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SEQUENCES OF OOCYTE FACTORS FOR i  t  ALTERING OVARIAN FOLLICULAR GROWTH IN
VIVO OR IN VITRO The present invention relates to nucleotide and amino acid
sequences of oocyte factors for altering ovarian follicular growth in vivo
or in vitro. The present invention also concerns novel homodimeric and
heterodimeric polypeptides and their use for altering mammalian ovarian
follicular growth in vivo or in vitro. In particular, the invention broadly
concerns active or passive immunisation against these homo- or
heterodimeric poIypeptides or functional fragments or variants thereof so
as to alter follicular growth in vivo or in vitro. BACKGROUND OF THE
INVENTION The molecular nature of regulatory molecules responsible for
stimulating early phases of ovarian folliculogenesis {i.e. the growth and
differentiation of primordial follicles to primary, secondary, and
pre-astral follicles) has been poorly understood. On the other hand,
follicle-stimulating hormone (FSH) and luteinising hormone are glycoprotein
hormones derived from the pituitary and have generally been accepted as the
key factors regulating the later stages of ovarian folliculogenesis.
Moreover FSH is accepted as the single most important factor for
stimulating a greater than normal number of follicles to ovulate, a fact
that is well illustrated by the wide use of commercial FSH preparations in
ovarian hyperstimulation regimes both in medicine and veterinary medicine.
Recent studies have indicated that early folliculogenesis is controlled by
intraovarian factors of which the granulosa cell-derived stem cell factor
(or c-kit ligand) and the oocyte-derived growth differentiation factor-9
(GDF-9) have gained most attention, because both appear to be essential for
early mammalian folliculogenesis. GDF-9 was first described in 1993 as a
novel member of the transforming growth factor beta (TGF(3) superfamily
which is specifically expressed in the ovary (McPhenon and Lee, 1993). Like
other members of the TGF-(3 family, GDF-9 is encoded as a prepropeptide
consisting of a signal peptide, a proregion, and a so called C-terminal
mature region, which is cleaved from the precursor peptide by an
intracellular protease belonging to a group of Turin-like proteases. Growth
factors of the TGF(3 fanvly are char acterised by a common pattern of
cysteine residues found in the mature region that is likely to form in all
members of the family; this is a rigid intramolecular structure known as
the  I    WO O1/9(393 PCT/NZ01/00113 "cysteine knot" which is composed of
six Cys residues forming three characteristic disulphide bridges in a
monomer of a TGF-~i family member (Daopin et al., l992; Schlunegger and
Grutter, 1992 and 1993; Griffith et al., 1996; Scheufler et al., 1999).
Most members of the TGF-(3 fanuly have a conserved seventh Cys residue that
is responsible for the covalent homodimerisation of two identical monomers
(homodimers) or for the heterodimerisation of a given TGF-~3 family member
with another distinct member of the family (heterodimers). In mice, GDF-9
is expressed in oocytes from the primary stage of follicular development
until ovulation (McGr ath et al., 1995; Laitinen et al., 1998). Using the
mouse GDF-9 sequence as a test sequence for the data base searches we
identified, a GDF-9 like expressed sequence tag (EST) cDNA derived from a
2-cell mouse embryo library (Laitinen et al., 1998). We showed that the
transcript of this novel factor, GDF-9B, which is 55% homologous to GDF-9,
is expressed in oocytes of the mouse ovary at the same time as GDF-9
(Laitinen et al., 1998). Using PCR and primers derived from the mouse EST
sequence wa amplified a fragment of the corresponding gene from human
genomic DNA, mapped the gene locus to chromosome Xp 11.2, and deduced the
human GDF-9B gene structure from isolated cosmid clones (Aaltonen et al.,
l999). Interestingly, in the human ovary, GDF-9 mRNA expression begins in
primary follicles slightly earlier than that of GDF-9B (Aaltonen et al.,
l999). The mouse and human GDF-9B genes have been cloned and the protein
encoded by the gene has also been named bone morphogenetic protein 15
(BMP-15) (Dube et al., 1998). GDF-9 appears to be essential for ovarian
folliculogenesis. From the literature it is known that GDF-9 deficient mice
(GDF-9 -l-) are infertile due to 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 an
the X-chromosome, and that ewes carrying a single copy of the gene (1/+)
have litter size about 0.6 lambs larger than noncarrier ewes (+/+). The
increase in number of lambs born is directly linked to an altered pattern
of follicular development and an increase in ovulation-rate above that in
the 



2   WO O1/96313 PCT/NZ01/00113 wild-type of ~ 1.0 (Shackell et al., 1993;
Davis et al., 1991). By contrast, homozygous carrier ewes having two copies
of the gene {III) are infertile; due to an ovarian failure condition (Davis
et al., 1992). In ovaries of the (I/I) ewe, folliculogenesis stops at the
primary follicular stage and the phenotype is not dissimilar to that seen
in GDF-9 (-/-) mice (Braw-Tal et al., l993; McNatty et al., 1995; Smith et
al., 1997). A second prolific Romney flock (Hanna, 1995) with no known
connection to the Inverdale flock was also shown to carry an X-linked
mutation with similar phenotype to Tnverdale. Evidence that the Hanna
animals carried a mutation (FecX`~') in the same gene as for Inverdale was
obtained when infertile females were produced by mating Inverdale. carrier
rams with carrier Hanna ewes (Davis et al., 199S). The Hanna line has been
maintained at the Invermay AgResearch Centre as a distinct group alongside
the Inverdale line. In New Zealand Patent Application No. 500844 we, the
present inventors, identified in Inverdale sheep a nucleotide substitution
beyond the mature peptide processing site of the GDF-9B gene which converts
the codon GTC (amino acid valine (V) to GAC (amino acid aspartic acid (D)).
We also showed that in Hanna sheep the C nucleotide beyond the mature
peptide processing site is converted to a T. This converts a codon CAG
(coding for glutamine (Q)) to a codon TAG (coding for termination) thereby
resulting in a truncated mature protein. These respective mutations in
Inverdale and Hanna are suggested to be the underlying causes for the
"streak" ovaries and anovulatory conditions in homozygous Inverdale or
Hanna ewes and in the Inverdale cross Hanna ewes. Previously it has been
shown that GDF-9 -/- nuce are infertile showing that GDF-9 is important fox
normal fertility in some mammals. However, with the discovery of the
related oocyte-specific factor GDF-9B several novel findings were found by
us to support the notion that: ( 1) GDF-9B is essential for normal
folliculogenesis in some mammals; (2) that GDF-9B is critically important
for determining the ovulation rate in some mammals and; {3) since GDF-9 and
GDF-9B are co ` expressed by oocytes, they function co-operatively to
enhance both follicular development and ovulation rate. Collectively these
novel hypotheses were only made possible by our discovery of the  Inverdale
and Hanna GDF-9B mutations in sheep. 3   WO 01/9C393 PCT/NZ01/00113 The
inventors have for the first time determined the full gene structure of the
sheep GDF-9B gene encoding the wild-type protein and have shown that it is
necessary for maintaining normal ovarian folliculogenesis in sheep. The
inventors have also identified the full gene structure of the GDF-9B
variants in Inverdale and Hanna sheep which cause higher than normal
ovulation rates in heterozygous animals and infertility in homozygous
animals. It is broadly to the full-length wildtype and mutated GDF-9B
sequences and variants thereof and their use in the modulation of mammalian
fertility that the present invention is directed. All references, including
any patents or patent applications, cited in this specification are hereby
inearporated by reference. No admission 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: l ; . b) a sequence
able to hybridise under stringent conditions to the molecule in (a); c) a
sequence which is a functional variant or fragment of the molecule in (a);
d) a sequence complementary to the molecule defined in (a), (b) or (c); and
e) an anti-sense sequence corresponding to any of the molecules in (a) -
(d). In a second aspect, the present invention provides an isolated full
length mutated GDF-9B nucleic acid molecule comprising a nucleotide
sequence selected from the group consisting of: a) SEQ ID NO: 3 or SEQ T17
NO: 5 ; b) a sequence able to hybridise under stringent conditions to the
molecules) in (a); c) a sequence which is a functional variant or fragment
of the molecules) in (a); d) a sequence complementary to the molecules)
defined in (a), (b) or (c); and e) an anti-sense sequence corresponding to
any of the molecules) in (a) - (d). 4   WO O1196393 PCT/NZ01/00113 The
nucleic acid molecule may be an RNA, cRNA, genomic DNA or eDNA molecule,
and may be single- or double-stranded. The nucleic acid molecule may also
optionally comprise one or more synthetic, non-natural or altered
nucleotide bases, or combinations thereof. In a third aspect, the present
invention provides an isolated full-length GDF-9B polypeptide comprising an
amino acid sequence selected from the group consisting of: a) SEQ ID N0:2 ,
SEQ ID N0:4 ; or SEQ ID N0:6; and b) A functional variant or fragment of
the sequences) in (a). In a fourth aspect, the present invention provides a
homodimeric mature GDF-9B polypeptide having subunits comprising an amino
acid sequence selected from the. group consisting of SEQ ID N0:2 or a
functional fragment or variant of said sequence. 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 N0:2 or functional
fragment or variant of said sequence; and b) A mature GDF-9 polypeptide or
a functional variants or fragments thereof. The present invention further
provides in a sixth aspect a method of expressing biologically active
processed homodimeric GDF-9B polypeptide comprising the steps of: a)
generating an expression construct comprising a nucleic acid molecule
comprising a nucleic acid sequence selected from the group consisting of
SEQ ID NO:I or a functional fragment or variant of said sequence of the
group; b) transfecting a suitable cells with said construct; c) selecting
stable clones; and d) isolating and purifying the expressed polypeptide. In
a seventh aspect, the present invention provides a method of expressing
biologically-active processed heterodimeric GDF-9B and GDF-9 polypeptides
comprising the steps of: 



5   WO 01/9C313 PCT/NZ01/00113 a) generating an expression construct
containing a nucleic acid molecule comprising: (i) a nucleic acid sequence
selected from the group consisting of: SEQ ID N0:1 or a functional fragment
or variant of said sequence; and (ii) a nucleic acid molecule encoding
GDF-9 or a functional fragment or variant thereof; b) transfecting suitable
cells with said construct; c) selecting stable clones; and isolating and
purifying the expressed polypeptide Preferably the cells transfected are
vertebrate, however the use of other cell types is envisaged. The GDF-9
nucleic acid and protein sequences are available in public databases such
as GENbank and SWISS-PROT. The accession number for the sheep GDF-9 nucleic
acid is AF078545 and for protein is AAC28089. 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: Y a) adding an
effective amount of a GDF-9B homodimeric polypeptide; and/or a GDF 9BlGDF-9
heterodimeric polypeptide to an ovarian cell or organ culture with or
without other ovarian growth factors such as IGF-1 and/or other members of
the transforming growth factor superfamily (e.g. activin, BMP2, TGF(31);
and 6 



WO 01/9C393 PCT/NZ01/00113 b) conducting a bioassay on said cell or organ
culture to assess the biological activity of said homodimeric and
heterodimeric polypeptides. In a ninth aspect, the invention provides
transgenic animal models useful for demonstrating the effect of systemic
production of GDF-9B homodimers and GDF-9B/GDF-9 heterodimers on follicular
growth. In a tenth aspect, the invention provides a method of adenoviral,
retroviral and alphaviral transfer of GDF-9B expression cassettes or GDF-9
expression cassettes to host cells or organisms to thereby effect isa 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 N0:1 or a functional fragment or
variant of said sequence, said nucleic acid molecule being in operative
association with an expression control sequence. 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 andlor LH) and/or other
ovarian growth factors such as IGF-1, kit ligand (stem cell factor),
epidermal growth factor or a member of the TGF~i superfamily (i.e, an
agonist or antagonist) to: 1)alter follicular growth in ovaries of a mammal
or other vertebrate either in vivo or ifa vitao; 03' 2) alter isolated
ovarian cell growth/maturation i~a vitro (e.g. oocyte - cumulus cells
and/or granulosa cells} 7   WO 01/9G393 PCT/NZ01/00113 



In yet a twelfth aspect, the invention provides 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 and/or
other relevant ovarian growth factor agonists/antagonists. Tn a thirteenth
aspect the invention provides a method of altering ovarian follicular
growth in a female mammal or other female vertebrate, in vr.'vo said method
comprising the step of transforming mammalian and othex 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. Tn 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 )D NO: 11, SEQ m NO: 13 and SEQ DJ 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 m NO: 12 and SEQ ID N0:16,
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: 8   'WO O1/91>393 PCT/NZ01/00113 i) alter follicular growth in
ovaries of a mammal or other vertebrate either i~a vi.vo or i~a vitao; or
ii) alter isolated ovarian cell growth/maturation in. vitro Preferably said
mammal is selected from the group comprising sheep, cattle, goats, deer,
pigs, humans, horses, camelids and possums, cats and dogs and any other
commercially important species having a GDF-9B gene having a substantial
identity to the GDF-9B sequences of the present invention. Said vertebrate
is preferably selected from the group comprising chickens, ducks, geese,
salmon and any other commercially important species having a substantial
identity to the GDF-9B sequences of the present invention. Brief
Description of Drawings In particular, preferred aspects of the invention
will be described in relation to the accompanying drawings, in which:
Figure 1. Shows the nucleotide sequence of wildtype GDF-9B in sheep. 



Figure 2. Shows a portion of the nucleotide sequence of Figure 1 and
illustrates the Inverdale mutation. Figure 3. Shows a portion of the
nucleotide sequence of Figure 1 and illustrates the Hanna mutation. Figure
4. Shows the deduced amino acid sequence of wildtype GDF-9B in sheep.
Figure 5. Shows a portion of the amino acid sequence of Figure 1 and
illustrates the Inverdale mutation. Figure 6. Shows a portion of the amino
acid sequence of Figure 1 and illustrates the Hanna mutation. Figure 7.
Show the signal sequence polymorphism for GDF-9B with sheep. 9   WO
01/9G393 PCT/NZ01/00113 Figure 8. Shows the additional upstream ATG colon
present in sheep. Figure 9. Shows photomicrograph illustrating the
localisation of GDF-9B in an oocyte. DETAILED DESCRIPTION OF THE INVENTION
As discussed above, the primary focus of the invention is the modulation of
ovarian follicular growth via GDF-9B homodimers and GDF-9B/GDF-9
heterodimers activity irz vivo and i~z vitro. The term "isolated" means
substantially separated or purified from contaminating sequences in the
cell or organism in which the nucleic acid naturally occurs and includes
nucleic acids purified by standard purification techniques as well as
nucleic acids prepared by recombinant technology, including PCR technology,
and those chemically synthesised. Preferably, the nucleic acid molecule of
SEQ ID NO: 1 is isolated from sheep genomic DNA, and that of SEQ ID NO: 3
and SEQ ID NO: 5 is isolated from DNA of sheep expressing the Inverdale or
Hanna phenotype. It has been noted that a polymorphism may occur in the
signal peptide of GDF-9B in sheep (SEQ ID NO: 7, SEQ ID NO: 8). The
predicted signal sequence appears to be around 25 amino acids long as
predicted using the Signal P programme (Signal P V 1.1 server at
http://~enome.cbs.dtu.dk/services/SignalP) (Neilsen et al., 1997} from ATG
(Met) to ACA (Thr) in SEQ )17 NO: 7 and SEQ ID NO: 8. A 3 base pair
deletion is observed in some sheep where one of the two CTT sequences is
not present. Therefore some sheep have a shorter signal sequence although
most have the full length. From studies of Hanna, Hanna cross Inverdale,
Inverdale and wild-type sheep either related or unrelated to Inverdale or
Hanna, most were homozygous for two CTT's, although some were heterozygous
fox one CTT The prevalence of the shorter version of the signal peptide was
found to be high in the Merino breed of sheep but low in Romney breeds
indicating that the polymorphism may be related to breed. Most Romney 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. 10   1 WO
01/9G393 PCT/NZ01/00113 



It has also been noted that an additional `in-frame' ATG start codon is
present in the sheep genomic DNA sequence 27 nucleotides upstream from the
GDF-9B ATG start codon (SEQ ID NO: 9 , SEQ ID NO: 10). This sequence is
present in a11 sheep sequenced, whether wildtype, Inverdale or Hanna
carrier s, and is clearly independent of the Inverdale and Hanna mutations.
It is not known whether this upstream start codon is used during protein
translation in sheep (SEQ ID NO: 9, SEQ JD NO: 10). If so it would result
in a signal sequence of an additional 9 amino acids. Such a difference
between sheep and other mammalian GDF-9B proteins would be unlikely to
affect the function of the mature protein as this portion of the molecule
is cleaved off in the active mature GDF-9B, but we mention the possibility
of an alternative protein translation start site which may be present in
sheep. The signal peptide prediction progranune (Neilsen et al., l997)
indicates that this additional 9 amino acid sequence may function as a
signal peptide and that the likely end site for the signal peptide would
still be the Thr (T) amino acid indicated in SEQ ID NO: 7 and SEQ ID NO; 8.
In a further aspect, the present invention provides an isolated polypeptide
selected from the amino acid sequences of SEQ ID NO: 2, SEQ ID NO: 4 and
SEQ ID NO: 6 or a functional variant thereof which functions to manipulate
ovarian follicular growth in a female mammal. The polypeptide may be
produced by expression of a suitable vector comprising the nucleic acid
molecule 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 nucleotide and polypeptide sequences
wherein the nucleotide or amino acid sequence exhibits substantially 50% or
greater homology with the nucleotide or amino acid sequence of SEQ ID NOS:
1-6 respectively, preferably 75% homology 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 hybridisatibn procedure typically used are described in
(Tisdall et a1.,1999); (Juengel et a1.,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   WO 01/96393 PCT/NZ01/00113 modification of the native
DNA by, for example, site-specific or cassette mutagenesis. Preferably,
where portions of cDNA or genomic DNA require sequence modifications,
site-specific primer directed mutagenesis is employed, using techniques
standard in the art. A "fragment" of a nucleic acid is a portion of the
nucleic acid that is less than full Iength, and comprises at least a
minimum sequence capable of hybridising specifically with a nucleic acid
molecule according to the invention, or a sequence complementary thereto,
under stringent conditions as defined below. A "fragment" of a polypeptide
is a portion of the polypeptide which is less than full length, but which
still retains the biological activity as defined herein. The term
"biologically active" refers to a polypeptide of the invention which is
able to elicit a measurable physiological effect in the ovary or ovarian
cell of a mammal or other vertebrate. The physiological effects may be
measured by assays such as the incorporation of tritiated thynudine into
granulosa cells. An example of such an assay is one in which follicles (
I-2.5 mm diameter) are dissected free from ovarian strorna and granulosa
cells isolated from theca and oocyte cumulus complexes. The cells are
washed and resuspended in fresh media at a final concentration for bioassay
of I00,000 viable cells per well and incubated with or Without polypeptide
for 48 hours. At this time incorporation of tritiated thymidine is
measured. The term "protein (or polypeptide)" refers to a protein encoded
by the nucleic acid molecule of the invention, including fragments,
mutations and homologs having the same biological activity i.e. ovulation
manipulation activity. The polypeptide of the invention can be isolated
from a natural source, produced by the expression of a recombinant nucleic
acid molecule, or can be chemically synthesised. The term "ligand" refers
to any molecule which can bind to another molecule such as a polypeptides
or peptide, and should be taken to include, but not be limited to,
antibodies, cell surface receptors or phage display molecules. In addition,
nucleotides and peptides having substantial identity to the nucleotide and
amino acid sequences of the invention can also be employed in preferred
embodiments. Here "substantial identity" means that two sequences, when
optimally aligned such as by the programs GAP or BESTFTT (peptides) using
default gap weights, or as measured by computer algorithms BLASTX or 12
WO 01/9C393 PCT/NZ01/00113 BLASTP, share at least 50%, preferably 75%, and
most preferably 90-95% sequence identity. Preferably, residue positions
which are not identical differ by conservative amino acid substitutions.
For example, the substitution of amino acids having similar chemical
properties such as charge or polarity are not likely to effect the
properties of a protein. Non-limiting examples include glutamine for
asparagine or glutamic acid for aspartic acid. In a further aspect, the
present invention provides in replicable transfer vectors suitable for use
in preparing a polypeptide or peptide of the invention. These vectors may
be constructed according to techniques well known in the art, or may be
selected from cloning vectors available in the art. The cloning vector may
be selected according to the host or host cell to be used. Useful vectors
will 



generally have the following characteristics: (a) the ability to self
replicate; (b) the possession of a single target for any particular
restriction endonuclease; and (c) desirably, carry genes for a readily
selectable marker such as antibiotic resistance. Two major types of vector
possessing these characteristics are plasmids and bacterial viruses
(bacteriophages or phages). Presently preferred vectors axe bacterial,
insect or mammalian vectors and may include the following: the pUC,
pBlueScript, pGEM, PGEX, pBK-CMV, lambda ZAP, lambda GEM, pEFIR.ES-P,
pUB6/V5/His, pBCI, pADTrack-CMV, pAdenovator, pAdEasy-1, pSFV-PD, pCA3,
pBABE, pPIC9, pA0815, pET and pSP series. However, this list should not be
seen as limiting the scope of the present invention. Examples of preferred
expression systems are as follows: 1. For an ifa vitro cell expression
system, the 293T cell system with a pEFIRES-P vector (Hobbs S et a1..,1998)
which confers puromycin resistance may be used. For coexpression of two
genes, the aforementioned vector may be modified to change the antibiotic
resistance gene to bleomycin resistance. Alternatively, the co-expression
of two genes and the selection gene can be achieved by constructing a
tricistronic expression vector. A corresponding stably transfected insect
cell system can also be used, e.g. the S2 cell system using "DES" vector
expression system; www.invitrogen.com. 13   WO O1/9(393 PCT/NZ01/00113 2.
With respect to expressing GDF's in alI tissues of transgenic animals, one
approach is to use the pUB6/V5-His A vector {www.invitrogen.com) to make
the constructs. For tissue specific expression the rat PEPCK 0.6 kb
promoter for liver and kidney expression can be included in the construct
by replacing the Ubi-C promoter in the pUB6/V5-His A vector with the PEPCK
promoter. For GDF expression in mammary tissue another promoter system
would be preferred. For this tissue one approach would be to use the bovine
[3-Iactoglobulin gene promoter and/or the bovine cx S 1 casein promoter
(e.g. pBC 1 vector, www.invitro en.com) to drive the expression of the GDFs
into milk. For global overexpression in transgenic animals, the CMV
enhanced (3-actin promoter (Okabe M, et al.; FEBS Letters 407: 3 I3-319,
1997) or a modified EF 1 a-promoter can be used also (TaboitDameron F, et
aL, Transgenic Research 8: 223-235, 1998). Adenovii~uses, retroviruses and
alphaviruses axe other suitable mammalian expression systems. A typical
approach to those skilled in the art is that described by (TC He et al.,
l998),. With respect to GDF expression the pAd Track-CMV vector or
pAdenovator vectors (www.~biog~e.~ne.com) can be used to make the construct
which is then co-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 propose (e.g. PCA3 plasmid based gene. transfer (www.microbix.com); or
COS-TPC method (Miyalce S et al.,I996). 3. Non-cytopathogenic Semliki
Forest viruses expressing GDF's can be generated using, fox example,
pSFV-PD vectors as described by Lundstrom et al., Histochem Cell Biol 1l5:
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. Pic7iia pastoris, Sacclza~onayces cerevisiae) are another
well established expression system to those skilled in the art {C Hadfield,
et al., 1993);(MA Romanos et al., 1992),. For example, the pPIC9 vector
(www.invitro eg n.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. 14   WO 01/96393
PCT/NZ01/00113 5. Eclaericlaia coli (E. coli) is a standard laboratory
expression system in widespread use. For example, the pET expression system
(www.nova eg n.com) can be used to express recombinant mammalian GDF-9 and
GDF-9B (Steve.lawrenceC~agresearch.co.nz). The DNA molecules of the
invention may be expressed by placing them in operable linkage with
suitable control sequences in a replicable expression vector. Control
sequences may include origins of replication, a promoter, enhances and
transcriptional terminator sequences amongst others. The selection of the
control sequence to be included in the expression vector is dependent on
the type of host or host cell intended to be used for expressing the DNA as
would be understood by a person skilled in the art. The expression vectors
useful in the present invention may contain at least one expression control
sequence that is operatively linked to the DNA sequence or fragment to be
expressed. The control sequence is inserted in the vector in order to
control and to regulate the expression of the cloned DNA sequence. Examples
of useful expression control sequences are the lac system, the trp system,
the tac system, the trc system, major operator and promoter regions of
phage lambda, the glycolytic promoters of yeast acid phosphatase, e.g.
PhoS, the promoters of the yeast alpha-mating factors, and promoters
derived from polyoma, adenovirus, retrovirus, and simian virus, and
cytomegalovirus e.g. the early and late promoters of SV40, and other
sequences known to control the expression of genes of prokaryotic and
eukaryotic cells and their viruses or combinations thereof. In the
constmction 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 2I 10 ( 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 axe preferred. 15   WO 01/9C393 PCT/NZ01/00113
Upon transformation of the selected host with an appropriate vector the
polypeptide encoded can be produced, often in the form of a fusion protein,
by culturing the host cells. The. polypeptide of the invention may be
detected by rapid assays as indicated above. The polypeptide is then
recovered and purified as necessary. Recovery and purification can be
achieved using any procedures known in the art, for example by absorption
onto and elution from an anion exchange resin. This method of producing a
polypeptide of the invention constitutes a further aspect of the present
invention. Host cells (including whole animal hosts), transformed,
transfected or infected with the vectors of the invention also form a
further aspect of the present invention. In addition, a further aspect of
the present invention provides for an antibody, antibody fragment, single
cell surface receptor or complex cell surface receptor or phage display
molecules binding to a polypeptide or peptide of the invention. The
polypeptide or peptide may be present as a monomer, dimer, heterodimer,
multimer or a variant thereof. More specifically, the invention provides
methods for producing antibodies against the wild-type (SEQ m NO: 2) or
mutated (SEQ TD NO: 4 and SEQ ID NO: 6) GDF-9B polypeptide sequences as
monomers or homodimers or as heterodimers in combination with GDF-9. The
antibodies can be used for the characterisation of the wild-type endogenous
proteins, or peptide fragments and expressed recombinant proteins, or
peptide fragments and for passive immunisation of recipient mammals for the
modulation of ovarian follicular growth in vivo. It will be appreciated by
the reader that a further aspect of the invention contemplates the use of
the polypeptides of the invention in the preparation of antisera for the
detection of other GDF-9B -like 



peptides. Polyclonal antibodies may be produced according to the method
used by (Koelle et al., 1991) incorporated herein by reference. Useful
antibody production protocols are outlined in US Patent 5,514,578.
Monoclonal antibodies may be produced by methods known in the art. These
methods include the immunological method described by (Kohler and Milstein,
1975) as well as the recombinant DNA method described by (Ruse et al..,
1989). 16   WO 111/96393 PCT/NZ01/00113 In a further embodiment, the
invention provides a method of manipulating ovarian follicular growth in
cells in culture and/or transgenic animals. By overexpression of GDF-9B
homodimers and GDF9B/GDF-9 heterodimers, the timing and level of expression
of specific ovarian follicular protein genes may be altered in cultured
cells or transgenic animals, for example GDF-9B homodimers or GDF-9B/GDF-9
heterodimers encoding sequences may be inserted into a gene cassette under
the control of a specific promoter or a promoter that expresses in a11 cell
types (see examples below) (constitutive expression). This cassette also
comprises 3' flanking DNA that could stabilise the mRNA and may optionally
comprise downstream regulatory sequences. This DNA cassette could be
introduced into the genome of mammals by micro injection. of the DNA into
the pronuclei of eggs (as described in LTTuillier et al., 1996) which are
subsequently transferred back to recipient animals and allowed to develop
to term. This technique for the production of transgenic animals is
described by (Hogan et al., l996). Transgenic animals may be produced by
transfection of cells in culture derived from an embryo, or foetal or adult
tissues; followed by nuclear transfer and embryo transfer to recipient
animals. Alternatively the gene cassette may be bound to mammalian sperm
and delivered to the egg VIa E72 VlIYO Or 1.72 VdVO fertilisation to
produce a non-human transgenic animal. Manipulation of the developmental
regulation or the level of expression of GDF-9B homodimers or GDF-9B/GDF-9
heterodimers may be used to alter the level of ovarian follicular protein
synthesis or production. The invention also includes adenovirus-based gene
therapy techniques for expressing GDF-9B and GDF-9/GDF-9B in cell cultures,
organ cultures and whole experimental animals for manipulating ovarian
follicular protein synthesis or production. Non-limiting examples
illustrating the invention will now be provided. It will be appreciated
that the above description is provided by way of example only and
variations in both the materials and techniques used which are known to
those persons skilled in the art are contemplated. EXAMPLES EXAMPLE I
Isolation of wildtype ovine GDF-9B DNA and identification of mutated ovine
GDF-9B DNA sequences 17   WO 01/9C393 PCT/NZ01/00113 Different combinations
of oligonucleotide primers derived from human/mouse/rat GDF-9B sequences
previously cloned by us were used in PCR on genomic sheep DNA for obtaining
fragments of the ovine GDF-9B gene for sequencing. Functional primer pairs
were used for obtaining wild-type sheep genomic clones from arrayed
libraries and for obtaining cDNA sequence from wild-type ovine ovarian
cDNA. The sequence from the full coding regions of Inverdale and Hanna was
obtained by sequencing relevant PCR fragments obtained from the respective
genomic DNA's. The wildtype GDF-9B sequence is disclosed here as SEQ ID NO:
1, Inverdale as SEQ ID NO: 3, and Hanna as SEQ ID NO: 5. EXAMPLE 2
Production of specific antibodies and demonstration of natural homodimeric
GDF-9B and heterodimeric GDF-9B/GDF-9 proteins in mammalian ovaries.
Antigens fox immunising mammals or birds are generated using nucleotide
sequences disclosed in the invention as SEQ ID NO: 1, SEQ 1D NO: 3, and SEQ
ID NO: 5 or variants thereof in operative association with an expression
control sequence enabling expression of the protein in E. coli. Yet as
another approach, anti-peptide antibodies directed against specific peptide
sequences from SEQ ID NO: 2, SEQ m NO: 4, SEQ ID NO: 6 or variants thereof
are generated. Immunoreaetivity can be assessed by ~ standard methods (e.g.
ELISA) and/or to obtain specific IgGs recognising GDF-9B homodimers and
GDF-9B/GDF-9 protein heterodimers from natural sources and cell/tissues
overexpressing the respective recombinant proteins. 



Previous evidence by the inventors' group (e.g. Aaltonen et ~l. (I999) and
Jaatinen et al., 1999) show the presence of GDF-9 mRNA and protein in
oocytes of preantral follicles in rodents and primates. Here we show
evidence by immunocytochemistry using a mouse antibody for the presence of
GDF-9B protein in sheep ovaries (Fig. 9}. The immunohistochemical
methodology was similar to that described by Tisdall et al. ( 1999) Stem
cell factor and c-kit gene expression and protein localisation in the sheep
ovary during fetal development, J Reprod Fert 116: 277-291. The only
exception was that a tyramide 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   1 WO O1/96393 PCT/NZ01/00113 and subsequently with 0.05
mg antigen in a Span/Tween/oil mixture and the animal sacrificed 1 week
after the final booster and serum collected. Collectively these and other
data show that both the mRNA and protein for GDF-9 and GDF-9B are present
in oocytes of mammals (Aaltonen et a.l., 1999; Galloway et. al., 2000).
Evidence that antipeptide antibodies directed against specific peptide
sequences affect mammalian ovarian activity is shown in.Table 1. Table 1:
Ovulation rate in sheep following administration of plasma containing
antibodies to keyhole limpet haemocyanin (KLH) conjugated to GDF-9B peptide
TreatmentMean Ovulation Rate(ran e)Anti-KLH1.6(n=5 animals)1-2)Anti-GDF-9B
peptide0.2M(5)(0-1 *p<0.05 (students t-test) In this study 10 female sheep
had their oestrous (i.e. ovarian) cycles synchronised using prostaglandin
FZa (Estz~umate, 125 ~,g i.m.). All animals were observed to show
synchronised oestrus following markings with vasectomised rams. On day 5 of
the subsequent luteal phase, 5 ewes were administered with a pooled plasma
recovered from another flock of ewes that had been immunised on 7
consecutive monthly occasions with a 15 mer GDF-9B peptide conjugated to
keyhole limpet haemocyanin (KLH). The pooled sera contained high titre
antibodies to GDF-9B as assessed by ELISA assay using a full-length E. coli
expressed GDF-9B as antigen. The other 5 ewes were administered with a
pooled plasma to I~LH recovered from a separate flock of ewes that had been
immunised also on 7 consecutive monthly occasions. The pooled plasma from
these animals did not contain detectable GDF-9B antibody. Antibody levels
were measured by an ELISA procedure after the sheep plasmas were diluted
1:50000. The ELISA method involved coating a 96-well plate with 100 ng/well
of an E. coli 19 



WO 01/9C393 PCT/NZ01/00113 expressed full-length GDF-9B and incubation with
100 pl of diluted sheep plasma and l00 ~,.~.1 of assay buffer, after
appropriate blocking treatment and successive washes. After incubation with
the sheep plasma and several washes, r abbit anti-sheep-HRP was added for 1
h at 37"C. The wells were then washed and developed with o-phenylenediamine
plus hydrogen peroxide with development being stopped with sulphuric acid.
The ewes were each given I00 ml of sterile plasma intravenously and 4 days
later administered with a second prostaglandin FZa injection to synchronise
oestrus. The ovulation rates were examined by laparoscopy 14 days after
administration of plasma. In our previous patent no. 500844 we demonstrated
a significant perturbation in ovarian follicular development in mice when
the animals were immunised with an E. coli derived mature ovine GDF 9B. In
this study 10 female mice were immunised intraperitoneally (i.p.) with the
E, coli-derived mature ovine GDF-9B protein (0.2 mg) in Freunds complete
adjuvant (FCA) (0.2 nil), and another 10 female mice were immunised with
bovine alpha lactalbumin (0.2 mg) in FCA (0.22 ml) i.p. to serve as
controls. Subsequently, 3 booster injections of the appropriate antigens
{0.1 mg at first booster and 0.05 mg at second and third booster) were
given at 2 week intervals in a Span/Tween/oil mixture and the animals
sacrificed 1 week after the final booster. Here we provide evidence for
these GDF-9B immunised mice that the exogenous biological activities of
both GDF-9 and GDF-9B are likely to be affected since these animals
contained cross reacting antibodies to both growth factors (Table 2). Table
2: Mean ( s.e.m.) antibody levels in mouse plasma following immunisation
with bovine alpha lactalbumin or ovine GDF-9B. The values presented show
the absorbance at 490 nm which represents the levels of antibody to GDF-9B
or GDF-9 TreatmentGDF-9BGDF-9Bovine oc-lactalbumin<0.060<0.060GDF-9B2.177
(0.l63)0.590 (0.058) 20   



WO 01/9C393 PCT/NZ01/00113 Thus we assert that procedures that lead to the
modulation of endogenous GDF-9 and GDF-9B will alter ovarian function.
Further evidence in support of our claim that modulating homodimeric GDF-9B
or GDF-9 and GDF-9B either as homodimeric mixtures or heterodimers is
provided by our novel findings following the immunisation of sheep (3-5 per
treatment group) against KLH (control), GDF-9B peptide conjugated to KLH or
GDF-9 peptide conjugated to KLH. The. animals were subjected to 7
consecutive monthly immunisations, the ovaries recovered after slaughter
and thereafter the ovarian volumes and numbers of types 1, la and 2
follicles were assessed by standard morphometric procedures (Snuth et al.,
l997). In addition the presence or absence of antral follicles were noted.
These results are summarised in Table 3. Table 3: Mean ovarian volumes and
numbers of Types 1-2, 3-4 and antral follicles following immunisation of
sheep with KLH, KLH conjugated to GDF-9B peptide or to GDF-9 peptide
TreatmentOvarian volumeNumber of TypeNumber ofNumber of antral(mean
range)1-2 folliclesType 3-4follicles(mean range)follicles(mean range)(mean
ran
e)KLH486151806328(3)(353-651)(11623-l7433)(61-65)(22-37)GDF-9B296814700Pept
ide-KLH(149-488)(3221-13786)5)GDF-92841627804Peptide-KLH(248-303)(10152-257
45)(0-11)(2) For these studies the GDF-9B peptide sequence was
SEVPGPSREHDGPESC (SEQ ID NO 17) and the GDF-9 peptide sequence was
KKPLVPASVNLSEYFC (SEQ ID NO 18). The Romney ewes were injected with 0.4
mg/ewe of KLH or KLH-GDF-9B peptide or KLH-GDF-9 peptide in Freund's
complete adjuvant. Subsequently at monthly intervals on 6 occasions, the
animals were boosted with further antigen (0.2 mg/ewe on each occasion) in
a Span/Tween/oil mixture (s.c.). The results show that relative to the
controls (KLH immunisations): (1) GDF-9-KLH and GDF-9B KLH immunisations
each can inhibit antral follicle development thereby demonstrating that
both GDF-9 and GDF-9B are essential for normal follicular development in
some mammals. 21   WO 01/9C393 EXAMPLE 3 PCT/NZ01/00113 Expression of
recombinant homodimeric GDF-9B and heterodimeric GDF-9B/GDF-9 protein in
mammalian cells in vi.tno and is~ vivo. Expression constructs generated in
plasmid vectors containing nucleotide sequences disclosed in the invention
as SEQ DJ NO: 1, SEQ ID NO: 3, and SEQ m NO: 5 or variants thereof in
operative association with an expression control sequence (CMV, EF1, and
mammary specific promoter sequences) are transfected/transferred to
mammalian cells and stable clones are selected using an antibiotic
selection marker. For optimising the processing of the expressed
recombinant polypeptide sequence the furin processing site is mutated and
an auxiliary expression cassette driving the overexpression of the Turin
protease in the producer cells is introduced. As an example of an effective
mammalian expression system for producing oGDF-9B homodimeric protein we
have generated human 293T cell lines transfected with the pEFIRES-P vector
containing the rat GDF-9B pr oregion (Jaatinen et al., Mol Cell Endocrinol.
156:189-93, 1999) fused to an ovine GDF-9B mature region sequence (SEQ >17
NO: I and N0:2). 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 HamF 12/DMEM under serum
free conditions for 4 days to produce ovine GDF-9B into the supernatant
which was subsequently used in bioassay as described in Example 4. To gain
biochemical evidence for physical heterodimerisation of sheep GDF-9B with
GDF-9 the following approach was used. A similar rat/sheep chimeric GDF-9B
open reading frame as described above but containing a C-terminal 8 amino
acid FLAG epitope was cloned into pSFV-PD Semliki Forest Virus vector and a
high titre virus stock of SFV-PD-oGDF-9B-FLAG was generated in BHK cells as
described in Lundstrom et al, Histochem Cell Biol 115: 83-91, 2001). A high
titre SFV-PD-oGDF-9B-FLAG virus was seen to very effectively infect human
293T cells and cause high expression of oGDF-9B-FLAG in these cells. After
infection, during a 4 day culture processed oGDF-9B-FLAG was secreted to
medium and the protein was easily visualised as a 18 kd band in Western
blot analysis using anti-FLAG M2 antibody. For co-expression of ovine
GDF-9B-FLAG with ovine GDF-9 another 293T cell line was generated using a
pEFIRES-P vector containing an open reading frame encoding a prepro GDF-9
polypeptide. Parental 293T cells and 293T cells stably 22   1 WO (11/91i393
PCT/NZ01/00113 expressing oGDF-9 were infected with equal amounts of
SFV-PD-oGDF-9B-FLAG viruses and supernatants were collected after 4 days in
culture. One ml of supernatants from uninfected and SFV-PD-oGDF-9B-FLAG
infected cells were subjected to immunoprecipitation with 1 ~.g/ml anti
FLAG-M2 antibodies and complexes were recovered with protein G agarose.
Eluates were evaluated in Western blots using anti-FLAG-M2 antibodies and
anti GDF-9 antibodies. Although anti FLAG M2 antibodies do not react with
ovine GDF-9, an immunoreactive 20 kd GDF-9 mature peptide was seen in
supernatants of GDF-9 expressing cells that had been infected with
SFV-PDoGDF-9B-FLAG viruses and immunoprecipitated with anti FLAG M2
antibodies. These coimmunoprecipitation experiments indicate a direct
physical interaction of recombinantly expressed ovine GDF-9B and GDF-9 and
confirm the existence of sheep GDF-9/GDF-9B heterodimers. Methods are
described for over-expressing nucleotide sequences disclosed in the
invention as SEQ m NO: 1, SEQ TD NO: 3, and SEQ I17 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 m 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 i.~a 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, marphometric 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   WO 01/9(i393 PCT/NZ01/00113
retroviruses. These viral approaches offer ways of testing the bioactivity
of different GDF-9B and GDF-9 gene constructs if2 vivo and also provide
alternative ways of immunising animals against GDF-9B and GDF-9. EXAMPLE 4
Measurement of the biological activity of hornodimeric GDF-9B and
heterodimeric GDF-9B/GDF-9 proteins in ovarian cell cultures. For assessing
the biological activity of proteins expressed from the nucleotide sequences
disclosed in the invention as SEQ D~ NO: l, SEQ ll~ NO: 3, and SEQ H~ 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
(o)GDF-9B extract is assessed by measurement of [3H] thymidine
incorporation by isolated ovine granulosa cells during a 48 h incubation at
37C. The results show that the roGDF-9B caused a 1.9-fold increase in
tritiated 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 mrn 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 1x105 viable cells per well. Table 4: Mean
s.e.m. increase in [3H] thymidine incorporation in ovine (o) granulosa
cells after exposure to roGDF-9B or control media (n=3 separate
experiments) Treatmentj3H th midine into oration (c m)Control3256283Rec
ovine (o)-GDF-9B6291503*** RoGDF-9B was produced by transfected 293T cells
and partially purified using heparin-sepharose chromatography and the
protein eluted with 0.5 11I 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, NaCI elution arid dialysis. ***p<0.001, ANOVA 24   l WO
01/9C393 DISCUSSION PCT/NZ01/00113 The known human GDF-9B sequence and
oligonucleotide primers derived thereof enabled the inventors to determine
the sheep GDF-9B genomic and eDNA sequences and to assess the expression of
GDF-9B transcripts in sheep ovaries (Galloway et al., 2000). From
literature it appears that GDF-9 is needed for granulosa cell mitogenesis
and thecal cell differentiation. Indeed, recombinant rat GDF-9 is able to
stimulate rat follicular growth in vitro (Hayashi et al., 1999) as well as
the proliferation of rat granulosa cells in culture {Vitt et al., 2000).
Recombinant GDF-9 also regulates steroidogenesis and gonadotrophin receptor
expression in mouse and rat granulosa cells (Elvin et al., 1999; Vitt et
al., 2000). Furthermore, GDF-9 stimulates inhibin B production in human
granulosa cells in culture (Vuojolainen et al., in prepay ation). These
recent studies clearly demonstrate that GDF-9 homodimers have potent
effects on follicular growth and differentiation in several mammals but
before the invention described herein nothing has been known on the
possible biological effect of GDF-9B in the ovary. In our earlier New
Zealand patent specification no. 500844 the' present inventors showed that
the Inverdale gene maps to a sheep X-chromosome region containing genes
syntenic to Xp11.2-11.4 in human (Galloway et al., 2000) and determined
whether GDF-9B gene is affected in these animals, showing that the
Inverdale gene is actually an inactivated form of the sheep GDF-9B gene. In
Inverdale animals the T nucleotide at position 92 nucleotides beyond the
mature peptide processing site has become an A residue, converting the
colon GTC to GAC causing the substitution of the amino acid valine (V) to
aspartic acid (D). In all TGF-(3 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-~i 2, BMP-2 and BMP-7 (Schlunegger and
Grutter, 1993; Griffith et al., 1996; Scheufler et al., 1999). The
invention of New Zealand 500844 also provides evidence for a second GDF-9B
gene mutation identified in another flock of sheep, Hanna, having exactly
the same heterozygous and homozygous gene carrier phenotypes as Inverdale
ewes. Hanna animals present 



with a C to T nucleotide point mutation at position 67 nucleotides beyond
the mature peptide processing site introducing a premature stop colon at
the place of a glutamine (Q) residue. This change will cause a major
truncation of the mature peptide region causing inactivation of the protein
25   WO 01/9C393 PCT/NZ01/00113 product. Crosses between the Inverdale and
Hanna families lead to 50% infertile females proving that both mutations
clearly inactivate the GDF-9B gene product. 26   ' WO 01/9C393 REFERENCES
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group consisting of: a) SEQ ID No:l; 



b) a sequence able to hybridise under stringent conditions to the molecule
in (a); c) a sequence which is a functional variant or fragment of the
molecule in (a); d) a sequence complementary to the molecule defined in
(a), (b) or (c); and a) 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) SEQ ID NO: 3 or SEQ TD NO: 5 ; b) a sequence able to
hybridise under stringent conditions to the molecules) in (a); c) a
sequence which is a functional variant or fragment of the molecules) in
(a); d) a sequence complementary to the molecules) defined in (a), (b) or
(c); and e) an anti-sense sequence corresponding to any of the molecules)
in (a) - (d). 3. An isolated full-length GDF-9B polypeptide comprising an
amino acid sequence selected from the group consisting of: a) SEQ ID N0:2 ,
SEQ ID N0:4 ; or SEQ ll~ N0:6; and b) A functional variant or fragment of
the sequences) in (a). 4. A homodimeric mature GDF-9B polypeptide having
subunits comprising an amino acid sequence selected from the group
consisting of SEQ 1D 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 N0:2 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. 31   WO 01/9G313 PCT/NZ01/00113 7. A construct
comprising the nucleic acid moleculeof claim 1 or claim 2. 8. A host cell
which has been transformed by a vector or construct as claimed in claim 6
or claim 7. 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. 11. A ligand
which binds to a heterodimeric polypeptide as claimed in claim 5. 12. A
ligand as claimed in claim 10 or 11, wherein the ligand is an antibody or
an antibody fragment comprising the antigen-binding domain. 13. A ligand as
claimed in claim 12 wherein the ligand is a monoclonal antibody. 



14. A ligand as claimed in claim 10 or 11 wherein the ligand is a phage
display molecule. 15. A ligand as claimed in claim 10 or 11 where the
ligand is in the form cell surface receptor(s). 16. A method of expressing
biologically active processed homodimeric GDF-9B polypeptide comprising the
steps of: a) generating an expression construct comprising a nucleic acid
molecule comprising a nucleic acid sequence selected from the group
consisting of SEQ m N0:1 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: 32
WO O1/9(393 PCT/NZ01/00113 a) generating an expression construct containing
a nucleic acid molecule comprising: (i) a nucleic acid sequence selected
from the group consisting of: SEQ m NO:l or a functional fragment or
variant of said sequence; and (ii) a nucleic acid molecule encoding GDF-9
or a functional fragment or variant thereof; b) transfecting suitable cells
with said construct; c) selecting stable clones; and d) isolating and
purifying the expressed polypeptide. 18. A method of adenoviral, retroviral
and alphaviral transfer of GDF-9B expression cassettes or GDF-9 expression
cassettes to host cells or organisms to thereby effect in vivo expression
of GDF-9B homodimers or GDF-9B/GDF-9 heterodimers, comprising the step of
transferring into a recipient cell, organ culture or recipient animal, a
recombinant adenovirus including an expression cassette comprising a
nucleic acid molecule having a nucleotide sequence selected from the group
consisting of SEQ ID NO:1 or a functional fragment or variant of said
sequence, said nucleic acid molecule being in operative association with an
expression control sequence. 19. A transgenic animal which has been
transformed by a vector or construct as claimed in claim 6 or 7. 20. A
method of altering ovarian follicular growth, ifi vivo, in a female mammal
or other female vertebr ate, said method comprising the step of
transforming mammalian and other vertebrate ovarian host cells with GDF-9B
and GDF-9 expression cassettes to allow aver-expression of 



GDF-9B homodirners and GDF-9B/GDF-9 heterodimers. 21. A method of altering
ovarian follicular growth, i~a 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. 33   WO 01/9G393 PCT/NZ01/00113 22. A method as claimed in
claim 19 or 20 wherein said mammal is selected from the group consisting of
sheep, cattle, goats, deer, humans, pigs, horses, carnelids, and possums,
cats and dogs and any other commercially important species. 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 functional 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 TGF~3 agonists/antagonists to: i) alter follicular growth
in ovaries of a mammal or other vertebrate either in vivo or i~2 vitro; or
ii) alter isolated ovarian cell growth/maturation in vitro. 3:1  



WO 01/9C>393 PCT/NZ01/00113 26. A method for assessing the activity of
GDF-9B homodimers and/or GDF-9B/GDF-9 heterodimers, comprising the steps
of: a) adding an effective amount of a GDF-9B homodimeric polypeptide;
and/or a GDF9B/GDF-9 heterodimeric polypeptide to an ovarian cell or organ
culture with or without other ovarian growth factors (including TGF(3
agonists/antagonists); and b) conducting a bioassay on said cell or organ
culture to assess the biological activity of said homodimeric and
heterodimeric polypeptides. 27. A method of altering follicular growth
comprising the step of introducing a ligand as claimed in any one of claims
9-15 to: ii) alter follicular growth in ovaries of a mammal or other
vertebrate either i~a vivO or in vdt3"O; Ol" iii) alter isolated ovarian
cell growth/maturation i~2 vitro 28. An isolated functional variant
polypeptide comprising an amino acid sequence selected from this group
consisting of SEQ )D NO: 17. 29. An isolated functional variant polypeptide
comprising an amino acid sequence selected from this group consisting of
SEQ >D NO: 18. 3a. An isolated nucleic acid molecule comprising a nucleic
acid sequence selected from the group consisting of SEQ DJ NO: 11, SEQ >D
NO: 13, and SEQ lD 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 )D NO: 12, SEQ >D NO: 14 and SEQ
m 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. 3S   WO 01/9(i393 i ~ w PCT/NZ01/O0113 34. A vector
or gene construct incorporating an isolated nucleic acid molecule of the
present invention substantially as described herein with reference to any
example and/or drawing then eof. 35. A ligand which binds to a polypeptide
of the present invention substantially as described herein with reference
to any example and/or drawing. 36. A homodimeric polypeptide substantially
as described herein with reference to any example and /or drawing thereof.
37. A heter odimer is polypeptide substantially as described herein with
reference to any example and /or drawing thereof. 38. A method of
expressing a biologically active processed homodimeric polypeptide
substantially as described herein with reference to any example thereof.
39. A method of expressing a biologically active processed heterodimeric
polypeptide substantially as described herein with reference to any example
thereof. 40. A method of adenoviral transfer of polypeptides to thereby
effect in vivo expression of homodimeric or heterodimeric polypeptides of
the invention substantially as described herein with reference to any
example thereof. 



41. A method of altering ovarian follicular growth in a female mammal or
other vertebrate substantially as described herein in reference to any
example thereof. 42. A composition substantially as described herein with
reference to any example and/or drawing thereof. 43. The use of a
homodimeric or heterodimeric polypeptide to alter follicular growth
substantially as described herein with reference to any example thereof.
3!r   r WO (11/96393 PCT/NZ01/00113 44. A method for assessing the
biological activity of homodimeric and heterodirneric polypeptides
substantially as described herein with reference to any example thereof. 37
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