as described by Lundstromet al., H stochemCell Biol |15: 83 91,
2001. - t j ; (e :

e R A e S e
(Nbrgensteﬁﬁ: JP and Land, H, 1990; Nucleic Acids Res 18: 3587-3596). 4.
Yeast ¢ells (e.g,, Piclzia pastoris, Saccl.zaror S cerevisiae) are

anot het12#E 1 est 3BPVE Hisquelepy ssgﬂ‘ffﬁ‘c"s@g‘fvg y%(}ﬁ%ggl%%eﬂ"ed inthe art (C
Hadfield, et al., 1993); (MA Romanos et al., 1992),. For exanple, the pPIC9
vector _(www. i nvitrogen.com can be used in Piclaia pastoris for the

expr esEiggre df GDBhews p@ortioneslphesuglentidg sequgncyyehBigure hand, dlsisatep mgdnserdale
(MMMLinVitrogen.ﬁﬁﬁhk%S a preferred candidate. 14 VWO 01/96393 PCTI N Z01
[1illl 13 5. Echer-ichia coli (E. coli) is a standard | aboratory expression
systemin wi despread use. For exanple, the pET expression system

(www. ngva . CO can _be used. 1,0 ress . reconbi nant l.i,a -9 &and
GOF- op BOREhe | anP &R a st aEes IR RERORDS s kBT RAP R T P ol kgt e Fifia

i nvention may bensxqpiorssed by placing themin operable |inkage with

sui tabl e control sequences in a replicable expression vector. Control
sequences nmay include origins of replication, a pronoter, enhances and
transcrigptd pnal  SREW NRIRANGE AMGRCRT &Gﬁé&%%f%iﬁ%fp%-GﬂﬁgBﬁﬁlsﬁ&b! on of the
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 Pfgul'lan:ﬂer st QHS'W?X.p%rtfbﬁfo?% SHfinb 2B deHudhdE oflj% o NenflRsESEL Al M@&H@ES
useful "1°n the present invention nmay contarn at [e one expression control
sequence that isnoygaioati vely |inked to the DNA sequence or fragnent to be
expressed. The control sequence is inserted in the vector in order to
control and to regulate the expression of the cloned DNA sequence. Exanpl es
_ of useFRiguree&pr esShows aqithtic ofS&Ewetiee acidr Rqhdiee lofFigustiemad Hlnsratésths Vi)
the tac system the tre system nmjor operator and pronoter regions of
phage | anbda, th8Y@4el ytic pronpters of yeast acid phosphatase, e.g.

. PhoS, the pronoters of the yeast al pha-mating factors, and pronoters
derived from pol yoma, adenovirus, retrovirus, and siman virus, and

cyt omef@us/irus ehgw thhagrad sequergeolymerphisoriot 6DF-P wilisbeerand ot her
sequences known to control the expression of genes of prokaryotic and
eukaryotie cells and their viruses or conbinations thereof. In the
construction of a vector it is also an 8dvantage to be able to identify the
bacterial clone carrying the vector incorporating the foreign DNA Such
assays include neasurabl e col our changes, antibiotic resistance and the
like. In one preferred vector, the ~3-gal actosi dase gene is used, which
gene is detectable by clones exhibiting a blue phenotype on X-gal plates.
This facilitates selection. Once selected, the vectors may be isolated from
the culture using standard procedures. Depending on the host used,

Y - v .



the invention also forma further aspect of the present invention. In
addition, a further aspect of the present invention provides for an

anti body, wetdipgsy fragment, single cell surface receptor errR@iPlEXs cell
surface receptor or phage display nolecules binding to a polypeptide or
pepti de of the invention. The pol ypeptide or peptide may be present as a
nmononer, dinmer, heterodiner, nultimer or a variant thereof. Mre

speci f Fezira &,  t h&hpwy theradditiopalowpptierasn AdGwraden peasepibsfigePng ant i bodi es
against the wild-type (SEQ 1D NO 2) or mutated (SEQ m NO 4 and SEQ I D NO
6) GDF-9B pol ypepti de sequences as nononers or honodi ners or as

het er offigmer . i n Sbowi phdtomicregraph iGDFrBing TheloaalisabhaddfedSDE-HB nenuwseytef or t he
characterisation of the wild-type endogenous proteins, or peptide fragnments
and expressed reconbi nant proteins, or peptide fragnents and for passive

I Muni ETALED DESCRIEMONOIMEHE INVENTgOo®Rodul ation of ovarian follicular
gromh i~a vivo. It will be appreciated by the reader that a further aspect
of the invention contenplates the use of the pol ypeptides of the invention
in the,preparation of antisera.for e detection,of 1 -9B. - | ke

pept 1 a6l SRS Ba® 4R PuBb ot o BRSO eRouPiRior B oRidpe oifioper
used byrdwReld GDELIR homodiBRis IndiGIOPIBIGBFIhdigoginerdactiviy éf fine end Moeful

anti body production protocols are outlined in US Patent 5,514, 578.

Monocl onal anti bodi es nay be produced by nmethods known in the art. These
met hodg, i u n gl . j ‘ahl: :
R e e R g o R
al ., 16dbyr ofgdnismWDOvhith theoBdgc AT mtEally podas 3nd mchidesinudleic agids quiiritied tby

t he invention provide hod mani pul at i.ng._ovarj I

- cel Famard GuPERAIOE oot 8 aB0, e R haa pUaEA 1Y, ol Mty
honodi iehsiignPCRRENBOIH; Sdhkdsechethivall syrtisised.m ng and | evel of expression
of specific ovarian follicular protein genes nay be altered in cultured
cells or transgenic animals, for exanple GDF-9B honodi mers or GDF- 9B/ GDF-9

het er ogiBhsly SiHeQRicE: SEAURINGAR FRYEQTD NOe i@ tholalldorrén SBEY SABARE DNAINGAT
the control of a specific 8ronnter or a pronoter that exprésses in all cel

types {hsbel FQAADING: andREQIPING! b iviselped &sopr PARY efsheermeiipsessiag deg Inyerdaler
conpri ' ing DNA that could stabilise the nRNA and | nay optionally
conpriggﬁﬁ%%ﬁ%%§@§h1regulatory sequences. This DNA cassette coul d be

i ntroduced into the genone of mammals by mcro injection of the DNA into

h i of d ibed in L'Huilli 6) ,whi
Subs balids e T PEFs S mAERRPLRRL orran e stamibbertin il GPFSTEE s Red 18
t o ter MO: ThEEQUEXNW: GYeThopretiRedpi@@lsdquénte Abpdar Ad@endthdal 4ikins atids long as

descri bed by (Hogan et al.,1996). Transgenic aninals na¥ be produced by
t r ansf BRdicsd of U8BE| s the, cigWt e &eri PEEFPBF arlS8RRY yof or Videt afert addil t

ti SSuepy /b omiEchs vy AGd 8REs/$ibAMIBT BVeiRBA c£RDMYO7) AGHHTG (MRt BCACAKThr) in
ani mal s. Arternaflveuééb§$§ ene cassette may be bound to mammal i an sperm

and debPEQPYO: @ anded ' §. nAG base peir deletiow isvapserared inf gosae sheep whersrangufe
) . d . . ; | .
o " B3 E SSRGS AL sl LKL o 8 4 UEUELHIEI Gkl

het er oglthoegh nmesy hhee theddll tiengs.t Eront kmdles\of [Hanha,d¥ahk &rosk Ghvardad, dnvtlale eind
synthesi § or production, The invention also includes adenovirus-based gene
*her ap Y IRaRn R S ther st Gt Do OCe: B BB HORREOR 0k (RBe,
or gan Cyirts)aRBowbhthonttokére BXRAIZY BRIRIBF o\ CTRI ThelfR6valtAbs BEHHBtshOGerONAibRBS the
follicular protein synthesis or production. hbn-llnltln% exa

| ) P ( npl es
i |1 ust Figealippife wasvionpd do bigi high devhe Mesine, brgad of sheegy Pt Jo@ Hh Boaweyttseeds
that tHe:ah i RE AP i ' . o
var | at [RicARRY @ ERS bopiioRihidnk nfl B eI, WedL Nio @ RIRICP SHOpIeaict the longer
t hose gignalopeucked |regardiess é their gamiet ostamaploat byerdalkAnPL HenEXANRhEgh this

| sol at ] 1.l dt ype. oyin - and Jjdentificat.i 0 t at ed .ovj.ne
cor- opP RSt HetRE 16 ¥ WicdBal 0BT Rt SRR iRy h0er i Bl iR th
conbi navemtim. of ol i gonucl eotide prinmers derived from human/ nouse/rat GDF- 9B

sequences previously cloned by us were used in PCR on genom c sheep DNA for
obt ai ni ng
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fragnents of the ovine GDF-9B gene for sequencing. Functional prinmer pairs
were used for obtaining wld-type sheep genom c clones fromarrayed
libraries wodifopsezobt ai ni ng eDNA sequence from w | d-type Opr9Rz8Va kAN
cDNA. The sequence fromthe full coding regions of Inverdal e and Hanna was
obt ai ned by sequencing relevant PCR fragnents obtained fromthe respective
genom ¢ DNA's. The w | dtype GDF-9B sequence is disclosed here as SEQ I D NO
1, | nvétrléﬁélaégod%eSSEQieﬂ@N@l additigna ‘Waliprae aATSERM ANDIs FeserKimvbe Bheep genomic
Pr oduc f di C
o5 ae ey EREE! nhte ey AAClcAR, (06, HETRIRNE AP OR ol KR 1AL TSEY
) Ant i ged® NOr 10)iThisi &eqmﬁglcmrpmdest mralbshedls smuen@dnwhahﬁd)vulmym; Imvecd 8o bf Hanna
sequences. di scl.os b, t.he i.nve E
BING CaisT g s e eresre o g PuBRel DB oo Srocki SRS
. cont r olhi§ @@seNRE steR aBloME REPHeHS fotéh tah@atiinOhehéep (SEB IS N@:-9, WHQ & NO:
anot her apﬁroach anti-peptide antibodi es directed agai nst specific gce ptide

sequend@s ¥ seni soeld ESNOIU 2 siggabseryengs ofan agdifipnsl §amigo gicidsa Sheth e Jikfpreresof
are ge

1 shy Pehen e g AR EAELnLlith EF. I8 ;RASES AL e SURGIAaTES R inl fogfor
GDF- 9B/tl@ﬁa91r@ pottedi ras tigs @psidn mdé rtbe mOdﬁwhas ulﬂavedscjﬁﬁ it g z’@nde mukrﬁ tGI3E-98s but

the. § nynispadh [P SBIRG o A8 o GRaRR PR PRI S T i pE e in
1999) sh@a{v trhes@hﬁqepﬁ& oredicibn ﬁogﬁmnamhpémmln199V)<imﬁ<;ﬁt@srhﬁxfthi@raaa;m1bhﬂl9

follicles in rodents and pri mates
i mruno &R Rel sgﬂwcanggpvacmg%aaﬁlﬁnagawldﬁ ng Q@swc%ndoﬁlteciﬂr thgs signal

pr ot ei @)c%t”des\bgﬂﬁ s8N BE HRSTH T Yamb- acmdicmeu nnggtmqmm & SE@tﬂSQ@@ 99y was
simlar to that described by Tisdall et al. 99) Stem ce factor and
c-kit gene expression and protein Iocallsatlon in the sheep ovary during
fetal . e |

a tyr a?ﬂﬁégﬂug[ﬁgeﬂ ec htphlgep?ésgfgttliﬁg%nttlsgxéﬁowags anghlafe-gih% Jﬁ)@étYde é?%?éd fr%e%g\gﬁf attnih% dy
( TSA Biaotidi seqff@mbeuﬁ SBENDIN®E2, %(@HD@I@I@MSEQ JDTV@: 6ous éura:tmt)nﬂadylammerwfs
gener at ed deri.v. mat ure ovi epti de (0.2 np)
Sae 1 nratebtnetons 8 traaip by 5P T eFR RN B B Frelihagel s oneal 1y (1. p)
and at 2 weekly intervals boosted with 0.1 ng antigen i.p. 18 WO It 1
/96393 PCT/ NzOL /(10113 and subsequent|y with 0.05 ng antigen in a

Span/ TW&ERBYRePHfs May deapradyase bam%¢88@a@f i Sudtable 1veqor ROmPTIERE i nRGleig acid
boost er, [ t
bot h ¢ e A Ll YRR ®F o FRUHORA YElat JRGR, LY it R B g e
mammal sindéxatopd by petsoalskilled 99196 a(BaI | onay et al., 2000). Evidence that

anti peptide anti bodi es directed agai nst specific peptide sequences affect
manmal i an ovarian activity is shown in Table 1. Table 1: Ovulation rate in
sheep fThkl ewnn'tyadant! m‘ssusedatliemm atfers asmaclediteaind pglypoptide adqemiceso wheneho ke

e SO (L conttent Lo RSB b 5 TSR RIS . o
pept i de@eiddidd &-ahlind ﬁéi@ sBqueh&d MBE‘Q IDINOSSLY rdsPedthbs, ﬁﬂeﬂéﬂ%blﬂl@S%%(ﬁoéh

had their oestrous (i.e. ovarian) cycles synchronlsed usj ng prostagl andi n
Fz ( Estmaosypeaferably 2)- %‘5‘7@ bpmeiogy ta\the seqnerses ofdedressrlcinyaiono pERisied said variant

synchr o SefloRgRAT 4 vﬁtngggagflﬂga HBICl]. "R Wibh ¥ap 86 oty b it %&g}sg e

t he subsequent ~l ut eal ewes were a tered wth-a
r ecovemetivé neieciide ohemirfo wwseqﬁem@y subtatnotiictatee ras nnmﬂmnsaﬂbsmmtﬂn or deletion

ceynol & g TR beRORAR S ol ‘il oy B PR AT e R R T
_ant i bodvasart'd a@EanBda’s&omologous sequences which hybridise to the sequences of the invention
under standard or preferably stringent hybridisation conditions familiar to those skilled in the art.
Examples of the in situ hybridisation procedure typically used are described in (Tisdall et al.,1999);
(Juengel et al.,2000). Where such a variant is desired, the nucleotide sequence of the native DNA is
altered appropriately. This alteration can be made through elective synthesis of the DNA or by
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assessed by ELI SA assay using a full-length E. coli expressed GDF-9B as
antigen. The other 5 ewes were adm nistered with a pooled plasm to KLH

recover edwg gfdsdvsseparate flock of ewes that had been i mmppseghiahse on 7
consecutive nonthly occasions. The pool ed plasma fromthese animals did not

contain detectable GDF-9B anti body. Antibody |evels were neasured by an
ELI SA procedure after the sheep plasmas were diluted 1:50000. The ELI SA
met hodmodifisatiertolciba miative BNI6 byiefor eparaple, sifetspedifio onghsaettd mufagenesis. Ryeferably

10,0 S5 UL IR bl I AP L0

appr opdiredte] fahtagdtiesig i4 eraplopahusiapdechugpessindardiashest. After incubation with
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 wi th o-phenyl enedi am ne

pl us hydrpgeRnpesox indeleit éd"d GeY QlopiREBE (HeehetiS hABRRA W1ER @b Ry 'Ién%ttﬁ%g
The ewes were each given 100 ml "of sterile plasna intravenously and days

| at er eQmPIiNes tableadt @i miniBUBetegHENgSr mldglﬁdmbﬁdlsm sperdicellpvithoa sylﬁbm afidlse
0estr ug,.jebhfe 9&’&6*&1‘1‘5& 98 {h@t ﬁu%%{\!%ne &X%”leﬁﬁ&cgycdn?;ﬁ%%g,gpléhefmd%ﬁ&eraﬁ&ﬁ%em

adm nistration o n our previous patent” no enonstrated
a si gnednditamis apdeﬂmﬁdﬂmovo nAij "rﬁragmnt"aaf afpolyipeptideas a ghoxtemaydrtea polypeptide avhidheis

t he an an E. .coli derived ovine GDF 9B. In

i s oleauipin ) Eneeihaich L e bEfercel R SRR i O ¢ ne

E, coli-derived mature ovine GDF-9B protein (0.2 ny) |n Freunds conpl ete
(0.2 ni and anot her (10 femal e m ce re_immuni sed w

d
‘B‘O‘VFXZ% éﬂfﬂ‘ ?taelpaqcaléwnaﬁl\(% rofesgy fo iprPatxpaplide oo they WVPnt'tSm Phichdp \ableyto elici'a
contr Ohéasu%btré g%gdg&élm e?fe@pﬁls&le rov'aﬂi GCSVaRaR Al of Q%@ﬁﬁalo&r iBlrSeRiablaB e

{0.1 at tir oster and O. at second and t booster) were
gi ven aluyszalvgeai effiectermayl be maaxr@ﬁ)abu/ aFsayesnai hs thexinegrporatign tOﬁéuthdrmysmdme

sacrif ft r I

hose LBt BRESIR SR cmiq oRct AR 25hEborsth S ORI Y O Bl ave
bot h GlfssedtednflecGbmObatiag stiokel ynd grah&lo@é teltst Eda&drﬁ@ntthe@eaminoamltes cumulus
cont ai ned cross F\lﬁ g}g ant i hodi es to %&%h factori gTabI e 2 T bI
2: MeafPTPlExes: rﬁl‘§e & dyyaghedeand fﬁﬁ“ﬁ?ﬁ i1 Bt Agal AeRFRRICEHOPOtor

W th behdi8y of 100,000 viable cells per well and mcubated with or without polypeptide for 48 hours.

At this time incorporation of tritiated thymidine is measured.

The term "protein (or polypeptide)” refers to a protein encoded by the nucleic acid molecule of the
invention, including fragments, mutations and homologs having the same biological activity i.e.
ovulation 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 defanlt gap weights, or as measured by computer algorithms BLASTX or
12



al pha | actal bum n or ovine GDF-9B. The val ues presented show t he absorbance
at 490 nm which represents the |evels of antibody to GDF-9B or CDF-9

Tr eat ment Gyl ABG3ds- 9Bovi ne a- | act al bum n<0. 060<0. 060GDF- 9B+ A%01/00113
(0.163)0.590 (0.058) 20 WO 01/9G393 PCT/ NzO1/ 00113 Thus we assert that
procedures that |ead to the nodul ati on of endogenous GDF-9 and CDF- 9B wi ||
alter ovarian function. Further evidence in support of our claimthat

nodul atBIrySHRntharenst leastGhi%o proferabive/ Weaperl apst 9pfenablyeP0-98%hensbeoseidentity.
m xt ur S £ 0l L. 0G:
A e e e e A IR S
_ CDF- 9B Kyepiadplecthnjsubsitnetibrt of &hfﬂocnmd@ﬂﬁv@gpmpﬁard@enmajl popeEis tsoctKhsthargeeor
ani mal s subjected tg 7 consecutiv al satio h var i. es
e overmality ot kIS et 16 PRBrE S PR Yor PEHRA Pl ine e AR
. types Yor hspaBhe dr RitAh#|aeRl foRhanfsRESed by standard morphonetric
procedures (Smith et al., 1997). In addition the presence or absence of
antral follicles were noted. These results are sumarised in Table 3. Table
3t MeanyQVALhaNag ?E’étufﬂéspr?&qh Bﬁud&' REReplicable ﬁ‘aﬁsfé}”@cﬁﬁ Elf?l{a eotio 'u§é gls
foll owi ng I munisation o eep WItPI Iglconjugate B pepti de
or to GibFpaingeypolypepiideat pa@nﬂe)wﬁtheamvenabmnﬁh@n‘ryeﬂorsfma}yb@mumwed)ammbag tof
?2;52; Et Sk ra%@%{l S fohela(x;tI %?n%?%eéelégtgdtlrcl)rﬁlc ongngv Ridré Q\gael}alf) 1111 {heat (mean
~151806328( 3) ( 353- 651)(11623 17433) (61- 65) (22- 37) GCDF- 9B296814700Pept i de- KLH
1)(2) " Fhle QB Ve aNBbOR B R e LB & R Shp PR PEORIAT
( SEQ ) Doty hattle tQIRWHE cRarR@Bde sequence was KKPLVPASVNLSEYFC (SEQ m
NO 18). The Romey ewes wer e injected with 0.4 ng/ewe of KLH or KLH GDF-9B
peptide or KLH GDF-9 peptide in Freund' s conpl ete adjuvant. Subsequently at
nont hl y,_{ nt - jeons, the aninals were boosted with further

(aj( _;B%gélggxg@ sélf?éﬁﬁcﬁ . ted \

anti gen on e otcasion) in a Span/ Tween/oil mxture (s.c.).
The r es(lb) ts thépyustdsan afelsaigle earged fdriaey pam’tulet =stfilion emdonucieasasandns) @ (1)

9B KLH| h|b|t antral follicle
devel op ‘gﬁ‘%ﬁfaﬁ&gﬁ‘ﬁ%st E?Feﬁatl eg?wg)g‘? Wa%ﬁfzs AN ANEPRUOESSPRCS  ssent | al
for nor rral foI l'i cul ar devel opnent in some mammals. 21 WO 01/ 9G393 EXAMPLE
3 PCT/ N zQ /(é)FP 113 Expression of reconbi nant honodj neric GDF- 9B, and
het er odT‘ﬁ%rm%]O sgsrfc;mﬂcy possessing thesenahpmpisrisHcr arg plasmydsy pnd, Bacteriplj vigses
Vi vo. t Tn?a!nﬁh
ét&%@éﬁ%hggde}ﬁi@% Bre n}%fﬁﬂeél Redibd Sl Badt&ed gifn§ec@ @p ﬂﬂ% veE:)tolr\?Q

nucl eoti sclose e invention as
3 and @HQnajolmdeahorfOH@wmanﬂE pWer pBlueSaripbprGEM, \PéBE?é,spﬁKeﬁMUn lambda GAP,

pressio 1 d Ci r

quen?ers'a;g %&Ee]él}/[r fnsfec?ed/?ﬂrlg%f e/lfFIr ééﬂ?'t%1 W@%r@@grl A%H‘(gj)\;ag atﬂ dEcaF}(’)'nés
are seIIfSR\eHDU§CAQ 8B ABE, ipPilO%, pAGSE b epET and pSP keres. AdowoRt, thisdisnghdulld not be
processing of the express q}ﬁr econhi nant pol ypepti de sequence the furin
processﬁeﬁrgass]i"f’%mgéh Bt &4t IPGCSSWIBWIP?ary expressi on cassette driving the

ovarexpression of the furin protease in the producer cells is introduced.

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 fricistronic 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.
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As an exanple of an effective manmmal i an expressi on system for producing
0GDF- 9B honodi neric protein we have generated human 293T cell |ines

t ransf ect g widd3ed he pEFI RES-P vector containing the rat GmQRiRoP3E9 on
(Jaatinen et al., Ml Cell Endocrinol. 156:189-93, 1999) fused to an ovine
GDF- 9B mature regi on sequence (SEQ >17 NO 1 and NO:2). The furin
processing site had been engineered to contain the effectively cleaved RRRR
sequente. CHlithdesperidecapresyng &7 s imaiblisses of dransecpisy Yrapalsnongetperaagh i ioaei n
Hantl 2/ DVEMrelse/ 98Il AT 9860 ANy ilol i ooty IRY fak 0 E QBHGRIAY! REr GRbucdB
into the supernatant i ch was subsequentlTy used i n bioassay as descri bed
i n Exanpl e specifio eypiensipin @mﬂmﬁPﬁCKeO%d@nmenmr fohlrsircald Midneyrazgicssion san bon

Cat ] shenp. et e ol WFrep Bty Vi S BRORSE 135 HORBLAE' Ldtor vinn
cont ai ni ng the PRPEKNpAGtho8r.afon GIE iefipredsiin Bpmboperaissuel moattr ippdraotpSExétdnh

Sem i ki Forest Virus vector and a high titre virus stock of )
SFV- PD- 0 CDFwoHd be R fomed. gBercthis tissug enepprroael) weulddede sise thsdwving frlapi@stobylin et

al, Hi stochemCell Biol | %/5: %?3? 1..2001) ..,A hi gh titre SFY— PD- %@C QB-tFLAG
virus was s&&f tP6°’984‘3§/ EPFEEL MFel P €&t “u BoPFORRIT s Yhid Bluse YRT'Gh
expressi on wﬁw%%&f&ﬁﬁ tb rivBaRe ekprebsson Af iRy GDHsegitd aillk. dWoi Bbbal dveay

culture processed o 9B- FLAG was secreted to nediumand the protein was
easi |y vi suetpressignds teensgeriic @nimaly they CWEY teahancsd di-aciivapspsioter (Okabe Mt st-atLAG

(Y% ti bod - i i -9B- FLAG wi.t h i - .
Mother - oosrEReeffts B0 B8 00 4857 08 4iBefiged B Liar pisatsh el s S rba LRI an
open readi NPahERAF, @pﬂgdirmganigmgga@h@ﬁggzggl wpeptide. Parental 293T cells

and 293T cells stably 22 V~' 0, 01/91393 PCTI|1 ZA | (1113 expressing
0CGDF- 9Aqeiwinises getravirydes And alphivimsesase ether sudphle nRNYORANGEDIESHIED §ysfaRe A and

I . f i f t
1 om URPRAL BpUELE (ERGNESRE BrohChr Bl B (HE T &0F, [B0sf wPRIRAL R ©
I MuNo@DECxpiebbm ﬂiﬁ pid 'hra_]:k-{lclsﬂNMect@ﬂ bi pﬁeﬁ@viﬂ&' wietdrd Od\ivlwsub&'xmgnq:crm\alﬁ\é end
were recqvere t r ot el ar ose. u e I ev ate st.ern
bl ot s By 1aks (e ePRtgh WhtRt 1h i G- e oumRY WbPAS Tasy-1 soenoviral nlpsmig el
anti  FEAGING gaidrhB AFE&milRam QledR AL gefibhb ﬂvéhr&naafs&mnp}mr@aﬁ Gpre 20

kd GDF-9 mature peptide was seen in supernatants of GDF-9 expressing cells
t hat hexpréseion chsséiis t Bls wioombSrt Risocrirl gendmens thenrtranefectgd dnto 293T cells to

i mnoﬁgﬁgihgiv}rﬁl{ &gcﬂ\’iﬁhnﬁsrﬁﬂ&k n@‘tﬁb s!}@r %HEH?HI?%L(%%OV&EE%? an also be used for the same
COi mMunopr eci prtati on experi nents indicate Irect physical 1nteractiion of
r econbpurpodel (y.g QAR phachid based gehdrHisfea (MwGDRicBo X domn ol OO8-TRE nethst ence of
sheep -9/§IF-Qgg£§terodiners. Met hods are described for over-expressing
nucl eotYyake3 1/dn di scl osed in the invention as SEQ 1D NO 1, SEQ m NO

3, ands SEQ My topatRbgeh® Samlifi Fhetierfustie:3p4%8Mme! GBELS @RV b&Rradd 88ink Nor
transgenic aninals for mmcking system c adm nistration of “reconbi nant

horodi ner i cexappley BSHNdPReteeiostasiaseribediby-lomdstmrm gt pl dlistoghem FlgB Biel &14:i3-
GDF encodi n, en el . OX a - ) }
operative ags}lé z%{a)gt i %ﬁﬁ\l}\n&r{rﬁmg’x%%@gg%o%pg%gggo&%%u{é%géso.%r’ é‘é?g%%&@f) %f i)%1‘%38
honodi mer s wrthrGoka DBAGEIF{&@ dxptessiogl G’ s ilnmanwealiaa cello(Morgehstarn gifoavidhLaml,

t hese transgen. . ani.mal s .are ass nor phonetri ¢ neasurenents or

hor nonal asga@sg_.%’ @H?‘S‘%@ﬁai@&%?fisﬁgf‘gé‘gésa general method for altering

ovul ation reegt icolld (ENSBRAIL pastbriB | SaechBi saes icorvBiaeiale andthdrowd) kkiablished
manmary gl and directed overexpressi on provides an alternative nethod of

produci ng | exptrssiansysien tofthosealjiied in the ane( Hadfiedd, ¢fieds h2¥01UMAcRPbmpnepersds .

Thi s approa { SN0t 1 nj,uriou the, health of the {ransgenj.c i.mal as. no
cont rai ndi c{<:§t§i2§5hgla v é)l ’ethé)BgIsdec’f‘(FgE’.r W&apibﬁg’ge‘# Iglﬁglflflé’gftf)(fél y
transferri n@r&ﬂe%@&@ﬁnoﬁfc@wﬁkﬂ@&omg&@si@ﬁ dfUekEOkdnds HRIUERGEPA0S]S
disclosed in the invention.,as SEQ 1D NQ 1, SEQ ff~ NO 3, and SEQ mNO 5
or vari ant s(WWARIRNAEOZER-CoRyis p Pyederiadc@ndidatBon with an expression contro
sequence (CW pronoter) in a reconbi nant adenovirus into recipient cell or
organ cultures or recipient aninmals for altering follicular growh i~z
vitro or iii vivo. For exanple, the nethods allow system c infection of

reci pient manmals with GDF-9B and GDF-9 expression cassette bearing

adenovi ruses concentrating into the livdrs of the host and allow ng high

| evel s of liver derived reconbinant proteins to be released to the
circulation. Effects on ovarian follicular gromh may be assessed by one or
nore criteria such as | aparoscopy, norphonetric neasurenents or hornona
assays. A simlar in vivo viral transfer of CGDF-9B And CGDF-9 sequences and
transcriptional units can be achieved with al phaviruses or 23  VNO

01/ 9G393 PCT/ NZ01/ 00113 retxoviruses. These viral approaches offer ways of

M - . B - r r o " PN o




cells, ovaries were recovered fromewes, follicles (1-2.5 nm di aneter)

di ssected free and the cells isolated and separated fromtheca and

oocyt e- cumd ¢i906863pl exes. The cells were washed and resuspeRdesjohisr esh
media at a final concentration for bioassay of 1x105 viable cells per well.
Table 4: Mean s.e.m increase in ['H thymdine incorporation in ovine (0)
granul osa cells after exposure to roCDF-9B or control nedia (n=3 separate
exper i rent Sehaiicie sl EaeplDHs ﬁqsamﬁ@d lfﬁh%at@ﬁé’aﬁﬁpéﬁs‘@& sHYieBrin MEiSPBeg g8Re Eor

ovi ne (0) 6 5 % ?a 93T
and parti aIgPE ggf %?lé ggumﬁg epar n se G gg‘ﬁ:% g%dt% c&ﬁ}ekss
protein el m@@uhbmnam nGnomMidNaGDF Dreghd (GIF- QBe{stew eaneitcctn sue
culture nedia. The control for this experinment was rredl a exposed to
non-transfected 293T cells and subjected to heparin-sepharose
. chr omafiegbRPholedatel oflihd in9BntaMOmey BE ¥Spressed ’b’ygﬂ&@&mﬂmc%fﬁra% linR4ke Qvith
01/ 91 393 DI SCUSSI ON PCT/ NZ( | 1/ 0%1113 The known human CGDF- 9B sequence and
ol i gonWErlp EPRES] sequeRees e epliablerEprstion Kegiote el peguennes n@yﬂ@dw& Qigihe
t he sh i of
o o8 v ORI cAlel I BRRBNRET EnA ) STRGES, pAGHRRIIRES! O
liter astetﬁceon of tzhp pesirel stenmrlc@Fbtgmphldcrb@dbd eXpressipmayagton sadependentivn dpetyps o6

St mt G 8t bl e eI B B ron R PREDNE RPBbultte ibiabiody Vafinbe

t he prmuieﬁelliaielam of rat granul osa cells in culture (Vitt et al., 2000).
Reconbi nant GDF-9 al so regul ates steroi dogenesis and gonadotrophin receptor

expression in nouse and rat granulosa cells (Elvin et al., 1999; Vitt et
al ., moéxgréﬁl%k W%Et'ESPsf Geerdfh 1 ﬁﬂebéﬁk’ iReRiSor Hﬁy Rbftal ANeGAYGH &g)rbé’éldﬁuéﬁ'ﬂrol
gr anul osa I's in culture (Vuojolainen et al”, in prepay ati hese

r ecentsequandé gt ¢4 eparitivedie kel tp aheeDNh\aseqme@r Hgoghinterks dxprassqolot Bret control
ef f ect f

obt o ool ALl B AN LI AR A e UL IR e B
possi bDNAbeqhange.cEkamaplee of umful@ﬁc%n avntxbbserquarcys aﬂenhealac systerh ) the trple\yxstem

Zeal arg Fatent speci fi C?tl on.no. 084 t he gresent nh/entorﬁ IrE:lbe

the | nVEFIaYEYe t%%’é%’%"“%‘h‘é’&f)a PRPEFBYGHEEI RS B ErrgPda V\@éﬁ%t‘c
synt enirembRror yelstdreidlphbspiihtdbe@g Hhos) the prymndtbrs df the %QQQthﬁflﬂatd@ttﬁéthanﬁh
whet her GDF-9B gene is afftect ed in these aninals, showi ng that the

| nver dﬁp@otjé%ﬁefi@d FOnuBely 9ma,Ade RIS QU ofTH W%‘]h‘@%h@ém’@ﬁ%@"g@éﬁé g 1In
| NVer dgt € iR d}raﬁoﬂa@m\@m i offbr QAR Oty étroh&ef heBRBRYANG Jes
mat ur e peptl cessing site eco resi conveirting t

codon @p@l\tawom@ndaukarmgm ¢edls subdheirtvinusasror gbmbimatiowsitherealci d val i ne (V) to
aspartic acid (D). In all TG~ (3 famly nenbers this very amno acid is
either valine, isoleucine or |eucine which all represent hydrophobic

r esi dulasthé rogonictiars tof taovédoe meégalso \aal qdvaxhageg&dbaapb:r fol demifly dhe Battsriginelone

acid substit on causes a chan e int urf char e of the ve area of

e o EC TR T RIS TP PRI PBDE foteh BNAr | cSiFofear o mebide Bcasplas colgar

fromt I t d
&n yaﬁmtom% [f%l%thﬁhreea%d‘?ﬁe - Iﬁ%négﬁeu |d2ve%aﬂ' ¢ §/B g%mg%g@aw;%%g% uéd

Gutter, et al., 1996; er et a

i nventwiich génd\laV\deZeaalﬂndbyaﬂ&&aszhibsmgm bkuectémnaypmjeméégaloplatas s &honfhcitibiie©B
gene nutation~iden i.n anot her fl.ock.of shee Hanna, hayi xactly
The s aleaHr aP o Rl s Re bR aatn BRE oo Be SRTiyr SRR SrondshteTita &

ewes. Hanna animals present with a Cto T nucl eotide point nutation at
position 67 nucleotides beyond the matuyre peptide cessi site
i nt r oddeneAGng PBr qsf gsed (S'ﬁ‘“ngHBaﬁ’O&ta“H “5?‘3&3%“ & B%f? a??g?{@"(g(j)’ frandeglie.

~Thi's claaghgifieMabbropaitetodsudR] lls.t wagm@r&téafort &ﬁeﬁ&tu@ rtﬁatp&mdmi%uwsﬁ.ﬁmﬂ cell
causing inactivation of the protein 25 C393 PCT/N zU 1 /U'I 13

pr oducvallsgihgsgleium émeamt prisessrceheraSaN Erm:ep@na&a Nasignaljcaderan @f S@cw(v SA
.infertyd g f@@@;gﬁ R6P e 1B A. PREN T NEnE WARLLY sddRaGl VaiE dd @aFH 9B

gene product
phosphate precipitation method of Graeme and Van Der Eb, Virology 52:546 (1978) or liposomal

reagents are preferred.
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WO 01/ 9f >3) 3 REFERENCES PCTI Nz(II11tl1i1113 Aaltonen J, Laitinen M

Vuoj ol ai nen K, Jaatinen R, Horelli-Kuitunen N, Seppa L, Louhio H, Tuuri T,
Sj oberg J, wiauhiaewsR, Hovatta O Dale L, Ritvos O Human gr @diNzoeioo113
differentiation factor- 9 (GDF-9) and its novel honol og GDF-9B are
expressed during early folliculogenesis. J Cin Endocrinol Metab 84:
2744-2750, 1999 BrawTal R, MNatty KP, Smith P, Heath DA, Hudson. NL,
Phillips DJ, MLeod BJ, Davis GH Ovaries of ewes honpbzygous for the

X- 11 nkeghoh 'ﬁ‘éﬁgfgﬁﬁﬁlcﬁle&fthé Eﬁ&')féd) haat @nﬁ%\( bﬁr ?flaé%%gﬁfeéﬁoﬂ@épﬁ@é érﬂc@ﬂyd can be

folliclés but contaln many abnormal struc Bi ol rod” 49: 895-
1993. pqua@ﬁd eften iKkherarmaf alfisiSh asigin NisnadturiRg thobest c¢liso gB)e ntﬂbpe@klgc @ésheon

ﬁgd %S inve Iritr{;oannce %f é; | N cg?)eﬁatp?cf ass%)gﬁ%t 1&?%&%%1 atlgrggens he &legépgirdgafﬁieﬂ rBeoverd?
factor aﬁxépﬁznﬁ?cd ﬁsrneutamqal Récolvetyfand phhﬁcammeu;haﬁl écyiévm?@myZﬁBcﬁﬁge%wn
1992. ., McEwan Fenness F, .Dodds . Far ar Vi de
Lho- pr GCREE: 15 TR G ARBOTh 1D Bhe PREOD RN o bt et P aRgsene
of shegpyd uah%gtpt%gafﬁgddéléf e rvestdon cbAKtuteba iuthdridspME MBI prdSent lﬁﬁﬁaﬂ@&sy PF,

y

Dodds Infertility due to bi I ateral ovarian hypopl asi a
I n sheep honmozygous {FecXl FecXl) for the Inverdale prolificacy gene

I t : ,
3. Fonsbed R Bt BB WRRR Wi s PR tEa ek é“éﬂe"%’?ﬁ%@?&&s@' sHo R
Soc Antlm 1l?vamhoﬁ 2lspg0rR 9 durtiied @fpecinye presedit lerention.. DF, Ni shinori K, Kumar

TR, Lu N, Matzuk MM G owh differentiation factor-9 is required during
early ovarian follicul ogenesis. Nature 383:531-535, 1996 Dube JL, Wang P,

El vin Jn addifes dMrtherhgiieofthe pMatitilivédvon Tgtevidentor maraatibgd) ehiikody Righéht, 15
gene is X-1li nked and expressed_in gocytes. Ml Endocringl 12; 1809 1817,

1998 2 singlaggel spdasporscentay opoompioyces smf@q%egwtorcﬂr&mg%sp Pamglesuleppnding o
Mat Zuk M\ ftRde 3 PePBAA6E theRSveRfiold " BHE Polypeptide or peptide may be present as a monomer,

dimer, heterodimer, multimer or a variant thereof.

More specifically, the invention provides methods for producing antibodies against the wild-type
(SEQ ID NO: 2) or mutated (SEQ ID NO: 4 and SEQ ID NO: 6) GDF-9B polypeptide sequences as
monomers or homodimers or as heterodimers in combination with GDF-9. The antibodies can be
used for the characterisation of the wild-type endogenous proteins, or peptide fragments and
expressed recombinant proteins, or peptide fragments and for passive immunisation of recipient

mammals for the modulation of ovarian follicular growth in vivo.

It will be appreciated by the reader that a further aspect of the invention contemplates the use of the
polypeptides of the invention in the preparation of antisera for the detection of other GDF-9B -like

peptides.

Polyclonal antibodies may be produced according to the method used by (Koelle et al., 1991)
incorporated herein by reference. Useful antibody production protocols are outlined in US Patent
5,514,578. Monoclonal antibodies may be produced by methods known in the art. These methods
include the immunological method described by (Kohler and Milstein, 1975) as well as the
recombinant DNA method described by (Huse et al., 1989).
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differentiation factor-9 in the manmalian ovary. Mol Endocri nol
13:1035-1048, 1999 Galloway SM MNatty KP, Canbridge LM Laiti nen I\/PE
Juengel Jiyo Wi@fshgzanta TS, McLaren RJ, Luiro K, Dodds KG d% 63 OV
Beattie AE, Davis GH Ritvos O I\/Utatlons in an oocytederive rowt ?1 factor
gene (BNP15) cause increased ovulation rate and infertility in a
dosagesensitive manner. Nature Genetics 25:279-283, 2000. Giffith DL, Keck
PC, SdRpdurheriemimdigent, the ineatonspievides aThateed of menipvleting overian &elliewangrowth

L ansfor oy ONERS S AT AR D) onB T BRF Ahdhely o P

93: 87$HZGEF Q_Shﬁﬁarodrmarsa tM\MmIngvandglertdsf ct)dpeesbmnejf cpbafig eneridnFindigulampratein

Romey fl ock. Proc Prod 55:296-29 | 995. hi Cee EA,
- GESRFETAY B RS ToNTHEA B F WSPRTE AT AR, FECORBPIgIDT i R ROBITErs o
di ff er@DEioR/GOF-9 iﬁ@fe%dlr%el@%ocﬁﬂg eegm AER &Y B Reraedlintl hfRneRhdsatd Qﬂdé?fthe
cultured early ovarian follicles. docrlnology 140: 1236-1244, 1999 bbs

S, Ji teoapakefed sE:CifigPTomaierIT § RYTBferBEYctXppradstin ¢l C&lluwmsS@%ﬁxaénm@?cb@@w)
d t t I
rivenByihiie i aﬁ,‘PHJ yPERL 'cgsﬁe@gl'f)? ﬁ%ngﬂgéé HhnkBe Nl thd P y&lﬁd Qha%pl%

f or creatlon of € manmul I an ¢ es t at express ver
of r ecoRDisnant npy colpeomaily &inyrise oo BnsipaysreRekRiddy ween@s?2, Th36BNY Qaslslag?awuéad

al : t| ng t he.nmouse .enbr bor aborat [

B ous UrogBpadielaRin Ak Mokl Se TRATSE B AP PedioR Ry DNA IR EBRRERI ¥ |
67: 5%%3 (asl@Rdribdtoml EHuane: MdJISt1o06) whichialkdl E\ﬂ)s&%gntlﬁ%‘énﬁ&?ed B2KS. redBient WO
(11/9 3 PCTI MZ()1/00113 Juengel et al. (2000) ne expression in abnormal

ovar i 2minels gad eHewedto davelopHo sy gBhs techrique Eor [t produgtion s csrramge@v;ca,m@éhés

1 nal e 5 okt b 41 1o Bt R Mhiepighy Bk Wifeq A7 Bh 8o O L?

onen
di f f eraaithieaderioad fﬁ?@t o] eﬁthyGDEfl | ﬁ)l):tat et adxﬂdtls‘sa&st, @crlldmdchy mIEElE&mferWnﬂmn% 9
i n nouse oc tes.durin ollicu nesi s. 35-140, 1998

L TRt 8 e A, MRS S8 59°7R e R BGindeA upalian pames o

( 1992&6115&%@'&9 qug@ggew@w rvﬁﬁo'sbzoﬂ 1lz}rb *p@shiioRtd fiv ? HEM 2 XSRREMS tARHARR- animal.
MG ath SA, Esquel™a AF, Lee SJ : Qocyte-specitic expression of growth

di f f erMavipalatiom of tetdevelopmensal rEgle@tm arghe vqlsafem@ssmmds GINESB thoyokPpersad t h
P, Hu h :
L e TR L R e

f ecundirtpyodyetiess. J Reprod Fertil Suppl 49:123-135, 1995. McPherron AC, Lee
SJ: GDF-3 and GDF-9: two new nenbers of the transform ng growh factor

The invention also includes adenovirus-based gene therapy techniques for expressing GDFE-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

sequences
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beta superfam |y containing a novel pattern of cysteines. J Biol Chem
268: 3444- 3449, 1993 Myake S, Makinmura M Kanegae Y, Harada S, Sato Y,

Takanori Kwo@lusges C, Saito |. Efficient generation of recqginanioos
adenoviruses using adenovirus DNA-term nal protein conplex and a cosmd

bearing the full-length virus genone. Proc Natl Acad Sci U S A
93: 1320-1324,1996. Neilsen H., Engel brecht J, Brunak S, von Heijne G
I dentification of prokaryotic and eukaryotic signal peptides and prediction

of | L eimirel itV aeBkids: P AhehiuENfe iifich SeHEU! Fim CruiEbilolil opF-5p

Hul smeyer M Crystal structu one nor phogenetic proteln-2 at
A resolsequawes pravidusBi olongd byl 08 wkid usdd @9 PER onVengini® Gh&PEDNA for obtaining

PCT/ NZQL/ O( 1113, Schl G NG A | |
The or yetdients Be 360 NHEIBHR AR sofk ot ShalfRineh EBDNRL pbFSE Hefty raied ©f
f act or -duediding. wiBtype ShedpSicAsMicicddnes ¥RAR anbpdil libiaggend Y6 oltamidgedDNAS sequence

Refined crystal structure of human transformng growth factor beta 2 at
1. 95 A fraovild-typs ovinenpyarigh sPNAs 1Ehessequenye fagm She ighacading regiqns iqf davsrdalg and

Heat h %mh%as%btﬁﬂ@d"’b} se@@ﬂﬂﬂ% heibvanBPER ﬁ%m&ﬂ\@ﬁtéiﬁe%ﬁoﬁ‘i ﬁﬁ%ﬁ})ective enomic
gonadotr ophi n concentrations and ovarian characteristics I n Inverdal® ewes
t hat arRNA&s. diezyiibyee GOF-2B seguoncegie iscldsed Kerp as SEQED NQ:ht,dnvesdate as BEQ ID

i nfl ue s, ovulation Ok Reprod 48:1150 1156, 1993. Smith P, O W5,
Corri g;ﬁSI&,anérlﬁﬁt“ﬂg Sgﬁ@ﬁgyﬁé %'Davi s GH, McNatty KP: Ovarian norphol ogy and
endocrine characteristics of femal e sheep fetuses that are heterozygous or
honozy ogz for the Inverdale prolificacy gene (fecXl). Biol Reprod

57: 118EXAMBLE|I 2097 TC He, S Zhou, LT da Costa, J. Yu, KWKinzler, B.

adenovi s paugnoPh BRERFP Rt P AP BER°5E ey SERPIRERE, oo o8 o gt

St em cdieterddiatenic GIDIE-9B/@DE-gmneinsxp messndiananarigsr ot ei n | ocal i sation in the
sheep ovary during fetal devel opnent, J Reprod Fert 116: 277-291. Vitt UA,
Hayashi M Klein C, Hsueh AJW G owh differentiation factor-9 stinul ates

prol i f exgideas fOUimBuAGLE SB@EnilNer birtt el @nsfateditsiig m@ldoaderedrended Wiktbsed in

differ etlEt: in%&ailt(i)gn e?sf Sé:(lle'I[)uI\rIS: (IJ,rSaEn lﬂgsl\?o:c ??,l aln?l 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 by standard 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 celi/tissues

overexpressing the respective recombinant proteins.

Previous evidence by the inventors’ group (e.g. Aaltonen et al. (1999) and Jaatinen et 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 s'ignal 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.
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fromsmall antral and preovul atory rat follicles. Biol Reprod, 62, 370-377,
2000. Vuoj ol ai nen K, Bondestam J, Hayashi M Raivio T, Evans L, G oonme NP,
Hsueh AIWwRB dive$H3CO CDF-9 regul ates i nhibin B production bg &g@@rﬁg human
granul osa-luteal cells. Manuscript in preparation. 30 WO 1 é
PCT/1YzZ01 /00113 WHAT WVE CLAIMIS: 1. An isolated w | dtype GDF-9B nucleic
acid nol ecul e conprising a nucleotide sequence selected fromthe group
consi s@niguwgue&ﬂyse@ Q%SN@aa;ntlgqn # 3 Spaw/dwecn(pil anixgiry ond ithg awmagh sasrificed 1
StIT NOSREK GRAANE HARSbdotet ARl WRIREMIN (@) ©) @ sequence which is a
functional variant or fragnent of the nolecule in (a); d) a seguence
~conplenentary to the nol ecule defined in (a), (b) or (c); and e) an

anti-s e sequence correspondi ng, t ny of_the | ecul.es i a), = 2.
An i sol a?lgﬁn @fﬁ%eTeeﬂét%h%ﬂita Sgaw%%%%’ %ﬁ&‘? 'éaﬁgigamﬁ]ﬂlf%ﬁb&écﬁgpgpg%mﬁ
. hucl eotpratentSg QUeIELSRIBERE A ARR6HBntA L. Jr0UPGaNWEy S kNR00Dy. a} SEQ )D NO 3
or SEQJD NGO 5 ; b) a sequence able to hybridi se under stringent
conditions to the. nolecules) in (a); c) a sequence which is a functional
vari an - af: : - i

ot ho ayenct RATFMpeBliad BRAMRISSerRA apfingecils plRROMGIGRC AL SURARAIN
cor r es pyadgamartivoy éshowh it Rebledl ecul es) in (a) - (d). 3. An isolated
full-1ength GDF-9B pol ypepti de conprising an anuno acid sequence sel ected
fromthe group consisting of: a) SEQID NO:2 , SEQ mNO:4 ; or SEQ m NO: 6;
and b) TAbfeunc Ovangion Wafel Nkheep folldgimN bdainidtiatos @F USREES cohtainir) anttbodfs to
honodi neri ¢ mature GDF-9B pol ypepti de having subunits conprising an am no
aci d s&gVe Hmpgl %@@%@ﬂ%&ﬂrﬁ&@ﬂ%&%@@@%@@p@e SEQ TD NO: 2 or a
functional fragnent or variant of said sequence. 5. A heterodineric

pol ypeptide having subunits selected fr the group consisting of: a) A
mat url€lemmedB pol ypepti de conprisi ng an| Meam©valetien Relsuence derived from
SEQ OJ NO:2 or a functional fragnent or|{rargeant of said sequence; and b)
mat ur|eABDKIH pol ypepti de or a functional 16ariant or fragnent thereof. 6.
vect ar(meSapmas)ng the nucleic acid nol ec(-2 of claiml1l or claim?2. 31
Anti-GDF-9B peptide 0.2’

) (0-1)

PP

*p<0.05 (students t-test)

In this study 10 female sheep had their oestrous (i.e. ovarian) cycles synchronised using
prostaglandin F,o (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

19



WO 01/91 393 PCT/1VZ01 /00113 7. A construct conprising the nucleic acid
nol ecul eof claim1 or claim2. 8 A host cell which has been transforned by

a vector owvoepmsdsuct as claimed in claim6 or claim?7. 9. p&pNzgasdiavhi ch
binds to a pol ypeptide derived fromthe full-length prepro polypeptide as
claimed in claim3. 10. A ligand which binds to a honodi neric pol ypeptide
as clainmed in claim4. 11. A ligand which binds to a heterodineric

pol ypepxirassed SultienigtheGDROR |and im@bation with| 10§aH df lilutddasheep piasme|aaid nh0OQl cof
11, wh i he Ligand i ntibo or an.anti.bo fra nt_ c [i.Si.n
the antrge el et R el g0n e BRithel e o B e e PR inpSORE B e
Lvihgand slimﬁ playpacal @ﬂ\&iralaﬁﬁshém(i%jbbithfiti-sﬁedpi—lgnﬂﬁva’s&ddéchﬂoﬂ‘lﬁm atrg7tC. arhe &Qlls)fjverbl
erein the ligand js a a i sp nol ecule. 15. A ligand as, c]ained in
ol i m fsnoyashed v%ﬂg#@wlﬂgﬂq w%ﬁrmp SjcrediRmineoplis @aégwog%rpﬁ ' wﬁ%d&zﬁlgpme%.
A net hggingfst@igw@ﬁﬁisﬁqghmc%@(gi cally active processed honodineric GDF-9B
pol ypeptide conprising the steps of: a) generating an expression construct

conprising a nucleic acid nolecule conprising a nucleic acid sequence
selected fromthe group consisting of SEQ mNO:1 or a functional fragnent
or var iTantwes wewiedcls giyer h0@ nd of stenlegramg: intiyvenpudly hat4 days leier adiingstered with

with said cqonstruct; .c) selecting stable clones; and d) isalating and
DU |13 Rt DA e o B 4 wBCTomSe Resia naHE Grulalinh Bl gy bxfihined by
bi ol Ogi@a%dsyo@mdé?safta%ggﬂ@trmiﬁf isiRr i ¢ GDF-9B and GDF-9 pol ypepti des

conprising the steps of: WO 01/11393
In our previous patent no. 500844 we demonstrated a significant perturbation in ovarian follicular
development in mice when the animals were immunised with an E. coli derived mature ovine GDF-
OB. In this study 10 female mice were immunised 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 (+ 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 a-lactalbumin <0.060 <0.060
GDF-9B 2.177 (£0.163) 0.590 (£0.058) -
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PCT/ Nzf 11/ 00113 a) generating an expression construct containing a nucleic
acid nol ecule conprising: (i) a nucleic acid sequence selected fromthe
group consyglyhpgse9f: SEQ )17 NO. 1 or a functional fragmen'&)@c/ Yefdodyt of
sai d sequence; and (ii) a nucleic acid nol ecul e encodi ng -5 or a
functional fragnent or variant thereof; b) transfecting suitable cells Wth
said construct; c) selecting stable clones; and d) isolating and purifying
t he ex ;Trhss s&edism)ﬂ thptgpoeaieres IBat lgadnetthohodilataesibandogénous €DI60 andGRIHEB will
al phavi transfer of GDF-9B expression cassettes or CGDF-9 expression
casset taLt r‘fv&rlﬁ‘bﬁ*“ é%rfl s or organisns to thereby effect in vivo expression
of GDF-9B honodi ners or GDF-9B/ GDF-9 heterodi mers, conprising the step of
“transferring into a recipient cell, organ culture or reglcél(gl ent_ani nal

r econbil WEHET BYEANST TR Lfgpp%epéidquwlaaw Batomedulpiing hamedinesic GREIBs phGLIF- and
_ nucl ei gzELiof gﬂl&%‘ ﬁoﬂamh{eemamwﬁﬂe@%' AReP8ANRNGE REViREt &9 Bﬁromxﬁelilefugﬁ@gép

consisting of SEQ mNO 1 or a functional fragment or variant of said
sequendellowiag dhnimmahisatei af sidepcdte ptreireayment gip@p)a@gawt dddd deantiobn GIPE-ABan

expres con b

C anar SRR GMeRlea 3 RITEPODR: pihde IOTHRILE L PRLEE S Ruig By B e 0 7

nmet hod coﬁseahﬂi\ernmghlty\,iarm&ﬁsaftmhd itloeid ek ieg fe0vk dned afte‘t sl/augbt,er b thefeefid! the ool

or other_ female vertebr i r|S|n te f tranformng

manmal VARG IR REPOSFE (9 etBP%ﬁz g@ Fl;%]?‘hl@%lg}) e § Bﬁ %Dﬁg’@%“grfao

expr es rQRA6RS Phineer 40 1@9'7?""[1%[&%&?(1}% %%e%b&é dfapbdrlce BB afNPATSIBRE %ve@é‘ﬂoted
BfGDF-9 het erodi ners. . A nmethod of altering ovarian follicular

grovvt h,Thesasiesults, arg wnanamueTablmﬁal or other female vertebrate, said method

conprising the step of transform ng manmmal i an and ot her vertebrate ovarian

host cells with GDF-9B and GDF-9 expression cassettes to allow
over - eXfabks3i aveaf oGRan9BlhmeD dhdeugmbarsdo e@Bt’-QEDE—49a1Iitbmtra1cfbmem foﬂawmg

aher o1 AR Nggé@ééqéﬁeﬁfﬁw’éw”‘é%gf@r@ég%ﬁw&‘ﬁg? prig Pk Saseyte oot e

goats, ﬂ@ﬁhen@um”@varﬁldrﬂmmﬂer SREmb&ABE TYPS | NfitheP 0SS BITBNufE:S cﬁ‘”? @ags and
any otiher commerc g}l l;ggzrt nf. f)?f&ﬁglle met hady aﬁ)lﬁélés' med in glains

19 or |20 wherein E)ect edf(ﬁﬁa@;the 9f QHénG stl ng of
chi ckens, ducks, geese sal non ng an% ot hej (ﬁ?ﬁﬂ%@ﬁl y |rrp

SpECi S 24 —A—Ccorpes L‘I—UIITUIII}J bllg an—eri T Vve 19 an agcrlL

sel ect%“ romthe g’%’; onS| st ; a g imeric %)2% ept i de havi ng
subunit) conpFi-si - t-ohRa rm“*

vari aHtGlPﬁé?Beof V\J Wor Wt houtt lﬁ nodi neric |90I ypepti de Qaw ng subunl tis

conpr i| SieRddedEHy pdr9riS8l i de of Ca2F-4AtE0% onall fragnent of variant therdof;
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pol ypﬁﬁmﬂé and al Z8F-9 pol ypeptG2d8, or fun¢lional fragpénts or variarts of
sai d PH@Q@ KLBGDF24850By pept i [dd8152-25745) (0-11)

2)

For these studies the GDF-9B peptide sequence was SEVPGPSREHDGPESC (SEQ ID NO 17) and
the GDE-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 mixtare (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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together with a pharmaceutically or veterinarily acceptable carrier

(i ncluding adjuvants) or diluent; and optionally including supplenentary
gonadot r oplypngme3d®. The use of an agent selected fromthe 9&@%@08@”?§3tin9
of : a) a honodi neric pol ypeptide having subunits conprising - or a
functional fragnment or variant thereof with or w thout honodineric
polypeﬁilde havi ng subunits conprising GDF9 pol ypeptide or a functional
fragme XAVPLE 3 ant t her eof ; b) a hetexodi nmeric pol ypeptide having subunits

corP 1 B8, FBE £ BB SHE apluBIP e B 1S 1l EFSBTERES B

suppl enmendradivn gemedalin-o phd nsviesid/ or ot her ovarian growth factors incl udi ng
IGF-1, kit ligand (stemcell factor), epidermal growh factor or TG~i
agoni sts/antagoni sts to: i) alter follicular growth in ovaries of a mamal
or oth i Etokdbontafhihf QuciBdtide! skt &l dibodeats
ovari a?‘@‘\éﬁ‘gf@g‘@&ﬁ‘ftﬁégﬁgﬁge%n ol btolSLontalibf fuoiBlidei s Rl A SRR b,
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het er odéquefides) @[@ltymfﬁctdﬂmdr@feﬁﬁd wmananalmaldellgranmsgable dohdsutre selettbd asing an
w t hout ot her a,rlan h factors (including TGE(3 X .
BN S BRI sRHER SyArRirn BT G HR die e IBE BUE DR sed peombinant gpLyaeplide
cul t ur @eduBn@s &R SfuirinhsroRbRi0kitals Amtdied hyd ah ﬁﬁm@hrmﬁ]@l@sm IcBss8¢l driving the
heterodimeric pol ypeptides.” 27. A nmethod of altering follicular growh
conpr i overgxnressiogtafphaofurinmreisatedn ty pioducgnerlls asingodidsdd in any one of clains
9-1Sto: ii) alter follicular growh in ovaries of a manmal or ot her
vertebrate either in vivo or in|I~h"Q OLl" iii) alter isolated ovarian

cel | grswhkkampleroditah @ffectie mhmnmh%expéﬂslossb/ﬁbm(fof prodtdingaGDFAB homodimeric

| tid i si l,
Bonar SPraigh ot takoeststiiel hymen 2037 el TGS e R BT DGR B AeBOPBpinEde
conpri g9 GBFYE HOrasbIIaAMRRER., %@61@&1%60Eﬁﬂalt E@l@twrw%)rfﬁéeﬂttb g o9ne

SEQ 1D NO 18. 30. Am isolated nuci ei c acid nol ecul e conpri si ng a nucleic
aci d séiﬂl"e%enaimieecgm feraence HEEQriBUNC: dnaiidsNIOg). dhe SEQ pRcNBInglsite IBEDPID
NO 13 ge}ngere%Etg contain the e?fectlvelyaclgeyvrég tRchfﬂfllsequenme. Cells selected to resist 120-150 ug/ml

puromycin were cultured in HamF12/DMEM under serum free conditions for 4 days to produce

ovine GDF-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
SEV-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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fragnent or variant of said sequences. 31. An isolated pol ypeptide
conprising an am no acid sequence selected fromthe group consisting of SEQ
MmN O 12,wehdNO 14 and SEQ m NGO 16, or a functional féﬁg?@ﬂ}mg
variant of said sequences. 32. An isolated nucleic acid nol ecul'e
substantially as described herein with reference to any exanpl e and/ or

drawi ng thereof. 33. An isolated pol ygept | de substantially as descri bed
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active processed heterodineri¢ polypeptide substantially as descr.i bed

her ei niTPPRCREH B S XPETImAYS dscifAbt @ dimel Riypicalygleraction oh serogromeat suprested
transf gyin@ IGIROBRARICIIED 4@ chAYGHPMY effsleREd of dhde)y GHR-HEPIFESS h&BroAimers.

honodi neric or heterodineric polypeptides of the invention substantially as
described herein with reference to any exanple thereof. 41. A method of
alteri varian faollicular growth in . I I, .or, .at.her .1 ebr
aubst aN R Bessibld ol er Sleltie e Bp b RaB PRV MRy Ha R kSR 358
A conp@RBiNOon SEQSDaNO: &, layd §EQIES NQ:edr hataitnthatebh it efveradBegadvariamyites in
exanpl e and/.or drawi t.hereof. 43.. The.use of honmodi meric or |

et er OHFRGETIE BUPGARt MBI iR GRS o SRR SO eeipPe GDF-9B
descri bl HBRFiimeit LEDFSIFRGEIFCE phteily TRX 38RV it tEBFefodid® seq¥actsl a3 kiger

PCT/ N z01 /00113 _ ) _
expressed separately or co-expressed in operative association with expression control sequences.

Effects of GDF-9B homodimers and GDF-9B/GDF-9 heterodimers on ovarian follicular 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 vivo viral transfer of

GDF-9B And GDF-9 sequences and transcriptional units can be achieved with alphaviruses or
23



44. A nethod for assessing the biological activity of honodi nmeric and
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rom literature i1t appears that GDF-9 is needed for granulosa cell mitogenesis and thecal cell

differentiation. Indeed, recombinant rat GDF-9 is able to stimulate rat follicular growth in vitro
(Hayashi et al., 1999) as well as the proliferation of rat granulosa cells in culture (Vitt et al., 2000).
Recombinant GDF-9 also regulates steroidogenesis and gonadotrophin receptor expression in mouse
and rat granulosa cells (Elvin et al., 1999; Vitt et al., 2000). Furthermore, GDF-9 stimulates inhibin
B production in human granulosa cells in culture (Vuojolainen et al., in preparation). These recent
studies clearly demonstrate that GDF-9 homodimers have potent effects on follicular growth and
differentiation in several mammals but before the invention described herein nothing has been

known on the possible biological effect of GDF-9B in the ovary.

In our earlier New Zealand patent specification no. 500844 the present inventors showed that the
Inverdale gene maps to a sheep X-chromosome region containing genes syntenic to Xp11.2-11.4 in
human (Galloway et al., 2000) and determined whether GDF-9B gene is affected in these animals,
showing that the Inverdale gene is actually an inactivated form of the sheep GDF-9B gene. In
Inverdale animals the T nucleotide at position 92 nucleotides beyond the mature peptide processing
site has become an A residue, converting the codon GTC to GAC causing the substitution of the
amino acid valine (V) to aspartic acid (D). In all TGF-f family members this very amino acid is
either valine, isoleucine or leucine which all represent hydrophobic residues in contrast to the
negatively charged aspartic acid. This amino acid substitution causes a change in the surface charge
of the very area of the molecule which is involved in the dimerisation process as suggested from the
crystal structures of TGF-f 2, BMP-2 and BMP-7 (Schlunegger and Grutter, 1993; Griffith et al.,
1996; Scheufler et al., 1999). The invention of New Zealand 500844 also provides evidence for a
second GDF-9B gene mutation identified in another flock of sheep, Hanna, having exactly the same
heterozygous and homozygous gene carrier phenotypes as Inverdale ewes. Hanna animals present
with a C to T nucleotide point 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
25



1@ 109%&' ()- 10%& ()-Y"s109%& ()- s109%& ()- 10 10 10! F79%40%& ()-22.373k33

AdEUVTY 1@' S3SH10%& () - 3109%&' ()-y310%& ()- 10%& ()-f 9! 10%& ()- 10%& () -

4444558dEUWYVEY%1/96393 PCT/NZ01/00113

1@! @94.0%: () - Sf109%& () - SUO%& ()-gS@O%& () - SUO%& () - SYXHO%&' () - 89998: :
: dB47y 10!, 810%& ()--F7M 10%&' () -5M 10%& () -

4 109& ()- @310%& () - @OIBOR () - . dB7y 10! A )10% (! (& () - ,

St 94 09 @dpst. Crossesoppqtercen e Imgxéale@dr}i%%f@znzl)es o o0 %@ﬁ%}%}é@;ﬁ@@. ving

10! h#" 3P4t Gfarddans clb%rlé@rﬁcﬁ{/z{ t€4He) GDF-9B ggfne roduct.

Ss! 10% & () - S 0% & () - SYA0% & () - Ss10% - @AUBXBBB} " ?B7y

10F&610% & ()-4"10% & () -! Fslo%{(& 0)-, 31 10%{&' ()-S/10% & ()-!"S*9%d0% (& (

) - BBBBBBNC{ CxDb@ 10! G %40%&' ()- ,yGl0% & ()-,%0% & ()- s!10% & ()- 10(

10( 10(!: 10% & () - xDEEEFVGH_ @@

10! 940% & () -, 9%40% & ()-, 109 & () -, %0% & () -

c, YA0UX&' ()-!=#10%/ & ()-zH @JJIpKr KsKt KdE; / 10/

10/ :s10% & ()-6Z(10%& ()-y2 10% & ()-F19%40% & ()-/9%0% & ()-) %d0% & () -

t KUKKKKS8L; NYNuV7/ 10, s109%& () -, |

94.0%& ()-"10%&' ()-Y!'!"10%& ()-YY"10%& ()-3" 10%& ()- 10/ YNNOOOLPP}~<7/

10! R - %40%& () -,

1098 ()-!1Q , &M0%& ()-T'\ @ % 0%x& ()-S,  10%& ()-, & $10%& () - PPFOHQ QUQKQ Q

Q- @10 @10%& ()-Y ! 109%& () -

26



10 10 101 : s10%& ()- @7&L0% () -! MBRYA0Y%& () - SQR RRRTETJE~_ @

10! @O% () - @YL0%& ()- S$10%& ()- @ Yd0%& ()- @

1% () - G(@QYHRy() - ETUUN. WEIE-_ @101, 900% () -, YAL0% ez

£ &YA0%& () - GHOL0YE ()- @ 10%& () - @AOY& () - ZWK YYYYYYYxbC 101 Fal Yoo () -
10 10 10: 10%& () -, 5U( 10%& ()- g, 2940% () -, 3. %40%& ()- Yx"*9__ C dEnbC

10!'S, #CV&OCV% "SI 040%& ()-fs109& ()-f950%& ()- SLYLOY% ()- @A0%& ()-: C n"dde
eeeeuVREFH, CE8 ()-s!'10% & ()- 10c g c g 10c gc g 10c g c q ! S %0%

Aaltonen J, Laitinen M, Vuojolainen K, Jaatinen R, Horelli-Kuitunen N, Seppa L, Louhio H, Tuuri
T, Sjoberg J, Butzow R, Hovatta O, Dale L, Ritvos O: Human growth differentiation factor- 9
(GDF-9) and its novel homolog GDF-9B are expressed during early folliculogenesis. J Clin
Endocrinol Metab 84: 2744-2750, 1999

Braw-Tal R, McNatty KP, Smith P, Heath DA, Hudson NL, Phillips DJ, McLeod BJ, Davis GH:
Ovaries of ewes homozygous for the X-linked Inverdale gene (FecXI) are devoid of secondary and

tertiary follicles but contain many abnormal structures. Biol Reprod 49:895-907, 1993.

C Hadfield, KK Raina, K Shashi-Menon, RC Mount (1993) The expression and performance of
cloned genes. Yeast Mycol Res 9, 897-944

Daopin S, Piez KA, Ogawa Y, Davies DR: Crystal structure of transforming growth factor-beta 2:
an unusual fold for the superfamily. Science 257:369-373, 1992.

Davis GH, McEwan JC, Fennessy PF, Dodds KG, Farquhar PA: Evidence for the presence of a
major gene influencing ovulation rate on the X chromosome of sheep. Biol Reprod 44:620-624,
1991.

Davis GH, McEwan JC, Fennessy PF, Dodds KG, McNatty KP, O WS: Infertility due to bilateral
ovarian hypoplasia in sheep homozygous (FecXI FecXI) for the Inverdale prolificacy gene located
on the X chromosome. Biol Reprod 46:636-640, 1992

Davis GH, McEwan JC, Fennessy PF, Dodds KG: Discovery of the Inverdale gene (FecX). Proc
NZ Soc Anim Prod 95:289-290, 1995,

Dong J, Albertini DF, Nishimori K, Kumar TR, Lu N, Matzuk MM: Growth differentiation factor-9
is required during early ovarian folliculogenesis. Nature 383:531-535, 1996

Dube JL, Wang P, Elvin J, Lyons KM, Celeste AJ, Matzuk MM: The bone morphogenetic protein
15 gene is X-linked and expressed in oocytes. Mol Endocrinol 12:1809-1817. 1998
27



gcgé&()-S%o%k ()-S$910%&' () - e$f gj sl | @dEuUV7
10, % %40% & ()-#. %d0% & () - $9%0% & () -

%0% & () - wPeh@¥de8 () -, y%d0% & () - @¥YmmnnnnnaSE7 10 10{ {pernEBipofs  10{
{ "17990% { & ()-17%40% & ()-,5%0% & ()-31%40% & () - 31‘%10%15‘ ()-
nnNoopp| gaBSE7 10

Elvin JA, Clark AT, Wang P, Wolfman NM, Matzuk MM: Paracrine actions of growth
differentiation factor-9 in the mammalian ovary. Mol Endocrinol 13:1035-1048, 1999

Galloway SM, McNatty KP, Cambridge LM, Laitinen MPE, Juengel JL, Jokiranta TS, McLaren RJ,
Luiro K, Dodds KG, Montgomery GW, Beattie AE, Davis GH, Ritvos O: Mutations in an oocyte-
derived growth factor gene (BMP15) cause increased ovulation rate and infertility in a dosage-

sensitive manner. Nature Genetics 25:279-283, 2000.

Griffith DL, Keck PC, Sampath TK, Rueger DC, Carlson WD: Three-dimensional structure of
recombinant human osteogenic protein I: structural paradigm for the transforming growth factor
beta superfamily. Proc Natl Acad Sci U S A 93:878-883, 1996.

Hanna MM: Living with the Inverdale gene (FecX) in a Romney flock. Proc NZ Soc Anim Prod
55:296-297, 1995.

Hayashi M, McGee EA, Min G, Klein C, Rose UM, van Duin M, Hsueh AJ: Recombinant growth
differentiation factor-9 (GDEF-9) enhances growth and differentiation of cultured early ovarian
follicles. Endocrinology 140:1236-1244, 1999

Hobbs S, Jitrapakdee S, Wallace JC (1998) Development of a bicistronic vector driven by the
human polypeptide chain elongation factor 1 alpha promoter for creation of stable mammalian cell
lines that express very high levels of recombinant proteins. Biochem Biophys Res Commun 252,
368-372

Hogan et al (1; In: Manipulating the mouse embryo, Cold Spring Harbor Laboratory. Press 1996)
Huse et al., Science 246: 1275-1281 (1989).

Koelle et al., Cell 67: 59-77, 1991.

Kohler and Milstein in Nature 256: 495-497 (1975).

28



10{ { Y9dO0%& ()-!T3)10%!& ()-

9%4.0%& () -yyYio%&: ()-y%0%& ()-Y! 10%& ()-| qqBrprrDs: udESE7 10 10f

1 9 0%&' () wdbD8eRvE) - L10Y&' () - &10%& () - 9%d0%&' ()-"10%& () - NYMo %')SE? 10
10{! Y6) 10%&’ ()-! Y2) 10%& ()-zSF1" 109&" ()-f/" 109%& ()-. %4 0%& ()- Y, ML
WWWWEXbC 10 10{!, 0/(10%&'()-F"lO%&'()-le%&'()- 10 10

10: 10% S7109%&! @ {~AwaBhC 10 ,

10{! . ﬁ’@%e&e@)ﬁl {2 mne)exg@smqw Rbroymelooreien SERQYES PHSFVes hompoxEguRLqr)they x
nbC 1

o7 Lo ae & ( ]‘g@g‘%%@g 435" %e/of%ii 05 F13H % () - 47 dEmbC 10

1o{ fV(iO‘%B&' O)-1 &CV&O%B&' () 3 fV(iO‘%B&' ()-y"109B&' ()-z9409B& ()-3"109B& () -
Laitinen M, Vuojolainen K, Jaatinen R, Ketola I, Aaltonen J, Lehtonen E, Heikinheimo M, Ritvos
O: A novel growth differentiation factor-9 (GDF-9) related factor is co-expressed with GDF-9 in
mouse oocytes during folliculogenesis. Mech Dev 78:135-140, 1998

L’Huillier et al PNAS 93; 6698-6703 (1996)

MA Romanos, CA Scorer, JJ Clare (1992) Foreign gene expression in yeast: a review. Yeast 8, 423-
488.

McGrath SA, Esquela AF, Lee SJ : Oocyte-specific expression of growth differentiation factor-9.
Mol Endocrinol 9:131-136, 1995.

McNatty KP, Smith P, Hudson NL, Heath DA, Tisdall DJ, O WS, Braw-Tal R: Development of the
sheep ovary during fetal and early neonatal life and the effect of fecundity genes. J Reprod Fertil
Suppl 49:123-135, 1995.

McPherron AC, Lee SJ: GDF-3 and GDF-9: two new members of the transforming growth factor-
beta superfamily containing a novel pattern of cysteines. J Biol Chem 268:3444-3449, 1993

Miyake S, Makimura M, Kanegae Y, Harada S, Sato Y, Takamori K, Tokuda C, Saito 1. Efficient
generation of recombinant adenoviruses using adenovirus DNA-terminal protein complex and a

cosmid bearing the full-length virus genome. Proc Natl Acad Sci U S A. 93:1320-1324,1996.

Neilsen H., Engelbrecht J, Brunak S, von Heijne G: Identification of prokaryotic and eukaryotic

signal peptides and prediction of their cleavage sites. Protein Eng 10:1-6

Scheufler C, Sebald W, Hulsmeyer M: Crystal structure of human bone morphogenetic protein-2 at
2.7 A resolution. J Mol Biol 287:103-115, 1999

29



*xuV7 10SSYA0%&' ()-Y '!10%& ()- 10~ ~ 10~ A 10~ A 1d 7940% A

& ()-7940%B& () - F1Y%40%B& () - xJ} dEuV7?

10SSYD* % 0N ol peBA0YE () -\ 10%&' () - SYL0YE' () - 4SULOYR' () - AXPYGRUR bor1d - XDC
10SS 10% U& ()- 10 10

101 : 109 () - @Y0%. () - @ Y0% & ()- 3@, Y40% () -: undEnbC 10SS, %4.0%

Schlunegger MP, Grutter MG: An unusual feature revealed by the crystal structure at 2.2 A
resolution of human transforming growth factor-beta 2. Nature 358:430-434, 1992.

Schlunegger MP, Grutter MG: Refined crystal structure of human transforming growth factor beta 2
at 1.95 A resolution. J Mol Biol 231:445-458, 1993.

Shackell GH, Hudson NL, Heath DA, Lun S, Shaw L, Condell L, Blay LR, McNatty KP Plasma
gonadotrophin concentrations and ovarian characteristics in Inverdale ewes that are heterozygous for
a major gene (FecX') on the X chromosome that influences ovulation rate. Biol Reprod 48:1150-
1156, 1993.

Smith P, O WS, Corrigan KA, Smith T, Lundy T, Davis GH, McNatty KP: Ovarian morphology and
endocrine characteristics of female sheep fetuses that are heterozygous or homozygous for the
Inverdale prolificacy gene (fecX1). Biol Reprod 57:1183-1192, 1997

TC He, S Zhou, LT da Costa, J. Yu, KW Kinzler, B. Vogelstein (1998) A simplified system for
generating recombinant adenoviruses. Proc Natl Acad Sci USA 95, 2509-2514.

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.

Vitt UA, Hayashi M, Klein C, Hsueh ATW: Growth differentiation factor-9 stimulates proliferation
but suppresses the follicle-stimulating hormone-induced differentiation of culture granulosa cells

from small antral and preovulatory rat follicles. Biol Reprod, 62, 370-377, 2000.
Vuojolainen K, Bondestam J, Hayashi M, Raivio T, Evans L, Groome NP, Hsueh AJW, Ritvos O:

GDF-9 regulates inhibin B production in cultured human granulosa-luteal cells. Manuscript in

preparation.

30



U ()- (%0% U8 ()- (940% & ()- y&%40% U& ()-$%40% U& ()-%0% U& ()-n-7:;
<=dYNC 10SS 10 U 10 U 10 U: 10% U8 ()-810% W& () - L6%L0% W& () - @. 10%
& () - FF. 1G9 b396693 F=ZVWIEYNC 10SS PCTNZ 13

yLYA 0% ()-y10%&' ()-y%d0%& ()-Yd0%& ()-yfo%d0%& ()-s! 10%& ()

/

/

TdB4C 10 10

| Oy 794.0%
WHAT WE CLAIM IS:

L.

[\S]

An isolated wildtype GDF-9B nucleic acid molecule comprising a nucleotide sequence
selected from the group consisting of:

a) SEQID 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).

An isolated full length mutated GDF-9B nucleic acid molecule comprising a nucleotide
sequence selected from the group consisting of:

a) SEQID NO:3or 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 (a) — (d).

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

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

A homodimeric mature GDE-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.

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.

A vector comprising the nucleic acid molecule of claim 1 or claim 2.
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10. A ligand which binds to a homodimeric polypeptide as claimed in claim 4.
11. A ligand which binds to a heterodimeric polypeptide as claimed in claim 5.

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

fragment comprising the antigen-binding domain.
13. A ligand as claimed in claim 12 wherein the ligand is a monoclonal antibody.
14,  Aligand as claimed in claim 10 or 11 wherein the ligand is a phage display molecule.
15.  Aligand as claimed in claim 10 or 11 where the ligand is in the form cell surface receptor(s).

16. 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.

17. A method of expressing biologically-active processed heterodimeric GDF-9B and GDFE-9

polypeptides comprising the steps of:
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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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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 GDEF-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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said homodimeric and heterodimeric polypeptides.

27. A method of altering follicular growth comprising the step of introducing a ligand as claimed
in any one of claims 9-15 to:
ii) alter follicular growth in ovaries of a mammal or other vertebrate either in vivo or in
vitro; or

ili)  alter isolated ovarian cell growth/maturation in vifro

28.  An isolated functional variant polypeptide comprising an amino acid sequence selected from
this group consisting of SEQ ID NO: 17.

29.  An isolated functional variant polypeptide comprising an amino acid sequence selected from
this group consisting of SEQ ID NO: 18.

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 1solated 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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38. A method of expressing a biologically active processed homodimeric polypeptide

substantially as described herein with reference to any example thereof.

39. A method of expressing a biologically active processed heterodimeric polypeptide

substantially as described herein with reference to any example thereof.
40. A method of adenoviral transfer of polypeptides to thereby effect in vivo expression of
homodimeric or heterodimeric polypeptides of the invention substantially as described herein

with reference to any example thereof.

41. A method of altering ovarian follicular growth in a female mammal or other vertebrate

substantially as described herein in reference to any example thereof.

42. A composition substantially as described herein with reference to any example and/or

drawing thereof.

43. The use of a homodimeric or heterodimeric polypeptide to alter follicular growth

substantially as described herein with reference to any example thereof.
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44. A method for assessing the biological activity of homodimeric and heterodimeric

polypeptides substantially as described herein with reference to any example thereof.
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