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AM NO ACI D SEQUENCES OF OOCYTE FACTORS FOR ALTERING OVAR AN FOLCLTCUCAR

- GROMH IN VIVO OR IN VITRO The present invention relates to nucleotide and
am no acid sequences of oocyte factors for altering ovari ag ¢3jd1|2

growt h i npiMReR; in vitro. The present invention also con s'n

honodi meric and heterodineric polypeptides and their use fRECT/HEZO®01NY
mammal i an ovarian follicular growth in vivo or in vitro. In particular, the
i nvention broadly concerns active or passive inmmunisation agai nst these
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pr e- aRbe Bresew] mw@um)rem tbemmem@er hna anagle rasfdos,%uex@as bh Sogké‘ ?e{ct&l

le
folli tin none, and | uteinising hornon areg ?‘)M’tngln
" hor rm%e% ?I'e?%ce@aﬁ‘ rgg??f’&‘hé” Y’I’%l?fal"y VEr habe IgemaﬂnthtmelalsacmE:ﬁti asvdlhe

xey ! hamodimerieduditioftod a faovari ar | i.cul ogene
I\/breo%/()glt“f FISH i's accgpt%dlﬁggct Egl&g?ért]lg%e%ng t;[hg}‘rn%s() 81ht tF’éI’&% offlgqng}a ian ovarian

Sstim Yy gowihesst wivo ohanvitor rfalpaﬂmn’hf: rtheofnveatiddh Bfo%al Qne¥ik atdve & HAGHe

t hat I use of comrercial FSH preparations I'n
ovari igﬁn ﬁk Eglro?t%ggrﬁ]%{ t?lg%(rjlhor%% ?‘F&?Ygﬁ%ﬁ’ﬂe‘?“npﬂﬁm%ﬁdﬁ% opftictienad flagments we diagiamte .

Recentiesplieh estohivetolirdilaaiol ARl Vinbo! || cul ogenesi s is controll ed by
intraovarian factors of which the granul osa cell-derived stemcell factor
(or c-kit ligand) and the oocyte-derived growth differentiation factor-9
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al., 1993; Davis et al., 1991). By contrast, honbzygous carrier ewes having
two copies of the gene (111) are infertile; due to an ovarigarg QT 2804
condition (Davis et al., 1992). In ovaries of the (1/1) ewe,
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normal ovarian follicul ogenesis in sheep. The inventors have al so

i dentet p-etP9Bhe ful | gene structure of the GDF-9B variants in Inverdal e and
Hanna sheep whi ch cause higher than normal ovul ation rates in heterozygous
animal s and infertility in honmbzygous animals. It is broadly to the

f ul | GRFd: rprertsdioypre essprfiahfon peariapDiolimlegsgesin c Fsomribie Jiprafie 4t isnlsreawn thatd

thei 'GHES &é?ic&e%?nﬁpéjééﬁlﬁ—bqﬂ) of iHRIER!du® an early arrest in folliculogenesis (Dong et al.,
1996). In GDF-9 -/- ovaries folliculogenesis stops at the primary follicle stage when 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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fertility that the present invention is directed. All references, including
any patents or patent applications, cited in this specification are hereby
i ncorporated by reference. No adm ssion is made that any r &f &Gk 004
constitutes prior art. The discussion of the references states what their
aut hors a2%¥€61/9639and the applicants reserve the right to chralVNaZg®otise
accuracy and pertinency of the cited docunents. It will be clearly
understood that, although a nunber of prior art publications are referred

to herei t hi er e do consti 1.SS| ny . of
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New Zpalighty®topits antheqiche (/Do infertiBUMMARY afDovdidn falivizNonG@ocDavis sgdly,
to a first aspect, the present invention,providg; an,isolgﬁgglmﬁldtxgﬁ
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SEQ | Rhi8:cbnverty thSEQIIDGHE: @inidgtid 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 GDE-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.



b) A functional variant or fragnent of the sequences) in (a). In a fourth
aspect, the present invention provides a honodi neric mature CGDF-9B

pol ypepti de havi ng subunits conprising an am no acid sequen C from
the group consisting of SEQ mNO:2 or a functional fragnment Oéra @gﬁ Z

sai d sequenees3obn the fifth aspect, the present inventionpErazitiea:a

het er odi neri ¢ pol ypept i de having subunits selected fromthe group
consisting of: a) A mature GDF-9B pol ypeptide corrprl sing an am no acid

sequence derived f .D :2 Qr nct.i onal t, or, va t of said
cequBioDyeRiE oo me et e SEmLE Tl 5 Bt e crarnsrR el gt
fr ags!ﬁ%BElﬁxgttH@ R»F?le-typg Ifo?ot@i'hea%ﬁmavé @H@‘ﬂh iR if 1drrleb@Earp TOV hﬁﬁﬂalhihganoihfél Bvéﬁdﬂec'[
a nmet hod of expressing biol ogical active grocessed honodi neri ¢ CDFE-

pol yipBjsmileenesisrin SlmengThﬁmVQ?t@}fﬁshwe alg) idgetiféqdathp Al gpnesipraarsi rthe Q@E‘PBct
conmpr [ Qﬂ:“a
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Wi sai d con ; C) seleqgti d I d ..
Pt |51 A DTS seBn S B (et od dyantsh 1 disetodRiah of dudffanen

I NV eRiif gtmtqf{é Serd itRhHO isAireededr eSSI ng biol ogi cal |l y-active processed

het er odi ireri c -9B and GDF-9 pol ypeptides conprising the steps of: 5 z
a ocT 2004 WD 01196393 PCTJNZOl/ 00113 a) generating an expression construct
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incorporated by reference. No admlssmn is made that any reference constitutes prior art. The

discussion of the references states what their authors assert, and the applicants reserve the right to
challenge the accuracy and pertinency of the cited documents. It will be clearly understood that,
although a number of prior art publications are referred to herein, this reference does not constitute
an admission that any of these documents forms part of the common general knowledge in the art, in

New Zealand or in any other country.

SUMMARY OF THE INVENTION

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

a) SEQ ID No:1;

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

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

d)  asequence complementary to the molecule defined in (2), (b) or (c); and

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

In a second aspect, the present invention provides an isolated full length mutated GDF-9B nucleic
acid molecule comprising a nucleotide sequence selected from the group consisting of:
a) SEQID NO:30or SEQID NO:5;

b) a sequence able to hybridise under stringent conditions to the molecule(s) in (a);
c) a sequence which is a functional variant or' fragment of the molecule(s) in (2);
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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functional fragnent or variant of said sequence; and {ii) a nucleic acid
nol ecul e encoding GDF-9 or a functional fragnment or variant thereof; b)
transfecting suitable cells with said construct; c) seleci QG qp[]lﬁ
clones; and isolating and purifying the expressed. pol ypeptide Preferably
the cel I'YaH@3Bect ed are vertebrate, however the use of pthewogedihst ypes
is envisaged. The GDF-9 nucleic acid and protein sequences are avail able in
publ i ¢ dat abases such as GENbank and SW SS- PROT. The accessi on nunber for
the sheep GDF-9 nucleic acid is AF078545 and for protein is AAC28089. Al so
pr ovia,ﬂ_"eqd bémtqhe} present invention are reconbi nant expression vectors which
cont aify Tcloiadid malequde ary e RMén cRYA, gendmin XN A malcDNA imsitcdlfiendahay Bad

host s ansf d..+ 04 e . of .the,invention capabl.e of expressing a
pol y%ler%ogg?gg %ugfehsety%nﬁg%ﬁweoﬁ& X Ja(f dp}oi%ﬁlglma&% 8P ?n‘ilﬁ’ec?ﬂ‘ n?0S PR/BIRES on

~ pr ovisgiethetéc, nogaathraitureliteRidndslcoadabaet, wpeshbi ik thdt6of. Nvent i on. Most
usual ly, the ligand is an anti body. It should be appreciated that the term
. "anti body" enconpasses fragnments or anal ogues of anti bodies which retain

the apid itiygt itn%t o | the.| Lon, N i but no
limted to F\?,epél(}(’a ez%%‘%ﬁé"ﬁ?ﬁ@‘*s?ﬁ"ﬂﬁél 2té‘!'cb e kP enes f‘é’gﬂ'gﬁé"’g’ﬁfﬂ%‘iﬁy
may §empasipg lap palineacideempehonsdlectizdlfromshepgrefiecadisyingoftocl onal . I n sone
enbodi nepys t i ] hage di Jol ecul e generated agai nst
pol ypept fq%es @?4%%%@%@3&% Sg&f@ﬁér?aﬁgll surface receptor or
conpl ex bpl | ufuhetienal eagpit o fraghrnpsttydRBldndesPin @EPt i de may be present as
a nononer, dinmer, heterodiner, multinmer or a variant thereof. In an eighth

aspect, the invention provides a nmethod for assessing the activity of

GDF- 8B ahupdi ape&, A veRidPhrRidast ' i 5t
of : a) ailaddi ngé_%n ef f.egﬁssgﬁxgﬁélﬁf&é&gﬁ%%%bﬁ%ﬁ i ﬁrrlgg?% %%P%;?tegﬁyg%@%
and/ B#ViBg epipinifscapyprisingeancampimiorasid seqpernop selpeted &ronvthergroup coagistingl df SEQ @Dgan

cul t we2 W b Burkioldt en@[,?gﬁﬂ&y.gggﬁgseglk h factors such as I1G-1 and/or

ot her nenbers 019 the transtormng grow actor superfamly (e.g. activin,
BMP2, TGH(31); and b WD 01/96393 2 a ocT 2004

In the fifth aspect, the present invention provides 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 functional fragment or variant of said sequence; and

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

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

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

a)  generating an expression construct comprising a nucleic acid molecule comprising a
nucleic acid sequence selected from the group consisting of SEQ ID NO: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 GDE-9 polypeptides comprising the steps of:
5




PCT/ NzOL1/ 00113 b) conducting a bioassay on said cell or organ culture to
assess the biological activity of said honodineric and heterodineric

pol ypeptides. In a ninth aspect, the-invention provides t%?yﬂnz ani mal
nodel s useful for denonstrating the effect of system c productio T GDF- 9B
honodi mews) @amad3GDF- 9B/ GDF- 9 heterodi nmers on fol licul ar gr eetrinzoiofst ent h
aspect, the invention provides a nethod of adenoviral, retroviral and

al phaviral transfer of GDF-9B expression cassettes or GDF-9 expression

cassettesyto ce L. organisns ta thereby.effect in vivo expression
of GDF- 9%) horﬁn&%%’?%%?mgdf?%%%&ﬁé% Cﬂrg(fngf’n(ga"’f gedc a‘é@rfﬂ?lle%‘ﬁﬁﬁmfﬂﬁg Weep of
transferring @int @ mudde bpidastiugrt kelegttd BTk tobd® nsistigl RFESEQAN Ne:1 of a
reconbi nant adenqvi rusﬁli’ﬁcl udi ng an expression cassette conprising a

nucl ei ¢ acid nol dBRAHONALFFAETRETY OF Hanamh pf td seyeRsscandel ected from the group

consi sting OfGiPEQ hkidE dci®mEtedd ChiQg dHRYENG AfncMahdl 2hoRint S Qari%ntan

sequence, said nucleic acid nolecule beihg in operative association Wt
expressi on contrdheredfquence. In an el eventh aspect the present invention

provi des ht)2eptgﬁig,fﬁg%{%a%iﬁﬁ%&feﬁ%g)itﬁ%ﬁ%"ggt&%t he group consisting of: a) a

honodi nerl e subunits corpri sing GDF-9B or a functional
fragment odr \salectny staileclonts;wint hisalating dddquirifiiogticts espressedpolypegidede havi ng
subunits conprising GDF-9 pol ypeptide or a functional fragnent or variant
thereof; b) a heterodineric pol ypeptide having subunits conprising GDF- 9B

and @fefhbPptheRens irsiffocted ark wBkEHraB MovievapiNe kS oPsth¥PédIPihes i0kndidhgbdCDF- 9B
or GDF-9 . polypeptides; together wwth or w thout supplenentary

gonadotrophins (e.g. FSH and/or LH) and/or other ovarian growh factors

such g Gﬁﬁiﬁnuég:i% §Eiid%acbr6§:§ | qu?igl.ugs LARCHAIble &R bqgﬁ@ﬁgtagésg%\%ﬂ ?sgé}ﬁ a

menber of the T superfamly . _an .agoni st “or antagoni s : alter
f ol | aad ISAYISH-BROA. i Thecagaedsian wimber femthelshesp GPF& nualeic aprdais ABOT85 dand for vo

or i %r&éﬁlrl%)AA@ng@ alter isolated ovarian cell growh/maturation in vitro
(e. g7 oocyte - cunulus cells and/or granulosa cells) 7

Also provided by the present invention are recombinant expression vectors which contain a DNA
molecule of the invention or functional variant thereof, and hosts transformed with a vector of the

invention capable of expressing a polypeptide of the invention.

An additional aspect of the present invention provides a ligand which binds to a polypeptide of the
invention. Most usually, the ligand is an antibody. It should be appreciated that the term “antibody”
encompasses fragments or analogues of antibodies which retain the ability to bind to a polypeptide
of the invention, including but not limited to Fv, F(ab), fragments, ScFv molecules and the like. The
antibody may be polyclonal or monoclonal, but is preferably monoclonal. In some embodiments the
ligand may be a phage display molecule generated against polypeptides of the present invention, a
single cell surface receptor or complex cell surface receptor. The polypeptide or peptide may be

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

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

a) adding an effective amount of a GDF-9B homodfmeric 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, TGFf1); and
6




2 8 OCT 2004 WD 01/96393 PCT/ NzO1/ 00113 In yet a twelfth aspect, the

i nvention provides a conposition conprising an effective anount of an agent
selected fromthe group consisting of: a) a honodineric poby m% havi ng
subunits conprising a GDF-9B pol ypeptide or a functional @ 04

vari ant WRPEHBIW th or without honodi meric pol ypeptide haeirngosddypi ts
conprising GDF-9 pol ypeptide or a functional fragnment or variant thereof;
b) a heterodi meric pol ypeptide having subunits conprising a GDF 9B

pol ypept i a;@gd | f { rian

Bt oD OB o g L R SR P sl bRAR oLtiR 10 SRATE B A of
veterinarily sa@dm@bmncand heterodimaricumhlypgptdgsuvant s) or di | uent and
optionally including suppl enentary gonadotrophi ns and/ or ot her rel evant
ovarian grow h factor agoni sts/antagonists. In a thirteenth aspect the

' | nverInlaomn[dr tavperd&stha mmmmd mbvidks ansaenio VAihANmbadls iusetu FordAMblitrafing the
ot her fenal ertebrate, in vivo said nethod conpri sing

. t he se%gﬁt (rsr)%m Scyﬁtﬁﬂ’é‘? PRI AP IPE R Ba hermedimers wad t EBFAR/GREEP| haterndigere 91
wi t h f6icn@BeaRdn CDF- 9 expressi on cassettes to all ow over-expression of

GDF- 9B hOITDéI nmers and GDF-9B/ GDF-9 heterodiners. In a fourteenth aspect the
invention provides a method of altering ovarian folli cuI ar growth ina

f emal t met
o TR DO SRS RSN ks TP TROAELIP,
with C@FQBBa}qm@Bs@Fe@seéteproeﬁlDE@ em@msabm eassetmssaiol lwat calBBr orexgbSas @ tidreby

aope R Y BT S TP PYALS BORRURErc oG DY RCLIP BelEaiifimes: fymafising the
nucl %ledi@raﬁﬁ@ ﬁt&ﬁk ,%I%ﬂt a‘enomghhaua&@upreemt Shink, @Iec&%gnba A&Qno%}us

SEQ ILD.NO 13 an or a functional fragment of variant of
saj d Rdglingea. CXP&?é%PH |Cﬁ§FeEt® cgmpmlpg.grnug@;ye@qld medequip/kaing A qyﬁlsoﬁl@eseqaencc
pol y e

Conar ey et TR LB EURCe AT N R0 POARRLCEE SR k! ATLD B it of saig
var i sefuenée, said nedegigendd. mplccwe dieing inoopemaiveeassasipiiut Withean rypressiem control
prow%g1 & Method of altering follicular growth , conprising the step of
introducing a ligand as clainmed in any one of clainms 9-15 to: 8 WD
01/96393 2 8 OCT 2004 PCT/ NzO 1/00113

In an eleventh aspect the present invention provides the use of an agent selected from the group

consisting of:

" a) a homodimeric polypeptide having subunits comprising GDF-9B or a functional
fragment or variant thereof with or without homodimeric polypeptide having subunits
comprising GDF-9 polypeptide or a functional fragment or variant thereof#

b) a heterodimeric polypeptide having subunits comprising GDF-9B and GDF-9
polypeptides, or functional fragments or variants of said GDF-9B or GDF-9
_ polypeptides; '
together with or without supplementary gonadotrophins (e.g. FSH and/or LH) and/or other ovarian
growth factors such as IGF-1, kit ligand (stem cell factor), epidermal growth factor or a member of
the TGFP superfamily (i.e. an agonist or antagonist) to:
Dalter follicular growth in ovaries of a mammal or other vertebrate either in vivo or in vitro;
or
2) alter isolated ovarian cell growth/maturation in vitro (e.g. oocyte — cumulus cells and/or

granulosa cells)




1) alter follicular growh in ovaries of a mammal or other vertebrate
either in vivo or in vitro; or ii) alter isolated ovarian cel
grow h/maturation in vitro Preferably said mammal is selectegmﬁr &ithe
group conprising sheep, cattle, goats, deer, pigs, hunansz b 2 Ycanel i ds
and poswom/9swats and dogs and any other commercial ly i npefhaniepeC! es
havi ng a GDF-9B gene having a substantial identity to the GDF-9B sequences
of the present invention. Said vertebrate is preferably selected fromthe

| Si chi ckens, . ducks, geese, salnon and any other commercially

gro co r In
i %?%%%&%ﬁ W&ef&mguﬁgw&?& 7 SPmperitien eompysing @l circior seawRinefen of

theaﬁn@&é&ed ﬁq(yﬁ%é gﬂm I%()hﬁgmpe(gcrl pt ion of Drawings In particul ar,
preferred aspects o Re invertion will be described in relation to the

acconpang)i ng hameeimersc Ppbpmdﬁhhavmgwtemlts Shpassitghe (ﬁDEJr%polwcpedwem@e of
wi | dt ype ho, orti f the nucl .
sequence %?g%‘iraz ff%légﬁgt ?ﬂ' uglpr zglte 5 g?" t@,s?rn ? élhé) “}?ﬁfrﬁ?l?colﬁoq Pgﬁfe“%““g
Shows a porsubomts)éomjxmﬁg,lemosh 9 pdlggqerdqluenaménﬁndﬁamﬁgen?t andaridnk u&%&t elsdt he
Hanna nutat i u ows t he uced am no acid _sequence of wil dtype
GDF- 9B i g%tﬁm(iﬂ?ﬁﬂ? golype Vglgpeﬁpméﬁ COMPHRBE 35 - 2R ing e tide @ad ¢f
Figure 1 anGDFLé B&Mp%bﬁée tdretunBisiall 3o %m@ﬁisaéﬂ QBriarfts BT Gid GDHIOBS of GASEIG! ON
of the am no aC| sequence of Figure | ustrates the Hanna nutation.

Figure 7. epiidessi gnal sequence pol ynmor phi sm for GDF-9B with sheep. 9

5 2 .
ipal ééﬁ?% X“Ra%% SRS S AP dchSpleb @l iU B AAY G
i || ezt opdtonally inebrding sipipdanéntary gbnddofophing andior otiey relevaDEdwrlan rOEECRIGRE ON

oF g—g%%lsts%%agomsts

In a thirteenth aspect the invention provides a method of altering ovarian follicular growth in a
female mammal or other female vertebrate, in vivo 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/GDEF-9 heterodimers.

In a fourteenth aspect the invention provides a method of altering ovarian follicular growth in a,
female mammal or other female vertebrate, in vitro 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.

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:




As di scussed above, the primary focus of the invention is the nodul ati on of
ovarian follicular growh via GDF-9B honodi ners and GDF- 9B/ GDF- 9

het erodi mers activity in vivo and in vitro. The tern1"iso|age@" q&m&s
substantially separated or purified from contam nating se&u n QL t he
cell or S¥yBHIS! in which the nucleic acid naturally occuPsTaN®dlionoBudes
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 hose .chem cal |.y..synt hesi sed. Preferabl t he nucl ei ci.d nol ecul e .of
SEO 1 b Noi 11 S SRR s Bhegesahomaet ot Nerateefr ety b 47
and SEQ m NO  5,;}5. hsol ated from DNA of sheep expressing the Inverdal e or
Hanna phenotype. It has been noted that a pol ynorphi sm nmay occur in the

si gnal pepbi de afer Gokat@Bovanias helbgropSEMatadiNG2 VifroSEQ | D NO. 8). The

" predicted signal sequence appears to be around 25 am no acids |ong as

predi cted using the Signal P programe (Sighal P V 1.1 server at

httt “Préﬂelfﬁbg@ai@bﬁlaﬂﬁﬁbl dis/seReteil Fasth SheghaiProtplating ahedy, caltle, gbR7 Hedr, PigsATG
(Met) to ACA (Thr) in SEQ >D NO 7 and. SEQ ID NO, 8. A 3 base pair deletion
i s ofuERpadarsessemRelicls @ad ParsEms. Gieandidogs and gy ether cupIsiGEally IPOKaRt species
pres . ( he : : ' 5 I et
have e Y S sERTBagie 3P ke R, Mudlih o AR D8 KeaRaRed of diptetEa

| nv erivedngionnShidiviedtebmteeis pieferpblyi seleetedriedm tthel goup womprising ¢hickenrs vitickis | ssetss

Hanna, . nost re homozyqgous .for t CIT . WEL r S
Fox oREReTndrRe ey Brnes b e EnishaRs yEbY SR iy PEREEOBHINC
f oundsefpenbes & B8 pradedtiaveviohno breed of sheep but | ow in Rommey breeds

i ndi cating that the pol ynorphismmay be related to breed. M =st Romey
sheep carried the | onger signal sequence regardless of their carrier status
for IpNaBatinond@Mawinss hough this pol ynor phi sm needs to be acknow edged
it does not e#?ect or nodify the clains made in this invention. 10 2 8
OCT 2004 WD 01/96393 PCT/NZQO /00113 It has also been noted that an

addi tInpasicularprefeared aspeT@ oty invesborwilldbepdeserthed in nelatinn orhe pCCoEMERYBEDNA
sequeaitaweingyd, inwdligdat i des upstream fromthe GDF-9B ATG start codon (SEQ I D
NO 9, SEQID NG 10). This sequence is present in all sheep sequenced,
whet rgpurgill dt y pShows e hddkidersedirnbaotaildlype GDRAB insheepear | y i ndependent

of the Inverdale and Hanna nutations. It is not known whether this upstream
start codon is used during protein translation in sheep (SEQ ID NO 9, SEQ
1D NQigdBh. |f Siovid a Wood of @ssihdclddiide ssininaé of Bipued ¢ nd fillasiratdahe loveadald
am no acids. Such a difference between sheep and ot her mammal i an GDF- 9B
prot ei ns woul d BBHANI kel y to affect the function of the mature protein as
this portion of the nolecule is cleaved off in the active mature GDF- 9B,

but we mention the possibility of an alternative protein translation _start
si t e KigireR- may $hovyy agpertion of dndwsleotifle sequenet Oﬁ@gmlrﬂé #dedlustratss the shpadme
(Neilsen et al.  4997) indicates that this additional 9 amno acid sequence
may function as a signal peptide and that the likely end site for the
signal peptide would still be the Thr (T) amno acid indicated in SEQ ID

NGO 7.and ,SEQ I NG .8., In further aspect. . t. r j i on provides
b i SIRHEA pol ok e dedBed bty RRseARREC ol GREY MWHE. 2" B0V
NO 2, SEQ >D NO 4 and SEQID NO 6 or a functional variant thereof which

functions to mani pul ate ovarian follicular growh in.a femgale | . e
ool yiBHEe SR Dpotiah o8 tayereiepekiiedhete o Hairt agmnd TR irdfiE,
t he nucl ei c acigufmbgcul e of the invention or a functional variant thereof,
in a suitable host cell as would be understood by a person skilled in the
art. The term"variant" as used herein refers to nucl eotide and pol ypeptide
SeqUEREES gwher egh, g he p%Hfdne&{t'hﬁ%nﬁ 0 3BHNRqAGHcE THAYERCE affX Miltates the Hanna
substafnitially 5010 or “greater honology w th the nucl eotide or am no acid
sequence of SEQuob@tiNGS: | -6 respectively, preferably 75% honol ogy and nost
pref erably 90-95% honol ogy to the sequences of the present invention:

provi ded said variant has a biological activity as defined herein. The

vari aFpueely be Sliow vietsigial baquemdifolyaaérphismofor GidF-ARtwitkeshesp!| eot i de or ami no
aci d sequence by such nodifications as insertion, substitution or deletion
of one or nore nucleotides or amno acids or it may be a naturally
occurring variant. The term"variant” @l so includes honol ogous sequences
whi ch hybridise to the sequences of the invention under standard or
preferably stringent hybridisation conditions famliar to those skilled in
the art. Exanples 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

- . I T - N o,




nodi fication of the native DNA by, for exanple, site-specific or cassette
nmut agenesi s. Preferably, where portions of cDNA or genom c DNA require
sequence nodifications, site-specific priner di rect ed nut @gﬁam SlLS

enpl oyed, using techni ques standard in the art. "fragment” of a nucleic
aci d |sW90|643F7t on of the nucleic acid that is Iess t han POTNZPEefgth, and
conprises at |east a m ni mum sequence capable of hybridising specifically
with a nucleic acid nolecule according to the invention, or a sequence

co tary 9eRG efined bel ow. A
, frrrgégrrégﬁgtq of Shﬂ%?ﬁé)addﬂ gf‘ilp?r%érgortl gﬁgég&é%&ilﬁlﬁﬁp}gptl de which is |less
than full Iength but Wmch still retains the biol ogical act|V|ty as

def Lned The. t b f tide of
Lt O o R e R AR
the ovary or ovarian cell of a mammal or other vertebrate. The

physi ol ogi cal effects Ny be neasured by assays such as the incorporation
of PETAR T DEYGRIPREONDB T3 RYVENT EXIN An exanpl e of such an assay is

one in which follicles (1-2.5 rnm di amster) are dissected free fromovarian °

stroma and granul osa cells isolated fromtheca and oocyte cunul us

conpk el&msselingb®Rl lthe pfitavyasivad cintie riasesipandeatle inoduiaioh ofedvaiaat falidulmal
concent ratl on_for bioassay o(; | 00, 00Q viable cells per well and, incubated
wi t 5odth wia Bt OB Sripseismeryan @PFa%B/ﬁQﬁ -9 helgrodimets acHYRY v Hut B % of
tritiated thym dine is nmeasured. The term"protein (or polypeptide)" refers

to a protein encoded by the nucleic acid nol ecule of the invention,
i ncTheliemy 'fisclgtedhnesansranbatantinlly sapdraiehor pyifiedafyom ontaminating senuensgs émthe

act J:e\ﬁ[ SlyOI‘ gls OYDUlN%E hotﬂegﬁgeﬁugC% hgt{&rﬁ téc\é{ntsyand HaUR l \R’%&% glt.%ﬁ %funtfllaﬁ b

i nvenit T on &8 roma na source, produce expressi on
of standaed rpmrﬁﬁ:atlom uecttmqne:acas dwetblas cmicmxc acids a;ne}bm!cd: by rmecamblynasty techaaloged.
The, term "1jgand” efers ok cul WhICh can bind to another nol ecul e
sucht® ’%%@?\?ﬁ%&"?ﬁ’smbdrt B%epc%ﬂjéc @nséf be taken to include, but not
be limted to anti bodi es, cell surface recept ors or phage display

nol ecul es. ddi tj.on, i.d av subst

bty ofhermelite pegardeclnal SEES Ty Baltrafd Soropheshrrngin D

al s@ar S ITPYRO: BRnRSEEIS Rd: 8NP I8N rsm DIRAT shedpExphdsbing théiﬁl%idhlé or
nmeans that two sequences, when optinally aligned such as by the prograns
GARHgrnagRsTEyPe( pept i des) using default gap wei ghts, or as nmeasured by
conput er al gorithms BLASTX or 12 WO 01/96393 2 8 OCT 2004 PCT/ NzA /00113

BLASTP, share at |east 50% preferably 75% and nost preferably 90-95%
seqltibabeandenied that a pelytorpltisty maywicun@ thosignsl peptide i GDEB incieer eYHQ AR

di f&er 4b i
0 1XPE A IBROLA 5 MR L SUIRLL Wit o T o L0 o o
chaprgécmd pohsingty tee rﬁbgndll keH’y tpoghfneet t (igpdopel ti €61.bf aseprest ei #.

T e LEBHRT NG el b ARl Tor

r erﬂE(QaDI N o ﬂaamlf SeEQ\JBcN or 8. M baddl gaif deletiomes iobsepredpiarsong saeqsp)wmmmcté or
pep of e inventjon. These o) construc accordin

P R 150 o OO S TP URESSRE ¢ THretnie, St SEHeBoha 3 POME AT OLetEr
availihdabl rhékt hage did fullllbReth! FRbMGLYAES 6f HAMA, PRneLER6E Birheadile) T8Vdigalt @ntihe
host or host cell to be used. Useful vectors will generally have the

f oI VidityRe ehespither redatpd o uptglatedhte Lawprdaleyort Banga) mostepereiomozy gops fogdwo
Pos ﬁsg gﬂw&grﬁo’%ﬁ@%ﬁ ﬁe?érgﬁégowforw @Pf tr|m9 H}e%meﬁ@c%frﬂhe sheeraRAQRst BRSE:

esl ra carry g for a readily selectable marker such as
antmgnaitpﬁ@tldeﬂ@t fovnd. toTheo highyj ir theyMiesino fbreeslc o shagp duu slown Rawwpey breeds

Char ta&[ng %ﬁatq:ﬁe ﬁlng)orgﬁg?ndrﬁa}agg réi@t%&% 'b?éedYMf WE ﬁﬁmney sheep carried the longer

signal sequence regardless of their carrier status for Inverdale or Hanna. Although this

polymorphism needs to be acknowledged it does not effect or modify the claims made in this

invention.
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(bact eri ophages or phages). Presently preferred vectors are bacterial,
i nsect or mammual i an vectors and may include the follow ng: the pUC

pBl ueScri pt, pGEM PCEX, pBK CW, |anbda ZAP, | anbda GEM EFDEESZdﬂé‘A
pUBG/VS/B( 33 PADTr ack- CW, pAdenovator,  pAdEasy-1, FE V="PD, 3,
pBABE, p Qﬁ‘ %815 pET and pSP series. However, t hi s | PeT/Ngloodids not be
seen as limting the scope of the present invention. Exanples of preferred
expression systens are as follows: 1. For an ifz vitro cell expression

syst dihastd1so B k& thabMSiRRMal N Ilﬁ%sstp d‘é@ rpfs g‘x&gp f1 e Sﬁee& ge{rws)? 98)

, whi ch conf ers puronycin resistance nmay be use 0expr essi
genePNAHequgnse &emiclaptides ystean fray thteGmFeHH MG $ta)rt «:bdmgGSR(D EDav0i bi, BEE

resi e n r.esi nce. Alternativel t he_co- expression
o tan ROt 18P T el BT Bl T R egencd ke et £ Gt g Bana
tri cicstrieos)iandax pleady I1ﬁﬂepmﬁtefn£)bf thé E0EideBRANHanHa Shadtlons L1 @@ﬁé@l@ﬁcﬁvﬂx WAs@et
cel | gstem can al so be used . the S2 cell systemusin vect or

- expr dUSUBRITCAR SiaRh Cagpiyg Wt@&@é PreH translatiopns sheepdSBQ B 8‘0&@7 SH§)ID NO:
PCT/ NBIiE Q8 i Svotild Wsult ih@SHEEA sbQuéRl SR d&h%é}]‘g@'@ﬁb&' §§(Hle§ difference

transgenl c animals, one approach'is to use t I's ATVec
( WwwPFEREeR sharmard rjher Bamaiedian KEDESHS pmfmm$w0lﬂd r’oetunbkdgstpenffdct thednpcms ofon

the rQ e ki, d ressio
e R R T S 0 BB D DS,
p UB6 MgSnentsonitheepdsoibility tdﬂ anhedte RBEAHEK motnmwramlau&o staftliteewhicl S8ayP Be lplﬂedéﬂtrﬂmr y

tiss n ter t em wo referre is tissue

appr (y)lgcﬁ “?Bé‘?gn@@ P dd%Bf&a{ ﬁgn BW?@H’C’éﬁF (?b?lot}gw)nmg’éﬁ@s s e éﬁidlﬁﬁ%ﬁl &

t he bmmmmldmeﬁherma&ﬁa)ﬂ ﬁﬁfcﬁmﬁ)'fa@fa iendl. pepfie hnd/ Bfat e llw enQVdife' 189 e Q%H'll to
drive Lon of the GDFs into mlk. For global over expressio

th res
trangf@%’rﬂec W pﬁﬁﬁ?“‘?%@‘é@/“@ﬂ%@&‘%@%@ﬁﬁ% drangd SEAHE NO;&k- al .
FEBS Letters 407: 313-319, 1997) or a nodified EF1 oc-pronoter can be used
al so_(Taboj t Daneron F, et al., Transgenic Research 8: 223-235, 1998). -
AdenBVR fihar aspesty Hginrersaisinyertion) piezides aw ésolatgdepalyprptide seleatot dramm thvpimno
expr g§8is &SR Q! r Qﬁeql I kL
descri be(éj)cﬁhbe?}f ‘(§§TC HeQ/eﬁt) %P QaéE @sﬁé\/\? a'h&) gpec 6‘('64 ugg%érlelgg?%anmtt%mogid
Tr ac Whiginfupeiians to maanﬂ@vmacrf isotan geowthiwa @mmmamnmm can be used to
make the construct which is then co-transforned wth pAd Easy-1 adenoviral
plasmid into E. coli to generate a reconbi nant adenoviral genonme which
cont Ehrpolypeptidepmaprdieeprodirded dy EpFesionr &fs suiableassairtedmpling the arityic asit

aden omlsthentranfetedl to 293T cell.s to make the vi
stoc‘%\éieﬁﬁ { eP el VESREYH ShS fECugR eV%{ﬁ“Eéheéﬁo n8r e Eltec ?Fta‘feéloa%é"qb‘é‘ggef or
t he waleestpad s pefson gkillBCAxhphasm d based gene transfer (www. m crobi x. con;

or COS-TPC nethod (Myake S et al.,1996). 3. Non-cytopat hogenic SemnliKki
Forest viruses expressing GDF' s can be generated using, for exanple,

PSFVERDterar ' eirand’S aglesed hbfsh btk RSInheI0M ! andl polybliptde E{I&E@L ly fékh the S

83 91, 2001. Furthernpre, retroviral expreSS|on systens

exanPclEOigRARE2RG Gl seauAngse exkibifs fpstentistle saG%h gorcereater homeloenl with el | s
( MorgRepswitige Br atithAidd b@fiencedr JERI WO NS £6 ?cs%t%ly%&f&%ly%%?hgrgg@gy and

most preferably 90-95% homology to the sequences of the present invention: provided said variant
has a biological activity as defined herein. The variant may be arrived at by modification of the
native nucleotide or amino acid sequence by such modifications as insertion, substitution or deletion
of one or more nucleotides or amino acids or it may be a naturally occurring variant. The term
"variant" also includes homologous 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
11




4. Yeast cells (e.g. Pichia pastoris, Saccharonyces cerevisiae) are another
wel | established expression systemto those skilled in the art (C Hadfield,
et al., 1993);(MA Romanos et al., 1992),. For exanple, trzeﬂpﬁtﬁg%ﬂggctor
(mmw.i%t Elg%gn.con) can be used in PicTzia pastoris for the exp si on of
GDF' s. P §<pr ession of two genes, the vector pA0815 PCT/NZ01/00113

(ww. invitrogen.com is a preferred candi date. 14 WO 01/96393 2 a ocT
2004 PCT/ NzO 1/00113 5. Echericlaia coli (E <coli) is a standard |aboratory
ex pfRaFicafion Y5 iR Mative NI Y 84tk ERL. Bl EXpressgi on system
- (waw, novagen. corm)_can be uséd to e [i)eI’ gg&fﬁé@%ﬁ%ﬁ%&n@%ﬁ%ﬁ %ﬁ?@*ﬂi&d
GDFVYere( BOipRs PHWPRAC ©F gearmie ANA . requirez Jequéiee DiNAifioations) ge-spkcitib ﬁprimer

i nvent | . expressed b | aci.ng themin operable |inkage wt
sui glg%qtg&%l(@%?oe?lsése%ﬁgﬁ)% qsﬁ‘ggea@bqlgéétﬁpg@%b&‘@saﬁon vector. Control
sequences may include origins of replication, a pronoter, enhancer and

trans,gri ti qnggc term nat or sequences anongst others. The sel ection of the
confr afa eflca nigleigeagidhds garartipm of e augivie ssidothay de dess than fidpdemgentandn

wo OB Eraret sanuish BEhenc LERIRCY MR Spl e PR TRCA el etk

useglecile aprerding Jenthei inventiomnormay sepei@i nompleneastry Otheratxpuedai SwRingontt 1 ol

se i t i\ i_pk to the. DNA sequen or fra nt .to be
oo A Eors e R IR I krlen §h febulPA IR RSO0 B B boirpeghde i i
contessotham fill length gopu vatieh stiibreeains tis dicdspiad atdatycdsaeee®héreequence. Exanpl es

of useful expression control sequences are the |ac system the trp system
the tac system the trc .system major operator and pronoter regions of

phéales teambUsiologioallyg bRl Yefets b6 ANRIAeptidd of RS invahlin RSP RatBkeo &idt a
PhoS, thagﬂ(gggyg&&ers of the yeast al pha-mating factors, and pronoters

derPASHTHOLORISIN SRieAL cTifleifolpPayary oreavapioh cold of arfdamsmal an ottier wertetunte. The
CY tyhiyRRd RVl lefSct§ nthy bd) @i N dv@ LR hO PR LS tt%\ﬁgfktn‘?ﬂ dot&lt}gﬁ%ine

A q 19 i £
sequences known to cControl the éxpreéssion o gene? ot prokaryoti c
eukBiygrrdowgells Apgxamplerofisueh e gssay iscanetin vdti¢tofedlidibe(led 5. minrdisheter) are

COQﬁgS&?@B By Q(f:maov\éﬁﬁﬁ %Ero%xﬁeﬁrﬁi antio’ cégvﬁglta efr%r?xhga%]o% Palgﬁ Qﬁ?% - dgur}éie}]éﬁ the

bacterial clone carrying vector 1 ncorporatlng
assamplexssl ubhe eedlssare ahshed cinduresedpemipesin freshi hiediai at befinal todRcehtalion toe

i f ctor .the.~i-galactosi dase gene is, used, which
eS8, Boopst) B S ERLChey o ipoobRa SEHCE BRBReT TPk Igars Boures.
ThiAs thisdirhé inadrperatieh ef trittited Bpaedinelsansaettedt he vectors may be isolated from

the culture using standard procedures. Depending on the host used,
transformation and transfection is perforned according to standard

t ediheiteyue Sprdix @@rﬂompef»ﬁdb)s WErBrsCiBal rotefHOEncBEQKBY YR Hift19E 261861 &ﬁh ot chdrat
cont ai B subsf nt |%\I cell walls, the calciumtreatnment process (:CQ en, S N
Pr SEEBHP g R CURIRE 153neiAy JgRiHons argt hamelogs bayingothe spme( bigkgjgal matjvite i.e.
enploiacn nripulRibiedctidity CefleSpii - i |

phosphate pr epéli pi tatci 10{]ty met ho%(yl%ééﬂ%%gﬁeﬁﬁglr?g@}\l}goﬂm%{ ﬁ%ﬁ%%fgo%g 'Hg%rgllm
( 1894F°.grrofivgsd by rihe expgsdon of arrecqmbinant mudleic1#id molgcde,cwrtca (@4chemically

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

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




WO 01/96393 PCT/ Nz01/ 00113 Upon transformation of the selected host with an
appropriate vector the pol ypeptide encoded can be produced, often in the
formof a fusion protein, by culturing the host cells. Thezgggﬁgee i\ de of
the invention may be detected by rapid assays as indicated . ‘b

pol ypept W§9Y%3%3han recovered and purified as necessary. ReTdVergoiand
purification can be achi eved using any procedures known in the art, for
exanpl e by absorption onto and elution froman ani on exchange resin. This
net h r I i t i i i t further
napeci ot Thnaie ol fede BOnIRERKRRy 2570 25 U ML RRIE] LAY Ehudhet R )
t r ansireferably, residuegfosittons which aré @ot ®entwdat diffehby condeovaivefaniihe adid ¢ebstitaioral So

f furth t of t t, invention. In addition a furth
aspect SRPRE: (P SBBRion Bhemiie SOV PoilenrhemicRhBaportishpidban,charge or

- fr agnmidrity aien@t Bke19lth efuEtitBE fropeRRPbOA p@}teiﬁ.ONEhQ?frﬁ@iﬂkg|ex§1ﬁpfe§ﬁﬁld<%cg@ﬁ)ﬁaﬁﬁn@r

phage. di spl ay nol ecul es binding to a pol ypeptide or peptide of the

i nvertPl HRaragitg op glufmistacHbios pSHEI #E may be present as a monomer, dirner,

heterodiner, nultiner or a variant thereof. Mre specifically, the
invention provides nethods for producing antibodies against the wld-type
( SEQ Ink f@hejspent, thet pressat (ISEQiODPNOIded imneplisaith (tnkfer veytoGDRItAEe for use 1n

pol y [ NGes soYgle]ag=Tgs h i or . as .heterodiners i

Comby BaFF R, Ao LI REHES of Serle 3T Plego iR T AT oGiomt @3 peie i i iePaidhue s on
of t hechnidues vy &newd ag erais opmat deRéelected frpppdodeg veagreivhilabiam tax priessed
reconbi nant proteins, or peptide fragments and for passive imunisation of
reci pient mamual s for the nodul ati on of ovarian follicular growh in vivo.
It WiTHe dhigPiicesimiEse fedidiBadc8RlieY tolthehostof hidst BE B, Usefull OedtbMeRll on
contenpl ates the use of the polypeptides of the invention in the

pr epaFeatRbn have thefollawing Fharagleféstigst ect i on of other GDF-9B -1ike pepti des.
Pol ycl onal anti bodi es nay be produced according to the nethod used by
(Koelle et al., 1993 incorporated herein by reference. Useful antibody
produel i orthprialiydeiself-gemicatet | i ned in US Patent 5,514,578. Monocl onal

ant i ie - Ar, o Jod2: & t hods

et Qe ¢ R PSR AR Bl Bl 100 Dot RO ok fichB o Blbnuc AR B s 1T 575
as wet) aslesitebly, cenpigbnesdnt a RiNdilyretitaiablelpwder bedh dsyanfibiiatie resistatice, 1989). 16
z s ocT 2004 WO 01/96393 PCT/ NzO1/ 00113 In a further enbodi nent, the

i nvention provides a nethod of mani pul ati ng ovarian follicular growh in
cel | STvon neajdrt types afidvestort passsgiagi thesentimicserisBys ave pdagpiids and rbaoferieDvirAkes
honodj ners and GDF9B/ -9 heterodiners, the tining and | evel of. .expression
o S RRETER RS T BRSE Y BiEty ThrSTEn nedjeridte hagfeRs. ERbe GGl Jraat

(r:] el | sang) mdy AoRge nhe f@lmvwngﬁtheflﬂnc,tapmg;%@ip@%eﬁ?, 'TeGEHE| FBKSCMV,GainbaB/ZAP;- 9
et erodj rer nco equences nmay be inserted into a gene cassette under
he 1EEh G PEFERESH  HORHA ey miCT RAGRGEkICHNA A ous e PAHE 1
cel | pkyRerD(§EL3 SYRABESpPIE, P03 S ORIST kid!hSY QersP BEFEAR) thisl DitSheRRISEI IR

al so pE:Sorrprj s,%(g 3'1&% an ?ng D%A t hat™ coul dbsta%i lise the %rRI{ISA and may

opt | Gefa 4s\imeing tessop inibe Pesspativyfutiat.ory sequences. This DNA cassette
could be introduced into the genone of mammals by mcro injection. of the

DNA into the pronuclei of eggs (as described in LHuillier et al., 1996)
whi cExamples obpretpreast expraspign systeme arelzaédlows: r eci pi ent animals and al l owed to

devel,op t 1 This ni h UChd 0 [LANS i i S. is
descrt pea Bl % ohees SR BYR, bhlorh e iRt G R P BERGEE By

t ransf ect i(@obRS e£dil, 998N waiidH dongersl ?ﬁﬂoﬁ@dinfréﬂﬁﬂaﬁfb BAP bY @sed IFdr@6é:grediondstul t
ti ssues; followed by nuclear transter and enmbryo transfer to _recipient

ani mal s. AV &epes thropipramentigaerd vedesmay de rpgdified fr ¢henaedhamptibirtie sesigianas

and del | vegadyd QiLdifyEaGeliiindd) VARIRulkly, i 0pRikidnl 8%hNdls RrRTiR @

non- human "t r ansgeni ¢ ani mal . ni pul ati o the devel opnental “regul ation

or the | esdkctivh gxpy e8| be aohie@RF-19B chmstrodiing ras t¢istBDHe OB/ PBHBFoY vector. A

het er odi ners_may,..be dto.alter the_.level hi ol |l i.cukar. _pr in

synt hesi s CB?ESBP%(E}B% tslg%fy_ transfectede 1nsect celi sys?em %n gl\ég beeﬂgeé, e.é. tﬁe b’? ceﬁ) s9§tgﬁ1
using “DES” vector expression system; www.invitrogen.com.
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The invention al so includes adenovirus-based gene therapy techni ques for
expressing GOF-9B and GDF-9/ GDF-9B in cell cultures, organ cultures and
whol e experinmental animals for manipul ating ovarian foll izﬁ I gﬁ piu%ei n
synthesi s or production. Non-limting exanples illustrati g L ention
will n8WPBHmﬁ?%vided. It will be appreciated that the abreweNziamorisption is
provi ded by way of exanple only and variations in both the materials and

t echni ques used which are known to those persons skilled in the art are
corg.enpl SANR [ L i ovi ne CGDE-9B DNA and
Q1 T ool P b lip o st Rl s Rl e MEpte8R o364 "o
01/ 96393hp/BENEEB1A3 vBitDf dwen.invimigemedpns mbkekhegoonstined! | Hor Risbd¥er S

derived from . e/ -9 equence treviouysly cloned by us were
used i n RS ARRGIR RE Lhbmk GO BRI T ThRL gt b ebe P ot Fife b
GDF- 9B gedladécin thecotesnmichiby rdplitiig the Bbi-Orpro@btep 3 fe pUBEVESEE A Pictoyah Ni ng -
wld-typ m%% genom C ones fromarrayed |libraries and for obtalning
cDNA secfg‘é Fmpter- (R CBY srerestion ithmasmrery tsae sagiten pwniqtemsyiskean f ul |
codi ng rggl Lhed by, sequengi.ng relevant -~
POR T aghent o B LG roR it DRLAR-IRE N LER e BOHER B B I

CDF- 9B sgreempcendter dasdloosee hbswinés aSE] | Bastiad  pronidiier @g.-€ pBe1SER AR, NO
3, and Hanna as SEQ >D NO. 5. EXAMPLE 2 Production of specific antibodies
and denmeh¥¥IBYLggeneom) e diivenBiauaprston obtie SEDE duthemdkodForeglobal over-

CDF- 98/ redsiBh O H:fiSedrilc TRITAL! A0 AP difnccAh LIRN Dl Rt PRI SO TR ©

or birds are generated using n eot1 de sequentes

i nvent | HEBS L&k kD7:N13-319,98Q7) & Ndodidied B &FdibteNShn Be ffedVasd Atbsit-

t hereof n operative_association with an expression control sequence

enabl i nPExFPREsetak- dransgenio Researsh §:22E23801998).Yet as anot her appr oach;
antA deRe Pl de ramdvinadi S5 o 1185 4iBBRGhhmaRSRL s f rom
e R R R B B B R R AL e
| mitRiet eépprpesh tp thase skéllesingbs ad ivthatgtesaribad by (@ CHidel sz dlg 1§98)ELWSA)regued! o t 0

G S N R ARG A N
r espattoi makertbe oostrnanwhizhds eieno-transformed with pAd Easy-1 adenoviral plasmid into
E. coli to generate a recombinant adenoviral genome which contains a CMV-promoter driven GDF
expression cassette. This recombinant adenoviral genome is then transfected into 293T cells to
make the virus stock. Alternative methods for generating adenoviruses can also be used for the same
purpose (e.g. PCA3 plasmid based gene transfer (www.microbix.com); or COS-TPC method
(Miyake S et al.,1996).
3. Non-cytopathogenic Semliki Forest viruses expressing GDF’s can be generated using, for

example, pSFV-PD vectors as described by Lundstrom et al., Histochem Cell Biol 115: 83-

91, 2001. Furthermore, retroviral expression systems based on, for example, pBABE
vectors, can be used for expressing GDF’s in mammalian cells (Morgenstern, JP and Land,
H, 1990; Nucleic Acids Res 18: 3587-3596).

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

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

1992),. For example, the pPIC9 vector (www.invitrogen.com) can be used in Pichia pastoris
for the expression of GDF’s. For coexpression of two genes, the vector pA0815

(www.invitrogen.com) is a preferred candidate.
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Previ ous evidence by the inventors' group (e.g. Aaltonen et al. (1999) and
Jaatinen et al., 1999) show the presence of GDF-9 nRNA and protein in

oocytes of preantral follicles in rodents and prinates. ?ng
evi dence py oy gEggpocyt ochem stry using a nouse antibody. fox ‘t‘,e of
GDF-9B protein 1n sheep ovaries (Fig. 9). The inmunohi st odH8iNZ@EV00113

nmet hodol ogy was simlar to that described by Tisdall et al. (1999) Stem
cell factor and c-kit gene expression and protein localisation in the sheep

ovar yS.dur i Bgretiehial calpye! opyani staﬂdaﬁﬂ%fb‘égat retxggt'%gion %{ et 3h widll sgae%]ﬂd%spucﬁéﬁ

EXCE,‘ptI on was hat a tl%ll’ am de signal anpl I on step was

in the pr (,fé‘éPi‘IP st ey PRI SxpBission nsySjet etwwiNENvhidncosei emebdDrugg@c{Os)ex pihe

t I d mat
Ress et eetol enARae e S op M SO S LYET MU ol e

intraperitoneally (i.p.) and at 2 weekly intervals boosted with 0.1 ng

anti 19G393 PCT/ NZOLl/ 00113 and subsequently
. thglgﬁo NA méﬁ%"}“eén‘?ﬁ eé“@b‘g ) BiPresagd bY) plackigcthemcin operable Eritagief witked

1 we esditatfle ecmttdiee hdiks HOOSpHEaAE e ese,.and
ot her datla show t(frllat bsoth tﬁaﬁg %Rmpzﬁsg}bg%?g&né%ﬁgdd%ﬁhééﬁg“a%&%%%

pr es eHEeRIFEYE A BROT e eRhaIcer fskiranserptiosel terminaldequeGads mma},gsebtlﬁts The
2000)seleEtvdrdemnee cbﬁ'@&l RQhERERs 'b? Enchideh 2085 gesglgﬁ Evgéjtf)rs ?ﬁﬁ%ﬁleﬁ'ﬁ en(;-gﬁl t¥pq of

pepti de sequences affect mammalian ovarian Betiv
Tabl &0t ordynst esl] Brtendadetoi e wshd dpr dxprdssingz rthe DINA Ak Noukd b@ﬁn&kfrst@beﬁﬁ?‘% . person

cont g, A gtah.?_Od' es to keyhol e |inpet haenocyanin (KLH) conjugate
GDF- 9B pept | reat nent Mean Ovul ati on Rate(rangeAnti-KLHL. 6n=5

ani mal s) 1- 2Ant i - GDF- 9B pepti de0. 2' S) (0_1 *p<0.05 (students t-test) In this
st udypy, ee t ir oestrous (i.e. ovarian) cycles synchronised
usi ng %(rgoé{e + qﬁrﬂeﬁ?qég EP(JHI&P%“ IRVEBLipN gnay gonfain ay leagt ingeKproagion control
o b se smdnctetxham\/m;ﬁ:yc’ﬁmnonm&e@do ARSDNUS séqﬁlsﬁ&vﬂr nli‘ t'8ee ré%] aﬁ‘ﬁ% C

5 of the subsequent | uteal phase, vve wer mni's Pg

Wi t h S%ﬁ“ﬁ‘b‘%ﬁ %d“iﬂr ted iR the YS¢IeF dyoxdenfa mstqh@nd td segulase tlm/v@sprttdsmn dfathe hdemed

I MU DINYe e qBnok. FONGRET
conj H%at edqntrtl) keyhol'e %f)ﬁr/r%sg{m@gﬁgjen%é%ﬁ%ﬁo?%% ﬁd)‘éep‘?% tﬁép%)ag% %te%le §I%5P?§iﬁr?red

hi gh"Fil8G ¥/siiithe Hicsy sieBt, crinraperatorand @S@Bdebgcgmnls SAphsgealymbdh e glycolytic

ful | plosags en The ot
adni hi st errgggyﬁfﬁ’h&dg?h%&g%%ﬁ? g?a%htgg tﬁ%ﬂar ect 5 OF &5 ¥erdhd asIBf)té‘Pga%@tqff FOl of
ewesPIORgEer é@i‘fﬁé’efﬁommMme@daiownua meffovinB SATLLiinicm Vifs] ahidyby&ﬁﬁ l(ﬁ}’jﬁ;s elhe

| d t detecta
Bt B a7 S A ER T Y4 e ot Blop§ kot Sopiof B xereatamt eomes

sheef ppPkasyets Mr@ll@ryqntc@dllélalﬁﬂﬁﬂﬁwrﬂ'm oELdbinBRéMQRerk stV Ol ved coating a
96-wel |l plate with 100 ng/well of an E. coli 19
In the construction of a vector it is also an advantage to be able to identify the bacterial clone
carrying the vector incorporating the foreign DNA.  Such assays include measurable colour
changes, antibiotic resistance and the like. In one preferred vector, the 3-galactosidase 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, transformation and transfection is performed according to standard
techniques appropriate to such cells. For prokaryotes or other cells that contain substantial cell
walls, the calcium treatment process (Cohen, S N Proceedings, National Academy of Science, USA
69 2110 (1972)) may be employed. For mammalian cells without such cell walls, the calcium

phosphate precipitation method of Graeme and Van Der Eb, Virology 52:546 (1978) or liposomal
reagents are preferred.
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z s ocr Zoos WO 01/96393 PCT/NZO i /00113 expressed full-length GDF-9B and
1 ncubation with 100 pl of diluted sheep plasma and |00 ~.1 of assay buffer,
after appropriate bl ocking treatment and successive washes? BAGr 2004
incubat{vganl\g‘i 54% t he sheep plasma and several washes, rabbit anti-sheep-HRP
was adde ?>Ph at 37C. The wells were then washed and BEVAZ8HAY 1 t h

o- phenyl enedi am ne pl us hydrogen peroxi de with devel opnment bei ng stopped

Wi th sul phuric acid. The ewes were each given 100 nml of sterile plasm
intravenously and 4 days |l ater adm nistered with a second prostaglandi n F2a
i nj ﬁcti on to synchronise ogqu rus., The ovul ation rates were exam ned by

| apXPBR Hapsformatinn of the selpciedhpsh Mathy 3y anpremsiate yYeeterdhe polypertidsicagpdriscasdicent
no. : 0§ gl I Qi LancHol kiscul ar
o Bl e A R Rl huBioR pilein, O Sl M 1R ey TR R e 20
mat inventgan mey GRFdg&:ted hy répid assaygigs r@idatadpdboved dhevpolypeptiteis ed recovered -

i nt rit aoneal | i.p ith t col | -derived ture ovine GDF-9B

or o B Fur & Ractieane PRbcelt gt ot bl R R S OaREEs Biome
10 fahehe, o eramplechyi ab8vrptise dntoiantl ehivh i nahp Bdioh @cdhak e resin. (Thig nieugyd ofn
FCA qgi{g 22 M) i.p...to %er,ve as controls. Sgbse uent}l%/, 3 bopster injections
of PREUGRRAFPMBEPHI AT hg dnention Gonsyiulss afurther asBer Ok HIeEsedt BRCRht second
and third booster) were given at 2 week intervals in a Span/ Tween/ oi |

m xture and the animals sacrificed 1 week after the final booster. Here we

pr ollpgecelly (imehnsding giolepnimaldptsdBransfarmed elgansfested erainfedied with dhaygstors of
b1 0l kioft G ok Sufier 1hdds e 320 sTHmP are 1 kely to be affect ed

since. se animal's conta crossreacting anti bodies to both growth
factors (Table 2). Table 2: Mean ( s.e.rn.) antibody levels in nouse plasma

fol ] owng i njisation w th bovine al pha |actalbum n.qr .ovi he
val o, FRERE et H gt R R s B ERA L ogP e o ifhealer
of fiﬁgl'b blelg yuifaceFkefiBr ar cophexScellr smafat@e e Eftbr (?Hiﬂﬁlge @f3plaiynaolecules binding to a

oc- 1 actal bum nc0,.060<0. Q60CGDHF-9B2. 177 (0, 163)0. 590 (0.,058) 20 2 8 OCT
zooR‘ﬁWPé‘ilié’G?QB“ 7%2@‘7%89‘1-3%% leyﬁépt é’érPFPP&%P ?SP’ScPé%ﬁSP%%S ERAMERd to
t hedipRe Hetdrb@itn&f mANHdAGRaWarifddthdeand GDOF-9B wil | alter ovarian function.
Furt her evidence in support of our claimthat nodul ati ng honodi nmeri c GDF-9B
or GDF-9 and GDF-9B either as honodineric mxtures or "heterodiners is

pr . . | - _ per
T e O T e 1 RCH or
CORSE QB NG @)t uigtes SSEQEDRY 4 Tovd SR FaNDAD! GDE-SH) Y aptie sequences a5
CONSGHUhb o Tt Mithek B Alb8ffers b Eort¥ARAGS WiRGIELE IR drtfbotlRUAR R!

and thereafter the ovarian volunes and nunbers of types |, la and 2

f ol dsed| fos therchazaterisstioh lof the awidihtypenendolenmas r protainso ga dpentisle (Bagmentetand| | |

1997). L. t . ; i . d.
ookl S B IR ORI L AIRSRC Sl o TS e HAMLAELER MRS IBICT,
nundemsiaby fof yremoduldtioBefdovaridn follicwdbr growth &hvéw.f ol | ow ng | mmuni sati on of

sheep with KLH, KLH conjugated to GDF-9B peptide or to GDF-9 peptide
Treat ment Ovari an vol uneNunber of TypeNunber of Nunber of antral (nean

r ang il bé abpleciéEBy MRGeatet Rl hifehiRs GERAN S BB InEbA coheRpIRAThE 286D (heean

ran
aKLMBEPHAgeRthg(I8Y¢8In8 i ie) frepaatinm g smipers forsihe detectiqn ebpthgpSdHE PB7ddkPept i
de- Kl HGLA9- 488) (3221- 13786) ( 5) GDF- 92841627804Pept i de- KLH(248- 303) ( 10152- 257
45)(0-11) (2) For these studies the GDF-9B peptide sequence was
SEVPGPSREHDGPESC (SEQ |1~ NO 17) -and the CGDF-9 peptide sequence was

KKRLVPASVNLSEYFC. ( SE NO 18) . The .Rompey ewe re.inj j t

o RGN ek B Iadiok A B T the et tisfe s EROCIE Bl o)
CONRAEEPErabsd] hMefi by SefBeacs UL adtibdaftphbdactin PEotaials afe Sutlin@hii VSSPatéite
animal s_were boosted with further anti gen (0.2 ng/ ewe, on eachroccasi ond) in
a Sﬁém,ﬂ%ewqgoplqwgqﬂbgdl@g mgay\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 DN A method described by (Huse et al., 1989). '
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~are selected using an iCc se

The results show that relative to the controls (KLH i muni sations): (1)
GDF- 9- Kl , H and GDF-9BKLH i mmuni sations each can inhibit antral follicle
devel opnent thereby denonstrating that both GDF-9 and GDF-PB acg g80xent i al
for normgl follicular devel opnent in some.mammals. 21z S ocr zood4d WO
01/ 96393 NS 3 pcT/ NZO 1/ 00113 Expressi on of reconbi n&ot/NrowoaiiBeri c
GDF-9B and heterodirneric GDF-9B/ GDF-9 protein in manmalian cells in vitro
and in vivo. Expression constructs generated in plasm d vectors contai ning
nucl data flghseaHbslSsnd s Infovifk& 4 i > I . FEQ ) D NO
.3, and SEQID NO 5 or t\%ﬁl&] ?i{ﬁ%g pﬁl‘;éghgodfﬂgﬁgggg% 6211? ﬁ)\lllgd% ggsoc?glrl\l% foéhc‘aﬂ%l‘)oﬁ’r’iﬁlo
expr dB §Enincaniurondéerdirnsgeniq @malsER Yy, oveenek pression of GIBOBf hidinqli@eRt £id GDF-
sequ g, . an rred.to manmal j an cells and, st abl e cl ones
SMIEDEE. SRRk e SR O8I SREl ORI ARG b Tl
pr ocezsBéngap foet diterceiipradined detls ofrbngBhic RMinHE Mot R USDEDHE ASmbEhdls or

proc i LS nmutated and an auxiliary expression cassette driving the
_ over Z@‘%‘E‘@@é@hﬁ%#‘eiﬂﬁ IRSFS HICAAIBE SeQUeNre WRK bpribwiied intocd Bend easefter watler dbic
As arcosalnel £ spdcifd pRIAQEL bV pPRotE! i | F e xR QHICH
0GDF- 9B horrpdisﬁrricrli c_ppr otein wIeJ have %]geé _a?%%sﬁu%gﬁagé?%@égeﬁgleﬁ ﬁgésé%quw)
t r andFAEHBE Vi PRrassienp EFTIRESapetie also rcomprises A fapkitg DNA. tiBDReofRl pibilisgithn

N e A S T

Séia It Ie br eidtrb@m;iei?@i the @eagmi % amgmmhlﬂ/liyhﬁicﬁé figjetionedfythe |EH}A$ﬁ1tdQ§Bﬁn$ﬂﬁ@l@ﬂ 6e-
el ected. I . - . puro cln were Cu ure I N

Fanr PP DNReG R Bk HRIFEY ongbe) Bhishis subsamyely grapsispd dagk ineecpienos

i Nt 0 ahinals HRE BN Ao AWVERID t¥RmS URSE BRMGLY f&%ﬁ@gid&ubﬁ&?ﬁisﬁ%sgg?jg eﬁﬁ'ﬁél??sd

in Exanple 4. To gain biochem cal evidence for physical heter merisation
of sHekpbedbydHogan k7 @bt Hsatsageniowhinplappy degiodwrsd byetdansctomiof @ells in

rat/ i i - (o] J L [.ane descri bed above bu

Cont et SEREFof S ERBGo) ARl BFME, SRLE Al R o R 875 ebrysn
Sem tRpsfeiogseipint asimabse hdiermativelp tv gene tadsette miay bs betatdo @immalian sperm and
SFV- ET%‘% 509 - FLAG.was gener at ed }n.BHK cells as described in Lundstrom et
al , FPSTOEhENTESEE B 8 VAP B3 leridsatien onpiepee ¢ pep-dumey tapsgrais-20imaty AG
Vi r udMangsulsf@niof the devetophded régt@inonl RS fevEWIRRpRE3dn 6€IGISF- Rt AR %h
expr Eﬁ)zﬂ’ {@é 29%9 -FLAG in these cells. After infection, during a 4 day
cul t %ﬁ Ese 6'@3!1"-‘%%/&@ 454 te albsrehe devieh ohpvarism faHisulas @refein sinthesiss
easi bypmaﬁuﬁiﬂ,sed as a 18 kd band in Wstern bl ot anal ysis using anti-FLAG

M2 anti body. For co-expression of ovine GDF-9B-FLAG with ovine GDF-9
anot her 293T cell |ine was generated using a pEFI RES-P vector containing an

openThe aflieRfioh hRBENANGRH ISRl bEO ggﬁa | Parent al-rg931 cells
arid 293Tece?l S _stgbl y 22 vgrugb%ﬁ 1 ﬁ%ﬁ%%@gg%éjqﬁﬁﬁ%é%éﬁég and
expr 6B HGTIGOB- 9 cpdl euliurgse otgenl cultuties @yd avhoknexperisnental SRYARD{ OGN HRIHNAG
Vi r USeSiafl® . ed after 4 days in culture. One nm of
supe‘?ﬁzltaantglsﬁyggh\ﬂ%%?E%[Z%%%%&ggg‘&%ﬁ%PD 0GDF- 9B-FLAG i nfected cells were
subj ected to i nmunoprecipitation with 1 pg/m anti FLAG M2 anti bodi es and

co (@S.: Ve e ith protein G agarose. Eluates were evaluated in
vesr o SR URE ShRRRY 8 alibe, el aFion B v B drosisd. copvi b iareRiTes tha
Al t hiheghoentieschibdéh ipranidet bdivesy dexambld &a¢ andivhRatfits 8 telFth?. m&Brials and

irmutn reactive 29]{%%((%—9 ma%ure pepti de was seen in supernatants of GDF-9
expr ESUIAYsHSPY W © KBV EdROseeERpe 8killpd A thrott proEmiemBEaEdAG vi ruses and

i munopreci pitated wwth anti FLAG M2 anti bodi es. These '

coi mmunopreci pitation experinents indicate a direct physical interaction of
rec i E?Pexpressed ovi ne GDF-9B and CGDF-9 and confirmthe exi stence of
sheep GDF-9/ GDF-9B heterodi ners. ‘Methods are descri bed for over-expressing
nucl eoti de sequences disclosed in the invention as SEQ ID NO 1, SEQ m NO
3, aEMYAMPLEX NO 5 or variants thereof in several extraovarian sites in
trans%Qnic animal s for mmcking system c adm nistration of reconbi nant
homo8plAEPR CfCMRdyBe rviren SDET-28i PNAI endChienGBcadm- of pruseted meyineT GEDF-9Be AhA
GOF & kH0 sequences are either expressed separately or co-expressed in
operative association with expression control sequences. Effects of GDF- 9B
honodi mers and GDF- 9B/ GDF-9 heterodi mers on ovarian follicular growth in

t hese transgenic aninmals are assessediby norphonetri c neasurenents or

hor nonal assays. This approach provides a general nethod for altering
ovulation rate in transgenic animals. Production of GDF's into mlk by
manmary gl and directed overexpression provides an alternative nethod of
produci ng | arge anounts of reagent for medical or pharmaceutical purposes.
This approach is not injurious to the health of the transgenic animal as no




A nmethod is described for effectively transferring an expressi on cassette
conposed of nucl eotide sequences disclosed in the invention as SEQ 1D NO
1, SEQ 1D NO 3, and SEQ ID NO 5 or variants thereof inngp@qﬁi :2ﬁl|
association with an expression control sequence (CW pronbt i %1

r ecombiWaMWE/S6&novirus into recipient cell or organ cul t pepazRlHdEEI Pi ent
animals for altering follicular growh in vitro or in vivo. For exanple,
the nethods all ow system c infection of recipient nmanmals with GDF-9B and
GDF- 9 expression cassette bearing adenoviruses concentrating into the
.livers of the host and allow ng high levels of liver derived reconbi nant

pr oDéferent @ohdinagiloaased oligofltgedtideC PrifetsO Merifd ef%rﬁ ‘Bﬁ WAhRE 4O Hﬁl—e yhar
growt h mag be assessed béyone or nore criteria such apar oscop

nox {8 Rreyieudly r deiadt BY dis werwsed imPER on @@I@ﬂmﬂ@pep rDNAvfmrvob‘cahmg
{ ' afaién®lof e SfindSDFIE JoASJHENEGRAANE. ELANRGE RERQIANILLS Sa Be -

achi eved with al phaviruses a ocC 00S
r et oW¥%ININg wHd-typreshecy gemimiamionea dhes aaﬂsfedrhbmycs: zﬁaﬂ foeablaiing FIONRI RAGEAKI t Y

o S o P00 P e s S Sob e

Ve ad anmenw ad ol&famteh %ytveqdl@ﬁirfg%eléi'@hi PCR&frégfrnehf%rMhﬂ@d 'ffbn% REeRAGk genomic
he':ﬁ@%o gDF C% proteins in ovarian cell cultures. For asse35| ng
- g@?ﬁo‘éﬂl e Ew?Bogpqmrwsé;; disclosgst hese as SEQOE N huovedalede SEQjlionces
di 90003 eshd MaddagsigReENd Newt 85 SEQ mNO 1, SEQID NO 3, and SEQII~ NO 5
or variants thereof ovarian cell and organ culture nodels may be used. An

exanpl e of assessing the biological activity of honodineric GDF-9B i s shown
i nﬁﬂﬂ\g%ﬂE | ow whereby a partially purified reconbinant (r) ovine
(0) GDF- ract is assessed by neasurenent of ['H thymdine

i nd?mqhmtaml of dpecifieohntivdiayviane @émonateh G hatutdl’ hoBodirkdich dreypath,en at
res;;JT}mg iﬂ&g nétﬁat t.he roGDF- 9B caused a |1.9-fold increase in

tr| 65? ey RE S EDE, BROsPin BAmBIAligh e¥Aliessa cel |'s indicating that the

roCDF-9B was biologically active. To obtain the granul osa cells, ovaries

were recovered fromewes, follicles ( 1-2.5 rnmdianeter) di ssected free
and\tHEnE £p1 Enmunising appmamals < dirdstasel genesaied heing naskgotide sequenagmdisgtosed in

COMRY fx@htion RESEOIITANULT eSHOTPNARN oL LSHORBINRH 5' i Vabigil ohthschy Bpeflyifid N

concentration for bioassay of 1xI0 per we
s. @sypciatienrveifisen pxpressidn qobyral stignenderanebling exipression rof oha pmte(m))n EnaﬂulYCm;as

Ei'a*e’?ﬁh?é% rofctp S pEpd R AftERES irdteel APAG sp Al Beb I seghPREY ok SEOHR:
' 1 o$E@DD E@@Z&)SEQSID NRu @b Qmmmp;reoﬂ umegbnlﬁi;atetcr aﬂﬁxﬁmfeedmagaa’amed |'s
%%%?%ﬁ'e%t bl b B0 T RO R i B S R B et 0F 0B OB

Cuhbmodlmﬁsll and 'GEF@BVGDE‘I@ fproteihi ieteeddifeisMEidin Waurde dbarceX A8 e€k1l/Qssues
non nsfectgl 293T.cells and sub{ ected to heparin-sepharose

chPSHSERIGP AN e IREREFUVE ToeTpinanfPrgicdSysi s. ' p<0. 001, ANOVA 24 ~ 8 OCl
200

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 a2 mouse antibody for the
presence of GDF-9B protein in sheep ovaries (Fig. 9). The immunohistochemical methodology was
similar to that described by Tisdall et al. (1999) Stem cell factor and c-kit gene expression and
protein localisation in the sheep ovary during fetal development, J Reprod Fert 116: 277-291. The
only exception was that a tyramide signal amplification step was also included in the present study
(TSA Biotin System, NEN Life Science Products). The mouse antibody M10 was generated after
an E. coli derived mature ovine GDF-9B peptide (0.2 mg) was injected in Freunds complete

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




WO 01/ 96393 DI SCUSSI ON PCT/ NZO1/ 00113 The known human CGDF- 9B sequence and
ol i gonucl eotide priners derived thereof enabled the inventors to determ ne
t he sheep GDF-9B genonic and cDNA sequences and to assess fBe %ﬁ?(ﬁﬁm on of
GDF-9B transcripts in sheep ovaries (Gl loway et al., 200%. 9

li terat uM ¥96d¥pears that GDF-9 is needed for granul osa g@lr}Nm,b@lq?esi S
and thecal cell differentiation. |Indeed, reconbinant rat GDF-9 is able to
stinmulate rat follicular growth in vitro (Hayashi et ai., 1999) as well as

the phald ' Josa cells inculture (Vitt et al., 2000).
. Recorr:dbi n%%%rq Eﬁtgg“ﬁls%a% é’%?ﬁ#@sﬂ lgtaesg?rﬁ’gggﬂggﬁl JUXHEC g8 dbro erigyshisecrifised pt or
expr eseskarfitel therfnat boatat andtergraculleosa, cel s (Elvin et al., 1999; Vitt et
al ., 2000). Furthernore, GDF-9 stinulates inhibin B production in human
granulosa cells in culture (Vuojolainen et al., in preparation). These
r ecerfollettivbl e thesd BRI bihe RN LBl s~hav,
effects on f)ec;l l'icul ar gﬁ%@ﬁgﬁg{aﬁ%@g@%ntl a%iaggg?%élgg§fe?§%'€gﬁﬁéﬁ?%9m
bef oPESSENN|ORGKERS Plomamady (Ardigntreerailn 1988; IGatlgwage: be@00knNowWn on t he
possi bl e biological effect of GDF-9B in the ovary. In our earlier New
Zeal and patent specification no. 500844 the' present inventors showed that
t he [Bvidencathat getigepide antibodlessfiediedagalis0 RS Rk Q B
syntepic to .X&}l.ﬁ{gll.AgH; human (Galgﬁovvagi%gt a{) Iﬁ 208%1%gg%%df?§?g}a%ﬁﬂ§§m
whet REPIBEHEUZEY efhowndndiaplect-ed in these animal's, showing that the
I nverdal e gene is actually an inactivated formof the sheep GDF-9B gene. In
Inve&dgl e animals the T nucleotide at position 92 nucleotides beyond the
mat ul@Pgept Pyelagien cates i ghespt folleading adovmistaation o plaime, cansivegt amibotke to
codoge : e i i t he amno acid valine (V) to
aspar t}fgg%aﬁcﬁg%)e%ﬁd ﬁ?(&@?%a#gﬁy@n@%ﬁ???ﬁi S very amno acid is
either valine, isoleucine or |eucine which all represent hydrophobic
regi contrast to the negattvetycharged—aspart+e—aect-e—Fhi-s—an-no
aci &qgﬁﬁigwt ution causes a change in Aean (ilation ¥ ge of the very area| of
th ,A}F'_Kﬂgf e—which—s—invetved—+r—the a2 i
fro _i‘ugni]:r%it al structures of TG (3 ',6 BMP-2 and BMP-7 (Schl unegger and

tﬂ%.r 2858 e iffiithetal——1096-Usgheufler ot al _ 1999) The

FORE?8 Rejbdseal and 500844 al so pPdvi des evi dence for a second GDF-|9B

' ' ifiedin another fl€KL of sheep, Hanna. having exactlly

t he sanme heterozygous and honpbzygous gene carrier phenotypes as |nverdal e
ewessx W@ b el resent with a Cto T nucleotide point nutation at
posi tl? on 6 nﬁgiéqggé%%it)ges beyond the mature peptide processing site
introducing a premature stop codon at the place of a glutamne (Q residue.

Thi spaC |4 J tyuncation of the mature peptide region
cauinnnglghﬂ:l ?%g%ﬁ Vet ?%ﬁagf a‘ﬁgg gérdotté?lﬁ ApEirous, (. (PYArsHH £¥HSS 0nglregised using

PCT/ASAHB6A F,pr(Bstingihate (1105 966 i BEL WGD ahikea] i ]
| ead to Sg{%i nfertile fagmal ez%;#gs)it ng that b%?‘)hé?éru%?géﬁlﬁgo %%p&&%ﬁxs@&

i nactSFiat Plomdngprarigpey i yeedowised 2ans. Orpdech ofdbe syiBeqisn®®Bed phase, 5
PCT/MEOW DO hdifREERBENGES pdslel y e VYQj 9] al-nen aatinen
R, Horel li-Kuitunen N, Ser?gg GL@%&J%?gé‘&?édrﬁgﬁ Mﬂthegﬁigﬁiéroé cyes E[?f %‘8@’?&1‘1
Hov dmmngsedreq d eonsegutivesmonthhunesasignowtith di 75 etee rEDEIB0 peftitet emjugdted to
keyhole limpet haemocyanin (KLLH). The pooled sera contained high titre antibodies to GDF-9B as
assessed by ELISA assay using a full-length E. coli expressed GDF-9B as antigen. The other 5

ewes were administered with a pooled plasma to KLH recovered from a separate flock of ewes that

had been immunised also on 7 consecutive monthly occasions. The pooled plasma from these

animals did not contain detectable GDF-9B antibody.

- Antibody levels were measured by an ELISA procedure after the sheep plasmas were diluted

1:50000. The ELISA method involved coating a 96-well plate with 100 ng/well of an E. coli
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(GDF-9) and its novel honol og CGDF-9B are expressed during early
folliculogenesis. J din Endocrinol Metab 84: 2744-2750, 1999 Braw Tal R
McNatty KP, Snuth P, Heath DA, Hudson, NL, Phillips DJ, Q/tg_em;q' ?ﬂgq Davi s
GH. . Ovaries of ewes honpbzygous for the X-1inked I nver daI € gene ecXl) are
devoi d YO 8E¥dMary and tertiary follicles but contain meoy/na»@ys!
structures. Biol Reprod 49: 895-907, 1993. C Hadfieid, KK Raina, K
Shashi - Menon, RC Mount 1993) The expressi on and perfornance of cl oned
wa Y, Davies DR

SenaelEa g 55@ AP FRARD SBuION M G e Preama bl 1 ofFd
for dskey el ifemabyro &ﬁﬁte%)&&ﬁét?reﬁﬁgnga gsuéc%g%ve 9@ 3. Fhe r%&‘ﬁ%?o%w TT% the

Fennessy PF; Dodds KG, Farquhar PA: Evidence tor t e presence 0
gene PR Plagha i seyeLal él‘tﬁs}@m rabi aphi-sheérp-IXRE ao mddahfor dfh stase@. TBe wellSapsred

44 1 Fen Dodds , K KP, O.

W5: QI&%}; g/r% tﬂilmeldl f%gilgee tﬂ(?%b at%@?@%\?é‘%?‘é’ﬁ‘er@g%g‘ﬁgﬁﬁn DT ¥itho fifﬁ%l&%l

( FedXingRgopfied with sulplairicraeial. dal e prol i ficacy gene | ocated on the X

chronosone. Bi ol Reprod 46:636-640, 1992 Davis GH, McEwan JC, Fennessy PF,

Dodds KG Di scovery of the Inverdale gene (FecX). Proc NZ Soc Ani m Prod

98 % 290, 1995 Q] gertl ni DF, Nishinori K, Kumar TR, Lu N, Matzuk
SR VTS ?%Peﬂﬁ"*rfhl Goﬁlif pLterie Pipsma intgayanousty and 4 dayslater 9dr@va$tp@d with

foI |2l SEd u yons

1 ot o B ESER R ikt o 2 Syitohisc St e dhutali B Bl w i Gllned ¥

X- | |1W09m1@ﬂwmadmmmmneﬁplama Endocrl nol 12 1809- 1817 1998 27

WO 01/96393 2 8 OCT Z004 PCT/ NzZO 1/00113 Elvin JA, O ark AT, Wang P,

VI fman NM  Mat zuk MM Paracrine actions of growh differentiation factor-9

| n ﬂtneurrgmvedusqmmabysomm \Eﬂd@mbnsmtedla?nsxgﬁﬁB&t?MﬁrbalﬁaQn Ghtigyveoisihr
{'f%i KP, Canfridge M Laitinen MPE, Juen Jokiranta TS, MLaren

PRIMRDL IRHER W Raisersre impupsed Vith anE. cof s vesHmamre ovige @DF—
IVUt 98I, ORSthiigs uge i nGrease
ovubat i on rat@aﬁﬂ‘f?‘%‘?%?ﬁd??efg. i Sl B dOREI Wbry i FR D PERRSFC

Gen&13ys o¥51e2GOFUR prateindo. QGHgT fni Fiewils, cortgpddte Edjuv&i&r(ﬁﬂﬁk‘) @R, nﬂua@tﬁn&ﬂer
Car | t t
or ot 21 Bl edEe S BRATR 0 Bo e babe LR SR D 28 iy (LFhlhopato

s u pefm/ams IOpntrﬂB.OCSIkabd[ueAﬂﬁ,d3 %bsthi ﬁjeﬁueﬁs 87 the &%ﬁ)opi:ﬁ&ﬁ antifen 9 Q0. WMng Ldt \firbd

he. | al e gene mey flo roc NZ Soc Anim Prod
g‘é tﬁﬁa\be(g»d g at cond gm(F ﬁ)xl)d booster) were given at Week 1ntervals 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 GDE.9B ' GDF-9
Bovine a-lactalbumin <0.060 <0.060
GDF.9B 2177 (£0.163) 0.590 (£0.058) -
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Hayashi M _MGee EA, Mn G Kl ein C Rose UM van Duin M Hsueh AJ:

Reconbi nant growth differentiation factor-9 (GF9) enhances growih and
differentiation of cultured early ovarian follicles. Endocrinol ogy 140:
Z236-1 244, 1999 Hobbs S, Jitrapakdee S, Wallace JC (1998) D2vgIQQImapa; of a
bi ci stroRy@ o¥eGhHr driven by the human pol ypepti de chain el ongation factor
1 al pha pronpter for creation of stable mammalian cell |i REI/NWMOERpress
very high | evels of reconbinant proteins. Bi ochem Bi ophys Res Comun 252,
368-372 Hogan et al ( 1; In: Mnipulating the nouse enbryo, Cold Spring
Har boFhusawe essetithat pRocesisres 9194 leddus eheino@dhtion &célﬂag@ﬂ&ﬁ@pﬁ%ﬁa J@ﬁb.zs(s% 989) -

Koel | 8, & I..,fll Ll 67: 59-77, 1991. Kohler and MIstein in Nature
495- 48 %X%‘i@b.“ ¥ 7 a ocT Z~o~ WO 01/ 9G393 PCT/ NzOL/ 00113 Juengel et al .
(2000) Gene expression in abnormal ovarian structures of ewes honpbzygous
- for the Inverdale prolificacy gene, Biol Reprod, 62, 1467-1478. Laitinen M
Vuoj o HfsEsvidencesint syrertRof ket elaim |that Anddubating BombeintenioeBDE 9FHer KD BB M
Ri t vagpgL : A di-f f | at.i,an factor-9 (GDF- rel ated factor is
co- expr es%%déﬁ@mgf hs %{8%% |%1%Dﬁx§ﬂ%%%%th§%r?fﬁﬂe¥fg’ &Q?Ylé‘iﬂqzﬁ?é!eﬂ‘érs pevel \Epgingey
78: 139llawing theggmintisation exf scem(3-BNAS tR3tm b6 3801 Odalrkd REH WbrBOMR IS F.IFA
Scor &f, -égc(ﬁg@a? “ﬁt%%iﬁ)l F #':%n%%&qe expr essi jn_yeast: a revi€ew. Yeast
g, aF5REES a ) |€§$}§  DRRNds eqnyuggied t@%&glfle- agimals weseubiesiteshtoct
gr owtdenstichifies mohthiyt imnuhisaics; e VaiesFABISIA akdtked Ak -
P, SEith Py thidson N Heath’ DA T sdal m%@@@éﬁ%ﬁfgk‘%ﬁeﬁg\%gﬁ%}bﬁ’em
of t N WAEpIGPEIDE§ 96 HEes dv a2 a2 elaMlicles nwericarssessed fly staddarth enefphentetrid
f ecungbdetude 1SSith Lr BE F ks : - 9 Rherron AC, Lee
SJ: ?3%%—3 ang GDF6BIE{J\I/\%d]r)Ie\?\}rl Tr%gérlr%lgy E}Q (1)[1flr gstef{%ég?llr%%g?%?%s@ér’\%ff%lﬁs Pt BPthta
superlihgsg Togulisase suminatjsed indRable Datt ern of cysteines. J Biol Chem
268: 3444- 3449, 1993 Myake S, Makinmura M Kanegae Y, Harada S, Sato Y,
Takanori K, Tokuda C, Saito |I. Efficient generation of reconbinant
adendwwbleudesMeai nyariate nolviries an@NAmilESTON Ty pddr 0CI34 GARPIHRMI 3flcids F8RGW e

S A

beari.n full-lengt ' nonme. Proc_Natl -Acad Sci U !
93 1598 Pﬁl%ﬂ?ﬁg’fgﬁg@p i RLH, RUB conJrlrlegated to GDF-9B peptide or to GDF-9 peptide

Treatment Ovarian volume | Number of Type | Number of | Number of antral

(mean range) 1-2 follicles Type 3-4 | follicles

' (mean range) follicles (mean range)
(mean range)

KL.H | 486 15180 63 28
3) (353-651) (11623-17433) (61-65) (22-37)
GDF-9B 296 8147 0 0
f;)ptide—IGJH (149-488) (3221-13786)
GDF-9 284 16278 0 4
fze)ptide—KLH (248-303) (10152-25745) (0-11)

For these studies the GDF-9B peptide sequence was SEVPGPSREHDGPESC (SEQ ID NO 17) and
the GDF-9 peptide sequence was KKPLVPASVNLSEYEC (SEQ ID NO 18). The Romney ewes
were injected with 0.4 mglewe 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

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

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

GDF-9 and GDF-9B are essential for normal follicular development in some mammals.
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Nei |l sen H., Engel brecht J, Brunak S, von Heijne G Identification of
prokaryoti c and eukaryodc signal peptides and prediction of their cl eavage
sites. Protein Eng 10:1-6 Scheufler C, Sebald W Hul sneyer I\é OﬁTygﬁﬁl
structure of human bone norphogenetic protein-2 at 2.7 A r%sol ot J Mol
Biol 28Y0H%39%5 1999 29 2 8 OCT 2004 WO 01/ 96393 PCTIZSLIOMIL3 |

Schl unegger MP, Gutter MG An unusual feature reveal ed by the crystal
structure at 2.2 A resolution of human transform ng growh factor-beta 2.
Nat BXanNgPBR4&30- 434, 1992. Schl unegger MP, Gutter MG Refined crystal
~structure of human transformng growmh factor beta 2 at |.95 A resol ution.
J NBYpr@ision @3tcddbinths hot@daAnerShGTNEIB £ad, hdterddnnerN GDTREBIGIDA9 bidfeiS, in Shaw
L, Condel.l L, Blay LR . MNatty KP Pl asma gonadotrophin concentrations and
ovarfama ?fh?ﬂ]ét"é??/tg‘f PRAIVVG. nyer dal e ewes that are heterozygous for a major
gene (FecX' ) on the X chronosone that influences ovul ation rate. Biol
Reprod 48: 11501156, 1993. Smith P, OWS, Corrigan KA, Smth T, Lundy T,
DaviiXpression gongirucis semeratkdhini rlasnid rvebioksogpptamidg endectidensequbarea diselossd incthe of

fe . .th teroz ] zygous f.or the Inverdale
s S A L S S e
da a@usiation Jwitl/an irésion eontrd. sefogrk SIENIW, (EFA9 Shd Anaingidry fspeslfis webmbiek or
generating recomnqi nan ageno iruses. Proc_Natl Acad Sci USA 95, 2509-25I4.
T ofaftnoly o G edeihaliRneid tRmEin s angsteblicriones frecislicind wes an

pr cinibiotit @él@&tloiﬁhhﬂd&r.lFbrbgﬁnﬁd?@g?ﬂwﬂ#@ée‘ésiﬂg' bf 12 xplaledREEMBRARNoly pkpiaPT Od
Fert 116: 277-291. Vitt UA, Hayashi M Kléin C, ueh AJIW Gow h'

di FSPeHeaRt ithe fein maeeessing sitej isinutates preblan fawxiliary rexpression pensssticedriting the

f ol dvkfekBresdid i = ' hatson of cul ture granul osa
cel | s&?ﬁggn&gﬁn%'?gafﬁg?gfgtégr%gﬁpirhgg)vu a?géeglg?%@%gﬁepbl es. Biol Reprod, 62,
370-377, 2000. Vuojol ainen K, Bondestam J, Hayashi M Raivio T, Evans L,

C o6 M, OB S Bob S DR EAL
OCPpr@bidve have generated human 293T cell lines transfected with the pEFIRES-P vector containing
the rat GDF-9B proregion (Jaatinen et al., Mol Cell Endocrinol. 156:189-93, 1999) fused to an ovine
GDF-9B mature region sequence (SEQ ID NO: 1 and NO:2). The furin processing site had been
engineered to contain the effectively cleaved RRRR sequence. Cells selected to resist 120-150 ug/ml
puromycin were cultured in HamF12/DMEM under serum frcé 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 FLAG epitope was cloned into pSFV-PD
Semliki Forest Virus vector and a high titre virus stock of SFV-PD-oGDF;QB—FLAG was generated
in BHK cells as described in Lundstrom et al, Histochem Cell Biol 115: 83-91, 2001). A high titre
SEFV-PD-0GDF-9B-FLAG virus was seen to very effectively infect human 293T cells and cause
high expression of 0GDF-9B-FLAG in these cells. After infection, during a 4 day culture processed
0GDF-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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WD 01/96393 PCT/ NzOL/ 00113 WHAT WVE CLAIM IS |. An isolated wildtype GDF-9B /
nucl eic acid nol ecul e conprising a nucleotide sequence sel ected fromthe ‘
group consisting of: a) SEQID No: | ; b) a sequence able f;oghé&:\lfﬁlﬂiﬁ _
under st i&ge conditions to the nmolecule in (a); c) a sequBn is a
function;‘f v]a{%%gﬁwt or fragment of the nolecule in (a); d)raraeMvenss
~conplementary to the nolecule defined in (a), (b) or (c); and e) an
anti-sense sequence corresponding to any of the nolecules in (a) - (d). 2.

An i f 1 h; it =19 i | AL ¢ conprising a
n | Sapates dbrloengihuiar o G OBABIGL o GrATE HEbRol Sy QIR SO0 2
or SEEPSIRAtARSS Were ggfleeted @ff@leﬁdays(aﬁn eultwwehPhe indi @ﬁsug,&ﬂ?gaﬁﬁ% E""g‘gfﬁﬂﬁg‘%“.‘%dngﬁ‘d

b I |.es), i a); C). a sequence chi .
vari ShBP-AGnEIh R AR i s e pubiscieaye hamuRomeeipaten pihpl pbnt aty
to t FRA®ME uimbbdief dndedohplekdd) wekd)re@veld) 'witﬂn?r Gdin 2 %ggrlo_gezeﬁfe e °¢
corresgondi ng_.to any of the nolecules) 1n (a) - cﬁ .3, 150l

ful | SYERYEH IEesan et peing ans-HeohGr2 | anjbedienand anth GIF-9egHiBB8Rs SALBS]

; ' : ..SEQ | : .SEQ ID NO: 4 ; or SEQ m NO: 6;
ok e, SO APl PRI L SEQLO D i 00 SEQ IO
hono@éntislei wagreaenris s@)ﬁnftaam@ﬁm&h | X@re3sivij y&gltlgsgﬁu g#ld g%&pﬁmtﬁo gg[hgg?pgﬁrpﬂo

[ d t consi stin ~ NO:
Funce{ e AT AR Y i SllurC it FAAGAMR ribation These co-
pol ypepticieretipitatigh sipetifiiehs i@t aedlrdet BRYIAL LR nCSf‘n%cﬁhxnggPﬁ{// gg%%epsg:&

mat ur e < oly tide conprising an am no acid sequence I
SEQ ?B“%?@‘?Ppaé‘df‘gﬁgﬁ B Lo Bieesristance @éiihe_anﬁllﬂ-%ﬁpﬁ-%bhﬁmr)ﬁﬁnera?d ) A
mat ure GDF-9 pol ypeptide or a functional variant or fragnment thereof. 6.

vectl\chr conprising the nucleic acid nolecule of claiml or claim?2.
ethods ‘are described for over-expressing nucleotide sequences disclosed in the invention as SEQ

ID NO: 1, SEQ ID NO: 3, and SEQ ID NO: 5 or variants thereof in several extraovarian sites in
transgenic animals for mimicking systemic administration of recombinant homodimeric GDF-9B
and heterodimeric GDF-9B/GDF-9 proteins. The relevant GDF encoding sequences are either
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



31 z a ocr zoos WO 01/96393 P. CT/ NzO1/ 00113 7- A construct conpri sing

the nucleic acid noleculeof claiml1l or claim2. 8 A host cell which has

been transformed by a vector or construct as clainmed in cl a%rq ﬁcgrégd!,ai m7.
"1 ~1“en

9. A liggp@iMbyesh binds to a polypeptide derived fromthe f
prepro polypeptide as clainmed in claim3. 10. A |ligand whPERWNBPHEN13 0 a

honodi neri ¢ pol ypeptide as clainmed in claim4. 11. Aligand which binds to
a heterodineric polypeptide as clainmed in claim5. 12. ‘A ligand as clai ned

i N CIeaioiBs.oFhese, vimdheppioaclidyeticr gaaye of Sestifig AR blasvigy oP Bifffnt RAM-0B and
fraggﬁ%{ CO[T%)I’I mﬁp}g the antigen-binding domain. 13. A’ligand as claimed In
clai 12 BRYT SPTSHRKES 7 yuadfl alse proNislel Biematiantwaysdyf, inimuniging iaganals against
cl ai GgBF-9Bagd @Dp-30 or | 1 wherein the ligand is a phage display nol ecul e.
15. Aligand as clainmed in claim10 or 11 where the ligand is in the form
cell surface receptor(s). 16. A nethod of expressing biologically active
procEmﬂRrﬂ)di nmeri ¢ GDF- 9B pol ypeptide conprising the steps of: a)
generating an expression construct conprising a nucleic acid nol ecul e
conprising a nucleic acid sequence selected fromthe group consisting of

SEQm NO 1 or a functional fragnent or variant of said sequence of the
gr ouﬁﬁ”&jﬁ@% REthechiplegicalipetivity of betmiodinmirichGBE B endbétetodimeris) GBELIR/GIT.

st abysBtefls B Fari AL IDusR! ating and purifying the expressed pol ypepti de.
17. 'A nethod of expressing biologically-active processed heterodineric

GDF- 9B and GDF-9 pol ypeptides conprising the steps of: 32
For assessing the biological activity of proteins expressed from the nucleotide sequences disclosed
in the invention as SEQ ID NO: 1, SEQ ID NO: 3, and SEQ ID NO: 5 or variants thereof ovarian

cell and organ culture models may be used.

An example of assessing the biological activity of homodimeric GDF—9B is shown in Table 4 below
whereby a partially purified recombinant (r) ovine (0)GDF-9B extract is assessed by measurement
of H] thymidine incorporation by isolated ovine granulosa cells during a 48 h incubation at 37°C.
The results show that the roGDF-9B caused a 1.9-fold increase in tritiated thymidine incorporation
by granulosa cells indicating that the roGDF-9B was biologically active. To obtain the granulosa
cells, ovaries were recovered from ewes, follicles (1-2.5 mm diameter) dissected free and the cells
isolated and separated from theca and oocyte-cumulus complexes. The cells were washed and

resuspended in fresh media at a final concentration for bioassay of 1x10° viable cells per well.

Table 4: Mean + s.e.m. increase in [’H] thymidine incorporation in ovine (o) granulosa cells after

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

Treatment [’H] thymidine incorporation (cpm)
Control 32564283
Rec ovine (0)-GDF-9B ‘ 62914503 -

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

""p<0.001, ANOVA
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WD 01/96393 2 8 OCT 2004 PCT/ NZO 1/00113 a) generating an expressi on

construct containing a nucleic acid nol ecul e conpri sing: a nuclelc aci d
sequence selected fromthe group consisting of: SEQID NO 8)r0[}1
functionglo §/agsent or variant of said sequence; and (ii) a nuclei c aC| d

mol ecul e encoding GDF-9 or a functional fragnent or vari aRETINY@LEH3 b)

transfecting suitable cells wth said construct; c) selecting stable

clones; and d) isolating and purifying the expressed pol ypeptide. 18. A

met hBUSEUSSIEMdviral, retroviral and al phaviral transfer of GDF-9B

expr essi on cassettes or GDF-9 expression cassettes to host cells or

organi s hhereb effect in vivo expression of GDF-9B honodi ners or
3 é‘? 3 FeBs sequisngs pad fdigphicletidp wimars alesified rthargofl Biablal the

r eci ﬁiv@ﬁtbr§%| detGiAL ! shetpe GASR-HRC Qﬁo‘?ﬁtc Ay gﬁNAeasg’é%%?gep and gtteugggqggeﬂe;;s

i ncl udi ng_an expression cassette CO r|5|ng a

a nuetrsesiateofs@Rilietit tansetiptstiw shefep @vatitwe(Gallowpy eoals2edd)ng of SEQ 1D NO 1 or
a functional fragment or variant of said sequence, said nucleic acid

nol ecul e being in operative association with an expression control

sequEnoe litd@turd it lappst&gemac GIDF-98is méud@@ fbﬁﬁralﬂﬁ%@a tcéﬁr}ﬁft%e‘?fggs %dathx&‘ftcgﬁ or

cons ct as ¢ inclaim6 or . nmet hod of al ering ovarl
foll ‘5%{%“35 V\f ee He%%nar}trfahql%ﬁv& lé abienieastimovlaist tak folliowtat grwhtlabvxa'oe
sai d(HmhAG: GOMPIIS 0% clifg ¢ Fidiirali OGP LI IOSITBIIGh R 8WHR NS 2000, |

vertebrate ovari an host Xpress
al | offFcovernanSFRES alsp r@gulagss@mdmsmn@ g«amdomﬂne&iceﬁzsf Bxﬂ”reis&frﬁﬂlri‘mrsé

21. Ag r ul %15 mal e
21 8 bt AR 198, A G0 el
traanPmd’nCngnnadmaiangnalmm@aa:teneun ael:ultrewabjelmratan hﬂﬁt%pfxﬁi )lrx_:_} %&A& rebdmt 9B
er - expressi on o
ﬁg(rjm : n%s? gﬁéﬁge 3 Ogtaﬁ%%?_a%gﬁlﬁg gﬁpwg\{cygsog%@ potgnt effects on folhcular 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-B 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-B 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 a2 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
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WO O1/96393 ~: 8 OCT 2004 j PCT/NzA /00113 22. A nethod as clainmed in claim
19 or 20 wherein said manmal is selected fromthe group consisting of

sheep, cattle, goats, deer, humans, pigs, horses, canelidg, §apgT PZga§uUNs,
.cats anqNGQgg&ggg any other commercially inportant species. 23. A nethod as
clainmed n cral 19 or 20 wherein said vertebrate is seleCr/adof/omnst he
group consi sting of chickens, ducks, geese, salnon and any ot her
comercially inportant species. 24. A conposition conprising an effective
an‘oupltoduét arosagebétweeh ehd BtbefdaMitd honodi meri ¢
pon tge havi ng_subuni t's conprlSFﬁQﬁqgg%EQPE#&&?%@?Oﬁﬁ%g}o&mgﬁ?hﬂgwpbna
fr ag Fn%’rqnéﬁieaﬂb{éfl@éﬂawthmc}@?% géneuprotiontodi meri ¢ pol ypepti de havi ng
subunlts conpri sing GDF-9 pol ypeptide or a functional fragnent or variant
thereof; b) a heterodineric pol ypeptide having subunits conprising a GDF- 9B

pol ypeptide and a GDF-9 pol ypeptide, or functional fragnments or variants of -

said GDF-9B or CGDF-9 pol ypeptides; together with a pharmaceutically or
veterinarily acceptable carrier (including adjuvants) or diluent; and
optionally including suppl enmentary gonadotrophins. 25. The use of an agent
selected fromthe group consisting of: a) a honodi neric pol ypepti de havi ng
subunits conprising GDOF-9B or a functional fragment or variant thereof with
or without honodinmeric pol ypeptida having subunits conprising GDF9

pol ypeptide or a functional fragment or variant thereof; b) a heterodineric

pol ypepti de havi ng subunits conprising GDF-9B and GDF-9 pol ypepti des, or
functional fragnments or variants of said GDF-9B or GDF-9 pol ypepti des;
together with or w thout suppl enentary gonadotrophi ns and/ or other ovarian
grow h factors including I1G--1, kit ligand (stemcell factor), epiderna
grow h factor or TGF(3 agonists/antagonists to: i) alter follicular growh
in ovaries of a manmal or other vertebrate either in vivo or in vitro; or
ii) alter isolated ovarian cell growh/maturation in vitro. 34 WO
01/96393 2 8 OCT 2004 PCTINzZO /00113 26. A nethod for assessing the
activity of CDF-9B honodi ners and/ or GDF-9B/ GDF-9 heterodi mers, conprising
the steps of:
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a) adding an effective anount of a CGDF-9B honodi neric pol ypeptide; and/or a
GDFI9B/ GDF-9 heterodi neric pol ypeptide to an ovarian cell or organ culture
with or without other ovarian growth factors (including TGF(SZ q O&T 8@%

an

agoni st ists); and b) conducting a bioassay on said cel

cul tur es@n@@gg@g t he biological activity of said honodi nect/mzeneh113

het erodi meri ¢ pol ypeptides. 27. A nethod of altering follicular growh
conprising the step of introducing a ligand as clained in any one of clains
9- | SRBFEREN@&ger follicular growh in ovaries of a manmal or ot her
vertebrate either in vivo or in vitro; or iii) alter isolated ovarian cell
growm h/maturation in vitro 28. An isolated functional variant pol ypeptide

CONMPhKL B i1 n i d. sequence selected fromthis group consisting of
SEQ laﬁﬁ%% %E}Tal .norﬁﬂ%:ugjé’faéq%@ 3R ToR e ose Hi- KuunegdNy Senpaild dadip H, Sung  an
am n®, apbers a0 Barey Relrashes O, o4 thi Rit i St mNO .18

30. @%}%%igl%tqed nucl ei ¢ acid nol ecul'e cgfépog?gﬁggﬁag{ﬁwgﬁgﬂag%m 2@3&%8

sel e I tiengted diomalees iGIF-AB ofe sr@edsl NOring learlSEQIliEnibi2nedd, Jaatin SEQ
>D NehdokfinoPMetat $4104 B, floggnent or variant of said sequences. 31. An

i sol at ed pol ypeptide conprising an amino acid sequence selected fromthe

group consisting of SEQ >D NO 12, SEQID NO 14 and SEQ >D NO 16, or a
funcgi r ar.j 0 i d,sequences,...32. _An isolated nucleic
ot doRarRal o MER RP, 481 Bl B, BuaSHRES Bhiive v cPistens 5% i OE
exan@Vasicarod/eoves domvizpgousHer hefx-1iBRed MveidaR! @he drRXTy ReridvER %&%&% %{3 y
as dtg@@;};%ﬁg heéel n \tM.th reference to any_exanpl e and/or draw ng thereof.
35 0T agss Butroptais asy hnoprey tpacresoB 8 Reprod 4989569071993, gene
construct incorporating an isolated nucleic acid nolecule of the present

i nvent antially as described herein with reference to any exanple
and /(glt}iagﬁgﬁf ?{gf{t%gpéolﬁ_Shashl—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, Farqubar 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
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35. Aligand which binds to a pol ypeptide of the present invention
substantially as described herein with reference to any exanpl e and/ or

drawi ng. 36. A honodi neric pol ypepti de substantially as deszi bﬁg hﬁ[ﬁ;n
with reference to any exanple and /or drawing thereof. 37. A ﬁe fo ric
pol ypep @&Vt anti al |y as described herein with refer emegntouaay exanpl e
and /or drawing thereof. 38. A nmethod of expressing a biologically active
processed honodi neric pol ypeptide substantially as described herein with
reference to any exanple thereof. 39. A nethod of expressing a biologically
. active processed heterodinmeric polypeptide substantially as described

her diliinnifth Chifler ATic éWang aby Woltinah eNMieMeiuk ABM: APERERRE RtioAIS0%idvdh

tra in vivo expression of

described herein with reference to any exanple thereof. 41. A nethod of
altering ovarian follicular growth in a femal e manmmal or other vertebrate

sub<ralloway INL MeNaty &8, KeamntivestgeiLaMi haitindrelWiPi; dudngebfly Jokizanth St Ml aedn RA2.
Ac it i scri hed. her el ith reference to an

5 SRRk EOLIRBE N OHLY, O 536t REOIELIA, M0k BENFOSDSS Bl
het degdédrgrioveth fattppephé dBMRY 5aldaase fmetdabesalbailagero vt aﬁﬂbﬁﬂfﬁ'ﬁﬁ\}gﬂid ¥ dRage-
descri bted her ei %IW' th.referepce to anaégexanpl e thereof. z 01/ 9689g3 2 8
oCt STV BRI A B ReRCHEP REA-283r 2W8sessi ng the. bi ol ogical activity of
honodi meri ¢ and heterodi neric pol ypeptides substantially as descri bed

her%' [}f\%t h reference to any exanple thereof. 37  ~~~r~~r~~ |
ntfith DL, Keck PC, Sampath TK, Rueger DC, Carlson WD: Three-dimensional structure of

recombinant human osteogenic protein 1: 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 (GDF-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).
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- 8 JAS 2~~~ z 8 OCT 2004 45. A use of GDF-9B honodi ners and/ or

GDF- 9B/ GDF-9 heterodinmers in the manufacture of a nmedicanment for altering
ovarian follicular gromh in a female manmal in vivo. 46. A isﬁoﬁf GDF- 9B
hormodi nmers and/ or GDF- 9B/ GDF- 9 heterodiners in the nanuf act ukel ddCh 2004
medi caneMO $14163%i t eri ng mammal i an ovarian follicular gr 0""i>b_T)N'Z0i’/Mﬁ$- 47. A
use as clainmed in any one of clains 45-47, wherein said nedicanent further
conpri ses suppl enentary gonadotrophi ns and/ or other ovarian growh factors

i ncl ygd - 2ok i C cell factor), epidermal growth factor or
. TGR( 3 mﬂ%gln‘%gi g‘r?to gjg?r‘#‘és ?Qﬁgﬁgé’gﬁg@"e‘mﬁ’a‘a"‘fﬂﬂa‘éﬁH“%foeé|°£i%‘é¢‘d OogYgouS fer e

cl ai dwvegdalSpiotifichey gemnyBiat Rapmdp62,a468diyggment to alter follicular growh
in ovaries of a mammal either in vivo or in vitro or to alter isolated
mammal i an ovarian cell growth/maturation in vitro. 49. A use of an isol ated

" GDF- Daitinee V] VuejoiathdiOK ERidtiferdR, KodiaRIAMRERY. PASRI, B ?f'eﬂé?néﬁq?% M‘ ar%,i%s

manufacture of a nedjcament for altering manmal Tan ovari an
~ growPh A Rovshagowih diffepentipion gactornd (GBRY) relatddnfadtorr ris @nyexpressedfwich SDWB-948 t 0

49 Whehsd @o@?és%gggg?aﬁcmﬁgﬁlsg%@hyeﬁa%h%@g,gg@ consi sting of sheep,
38

cattle, goafs, uma pi gs, horses, S, possuns, cats and dogs
and any other commercially inportant species.

1 7M 1ML 7 INFI7TM 7TM ] 7TM 7TMB ] 7TM) ] 7TM <] 7W] 7TM 7M 7M
=1 ] 7%@1}?5;%%%%]%%% MB=] 7TME] TMF*]1 7TM ] 7T\MY1 ] 7TM

] 7MY] 7MB] TM TM 7TMy ] 7TM RN T+ P T A{vpkfal W ca] ca] ca] ca] caV] ca] ca] ca]ca]ca]c
a] cal cal,cal caV] cal.ca aV] cal caV] ca] caV] ca] caV] ca] caV] ca] ca]calcalc a
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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).

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

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

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

3. Anisolated full-length GDF-9B polypeptide comprising an amino acid sequence selected from
the group consisting of: .
a) SEQ ID NO:2, SEQIDNO:4 ; or SEQ ID NO:6; and
b) A functional variant or fragment of the sequence(s) in (a).

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

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

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

6. A vector comprising the nucleic acid molecule of claim 1 or claim 2.
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9. A ligand which binds to a polypeptide derived from the full-length prepro polypeptide as
claimed in claim 3.

10. A ligand which binds to a homodimeric polypeptide as claimed in claim 4.
1. Aligand 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. Aligand as claimed in claim 12 wherein the ligand is a monoclonal antibody.
14. A ligand 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 GDE-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 GDF-9
polypeptides comprising the steps of:
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b)  transfecting suitable cells with said construct;

c) selecting stable clones; and

d)  isolating and purifying the expressed polypeptide.

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

sequence.

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

or7.

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

21. A method of altering ovarian follicular growth, in vitro, in a female mammal or other female
vertebrate, said method comprising the step of transforming mammalian and other vertebrate
ovarian host cells with GDF-9B and GDF-9 expression cassettes to allow over-expression of
GDF-9B homodimers and GDF-9B/GDF-9 heterodimers.
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23. A method as claimed in claims 19 or 20 wherein said vertebrate is selected from the group

consisting of chickens, ducks, geese, salmon and any other commercially important species.

24. A composition comprising an effective amount of an agent selected from the group consisting
of:

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

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

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

diluent; and optionally including supplementary gonadotrophins.

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

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

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

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

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

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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29.  Anisolated 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 isolated nucleic acid molecule substantially as described herein with reference to any

example and/or drawing thereof.

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

and/or drawing thereof.
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40. A method of adenoviral transfer of polypeptides to thereby effect in vivo expréssion 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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45, A use of GDF-9B homodimers and/or GDF-9B/GDF-9 heterodimers in the manufacture of a

medicament for altering ovarian follicular growth in a female mammal in vivo.

46. A use of GDF-9B homodimers and/or GDF-9B/GDF-9 hetérodimers in the manufacture of a

medicament for altering mammalian ovarian follicular growth in vitro.

47. A use as claimed in any one of claims 45-47, wherein said medicament further comprises
supplementary gonadotrophins and/or other ovarian growth factors including IGF-1, kit

ligand (stem cell factor), epidermal growth factor or TGFp agonist/antagonist.

48. A use of a ligand as claimed in any one of claims 9-15 in the manufacture of a medicament
to alter follicular growth in ovaries of a mammal either in vivo or in vitro or to alter isolated

mammalian ovarian cell growth/maturation in vitro.

49. A use of an isolated GDF-9B nucleic acid molecule as claimed in any one of claims 1-3 in
the manufacture of a medicament for altering mammalian ovarian follicular growth in vivo

or in vitro.
50. A use as claimed in any one of claims 45 to 49 wherein said mammal is selected from the

group consisting of sheep, cattle, goats, deer, humans, pigs, horses, camelids, possums, cats

and dogs and any other commercially important species.
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