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Abstract

The gonadotrophin releasing hormone decapeptide pGlu-His-Trp-Ser-His-
Gly-Trp-Tyr-Pro-Gly-NH2 was originally isolated from chicken brain and
called chicken GnRH-II. The gene encoding this has since been fully
characterised in several vertebrates, showing that the primary sequence has
remained unchanged through a long evolutionary history. A specific GnRH-
II receptor protein with a high affinity for this ligand has also been recently
discovered. The GnRH-II system is thought to regulate sexual behaviour
through an action in the brain, and/or control gonadotrophin secretion in
association with the classical GnRH-I system at the level of the gonadotroph.
The aim of the study described in this thesis was to comprehensively
investigate the GnRH-II receptor system in a well characterised sheep model.

Four types of studies were performed. The first study sequenced the ovine
GnRH-II receptor gene by long-distance PCR, using primers to conserved

PEXlip and RBM8A genes flanking GnRH-II receptor homologues in other
vertebrates, followed by shot-gun cloning. The gene, including flanking
regions, 3 exons and 2 introns, spans 5.7Kb. The novel features include, the
lack of a Pit-1 transcription factor binding site in the 5 region, a premature

stop codon in exon 1 and an in-frame deletion of 51 base-pairs (17 codons) in
exon 2. These features were found to be present in 15 different domesticated
sheep breeds.

The second study investigated GnRH-II receptor gene expression in ovine
tissues. Immunocytochemistry using an antiserum to a selected 12 amino
acid sequence of the human GnRH-II receptor revealed staining in a

proportion of ovine gonadotrophs. Poly A+ RNA northern analysis using an

oligonucleotide probe in exon 1 on testes and pituitary gland from sexually
active and inactive rams revealed a transcript in testes encoding parts of the
receptor, but no transcripts were detected in pituitary gland. No transcripts
were found using an exon 2/3 probe. RT-PCR on forebrain, midbrain,



hypothalamus, pituitary gland, testes, adrenal gland and liver tissues were

negative for GnRH-II receptor expression, with possible expression in
hindbrain and ovary. In situ hybridisation on ovine testis and pituitary gland
were negative with exon 1 riboprobes and exon 1 and 2/3 oligonucleotide
probes.

The third study investigated evidence for GnRH-II receptor on

gonadotrophs. Cell purification techniques were used to isolate
gonadotrophs from ovine pituitary gland. RT-PCR and southern blot
analysis on mRNA from the enriched gonadotroph population revealed the
presence of GnRH-I but not GnRH-II receptor transcripts.

A fourth study used two selective GnRH-I receptor antagonists to test
whether administered GnRH-II acts through the GnRH-I receptor to elicit
gonadotrophin secretion. Antide was characterised as a specific GnRH-I
receptor antagonist using transiently transfected COS-7 cells and dissociated
pituitary cells. In vivo in our sheep model, antide blocked the acute LH

response to a single injection of GnRH-II (20pg antide: 10pg GnRH-II),
blocked both the acute, pulsatile LH response and the FSH priming response

to two-hourly injections of GnRH-II over 36 hours (lOOpg antide/8h: 4pg
GnRH-II/2h), and chronically blocked both the pulsatile LH response and
the marked FSH priming response to four-hourly injections of GnRH-II over

10 days (75pg antide/8h: 4pg GnRH-II/4h). In two final experiments the
GnRH-I receptor antagonist 135-18, shown previously to act as an agonist at
the mammalian GnRH-II receptor, blocked the gonadotrophin releasing
effects of GnRH-I (250ng) but failed to elicit an LH response when given
alone, and simultaneous administration of GnRH-II (250ng) failed to alter the
LH-releasing effect of GnRH-I (50-500ng).

In conclusion the presence of a premature stop codon in the ovine GnRH-II
receptor, and a major deletion mean it is unlikely that a full 7 transmembrane
domain G-protein coupled receptor is expressed in the sheep. RNA
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transcripts for part of the receptor were detected in testis, ovary and
hindbrain, indicating that a partial GnRH-II receptor protein may be
produced in a tissue-specific manner. The lack of a Pit-1 binding site in the 5
flanking sequence of the ovine GnRH-II gene, the lack of RNA transcripts
specifically in gonadotrophs and the in vivo evidence collectively suggest that
GnRH-II does not function to regulate gonadotrophin secretion in the sheep.
Overall these data complement recent published data for the marmoset,
African green monkey, rhesus macaque and man, and are consistent with the
generalised hypothesis that there has been redundancy in the multiple GnRH
receptor systems during vertebrate evolution.
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1 A review of the role of GnRH peptides
and their receptors in the regulation of

reproduction

1.1 Introduction

The study of the endocrine regulation of reproductive tissues continues to be
a major field of medical research. The discovery of the structure and
synthesis of a gonadotrophin releasing hormone (GnRH) peptide by R.
Guillemin and A. Schally had such important implications that they received
the Nobel prize in physiology/medicine (1977) (De Wied 1977). This form of
GnRH, now named GnRH-I, is a decapeptide and is the main regulator of
reproduction. It acts as the final mediator of brain signals on the
reproductive axis and is responsible for the secretion of gonadotrophins from
the pituitary gland. Any abnormality in the storage, release or action of
GnRH results in partial or complete failure of gonadal function (Seeburg,
Mason et al. 1987).

Since the discovery of GnRH-I several isoforms of this peptide have been
discovered. The most widely expressed of these within the body, and
between species is GnRH-II, the main concern of this thesis. Due to its wide
occurrence and conservation between species, GnRH-II is probably the
ancestral form of GnRH. It is found within the brain where is thought to act
in the control of sexual behaviour.

This review of the scientific literature will initially describe the role of GnRH-
I and its cognate receptor in the control of reproduction as the majority of the
literature relates to this system and there is evidence that GnRH-II may

interact with GnRH-I in this role. The various forms of the GnRH ligand, the
conformation they adopt and their genetic structure will be detailed before
the information on GnRH receptors. The final section will concentrate
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specifically on the GnRH-II system, what is known about the expression of
the GnRH-II ligand and receptor and a detailed discussion of the putative
functions of this system. The review will end with an outline of the aims and
hypotheses of this thesis.

1.2 GnRH-l and control of the reproduction
The main function of GnRH-I is to control reproduction via gonadotrophin
secretion. GnRH-I is released from neurones in the hypothalamus where it
travels via the portal blood to the pituitary gland. Here it binds to GnRH-I
receptors on the gonadotroph cells and elicits an intracellular cascade
resulting in LH and FSH secretion. These gonadotrophins act in the gonads
to stimulate the production of sperm, egg maturation and release, and also
the synthesis and secretion of hormones which themselves feedback to the
hypothalamus and pituitary gland. This process shall now be described in
detail.

1.2.1 Anatomy of the hypothalamus and pituitary gland
The hypothalamus is a small anatomical region at the base of the brain,
located below the hypothalamic sulcus, posterior to the lamina terminus and
anterior to a vertical plane immediately behind the mammillary bodies. The
third ventricle divides the hypothalamus into two symmetrical halves. The
hypothalamus is joined to the pituitary gland by the infundibulum or

pituitary stalk, which passes through a tough protective layer, the
diaphragma sellae, which lies above the pituitary gland located in the fossa
of the sphenoid bone. The positions of the hypothalamus and pituitary gland
are shown in Figure 1.1.
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Figure 1.1: Photograph showing a section of the mammalian brain and
pituitary gland. The pituitary gland is located below the hypothalamus.

The hypothalamus controls gonadotrophin secretion from the pituitary, via
the GnRH-I neuronal network. Although the morphology of these GnRH-1
neurones differs between species they develop and migrate in a similar
fashion. These neurones originate in the olfactory placode and migrate into
the forebrain. Once this migration is complete the cell bodies of the GnRH-I
neurones reside in the preoptic area and send most of their axonal
projections to the median eminence (Ebling and Cronin 2000; Wray 2001). A
few GnRH-I neurones have axonal projections to other parts of the brain,
such as the forebrain where they play a role in the promotion of reproductive
behaviour (Parhar, Pfaff et al 1995). Interruption of GnRH-I neuron migration
occurs in Kallmann's syndrome, and is associated with anosmia -

corroborating the origin of the GnRH cells in the olfactory placode (Ebling
3
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and Cronin 2000), infertility - due to the lack of GnRH signalling to the
pituitary gland, and an absence of libido reflecting the small proportion of
neurons which migrate to the forebrain and the lack of sex hormone
secretion (Parhar, Pfaff et al 1995).

The anatomy of the pituitary gland has been well documented, with the
gland divided into three lobes, the posterior lobe, the anterior lobe and an

intermediate lobe (Johnson and Everitt 2000), with the intermediate lobe not

always being distinct. The anterior pituitary gland develops from an

invagination of the oral fossa called Rathke's pouch. The cells forming this
structure are predetermined by the expression of homeobox genes. This
pouch protrudes towards the brain where it associates with the forming
posterior pituitary, also a pouch-like structure formed by an outgrowth of
the third ventricle. As the two lobes become more closely associated the
connection to the oral fossa is constricted and lost, while the posterior

pituitary remains connected to the hypothalamus (DeGroot and Jameson
2001).

The mature anterior pituitary gland is comprised of at least five distinctly
different cell types: corticotrophs, thyrotrophs, gonadotrophs, somatotrophs
and lactotrophs, each defined by the production and secretion of distinct
proteins (Treier and Rosenfeld 1996). The proteins released and their primary
functions are described in Table 1.1. The distribution of these cells probably
results from a multifaceted transcriptional cascade during development, with
the position of the progenitor cells, the combinatorial code of genes

expressed, and other factors secreted from other areas playing an important
role (Treier and Rosenfeld 1996).

4
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Cell type % of cells Protein produced Function of protein

Corticotroph 15-20 Adrenocorticotrophin Regulates adrenal function

Gonadotroph 10 Gonadotrophins,
lutenising hormone and
follicle stimulating
hormone

Control of gonadal function

Lactotroph 15-20 Prolactin Regulation of milk
production in the
mammilary glands

Somatotroph 40-50 Growth hormone Regulation of growth

Thyrotroph 5 Thyroid stimulating
hormone

Control of thyroid gland
growth and hormone
production

Table 1.1: The five cells of the anterior pituitary gland, the proteins they
produce and their actions.

1.2.2 GnRH-l secretion

GnRH-I is secreted from neurones in the hypothalamus; located in the caudal
medial septal nucleus, and the periventricular medial preoptic and adjacent
anterior hypothalamic areas (Johnson and Everitt 2000). There are relatively
few of these GnRH-I neurones, with around 2400 detected by
immunocytochemistry and electron microscopy in the adult baboon brain
(Marshall and Goldsmith 1980). These GnRH-I neurones terminate onto, and
release GnRH-I into the capillaries of the hypophyseal portal blood system in
the region of the median eminence, shown in Figure 1.2.

GnRH-I is released into the portal system in a pulsatile manner, with a pulse
being produced every 30-120 minutes. These pulses of GnRH result from the
synchronised firing of the hypothalamic GnRH neurones. This coordination
of the widely distributed GnRH neurones is believed to be due to an inherent
phasic firing property of the neurones, termed the GnRH pulse generator
(Wuttke, Jarry et al 1996).

5
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Figure 1.2: A schematic diagram of the hypothalamus, pituitary gland
and the portal capillary system. The hypothalamic neurones are shown in
blue. The major GnRH neuron group originate in the preoptic area of the
hypothalamus terminate in the median eminence and release GnRH into the
portal capillary network (shown in red). The peptide passes with the blood to
the anterior pituitary gland where it stimulates the release of LH and FSH
which pass through the circulation to the gonads where they stimulate the
production of sperm, egg maturation and release, and the production of
steroid hormones which feedback to the hypothalamus and pituitary gland.
(Adapted from (Johnson and Everitt 2000)).
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1.2.3 GnRH Receptor signalling
The portal blood carries the GnRH-I to the anterior pituitary where it binds
to GnRH-I receptors on gonadotroph cells in the anterior pituitary (Childs,
Unabia et al 1994). Mutations of the human GnRH-I receptor are responsible
for autosomal-recessive hypogonadotropic hypogonadism (Kottler, Counis et
al 1999; Costa, Bedecarrats et al 2001; Bedecarrats, Linher et al 2003). This is

characterised by abnormal pubertal development and highlights the
importance of this system.

Binding of GnRH to its receptor initiates a variety of intracellular signalling
cascades, with different heterotrimeric G-proteins involved in the different
cascades (Hawes, Marzen et al 1992; Stanislaus, Ponder et al 1998; Vaughan
1998). The signalling mechanisms are illustrated in Figure 1.3, with the blue
arrows representing established pathways. The consensus from previous
studies (Andrews, Staley et al 1986; Stojilkovic, Reinhart et al 1994; Hille, Tse
et al 1995; Stojilkovic and Catt 1995b; Stojilkovic and Catt 1995a; Kaiser, Conn
et al 1997; Ng, Yu et al 2001; Shacham, Harris et al 2001) is that binding of
GnRH to the receptor results in a conformational change resulting in the
dissociation of the heterotrimeric G-proteins leading to the activation of the p
isoforms of phospholipase C (PLCp), phospholipase D (PLD), phospholipase
A2 (PLA2) and mitogen-activated protein kinases (MAPK). PLC hydrolyses
phosphotidyl inositol 4,5-biphosphate forming inositol l,4,5triphosphate
(IP3), and diacylglycerol (DAG), while it is possible PLD stimulates DAG
production from phosphatidylcholine (PC). The IP3 produced binds to
receptors on the endoplasmic reticulum resulting in mobilisation of IP3
sensitive calcium stores and thereby an increase in intracellular calcium
concentration. Also extracellular calcium ions enter the cell via L-Type
voltage operated calcium channels (VOCC), which are activated by GnRH
binding its receptor. The calcium ions activate isoforms of protein kinase C
(PKC), while the DAG activates PKC directly. The PKC phosphorylates
proteins involved in the sustained release of LH and gonadotrophin

8
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biosynthesis, and may be part of a positive feedback loop, which involves
PKC activating MAPK and therefore the PLA2 cascade with arachidonic acid
(AA), and leukotrienes (LTs). PKA may also be involved in the
phosphorylation of proteins involved in the sustained release of LH and
gonadotrophin biosynthesis. It is possible that the GnRH receptor uses Gs
proteins to couple to adenylyl cyclase, increasing cAMP and activating PKA.

9
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Figure 1.3: The intracellular signalling pathways activated by the
binding of GnRH to its cognate receptor in the gonadotroph. The
established pathways are shown in blue while putative pathways are
indicated by the dashed arrows. An explanation of the diagram is given in
section 1.2.3. (Adapted from Millar (2002a)).
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1.2.4 Exocytosis of Lutenising hormone (LH) and Follicle

stimulating hormone (FSH)
Simultaneous sampling of both GnRH in the hypophysial portal blood, and
blood from the pituitary gland in conscious sheep demonstrated that each
GnRH pulse from the hypothalamus coincides with an LH pulse (Clarke and
Cummins 1982). This LH response is known to result from the mobilisation
and exocytosis of stored LH granules that begin to leave the gonadotroph
within 1-2 min of the stimulus (Rennels, Bogdanove et al 1971; Shiino,
Arimura et al 1972). Structures representing exocytotic opening sites are

visible in gonadotrophs by scanning electron microscopy (Mizuki,
Masumoto et al 1995). Studies indicate that each Ca2+ elevation spike within
the gonadotroph cell results in the exocytosis of 540 vesicles into the systemic
circulation in response to a 10s application of GnRH-I (Stojilkovic and Catt
1992; Stojilkovic, Torsello et al 1992; Tse and Hille 1993; Tse, Tse et al 1993).
GnRH results in the release of stored LH and FSH and stimulates LH and

FSH production, yet continuous exposure to GnRH results in desensitisation
of the GnRH receptors and a consequent decrease in gonadotrophin secretion
(Conn and Crowley 1994).

FSH secretion is not rigidly pulsatile and proceeds through a constituently
active pathway (McNeilly 1988), with pulses being less detectable due to the
long plasma half-life of FSH (Clarke 1996). Non-GnRH-associated pulses of
FSH have been shown (Padmanabhan, McFadden et al 1997) and while the
cause of these has yet to be determined, interactions of locally produced
activin, inhibin and follistatin, or an as yet unidentified FSH releasing factor
have been proposed (Padmanabhan and McNeilly 2001).

1.2.5 The Gonadotrophins: LH and FSH
The gonadotrophins LH and FSH are heterodimeric polypeptide hormones
which consist of 2 glycosylated polypeptides, a shared a subunit, and a

12
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unique p subunit - responsible for the specific actions of the hormone. In man

the alpha subunit protein is 92 amino acids and encoded by a gene consisting
of 4 exons and 3 introns, while the LHp subunit protein is 121 amino acids
and encoded by a gene consisting of 3 exons and 2 introns and the FSHp
subunit is 110 amino acids and encoded by a gene consisting of 4 exons and 3
introns (Gharib, Wierman et al 1990). Mutations of the LHp and FSHp genes

are associated with a number of reproductive disorders (Haisenleder, Yasin
et al 1997; Acampora, Mazan et al 1998; Layman 1999; Achermann, Weiss et al
2001; de Roux and Milgrom 2001)

The expression of the LH and FSH subunits can be divided into basal and
GnRH regulated (Haisenleder, Yasin et al 1997; Brown and McNeilly 1999;
Dalkin, Burger et al 2001). The basal expression of the gonadotrophin genes is
maintained throughout life and is mediated through transcription factors
such as steroidogenic factor 1 (SF-l)(Horn, Windle et al 1992). GnRH
promotes the synthesis of the different subunits by activation of different
intracellular signalling pathways. Transcription of the a-subunit is
stimulated by cAMP, extracellular calcium, MAPK pathways (Roberson,
Misra-Press et al 1995) and binding of a LIM-homeodomain transcription
factor to the pituitary glycoprotein hormone basal promoter element
(Roberson, Schoderbek et al 1994). GnRH activation of LHp-subunit

transcription is via the PKC, MAPK and cAMP pathways (Saunders,

Sabbagh et al 1998). FSHp-subunit transcription is stimulated by the PKC

signalling pathway and 2 activating protein-l-binding sites (Strahl, Huang et
al 1998). GnRH pulse frequency and amplitude are involved in this
regulation with different effects on each of the gonadotrophin subunits
(Shupnik 1996; Kaiser, Jakubowiak et al 1997; Smith and Jennes 2001). Altered
cell surface densities of the GnRH receptor can result in differential
regulation of LH and FSH subunit gene expression in response to GnRH
(Kaiser, Sabbagh et al 1995).

13
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1.2.6 Actions of LH and FSH and hormonal feedback

GnRH exerts control over the function of the ovary and testes via the action
of LH and FSH, which indirectly exert a regulatory role over GnRH
production in a classic endocrine feedback loop at both the pituitary gland
and hypothalamus (Johnson and Everitt 2000). However, GnRH receptors
have also been localised to the ovary (Whitelaw, Eidne et al 1995; Fraser,
Sellar et al 1996) and testes (Bull, Morales et al 2000) indicating that GnRH
may play a paracrine role in these tissues.

In the gonads LH and FSH bind their receptors, which like GnRH receptors
are members of the 7 transmembrane domain family of GPCRs. The cellular
effects of the gonadotrophins are mediated by the activation of adenylate
cyclase, thereby increasing cAMP and activation of protein kinases resulting
in protein phosphorylation (Amory and Bremner 2001).

At the beginning of the ovarian cycle there is a decrease in the negative
feedback to the pituitary gland enabling an increase in FSH release. FSH
stimulates a cohort of antral follicles to begin preovulatory development and
one follicle becomes dominant. FSH binds to the granulosa cells, stimulating
the aromatisation of thecal androgens into oestrogen (Johnson and Everitt
2000). Together oestrogen and FSH stimulate the appearance of LH-binding
sites on the outer layers of granulosa cells. The increase in oestrogen also
signals a negative feedback loop which inhibits FSH release from the
pituitary such that the growth of more follicles is not stimulated. Oestrogen
initiates the LH surge from the pituitary gland, resulting in ovulation
(Miyake, Kawamura et al 1980). After ovulation LH binds to receptors on the
theca and granulosa cells of the follicle which luteinize to form the corpus

luteum. (This can be regulated through the actions of inhibin/activin (Fraser,
Lunn et al 1993)). The thecal-lutein cells secrete androgens which are

aromatised by the granulosa-lutein cells to produce oestrogens. The
granulosa-lutein cells also secrete progesterone, which blocks the positive
feedback to the pituitary gland and hypothalamus. In the absence of signals
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from a developing embryo the corpus luteum degenerates and sex steroid
production decreases (Johnson and Everitt 2000). Thus resulting in a

relaxation of the negative inhibition from the sex steroids allowing FSH to
increase and the recommencement of the cycle. Without the presence of LH
and FSH in the ovary, antral follicle development cannot be completed and
atresia occurs.

In the testes LH binds to receptors on the Leydig cells and stimulates
steroidogenesis, particularly the production of testosterone. LH is also partly
responsible for the stimulation of spermatogenesis, probably mediated by the
increase in intratesticular testosterone levels (Amory and Bremner 2001).
FSH binds to receptors on the Sertoli cell and spermatogonial membranes to
stimulate seminiferous tubule growth during development, to initiate

spermatogenesis and maintain levels of sperm production in the male
(Amory and Bremner 2001).

1.3 GnRH ligands

1.3.1 Comparison of GnRH Variants

Gonadotrophs releasing hormone was first isolated from the hypothalami of
pig (Baba, Matsuo et al 1971; Matsuo, Baba et al 1971; Schally, Arimura et al
1971; Schally, Nair et al 1971) and called mammalian gonadotrophs
releasing hormone (pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly.NH2). It was

thought to be a unique hormone that functioned to control the reproductive
axis. Although this form of GnRH is conserved in mammals, a variation was

discovered in non-mammalian vertebrates (King and Millar 1979). This lead
to a search for more variants, and Sere are currently 19 forms of GnRH
peptide that have been isolated (Figure 1.4) (Matsuo, Baba et al 1971; King
and Millar 1982a; Miyamoto, Hasegawa et al 1983; Sherwood, Eiden et al
1983; Miyamoto, Hasegawa et al 1984; Sherwood, Sower et al 1986; Lovejoy,
Fischer et al 1992; Ngamvongchon, Sherwood et al 1992; Sower, Chiang et al
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1993; Powell, Zohar et al 1994; Powell, Reska-Skinner et al 1996; Jimenez-

Linan, Rubin et al 1997; Carolsfeld, Powell et al 2000; Yoo, Kang et al 2000;
Montaner, Park et al 2001; Okubo, Nagata et al 2001; Adams, Vickers et al
2002) and the sea squirt (AV893326, AV974399). It is important to note that
the names given to the GnRH reflect the animal in which they were

discovered and are not indicative of distribution. For example chicken II
(commonly known as GnRH-II) is present in nearly all vertebrates.

1 2 3 4 5 6 7 8 9 10

Mammal pGlu His Trp Ser Tyr Gly Leu Arg Pro Gly nhj
Guinea Pig pGlu Tyr Tyr Ser Tyr Gly Val Arg Pro Gly nh2
Chicken 1 pGlu His Trp Ser Tyr Gly Leu Gin Pro Gly nh2
Rana d. pGlu His Trp Ser Tyr Gly Leu Trp Pro Gly nh2
Seabream pGlu His Trp Ser Tyr Gly Leu Ser Pro Gly nh2
Salmon pGlu His Trp Ser Tyr Gly Trp Leu Pro Gly nh2
Whitefish pGlu His Trp Ser Tyr Gly Met Asn Pro Gly nh2
Medaka pGlu His Trp Ser Phe Gly Leu Ser Pro Gly nh2
Catfish pGlu His Trp Ser Tyr Gly Leu Asn Pro Gly nh2

Herring pGlu His Trp Ser Tyr Gly Leu Ser Pro Gly nh2

Dogfish pGlu His Trp Ser Tyr Gly Trp Leu Pro Gly nh2
Chicken II pGlu His Trp Ser Tyr Gly Trp Tyr Pro Gly nh2

Lamprey III pGlu His Trp Ser Tyr Asp Trp Lys Pro Gly nh2
Lamprey 1 pGlu His Tyr Ser Leu Glu Trp Lys Pro Gly nh2
Chelyosoma 1 pGlu His Trp Ser Asp Tyr Phe Lys Pro Gly nh2

Chelyosoma II pGlu His Trp Ser Leu Cys His Ala Pro Gly nh2
Ciona 1 pGlu His Trp Ser Tyr Ala Leu Ser Pro Gly nh2
Ciona II pGlu His Trp Ser Leu Ala Leu Ser Pro Gly nh2
Ciona III pGlu His Trp Ser Asn Gin Leu Thr Pro Gly nh2
Ciona IV pGlu His Trp Ser Tyr Glu Phe Met Pro Gly nh2
Ciona V pGlu His Trp Ser Tyr Glu Tyr Met Pro Gly nh2
Ciona VI pGlu His Trp Ser Lys Gly Tyr Ser Pro Gly nh2
Ciona VII pGlu His Trp Ser Asn Lys Leu Ala Pro Gly nh2
Octopus pGlu Asn Tyr Ser Phe Ser Trp His Pro Gly nh2

Asn Gly

Figure 1.4: The primary amino acid sequences of the naturally
occurring GnRH liqands. The red and blue regions show the conserved
amino and carboxyl terminal residues. All GnRH ligands are decapeptides
with the exception of the octopus sequence which has 12 amino acids.
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As multiple forms of GnRH have been discovered in the same species (King
and Millar 1982b; King and Millar 1982a) a further naming system has been
devised. GnRH-I denotes the hypophysiotrophic form of the peptide,
functioning in the hypothalamic-pituitary axis to control gonadotrophin
secretion. GnRH-II (originally cGnRH-II or chicken GnRH-II) was the second
form of GnRH found in the brains of chickens (Miyamoto, Hasegawa et al
1984) and is the most ubiquitous and thereby thought to be the earliest
evolved form of GnRH. In many vertebrates a third form of GnRH, occurs

designated GnRH-III. Generally speaking, amphibians and mammals have
mammalian GnRH-I and GnRH-II, birds and reptiles have chicken GnRH-I
and GnRH-II and fish have one of the fish GnRH-Is, GnRH-II and GnRH-III

(Okuzawa, Amano et al 1990; Chow, Kight et al 1998), showing that lower
organisms appear to have multiple forms of GnRH. This is possible evidence
for evolutionary experimentation in the GnRH system. Multiple GnRH
isoforms may have arisen from an early gene duplication (Sherwood 1987;
Millar and King 1988; King and Millar 1992), whole genome duplications in
tetraploid organisms such as fish (Ohno 1970), or by gene shuffling such as in
the sea squirt.

GnRH variants exhibit several conserved features over the 400 million years

of evolution between protochordate to complex vertebrates. GnRH ligands
are all decapeptides (with the exception of the octopus homologue which has
12 amino acids), and the COOH (Pro-Gly.NH2) and NH2 (pGlu-His-Trp-Ser)
termini are totally conserved, with the exception of guinea pig and lamprey
GnRH-I which each exhibit a conservative substitution (histidine to tyrosine,
and tryptophan to tyrosine respectively). It is believed that these NH2 and
COOH terminal sequences are closely opposed when the ligand binds its
receptor (King and Millar 1995), with the NH2 terminus thought to be
involved in receptor binding and activation, while the COOH terminus is
only involved in binding to the receptor (Sealfon, Weinstein et al 1997), thus
explaining the high degree of conservation of these regions, and indeed the
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GnRH ligands, as conformation plays a role in receptor activation (Craig,
Fischer et al 1997).

By referring to the alignment in Figure 1.4 it can be seen that position eight is
the most variable, but there are certain prerequisites for which amino acid
can be present. For example the mammalian GnRH-I receptor requires an

arginine (R) in position 8 for GnRH releasing activity (Karten and Rivier
1986; Flanagan, Becker et al 1994; Sealfon, Weinstein et al 1997) and cloned
non-mammalian receptors also indicate requirements for this position
(Millar, Flanagan et al 1989; Millar, Troslie et al 1997; Illing, Troskie et al 1999).
After position eight, positions six, five and seven are the most variable. This
is due to the fact that this area doesn't interact with the receptor, but is
important for the configuration of the ligand. Figure 1.5 gives details of the
functional properties of each amino acid residue.

The discovery of endogenous hydroxyproline 9 GnRH-I in rat and frog
brains, means that post-translational modification of GnRH-I is a possibility
(Gautron, Leblanc et al 1992). This could occur on the Histidine (H), Tyrosine
(Y) or Serine (S), and could possibly be a regulated inactivation mechanism
(King and Millar 1995). Another variation in GnRH is the presence of a

shortened GnRH peptide consisting of residues 1-5 of mammalian GnRH-I in
the forebrain of the rhesus macaque (Terasawa, Busser et al 2001). It is
possible that these are produced by cleavage of mature GnRH by
endopeptidases.

1.3.2 Structural conformation of GnRH

Initial experiments investigating the conformation of mGnRH were

performed by Monahan et al (Monahan, Amoss et al 1973), showed that D-
Ala6 stabilised a putative (3-II turn involving residues 4-7. This was replaced
with the current (3-II turn involving residues 5-8 after conformational energy

analysis experiments (Momany 1976b; Momany 1976a).
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Aromaticity
required. Possible
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H-bond donor - any

small side chain
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Figure 1.5: Schematic diagram of the GnRH liqand summarising the
features required at each residue. The ligand has a folded conformation,
due to the flexible glycine in position 6. The ligand is believed to bind to the
GnRH receptor in this folded state. The carboxyl terminus is important for
receptor binding whilst the amino terminus is important for receptor binding
and activation. Adapted from (Sealfon, Weinstein et al 1997).

The P-II turn of the GnRH-ligand would bring the NLL and COOH termini
into close proximity (Figure 1.5). This arrangement has been confirmed by
investigations with conformation-dependent antisera, which allowed
flexibility in the amino acids in the central portion of the ligand, but bound
the NH2 and COOH termini (Millar, Tobler et al 1984). Studies in which the
conformational freedom of the peptide was restrained by producing cyclic
analogues with subsequent analysis by computational analysis and NMR, all

supported the p-11 turn structure (Freidinger, Veber et al 1980; Struthers,
Tanaka et al 1990; Bienstock, Rizo et al 1993; Koerber, Rizo et al 2000; Rivier,

Jiang et al 2000; Rivier, Porter et al 2000; Rivier, Struthers et al 2000).
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Fluorimetric titration (Shinitzky and Fridkin 1976; de, King et al 1983) and
conformational memory analysis (Guarnieri and Weinstein 1996) illustrated
the importance of the arginine (R) in position 8 for the mammalian receptors.
If it is replaced with a glutamine (Q) the structure of the ligand is extended
and activation of the mGnRH receptor is reduced; although the Q8
conformation occurs naturally in many non-mammalian ligands, and has a

high natural activity at its native receptors. The p-II turn is also substantiated
by results showing that replacing G6 with a D amino acid (D-W) increases the
folding capacity of the ligand and thereby increases the binding affinity of
the mGnRFI for its receptor 10-100X (Coy, Vilchez-Martinez et al 1976; Karten
and Rivier 1986; Sealfon, Weinstein et al 1997). The conformational

stabilisation, provided by the D amino acid restores activity to analogues
lacking the R8 (Millar, Flanagan et al 1989). This substitution also appears to
enhance binding for non-mammalian GnRH ligands, but not GnRH-II
(Pfleger, Bogerd et al 2002).

GnRH-II appears to be unique, as the primary structure has been
evolutionarily conserved, from bony fish to man. It appears that the binding
of GnRH-II to its receptor cannot be improved by amino acid substitutions
(Pfleger, Bogerd et al 2002). GnRH-II also has the ability to bind both GnRH-I
and -II receptors (King and Millar 1997; Sealfon, Weinstein et al 1997; Millar,
Lowe et al 2001; Millar 2002b) suggesting that the ligand is preconfigured to
maximise affinity thereby explaining its conservation

1.3.2.1 GnRH Antagonists

1.3.2.1.1 Structure

As opposed to GnRH agonists that usually involve modification of amino
acid 6 to a D-amino acid which increases the degree of folding of the ligand,
and amino acid 10 to ethyl amide (Lovejoy, Corrigan et al 1995), GnRH
receptor antagonists all involve modification of the NH2-terminal, or
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residues 6, 7, and 10 of the GnRH ligand (Folkers, Bowers et al 1984; Nestor,
Tahilramani et al 1984; Murthy, Turner et al 1994).

The first GnRH analogue that could reversibly bind the GnRH receptor as a

competitive antagonist was des-H2-GnRH (Vale, Grant et al 1972), reducing
the LH secretion of dispersed pituitary cells. Although the structure of this
ligand is maintained with regard to recognition by the receptor, the
functionality of position 2 has been lost (Karten and Rivier 1986). Since this
discovery many analogues with substitutions at positions 1-3 have been
produced and tested as antagonists. The most effective antagonists are those
with D-amino acids in positions 1-3 and in position 6, in combination with D-
A10 and even W7, such that at least half of the amino acid sequence of GnRH
has been altered (Folkers, Bowers et al 1984; Nestor, Tahilramani et al 1984).

Although the trend for more effective antagonists has seen an increase in the
number of amino acid substitutions the substitutions must retain the

topological features necessary for receptor binding, and increasing
substitutions does not necessarily result in more potent antagonists (Karten
and Rivier 1986).

A variety of antagonists were used in this thesis in chapters 5 and 6, to
investigate receptor specificity and to selectively block the GnRH-I receptor.
The structure of the antagonists used is detailed in Chapter 5. Of those
investigated antagonist 135-18 ([AC-D-Nal(2)1, D-4-Cl-Phe2, D-Pal(3)3, He5, D-
Lys(iPr)6, Lys (iPr)8, D-Ala10-NH2]-GnRH) shows the most interesting
properties. Mammalian GnRH-I receptor antagonists which contain a D-L or

D-L(isoPropyl) (iPr) exhibit agonist activity at the chicken GnRH-II receptor,
with the most potent of these being 135-18 (Sun, Flanagan et al 2001).
Substitution of portions of ECL-2 from Xenopus laevis GnRH receptor into
human GnRH-I receptor demonstrated that the ECL-2 is required in its
entirety for full agonist activity of this antagonist, and that it is a hydrogen
bond between the side chain of D-Lys(iPr)6 forming a charge supported
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hydrogen bond with a histidine residue in transmembrane domain 5 that is
critical (Ott, Troskie et al 2002).

1.3.2.1.2 Clinical uses

GnRH and its analogues have been the subject of much research since the
1970s, and their widespread use manifests in sales exceeding £125 billion per

year (Millar, Zhu et al 2000). GnRH-I can be administered by portable
infusion pumps in a pulsatile manner, thereby mimicking normal
physiological secretion (Moghissi 1992). This pulsatile GnRH administration
is an effective and safe method of treating infertility in women with primary

hypothalamic amenorrhea, it stimulates normal ovulation and usually results
in successful pregnancy (Kesrouani, Abdallah et al 2001; Yokoi, Uemura et al
2002). It is also effective in the treatment of hypogonadotrophic
hypogonadism and Kallmann's syndrome (Conn and Crowley 1994).

Clinical ablation of gonadotrophin release is currently achieved through
administration of potent GnRH agonists. This might seem paradoxical but
after the initial gonadotrophin release the GnRH-I receptor is desensitised
through constant receptor occupancy. This provides a reversible method of
removing gonadotrophins from patients with diseases aggravated by their
presence. These include endometriosis, uterine fibroids, prostate cancer,

precocious puberty, breast cancer and polycystic ovarian syndrome (Conn
and Crowley 1994; Millar, Zhu et al 2000; McCartney, Eagleson et al 2002;
Sainsbury 2003).

The use of GnRH antagonists would be a better means for blocking
gonadotrophin secretion as there would be no initial increase in
gonadotrophin secretion as the antagonist induces a competitive or non¬

competitive blockade of the receptor (Millar, Assefa et al 2000). This would be
a great advantage in the treatment of sex-steroid driven malignancies.
However GnRH antagonist action is highly dose dependent, and at present

higher doses are required than agonists, with milligrams as opposed to
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micrograms being administered in a day (Millar, Zhu et al 2000) that has
repercussions for the cost of treatment. Initial GnRH antagonists produced
allergic side effects due to a histamine-releasing action (Conn and Crowley
1994), and 'gelling' of the compounds due to their hydrophobicity (Ludwig,
Feleberbaum et al 2000). These problems have been overcome and peptide
antagonists are beginning to be used more frequently in clinical settings and
non-peptide antagonists are being extensively researched (Luthin, Hong et al
2002; Sasaki, Imaeda et al 2002) and show promising therapeutic potential for
the future. GnRH antagonists are also being developed as a means of
contraception, free from the complications associated with the combined and
mini contraceptive pills, however they would have to be continually present
at the receptor to be efficient (Karten and Rivier 1986; Conn and Crowley
1994). Highly specific polyclonal antibodies against GnRH-I and GnRH-II
have been developed, as a means of producing an anti-fertility vaccine that
would only neutralise GnRH-I and not other GnRH forms which may not be
involved directly in reproduction (Ferro, Khan et al 2001).

1.3.3 GnRH precursor Genes
The first mammalian GnRH preprohormone cDNA and precursor peptide
sequences were characterised in man (Seeburg and Adelman 1984). Since
then many species have been analysed and the sequences of the GnRH
ligands elucidated. A selection of GnRH preprohormone sequences are

shown in the alignment in Figure 1.6. Table 1.2 lists the species with genbank
accession numbers for all full and partial gene sequences.

Ligand
GnRH-I

Species Nucleotide/peptide
GenBANK accession
numbers

References

Human Homo sapiens NM 000825 /
NP_000816

(Seeburg and
Adelman 1984;
White, Eisen et al
1998)

Pig Sus scrofa P49921

Sheep Ovis aries Q28588 (partial
sequence)

(Burgus, Butcher et
al1972)
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Rat Rattus norvegicus NM 012767 /
NP_036899

(Adelman, Mason et
al1986)

Mouse Mus miisculus EST BB276599 (partial
sequence) / RHMSG

(Mason, Hayflick et
al 1986)

Guinea pig Cavia porcellus / 054713 (Jimenez-Linan,
Rubin et al 1997)

Golden hamster Mesocricetus
auratus

/ 009163

Common Tree
Shrew

Tupaia glis
belangeri

U63326 / AAB16837 (White, Kasten et al
1995)

Xenopus Xenopus laevis / 151423 (Flayes, Wray et al
1994)

Bullfrog Rana catesbeiana AF188754 /
AAL05972

(Wang, Yoo et al
2001)

Dybowski's
Brown Frog

Rana dybowskii AF139911 / Q9IAU2 (Yoo, Kang et al
2000)

Chicken Gallus gallus/
Gallus domesticus

X69491/ P37042 (Dunn, Chen et al
1993)

Zebrafish Danio rerio AJ304429 /
CAC18539

Rainbow Trout Oncorhynchus
mykiss

S65569 / AAD 13966
(partial sequence)

(Alestrom, Kisen et
al 1992)

Brook Trout Salvelinus

fontinalis
X79712

Atlantic Salmon Salmo Salar X79709 (Alestrom, Kisen et
al 1992; Klungland,
Lorens et al 1992)

Sockeye salmon Oncorhynchus
nerka

D31868 (Ashihara, Suzuki et
al 1995)

Goldfish Carassius auratus U30301 / AAC59888
African cichlid Haplochromis

burtonii
AF076961 /
AAC27716

(Bond, Francis et al
1991)

Nile Tilapia Oreochromis
niloticus

AF467291 /
AAM90220

Medaka Oryzias latipes AB074499 /
BAC06421

(Okubo, Mitani et al
2002)

Japanese Eel Anguilla japonica AB026989 /
BAA82608

(Okubo, Suetake et
al1999)

Striped Bass Morone saxatilis / 073812 (Chow, Kight et al
1998)

European Sea
Bass

Dicentrarchus
labrax

AF224279 / Q9IA10 (Gonzalez-Martinez,
Madigou et al 2001)

Pufferfish Fugu rubripes SINFRUP00000083463
African

(Sharptooth)
Catfish

Clarias gariepinus / RHID1S (Bogerd, Li et al
1992; Bogerd,
Zandbergen et al
1994)

Gilthead Sea Sparus aurata U30320 / P51919 (Powell, Zohar et al
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Bream 1994)
Mediterranean
Sea Bream

Dentex dentex AB089313 /
BAC07229 (partial
sequence)

Yellowfin Sea
Bream

Acanthopagrus
latus

AB089312 /
BAC07228

Red Sea Bream Pagrus major AB089314 /
BAC07230 (partial
sequence)

(Okuzawa, Araki et
al 1994)

Pacific Herring Clupea pallosi / P81749 (partial
sequence)

Barfin Flounder Verasper moseri AB066360 /
BAB83984 (Sea-bream
type)

(Amano, Takahashi
et al 2002)

Lamprey Petromyzun
marinus

AF144481 /
AAF78457

(Suzuki, Gamble et
al 2000)

GnRH-II
Human: isoform 1 Homo sapiens AF036329 /

043555
(White, Eisen et al
1998)

Human: isoform 2 Homo sapiens AL121905 /
CAC29100

Human: isoform 3 Homo sapiens AL121905 /
CAC29101

Rhesus monkey Macaca midatta AF097356 /
AAD09106

(White, Urbanski et
al 1998)

Mouse Mus musculus AL772162, chse 2
Common Tree
Shrew

Tnpaia glis belangeri U63327 /
AAB16838

(White, Kasten et al
1995)

Asian Musk Shrew Suncus murinus AF107315 /
097686

Possum Trichosurus
vulpecula

AF193516 /
AAF07190

Bullfrog Rana catesbeiana AF192464 /
AAG21894

(Wang, Yoo et al
2001)

Chicken Gallus gallus/
Gallns domesticus

EST BM491389 / (King and Millar
1982b)

Leopard gecko Eublepharis
macularius

AB104485

Rubber eel Typhlonectes nutans AF167558 /
AAD48032

Zebrafish Danio rerio AF511531/
AAM43951

Rainbow Trout Oncorhynchus
mykiss

AF023618 /
042241

(Klungland, Lorens
et al 1992)

Sockeye salmon Oncorhynchus
nerka

D31869 / (Ashihara, Suzuki et
al 1995)

Goldfish Carassius auratus U30386/ P51924 (Lin and Peter 1996)
Roach Rutilis rutilus U60668 / Q91330 (Penlington,
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Williams et al 1997)
African cichlid Haplochromis

burtonii
AF076962 /
AAC27717

(White and Fernald
1998)

Nile Tilapia Oreochromis
niloticus

AB101666

Medaka Oryzias latipes AB041330 (Okubo, Mitani et al
2002)

Japanese Eel Anguilla japonica AB026990 /
BAA82609

29

Striped Bass Morone saxtilis AF056314 /
073811

(Chow, Kight et al
1998)

European Sea Bass Dicentrarchus
labrax

AF224281 (Gonzalez-Martinez,
Madigou et al 2001)

African

(Sharptooth)
Catfish

Clarias gariepinus X78047/ P43306 (Bogerd, Li et al
1992; Bogerd,
Zandbergen et al
1994)

Gilthead Sea
Bream

Spams aurata U30325 / P51925 (Powell, Zohar et al
1994)

Pacific Herring Clupea pallosi / P37043 (partial
sequence)

Arowana Scleropages jardinii AB047326 /
BAB72183

(Okubo and Aida
2001)

Barfin Flounder Verasper moseri AB066359 /
BAB83983
(Chicken II type)

(Amano, Takahashi
et al 2002)

GnRH-III
Atlantic Salmon Salmo salar X79709 / P35629 (Klungland, Lorens

et al 1992)
Pacific Salmon Salmo fontinalis (Coe, von

Schalburg et al
1995)

Cherry Salmon Oncorhynchus
masou

D10946 / 151180 (Suzuki, Hyodo et
al 1992)

Zebrafish Danio rerio AF490354 /
AAL99294

Rainbow Trout Oncorhynchus
mykiss

X79710 / P55246

Goldfish Carassius auratus U30301 / P51917 (Lin and Peter
1996)

Common carp Cyprinus carpio AF521130 /
AAM77660

European Sea Bass Dicentrarchus labrax AF224280 /
Q9IA09

(Gonzalez-
Martinez, Madigou
effl/2001)

Medaka Oryzias latipes AB074501 /
BAC06425

(Okubo, Mitani et
al 2002)
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Roach Rutilis rutilus U60667 / Q92106 (Penlington,
Williams et al
1997)

Plainfin

Midshipman
Porichthys notatus U41669 / P51922 (Grober, Myers et

al1995)
African cichlid Haplochromis

bnrtonii
(White and Fernald
1998)

Gilthead Sea
Bream

Sparus aurata U30311 / P51923 (Powell, Zohar et
al 1994; Gothilf,
Elizur et al 1995)

Red Sea Bream Pagrus major D26108 / P51921 (Okuzawa, Araki
et al 1994)

Pacific Herring Clupea pallosi / P20367 (partial
sequence)

Barfin Flounder Verasper moseri AB066358 /
BAB83982 (Salmon
type)

(Amano,
Takahashi et al
2002)

Arowana Scleropages jardinii AB047325 /
BAB72182

(Okubo and Aida
2001)

Invertebrate homologues
Octopus Octopus vulgaris AB037165 /

BAB86782
(Iwakoshi,
Takuwa-Kuroda et
al 2002)

Protochordate
Sea squirt Chelyosoma

production
I: / P80677 (Powell, Reska-

Skinner et al 1996)
Sea squirt Chelyosoma

productum
II: / P80678 (Powell, Reska-

Skinner et al 1996)
Sea squirt I Ciona intestinalis AY204707/ (Adams, Tello et al

2003)
Sea squirt II Ciona intestinalis AY204709/ (Adams, Tello et al

2003)

Table 1.2: The GenBANK accession numbers for nucleotide and protein
sequences for the known GnRH preprohormone genes and partial
sequences.
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Figure 1.6: Sequence alignment of a selection of the GnRH
preprohormone genes. The highest degree of conservation is that encoding
the ligand and the proteolytic cleavage site indicated with asterisks above the
sequence. The sequences were coloured using the European Bioinformatics
Institute (EBI) protein colourer (green - charged, blue - non-charged
(hydrophilic), black - sulphydrile group, red - polar (hydrophobic)). The
GenBANK accession numbers for these sequences are given in Table 1.2.
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1. HomoI MKPIQ K LLAGLILLT SCV
2. Musi M—IL K LMAGILLLT VCL

3 . GallusI MEKSR K ILVGVLLFT ASV
4 . RanaCI MSRHV TVVLLLAIVLLLS SHM

5 . RanaDI MSRHV TWLLLAWLLLS SHM
6 . XlaevisI MKAFP TFALLF-LVLLFS AHV

7 . HomoII MASSR RG--LLLLL-LLT AHL

8 . Mmulattall MASSR RG- -LLLLLMLLT AHP

9 . Tupaiall MASSM LG-FLLLLLLLMA AHP
10 . SmurinusII MASIG QGLVLLLLLLLLT AQP
11. CauratusII IMEGKG RVLVQLLMLACV L
12 . Daniol 11 MEWKG RLLVQLLLLVCV L
13 . RutilusII I MEWKG RVLVQLLMLVCV L
14 . SalmoIII MDLSN RTWQVWLALV A
15 . Oryzias-S MDVSS KVWQVLLLALM V
16 . TvulpeCulallMSPLW PLLLL- -VLLVLG TQI
17 . TnatansII MVCKR QLLLLLFALLAVG IQA
18 .CauratusII MVHIC RLFWMGMLLCLS AQF
19 . RutilusII MVHIC RLLVLMGMLLCLS AQF
2 0 . OmykissI I MVSVA RLVFMLGPLLC'LG AQL
21. OryziasII M S RLVLLLGVLLYVG AQL
22 . Flounderll M-CAS RLVLLLGLLLCVG AHL

23 . SparusIII MEASS RVTVQVLLLALV V
24.GallusII MAPG G-CLLLALLLL A

25 . S jardiniis MELTG KSVLHLWLAHV A
26 . S j ardiniilIMVCVG RLTLLLGILLCSG AQL
27 . RanaCI I MACQR HLLFLLLVLFAVS TQL
28 .Octopus MSATASTTSSRKMAFFIFSMLLLSLC- -LQTQ AQNY
2 9 . Angui 11 a 11MVNTG RLVLILGVLLCLG AQL
30 . PmarinusI MALRG QSLTLL- -LLATA LLV
31.Cional MTSLV ICILSLFVFLHVAQCHVLRNQEALGSFDWDEENPEVRPDFEDELPAESFQNLPSN

I. EGCSSQHWSYGLRPGGKRDAENLIDS FQEI VKEVGQLAETQRF
2 . EGCSSQHWSYGLRPGGKRNTEHLVES FQEM GKEVDQMAEPQHF
3 . AICLAQHWSYGLQPGGKRNAENLVES FQEI ANEMESLGEGQKA
4 . IH- -GQHWSYGLRPGGKREVESLQES YAEV PNEVS - FTELQHL
5 . SH - - GQHWSYGLWPGGKREVEGLQES YSEV PNEVS - FTDPQHF
6 . SD- -AQHWSYGLRPGGKRDTESLQDM YHET PNEVALFPELERL
7. GPSEAQHWSHGWYPGGKRALSSAQDPQNALR-PPGRALDTAAGSPVQTAHGLPSDALAPLDDSMPW
8 . GPSEAQHWSHGWYPGGKRALSSAQDPQNALR-PP AGSPAQATYGLPSDALAHLEDSMPW
9 . GPSEAQHWSHGWYPGGKRASNS PQDPQSALR-PP APSAAQTAHS FRSAALASPEDSVPW
10. GPLKAQHWSHGWYPGGKRSPDSPQDPQPAPRFPEGYWLGLAAGNPRQSTQSLPSKALAPPEDTVSE
II. EVSLCQHWSYGWLPGGKRSVG EVEATFR MMDSGDAVLSIPMDSPM ERLS-
12 . EVSLCQHWSYGWLPGGKRSVG EMEATFR MLDPGDTVLSI PADS PM EQLS-
13 . EVSLCQHWSYGWLPGGKRSVG EVEATIR MMDGGDTLLSIPADTPM EQLS-
14 . QVTLSQHWSYGWLPGGKRSVG ELEATIK MMDTGG-WALPEETSAHVSERLR-
15 . QVTLCQHWSYGWLPGGKRSV GELEATIR MMGTGR - WSLPEDASAQTQERLR -

16 . SY- -AQHWSHGWYPGGKRDLDGIPGLEPS EEGKPWDGGEMSLLK TLLTEVLAQ
17 . SY--AQHWSHGWYPGGKRELDLPQSSEVS EEIKLCAGEECTYLKDPRKSSLKTLL--
18 . AS - -SQHWSHGWYPGGKREIDVYDSSEVS GEIKLCEAGKCSYLRPQGRNILKTIL- -

19 . AS--SQHWSHGWYPGGKREIDIYDTSEVS GEIKLCEAGKCSYLRPQGRNILKTIL--
20 . SS--SQHWSHGWYPGGKRELDSFTTSEIS EGIKLCEAEGCSYLRPQRRNILKNVI--
21. SQ- -AQHWSHGWYPGGKRELDSF EVS EEMKLCEAGECSFMRPQRRNFLRNIV- -

22 . SS--GQHWSHGWYPGGKRELDSFGTSEIS EEIKLCEAGECSYLRPQRRNILRNIL- -

23 . QVTLSQHWSYGWLPGGKRSVG ELEATIR MMGTGG-WSLPEEASAQTQERLR-
24 . GTAQGQHWSHGWYPGGKRDLSAPQ
25 . QIGFSQHWSYGWLPGGKRSTG DTEAKVK MMDSGD-LVTFFEEASPFVPESLG-
26 . SC--SQHWSHGWYPGGKRELNSLTASEVS GKIKLCEDRKCSYLRPQQKNIL-TIL--
27 . SH--GQHWSHGWYPGGKRELDMPASPEVS EEIKLCEGEECAYLRNPRKNLLKNILGR
28 . HFSNGWHPGGKRS ALSDIQCHF RQQTKALIEKILDE
29 . SL--CQHWSHGWYPGGKRELDSLSTAEVL EEIKLCDGGECSYLRPQRKSLLKNIL- -

30 . SLNYAQHYSLEWKPGGKRDLEELE PPSNAFE CDGPECAFSRVPNTKLI RELASY
31. NEERRQHWSYALSPGGKRQHWSLALSPGGKR QHWSNQLTPGGKRVIPRMREQKKADFDEINYT
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2 .
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24
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ECTT- -HQPRSPLRDLKGALESLIEE ETGQKKI
ECTV--HWPRSPLRDLRGALESLIEE EARQKKM
ECPG- -SYQHPRLSDLKETMASLIEG EARRKEI
ECSI PQNRIS LVRDALMNWLEG ENARKKI
ERSI PQNR IS LVREALMNWLEG ENTRKKI
ECSV PQSRLNVLRGALMNWLEG EN - RKKI
EGRTTAQWSLHRKRHLARTLLTAAREPRP APPSSNKV
EGRTMAWWSLRRKRYLAQTLLTAAREPRP VPPSSNKV
EGRTTAGWSLRRKQHLMRTLLSAAGAPRP AAVPI-KP
EAKTMAWWHLQKQR-LIQTLL PRP

PIHIVSEVDAEGLPLKE--QR FPNRRGRD
PIHIVNEVDAEGLPLKG--QR YSDRRGRV
PIHIMNEVDAEGFPLKE- -QR FPNRRGRM
PYDVIL K--KW MPHK

QYNLIND-GSTYFD-RK--KR FMSQ
QQQK K

VDMLARQL Q - KKK
LDAIIRDS Q-KRK
LDALIRDF Q-KRK
LDALAREF Q-KRK
LDTLAREL Q - KRK
LDALAREL Q-KRK

PYNVIKD-DSSPFD-RK--KR FPNK

TNQFGSE-DGGEFT-RK--RK WMHQKRII
VDASTREF RGKRK

SNQK KNADVLARQL Q-KK
EINR11TTCTGPVNEIAD L

LDALARE F QRKRK
LSQRNYDRKGAL K

KIYNLLRQYLEAAAEYEKGDFGRYKGNQRNQLETIKDDIMTE
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All of the preprohormone GnRH genes (with the exception of the
invertebrate homologues and protochordate sequences), share a common

structure with four exons. Figure 1.7 shows the structure of the human
GnRH-I and -II genes. The figure highlights the fact that forms of GnRH
exhibit the same intron/exon arrangement although there is variation in
length and sequence. This degree of conservation suggests the GnRH genes

probably originated from the same ancestral gene.

Human GnRH-ll

Human GnRH-I

100 bp

Intron A
Hi

Intron C

1513 2143

Exon 1 Exon 2 Exon 3 Exon 4

15 -Untranslated region [3 Signal sequence [3 GnRH £3 GAP | 3'-Untranslated region

Figure 1.7: Schematic diagram of the organisation of the human GnRH-I
and GnRH-ll ligand genes. The exons are drawn to scale while intron sizes
are marked in base pairs (bp). Both genes have the same basic structure of 4
exons with the GnRH ligand sequence encoded by exon 2. (Adapted from
(White, Eisen et al 1998).)

The untranslated exon 1 is important for promoter activity; it contains 2
putative E-box binding sites, and an Ets-like element which function
cooperatively to stimulate transcription of the GnRH-II ligand in humans.
These elements are regulated by the basic helix-loop-helix transcription
factor AP-4 that acts as an enhancer protein for the GnRH-II promoter

(Cheng, Hoo et al 2003). Exon 2 shows the highest degree of conservation and
encodes the GnRH decapeptide adjacent to a proteolytic processing site, and
part of the GnRH-associated peptide (GAP), the remainder of which is
encoded on exons 3 and 4 (King and Millar 1995).

As can be seen the proteolytic processing site is conserved in all GnRH
isoforms, whilst sequence variations occur in the GnRH decapeptides. The
GAP does show a degree of conservation within each GnRH subtype, but
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significant variation between subtypes. The carboxyl-terminal domain has
been postulated to be involved in the packaging of the hormone in

preparation for release from the nerve terminals, or involved in the
production of other peptides (Pawson, Morgan et al 2003).

The GnRH hormone is released by cleavage at the proteolytic sites (Wetsel,
Liposits et al 1995) resulting in GAP being released alongside the GnRH
ligand. The function of GAP is unclear, although pulses of GAP are

detectable in the hypophysial portal blood simultaneously with pulses of LH
in the peripheral blood stream (Clarke 1996). GAP has been shown to be
capable of releasing LH and FSH equipotently from the anterior pituitary
and inhibiting basal prolactin secretion (Chavali, Nagpal et al 1997), both of
which support a regulatory role for the GAP peptide.

Protochordates are unique in their GnRH gene arrangement with Ciona
intestinalis having 6 unique GnRH peptides. These are encoded on 2 genes,

the first encodes 3 peptides and contains no introns, while the second also
encodes 3 GnRH ligands with an intron between the first and second, and
second and third ligands (Adams, Tello et al 2003).

1.4 GnRH Receptors

1.4.1 G-Protein coupled receptors (GPCR)
GPCRs are a huge superfamily of receptors with estimates of 1000 different
receptors in mammals, representing 1-5% of the genes in the mammalian
genome (Wess 1998; El Far and Betz 2002). These receptors fulfil a variety of
functions within the endocrine system and have a wide diversity of ligands,
from single photons and calcium ions, biogenic amines, to large
glycoproteins. The GPCR superfamily has been subdivided several ways

based on sequence homology, ligand structure and G-protein coupling. The
classification in this thesis is that by Wess (Wess 1998) which divides the
receptors into 4 main groups:
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I Rhodopsin-type receptor family

II Secretin/glucagons receptor family

III Metabotropic glutamate/ calcium sensor receptor family

IV Subfamily of "Gi-vomeronasal" pheromone receptors

GnRH receptors are members of the rhodopsin-like G-protein coupled
receptor family. They have an intracellular NH2 terminal domain followed

by seven hydrophobic putative a helical transmembrane domains, with three
extracellular loops, believed to be involved in binding the ligand, and three
intracellular loops that interact with G-proteins and other proteins involved
in intracellular signal propagation. The seven transmembrane domains of the
GnRH receptor are believed to be arranged around a hydrophobic core like
the rhodopsin receptor (Ballesteros and Palczewski 2001). Most GPCRs have
a carboxy terminal tail that is phosphorylated in response to binding of the
ligand followed by internalisation and rapid desensitisation of the receptor
(McArdle, Franklin et al 2002).

1.4.2 GnRH Receptors
The first GnRH receptor sequence to be identified was that of the mouse

receptor present in the murine pituitary aT3 gonadotroph cell line, which
express a high level of GnRH receptors (Tsutsumi, Zhou et al 1992). Since
then the sequence of other receptors for the GnRH ligands have been
deduced. They are classified as GnRH-I, -II or -III depending on their ligand
specificity. Invertebrate homologues have also been identified. Table 1.3
gives a description of all known GnRH receptors and GnRH receptor

pseudogenes, such as human and rat GnRH-II receptors. The sequences of
the rat, mouse, human, sheep, pig and cow GnRH-I receptors share over 80%
homology, while non-mammalian receptors are only 58-67% identical to each
other (Millar 2002b). The Drosphila melanogaster GnRH-I like receptor has 20-
24% amino acid identity with vertebrate GnRH-I receptor sequences (Hauser,
Nothacker et al 1997).
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Receptor
GnRH-I

Species Accession numbers

nucleotide/protein
References

Human Homo sapiens L03380 /
AAA35918

(Kakar, Musgrove et
al 1992)

Marmoset Callithrix jacchus (Byrne, McGregor et
al 1999)

Bonnet monkey Macaca radiata AF156930 /
AAG43378

(Santra, Shanker et
al 1999)

Dog Canis familiaris AF206513 /
AAF87097

(Cui, Smith et al
2000)

Pig Sirs scrofa L29342, AH009128
/ AAA31067,
AAF33402

(Weesner and
Matteri 1994; Jiang,
Gibson et al 2001)

Cow Bos Taurus U00934 / P32236 (Kakar, Rahe et al
1993)

Sheep Ovis aries X72088 /
CAA50978

(Brooks, Taylor et al
1993)

Horse Ecjuus caballus AF018072 /
AAC27099, 018821

(Porter, Green et al
1997)

Rat Rattus norvegicus S59525, X68980 /
AAB26420

(Eidne, Sellar et al
1992)

Mouse Mus musculus L01119 /
AAA37716

(Tsutsumi, Zhou et
al 1992; Clay,
Nelson et al 1994)

Possum Trichosurus

vulpecula
AF032379 /
AAF21641

(King, Fidler et al
2000; Lawrence,
MaNatty et al 2000)

Tammar wallaby Macropus eugenii (Cheung and Hearn
2002)

XenopusI Xenopus laevis AF172330 /
AAF89754

(Troskie, Hapgood
et al 2000)

Bullfrog I Rana catesbeiana AF144063 /
AAG42575

(Wang, Bogerd et al
2001)

Frog Rana dybowskii AF236789

Pipid frog
(African clawed
frog)

Silurana tropicalis / XM 208100
BQ527191

Chicken Gallus gallus/
Gallus domesticus

AJ304414 /
CAC18674

(Sun, Flanagan et al
2001)

Rock Lizard Agama atra Troskie et al 1998
Rainbow Trout Oncorhynchus

mykiss
AJ272116 /
CAB93351

(Madigou,
Mananos-Sanchez et
al 2000)

Goldfish la Carassius auratus AF121845 /
AAD20001

(Illing, Troskie et al
1999)

Goldfish lb Carassius auratus AF121846 /
AAD20002

(Illing, Troskie et al
1999)

African cichlid Astatotilapia AY028476 / (Robison, White et
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burtoni AAK29745 al 2001)
Medaka Oryzias latipes AB057674 /

BAB70503
(Okubo, Nagata et
al 2001)

Japanese Eel Anguilla japonica AB041327 /
BAB11961

(Okubo, Suetake et
al 2000)

Striped Bass Morone saxatilis AF218841 /
AAF28464

(Alok, Hassin et al
2000)

European Sea
Bass

Dicentrarchus
labrax

AJ419594 /
CAD11992

(Gonzalez-Martinez,
Mananos et al 2002)

Amberjack Seriola dumerilii AJ130876 /
CAB65407

(Bogerd,
Blomenrohr et al
2000b)

Freshwater
pufferfish

Tetraodon

nigroviridis
AL168983,
AL208664,
AL195568 /

Japanese
pufferfish

Takafugu rubripes CAAB01000553 /
la

Salmon Salmo salar CA373291,
CA46044

African

(Sharptooth)
Catfish

Clarias gariepinus X97497 /
CAA66128

(Tensen, Okuzawa
et al 1997)

Human II Homo sapiens NM 057163 /
NP 476504

Marmoset II Callithrix jacchus AF368286 /
AAK60927

(Millar, Lowe et al
2001)

Rhesus monkey II Macaca mulatta AF353987 /
AAK52745

(Neill, Duck et al
2001)

African Green

Monkey II
Cercopithecus
aethiops

AF353988 /
AAK52746

(Neill, Duck et al
2001)

Rat II Rattus norvegicus AC106482 chr 18
95000-94000

Rubber eel II Typhlonectes nutans AF174481 /
AAD49750

(Ebersole, Goetz et
al1999)

Xenopus II Xenopus laevis AF257320 /
AAK49334

(Troskie, Illing et
al2001)

Bullfrog II Rana catesbeiana AF153913 /
AAG42949

(Wang, Bogerd et
al2001)

Frog II Rana dybowskii AF236877
African cichlid II Astatotilapia burtoni AF356598 (partial

sequence)
(Robison, White et
al 2001)

African Catfish II Clarias gariepinus AF329894 /
AAM95605

(Bogerd,
Blomenrohr et al
2000a)

Freshwater
pufferfish II

Tetraodon

nigroviridis
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Japanese pufferfish
Iia

Takafugu rubripes

Japanese pufferfish
lib

Takafugu rubripes

GnRH-III receptors
Bullfrog III Rana catesbeiana AF144062 /

AAG42574
(Wang, Bogerd et
al 2001)

Frog III Rana dybowskii AF236878

Striped Bass III Morone saxatilis AF218841 /
AAF28464

(Alok, Hassin et al
2000)

Amberjack III Seriola dumerilii CAB 65407
Medaka III Oryzias latipes AB057675 /

BAB70504
(Okubo, Nagata et
al 2001)

Protochordate GnR i receptors
Sea Squirt I Ciona intestinalis AB103333 (Kusakabe,

Mishima et al 2003)
Sea Squirt II Ciona intestinalis AB103334 (Kusakabe,

Mishima et al 2003)

Invertebrate homologues
Drosophila
GnRHR-Like I

Drosophila
melanogaster

AE003614,
AF522194 / JE0278,
AAF52426,
AAN10595,
AAN10047

(Hauser,
Nothacker et al
1997)

Drosophila
GnRHR-Like II

Drosophila
melanogaster

AF522192,
AE003541 /
AAN10045,
AAF49928

(Hauser,
Nothacker et al
1997)

Silkworm AKH

receptor
Bombyx mori AF403542 /

AAL95712
(Park, Kim et al
2002; Staubli,
Jorgensen et al
2002)

Mosquito AKH
receptor

Anopheles gambiae AJ439353,
AAAB01008987/
CAD27924,
EAA00865

(Park, Kim et al
2002; Staubli,
Jorgensen et al
2002)

Nematode
GnRHR-like

Caenorhabditis

elegans
NM_059052

Table 1.3: The GenBANK accession numbers for the nucleotide/protein
sequences of all known GnRH receptors. The sequences are classified
according to sequence homology. These are shown the alignment in Chapter
3.
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1.4.2.1 Cloning of functional GnRH-II receptors.

Receptors highly selective for the GnRH type II ligand have been discovered
in: xenopus (Troskie, Hapgood et al 2000), amphibia (Rana) (Wang, Bogerd et
al 2001), marmoset (Millar, Lowe et al 2001), rhesus macaque and African
green monkey (Neill, Duck et al 2001). All of these receptors have been
cloned using a similar technique of amplifying a small region with
degenerate oligonucleotides to the more conserved transmembrane domains
- preceding and following ECL-3, or sequence from the GenBANK EST
database, designing specific primers and then using 3 and 5 RACE to

complete the sequence information.

1.4.3 GnRH receptor gene structure and variant

transcripts
The gene encoding the GnRH receptor is comprised of a 3 flanking region, 3
exons, 2 introns and a 5 flanking region as outlined in Figure 1.8. Usually the
3 encoding exons are spliced together to produce the standard 7
transmembrane domain GPCR. Alternative transcripts for the GnRH-I
receptor have been described (Grosse, Schoneberg et al 1997; Wang, Oh et al
2001; Gray, Adams et al 2002) and other GPCR genes (Rekasi, Czompoly et al
2000; Petersenn, Rasch et al 2001; Abdennebi, Lesport et al 2002). For the
GnRH-I receptor alternative transcripts produced by the splicing out of exon

2 generate a protein that interferes with the binding of the GnRH-I ligand to
the GnRH-I receptor in humans (Grosse, Schoneberg et al 1997), and possibly
sheep (Cowley, Rao et al 1998), mouse (Zhou and Sealfon 1994) and bullfrog
(Wang, Oh et al 2001).
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3'UTR I II III IV IV V VI VII 5'UTR

Figure 1.8: Schematic diagram of the organisation of the GnRH receptor
gene. The receptor is encoded on 3 exons, separated by 2 introns, and
produces a 7-transmembrane domain (TMD) protein. The regions encoding
these TMDs are highlighted by the yellow boxes and are labelled 1-7 using
roman numerals.

A specific GnRH-ll receptor with a high affinity for the GnRH-Il ligand was

first demonstrated in amphibians (Wang, Bogerd et al 2001). More recently a

mammalian receptor possessing a preference for GnRH-II over GnRH-I
ligand has been sequenced in marmoset, African green monkey and the
rhesus macaque (Millar, Lowe et al 2001; Neill, Duck et al 2001). The receptor
has around 40% homology with the primate GnRH-1 receptor, and also
encodes a 7-transmembrane domain protein belonging to the Type-1
rhodopsin-like G-protein coupled receptor (GPCR) family.

1.4.4 Regulation of GnRH receptor transcription
The GnRH-I receptor message in the gonadotrophs of the pituitary gland
varies in females with ovulation (Nett, Cermak et al 1987). There is a direct
effect of GnRH-1 on the number of GnRH-I receptors demonstrated in
hypothalamo-pituitary disconnected ewes where there is a decrease in the
number of GnRH-I receptors expressed, which is restored with a pulsatile
infusion of GnRH-I (Clarke, Cummins et al 1987). However continuous

exposure to GnRH-I results in desensitisation with a decrease in the numbers
of GnRH-1 receptors (Nett, Crowder et al 1981; Vizcarra, Wettemann et al.
1997), and the number of GnRH-1 receptor transcripts (Vizcarra, Wettemann
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et al. 1997). Oestradiol increases the number of GnRH-I receptors by
stimulating the hypothalamus to increase the frequency of the pulsatile
GnRH-I secretion. Oestradiol also acts directly at the pituitary to increase the
number of GnRH receptors expressed (Gregg and Nett 1989). Meanwhile
progesterone exerts a negative feedback on the pulsatile hypothalamic
GnRH-I secretion (Turzillo and Nett 1999). How these effects are mediated

by the promoter of the GnRH-I receptor gene appears to be highly species
specific with differences between the mouse (Duval, Nelson et al. 1997),
sheep (Turzillo and Nett 1999) and human (Kakar, Malik et al. 2002)
observed.

1.4.5 Conserved microdomains in GnRH receptors

A schematic representation of a GnRH-II receptor, with the conserved
microdomains labelled is shown in Figure 1.9. Mammalian GnRH-I receptors
are unique among GPCRs in that they have no carboxy terminal tail. All
other GnRH receptors, including GnRH-II receptors have this cytoplasmic
carboxy tail containing several serine and threonine residues, believed to be
phosphorylated, resulting in rapid desensitisation, distinctive signalling and
intracellular recycling properties of the protein (Davidson, Wakefield et al.
1994; McArdle, Davidson et al. 1999; McArdle, Franklin et al. 2002).

A disulphide bond between the conserved cysteine (C) residues in ECL-1 and
2 is highly conserved in the rhodopsin-like G-protein coupled receptor
family of GPCRs (Strader, Fong et al. 1994) including the GnRH receptors
and is a major stabiliser for the conformation of the receptor (Davidson,
Assefa et al. 1997). Another disulphide bond between the C residue at

position 14 (13 in the dog) and another C residue in ECL-2 is also formed in
mammalian GnRH-I receptors (Davidson, Assefa et al. 1997). However this
disulphide bond is not present in the non-mammalian GnRH-I, or any

GnRH-II or GnRH-III receptors. Providing evidence for a unique structural
arrangement of the extracellular loops and thus the binding pocket of the
mammalian GnRH-I receptors.
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Figure 1.9: Schematic representation of a GnRH-ll receptor showing the
highly conserved residues. Highlighted residues (yellow) demonstrate the
positions of conserved motifs and the most conserved residue in each
transmembrane domain, labelled X.50, with all other residues being labelled
relative to these positions. Disulphide bonds are shown in red and the end of
the mammalian GnRH-ll receptors, which do not have a cytoplasmic tail, is
highlighted in green.
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Mammalian GnRH-I receptors have an Asparagine/Aspartic acid (N/D
positions 2.50/7.49) microdomain in helicies 2 and 7, thought to be important
for receptor activation and G-protein coupling (Zhou, Flanagan et al. 1994;
Flanagan, Zhou et al. 1999). This is the reciprocal for that of the other
receptors in the rhodopsin-like G-protein coupled receptor family (Sealfon
and Millar 1995b; Sealfon and Millar 1995a), where the D in TMD 2 forms a

hydrogen bond with the peptide carbonyl of an alanine (A) residue in TMD 7
(Palczewski, Kumasaka et al. 2000). This reciprocal mutation enables the
TMD 2 and TMD 7 to remain in close proximity, like other GPCRs (Zhou,
Flanagan et al. 1994). GnRH-II receptors share the D/D arrangement with
non-mammalian receptors (Flanagan, Zhou et al. 1999; Illing, Troskie et al.
1999; Troskie, Hapgood et al. 2000; Millar, Lowe et al. 2001; Neill, Duck et al.
2001; Sun, Flanagan et al. 2001). Mutation of the N to D in a mammalian
receptor, to produce a situation as in the non-mammalian receptors, resulted
in similar ligand binding to the wild type receptor, however the receptor was

inactive with a coupling efficiency of only 3-4% of that of the wild type

receptor (Zhou, Flanagan et al. 1994; Flanagan, Zhou et al. 1999). Thus non-

mammalian receptors must have other changes in their sequence to
accommodate the loss of this N residue (Troskie, Hapgood et al. 2000).

These situations vary from that of the drosophila GnRH receptor homologue
which has the Asp/Asn motif which is common to most GPCRs. Over
evolution this area has probably evolved (Millar 2002a):

Ancient Asp/ Asn motif -» Asp/ Asp present in ancient -»Asn/ Asp in
seen in drosophila and GnRH-II and all non-mammalian mammalian
rhodopsin-like G-protein GnRH receptors GnRH
coupled receptor family receptors

Another difference between the primary structure of the mammalian GnRH-I
receptors and the other GnRH receptors is the S(D/E)P motif in ECL-3. Non-
mammalian GnRH-I receptors have a P(D/E)Y while mammalian GnRH-II
receptors have the sequence PPS and non-mammalian GnRH-II receptors
S(Q/H)S. This motif is believed to be important for the selectivity of the
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GnRH ligand (Flanagan, Becker et al. 1994; Sealfon, Weinstein et al. 1997;
Millar 2002b). As ECL-3 forms the main binding site for the GnRH ligand
other areas for the GnRH-I and GnRH-II receptors are highly conserved in
this area, they are therefore likely to be involved in binding those regions
common to all GnRH ligands, the N and C termini.

Within the rhodopsin-like G-protein coupled receptor family the conserved
DRY motif in intracellular loop 2 (with the R residue in position 3.50) and the
conserved isoleucine residue two amino acids downstream are believed to be

important for ligand induced receptor activation and G-protein coupling
(Arora, Sakai et al. 1995; Ballesteros, Kitanovic et al. 1998). This motif is

modified to DRS in mammalian GnRH-I receptors, DRH in non-mammalian
GnRH-I and GnRH-III receptors and DRQ in all GnRH-II receptors. With the
exception of marmoset, possum and wallaby GnRH-I receptors which have
the amino acids DRF in this position, which may play a role in the
desensitisation/internalisation of these receptors (Byrne, McGregor et al.
1999).

The conserved DPXXY motif in TMD 7 is important for interactions with G-
proteins and activation of intra-cellular signalling (Arora, Cheng et al. 1996),
this motif has the sequence NPXXY in other GPCRs. The tyrosine residue is
phosphorylated in receptor signalling and agonist mediated regulation
(Kramer, Andria et al. 2000). Mutation of this Y residue to alanine abolishes

coupling and IP turnover, while mutation to phenylalanine results in a

GnRH receptor with G-protein activation, IP turnover and internalisation
similar to the wild-type situation, thus it appears that this residue must be
aromatic in nature (Arora, Cheng et al. 1996).

The cytoplasmic tail, of the mammalian GnRH-II receptors contains a class 1
PDZ domain-binding motif (ITSI, (Pawson, Davidson et al. 2003), which can

be bound by PDZ domain-containing proteins, important for maintaining
correct spatial arrangement and possibly modulation of receptor function
(Bezprozvanny and Maximov 2001; Suh, Hwang et al. 2001).
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1.4.6 Human GnRH-ll receptor gene and putative
translation products

Using the Blast search programs two possible receptors other than the
GnRH-I receptor were found in the human genome (Neill, Duck et al. 2001).
One was the receptor-like homologue gene encoded on the antisense strand
of the 3 UTR of the RBM8B gene on chromosome 14 (Millar, Conklin et al.
1999; Conklin, Rixon et al. 2000; Faurholm, Millar et al. 2001; Neill 2002a).
The present belief is that the GnRH-II receptor is encoded by the other gene,

which spans around 7.5Kb and is located on chromosome lq.12. The
sequence is 90% identical to the primate GnRH-II sequences (Millar, Lowe et
al. 2001; Neill, Duck et al. 2001). The distal promoter region of this GnRH-II

receptor gene overlaps that of the PEX 11(3 gene while the two C-terminal
coding exons overlap the 3 UTR of RBM8A (Faurholm, Millar et al. 2001).

There are some distinctive features of the GnRH-II human sequence. There is
a frameshift 28bp downstream of the putative ATG start codon, caused by
the deletion of a G residue. There is a UGA premature stop codon produced
by a single base change in an Arg codon located in ECL- 2 in exon 2. This is
conserved as a UAA in a chimp EST, CGA (Arginine) in a porcine EST, and
UGA three base pairs towards the 5 direction in a bovine EST. This is
indicative of a stop arising in this region independently several times over

the course of evolution (Morgan, Conklin et al. 2003). More recently the
Ensembl Genescan programme has revealed another putative GnRH-II
receptor gene in the human. This gene has a novel exon at the 5 end of the
gene which overlaps most of Pexll(3 exon 2, splices to an area upstream of
the usual ATG start site and splices out the premature stop codon.

The GenBANK EST databases have shown the presence of alternative splices
from different human tissues, but none give a full 7-transmembrane domain
length protein. Full-length transcripts have been produced by RT-PCR from
a pituitary cell line (K.Morgan personal communication) and surprisingly
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from human sperm and testes (van Biljon, Wykes et al. 2002). These
transcripts bypass the frameshift while retaining the premature stop. The
stop may be overcome by a selenocysteine insertion element (SECIS) in the 3
UTR of the transcript mRNA, thereby making a functional receptor.
However these are rare events. Another possibility is a putative Kozak
consensus initiation site, downstream from the stop in the human, chimp and
bovine sequences. It is possible that these fragments are expressed and
function to regulate GnRH-I receptor expression and coupling (Pawson,
Morgan et al. 2003). These alternative fragments may interact with the
GnRH-I receptor or other GPCRs through lateral interaction or domain
swapping to form a 5 TMD receptor, not unknown in GPCRs (Morgan,
Conklin et al. 2003). If the human GnRH-II receptor is non-functional it is
possible that the functions originally served by the GnRH-II receptor are

served by the GnRH-II ligand acting through the GnRH-I receptor. This is
made plausible by the affinity of the GnRH-I receptor for the GnRH-II
ligand.

1.5 GnRH-II system

1.5.1 Expression of GnRH-II system genes

1.5.1.1 Expression of GnRH-II ligand

Anatomical localisation studies of the GnRH-II precursor gene expression,
and the GnRH-II protein has been the subject of much investigation, with
examples from elasmobranch, teleost, amphibians, reptiles, turtles, birds and
mammals all demonstrating differential distributions for their GnRH ligands
(Miyamoto, Hasegawa et al. 1984; Mikami, Yamada et al. 1988; Yu, Sherwood
et al. 1988; Katz, Millar et al. 1990; King, Dufour et al. 1990; Okuzawa,
Amano et al. 1990; Sharp, Talbot et al. 1990; Conlon, Collin et al. 1993;
Millam, Faris et al. 1993; Tsai and Licht 1993; King, Steneveld et al. 1994a;
King, Steneveld et al. 1994b; Licht, Tsai et al. 1994; Montero, Vidal et al. 1994;
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Northcutt and Muske 1994; Rissman, Alones et al. 1995; Yamamoto, Oka et

al. 1995; Quanbeck, Sherwood et al. 1997; Chiba, Nakamura et al. 1999;

Urbanski, White et al. 1999; Forlano, Maruska et al. 2000; Latimer, Rodrigues
et al. 2000; Bogerd, Diepenbroek et al. 2002; Dubois, Zandbergen et al. 2002).

Within the brain there are several different distributions of GnRH-II

reported. In mammals GnRH-II containing neurones appear to be primarily
distributed throughout areas of the forebrain and diencephalon (King, Mehl
et al. 1989; King, Hinds et al. 1990; Dellovade, King et al. 1993; King,
Steneveld et al. 1994a; Rissman, Alones et al. 1995; Lescheid, Terasawa et al.

1997; Montaner, Somoza et al. 1998; White, Eisen et al. 1998; Durrant and
Plant 1999; Urbanski, White et al. 1999; Latimer, Rodrigues et al. 2000;
Latimer, Kohama et al. 2001). Surprisingly there have been reports of GnRH-
II in the brains of mouse, rats and capybara (Chen, Yahalom et al. 1998;
Gestrin, White et al. 1999; Montaner, Affanni et al. 1999), this seems unlikely
however since there is only a GnRH-II ligand pseudo gene in the mouse

genome. At present the sequence for this region of the rat genome is not
complete, but others have also failed to find GnRH-II in rodents such as rats,
hamsters and guinea pigs (Lescheid, Terasawa et al. 1997). In birds the main
concentrations of GnRH-II in the brain are the midbrain and the

hypothalamus (Miyamoto, Hasegawa et al. 1984; Millam, Craig-Veit et al.
1989; Katz, Millar et al. 1990; Wilson, Gladwell et al. 1990; Kuenzel and
Blahser 1991; Millam, Faris et al. 1993; Rozenboim, Silsby et al. 1993; van Gils,
Absil et al. 1993; Millam, Craig-Veit et al. 1995; Millam, Ottinger et al. 1998).
With only one report of a negative finding in the hypothalamus of the
domestic fowl and Japanese quail (Mikami, Yamada et al. 1988).

In elasmobranch (cartilaginous) and teleost (bony) fish there seems to be a

wider distribution of GnRH-II throughout the brain (Powell, Millar et al.
1986; King, Steneveld et al. 1992; Lin and Peter 1996; Powell, Krueckl et al.
1996; Weber, Powell et al. 1997a; Yu, He et al. 1998; Carolsfeld, Powell et al.

2000; Forlano, Maruska et al. 2000; Robinson, Tobet et al. 2000). Like the
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mammalian system GnRH-II is found in the forebrain (Lin and Peter 1997).
However there are also numerous reports of GnRH-II containing neurones in
the midbrain, (Montero, Vidal et al. 1994; Yamamoto, Oka et al. 1995;

Senthilkumaran, Okuzawa et al. 1999; Carolsfeld, Powell et al. 2000; Parhar,

Soga et al. 2000; Dubois, Zandbergen et al. 2001) and hindbrain (Okuzawa,
Amano et al. 1990; Lin and Peter 1997). Amphibians also have GnRH-II in
their brains (Fasano, Goos et al. 1993) with actual concentrations of GnRH-II

being 1.5 to 2X higher than that of GnRH-I (Licht, Tsai et al. 1994) and most
of the GnRH-II found in the diencephalon and hindbrain (Conlon, Collin et
al. 1993; Licht, Tsai et al. 1994; Muske and Moore 1994; Iela, Powell et al.

1996). Lizard (Lescheid, Rosen et al. 1997; Montaner, Gonzalez et al. 2000),
turtle (Tsai and Licht 1993) and alligator (Lescheid, Rosen et al. 1997) brain
also contain GnRH-II.

There is a growing amount of literature supporting the presence of GnRH-II
in the pituitary of both elasmobranch and teleost fish, (Yu, Sherwood et al.
1988; King, Dufour et al. 1990; Okuzawa, Amano et al. 1990; Bosma, Kolk et
al. 1997; Weber, Powell et al. 1997b; Rodriguez, Carrillo et al. 2000; Holland,
Hassin et al. 2001). With neurones containing GnRH-II also seen specifically
in the preoptic hypophysial tract of a teleost, (the Senegalese sole)
(Rodriguez-Gomez, Rendon et al. 1999) and the rhesus macaque (Urbanski,
White et al. 1999), with most neurones in this region projecting directly to the
neural lobe of the pituitary gland (Swanson and Sawchenko 1983). There
have been no published data supporting GnRH-II ligand in the mammalian
pituitary, although GnRH-II ligand transcripts have been detected in
marmoset pituitary, while GnRH-II transcripts in extra-pituitary tissues
exhibit intron retention (Dr. K.Morgan personal communication).

GnRH-II has been located to reproductive tissues such as the human
endometrium, where expression changes in relation to the menstrual cycle
(Cheon, Lee et al. 2001), human prostate (White, Eisen et al. 1998), human
placenta (Siler-Khodr and Grayson 2001), the gonads of several fish species
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(Lin and Peter 1996; von Schalburg, Harrower et al. 1999; Nabissi, Soverchia
et al. 2000), as well as non-reproductive areas such as human kidney and
bone-marrow (White, Eisen et al. 1998), amphibian sympathetic gangia
(Sharpe, Walker et al. 2000), mouse and human cell lines (Chen, Yahalom et
al. 2001) and human normal and leukaemia T-cells (Chen, Ganor et al. 2002).

1.5.1.2 GnRH-II receptor expression

The published data on the distribution of GnRH-II receptors is minimal and
reveals an equally wide distribution pattern. The green monkey, rhesus
macaque and marmoset GnRH-II receptors were all sequenced from anterior
pituitary cDNA (Millar, Lowe et al. 2001; Neill, Duck et al. 2001). RT-PCR for
the marmoset receptor revealed a widespread tissue distribution with
receptor sequence in pituitary, brain areas reproductive tissues and other
tissues such as heart and lung (Millar, Lowe et al. 2001). By far the largest
concentration of transcripts was found in the reproductive tissues such as the
testes, prostate and mammary glands. The bullfrog receptor is found in
pituitary, forebrain, hindbrain (Wang, Bogerd et al. 2001) and sympathetic
ganglia (Troskie, King et al. 1997). While in Xenopus the GnRH-II receptor is
found in pituitary and midbrain (Troskie, Hapgood et al. 2000). The human
GnRH-II receptor has been detected in sperm (van Biljon, Wykes et al. 2002),
and human breast endometrial and ovarian cancer cells (Grundker, Gunthert
et al. 2002a; Grundker, Gunthert et al. 2002b). The pig GnRH-II receptor has
reportedly been sequenced, but the sequence and distribution information is
still not available (Neill, Duck et al. 2002). The human GnRH-II receptor
contains a premature stop-codon and is probably not translated (Morgan,
Conklin et al. 2003) (see section 1.6.1 for more details). Currently no GnRH-II
receptor has been found in birds or fish, and the mouse genome provides no

evidence for the presence of a functioning GnRH-II receptor.

The widespread distribution of the GnRH-II ligand and GnRH-II receptor
does not clarify the function of GnRH-II. The distribution within the brain
supports a neuromodulatory or neurotransmission role for GnRH-II, while
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the localisation in brain areas associated with reproduction support a role in
sexual behaviour, and a role in pituitary functioning can also not be ruled
out. These functions and others will now be discussed.

1.5.2 Possible functions of the GnRH-ll system

1.5.2.1 Pregnancy and reproductive organs

GnRH-II may play a role in human embryo implantation or act as a regulator
of ovarian function. Increased amounts of GnRH-II are detected by RT-PCR
and immunohistochemistry in the ovary in the early and late secretory

phases of the human menstrual cycle (Cheon, Lee et al. 2001), and
administration of GnRH-II to rhesus monkeys produces a significant increase
in LH release in the luteal, but not midfollicular phase of the cycle (Lescheid,
Terasawa et al. 1997). High affinity binding sites for GnRH-II are seen in the
baboon ovary, with GnRH-II much more stable than GnRH-I, and exhibiting
progesterone regulation in the granulosa cells of the baboon ovary (Siler-
Khodr, Grayson et al. 2002). This is similar to the situation in humans, where
GnRH-II acts as a paracrine and autocrine factor in the human ovary (Kang,
Choi et al. 2003; Leung, Cheng et al. 2003).

GnRH-I and -II mRNA expression is differentially regulated in human
granulosa-luteal cells (Kang, Tai et al. 2001; Khosravi and Leung 2003). Thus
the two forms of GnRH are unlikely to perform a common function. GnRH-I
significantly increases human chorionic gonadotrophin (HCG) synthesis and
secretion, while GnRH-II stimulates a pulse of HCG immediately after
injection, which is smaller than that stimulated by GnRH-I (Islami,
Chardonnens et al. 2001). While in vivo experiments show GnRH-II is less
effective than GnRH-I at promoting ovulation in fish and mammals
(Rissman, Alones et al. 1995; Nabissi, Soverchia et al. 2000), implying that
GnRH-I is the predominant regulator of this phenomenon.
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GnRH-II may be active in regulating human placental functions such as the
establishment and continuation of pregnancy as established for GnRH-I and
the GnRH-I receptor (Wolfahrt, Kleine et al. 2001). Potent receptor binding,
and bioactivity of GnRH-II have been demonstrated, with GnRH-II being 6X
more stable than GnRH-I in human placenta (Bramley, McPhie et al. 1992;
Siler-Khodr and Grayson 2001). More importantly GnRH-II is released in a

pulsatile manner from human placenta thereby playing a possible role in
hormone regulation throughout pregnancy (Siler-Khodr and Grayson 2001).
Surprisingly GnRH-II receptor transcripts have been reported in human
sperm, supportive of a possible role in fertilization (van Biljon, Wykes et al.
2002).

1.5.2.2 M Current regulation

GnRH type II like peptides and a GnRH receptor selective for the GnRH-II
peptide are found in the sympathetic ganglia of amphibia (Troskie, King et
al. 1997). GnRH type II has been shown to powerfully inhibit the M-current
of dissociated bullfrog sympathetic neurones, making it a candidate for the
transmitter mediating the late, slow excitatory postsynaptic potential in these
ganglia (Jones 1987; Bosma, Bernheim et al. 1990). This is a mechanism by
which GnRH-II could play a neuromodulatory role.

1.5.2.3 Sexual arousal and behaviour

Reproductive behaviour has long been associated with changes in the brain
area of expression, cell number, size and content of GnRH forms in various
species including amphibians, fish, reptiles and mammals (King and Millar
1997; Rissman, Li et al. 1997; Dellovade, Schwanzel-Fukuda et al. 1998;

White, Eisen et al. 1998). GnRH-I has been shown to have direct effects on the
sexual arousal of, and behaviour of rodents and bulls (Moss and McCann

1973). GnRH-II has also been implicated in the control of behaviour. When
GnRH-II is injected into the third ventricle it induces spontaneous courting
behaviour in ring-doves (King and Millar 1997). In female white crowned
sparrows injection into the third ventricle resulted in GnRH-II, but not
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GnRH-I, increasing solicitation behaviour in response to male song

compared to saline (Maney, Richardson et al. 1997). As these studies
involved infusion into the ventricular system the site of action was not
elucidated. In male newts, 20 minutes of courtship with a female results in
elevated GnRH-II concentrations in the anterior telencephalon (Rissman, Li
et al. 1997). However in female musk shrew infusion of GnRH-II into the
lateral ventricle produced no changes in female behaviour relative to the
saline control (Schiml and Rissman 2000). Intravenous administration of
GnRH-II or mGnRH-I to musk shrew induces ovulation, but GnRH-II is less

potent than GnRH-I (King, Steneveld et al. 1994a). When the female musk
shrew is energetically challenged by food restriction, intraventricular
injection of GnRH-II induced mating behaviour (Temple, Millar et al. 2003).
No effect was seen in females fed ad lib, or treated with GnRH-I or saline.
Thus it appears that there could be a direct relationship between GnRH-II
energy levels and mating behaviour, such that GnRH-II coordinates
reproductive behaviour as appropriate to the animals energy levels (Temple,
Millar et al. 2003). Further evidence for sex-differences in the actions of
GnRH-II is seen in mallard ducks where seasonal decreases in hypothalamic
GnRH-II content are only seen in females (Bluhm, Rozenboim et al. 2000).

In goldfish, injection of either sGnRH or GnRH-II into the third ventricle
significantly increased female spawning behaviour - although an excessive
dose resulted in almost complete inhibition of spawning, reflecting a down-
regulatory mechanism (Volkoff and Peter 1999). No change was seen in the
spawning induced chasing behaviour of the male fish, suggesting that
exogenous GnRH is not needed for activation of sexual behaviour in males
exposed to receptive females (Volkoff and Peter 1999). Indeed sex differences
in the expression of GnRH-II are seen in the musk shrew brain with males
having greater concentrations of both GnRH-I and -II compared to a female
(Rissman and Li 1998). Fluctuations seen in the levels of GnRH-II would also
indicate a role in the spawning behaviour of fish, with GnRH-II levels
reaching a peak in April (Okuzawa, Gen et al. 2003). GnRH-II concentrations
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also increase before the androgen increase and spermatogenic wave in frogs
(Fasano, Goos et al. 1993). GnRH-II administration was found to result in

androgen release in autumn and winter in frogs, however it should be noted
that interpretation of these results is complicated by the fact that there are

differences found in the levels of androgens between animals maintained in
laboratory conditions, and freshly captured animals (Fasano, D'Antonio et al.
1995).

Lesions and/or electrical stimulation of certain brain areas are associated

with reproductive behaviours such as physical arousal and copulation in
birds and mammals (Akerman 1966; Kanematsu, Scaramuzzi et al. 1974;

Merari, Frenk et al. 1975; Merari and Ginton 1975; Slimp, Hart et al. 1978)).
GnRH-II receptor in marmoset brain (Millar, Lowe et al. 2001), and GnRH-II
ligand in Rhesus monkey (Lescheid, Terasawa et al. 1997; Urbanski, White et
al. 1999), have been found in some of these brain areas i.e. temporal lobe,
putamen, amygadala, medial preoptic area, ventromedial nucleus,
dorsomedial nucleus, and periventricular nucleus. In the elasmobranch brain
a large discrete bilateral column of GnRH-II specific neurones are located in
the midbrain tegmentum which show sparse axonal projections to the
hypothalamus and pituitary gland, but projections mainly to the sensory

processing centres in the midbrain and hindbrain (Forlano, Maruska et al.
2000).

1.5.2.4 Actions at the gonadotroph

There are many forms of evidence to support this proposed role of GnRH-II.
All GnRH-II receptors have been cloned from pituitary tissue, e.g. amphibia
(Rana) (Wang, Bogerd et al. 2001), marmoset (Millar, Lowe et al. 2001),
rhesus macaque and African green monkey (Neill, Duck et al. 2001) and
xenopus (Troskie, Hapgood et al. 2000). More specifically, an antiserum to
ECL-3 of the human GnRH-II receptor gave expression in human, mouse and

sheep anterior pituitary, which co-localised with LHp on 69% of the LHp
positive cells (Millar, Lowe et al. 2001). As mentioned previously the
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gonadotroph is the site of LH and FSH release, through the action of the
GnRH-I ligand binding to its receptor. The presence of the GnRH-II receptor
also on gonadotrophs, combined with the fact that in fish, amphibians, birds
and mammals GnRH-II ligand is found in the area of the basal hypothalamus
and median eminence (Katz, Millar et al. 1990; Licht, Tsai et al. 1994; Chen,
Yahalom et al. 1998; Forlano, Maruska et al. 2000; Latimer, Rodrigues et al.
2000), suggests that there is a role for GnRH-II in the control or regulation of
gonadotrophin secretion, with the mechanism mediating GnRH-I and
GnRH-II elicited gonadotrophin release being different (Chang, Garofalo et
al. 1995; Montero, Le Belle et al. 1995; Johnson, Van Goor et al. 1999).

1.5.2.4.1 Modulation of GnRH-I action

Recently it was shown that in the African catfish cfGnRH and GnRH-II can

mutually modulate each other's LH release activity in a inhibitory and
stimulatory fashion, depending on the relative concentrations (Bosma,
Rebers et al. 2000). It is possible that these effects are mediated by homo and
hetero-dimerisation between the distinct GnRH receptor subtypes present in
the catfish (Bosma, Rebers et al. 2000). This type of regulation is possible and
has already been seen in G-protein coupled receptors, where
heterodimerisation of the kappa and delta opioid receptors results in a new

receptor exhibiting novel properties (Jordan and Devi 1999). Another
mechanism by which GnRH-II regulation of GnRH-I could occur is by
altering the GnRH-I pulse profile, as the contour of the GnRH pulse has been
shown to independently modulate gonadotrophin secretion in the human
male (Pralong, Boepple et al. 1996). The action of GnRH-II at the GnRH-I
receptor has been highlighted recently in in vivo studies in rhesus macaques,

and in vitro studies on dissociated rat and monkey pituitary cells. GnRH-II is
equipotent to GnRH-I as an LH secretagogue in the rhesus macaque and less
effective than GnRH-I in the dissociated cells, but all action of GnRH-II is

blocked by a GnRH-I receptor antagonist (Densmore and Urbanski 2003;
Okada, Murota-Kawano et al. 2003), implying the GnRH-II mediated
gonadotrophin secretion is through the GnRH-I receptor.
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1.5.2.4.2 FSH-releasing factor

There has long been debate over the mechanism responsible for the
differential LH and FSH secretion and the existence of an FSFI-releasing
factor (Padmanabhan, McFadden et al. 1997; Padmanabhan and McNeilly
2001). It has been speculated that GnRH-II may act as such a factor via
differential, temporal or qualitative downstream signalling. GnRH-II may

play a regulatory role in the generation of non-GnRH associated pulses of
FSH (Padmanabhan, Brown et al. 2003). GnRH-II has been shown to

preferentially stimulate the release of FSH relative to LH in vivo and in vitro
(Millar, Milton et al. 1986; Yu, Karanth et al. 1997; Bosma, Rebers et al. 2000;

Millar, Lowe et al. 2001), but there is no publication confirming that GnRH-II
is present in the pituitary portal blood. Although it is possible that the
GnRH-II is released into the general circulation where it binds a GnRH-
binding protein, enabling transportation to the pituitary ((Huang and Peter
1988; Huang, Guo et al. 1991; DAntonio, Vallarino et al. 1995). This is also a

postulated function for GnRH-III, with an ability to release FSH but not LH
from the pituitaries of male rats (Yu, Karanth et al. 1997), although this has
been disputed (Kovacs, Seprodi et al. 2002).

1.5.2.4.3 Gonadotrophin release

A wide variety of in vivo studies in fish and birds involving treatments with
GnRH-I and -II and in vitro studies using primary pituitary cell cultures and
perfusion of pituitary tissue, indicate that GnRH-II may directly regulate the
gonadotroph, and may modulate the action of GnRH-I to effect
gonadotrophin secretion (Chou, Johnson et al. 1985; Millar, Milton et al. 1986;
Guemene and Williams 1992; Schulz, Bosma et al. 1993; Chang, Garofalo et
al. 1995; Bosma, Rebers et al. 2000; Forlano, Maruska et al. 2000).

In many species it has been demonstrated that GnRH-II is the more potent
LH secretagogue (African catfish (Schulz, Bosma et al. 1993), goldfish
(Habibi, Peter et al. 1992), chicken (Millar, Milton et al. 1986; King, Davidson
et al. 1988; Wilson, Cunningham et al. 1989; Guemene and Williams 1992),
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male turkeys (Guemene and Williams 1992), rat anterior pituitary cells
(Miyamoto, Hasegawa et al. 1984), quail (Connolly and Callard 1987),
cockerels (Nakamura, Nagata et al. 1991), turkey (Guemene and Williams
1999)), or at least equipotent to GnRH-I, rhesus macaque (Densmore and
Urbanski 2003), amphibians (Licht, Millar et al. 1984; D'Antonio, Fasano et al.
1992), cockerel (Chou, Johnson et al. 1985), Japanese quail and chicken
(Hattori, Ishii et al. 1986)). With a study investigating maximal incremental
changes in plasma LH in adult hens and cockerels showing a marked
difference between the sexes, such that relative to GnRH-I, GnRH-II had a

LH releasing potency of 36.5 (Sharp, Dunn et al. 1987). Therefore GnRH-11
may play a role in LH secretion surges. However other studies in birds find
that while GnRH-II does exert effects the classical GnRH-I is more likely the
true regulator of gonadotrophin secretion (Sharp, Talbot et al. 1990; Wilson,
Chairil et al. 1990; Guemene and Williams 1999).

1.5.2.5 Anti-proliferative effects

GnRH analogues are used in the treatment of various reproductive cancers

including those of the breast, prostate and ovaries, with the anti-proliferative
effects of GnRH-I already established. GnRH-I receptor is present in the
prostate (Tieva, Stattin et al. 2001; Bono, Salvadore et al. 2002) and exogenous

expression of sheep GnRH-I receptor in a prostate cancer cell line (PC3) in
combination with administration of GnRH agonists decreased cell number
and the proliferation rate (Franklin, Hislop et al. 2003). Groups are now

investigating a possible role for GnRH-II.

GnRH-I and -II receptor mRNA is expressed in human breast, endometrial
and ovarian cancer cells (Grundker, Gunthert et al. 2002a). Co-expression of
the two receptor subtypes on these tumours suggests a possible interaction.
The GnRH-II ligand has been found in normal and neo-plastic ovarian
surface epithelium cells (Choi, Auersperg et al. 2001) and in normal and
malignant breast tissue, with both GnRH-I and GnRH-II being over

expressed in cancerous tissue versus normal breast tissue obtained from the
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same patient (Chen, Kaganovsky et al. 2002). GnRH-II had anti-proliferative
effects on tumour cell proliferation, greater than those seen from
administration of GnRH-I or GnRH-I agonist Triptorelin (Choi, Auersperg et
al. 2001; Grundker, Gunthert et al. 2002a).

GnRH-II ligand is produced by human normal and leukaemic T cells,
exogenous GnRH-II results in laminin receptor expression. This receptor is
known to be involved in cellular adhesion and migration, tumour invasion
and metastasis, most interesting is that unlike GnRH-II induced
gonadotrophin secretion these effects are not blocked by administration of a

GnRH-I antagonist, implying action through distinct receptors (Chen, Ganor
et al. 2002).

These anti-proliferative effects do not involve the induction of apoptosis, so

GnRH-II receptors may interact with pathways controlling the cell cycle to
increase the number of cells in the Go-Gi phase of the cell cycle. GnRH-I and
II were shown to inhibit production of the 60S acidic ribosomal
phosphoproteins PI and P2 in human breast cancer cells (Chen, Kaganovsky
et al. 2002). These proteins modulate the rate of protein translation and
decreasing their production results in a reduced rate of cell proliferation.
This evidence suggests that GnRH-II may have role regulation cell
proliferation in normal and tumorigenic cells. Strategies to increase or
maintain GnRH receptor expression in tumours may be a useful mechanism
to maximise these anti-proliferative effects (Franklin, Hislop et al. 2003).

1.6 Aims and hypotheses of this thesis
From this review it can be seen that the GnRH-II peptide and its associated
receptor are ancestral and exhibit a high degree of conservation. An
important role for the GnRH-II system is thus assumed, with evidence
supporting various roles including gonadotrophin secretion, foetal
development and sexual arousal and behaviour. However this system, most

notably the GnRH-II receptor is not well understood within mammalian
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species. The GnRH-II receptor gene has been fully characterised in
Marmoset, African green monkey and Rhesus macaque, with a full length 7
transmembrane domain protein produced. However in the human,
chimpanzee and domesticated species such as cow there is evidence of a

premature stop codon in exon 1, indicative of redundancy.

The aim of the study described in this thesis is to comprehensively
investigate the GnRH-II receptor system. As much of the published data
refers to primates and eutherian mammals, a well-characterised sheep model
was chosen as the subject of the study. Three main areas are to be explored.
The GnRH-II receptor gene is sequenced and searched for structural
abnormalities, the expression pattern of the GnRH-II receptor gene RNA and
protein is examined, with an emphasis of which transcripts are produced,
full length or alternative and finally in vivo studies investigate the action of
GnRH-II at the level of the gonadotroph.

The model chosen for the investigation is the Soay sheep. They are seasonal
breeders and the rams exhibit a cycle of testicular regression after the mating
season in October-November, and recrudescence in summer. This testis

regeneration, and the ensuing spermatogenesis result from an increase in
gonadotrophin secretion from June to September (Courot, Hochereau-de-
Reviers et al. 1979; Lincoln and Richardson 1998; Lincoln 2002). Sexually
active and inactive rams are easily distinguishable directly using testis
diameter measurements, androgen-dependent skin coloration, food intake,
pelage moult and locomotor activity (Lincoln 2002). The molecular and
genetic basis of the GnRH-I system have been extensively studied in sheep.
The sheep GnRH-I receptor gene has been localised to chromosome 6
(Montgomery, Penty et al. 1995), and the human and ovine GnRH-I receptor

sequences share 97% homology (89% identity) and are likely to be

functionally conserved. The ovine genomic LHp and LH mRNA sequences

(GenBANK accession number: S64695, L36329 respectively) and genomic

FSHp and FSH mRNA sequences (GenBANK accession number: AH003774,

57



Chapter 1 Literature review

X15493 respectively) are known. There has also been extensive study of
gonadotropin secretion and its regulation in the sheep (Lincoln and Fraser
1987; Lincoln and Clarke 1998; D'Occhio and Aspden 1999; Hileman and
Jackson 1999; Turzillo and Nett 1999; Blache, Chagas et al. 2000; Scott,
Tilbrook et al. 2000). The sheep pituitary gland is amenable to these
experimental investigations due to its size i.e. the average gland weighs
approximately 0.5-lg.

The simple prediction of this study was that a 7 transmembrane domain
GPCR for the GnRH-II receptor will be sequenced from the sheep and
localised to the ovine pituitary gland, testis and brain.

1.6.1 Layout of the thesis

Chapter 2 is a description of the general materials and methods within this
thesis. The experimental chapters follow, with chapter 3 describing
sequencing of the ovine GnRH-II receptor and screening of sheep breeds to
ensure the gene was identical between breeds. Investigation of the
localisation of the ovine GnRH-II receptor expression is described in chapter
4 and characterisation of GnRH antagonists in vitro in chapter 5. A final series
of experiments in vivo in the sexually inactive Soay ram, to try and establish
the physiological role of the GnRH receptor sub-types on the ovine
gonadotroph is detailed in Chapter 6. The final chapter, chapter 7, is a

concluding discussion that integrates the results from the experimental
chapters.
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2.1 Chemicals and suppliers
Molecular biology chemicals were of analytical grade or equivalent, and
were obtained from Sigma (Sigma-Aldrich co Ltd, Dorset, UK), or BDH
(VWR International Ltd, Dorset, UK) unless otherwise stated. Enzymes were

bought from Promega (Promega Ltd, Southampton, UK). All Radioactive
nucleotides were obtained from Amersham (Amersham Pharmacia Biotech
International Pic, Buckinghamshire, UK). Autoradiography products were

from Eastman Kodak purchased from Sigma. Phenol was acquired from
Invitrogen (Paisley, UK).

2.2 In vivo treatments

All in vivo experiments were carried out in adult rams of the Soay breed of
sheep (Lincoln 2002) (Figure 2.1), with animal procedures performed in
accordance with the UK Home Office guidelines and were licensed under the
Animals (Scientific Procedures) Act 1986. Soay sheep originate from the
island of St. Kilda in the North Atlantic and are a feral breed. They are

similar to the ancestral Mouflon sheep, from which all domesticated sheep
are derived, and exhibit pronounced seasonally regulated changes in
reproduction, pelage and food intake (Lincoln and Richardson 1998; Lincoln
2002). Soays are an ideal model for this project as the GnRH-I system has
been characterised, sexually active and inactive states can be induced by
varying day length, and serial blood sampling of peripheral blood in the
unrestrained animal is possible enabling pulsatile hormone secretion to be
measured.

Soay rams (mean weight 30.1 ± 2.2 Kg) were housed in permanently indoors
in groups of eight with visual and tactile contact between neighbours. They
were fed with a standard diet of grass nuts, hay and water ad libitum and
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were exposed to an artificial lighting regimen of alternating 16 weekly
periods of long days (16 hr light: 8 hr darkness; 16L: 8D) and short days (8L:
16D) to entrain the seasonal reproductive cycle (Lincoln and Richardson
1998). The reproductive status was monitored by the routine fortnightly
measurement of the diameter of the testis (Lincoln and Davidson 1977). The

drug treatments were all carried out under long days during the sexually
inactive phase of the reproductive cycle when endogenous LH and FSH
secretion was minimal. To measure the effect of the treatments serial blood

samples were collected at 10-15 min intervals for 1-12 hr. All blood samples
were collected on water-ice, heparinized and the plasma separated by

centrifugation within 30 min and stored at -20°C until the LH and FSH
hormonal concentrations could be measured by RIA. For the repeated
sampling a cannula was inserted into the jugular vein on the day before
study and kept patent with heparinized 0.9% saline.

60



Chapter 2 General methods

m

Figure 2.1: Photograph showing an adult ram of the Soav breed of
sheep Soay sheep originate from the island of St. Kilda in the North Atlantic.
They can be induced into sexually active and inactive states by varying day
length. All in vivo experiments were performed using this breed of sheep.

2.3 Tissues

Sheep were killed by an intravenous overdose of sodium pentobarbitone to

provide tissue samples. Tissues were mainly from Soays but for a breed
comparison, tissues were also collected from an extensive range of domestic
breeds varying in their seasonality of reproduction. The material was snap

frozen, dispersed as a primary cell culture, or fixed. (Details are given in the
relevant sections).

Blood was used for the extraction of genomic DNA. This was collected from
single donors, with human, pig, and sheep blood being taken.
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2.4 Purity of the GnRH-ll
Gwen Crawford tested the purity of the GnRH-II used in the in vivo and in
vitro experiments by means of mass spectrometry. This was to ensure that
any effect seen was due to GnRH-II and not contamination from GnRH-I.
Mass spectrometry was carried out on a Tofspec 2E matrix assisted laser
desorption ionisation time-of-flight (MALDI-TOF) mass spectrometer
(Micromass UK Ltd. Hertford). Several different areas of the sample were

combined to reduce noise. The background levels were subtracted to lessen
chemical noise, and smoothened by the Savizky Golay method to reduce
high frequency noise. The result is shown in Figure 2.2. Large peaks on the
graph represent GnRH-II, while there is a negligible amount of GnRH-I
present.

2.5 Radioimmunoassay
Irene Cooper kindly performed all of the radioimmunoassays (RIA) in the in-
house assay laboratory. The concentrations of LH and FSH were measured in
all blood samples collected from the rams using RIAs validated for sheep
plasma (McNeilly, Jonassen et al. 1986). For the LH assay, the lower limit of
detection (10% decrease in binding relative to Bo) was 0.2pg NIH-LH-S18/1
plasma, and the intra- and inter-assay coefficients of variation (CV) were 8.0
and 12.2%, respectively, based on low, medium and high quality control

samples. The corresponding values for the FSH assay were 0.2pg NIDDK-
FSH-RP2/1 were 10.0 and 13.0% respectively. All samples from a single
animal for a similar phase of the experiment were measured in the same

assay.
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Figure 2.2: Mass spectrometry results for the analysis of the GnRH-ll
used in the present studies. There are 3 peaks with a mass of 1235
representing GnRH-ll. Contamination from GnRH-l is minimal with the small
peak at 1183.
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2.6 RNA extraction

2.6.1 Dissection of tissue for RNA extraction

The brain, pituitary gland, adrenal glands, part of the liver, and testis were

removed immediately after the sheep were killed. Ovaries were also
obtained from ewes immediately after the sheep were killed. The brain was

divided into regions in the hindbrain, midbrain, forebrain, and
hypothalamus, posterior to the optic chiasm and anterior to the mammilary
bodies, as indicated in Figure 2.3. All tissues were snap frozen in isopentane
on dry-ice and stored at -70°C until RNA extraction.
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Figure 2.3: Photograph of the underside of a sheep brain. The main
features of the brain are labelled. The lines on the brain represent how the
brain was dissected after removal.

66



mammilary
bodies pituitary stalk

optic chiasm

olfactory tubercule

olfactory bulb

main blood

temporeal lobe of
the cerebral cortex

cerebral peduncle

cerebellum

parahippocampal gyrus
pituitary gland

frontal lobe of
the cerebral cortex

pons

medulla
abducens nerve (6th CN)

trigeminal nerve (5th CN)



Chapter 2 General methods

2.6.2 Extraction of RNA from tissues

Total RNA was extracted using Tri-reagent, a guanidine thiocyanate-based
extraction reagent according to the method of Chomczynski and Sacchi, 1987
(Chomczynski and Sacchi 1987). The protocol was according to the
manufacturers instructions, using their guidelines for volume adjustment.
Tissue was homogenised in Tri-reagent using a hand held ULTRA-TURRAX
T8 (IKA Laborechnik), with approximately 10ml of Tri-reagent was used per

gram of tissue, 0.2g being the normal tissue weight. Once the tissue was

completely dissociated 0.2X the total volume of chloroform was added and
the homogenate vigorously shaken for 15 sec before standing at room

temperature for 5 min. The mixture was subsequently centrifuged at 15000g
for 15 min at 4°C. After spinning the RNA was in suspension in the upper

aqueous layer. This was transferred to a fresh tube and precipitated by
adding 1 volume of ice-cold isopropanol, and gently inverting the tube 10-15
times. Centrifugation, again at 15000g for 10 min at 4°C pelleted the RNA.
The supernatant was removed and the RNA pellet was washed in 70%
ethanol, flicking to dislodge the pellet into the ethanol before respinning to
ensure any trapped salt is removed, and centrifuged again. The RNA was re-

suspended in 10-50|j.l 0.1% diethylpyrocarbonate-treated sterile water
(DEPC) by warming to 65°C for 10 min.

An aliquot of the RNA was diluted and the optical density (OD) of 150^1 was

analysed in a spectrophotometer (GeneQuant pro machine, Amersham
Pharmacia Biotech International Pic, Buckinghamshire, UK) at wavelengths
of 260 and 280nm. The OD26o:OD2y0 ratio was calculated to give an estimate
of purity, with a range of 1.6 to 1.8 indicating a pure sample, a lower ratio
was taken to be indicative of protein or phenol contamination. The
concentration of RNA was calculated from the 260nm value, an OD of 1 is

equal to 40,ug/ml RNA. A further aliquot of RNA was electrophorised in a

denaturing agarose gel (1%) in IX 4-morpholinepropanesulfonic acid
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(MOPS) buffer containing 3% formaldehyde. RNA was stored at -70°C as an

ethanol precipitate.

2.6.3 mRNA purification

Poly A+ RNA was prepared from lmg total RNA using oligo-
deoxythymidine-spin-column chromatography (Amersham Pharmacia
Biotech International Pic, Buckinghamshire, UK) according to the
manufacturers instructions. The oligo (dT)-cellulose column was prepared
and washed twice with high salt buffer. RNA in 1ml of elution buffer, and
0.2ml sample buffer, was applied to the column and left to soak through
under gravity before a 2 min spin at 350 X g. The column was washed again
twice with high salt buffer, and an additional 3 times with low salt buffer.
PolyA+ RNA was eluted in 4 successive aliquots of 0.25ml elution buffer, at
65°C, by spinning at 350g for 2 min after each application. Eluate was always
subjected to a second round of purification to ensure the highest attainable
purity. Poly A+ RNA was also stored as an ethanol precipitate at -70°C.

2.6.4 Ethanol precipitation
All RNA was stored at -70°C as an ethanol precipitate, 0.1 volume of sodium
acetate (3M, pH 5.2), 2.5 volumes of 100% ethanol and lgl of glycogen
(lOgg/ gl Roche, Boehringer Mannheim, Roche diagnistics Ltd, East Sussex,
UK), were added to the RNA. The solution was mixed before being placed in
the -70°C. Before use the sample was defrosted and mixed prior to spinning
at 15000rpm for 10 min. Supernatant was discarded, 1ml of 70% ethanol
added and the tube flicked until the pellet had been dislodged, this was to
ensure maximal removal of residual salts before respinning. The ethanol
wash was repeated and the pellet finally dissolved in the appropriate volume
of in 0.1% diethylpyrocarbonate (DEPC)-treated sterile water.
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2.6.5 DNase treatment of RNA

In an attempt to remove any contaminating genomic DNA from RNA, RNA
was digested using Deoxyribonuclease I, amplification grade (Invitrogen,
Paisley, UK). Per lqg of RNA, 1^1 of 10X reaction buffer, ljul of DNase I and
DEPC-treated water to a final volume of lOjul, were incubated at room

temperature for 20 min, before the addition of lgl 25mM EDTA and heating
to 65°C for 10 min.

2.7 Genomic DNA extraction

2.7.1 Genomic DNA extraction from blood

Human, marmoset, pig and sheep blood was collected from single donors.
Genomic DNA was extracted using a kit (Nucleon: Amersham Pharmacia
Biotech International Pic, Buckinghamshire, UK). Briefly 3.5ml blood was

collected in sodium EDTA tubes and transported on wet ice to the
laboratory. An aseptic technique was used to add 4 X the volume of reagent
A to the blood sample prior to spinning at 1300 g for 5 min. Supernatant was

removed and the pellet suspended in 2 ml of reagent B, this was aided by
incubation in a water bath at 55°C for 30 min. Contaminating RNA was

removed by addition of 15jul of 50,ug/ml RNase solution and incubation at
37°C for 30 min. Deproteinisation was achieved by addition of 500/il of
sodium perchlorate solution. To extract the DNA 2ml of chloroform was

added, the solution mixed by inversion, and 300ql of Nucleon resin added.
The sample was spun at 1300 g for 3 min and the upper phase containing the
DNA removed. DNA was precipitated by adding 2 volumes of ice-cold
ethanol, and inverting the sample gently until the precipitate was visible.
Genomic DNA was stored in dH20 at 4°C.
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2.7.2 Genomic DNA extraction from tissues

High molecular weight DNA was purified from frozen testes tissue of variety
of sheep breeds, by grinding it into powder on dry ice followed by
incubation in proteinase K solution (lOOmM NaCl, lOmM Tris pH 8.0, 25mM
EDTA, 0.5% SDS, O.lmg/ml proteinase K) at 50°C overnight, using 2.0ml
solution per O.lg tissue. Protein was removed by phenol-chloroform
extraction and DNA was precipitated from the aqueous phase with two
volumes of 100% ethanol. After centrifugation the DNA pellet was washed
with 70% ethanol and dissolved in lOmM Tris ImM EDTA 0.1% SDS pH 8.0.

Contaminating RNA was digested by incubation with RNase A (0.1 pg/ml
37°C for 1 hr). DNA was then re-purified by phenol-chloroform extraction
and ethanol precipitation prior to storage in lOmM Tris ImM EDTA pH 8.0
at 4°C.

2.7.3 Analysis of concentration of DNA
An aliquot of the DNA was diluted and the optical density (OD) of 150ql was

analysed in a spectrophotometer (GeneQuant pro machine, Amersham
Pharmacia Biotech International Pic, Buckinghamshire, UK) at wavelengths
of 260 and 280nm. The OD26o:OD28o ratio was calculated to give an estimate
of purity, with a range of 1.6 to 1.8 indicating a pure sample, a lower ratio
was taken to be indicative of protein or phenol contamination. The
concentration of DNA was calculated from the 260nm value, an OD260 of 1 is

equal to 50qg/ ml DNA.

An aliquot of the genomic DNA was also electrophoresed in a 0.7% agarose

gel as in section 2.10

2.7.4 Ethanol precipitation of DNA
This procedure is used for the removal of low molecular weight DNA
fragments. Added to the DNA were 0.1 volumes of sodium acetate (3M,
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pH5.2), 2.5 volumes of 100% ethanol and ljul of glycogen (lO^g/Roche,
Boehringer Mannheim, Roche diagnistics Ltd, East Sussex, UK). The solution
was mixed before being placed in the -70°C for at least 2 hr. The mixture was

defrosted and centrifuged at 15000rpm for 10 min to pellet the DNA, the
pellet was then washed in 1ml 70% ethanol, flicking to dislodge the pellet
into the ethanol to ensure any trapped salt is removed, and centrifugation
repeated. The ethanol was removed and the pellet air-dried at room

temperature before resuspension in an appropriate volume of TE buffer or

distilled water.

2.8 PCR

2.8.1 Polymerase chain reaction (PCR)
PCR is a rapid procedure for the enzymatic amplification of a specific
segment of DNA. For each PCR two oligonucleotide primers were designed,
with each annealing to opposite strands of the DNA at either end of the
region of DNA to be amplified. All PCRs were carried out in a

Programmable Thermal Controller PCT-100 (MJ Research Inc). In a 50yg
reaction there was lOng/pl final concentration of plasmid DNA, cDNA, or

genomic DNA, with IX PCR buffer, 15mM MgCl2, 0.2mM dNTPs (Bioline
UK Ltd), 25pMoles of each primer and 1U Taq polymerase (Biotaq DNA
polymerase, Bioline UK Ltd, London, UK). Typical conditions for a PCR
comprised of an initial denaturation of the DNA by heating to 95°C for 5
min. This was followed by 20-50 cycles of the following denaturation of the
DNA, 95°C for 1 min, annealing of the oligonucleotide primers, Tm for 1 min
and finally extension of the primer sequences by the Taq DNA polymerase, at
72°C with longer times required for longer PCR products.

The Tm is the melting temperature of an oligo primer. An approximate value
for Tm is calculated as follows:
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2(A + T) + 4(G + C) where A = number of adenine bases, T = number of

thymine bases, G = number of guanine bases, and C = number of cytosine
bases.

The Tm is used to calculate the annealing temperature for the PCR reaction,
which is around 5°C lower that the primer Tm. Increasing the length of the
primer increases its Tm and thereby the annealing temperature used. This
increases the specificity of the PCR reaction and reduces the number of end
products.

2.8.2 Design of oligonucleotide primers
Where-ever possible specific primers were designed to flank the regions of
interest. If no ovine sequence was available sequences were designed based
on regions of homology between the known GnRH-II receptor sequences,

and any available sequence ESTs. Primer dimer formation was avoided, as

were stretches of repetitive sequence. A Tm of around 60°C was used when
designing primers. If not possible the two primers were designed to have as

close a Tm as possible. Oligonucleotide primers were synthesised by MWG
Biotech UK Ltd (Milton Keynes, UK). All primers used are in a table in
Appendix 1.

2.8.3 Reverse transcription polymerase chain reaction

(RTPCR)
The conversion of mRNA into cDNA was achieved by reverse transcribing

lpg of tRNA using the 3 to 5 polymerase activity of SUPERSCRIPT II
(SUPERSCRIPT ™ II RNase H-Reverse Transcriptase; Invitrogen, Paisley,
UK), primed with oligo (dN) primers, as per the manufacturers instructions.
Total RNA from 9 different sheep brain and reproductive tissues was used to
create cDNA.
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2.8.3.1 GAPDH and HPRT

The quality of the cDNA was checked using PCR for the housekeeping genes

HPRT (primers MRC 1279 and MRC 1280) or ovine GAPDH (primers MRC
1224 and MRC 1225). GAPDH produces a glycolytic protein with roles in
cytosolic energy production along with other more diverse activities
(Mazzola and Sirover 2003); while HPRT encodes an enzyme necessary for
purine salvage in humans (Jiralerspong and Patel 1996). The GAPDH
primers were designed specifically to partial sequence of the ovine gene

(GenBarik: AF022183, OAU94889 and AF140546) and produce a 500 bp
product.

2.8.4 Receptor RTPCR
This technique is a useful tool for establishing the expression of specific
genes in different tissues. Oligonucleotide primers were designed to enable
amplification of full-length receptor cDNA and sub-regions of the coding
sequence. PCR amplification of these regions was performed using BioTaq
DNA polymerase (with KC1 buffer, MgCk, and deoxynucleotide
triphosphates, all from Bioline, London, UK). Samples were preheated to
94°C for 5 min, then 50 cycles of 94°C for 1 min, 58°C for 1 min and 72°C for 1
min. A final extension was performed at 72°C for 10 min. Amplified DNA
products were run on a 1% agarose gel. Oligonucleotide probes were

designed to enable identification of cDNA products by hybridization to
Southern blots.

RT-PCR with southern blotting uses the technique of PCR to amplify GnRH-
II receptor transcript signals. It will be used to look for full length and partial
transcripts in a wide range of tissue cDNA. However it cannot give accurate
information regarding the size of transcripts, only the pair between the 2
oligonucleotide primers can be amplified. RT-PCR could also give
misleading information concerning the level GnRH-II receptor gene

expression as it can be difficult to relate the number of amplification cycles to
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the actual abundance of a transcript due to plateau effect (i.e. non-

exponential amplification). Contamination from genomic DNA is also a

problem, especially if the primers used are within one exon, meaning that the
products from spliced cDNA and the contaminating genomic DNA cannot be
distinguished.

2.8.5 Long distance PCR
For a particularly long region of DNA that is to be amplified a different
protocol and Taq must be used. LD-PCR was performed using reagents from
a kit (Expand HiFidel system, Roche, Boehringer Mannheim, Roche
diagnistics Ltd, East Sussex, UK) according to the following thermal cycling

procedure: samples preheated to 94°C for 1 min, then 30 cycles of 94°C for 15

sec, 52°C for 30 sec and 68°C for 4 min. A final extension was performed at

72°C for 7 min.

Amplified DNA products were run on an agarose gel and southern blotted to
enable selection of bands. The DNA fragments were then excised, purified
and cloned into pGEM-T Easy Vector (Promega Ltd, Southampton, UK),
before transformation into E.coli XL-1 blue (Stratagene, Biocrest B.V.,
Amsterdam) as in section 2.9.3.2.

For shotgun cloning, subclones were generated by restriction endonuclease
digestion using enzymes chosen to cut within the insert but not within the
plasmid vector, followed by re-ligation and transformation into E.coli XL-1
Blue (Stratagene, Biocrest B.V., Amsterdam). Cloned DNAs were subjected to
automated DNA sequencing and data were analysed using Genejockey II
software (Biosoft, Cambridge, UK).

2.8.6 RACE

Rapid amplification of cDNA ends is a technique to enable amplification of 3
and 5 cDNA ends, all that is needed to PCR the gene in question is 23-28
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nucleotide of sequence to design gene specific primers (Maruyama, Rakow et
al. 1995; Schaefer 1995). These primers were designed in the most conserved
areas of known GnRH-II receptor genes. The SMART™ RACE cDNA
amplification kit (Clontech Laboratories Inc., Hampshire, UK) was used and
the manufacturer's protocol followed. Briefly the following were combined
in separate 0.5ml microcentrifuge tubes to generate cDNA for the RACE
reactions: for 5 RACE, 3jul RNA sample, lql 5 gene specific primer, and lql
SMART II oligo. For 3 RACE: 3ql RNA sample, lgl 3 gene specific primer.

Sterile water was added to make the volumes to 5ql before mixing and a 2
min incubation at 70°C. The tubes were cooled, spun, and the following
added: 2ql 5X First-strand buffer, lql DTT (20mM), 1/ul dNTP mix (lOmM),
lql MMLV reverse transcriptase (200 units/ju1). After mixing and spinning
the tubes were incubated at 42°C for 1.5 hr. The end product was diluted
with tricine-EDTA buffer, heated to 72°C for 7 min and stored at -20°C.

Master mix containing 33ql dH20, 5jul 10X buffer, ljul dNTP mix (lOmM),
and lql 50X advantage 2 polymerase mix, was prepared for each of the PCR
reactions. To this 2.5jul of the cDNA, 5ul of the UPM and 2.5jul of gene

specific primer (or 2.5pl of a 2.5:1 mixture of gene specific primer: nested
primer) were added. The following thermal cycling program followed: 5
cycles 94°C 5 sec, 72°C 3 min, 5 cycles 94°C 5 sec, 70°C 10 sec, 72°C 3 min and
finally 25 cycles 94°C 5 sec, 68°C 10 sec, 72°C 3 min. The products were run

on a 1% agarose gel. Nested RACE was performed using the original product
as a template.

2.9 Cloning of Amplified cDNAS

2.9.1 Microbiological sterile technique
A microbiological laboratory was used for bacterial work, with bench
surfaces cleaned with presept before and after use. Pipette hps, inoculating
loops, LB broth and LB agar (Anachem, Bedfordshire, UK) were autoclaved
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and opened under flame; with pipette tips and inoculating loops also flamed
before and after use. All plastic-ware was sealed in sterile packaging. Glass
spreaders were sterilised with burning ethanol before and after use. Control
cultures, not containing bacteria were incubated in parallel with
experimental cultures to guarantee no contamination was present. Waste was

decontaminated by Presept or autoclaving.

2.9.2 Preparation of LB Agar Plates
LB agar was heated to 60°C and lOOjug/ml of amphicillin added. The agar

was set in 100mm2 dishes and dried in a Class I microbiological hood. Plates
were stored at 4°C. Prior to use the plates were warmed to 37°C. To enable
blue/white selection of colonies the plates were spread with 20^1 2% X-gal
(5-bromo-4-chloro-3-indolyl-b-D-galactoside) in DMF (dimethyl formamide)
and 20/ul of 2% IPTG (isopropyl-b-D-thiogalactopyranoside), this was

allowed to dry prior to spreading with transformed bacteria. Colonies that
carry recombinant plasmids are white as the (3-galactosidase is inactive and
cannot act on the chromogenic substrate, X-gal.

2.9.3 Cloning of amplified cDNAs
2.9.3.1 Cloning reaction

Two separate protocols for cloning PCR products into appropriate plasmid
vectors were used. The vectors used were TA vectors, pGEM-T easy

(Promega Ltd, Southampton, UK) and pCRII-TOPO (Invitrogen, Paisley,
UK), both shown in Figure 2.4. For the TOPO cloning reaction 4/fl of PCR
product or gel extraction product was mixed with l,ul of salt solution and 1^1
TOPO vector. The mixture was incubated at room temperature for 1 hr
before proceeding to transformation. For the pGEM-T easy cloning reaction
5jul of 2X rapid ligation buffer, 3jul of PCR product or gel extraction product
was mixed with ljul of pGEM-T easy vector (50ng) and ljul T4 DNA ligase (3
Weiss units/jul). The mixture was incubated at room temperature for 1 hr, or

for long inserts overnight at 4°C, before proceeding to transformation.
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Figure 2.4: Schematic diagrams showing a representation of the
vectors used in the cloning process. Both vectors have EcoR1 restriction
recognition sites either side of the insert site, which were used to digest the
miniprep products. The extracted DNA was then run on a 1% agarose gel to
check if the cloning and transformation process was successful. The T7 and
Sp6 RNA polymerase promoters were used for sequencing.
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2.9.3.2 Transformation

The TOPO cloning reactions were transformed into a vial of One Shot
chemically competent E. coli (supplied with the kit). The cells were defrosted
on wet-ice before the addition of 2gl of the cloning reaction; this was flicked
to ensure mixing. After incubation on ice for 15 min the cells were heat-
shocked for 30 sec at 42°C and placed on ice. The cells were transferred to a

14ml culture tube, 1ml of room temperature SOC medium added, and the
cells shaken at 250rpm at 37°C for 1 hr. This was plated onto pre-warmed LB
agar plates at two dilutions, 100/d of the cell suspension and on a second
plate 50gl of the cell suspension with 50jul room temperature SOC, to ensure

that at least one plate had colonies spaced enough for picking.

The pGEM-T easy cloning reaction was transformed into XL-1 blue E.coli. A
vial of cells was defrosted on ice, 2 fi\ of the cloning reaction added, mixed by
flicking and left on ice for 15 min. The cells were heat-shocked for 45 sec at
42°C before cooling on ice. Once the cells had cooled and been transferred to
a 14ml culture tube, 1 ml of room temperature SOC medium was added and
the same protocol as above followed.

2.9.4 Small scale preparation of DNA 'minipreps' (plasmid

preparation from bacterial cultures)
A white (not blue) antibiotic resistant bacterial colony was used to inoculate
5ml of LB broth containing 100gg/ml amphicillin and was incubated at 37°C
with shaking at 250 rpm, overnight. 3ml of this culture was centrifuged for 5
min at 6000rpm and the pellet used to prepare the dsDNA. The plasmid
DNA was prepared using a Qiagen kit (Qiagen, W.Sussex, UK) according to
the manufacturers protocol, including all optional steps. Bacterial pellets
were resuspended in 250^1 buffer PI, 250pl of buffer P2 was added and the
tube inverted, this lysis reaction was allowed to proceed for 3-5 min, and was

terminated by addition of 350jid buffer N3 and tube inversion to avoid local
precipitation. Samples were centrifuged for 10 min at 15000rpm. The
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supernatant was applied to a Qiagen column and centrifuged for 60 sec,

15000rpm, prior to washing with 0.5ml buffer PB and 0.75ml buffer PE. After
a final centrifugation to remove any residual wash buffer, DNA was eluted
into 2 volumes of 40/il of distilled water, usually resulting in a concentration
of 300-400ng/ jul.

2.9.5 Analysis of plasmid DNA quality
The presence of a cDNA insert in the plasmid was confirmed by restriction
digest using the endonuclease EcoRI (section 2.11.1). The product was run on

an agarose gel enabling the size of the insert to be determined by comparison
with a DNA ladder, and an approximation of the concentration to be made
by comparison with markers of known concentration. The DNA solution was

also diluted 1:30 prior to spectrophotometric analysis at 260 and 280nm.

2.10Agarose gel electrophoresis

2.10.1 Agarose gel electrophoresis

Separation of DNA fragments for analytical or preparative purposes was by
agarose gel electrophoresis in standard agarose in IX TAE buffer. Agarose
(0.5-2%) was melted in IX TAE buffer, with a higher concentration of agarose

used for smaller DNA fragments. After cooling ethidium bromide
(0.5mg/ml) was added and the agarose poured into a gel-casting tray with
an appropriate gel comb to form loading wells. After setting, the comb was

removed and the gel submerged in IX TAE buffer in an electrophoresis tank.
DNA samples were loaded into wells with 0.17 volumes of 6X loading buffer
(30% glycerol, 0.25% bromophenol blue). A lOObp or 1Kb DNA ladder
(Promega Ltd, Southampton, UK), depending on the expected sizes of the
DNA was loaded in parallel. This enabled estimates of both the size and the
concentration of the DNA fragment present, e.g. 5^1 of the Promega lOObp
DNA ladder contains 150mg of the 500bp fragment and 50ng of each of the
remaining fragments. Gels were electrophoresed at 70 V. The DNA was
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visualised on a ultra-violet light box and a photo taken. If the DNA was to be
excised from the gel, longer wavelengths were used to minimise DNA
damage.

2.10.2 Isolation of DNA fragments from agarose gels
DNA fragments were electrophoresed in a IX TAE agarose gel (Section
2.10.1). The fragments were visualised using long wavelength UV while the
bands of interest were excised. The DNA was removed from the gel by spin-
elution in Ultrafree 0.45gm filter units (Millipore Corp.), by spinning at

7000rpm for 5 min, followed by ethanol precipitation.

2.11 Restriction enzyme digestion

2.11.1 Restriction enzyme digestion
Restriction enzymes have the ability to cut dsDNA at specific sites, usually 4-
6 nucleotides long, often with 2-fold symmetry. Degenerate sites do exist for
certain enzymes, and there may be a difference in the enzymes efficiency at
each of these sites. Restriction enzymes may result in both blunt and
overhanging ends. Restriction enzymes were used at a final concentration of
2 units/gg DNA for plasmids and PCR products. Reactions contained lgg
DNA, the required salts in the provided buffers, BSA to a final concentration
of O.lmg/ ml if required to improve action of the enzyme and were at a final
volume of 20^1 (with the exception of the genomic digests). Reactions were

incubated at 37°C for 1-2 hr, unless alternative optimal working temperature
and time were suggested by the manufacturer.

2.11.2 Religation reaction
Where a restriction enzyme was used to remove a fragment from DNA, such
as in the Shotgun cloning reaction (chapter 3), complementary DNA strands
were produced. These were religated using 5pg of digested DNA, 4pl of 5X
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buffer, 10pl of dIHtO and lpl of T4 DNA ligase (Promega Ltd, Southampton,
UK), incubated at room temperature overnight.

2.12Sequencing

Sanger developed a method of sequencing involving the generation of
fragments by the controlled interruption of enzymatic replication. One
complementary oligonucleotide primer is used to begin sequencing. Four
parallel reactions are set up, the four dNTPs are present and are

radiolabeled, along with a low concentration of a 2 3,'-dideoxy analogue of
one of the NTPs (ddNTP). Due to a lack of a hydroxyl residue at the 3 end,
when this analogue is incorporated further growth is terminated, thereby a

mixture containing DNA fragments of various sizes is produced. The four
different mixtures of chain-terminated fragments are then electrophoresed
on a polyacrylamine gel. The base sequence can then be determined from the
autoradiogram of the four lanes.

2.12.1 Automated DNA sequencing
Gwen Pfleger performed 80% of the sequencing at the in-house sequencing
service. This in-house sequencing was performed using an automated
version of the Sanger dideoxy method, which relies on fluorescence detection
as opposed to autoradiography. A sequencing reaction was prepared by

mixing 3pl of ABI Ready Reaction Mix, 5pl of Half Term buffer (200mM
Tris/HCl pH9, 5mM MgCk), 5pl of primer at 5ng/pl and 200-1000ng of
DNA. The mix was made up to 20pl using dH20. This mixture undergoes a

PCR like program, with a hot start at 95°C followed by 25 cycles of 94°C for
15 sec, 50°C for 25 sec, and 60°C for 4 min. DNA was ethanol precipitated as

in section 2.6.4, and resuspended in 20pl deionised formamide. Sequencing
was carried out using a ABI Prism™ 310 Genetic analyser; this uses a laser
beam to excite the fluorescent dyes and records the light emitted using ABI
Prism™ base-calling software. The remaining 20% was sent to MWG-
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BIOTECH (Wolverton Mill South, Milton Keynes, UK). The primer sequences

for T7 and Sp6 are detailed in appendix 1.

The sequence data generated was analysed using Genejockey (Biosoft,
Cambridge, UK) and Basic Local Alignment Search Tool (BLAST) software
(NIH, USA).

2.13DNA database searches

The National Center for Biotechnology Information (NCBI) GenBank DNA
databases were screened on-line using Basic Local Alignment Search Tool
(BLAST) software (NIH, USA) (Altschul, Gish et al. 1990).

For the purposes of analysing differences between sequences the following
equations were used:

% Identity between 2 sequences = no of identical amino acids X 100
total no. of amino acids

% Homology between 2 sequences = no of conserved amino acids X 100
total no. of amino acids

2.14Cell culture

All work was performed in a Class II hood, which was cleaned with 70%
ethanol and presept prior to, and after use. All plastic ware used was sealed
in sterile packaging, and only opened in the hoods. Pipette hps were

autoclaved prior to use. Complete medium (Dulbecco's modified eagles
medium (DMEM) containing 10% foetal calves serum, 2mM L-glutamine,
50mg/ml streptomycin and 50IU/ml penicillin) was used for most cell
culture.
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2.14.1 COS-7 Cells

Transtechon studies were carried out in the COS-7 cell line, derived from

monkey kidney cells transformed by the SV40 tumour virus. The viral DNA
within the cells encodes proteins to stimulate the proliferation of normally
quiescent cells. Cells were maintained in 162mm2 cell culture flasks at 37°C,
5% CO2 in complete medium. Cells were passaged twice a week, for a total of
15-20 passages, being split each time 1:20.

2.14.2 Transient Transfection

This is the process of introducing genes or macromolecules of interest into
eukaryotic cells. In this case it was used to study the GnRH-II receptor.
SuperFect (Qiagen, W.Sussex, UK) is an activated dendrimer, which
optimises the entry of DNA in to cells by compacting it. The SuperFect-DNA
complex has a net positive charge, enabling binding to the cell at negatively
charged receptors. Once internalised the SuperFect-DNA complex was

stabilised by pH inhibition of lysosomal endonucleases. SuperFect was the
preferred method for transient transfection due to its' high efficiency, low
toxicity and reproducibility.

COS-7 cells were plated in 12 well plates at a density of 1X105 cells/ well in
complete medium and incubated at 37°C, 5% CO2 for 24 hr. To enable
formation of a SuperFect-DNA complex 75ql of Opti-MEM® (Life
Technologies, GibcoBRL, Paisley, UK), 3.75^1 of SuperFect and lB^g of
DNA, for each well of a 12 well plate, were incubated at room temperature.
After 15 min, 400pil / well in a 12 well plate, of complete medium was added
and 0.45ml of this mix added to each well. This was incubated at 37°C, 5%

CO2 for 5 hr. The cells were washed with PBS before a further 48 hr

incubation at 37°C, 5% CO2.

For the purposes of transfection the human GnRH-I receptor was cloned into
the ECoRI/XhoI sites in the mammalian expression vector pcDNAI/Amp
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(Chi, Zhou et al. 1993). Similarly the marmoset GnRH-II receptor was cloned
into the EcoRI/Xbal sites in the expression vector pcDNA3.1(+) (Millar,
Lowe et al. 2001).

2.14.3 Primary cell dispersion
To obtain ovine pituitary cells for primary cell culture the pituitary gland
was removed, dissected free of extra pituitary tissue and transported in 25ml
incomplete medium on water ice. Once in a culture hood, the pituitary was

washed 2 X in incomplete medium and dissected into 1mm3 blocks. These
were then incubated in pre-warmed incomplete medium (37°C) containing

0.012g collagenase (type I) and 0.012g hyaluronidase (type I-S) for 1 hr at
37°C with constant agitation. The cells were pelleted by spinning at 1500
rpm, and washed twice with DPBS (Ca2+ and Mg2+ free) containing 2mM
EDTA to stop the enzyme reaction and prevent clumping of the dispersed
cells. The tissue was then dispersed mechanically using decreasing diameter
pipettes. Cells were again pelleted before reconstitution in 2ml complete
medium. Cell viability and density was determined using tryphan blue and a

haemocytometer. Cells were then plated out in complete medium at the
required density.

2.14.4 Measurement of total inositol phosphate production
in response to activation of the GnRH receptor

Transfected COS-7 cells and primary pituitary cells were used in IP assays

(Millar, Davidson et al. 1995). Primary pituitary cells were plated out in
matrigel pre-coated 12 well plates at a density of 1X106 cells/ well and
incubated at 37°C, 5% CO2 for 24 hr prior to beginning the assay. COS-7 cells
were plated out and transiently transfected as in section 2.14.2. Medium was

replaced with special DMEM containing 2mM L-glutamine, 50IU / ml
penicillin, 50mg/ml streptomycin, 1% dialysed FCS and lqci/well myo-[2-
3H] inositol for 24 hr for primary cells and 48 hr for the transiently
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transfected COS-7 cells. After aspiration of the media, cells were washed
with 0.5ml buffer A (140mM NaCl, 20mM HEPES, 4mM KC1, 8mM D-

Glucose, ImM MgCL ImM CaCL and lmg/ml fatty acid free BSA, pH 7.2)
and incubated in 0.5ml buffer A containing lOmM LiCl and the antagonist
under investigation for 1 hr at 37°C. Where required GnRH-I or -II was

added to the cells before a further hr incubation at 37°C. Termination of the

reaction occurred with addition of 1ml lOmM Formic acid and a 1 hr

incubation at 4°C. The Formic acid was removed from the cells and

transferred to 12mm plastic tubes containing 500jul 50% AG-1X resin slurry
(Bio-Rad Laboratories Ltd., Hertfordshire, UK). Tubes were vortexed and the
formic acid removed, followed by washing with the addition of, vortexing
and removal of 1ml dHaO, and 1 ml sodium tetraborate, sodium formate

(5mM, 60mM). A final solution of formic acid, ammonium formate (1ml of
0.1M, 1M) was added, the tubes vortexed, and 900pi of the supernatant
removed and counted with scintillation fluid.

2.15Separation of primary cells

2.15.1 Laser capture

This technique uses a laser beam to transfer selected cell types from a tissue
section onto a specially designed cap where the cells contents can then be
investigated (Figure 2.5). Tissue was fixed in Bouins and sectioned as in
section 2.16. The sections were placed onto uncharged slides and only baked
at 52°C for 2 hr and not overnight. Tissue was dehydrated and stained with
haematoxylin prior to dehydration, two 5 min soaks in xylene before putting
sections on silica in a desiccator for 20 min. Tissue debris was removed from

the slide using a prepstrip (supplied with the caps). Laser capture was

performed using a PixCell II™ System (Arcturus, Herts, UK), with a laser

spot size of 7.5pm. A CapSure™ LCM cap (Arcturus, Herts, UK) was

positioned on the tissue, the laser positioned over the cell of interest and
fired. Once 1000 cells had been captured the cap was removed and the cap
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screwed onto the top of a 0.5ml eppendorf containing lOOpl lysis buffer
(taken from Absolutely RNAIM Nanoprep kit, Stratagene, Biocrest B.V.,
Amsterdam), 1.6jul 6-mercaptoethanol, and 20mg/ml proteinase K. This was

wrapped in foil and inverted so the liquid was in contact with the cap, and
incubated at 55°C for 48 hr. The RNA was ethanol precipitated as in section
2.6.4 and RTPCR performed (see section 2.8.3).

Figure 2.5: Diagrammatic representation of the laser capture procedure.
a) The tissue of interest is on a microscope slide. The cap is placed over the
area of interest, b) The laser is pulsed through the cap, resulting in the
thermoplastic film covering the cap to adhere to the target cell, c) Lifting the
cap removes the target cell from the tissue. The target cells are attached to
the cap and RNA extracted from the cells.
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2.15.2 Fluorescent Activated Cell Sorting (FACS)
This technique was initially developed by the Herzenbegs to quantify the
surface molecules on individual white cells. It is a powerful tool enabling the
separation of specific cells from a heterogeneous mixture using flurochrome
labelled monoclonal antibodies.

Primary pituitary cells, dispersed as in section 2.14.3, were left overnight in
complete medium at 37°C in 5% CO2. The medium was removed, 5-8ml of
DPBS added and the cells scraped from the flask. The cell suspension was

pipetted up and down to generate a single cell suspension before being

passed through a 45pM filter. The cells were counted on a haemocytometer
and around 300000 used to set parameters such as drop flow on the BD FACS
Vantage SE (BD Biosciences, Oxford, UK). Cells were incubated for 1 hr at

4°C with 10"7M Biotinylated D-Lys-6 GnRH, then repelleted at 500g before
washing twice with 5ml DPBS. Cells were resuspended in 7ml DPBS

containing lOpl / 106 cells Streptavidin-R-Phycoerythrin conjugate and
incubated for another hr on ice. The cells were pelleted and washed twice in
DPBS before being resuspended at 4 X 106 cells/ml DPBS for FACS sorting.
Figure 2.6 shows how this cell sorting principal works.
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lasers-
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Figure 2.6: Illustration and flow diagram explaining the process of
FACS. Labelled cells pass through a nozzle to produce uniform droplets,
each containing one or no cells. The droplets pass through the laser causing
activation of the fluorescent labels. If predefined criteria are detected a
charge is applied to that droplet. The droplet retains its charge and as it
passes through the charged deflection plates it is sorted. Uncharged droplets
pass straight through into the waste container.

2.15.3 Percoll

Percoll1M (Amersham Pharmacia Biotech International Pic, Buckinghamshire,
UK) is a silica colloid, which is used to produce a gradient over a certain
density range where cells will sediment to an equilibrium position in the
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gradient irrespective of size. If the densities of cells in the pituitary are all
different it could then be used to separate out the gonadotrophs.

Primary pituitary cells were dispersed as in section 2.14.3 and incubated
overnight in 20ml complete medium at 37°C, 5% CO2. Thyrotrophin releasing
hormone (TRH) 2.76 X 10~7M was added to the cells to stimulate TSH and

prolactin release, thereby giving gonadotrophs a unique density. The cells
were incubated 37°C, 5% CO2 for 30 min.

While the cells were incubating Stock Isotonic Percoll (SIP) was prepared by
mixing 90ml Percoll with 10ml of M199 10X, 0.75% NaHC03, 0.05M HEPES.
The following mixtures of Percoll and M199, 0.05M HEPES were prepared:

Tube
no

1 2 3 4 5 6 7 8

SIP ml 3.5 3.35 3.22 2.82 2.58 4.65 2.5 1.1

Ml99
ml

1 2.65 2.78 2.68 2.92 6.35 6.5 4.9

Using a peristaltic pump (PI, Amersham Pharmacia Biotech International
Pic, Buckinghamshire, UK) and an auto densi-flow (Searle) 4ml of each of the
fraction was put into a 50ml falcon tube, with the heaviest fraction first. Two
gradients were produced each time with one to act as a positive control using
Percoll density marker beads (Figure 2.7 Amersham Pharmacia Biotech
International Pic, Buckinghamshire, UK).

The cells were scraped from the flask and transferred to a falcon tube before
spinning at 2000rpm for 8 min and resuspended in 3ml of M199 0.05M
HEPES, and counting on a haemocytometer. The 3ml of cells was applied
very slowly to the top of the gradient, while 50jul of each of the density
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maker beads was applied to the other. The gradients were centrifuged for 30
min at 2300rpm at 4°C using 0 break.

Positions of the positive control beads were noted, as were any cell layers.
Cells were removed from each layer using the peristaltic pump and auto
densi-flow. Each aliquot of cells was diluted with 2-3X DPBS and mixed to
break the gradient. Cells were spun at 1500rpm for 5 min, resuspended in
2ml complete medium and counted using a haemocytometer. Generally there
was a high proportion of cell debris after the process. A sample of each cell
layer was taken to undergo RNA extraction by addition of lOOpl lysis buffer
(taken from Absolutely RNArxi Nanoprep kit, Stratagene, Biocrest B.V.,
Amsterdam), with 1.6,1/1 S-mercaptoethanol. The RNA was ethanol
precipitated as in section 2.6.4 and RTPCR performed (see section 2.8.4). The
remaining cells were plated into glass bottomed microwell dishes for 48 hr at
37°C in 5% CO2 before immunocytochemical identification of gonadotrophs
to assess degree of gonadotroph purification.

Density (g/ml)

Figure 2.7: The calibration of the Percoll density gradient used in the
present studies. The positions of the density marker beads are shown. Each
Percoll separation had a control tube containing these beads to ensure
consistency of the gradients.
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2.16Tissue fixation and processing

2.16.1 Fixation

Fixation is used to ensure that the tissue retains its in vivo state as closely as

possible reducing volume and shape changes in subsequent procedures, and
protects the tissue from autolysis and bacterial attack enabling long term

storage. Immediately after the sheep were killed the head and testis were

removed. The entire head and testes were then flushed with saline before

being perfused fixed. Fixation was by two methods, the first using 0.1M P04,
4% paraformaldehyde, 15% picric acid, followed by 0.1M PCX 4%
paraformaldehyde, 15% picric acid, 20% sucrose to perfuse fix. The required
tissue was then removed and placed in 4% normal buffered formaldehyde
for 5 hr and transferred to 70% ethanol for storage. The second method used
Bouins reagent to perfuse fix before removal of required tissues. The tissue
was then fixed in Bouins reagent for 5 hr and transferred to 70% ethanol for
storage. Storage was required until processing and paraffin wax-embedding
for immunocytochemistry and in situ hybridisation. Aldehyde fixatives, such
as NBF and Bouins, retain morphology of the tissue in a stable form by the
formation of cross-links between protein and aldehydes. They are suitable
for immunocytochemistry and in situ hybridisation, as DNA and RNA (in
their native states) do not react with formaldehyde.

2.16.2 Processing and sectioning of tissue

Processing and paraffin wax embedding was carried out by the MRC HRSU
histology department. To enable sectioning of tissue it was dissected to the
correct size and processed through a using an automatic TP 1050 processor

(Leica), through a graded series of alcohols (70-100%), xylene and finally
paraffin wax in a pressure/vacuum, using an 18 hr cycle. Tissue was then
orientated as required for sectioning and embedded in paraffin wax. Tissues
were sectioned using a hand operated JUNG RM2035 Microtome (Leica) with
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a low profile blade. Sections were 5jum thick, and floated on water at 37°C to
enable transfer to slides. Sections were dried at 50-52 °C overnight before
use.

2.17lmmunohistochemistry
This is used for the localisation of specific antigens within a tissue using

specific antibodies to an epitope (monoclonal antibody) or epitopes
(polyclonal antibodies) of the antigen. Once the antibody has bound there is
an amplification process enabling detection. Antigens are localised to specific
cell types within a tissue and can be quantified.

2.17.1 Primary antibodies
Antibody Source Species Epitope Dilution
R51Anti-prolactin A.F.Parlow

NHPP
Rabbit Polyclonal 1:1000

R23 Anti-LHp A.F.Parlow
NHPP

Rabbit Polyclonal 1:200 (1:1000 for
primary cells)

518B7 Anti-LHp J.Roser
UCLA

Mouse Monoclonal 1:1000

D6373Anti-
GnRH-II

R.P.Millar
HRSU

Rabbit Polyclonal 1:10

2.17.2 Tissue pre-treatment and primary antibody
Tissue was sectioned and mounted onto slides as in section 2.16. The paraffin
wax was removed by soaking in xylene for 10 min before the tissue is
rehydrated in a graded series of alcohols, (100%, 90%, and 70%). If required
the slides were then pressure-cooked in citrate buffer as outlined in section
2.17.3. When a peroxidase detection method was to be used the endogenous
peroxidase activity was blocked by placing the sections in 3% hydrogen
peroxide in methanol for 30 min at room temperature, rinsed in tap water
and then washed twice for 5 min in either 0.05M Tris-buffered saline (TBS) or

0.05M Phosphate-buffered saline (PBS). TBS was routinely used for washes
as PBS cannot be used in conjunction with alkaline phosphatase detection,
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whereas PBS has to be used for fluorescence as the secondary antibodies
must be diluted in PBS. To minimise non-specific binding the sections were

incubated in the normal serum in which the secondary antibody was raised
(normally rabbit, goat or pig) diluted 1:5 with TBS /PBS 5% BSA for 30 min at
room temperature. This is an important step as most non-specific
background arises from binding to hydrophobic and electrostatic forces
(Kraehenbuhl and Jamieson 1974). This was then removed and replaced with
the same blocking solution containing the primary antibody. Tissue sections
were left overnight at 4°C in a humidified tray.

2.17.3 Pressure cooking in citrate buffer
This is occasionally required to un-cross-link proteins once they have been
de-waxed and rehydrated, as these processes can mask some antigenic
epitopes. This process of heat treatment has been optimised to avoid over

heating which could result in tissue damage and a loss of morphology.
Proteolytic digestion was not required for the tissues used. The slides are

placed in 21 of 0.01M citrate buffer (0.01M citric acid pH6.0) in a pressure

cooker (Tefal Clypso) and left at full pressure for 5 min before the pressure is
released. The slides are allowed to stand in the buffer for 20 min before the

lid is removed and the slides cooled in cold tap water.

2.17.4 Secondary antibody and HRP detection
The horseradish peroxidase detection system (Figure 2.8) used was a kit from
Dako (Glostrup, Denmark). After the overnight incubation the primary
antibody was washed off in two 5 min washes of TBS. The secondary
antibody was biotinylated and added at 1:500 in blocking solution (normal
serum in which the secondary antibody was raised (normally rabbit, goat or

pig) diluted 1:5 with TBS/PBS 5% BSA), and left on the sections for 30 min at
room temperature. Slides were washed twice for 5 min in TBS. Avidin-
horseradish peroxidase complex was prepared as manufacturers instructions
using 1 drop of A, 1 drop of B in 5ml of 0,05M Tris/ HC1 pH 7.6, 20 min
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before use, and placed on the tissue sections. This complex binds to the
biotinylated secondary antibody to amplify the signal from the primary
antibody 3 fold. Again slides were washed twice in TBS for 5 min before
DAB substrate (Dako, Glostrup, Denmark) was added to the sections. Colour
development was monitored microscopically and halted by washing in tap-
water.

Figure 2.8: A diagram showing amplification of antigen signal using
specific antibodies and the ABC-HRP complex. This method uses a

primary antibody to bind to the antigen under investigation. A biotinylated
secondary antibody, such as biotinylated swine anti-rabbit, binds the primary
antibody. The preconjugated ABC-HRP complex binds to the biotinylated
secondary antibody, increasing the binding sites to which the coloured
substrate, used for visualisation, can bind.

2.17.5 Haematoxylin staining, dehydration and mounting
Slides were stained with haematoxylin for 30 sec to 5 min, washed in tap
water before differentiation in 1% acid-alcohol, washed again in tap water
and blued in Scott's tap water for 20 sec. Staining was checked by light
microscope, if too intense, staining was cleared by dipping slides back in 1%
acid alcohol, or back into haematoxylin if staining was too light.

96



Chapter 2 General methods

Sections were dehydrated in a graded series of alcohols (70%, 80%, 95%,
100%, 100%) with 20 sec to 1 min in each. Slides were then cleared by
incubating for 5 min in histoclear before 5 min in xylene. Finally coverslips
were mounted in pertex and cells allowed to dry prior to examination under
an Olympus Provis microscope (Olympus Optical, London, UK). Images
were captured using a Kodak DCS330 digital camera (Kodak Eastman,
Rochester, NY).

2.17.6 FITC and TRITC single detection
Excess primary anti body was washed off with 2X 5 min washes in 0.05M
PBS. Goat-anti-Mouse-FITC (Dako, Glostrup, Denmark) was added, 1:20 in
the goat blocking mix, or Swine-anti-rabbit-TRITC (Dako, Glostrup,
Denmark), 1:20 in the swine blocking mix and the slides incubated for 1 hr at
room temperature. The sections were then washed twice, for 5 min in 0.05M
PBS before mounting in the aqueous mounting medium, Permaflor. Stained
tissue sections were examined using an Olympus Provis microscope
(Olympus Optical, London, UK). Images were captured using a Kodak
DCS330 digital camera (Kodak Eastman, Rochester, NY).

2.17.7 Double immunocytochemical staining
This technique is a useful aid for investigation of the spatial relationships
between different cell types, (gonadotrophs and lactotrophs), and to

investigate co-expression of substances by cells. Two separate detection
systems are required for the differentiation of the two antigens, here fast blue
and DAB, or FITC and TRITC were used. The 2 primary antibodies must be
raised in separate animals to ensure there is no cross-reactivity, while the
secondary antibody is raised in the same species so that only one blocking
serum is used.
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2.17.7.1 Fast blue and DAB

To look at the spatial relationship between gonadotroph and corticotroph
distribution in the pituitary, a rabbit polyclonal anti-ovine prolactin antibody
was applied as in section 2.17.2. After the overnight incubation, sections had
two 5 min washes in 0.05M TBS, and the secondary antibody was added.
This was non-biotinylated swine anti-rabbit immunoglobulin (SAR, Dako,
Glostrup, Denmark), diluted 1:500 in the normal swine blocking solution.
Sections were washed in 0.05M TBS before incubation in avidin-biotin-

compi ex-alkaline phosphatase (ABC-AOP, Dako, Glostrup, Denmark) for 30
min at room temperature. Excess was washed off in two 5 min washes in
0.05M TBS. Detection of antigen was through fast blue substrate. After a 20
min incubation in 0.5M glycine/0.1% EDTA buffer, LHE (518B7 anti-LHR
section 2.17.1) staining using the horseradish peroxidase detection system
was performed (as in section 2.17.4). Sections were not counterstained and
were mounted in Permaflor as fast blue substrate is soluble in alcohol.

Stained tissue sections were examined using an Olympus Provis microscope
(Olympus Optical, London, UK). Images were captured using a Kodak
DCS330 digital camera (Kodak Eastman, Rochester, NY).

2.17.7.2 FITC and TRITC

Sections were dewaxed and rehydrated, quenched with 1% sodium
borohydride in dELO for 10 min, washed in tap water and twice in 0.05M
PBS before blocking in normal swine serum: normal goat serum:0.05M PBS,
1:1:10 respectively 1% BSA, for 1 hr at room temperature. This was tapped off
and the antibodies for both LH(3 and prolactin were added in this blocking
solution. After a 2 hr incubation at room temperature, excess antibody was

removed with two 5 min washes in 0.05M PBS. Swine-anti-rabbit TRITC and

goat-anti-mouse FITC, both 1:20 in 0.05M PBS were applied to the sections
and left to incubate for 2 hr at room temperature, excess secondary antibody
was removed with two 10 min washes in 0.05M PBS. Sections were mounted

in Permaflor. Stained tissue sections were examined using an Olympus
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Provis microscope (Olympus Optical, London, UK). Images were captured
using a Kodak DCS330 digital camera (Kodak Eastman, Rochester, NY).

2.17.8 Control of Antibody specificity
To check antibody specificity, a control experiment using the non-immune
serum of the species in which the primary antibody was raised, diluted in
TBS to the same degree as the primary antibody was used.

2.17.9 Immunocytochemical staining of primary cells
To establish the proportion of gonadotrophs in the dissociated pituitary cell
population and from the various levels in the Percoll density gradient,
immunocytochemistry using an antibody to LHfi. Primary ovine pituitary
cells were cultured on glass bottomed micro-well dishes for 48 hr at 37°C in
5% CO2. Cells were washed twice in Tris-buffered saline (TBS), fixed in ice-

cold methanol on ice for 10 min and washed twice in TBS. To permeabilise
the cells they were incubated in 0.2% TRITON-X 100 (t-
octylphenoxypolyethoxyethanol) in TBS for 2 min before being washed twice
in TBS. Cells were blocked in the H2O2 block taken from a Dako envision Kit

(Dako, Glostrup, Denmark), for 15-20 min at room temperature before an

additional 2 washes in TBS. A blocking solution of 20% normal porcine
serum in TBS with 0.05% BSA was left on the cells at room temperature for 1
hr, followed by an overnight incubation with the required primary antibody
in the porcine blocking solution in a humidified chamber at 4°C. Cells were

washed twice in TBS to remove excess antibody. Secondary antibody and
HRP detection was carried out as in section 2.17.4 but with TBS substituted

for PBS. Mounting was in Permaflor, after haematoxylin staining the cells
were soaked in TBS and mounted, as the glass-bottomed dishes would not
withstand the histoclear and xylene prior to mounting in pertex. Stained cells
were examined using an Olympus Provis microscope (Olympus Optical,
London, UK). Images were captured using a Kodak DCS330 digital camera

(Kodak Eastman, Rochester, NY).
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2.18Preparation of radiolabeled probes
Radiolabeled probes were prepared using 50pCi a32P-dATP (6000Ci/ mmol),
or, for insitu 50pCi a35S-dATP, 50pCi a35S-rUTP, or 50pCi a33P-dATP. All

radioactivity was purchased from Amersham, (Amersham Pharmacia
Biotech International Pic, Buckinghamshire, UK).

2.18.1 Radiolabelling cDNA probes
dsDNA was either a purified PCR product, a gel excised PCR product

prepared by spin-elution in Ultrafree 0.45pm filter units (Millipore, Bedford,
USA) or a cDNA insert excised from a plasmid vector by enzymatic
digestion, run on an agarose gel and gel excised, again by spin elution. A
'high prime DNA labelling kit' (Boehringer Mannheim, Roche diagnistics
Ltd, East Sussex, UK) using the random primer method (Feinberg and
Vogelstein, 1983) was used to label the dsDNA according to the
manufacturers instructions. Briefly 25ng of DNA in 8ul dELO was denatured
at 98°C for 10 min before being chilled quickly on ice. To this was added

50pCi a32P-dATP, lOmM each dCTP, dGTP, dTTP and 5pi of 5X High Prime
reaction mixture before 1 hr incubation at 37°C. The labelling reaction was

catalysed by the presence of 1 U/ pi Klenow enzyme present in the 5X
reaction mixture. The reaction was stopped by the addition of 29pl STE with

lpl 0.5M EDTA. Labelled probes were separated from unincorporated
radionucleotide using sephadex G50 in microspin columns (Amersham
Pharmacia Biotech International Pic, Buckinghamshire, UK). Purified probes
were denatured by boiling for 2 min and rapid cooling on ice prior to
addition to the prehybridized filters. The cDNA probes were hybridized to
filters at 55°C.
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2.18.2 Preparation of radiolabeled oligonucleotide probes

Oligonucleotides (30mer) were designed to the specific areas of interest and
labelled using terminal deoxynucleotidyl transferase enzyme (TdT, Promega
Ltd, Southampton, UK). TdT catalyses the repeated addition of
mononucleotides to the 3 -OH of the oligonucleotide. The oligo was diluted
to 10ng/pi and lOpl (lOOng) denatured by heating to 95°C for 2 min before

being chilled on ice. After a brief spin 4pl of 5X terminal transferase buffer,

50pCi of a32P-dATP, a33P-dATP (Hemedah, Loiacono et al. 2001) or a35S-
dATP, and lpl of TdT enzyme were added. This was mixed, spun briefly and
incubated at 37°C for 1 hr in a water bath. The reaction was stopped by the
addition of 29pl STE with lpl 0.5M EDTA. Labelled probes were separated
from unincorporated radionucleotide using sephadex G25 in microspin
columns (Amersham Pharmacia Biotech International Pic, Buckinghamshire,
UK). For in situ hybridisation probe activity was determined by liquid
scintillation spectroscopy and the probe dluted to give 1 X 106 cpm.

2.18.3 Preparation of radiolabelled cRNA probes

2.18.3.1 Template cDNA preparation

Oligonucleotide primers to exon 1, incorporating a T7 promoter sequence

(5TAATACGACTCACTATAGGGCGA3), were used to create sense and
anti-sense cDNA templates for ovine GnRH-I and -II receptors using PCR.
To optimise yield a gradient PCR with Tm 48.3 - 59.8 °C with various MgCh
concentrations was carried out in a PCT-200 DNA engine (MJ Research). The
required products were extracted from an agarose gel (section 2.10.2).

2.18.3.2 In vitro synthesis of cRNA probes

To produce the probe a Riboprobe system - T7 kit was used (Promega Ltd,
Southampton, UK). An unlabelled in vitro transcription was performed using
unlabelled rNTPs as a positive control. This was run on a 1% agarose gel
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with template to confirm results. For the labelled reaction 4pl of 5X buffer,

lpl 0.1M DTT, lfj.1 of each rATP, rGTP, rCTP 10mM, 5pl of DNA template

(0.5mg/ml in ddH20), 50pCi a35S-rUTP (Amersham Pharmacia Biotech
International Pic, Buckinghamshire, UK), lpl of RNase inhibitor, and lgl of
T7 RNA polymerase were mixed and incubated at 37°C for 1 hr. The reaction
was stopped by the heating to 70°C for 5 min, and placing on ice. The DNA
template was removed by addition of 10U of RNase free DNase treatment for
15 min at 37 °C. This was stopped by adding 10pl of stop buffer and heating
to 70°C for 10 min. Labelled probes were separated from unincorporated
radionucleotide using sephadex G50 in microspin columns (Amersham
Pharmacia Biotech International Pic, Buckinghamshire, UK). Probe activity
was determined by liquid scintillation spectroscopy and the probe dluted to

give 1 X 106 cpm.

2.19Southern blot

This was used to investigate the presence of specific DNA fragments using
radiolabeled oligonucleotide and cDNA probes.

2.19.1 Separation of DNA on agarose gel
PCR products or restriction endonuclease-digested genomic DNA samples
(enzymes and size markers from Promega, Southampton, UK) were size-
separated using agarose gel electrophoresis in IX TAE buffer. Subsequently,
the double-stranded DNA was denatured by soaking the gel in fresh 0.5M
sodium hydroxide, 1.5M NaCl solution, and neutralised in 1.5M NaCl, 0.5M
Tris pH 7.5.

2.19.2 DNA transfer to membrane

Gels were trimmed so that the wells were at the top of the nylon membrane,
and capillary blotted onto Hybond-N+ (Amersham Pharmacia Biotech
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International Pic, Buckinghamshire, UK) in 6X SSPE as shown in Figure 2.9
for a minimum of 12 hr. ddEUO was used to prewet the layer of membrane
and the 3 layers of Whatman 3mm paper. Care was taken to ensure no air
bubbles remained between the layers as this may interfere with transfer of
the DNA to the membrane. After transfer the membrane was fixed by baking
at 80°C for 2 hr followed by UV cross-linking for 90 sec.

Weight

Glass plate-

Paper towels

3 sheets of filter paper

Hybond

Filter Paper

Transfer buffer

Figure 2.9: Schematic diagram of the apparatus used for transfer of
DNA or RNA from a gel to the Hybond-N nylon membrane.

2.19.3 Hybridisation of radiolabeled probe to membrane

Hybond-N+ filters (Amersham Pharmacia Biotech International Pic,
Buckinghamshire, UK) were pre-hybridized by rotation in glass
hybridization tubes containing 6X SSPE, 5X Diehards solution, 0.1% SDS for
4 hr at 55°C in a Hybaid oven. Purified probes were denatured by boiling for
2 min and rapid cooling on ice prior to addition to the prehybridized filters.
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The cDNA probes were hybridized to filters at 55°C, whilst 30-mer

oligonucleotide probes were used at 50 C, in pre-hybridization buffer, with
rotation overnight.

2.19.4 Post-hybridisation washes
Excess probe was removed by washing filters briefly in SSPE/0.1% SDS with
increasing stringency (from 5X SSPE to IX SSPE, and then two washes in
0.1X SSPE as the final step) at incubation temperatures up to 65°C. The cpm

was monitored throughout the washing process with the times of the washes
varying from 5 min to 45 min depending on the strength of the signal.
Generally oligonucleotide probes were not washed for as long as cDNA
probes.

2.19.5 Development of signal
Washed filters were sandwiched in cling-film and exposed to pre-flashed
(using a Sensitize unit, Amersham Pharmacia Biotech International Pic,
Buckinghamshire, UK) Kodak XAR-5 film (Kodak, Hemel Hempstead, UK)
at -80°C in a cassette containing 2 intensifying screens. Following exposure,

films were allowed to warm to room temperature prior to development in a

film processor. Probes were stripped from filters by two 5 min incubations in
0.1% SDS at 95°C-100°C followed by a wash in 2X SSPE before re-exposure to

film or long-term storage at -80°C. The sizes of specific DNA bands were

estimated using a standard curve generated by measuring the migration
distance of standards of known size.

2.20Northern blot analysis
This technique is used to measure the amount and size of transcribed RNA's
from a gene. It is a useful tool in the investigation of gene expression and
uses radiolabeled specific probes to hybridise to the RNA of interest
(Kroczek 1993). Northern blot analysis using poly A4" mRNA is a very
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sensitive method of detecting GnRH-II receptor mRNA transcripts, and will
be used to investigate expression in the pituitary and testis. It does give an

indication of the size of transcripts present but, it does not identify cellular
origin of transcripts in a tissue sample.

2.20.1 Separation of RNA on denaturing agarose gels

Total RNA (30gig) or polyA+ RNA (4pg) was size-fractionated by denaturing
agarose gel (1.1%) electrophoresis in lx MOPS buffer containing 3%
formaldehyde. Agarose (1.1%) was melted in DEPC-treated water, prior to
addition of MOPS buffer and 3% formaldehyde. After gentle mixing to

prevent oxidation of the formaldehyde to formic acid, which may degrade
the RNA, the agarose was poured into a gel-casting tray with an appropriate
gel comb to form loading wells in a fume hood. After setting the comb was

removed and the gel submerged in IX northern running buffer (IX MESA
5% formaldehyde). To minimise problems resulting from the formaldehyde
forming concentration gradients the gel was pre-run at 70V for 5 min.

Up to 5pg RNA in DEPC water, and the RNA markers (Gibco-BRL, Paisley,
UK), were prepared by adding 5pi formaldehyde, 4pl formamide and 2pi 5X
MESA and heating to 65°C for 5 min. After cooling 6pl of bromophenol blue

loading dye and 0.25pl ethidium bromide (lOmg/ml) were added to each
sample. Ethidium bromide was added to all samples so that the size of
prominent bands or markers could be estimated following UV
transillumination. The RNA samples were loaded into the wells and the gel
electrophorised at 70V for 3-4 hr. The RNA was visualised on a UV light box
and a photo of the gel next to a ruler was taken.

Gels were rinsed with DEPC-treated water before blotting, fixing and
probing as described in sections 2.19.2- 2.19.5.
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2.20.2 Stripping Northern blots
This process removes any probe which has hybridised to the membrane so

that it may be re-probed for something else. To strip the blot 400ml of 0.1%
SDS is heated until it begins to boil, the membrane is washed in 200ml of this
for 2 min twice. The counts are monitored throughout this process to enable
removal of the membrane at the earliest possible moment. The membrane
must no be allowed to remain in the SDS for longer than 4 min in total. It is
then transferred to 2X SSPE at room temperature for 5 min before going into
hybridisation buffer as in section 2.19.3.

2.21 Radioactive In Situ Hybridization
This technique was used to detect specific DNA sequences in tissues via

1

hybridisation to radiolabeled oligonucleotide probes, and specific mRNA
via hybridisation to a complementary radioactive riboprobe (Simmons,
Arriza et al. 1989). Detection of the radioactive signals used photographic
emulsion.

There are a variety of different in situ methods with different radiolabels
associated with a different type of result. 32P gives a strong signal more

rapidly than the other radiolabelled UTPs but resolution is said to be
impaired. 35S and 33P are believed to give better resolution, but the signal can

take twice as long to be detected on autoradiography. This thesis uses both
35S and 33P. 33P has an increased path-length through the photographic
emulsion and gives a stronger signal which is believed to be more precise
with a lower signal to noise ratio. 35S is safer and more well established,
however increased use of reducing agents (DTT or sodium thiosulphate) are

required in the hybridisation buffer and the wash buffer to reduce the
formation of disulphide bonds (an oxidation reaction) which may cross-link
the probe non-specifically to -SH residues in proteins although oxidation
shouldn't be too much of a problem during washing because the probe is
vastly diluted at the wash stage.

106



Chapter 2 General methods

Some cell types (e.g. erythrocytes, spermatids) or tissues (e.g. bone) can bind
probes non-specifically due to their protein/mineral composition.

Tissues fixed in 4% buffered formaldehyde were embedded in paraffin and
tissue sections were mounted onto microscope slides, cleaned by soaking in
diluted Decon detergent (Decon laboratories Ltd, E. Sussex, UK) followed by
rinsing in hot tap water, then distilled water, prior to being dried in an

incubator. Coverslips were cleaned by washing in diluted Decon detergent
and rinsing in water prior to being dried. Once dry they were siliconised by
immersion in Sigmacote in a fume hood, then rinsed in distilled water and
allowed to dry.

2.21.1 Pre-treatment of tissue

Tissue sections were dewaxed and rehydrated by soaking in a standard
xylene for 10 min then through an ethanol-water dilution series, for 2 min in
each. Sections were then soaked in 0.1M PBS before proteinase K treatment

0.35mg/ml proteinase K buffer (lOOmM Tris/HCl pH 7.8 and 50mM EDTA),
at 37°C for 15min. This treatment is to improve access of the probes to the

target. Sections were washed in proteinase K buffer alone for 5 min at 37°C.
Slides were then re-fixed for 5 min in 4% buffered formaldehyde followed by
washing in 0.1M PBS. Finally tissue sections were prehybridised for 2 hr at
37°C in buffer containing 4X saline sodium citrate (SSC) buffer , IX
Denhardt's solution, lOmM DTT, in 50% deionised formamide.

2.21.2 Hybridisation of probe to tissue
After prehybridisation slides were dried and 1 X 106 cpm antisense and sense

oligonucleotide probes in 50pl prehybridisation buffer added. Probes were

sealed under the pre-treated siliconised coverslips and incubated overnight
at 55°C in humidified chambers.
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2.21.3 Post hybridisation washes

Coverslips were removed by floating in 5X saline sodium citrate (SSC)/ 0.2%
sodium thiosulphate pentahydrate for 30min at room temperature. If a

riboprobe was used slides were then incubated in 7mg RNAse A in 350ml
RNAse buffer (0.1M Tris pH 8.0, 0.01M EDTA pH 8.0, 0.5M NaCl). For
oligonucleotide probes this step was omitted. All slides were then washed an

additional 30 min in 2X SSC / 0.2% sodium thiosulphate pentahydrate, 1 hr
in IX SSC / 0.2% sodium thiosulphate pentahydrate at 60°C and finally 1 hr
in 0.1X SSC / 0.2% sodium thiosulphate pentahydrate. Slides were

dehydrated for 5 min in each of 50%, 85% and 95% ethanol/ 0.1M amonium
acetate.

2.21.4 Exposure on autoradiograph film
Slides were exposed to pre-flashed (using a Sensitize unit, Amersham
Pharmacia Biotech International Pic, Buckinghamshire, UK) Kodak XAR-5
film (Kodak, Hemel Hempstead, UK) at room temperature in a cassette

containing 2 intensifying screens. Following exposure, films were developed
in a film processor. This is done for several reasons, it gives an impression of
the amount of background present on the slide, if the target is expressed at a

low concentration this signal to noise ratio is important, if there is a strong

signal it may be possible to identify which regions of the tissue the probe has
hybidised to, and finally it can give an indication of the length of time a

section will need to be developed, the stronger the signal the shorter the time
for development.

2.21.5 Development of in situ hybridisation

Selected individual slides were then warmed to 42°C and dipped in pre-

warmed photographic G5 liquid emulsion (Ilford ltd. Cheshire, UK) at 42°C
w/v 1:1 in distilled H2O. The slides are warmed to prevent the emulsion
from being heat-shocked. Slides were allowed to dry thoroughly before
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being placed in a polyacetyl black trough (Lamb's laboratory supplies,
London, UK) with silica gel, to ensure the sections remained dry, and stored
at 4°C.

The emulsion is a silver bromide gel, the hybridised radiolabeled probe
reacts with the gel causing precipitation of silver. In areas of high
radioactivity the silver forms grains. In the dark room slides were placed in
Kodak D19 developer for 40sec-lmin (depending on the results of test

developments), rinsed in water for 20 sec before being fixed by incubation in
DIL fixer GBX for 20 min.

Sections were washed in water prior to staining with haematoxylin and
dehydration through a graded series of alcohols, 5 min in both histoclear and
then Xylene before mounting in pertex, (O.kindler GmbH & Co. supplied by
Laboratory sales Ltd., Rochdale, England).

2.21.6 Analysis of slides

Initially sections were examined under bright field microscopy to give an

indication of the tissue morphology. To visualise the silver grains slides were

analysed under dark field using an Olympus Provis microscope (Olympus
Optical, London, UK). Images were captured using a Kodak DCS330 digital
camera (Kodak Eastman, Rochester, NY).
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3 Sequence of the ovine GnRH-II receptor
and comparisons between mammalian

species

3.1 Introduction

A receptor with a high affinity for GnRH-II ligand was first demonstrated in
amphibians (Wang, Bogerd et al. 2001) where it was shown to be a 7-trans-
membrane domain protein belonging to the rhodopsin-like GPCR sub¬
family. The GnRH-II receptor cDNA has since been cloned from a variety of
primates (marmoset (Millar, Lowe et al. 2001), African green monkey and
rhesus money (Neill, Duck et al. 2001)). This was achieved primarily through
PCR using degenerate primers to extracellular loop 3 (ECL- 3) and 3 and 5
rapid amplification of cDNA ends (RACE) (Millar, Lowe et al. 2001; Neill,
Duck et al. 2001; Wang, Bogerd et al. 2001). The primate GnRH-II receptor
amino acid sequences share a 40% identity with the human GnRH-I receptor
and 60% with amphibian GnRH-II receptors. The mammalian GnRH-I
receptors are unique within the GPCR super-family in that they have no

cytoplasmic carboxyl tail. All non-mammalian GnRH-I and all GnRH-II
receptors do possess a cytoplasmic tail, important for agonist dependent
phosphorylation, desensitisation and internalisation. The result is that the
mammalian GnRH-I receptors are thought to signal over more extended time
periods compared to receptors with cytoplasmic tails (Pawson, Katz et al.
1998).

The occurrence and functional importance of species-specific differences
between eutherian mammals have been emphasized recently (Licht 1986).
This type of variation is seen within the GnRH family of receptors. For
example, differences such as the presence or absence of a premature stop
codon exist in GnRH-II receptor genes in closely related mammals (Morgan,
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Conklin et al. 2003). All of the cloned primate GnRH-II receptor genes encode
a GPCR, while the human homologue gene is disrupted by the presence of a

frameshift in exon 1 and a pre-mature stop-codon in exon 2 (Morgan,
Conklin et al. 2003). A complete sequence for a non-primate mammalian
GnRH-II receptor gene has not been elucidated previously so comparisons
can not yet be made. However ESTs for chimpanzee and bovine indicate that
the presence of the premature stop-codon in exon 2 is not limited to humans,
although porcine DNA sequence fragments do not possess the premature
stop. It is possible that these variations are indicative of important
differences in the control of gonadal activity, sexual behaviour and other
aspects of reproduction in mammals. This is consistent with variation in the
GnRH-I receptor, where polymorphisms of the porcine GnRH receptor gene

appear to correlate with the number of ovarian corpora lutea seen in this
species (Jiang, Gibson et al. 2001). In addition an alternative transcript
produced by splicing out exon 2 generates a GnRH-I receptor gene derived
protein that interferes with the binding of GnRH-I to the conventional
GnRH-I receptor in humans in a tissue specific manner (Grosse, Schoneberg
et al. 1997; Kottler, Bergametti et al. 1999), and possibly in sheep (Cowley,
Rao et al. 1998), and mouse (Zhou and Sealfon 1994). Therefore it can be

hypothesised that mammalian species might exhibit further evolutionary
diversification within the GnRH system according to the fine molecular,
histological or physiological control of reproduction.

The initial aim of this study was to develop a PCR strategy for cloning
GnRH-II receptors from sheep genomic DNA, to obtain the ovine GnRH-II
receptor gene sequence from Soay sheep, and to determine whether any

evolutionary questions might be answered. As several novel and unexpected
features were found, including a premature stop codon and an in-frame
deletion, it became necessary to investigate whether this was a sheep
pseudo-gene. Southern blotting suggested that only one chromosomally
encoded copy of the gene is present within the sheep genome. A restriction
enzyme assay for the presence of the premature stop codon in exon 1, and a
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PCR assay to test for the in-frame deletion in exon 2 were developed. These
two features were found throughout a range of sheep breeds representative
of the ovine family, suggesting an origin prior to domestication.

3.2 Experimental procedures

3.2.1 Animals and collection of tissues

Tissues were collected from sheep at time of post-mortem (section 2.3), as

licensed under the Animal Scientific Procedures Act (1986), and frozen on

dry ice for nucleic acid isolation. Sheep were all rams and were from several
breeds, all obtained from research institutes or pedigree breeders. Soays were

as described previously (section 2.2). The breeds of sheep used to test the
ovine organisation of the GnRH-II receptor gene were all varieties of
European domestic breeds, with the exception of the Barbados Hair sheep
which has been isolated from the European breeds for around 2000 years.

Breeds taken can be classifed into 3 groups: 1) Northern seasonal breeds -

Suffolk, Herdwick, Cheviot, East Freisland, Vhann, Shetland, Quessant,
Finish Landrace and Texel, 2) Southern less seasonal breeds - Dorset,

Romanov, Ryeland, Booroola-Merino and Barbados Hair, 3) Primitive breeds
- Jackob and Soay.

3.2.2 Soay sheep GnRH-II receptor genomic sequence

The procedure used to clone the GnRH-II receptor is detailed in the flow
diagram (Figure 3.1).
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PCR to consensus regions
of marmoset and pig EST

3' and 5' RACE from

Boermger Manheim

3' and 5' RACE
from Clontech

A
Screened primer database - more

PCR cDNA and genomic DNA

Southern
blots

performed
throughout

Resulted in the 3'
end of the coding
sequence being

known

Long range PCR based on the gene arrangement in the
Human - RBM8 to PEX11 to overcome low abundance

Figure 3.1: Flow diagram of the procedure used to clone the GnRH-II
receptor

3.2.2.1 PCR using consensus regions of Marmoset cDNA and Pig EST

At the time cloning began the only GnRH-II receptor cDNA sequences

available were the marmoset GnRH-II receptor and a pig EST (BF702918).
Primers (MRC847, MRC 853-858) were designed to the consensus regions of
these two sequences as shown in Figure 3.2. PCR was performed on sheep
and pig genomic DNA extracted from blood (section 2.7.1). Pig genomic
DNA was used as a positive control to ensure that the primers were capable
of amplifying the desired region. PCR was performed with annealing

temperatures of 50-54°C and 30 cycles. PCR products were run on an agarose

gel, excised, extracted and cloned as detailed in chapter 2.
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Marmoset GnRH-IIRGCTGTTCCTGTTCCATACCGTCCACCGAGCTGGTCCAGTTCCCTTCACTCAGTGTGCCACC
bf 702918 GCTGTTCCTGTTTCATACTGTCCGCCGAGCTGGTCCAGTCCCCTTCACCCAGTGTGTGACC
MRC 855 (<) GCTGTTCCTGTTTCATAC
MRC 856 (>) GCTGTTCCTGTTTCATAC
MRC 853 (<) CATACTGTCCGCCG
MRC 858 (<) CCGAGCTGGTCCAG

Marmoset GnRH-1IR AAAGGGAGCTTCAAGGCTCGATGGCAAGAGACCACCTATAACCTCTTCACTTTCTGCTGCC
Marmoset GnRH-1 IR TCTTTCTGCTGCCACTGACTGCCATGGCCATCTGCTATAGCCGCATTGTGCTCGGTGTGTC
bf 702918 TCTTTCTGCTGCCACTGACTGTCATGACCATCTGCTATAGCCGCATTGTCCTCAGTGTGTC
MRC 84 7 (>) GACTGTCATGACCATCTGC

Marmoset GnRH-IIR CAGCCCCCGGACAAGGAAGGGGAGCCATGCCCCTGCCGGGGAATTTGCCCTCCGTCGCTCC
bf 702918 CAGTCCCCGGACAAGGAAGGGGAATGATGGT
MRC 854 (<) CCCCGGACAAGGAAGGGGA

Marmoset GnRH-1 IR TTCGACAATCGTCCCCGTGTCCGTCTTCGGGCCCTGAGACTGGCCCTGCTCGTCTTGCTGA
MRC 857 (<) CTGA

Marmoset GnRH-IIR CCTTCATCCTCTGCTGGACACCTTATTACTTACTAGGTCTGTGGTACTGGTTTTCCCCGAG
MRC 857 (<) CCTTCATCCTCTGCTGGACACC

Figure 3.2: Alignment of the marmoset GnRH-II receptor sequence, the
pig GnRH-II receptor EST (bf702918) and the primers designed for use
in PCR to amplify this region from sheep.

3.2.2.2 3 and 5 smart RACE (Clontech)

The unique ovine sequence gained from the PCRs performed in section
3.2.2.1 was sufficient to enable a RACE protocol to be performed. Specific
sense primers, for the 5 RACE, and antisense primers, for the 3 RACE, were

designed using the new ovine sequence, and are detailed below. RACE was

performed as outlined in section 2.8.6 using ovine ovary, pituitary gland,
midbrain, hindbrain, forebrain, hypothalamus and testis cDNA.

For the 5 RACE the following specific primers were used: MRC 738, MRC
842, MRC 890, MRC 891, MRC 1044, MRC 1069, MRC 1070 and MRC 1071.

For the 3 RACE the following specific primers were used: MRC 886, MRC
887, MRC 888, MRC 889, MRC 978, MRC 979, MRC 1067 and MRC 1068.

3.2.2.3 PCR using sheep cDNA

The MRC HRSU primer database was screened with the sheep sequence

fragments to find primer matches. Several primers were also designed in an

attempt to amplify exon 1, and the remainders of exon 2 and 3. Genomic
DNA was used as a template for PCRs. The following primers were used
with different combinations of sense and antisense oligonucleotides. PCR
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was performed as in section 2.8.1 but with varying MgCE concentrations to

try and maximise the number of amplified products. The primers were: MRC
738, MRC 746, MRC 842, MRC 848, MRC 861, MRC 863, MRC 867, MRC 888-

891, MRC 903-906.

3.2.2.4 Southern blots

Southern blots were performed as in section 2.19 to enable ovine PCR
products, hybridising to marmoset GnRH-II receptor cDNA, to be cloned
and sequenced.

3.2.2.5 Long distance PCR based on the gene arrangement in the Human -

RBM8A to PEXlip

To enable amplification of the region containing the ovine GnRH-II receptor

gene, oligonucleotide primers were designed to genes located either side of
the GnRH-II receptor gene in the human. Figure 3.3 shows the gene

arrangement and the position of the primers designed according to the
sequences encoding the PEXlip (MRC 1063, MRC 1064) and RBM8A genes

(MRC 1065, MRC 1066) (GenBank accession number AL1060282, PEXIip
77808-84325 base pairs and RBM8A 69072-69158 base pairs). LD-PCR was

performed as detailed in section 2.8.5 using human genomic DNA as a

positive control for the designed primers.
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GnRH -II RECEPTOR

EXON1 EXON2 EX0N3

SENSE
STRAND

3'

MRC 1070 MRC 1067

MRC 1063 MRC 1064 MRC 1065 MRC 1065

«-

ANTISENSE
STRAND

3'

PEX11JJ RBM8A
LD-PCR PRODUCTS

MRC 1064 -MRC 1065 5725 bp
MRC 1064-MRC 1070 4500 bp
MRC 1067-MRC 1065 1000 bp

Figure 3.3: Diagram illustrating the LD-PCR strategy used to amplify
the region between the PEX11B and RBM8A genes in sheep genomic
DNA. The strategy was based on the conserved arrangement of these genes
in vertebrate genomes.

Amplified ovine and human DNA products were separated on an agarose

gel and southern blotted using marmoset GnRH-II receptor cDNA (Millar,
Lowe et al. 2001) as a probe to enable identification of homologus DNA
bands. The ovine DNA fragments were then excised, purified and the
product was used as a template for two nested PCRs, designed to produce
two partial ovine receptor sequences.

1) Using the LD-PCR protocol with MRC1064 (PEXlip) and a specific
primer, MRC1070 in the sheep GnRH-II receptor gene exon 2,
amplified DNA products were separated on an agarose gel and
southern blotted using marmoset GnRH-II receptor cDNA (Millar,
Lowe et al. 2001). The DNA fragments were then excised, purified and
the product cloned into pGEM-T Easy Vector (Promega Ltd,
Southampton, UK), before transformation into E.coli XL-1 blue
(Stratagene, Biocrest B.V., Amsterdam). Shotgun cloning was

performed on this cloned 4.19Kb section (Pexlip-GnRH-II receptor
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exon 2). Subclones were generated by restriction endonuclease
digestion using enzymes chosen to cut within the insert but not within
the plasmid vector (Hpa I, Nde I, Nhe I, Pst I, Sac II, Sal I, Sma I and
Stu I), followed by re-ligation and transformation into E.coli XL-1 Blue
(as detailed in chapter 2). Cloned DNAs were subjected to automated
DNA sequencing and data were analysed using Genejockey II
software.

2) A shorter fragment was produced using MRC1067 and MRC1065. This
0.6Kb PCR product (GnRH-II receptor exon 3 - RBM8A) was

sequenced directly using the PCR primers.

By aligning the sequences using Genejockey II software a full-length ovine
genomic sequence was acquired. The DNA sequence was verified by
repeating analyses several times in both directions.

3.2.3 Genomic restriction digest

The PEXlip to RBM8A sequence, containing the ovine GnRH-II receptor

gene, was analysed for restriction enzyme sites that cut the sequence more

than once in intronic regions. From these enzymes Sau3AI was chosen as it
had recognition cut sites either side of exon 2, shown in Figure 3.4. For the
digests 6pg of Soay genomic DNA was incubated with 3.5jul of 10X buffer,

35pg BSA and 1.75 pi of Sau3AI, for 16 hours at 37°C, over-laid with mineral
oil. The digested DNA products were separated on an a 1% agarose gel and
southern blotted using a cDNA probe synthesised from sheep genomic DNA
using the primers MRC 1217 and MRC 1218, or probed with a mixture of
labelled oligos MRC 1259, MRC 1260 and MRC 1261.
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TAG del 51 bp

Sheep GnRHH receptor gene

Bovine I porcine EST matches
A B C

Sau3AI
Bovine genomic clone

D

genomic digest probe
Scale 1 Kb

Figure 3.4: Illustration of the genomic digest used to investigate the
number of GnRH-II receptor genes within the sheep genome. The sheep
GnRH-ll receptor gene is shown along the top with the 3 labelled rectangles
representing the 3 exons. The position of the TAG stop codon is shown in
exon 1. The positions of the Sau3AI restriction enzyme recognition sites are
marked, as are the alignment positions of the bovine and porcine EST
matching sequences. A- bovine GenBank accession number BZ916855, B-
porcine bf702918, C- bovine CB466464, and the bovine genomic clone D-
BZ916855. The genomic digest probe overlaps exonl and part of intron 1.

3.2.4 Restriction assay for the stop codon

Oligonucleotide primers were designed to generate a restriction enzyme

recognition site based on the presence of the premature stop codon in the
ovine GnRH-II receptor gene. Two different sets of primers were developed;
STU-1 (MRC 1180 and MRC 1197) and SFC-1 (MRC 1177 and MRC 1198),

generation of either of the cut sites depended on the presence of different
nucleotides within the stop codon, such that if the stop codon was present
the DNA fragment would be cleaved from a llObp to 85 and 25bp fragments
(Figure 3.5). PCR amplification of these regions was performed using BioTaq
DNA polymerase (with KC1 buffer, MgCh, and deoxynucleotide
triphosphates). Human, marmoset and pig DNA were used as controls as

they are known not to possess a TAG stop codon in this region. Samples
were preheated to 94°C for 5 min, then 30 cycles of 94°C for 45 sec, 60°C for 1
min and 72°C for 1 min. A final extension was performed at 72°C for 10 min.
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The PCR products were digested with the respective restriction enzyme at
37°C for 1 hr. Both untreated, control, and digested DNA products were run

on a 1% agarose gel, with DNA size markers (Promega Ltd, Southampton,
UK), and photographed.

TAG

1; 23

MRC 1198 .

1

1 PCR

5' C ACG TTC CTG AAA CTA GTA GCC ATG ijAG GCC GfZA GCT TTC CTG CCT GCC TGT AAT TAT TGG

5 1

CTG TAG

3FC 1.

-AG GCC T
"

StU 1

mc 119"

PCR

Figure 3.5: Diagram illustrating the theory behind the primers designed
for the restriction digest assay to determine the presence of the
premature stop codon. Primers were designed to introduce restriction
enzyme recognition sites for SFC-1 and STU-1. The PCR product would only
contain the full recognition site for the restriction enzyme, if the premature
stop codon was present.

3.2.5 PCR for the deletion

A PCR was performed to amplify the region of the 51bp deletion. The PCR
used primers MRC 854, and MRC 1092, an annealing temperature of 56 °C
and 40 cycles. The product would be 124bp if the deletion was present, or

175bp if not. The PCR products were run on a 1% agarose gel next to a DNA
ladder.
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3.2.6 GnRH-II ligand precursor gene

It was outside the scope of the current study to sequence the ovine GnRH-II
ligand precursor gene. However a preliminary investigation was performed
to establish if the long distance PCR strategy used to clone the ovine GnRH-II
receptor, using oligonucleotide primers to proximal genes, could also be a

method of cloning the GnRH-II ligand precursor gene. Figure 3.6 shows the
gene arrangement in human and mouse. In humans and mouse the GnRH-II
ligand precursor gene and pseudogene respectively, are located between the
protein tyrosine phosphatase (PTP) receptor gene (GenBank accession
number AF332082 and AL731707) and the ribosomal protein S-26 gene

(GenBank accession number XM130464 and NW012104). Therefore reverse

oligonucleotide primers (MRC 1189, MRC 1190) were designed to the
conserved areas of the PTP receptor genes, and forward primers (MRC 1191,
MRC 1192) to conserved areas at the beginning of the ribosomal protein S-26
genes. Long distance PCR was performed (section 2.8.5, annealing

temperature 58°C) using sheep genomic DNA (section 2.7.1) and mouse

genomic DNA (Novagen, Wisconsin, USA). The mouse genomic DNA acted
as a positive control to ensure that the primers were capable of amplifying
the correct region. The primary PCR products were then used in a nested
PCR using MRC 1190 and MRC 1191. The PCR products were run on a 1%
agarose gel and photographed.
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Prepro-GnRH-l
Human
Chr 20p13 Protein tyrosine

phosphate
receptor a

Ribosomal
S26 protein

Human TAHLGPSEA^HWSHGWYPG
Mouse TIHPGSSRA3QWSYGRNPG

MKKA
MKPV

0sequence variationsunknown in other species mouse protein probably not
cleaved due to

disruption in proteolytic site

Mouse
Chr 2

GnRH-II like sequence

Figure 3.6: Diagram illustrating the PCR strategy to amplify a region of
the sheep genome possibly containing the GnRH-II ligand
preprohormone seguence. An alignment of the human GnRH-II ligand and
mouse GnRH-II like ligand sequences is shown in the centre with the
sequence variations unique to the mouse circled in red. The mouse GnRH-II
like sequence is also flanked by the protein tyrosine phosphate receptor a
and ribosomal S26 protein genes as in the human genome.

3.3 Results

3.3.1 Soay sheep GnRH-II receptor genomic sequence

Figure 3.7 shows a summary diagram of the total sequence obtained by each
of the methods employed. The PCR to consensus regions of the marmoset
GnRH-II receptor sequence and the Pig EST on sheep genomic DNA, enabled
amplification of the last 135bp (5' end) of exon 2, intron 2 and the first 121bp
of exon 3, shown on the agarose gel in Figure 3.8a. The 3' and 5' smart RACE
from Clontech yielded a 480bp DNA fragment, beginning lOObp after the
start of exon 3 shown on the agarose gel in Figure 3.8b, using MRC 889 and
MRC 886 in the primary PCR and MRC 888 and MRC 887 for the secondary
PCR. More PCRs using combinations of the primers MRC 738, MRC 746,

■3'
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MRC 842, MRC 848, MRC 861, MRC 863, MRC 867, MRC 888-891, MRC 903-

906 generated extra sequence; namely the last 180bp of exon 1, the remainder
of exon 2, but nothing more of exon 3.

It is interesting to note that none of the sequence generated from the PCR to
the consensus regions and the RACE protocols was obtained from spliced
cDNA, intronic areas were also invariably sequenced. Thus genomic DNA
contamination of cDNA samples was probably the only source of DNA
sequences generated using the specific primers. No evidence of spliced
transcripts was found. The RACE protocol was not particularly successful,
with only 300bp of sequence from exon 3 being produced.

510

-780

-780

3332 3488 4113 4532

n

3352 4234

4213 4438

330 510 3332 4314

3411

4339 4972

GnRH-II receptor gene

Marmoset & pig primers

3' RACE

Specific primers

Shotgun cloning
on PEX11B & GnRHIIR

Direct sequencing of
GnRHIIR to RBM8

Figure 3.7: Diagram illustrating the portions of the ovine GnRH-II
receptor gene seguence obtained from each of the methods employed.
The exon sequences are shown in yellow with the start and end nucleotide
positions indicated. Nucleotide number 1 represents the A of the ATG start
codon.
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Figure 3.8: Agarose gel showing a) the exon 2 - exon 3 ovine GnRH-ll
receptor 490bp PCR product and b) the 480bp of exon 3 of the GnRH-II
receptor.

Panel a) Lane 1 - 1Kb ladder, with sizes indicated. Lanes 2-5 - PCR
products produced from the primers designed to conserved consensus
sequences in the marmoset and pig EST bf702918. The band at 0.49Kb
represents a fragment of the ovine GnRH-II receptor gene containing 135bp
of exon 2, all of intron 2 and 121 bp of exon 3.

Panel b) Lane 1 - 1Kb ladder, with sizes indicated. Lanes 2-8 - PCR
products produced by the 3' smart RACE protocol. The band at 0.48Kb
represents a DNA fragment encoding part of the ovine GnRH-II receptor
gene, exon 3 and part of the 3' flanking sequence.
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3.3.1.1 Long distance PCR based on the gene arrangement in Humans

The long range PCR resulted in a band of 5.752Kb (Figure 3.9a) in the sheep
and the human positive control. This product spans from the PEXlip to
RBM8A genes, located either side of the GnRH-II receptor gene in the
human. The ovine PCR product hybridised to marmoset GnRH-II receptor
cDNA in a Southern blot. This LD-PCR product was used in 2 nested PCRs.

The PCR using nested primers from PEXlip to GnRH-II receptor exon 2
(MRC 1064, and MRC 1070), produced a band of 4.19Kb which hybridised to
marmoset GnRH-II receptor cDNA in a Southern blot as shown in Figure
3.9b). Shotgun cloning on the fragment, once it had been inserted into
pGEM-T easy Vector and transformed into E.coli XL-1 blue, resulted in the
complete 4.19Kb ovine sequence being elucidated.

The second nested PCR produced a shorter fragment (0.6Kb Figure 3.9c)
using MRC1067 and MRC1065. This 0.6Kb PCR product (GnRH-II receptor
exon 2 - RBM8A) was sequenced directly by primer walking.

By aligning the sequences using Genejockey II software a full-length
genomic sequence was acquired. The DNA sequence was verified by
repeating analyses several times in both directions.
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Figure 3.9: Results of the PEX11B to RBM8A cloning strategy.

Panel a) Agarose gel showing the full-length fragment of ovine genomic DNA
from Pexlip to RBM8A. Lane 1 - 1Kb ladder with sizes indicated. Lanes 2-7
- products of the PCR to amplify the 5.725Kb region between Pexlip and
RBM8A in the sheep.

Panel b) Agarose gel of the PEX11P - GnRH-II receptor exon 2 fragment,
cloned into pGEM T-Easy, digested with EcoR1 (Lanes 2-12). Lane 1 - 1Kb
ladder with sizes indicated. This was blotted onto Hybond-N filter and
hybridised to a marmoset GnRH-II receptor cDNA probe, shown below the
agarose gel. Only the cloned fragments of 4.15Kb in lanes 2 and 12
hybridised. Therefore these were the only clones containing the ovine GnRH-
II receptor gene fragment.

Panel c) Agarose gel of the exon 3 ovine GnRH-II receptor- RBM8A PCR
products. The fragments produced were 0.6 and 0.7Kb (lanes 2-3) and were
directly sequenced. Lane 1 - 1Kb ladder with sizes indicated.

126



6 7

5.725 Kb

PexllB - exon 2

insert 4.15 Kb
vector 3.973 Kb

PexllB - exon 2

Insert
4.15 Kb

Exon 3 - RBM8A

0.7 Kb

0.6 Kb

1 2 3



Chapter 3 Ovine GnRH-II receptor sequence

3.3.1.2 Organization of the GnRH-II receptor Gene

The sheep GnRH-II receptor gene (5 flanking, 3 coding exons, 2 introns and
3 flanking shown in Figure 3.10) is encoded within a region of 5.752Kb and is
orientated in an antisense orientation between genes encoding ovine
Pexllbeta and RBM8A. There are three coding exons. The 780bp 5 flanking
region exhibits a short 5 region of homology (over 31bp) to bovine ESTs
such as GenBank no. AW652511 that encodes Pexlip. Coding exon 1 spans

510bp and it contains a premature stop codon (TAG) at position 373,
truncating the open reading frame (ORF) within TMD 3 of the receptor
protein. The region encompassing the translation start codon (ATG) exhibits
70% homology to the consensus Kozak sequence (GCCRCCATGG) (Kozak
1987).

Ovine genomic sequence shows 94% homology to the bovine exon 1 genomic
clone (BZ916855) that begins 36bp after the ATG start and extends 56bp into
intron 1. A splice donor consensus sequence (GTGAGT) occurs at the end of
exon 1. The other splice donor and acceptor sites flanking the coding exons

diverge slightly from eukaryotic consensus sequences (Shapiro and
Senapathy 1987). Intron 1 consists of 2.821Kb of apparently unique ovine
genomic sequence and it contains no significant ORFs.
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Figure 3.10: Schematic representation and genomic sequence of the
ovine GnRH-ll receptor. The schematic diagram at the top shows a basic
outline for the sequence below with positions of the premature stop codon
and deletion in exon 2 highlighted. For the actual sequence intronic
sequence is black, splice acceptors, YYNYcag are red, exons are blue, splice
donors, gtNagt are green and the 18 residue A tract in intron 1 is grey.
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EXON 1 EXON 2 EXON 3

ATG x DELETION TGA
STOP
CODON

GCCCTTGAAG CGGACCCAGG CGTCCATGAC AGCGGCGGCA CCCGTTCTGC

AGCTCCGCTC CCGCCTCGCT TCCCGCCCCT AGTCACGCCT CCCGAACGAC
CCAACGGTGC CGCACGAGGG ACAAACATCA TCAGAAACTG AAGCGAGTGG

AACCGGCCCC TGAAACGGAA TTTCAGAACG AGAAGCACTT GTCTCTGGGC
CTACATCTGT ATGGTTTGTG TGTTTGGCAG GGGGGATTGG GGGAGGTGGA

GGGGTGTGTG TCTGTGTGCG TGGTCTCCGT CGTCTCGTTC TCTAATCACA

AGATCTCTAT TTCATGAGCA AGCCTCCAGA GGCACAGTCT TCTTTAAATA

TTCTGGACCA AGGGCGAGGC TTGCAGGAGT CGGGGCGGAG CGAGAAGGCG

CCGCAGTGCT CTCTCCAGGA CCACTAGGAT GGGGTTGCCC CTGACCCAGG

GGTGCTTACA GCGGAACACT CGCCACACAC ACACACACAC ACACACACAC

ACACACACTC ACTCTCACGC TTCTATCGAA TTCAGGGCTC CAGGGGGCTA
AAGGAGTCTG CGGAAGTAGA AACCAGCACC AGATTCCTAG TCCCTACAAG
CCCCTGACAG TTGGACAGGT GACCTCCAGA TTGCAGACGG AGTCTCCAGA
GATAGAGGCT TTAGTGGACG AAATTCGCAA AATAACCATC TCAGATCCTA
AGGAGGAAGA AGAAACTGGA CGCAGCTCAC CTCTTCAGAC CCACACTTCA
TCGCCCCGCC CCTTTTCTTT CCAGGTCACA ATGTCTGCAG GCAACGTCAC
CCCTTGGGGG TCATCAGCGG CGGGGGAGGA GGTCTGGGTA GGATCAGGAG
TAGAGGTGGA GGGCGCAGAG CTGCCCACCT TCTCAGTTGC CGCCAAGGTG

CGAGTGGGAG TGACTGTCGT GCTGTTTGTT TCTTCGGCTG GAGGGAACCT

GGCCGTGGTG TGGTCAGGGA CACGGCCGCA ACCCAGCCAG CTCCGTCCCT

CTCCGGTACG ACTGTTCGCC CATTTAGCAG TTGCCGACTT ACTGGTCACT

TTTGTGGTTA TGCCCCTAGT TGCGACCTGG AATATCACTG TTCAATGGCT
GGCCGGGGAC TTTGCATGTC GTACACTCAC GTTCCTGAAA CTAGTAGCCA

TGTAGGCCGC AGCTTTCCTG CCTGTAATTA TTGGGCTCGA CCACCAAGCA

GCCGTACTCC ACCCGTTTGG ACTGCGCTCA GCTGGTAGGA AACTTCTTGG

GGTAGCCTGG GGACTCAGCT TCCTGCTCAC CTTGCCCCAG GTGAGTGACT
TGGGACTCAG GGTTAGACTG GACAAGAATT TGAGTACATA ACATGAGCCT

TCGGATTCAA GGGGTGTGCT TGGCCATAGT CAACATTAAT CCTCAGGGTG
GGAGCCTCTG CTCTTTTGCA AGTTACGATC ATTGCATGTT AATTTGTATT

TCTATTGAGT CTGTTTTTAC TACACTTGGC TTCCACCTCT TTGCATCATC

GTAGTCCCAA CCTTCTTCAG ATTATTGCAG GAAAGCTTCA GAGCATGGAG
TTTCCTCCAA GGGAAGACAT TAAGAAGACA GTGACAAGAA AACTAAAAAA

AAAAAAAAAA AAGAGTGAAA TCCGGGACTT TGGGTAAAAC TTTGTGATAC

CTTCATTCAT CAATTAAAAA AAAATAATGC AGTTCCCCCA AGTGCATTAA

ATGCTCTATT AAGGATAGAG CAACAAAGTC CTTCAAGAAA TTTATAGAGG

AGTGCAGAGT CAAATAAGTA GGCAATTACA ATATAATGTC CAGTTAAGTG

TTATGCCAAA GCTAAGCATA GGAGCTAAGG AACAATGAGG GGTGTCTGAC

CCACTTTTGG TCATTCAGGG AAAGCTTCCT GACTTCCCAG AGATATCAAA

ATTTCATTCT TGAAAGATAG GTGTTAGGAC AAAGCAGGAG GAATGCTGGA

GAAGGTGGAG GGTAGAAAAT CTCAAAAGTA ATCACAGTTA AAGTTGAGGG

CTAGAAAATG GCAAGTAATG AGCCTGGAGG GGAAGGAAGA GCCAACTTCA
CAAATATTAA GCTTGTACTT TATCCTAAGG GCAGTGGGGA AACACTAAAG
TAAAAGGCAG AGGGTAACAT AATCAGATTT GTATTTTTTA CTCTAGCTTT
ATTGTGTCAA AACTGAAACA AAAAGGTGCA TCTGAACTTG AGTACCAATT
AATCAAATCT CAGTATTGAA AACAAACTAT AAATCTAGAA GAAGAAAAAA
AAAGCTAAAT ATGGAGCAAT TCCTTCAAAA CAAAACCACT AACACCATCT
GGGGAAAGGG TGTAAAGCAG CATCTCTGAG CCTATGGTTG GGATTATGTC
AGGGAGAGGG GTTAACATTT CAGTCTCTGG AATAATGCAT TGTAGTCACA

TTTAAGATTG GATTCTTAAA TCCTCAAATA TTAGAAATGT AACTACCAAA
ATTAGTCTGA CTGCAGTTCT AAGACAAACA AAAAATACTG CTTCCAACAG

TATGTTGTAA ACAGGACCCC TTTGCCTGTT GCCTCAGTGC AAAAGAAATT
AATTAGGTTT ATATGAAATT AATTTTAGAA GTGGACTGGG AATTAGAATT
AGGACTGTTT TTGTTGTTTG TATTAATTTG CTCTGTTTTT TCTGAGTCTA
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A 360bp section of intron 1 exhibits homology to sequences found in bovine
ESTs such as GenBank number AU098016. Some bovine and porcine ESTs
extend from intronic sequence into coding exon 2 (GenBank numbers
AV604131, BQ597390, BI404763, BI400927 and BF702918). Exon 2 is 157bp
long. Intron 2 spans 631bp and it contains a sequence of approximately
lOObp present in multiple ovine DNA sequence fragments. Exon 3 is 413bp
long. The 3 flanking region extends for 440bp and it partially overlaps the
3 UTR of ovine RBM8A transcripts such as GenBank no. CB222195. These
RBM8A transcripts utilise a polyadenylation signal motif (AATAAA)
encoded 290bp downstream from the GnRH-II receptor exon 3 stop codon
(TGA). There is no polyadenylation addition (AATAAA) motif available for
receptor gene transcripts in the 440bp 3 flanking region. A splice donor
consensus sequence occurs 396bp downstream from the exon 3 TGA and it is
possible that splicing in the 3 UTR enables utilisation of a polyadenylation
signal further downstream.

A full-length cDNA encompassing the ovine receptor-coding region would
be greater than 1080bp long. There are currently no ovine ESTs
corresponding to sheep GnRH-II receptor cDNA in the GenBank database.
The 1080bp sheep cDNA coding region predicted from our genomic
sequence is 85% identical to primate GnRH-II receptor cDNA, compared to
93% sequence identity between human and marmoset cDNA sequences. If
the premature stop codon is disregarded, the sheep gene encodes a 7-TMD
protein of 358 amino acid residues. Figure 3.11 shows the transmembrane
domains of the sheep and human sequences. The allocation of
transmembrane domain positions is still debatable. Figure 3.12 gives the
results of the transmembrane domain predictions from Tmpred
(http:/ / www.ch.embnet.org/software/TMPRED form.html) (Hofmann and
Stoffel 1993). This predicts the position of transmembrane domains by the
charges of the amino acids. In the alignment comparing species the
transmembrane domains of the Rhodopsin receptor are used. There are only
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slight differences between the two, and both give a 7 transmembrane domain
model for the ovine GnRH-II receptor sequence.

Sheep GnRHII
receptor domains

Human GnRHII

receptor domains

EXON 1 EXON 2 EXON 3

Figure 3.11: Diagram showing the transmembrane domains (TMDs), of
the sheep and human GnRH-II receptor seguences. In both species exon
1 encodes the first 4 TMDs, exon 2 encodes TMD 5, and TMD 6 and 7 are
encoded by exon 3. The locations of the premature stop codons in both the
sheep and human are indicated by the black circles. Extracellular loop 2
appears shorter in the sheep due to the 51 base pair deletion.
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Suggested models for transmembrane topology of the putative
ovine GnRH-II receptor sequence
2 possible models considered, only significant TM-segments used

> STRONGLY preferred model: N-terminus outside
7 strong transmembrane helices, total score : 12844
# from to length score orientation
1 40 61 (22) 1810 o- i
2 78 102 (25) 1921 i-o
3 118 135 (18) 1395 o-i
4 153 173 (21) 1991 i-o
5 183 204 (22) 1306 o-i
6 244 264 (21) 3102 i-o
7 285 304 (20) 1319 o-i

> alternative model
7 strong transmembrane helices, tota)
# from to length score orientation
1 42 61 (20) 1943 i-o
2 78 102 (25) 1704 o-i
3 116 136 (21) 1560 i-o
4 154 173 (20) 1609 o-i
5 183 203 (21) 1279 i-o
6 243 265 (23) 2554 o-I
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TMpred output for unknown

Figure 3.12: Text and graph showing the results of the transmembrane
domain predictions from Tmpred
(http://www.ch.embnet.org/software/TMPRED form.html) (Hofmann and
Stoffel 1993). This software predicts the position of transmembrane domains
within a protein by the charges of the amino acids. Both of the given models
for the putative ovine GnRH-II receptor protein (without the presence of a
premature stop codon) are a 7 TMD arrangement.

The hypothetical protein sequence (at the top of Figure 3.13) was also put
into a PROsite search http: / / us.expasy.org / tools / scanprosite /. It identifies
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biologically significant sites and patterns to identify the family a protein
sequence belongs to. Only possible functional results are shown in Figure
3.13. The glycosylation site has to be extracellular to involve a functional
modification, phosphorylation sites are related to receptor activation, and
have to be in intracellular loops, or the cytoplasmic tail for the enzymes to

get access to the phosphorylation sites. Myristoylation involves the addition
of a hydrophobic myristoyl group to increase association of the intracellular
loops and cytoplasmic tail with the cell membrane. The search ends with the
ovine sequence identified as belonging to the G-protein coupled receptors

family 1.

An alignment of the translated possible coding regions (exons 1-3) with other
GnRH-II receptor sequences is shown in Figure 3.19. Differences between the
sequences are discussed in section 3.4.

3.3.2 Genomic restriction digest
Genomic DNA was digested with Sau3AI, a restriction enzyme with a

frequent cut site often associated with restriction fragment length
polymorphisms (RFLPs) (Kiyama, Matsui et al. 1986). Sau3AI is expected to
liberate one 589bp fragment from the gene located between Pexlip and
RBM8A, by cleaving in exon 1 and intron 1. This was detected when run on

an agarose gel and probed using a 320bp PCR product located 88bp after the
ATG in exon 1. A single band of 589bp was seen on the southern blot (Figure
3.14) indicating that this is probably the only copy of the gene in the genome.
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ScanProsite chttp://us.expasv.org/tools/scanprosite/>

Search a sequence against PROSITE

Sequence:
MSAGNVTPWG SSAAGEEVWV GSGVEVEGAE LPTFSVAAKV RVGVTWLFV SSAGGNLAW
WSGTRPQPSQ LRPSPVRLFA HLAVADLLVT FWMPLVATW NITVQWLAGD FACRTLTFLK
LVAMAAAFLP VIIGLDHQAA VLHPFGLRSA GRKLLGVAWG LSFLLTLPQL FLFHTVQVSR
QEIIYNLFTF CCLFLRPLTA MTICYSRIVC SVSTPRTRKG SPPAGEFAVC RSLDNHSHVR
HRALLLALLV LLTFILCWTP YYLLGLWYWF SPTMLTEVPP SFSHILFLFG LLSAPLDPLF
CGAFTFGRQR RHQEHSIDSS REGGSGRVPQ QEIQALRQME VQTNVATRKA GEKKETSL

ASNGLYCOSYLATION N-glycosylation site [pattern]
101 - 104 NITV ECL-1

CAMP_PHOSPHO_SITE cAMP- and cGMP-dependent protein kinase
phosphorylation site [pattern]

218 - 221 RKgS ICL-3
353 - 356 KkeT CYTOPLASMIC-Tail

PKC_PHOSPHO_SITE Protein kinase C phosphorylation site [pattern]
214 - 216 TpR ICL-3
217 - 219 TrK ICL-3
319 - 321 SsR CYTOPLASMIC-Tail
325 - 327 SgR CYTOPLASMIC-Tail
347 - 349 TrK CYTOPLASMIC-Tail

CK2 PHOSPHO_SITE Casein kinase II phosphorylation site [pattern]
319 - 322 SsrE CYTOPLASMIC-Tail

MYRISTYL N-myristoylation site [pattern
146 - 151 GlrsAG ICL-2
220 - 225 GsppAG ICL-3

AMIDATION Amidation site [pattern]
150 - 153 aGRK

G_PR0TEIN_RECEP_F1_2 G-protein coupled receptors family 1
[profile].
55 - 301

GNLAWWSGTRPQPSqlRPSPVRLFAHLAVADLLVTFWMPLVATWNITVQWLAGDFACR
TLTFLKLVAM-AAAFLPVIIGLDHQAAVLHPFGL RSAGRKLLGVAWGLSFLLTLP QLFL-
- -FHTVQVSRQEI IYNLFTF-CCLFLRPLTAMTICYSRIVCSV
STPRTRKGSPSLDNHSHVRHRALLLALLVLLTFILCWTPYYLLGLWYWF-S
PTMLTEVPPSFSHILFLFGLLSAPLDPLFC

Figure 3.13: PROsite results when searched with the putative ovine
GnRH-II receptor sequence shown at the top, with the transmembrane
domains highlighted in blue. Biologically significant sites and their
positions are listed underneath with the final part of the results showing that
this ovine GnRH-II receptor protein is likely to be member of the GPCR family
1.

136



Chapter 3 Ovine GnRH-II receptor sequence

Figure 3.14: Results of the genomic digest to ascertain the number of
GnRH-II receptor genes in the ovine genome.

Panel a) Agarose gel showing sheep genomic DNA, digested with Sau3AI.
Lane 1 - 1Kb ladder with sizes indicated.

Panel b) Southern blot of the agarose gel from panel a probed with an exon 1
cDNA probe which hybridises to a single 500bp fragment of DNA. This is
consistent with the result expected from only 1 copy of the GnRH-II receptor
gene in the ovine genome.
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3.3.3 Premature stop codon and deletion in other sheep
breeds

PCR using the primers for STU-1 (MRC 1180 and MRC 1197) and SFC-1
(MRC 1177 and MRC 1198) resulted in an HObp product for all of the 15
sheep breeds investigated. Only if the stop-codon (TAG) was present would
the correct restriction enzyme recognition site be produced. The PCR
products were digested and run on a 1% agarose gel next to the undigested
control. As shown in Figure 3.15 all sheep breed DNA was digested from
allObp to 85bp + 25bp fragments, indicating a stop codon is present in both
assays. Cloning and sequencing the DNA from 4 randomly chosen sheep
breeds confirmed this. The negative controls in pig, marmoset and human,
showed no digestion.

A PCR was performed to amplify the region of the deletion. The product
would be 124bp if the deletion was present, or 175bp if not. The PCR
products were run on a 1% agarose gel next to a DNA ladder. All of the
products were 124bp, (Figure 3.16) indicating the presence of a deletion in all
of the tested sheep breeds. Cloning, and sequencing of 4 randomly chosen
sheep samples also confirmed this.

3.3.4 GnRH-II ligand precursor gene

The primary PCR did not yield any visible DNA bands in either the sheep or

mouse positive control on an agarose gel under UV light. However the
nested PCR did produce several different bands in both the mouse and
sheep. The agarose gel is shown in Figure 3.17. The agarose gel shows a band
of 10Kb in the mouse which would indicate that the primers to the PTP

receptor gene and the ribosomal S26 protein have annealed to the correct

genes. This band probably contains the sequence of the GnRH-II ligand
precursor pseudo gene for the mouse. The banding pattern produced from
the sheep genomic DNA template is seen to be different. (Figure 3.17).
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Figure 3.15:.Aqarose gel showing the results of the restriction digest
assay for the premature stop codon in exon 1. Digested and undigested
PCR products for: 1: Dorset 2: Jackob 3: Suffolk 4: Herdwick 5: Cheviot 6:
Romanov 7: Booroola/Merino 8: East Freisland 9: Vhann 10: Shetland 11:

Ryeland 12: Quessant 13: Finish Landrace 14: Barbados Hair 15: Texel 16:
Soay 17: Marmoset 18: Human 19: Pig. Ovine species all digest indicating
the presence of the premature stop codon, while the control species (17-19)
do not.

Figure 3.16: Agarose gel showing a comparison of sheep GnRH-ll
receptor genes from different sheep breeds using PCR analysis of the
51 bp exon 2 deletion. PCR results for 1: Dorset 2: Jackob 3: Suffolk 4:
Herdwick 5: Cheviot 6: Romanov 7: Booroola/Merino 8: East Freisland 9:
Vhann 10: Shetland 11: Ryeland 12: Quessant 13: Finish Landrace 14:
Barbados Hair 15: Texel 16: Soay. All show a product of 124bp, consistent
with a 51 bp deletion in exon 2 for all these sheep breeds.

Figure 3.17: Agarose gel showing the results of the sheep and mouse

GnRH-II ligand PCR. Lane 1 - 1Kb ladder with sizes indicated. Lanes 2-3 -

the mouse DNA fragments. Lanes 4-5 - the ovine DNA fragments. A band of
10Kb, the expected size is faintly visible in lane 2. As can be seen the PCR
yielded different fragments for the mouse and ovine templates.
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3.4 Discussion

3.4.1 Ovine GnRH-II receptor gene

Comparison of the sheep GnRH-II receptor gene with the human gene shows
that the human gene is 1.3 fold larger. All of this expansion can be accounted
for by the presence of fragments of repetitive sequence elements in the non-

coding regions of the human gene. The 5 flanking regions of the two genes
exhibit three short stretches of sequence homology (>80% identity). These
regions contain putative SP-1 and MEF-2 transcription factor binding sites,
but the Pit-1 binding site present in the human gene (AAATATTCAT) at
position -440 relative to the translation start codon exhibits two base
differences in the sheep gene (AAATATTCTG, at -434). This difference is
probably sufficient to inactivate the sheep sequence as a consensus Pit-1
binding site (Mangalam, Albert et al. 1989). Sheep and human GnRH-I
receptors possess Pit-1 transcription factor binding sites in the 5 flanking
regions, which play a critical role in pituitary specific gene expression
(Reinhart, Xiao et al. 1997). To further investigate the presence of
transcription factor (TF) binding sites, the 5 flanks of the sheep and human
GnRH-II receptor genes were searched using Genomatix Mat-inspector
software

http:/www.genomatix.de/online help/help gems/Promoterlnspector help
■html. The results (Figure 3.18) show that there are significant differences
between the TF binding sites present for the human GnRH-II receptor and
the sheep GnRH-II receptor genes. As can be seen in the Figure 3.18 the
sheep and human GnRH-II receptor 5 flanking region share conventional TF
binding sites such as the TATA, GATA and Spl sites. Differences include
some of the steroid TF binding sites with the human GnRH-II gene showing
a progesterone receptor TF binding site and an oestrogen receptor TF
binding site. The most prominent difference is the absence of a Pit-I TF
binding site, suggesting that the GnRH-II receptor gene is unlikely to be
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expressed in the gonadotroph. The 5 flanking regions for other mammalian
GnRH-II receptor genes are currently unavailable.
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Figure 3.18: Diagram showing the predicted transcription binding sites
of the sheep and human GnRH-II receptor gene. 700bp of the 5' flanking
region upstream of the ATG start site was analysed using Mat-Inspector. SP-
1 stimulating protein 1, ER oestrogen receptor, RAR retinoic acid receptor,
Ptx-1 pituitary homeobox 1, PRE progesterone receptor 1. The most
important difference is the lack of a Pit-1 binding site in the sheep GnRH-II
receptor 5'flanking region.

As mentioned earlier (section 3.3.1.2) intron 1 is unusual as it is lacking in

repetitive elements. The human GnRH-II receptor homologue sequence has a

large number of ALU elements, similar to the B2 elements seen in rodents.
Using the BLAST database with a search from intron 1 no viral coat proteins
or reverse transcriptase sequences were found. Mobile repetitive elements
(transposons) are evolutionarily related to retroviral genomes, which in turn
need to encode reverse transcriptase, DNA polymerase and viral coat

proteins. These proteins enable the replication and packaging of transposon
RNA followed by re-infection of more host cells and re-insertion of
transposon DNA into the host cell chromosomes. The genomes of most

eukaryotic species are littered with remnants of repetitive sequences

propagated in this way (i.e. retrotransposition). Sometimes retrotransposition
is inaccurate and parts of host cell genes or whole genes are also transferred.
This leads to gene duplication. The distribution of repetitive sequence
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elements sometimes (rarely) enables construction of the evolutionary history
of a gene. However no such elements are associated with the sheep GnRH-II
receptor gene.

3.4.1.1 Comparisons of GnRH-II receptor proteins

The hypothetical GPCR protein for the ovine GnRH-II receptor gene is 79%
identical (89% similar) to primate GnRH-II receptors, whereas the human
sequence is 88% identical (94% similar) to the monkey receptors. The GnRH-
II receptors are less conserved than the GnRH-I receptors that encode a

protein of 328 amino acid residues. The ovine GnRH-I receptor protein is
87% identical (93% similar) to primate GnRH-I receptors, whereas the human
sequence is 93% identical (96% similar) to the monkey GnRH-I receptors. The
degree of conservation for the GnRH-II receptor is also less than that of the
human and sheep oxytocin receptor amino acid sequences that are 94%
similar (Riley, Flint et al. 1995), suggesting that mammalian GnRH-II
receptors have drifted further apart than similar GPCRs for reproductive
peptide hormones. Thus reflecting the possibility of more variation between
species for the functioning of the GnRH-II system.

GPCRs exhibit a high degree of sequence conservation at certain amino acid
positions within the transmembrane domains (TMDs). Alignment of the
predicted sheep receptor sequence with other GnRH receptors (Figure 3.19),
highlights the fact that mammalian GnRH-II receptor sequences share
greater homology with each other than with the lower vertebrate GnRH-II
receptors - as to be expected with regard to evolution. Within the
mammalian receptors, the sheep is found to exhibit a number of novel
findings as follows:

1) Within the N terminal region the NXT/S glycosylation site, important for
receptor expression (Davidson 1995), has undergone a conservative change
from NGT to NVT, and there is an extra amino acid, an alanine, present at
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position 14, (positions given throughout the text relate to the sheep sequence,

line36, in Figure 3.19).

2) TMD-2 shows a deletion of one amino acid, there is an arginine (R) or a

threonine (T) at position 78 in the other mammalian GnRH-II receptor

sequences studied (Millar, Lowe et al. 2001; Neill, Duck et al. 2001; Morgan,
Conklin et al. 2003).

3) In ECL-1 an asparagine (N) at position 101, important for receptor
activation, is conserved in the sheep (Sealfon and Millar 1995a).

4) TMD-3 contains a premature stop codon. The human, chimpanzee
sequences also contains a stop codon, yet this is at position 180 in exon 2, in
extra-cellular loop (ECL) 2 while the stop codon in cows is 3 amino acids
downstream from this in ECL-2 (Morgan, Conklin et al. 2003).

5) At the intra-cellular end of TMD-3 the conserved GPCR DRY motif,
modified to DRS in mammalian GnRH-I receptors and DRQ in mammalian
GnRH-II receptors is changed in sheep to DHQ (position 139), this is also
seen in the bovine genomic clone (number 36). No other GPCR within the
rhodopsin family shows a difference in this motif (except platelet activating
factor receptor (X56736), (Honda, Nakamura et al. 1991)). The DRY motif is
important for G protein coupling and ligand induced receptor activation
(Arora, Sakai et al. 1995; Ballesteros, Kitanovic et al. 1998). Mutagenesis
studies on the mouse GnRH-I receptor showed that a change from arginine
(R) to glutamine (Q) retains ligand binding but other changes such as

arginine to histidine (H) or lysine (K) gave no binding (Ballesteros, Kitanovic
et al. 1998).

6) ECL-2 shows a 17 amino acid deletion, from positions 180-196. Within
GPCRs ECL-2 is highly variable in length, although in the GnRH receptors
this region is usually involved in the formation of disulphide bonds between
cysteine residues in the N terminus and/or TMD-1. These bonds are
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necessary to stabilise the receptor structure (Davidson, Assefa et al. 1997).
This deletion is expected to have repercussions on receptor activation, as this
is a crucial role of the ECL-2. However a deletion in ECL-2 does not affect the

xenopus GnRH-II receptor (Troskie, Illing et al. 2001), or that of the human
GnRH-I receptor when this deletion is incorporated (Ott, Troskie et al. 2002).

7) In ICL-3 there is an amino acid deletion (a histidine (H) in position 241),
the function of this amino acid is unknown, the deletion may have a possible
effect on G-protein coupling, but this is unlikely as only the residues adjacent
to TMD-5 and TMD-6 have been shown to affect the functioning of the
human GnRH-I receptor (Millar 2002a).

8) ECL-3 is important for ligand interaction and it is conserved in the sheep
sequence (Petry, Craik et al. 2002).

9) The conserved DPXXY motif in TMD-7, important for interactions with G-
proteins and activation of intra-cellular signalling (Barak, Menard et al. 1995;
Hunyady, Bor et al. 1995; Arora, Cheng et al. 1996), NPXXY in other GPCRs,
is altered to DPXXC. This mutated tyrosine residue is phosphorylated in
receptor signalling and agonist mediated regulation (Kramer, Andria et al.
2000), so this change is likely to be functionally significant. Having an

aromatic base in this position is important as mutating this tyrosine (Y) to
other aromatic bases such as phenylalanine (F), did not change G-protein
activation, IP turnover or internalisation, whilst a change to alanine (A)
abolished coupling and turnover (Arora, Cheng et al. 1996).

10) The cytoplasmic tail sequence is shorter than the other GnRH-II receptors
(55 amino acid residues compared to 57 in rhesus and green monkey and
human, 58 in marmoset). The cytoplasmic tail, of the marmoset GnRH-II
receptor contains a class 1 PDZ domain-binding motif (ITSI, (Pawson,
Davidson et al.)), which can be bound by PDZ domain-containing proteins,
potentially important for maintaining correct spatial arrangement of receptor
domains and hence modulation of receptor function (Bezprozvanny and
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Maximov 2001). The sheep GnRH-II gene has a potential PDZ domain-
binding motif (TSL at position 379-381).

Taking all of this into account it can be seen that that the ovine GnRH-II
receptor is highly conserved, being 89% similar to the primate GnRH-II
receptor sequences. Figure 3.19 also highlights the conserved nature of the
GnRH receptor family as a whole. Certain aspects such as the conservation of
ECL-3, important for ligand interaction, and the PDZ binding domain in the
cytoplasmic tail, provide positive features with regard to the functioning of
this receptor. However other striking features within exonic sequence, like
the premature stop codon, the deletion in ECL-2, and the disruption of
functionally important highly conserved motifs such as the DRY and
DPXXY, have implications for the length of the protein produced, and the
opportunity for protein coupling and G-protein interaction. Thus it appears

unlikely at this stage that a classical GPCR is produced from the ovine
GnRH-II receptor gene.

147



Chapter 3 Ovine GnRH-II receptor sequence

Figure 3.19: Alignment of all the known GnRH receptor amino acid
seguences. The transmembrane domains (marked TMD) are those
predicted by using the Rhodopsin model. Notable variations of the ovine
GnRH-II receptor sequence from the consensus are marked with asterisks.
The sequences were coloured using the European Bioinformatics Institute
(EBI) protein colourer (green - charged, blue - non-charged (hydrophilic),
black - sulphyhdrile group, red - polar (hydrophobic)).
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MQGNLPTLTLSGKIRVTVTFFLFLLSATFNASFLLKLQKWTQKKEKGKKLSRMKLLIKHLTLANLLE
MQGNLPTLTLSGKIRVTVTFFLFLLSATFNASFLLKLQKWTQKKEKGKKLSRMKLLIKHLTLANLLE
MQGNLPTLTLSGKIRVTVTFFLFLLSTTFNASFLLKLQKWTQKKEKGKKLSRMKLLLKHLTLANLLE
MQGNLPTLTLSGKIRVTVTFFLFLLSTIFNASFLLKLQKWTQKKEKGKKLSRMKVLIKHLTLANLLE
TQANLPTLTLSGKIRVTVTFFLFLLSTTFNASFLLKLHKWTQKKENGKKLSKMKVLLKHLTLANLLE
TQGNLPTLTLSPNIRVTVTFFLFLLSTAFNASFLLKLQKWTQRKEKGKKLSRMKVLIKHLTLANLLE
TPGRLPTLTLSGKIRVTVTFFLFLLSTIFNTSFLLKLQNWAQRKEKRKKLSKMKVLLKHLTLANLLE
IQGKLPTLTVSGKIRVTVTFFLFLLSTAFNASFLLKLQKWTQKRKKGKKLSRIKVLIKHLTLANLLE
TQGKLPTLTLSGKIRVTVTFFLFLLSTAFNASFLVKLQRWTQKRKKGKKLSRMKVLIKHLTLANLLE
THRDLPTLTLSGKIRVMVTFFLFLVSTAFNASFLMKLQRQTQKKEEVKKLTRMKVLLKHLTLANLLE
AHRDLPTLTLSGKIRVMVTFFLFLVSTAVNVSFLMKLQRQTQKKDEVKKLTRMKVLLKHLTLANLLE
EHWVEPRFTKAAKVRVAITAVFFLLAACSNTAVLGSLL RKRRK CHVRPLILSLALADLLV
GPWSEPTFTAAAKVRVGVTCCFFLIASCSNVAVLCSIS GKRCK SHLRILILSLSIADLLV

GPWFEPTFTAAAKVRVGVTCCFFLMASCSNVAVLCSIS GKRCK SHLRILILSLSIADLLV
DPWTEPTFTLAAKVRVGVTCCFFLIASCSNVAVLCSIS GKRCK SHLRVLILSLSVADLLV

PSFSVAAQCRVATTLVLFVFAAVSNSAVLISVFWGRGYRLG AHLRPVIASLAAADLMM
-DWETPTFTVAAHFRVVATLVLFVFAAISNLSVLISVTRGRGRHLA SHLRPLIGSLASADLVM

STWETPSFTSAAQFRVGATLVLFVFAACSNLALLASV--GRGRRPP SHLRPLMLSLVSADLMM
PDWEAPSFTRAAQFRVGATFVLFLFAACSNLALLVSVW--RGQRLA SHLRPLMLSLASADLMM
PDWEPPSFSQAAQFRVGAIFILFLFAACSNTALLTSVWCGRGRRLA SHLRPLMLSLASADLMM
VDWEAPTFTRAAQFRVGATLILFLFAACSNLALLVSVCRGRGRRLA SHLRPLIMSLAAADLMM
TDWRAPSFTPAAQARVAATMVLFLFAAVSNLALLISVSRGRGRRLA SHLRPLIISLVSADLMM
LKWETPTFTTAARFRVAATLVLFVFRAASNLSVLLSVTRGRGRRLA SHLRPLIASLASADLVM

ADWVAPTFTRAAQFRVGATLVLFLFAAVSNLALLISVCRGRGRRLA SHLRPLIRSLAVADLMM
ADWVAPTFTRAAQFRWATLVLFLFAAFSNLAVLISVARGRGRRLA SHLRPLIMSLAVADLMM

*

ELPTFSAAAKVRVGVTIVLFVSSAGGNLAVLWSVTRREPSQLRP SPVRRLFIHLAAADLLV

ELPTFSTAAKVRVGVTIVLFVSSAGGNLAVLWSVTRPQPSQLRP SPVRTLFAHLAAADLLV
EL PTFSAAAKVRVGVTIVLFVSSAGGNLAVLWSVTRPQPSQLRP SPVRTLFAHLAAADLLV
ELPTFSTAAKVRVGVTIVLFVSSAGGNLAVLWSVTRPQPSQLRP SPVRRLFAHLAAADLLV

ELPTFSVAAEVRMGVTWLFVSSAGGNLAVLWSVKRPQPSQLCP SPVRRLFAHLAVADLLV
ELPTFSVAAKVRVGVTWLFVSSAGGNLAWWSGTRPQPSQLRP S PVR - LFAHLAVADLLV

EVFVLPTFSTAAKVRVTITFVLFISSACFNIIALWTITQKYKK--R SHVRILISNLAVADLLV
DHFVLPTFSTAAKIRVAITCVLFISSACFNMATLWTITYKYRK--K SHIRILIINLVAADLLI

DHFVLPTFSTAAKIRVAITCVLFISSACFNMATLWTITYKYRK- -K SHIRILIINLVAADLLI

KAFILPTFSTAAKIRVAITCVLFIFSACFNIAALWTITYKYKK--K SHIRILI INLVAADLFI

THFQLPTFSPAAKARVIITFVIFTLSATCNLAALWSAARTSRK--KR SHVRILILNLTTADLLV
TRFQLPTFSSAAKARVIITFVIFTLSATCNLAALWAASRTSRK--KR SHVRILILNLTTADLLV
GPLQLPTFSTAAKVRVIITFILCGVSTLCNSAVLWAAIGH-KR--K SHVRVLIINLTAADLLV
AALQLPTFTTAAKVRVIVTFILCGISTFCNLAALWAVNGQ-KR--K SHVRVLIINLTVADLLV
GALQLPTFTTAAKVRVIITCILCGISAFCNLAVLWAAHSDGKR--K SHVRVLIINLTVADLLV
GSLQLPTFTTAAKVRVIITCILCGISAFCNLAVLWAAHSDGKR--K SHVRVLIINLTVADLLV
DAPQLPTFTTAAKVRVIITFILCAISAFCNLAVLWAAHSDGKR--K SHVRVLIINLTVADLLV
GTPLLPTFTTAAKVRVAITWILCWSAFCNMAVLWVAHSEGRR--K SHVRMLIVNLTLADLLV
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TLIVMPLDGMWNITVQWYAGELLCKVLSYLKLFSMYAPAFMMWISLDRSLAITRPLALKSNSKVGQ
TLIVMPLDGMWNITVQWYAGEFLCKVLSYLKLFSMYAPAFMMVVISLDRSLAITRPLALKSSSKLGQ
TLIVMPLDGMWNITVQLHAGEFFCKVLSYLKLFSMYAPAFMMWISLDRFLAITRPLALKSNRKLGQ
TLIVMPLDGMWNITVQWYAGEFLCKVLSYLKLFSMYAPAFMMWISLDRSLAITRPLAMKNNGKLGQ
TLIVMPLDGMWNITVQWYAGELLCKVLSYLKLFSMYAPAFMMWISLDRSLAITRPLAVKSNSKLGR
TLIVMPLDGMWNITVQWYAGEFLCKVLSYLKLFSMYAPAFMMWISLDRSLAITRPLAVKSNSRLGR
TLIVMPLDGMWNITVQWYAGELLCKVLSYLKLFSMYAPAFMMVVISLDRSLAITRPLAVKSNSKLGQ
TLIVMPLDGMWNITVQWYAGEFLCKVLSYLKLFSMYAPAFMMWISLDRSLAITQPLAVQSNSKLEQ
TLIVMPLDGMWNITVQWYAGEFLCKVLSYLKLFSMYAPAFMMWISLDRSLAVTQPLAVQSKSKLER
TVIVMPLDGIWNVTVQWYAGEFLCKALSYLKLFSMYAPAFMMVVISLDRFLAITRPLAVKSNTKVGQ
TVIVMPLDGIWNMTVQWYAGEFLCKALSYLKLFSMYAPAFMMVVISLDRFLAITRPLAVKRNIKVGR
TVAVMPLDVAWNVTVQWYGGDLS CKLLNFLKLFAMYAAALVLWISLDRHAAVLQP - - FARARRRNG
TLLVMPLDAMWNIMIQWYADEISCKILNFGKLFAMYSAALVLWISLDRHWAILYPLSFTSAGQRNR
TLLAMPLDAMWNIMIQWYADELSCKILNFGKLFAMYSAALVLWISLDRHWAILYPLSFTSAGQRNR
TFLVMPLDALWNVMVQWYAGELSCKVLNFGKLFAMYSAALVLVVISLDRHWAILYPLSFTSAGQRNR

S LDRQAAVLNPLGIRDAKKKNK
SFIVMPLDAVWNITVQWYAGDIMCKLMCFLKLFAMHSAAFILVWSLDRYRAIIHPLDSLDAGTRNR
TFWMPLDAIWNITVQWYAGNAMCKNLCFLKLFAMHSAAFILVWSLDRHBULHPLEALDAGRRNR
TFVVMPLDAVWNVTVQWHGGDALCKVLCFLKLFAMYASAFILVVISLDRHH/ILHPLNSIKAHKRNR
TFVVMPLDAVWNMTVQWYGGDALCKLLCFLKLFAMHASAFILWISLDRQIAILHPLDALSAHSRNR
TFWMPLDAAWNVTVQWYGGDALCKLLCFLKLFAMHASAFI LVVI TLDRQKAILHPLDALSAHRRNR
TFWMPLDAIWNITVQWYGGDATCKMLCFLKLFAMHSSAFILVWSLDRHHAILHPLDSLNSHHRNK
TFIVMPLDMVWNVTVQWYAGDGLCKLLCFLKLFAMQTS\FILWISLDRHHAILHPLDSLNAHQRNR
TFWMPLDAVWNVTVQWYAGDAMCKLMCFLKLFAMHSAAFILVWSLDRHIAILHPLDTLDAGRRNR
TFIVMPLDMVWNVTVQWHGGDGLCKLLSFLKLFAMQASAFILVVISLDRQHAILHPLDTLNAHRRNK
TFIVMPLDMVWNVTVQWYAGDAMCKLLCFLKLFAMHSSAFILWISLDRHHAILRPLDSFDAKRRNK

* * *
TFVVMPLDATWNITVQWLAVDIACRTLMFLKLMATYSAAFLPWIGLDRQAAVLNPLG SRSGVR

TFWMPLDATWNITVQWLAEDIACRTLMFLKLMAMYSAAFLPWIGLDRCAAVLNPLG SRSGVR
TFVVMPLDATWNITVQWLAGDIACRTLMFLKLMAMYSAAFLPWIGLDRQAAVLNPLG SRSGVR
TFWMPLDATWNITVQWLAGDIACRTLMFLKLMAMYAAAFLPVVIGLDRQAAVLNPLG SRSGVR

TFWMPPDATWNITVQWLAGDIACRTLVFLKLVAMYAAAFLPLVIGLDHQAAVLHPFG PRSAGR
TFWMPLVATWNITVQWLAGDFACRTLTFLKLVAMXAAAFLPVIIGLDHQAAVLHPFG LRSAGR
TFIVMPLDAIWNITVQWYAGDLVCRVLMFLKXVAMYASAFVTWISLDRQSAILNPLGIGDAKKKNK
TFWMPLDAVWNVTIQWYAGDVACRILMFLKLVAMYSSAFVTVVISLDRHAAILNPLGIGDAKKKNK
TFWMPLDAVWNVTIQWYAGDVACRILMFLKLVAMYSSAFVTVVISLDRHAAILNPLGIGDAKKKNR
TLVVMPLDAVWNVTLQWYAGDLACRVLMFLKLAAMYSSAFVTVVISLDRQAAILNPLGIGDAKKKNK

TFIVMPLDAIWNITVQWHAGDIACRILMFLKLLSMYSCAFVTVVISVDRQSAILNPLAINDAKKKNK
TFIVMPLDAVWNITVQWHAGDIACRILMFLKLLSMYSCAFVTWISVDRQSAILNPLAINDAKKKNK
TFIVMPVDAAWNITVQWLAGDAACRFLMFLKLQAMYSCAFVTWISLDRQSAILRPLSISAAPRRNR
TFIVMPVDAVWNITVQWVASDLACRILMFLKLQAMYSCAFVTWISLDRQFAILNPLAIIMARRRNK
TFIVMPVDAVWNITVQWLAGDLACRLLMFLKLQAMYSCAFVTVVISLDRQSAILNPLAINKARKRNR
TFIVMPVDAVWNITVQWLAGDLACRLLMFLKLQAMYSCAFVTWISLDRQSAILNPLAINKARKRNR
TFIVMPVDAVWNITVQWLAGDFACRLLMFLKLQAMYSCAFVTWISLDRQSAILNPLAINKARKRNR
TFIVMPVDAMWNVTVQWIAGDFACRMLMFLKLQAMYSCAFVTWISLDRQSAILNPLAINEARQRNK



TMD4 ECL2 TMD5

1. SMVGLAWILSSVFAGPQLYIFRMIHLADSSGQTKVFSQCVTHCSFSQWWHQAFYNFFTFSCLFIIPLF-
2. SMVGLAWILSSVFAGPQLYIFRMIHLADSSGQTKVFSQCVTHCSFPQWWHQAFYNFFTFSCLFIIPLL-
3. SMVGLAWILSSIFAGPQLYIFRMIHLAASSGQTKVFSQCVTHCSFPQWWYQAFYNFFTFSCLFITPLL-
4. SMIGLAWLLSGIFAGPQLYIFRMIHLADSSGQTEGFPQCVTHCSFPQWWHQAFYNFFTFSCLFIIPLF-
5. SMIGLAWLLSSIFAGPQLYIFRMIHLADSSGQTEGFSQCVTHCSFPQWWHQAFYNFFTFSCLFIIPLL-
6. FMIGLAWLLSSIFAGPQLYIFRMIHLADSSGQTEGFSQCVTHGSFPQWWHQAFYDFFTFSCLFIIPLL-
7. FMIGLAWLLSSIFAGPQLYIFGMIHLADDSGQTEGFSQCVTHCSFPQWWHQAFYNFFTFSCL.FIIPLL-
8. SMISLAWILSIVFAGPQLYIFRMIYLADGSGPT-VFSQCVTHCSFPQWWHQAFYNFFTFGCLFIIPLL-
9. SMTSLAWILSIVFAGPQLYIFRMIYLVDGSGPA-VFSQCVTHCSFPQWWHEAFYNFFTFSCLFIIPLL-
10. SLIAVAWFLSIVLAGPQLYIFRMIYVEDISGQTGNFSQCVTHCSFPEWWQEAFYNLLTFSCLFIGPLr -

11. SMIGVAWLLSIVFAGPQLYIFRMIYVEDLSGQTGNFSQCVTHCSFPEWWQEAFYNLLTFGCLFIVPLL-
12. LLLRAAWLGSVLLASPQLFLFHVHTVP-G GNFTQCVTHGSFRAHWEETVYNMFTFTTLYITPLS-
13. IMLWTAWIGSLLLASPQLFLFRLRTVP-G ANFTQCATHGSFAQHWQETAYNMFTFCTLFVTPLG-
14. IMLWTAWIGSLLLASPQLFLFRLRTVPE ANFTQCATHGSFPQHWQEIAYNMFTFCTLFVTPLG-
15. IMLWTAWITSLLLASPQLFLFRLRTAP-G VNFTQCATHGSFTQHWQETAFNMFTFCTLFVTPLV-
16. iMLCVAWSLSYLLAIPQLFVFHTVSRSE P-VHFVQCATVGSFQAHWQETIYNMFTFFCLFLLPLL-
17. RMLAVAWS LS MLLAS PQL FIFRAIKA-EG VDFTQCVTHGSFLYLWQETTYNMFHFVTLYVFPLLV
18. RMLLAAWILSILLASPQLFIFRAIKA-EG VDFVQCVTHGSFRQRWQETAYNMFHFVTLYVFPLLV
19. QMLLVAWTLSILLAMPQLFIFRAVRM-EG ADFTQCATHGSFSRRWQETVYNMFHFITLYWPLLV
20. RMLLLAWTLSILLAS PQL FIFRTIRV-D-S VDFTQCASHGSFSRRWQETVYNMFHFTTLYVVPLLV
21. FMLLLAWTLSLLLASPQLFLFRTIKV-D-R ANFTQCVSHGSFSHRWQETVYNMFHFITLYWPLLV
22. RMLGLAWGLSVLLALPQLFIFRAIKA-EG VDFTQCVTHGSFKERWQETVYNMFYFVTLYVFPLLV
23. RMLLLAWSLSALIASPQLFIFRTVKV-K-S VDFTQCVTHGSFHERWYETAYNMFHFVTLYVIPLLV
24. RMLLTAWILSLLLASPQLFIFRAIKA-KG VDFVQCATHGSFQQHWQETAYNMFHFVTLYVFPLLV
25. RMLVLAWSLSLLLASPQLFIFRAIKA-E-K VDFTQCVTHGSFPERWQETVYNMFHFVTLYVIPLLV
26. RMLLLAWSLSLLLASPQLFIFRVIKA-EG VDFTQCVTHGSFQQRWQETVYNMFQFVTLYVVPLLV
27 .

28. PQLFIFRTIKA-EG VDFTQCVTHGSFLHLWQETTYNMFHFVTLYIFPLLV

29. KLLGAAWGLSFLLAFPQLFLFHTVHXA--G-PVP-FTQCVTKGSFKAQWQETTYNLFTFCCLFLLPLT-
30. QLFLFHTVPXP--G-PVP-FTQCVNKGSFKAQWQETTYNLFTFCCPFLLPLT-
31. KLLGAAWGLSFLLALPQLFLFHTVHRA--G-PVP-FTQCVTKGSFKARWQETTYNLFTFRCLFLLPLT-
32. KLLGAAWGLSFLLALPQLFLFHTVHRA--G-PVP-FTQCVTKGSFKARWQETTYNLFTFCCLFLLPLI-
33. KLLGAAWGLSFLLALPQLFLFHTVHRA--G-PVP-FTQCATKGSFKARWQETTYNLFTFCCLFLLPLT-
34. L-QLFLFHTVRRA--G-PVP-FTQCVTKGSFKAQWQETTYNLFTFCCLFLLPLT-
35. KLLGVAWGLSFLLALPQLFLFHTIXRA--G-PGP-FTWCVTKGSFKTQWQEIIYNLFIFCC
36 . KLLGVAWGLSFLLTLPQLFLFHTVQVSR QEIIYNLFTFCCLFLRPLT-
37. IMLCVAWVLSVLLAVPQLFVFHAVSPSQSEY FIQCATVGSFQGHWQETLYNMFTFSCLFLLPLL-
38. AMLSVAWTLSLLLATPQLFVFHTVSRSQ PV-HFVQCATVGSFKAHWLETLYNMFTFCCLFLLPLL-
39. TMLSIAWTLSLLLATPQLFVFHTVSRSH PV-HLVQCATLGSFKAHWLETLYNMFTFCCLFLLPLL-
40. IMLCVAWFLSYLLAIPQLFVFHTVSRSE PI-HFVQCATVGSFQAHWQETIYNMFTFFCLFLLPLL-

41. IMLSVAWLMSAVLSLPQLFLFHTVTITE P-HNFTQCTTRGSFQQHWQETVYNMVSFVCLFLLPLL-
42. IMLSVAWLMSAVLSLPQLFLFHTVTITE P-HNFTQCTARGSFQQHWQKTVYNMVSFVCLFLLPLL-
43. SMLTVAWTMSAVLSVPQMFIFHNVTITH P-ANFTQCTTRGS FVTHWQETAYNMFTFTCLFLLPLS-
44. VMLTVAWTMSAVLSIPQVFIFHNVTIT YP-ANFTQCTTRGSFHSHWQETAYNMFTFSCLFLLPLV-
45. VMLTVAWGMSWLSVPQLFL FHNVT11H P-EDFTQCTTRGSFVTHWHETAYNMFTFSCLFLLPLV-
46. VMLTVAWGMSWLSVPQLFLFHNVT11 YP-EDFTQCTTRGSFVTHWHETAYNMFTFSCLFLLPLI-
47. VMLSVAWGMSTVLSVPQIFLFRNVTINH P-EDFTQCTTRGSFVTHWHETAYNMFTFSCLFLLPLV-
4 8. VMLTVAWIMSFVLSLPQIFIFHSVTII LP-EDFTQCTTRGSFLTRWHETAYNMFTFSCLFLLPLV-
49. IFIFHSVTIIR P-EAFTQCTTRGSFPTRWHETAYNMFTFSCLFLLPLV-
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TMD5 ICL3 TMD6

IML ICNAKIIFTLTRVLHQDPHELQL NQSKNN-IPRARLKTLKMTVAFATSFTVCWTPYYVL
IMLICNAKIIFTLTRVLHQDPHKLQL NQSKNN-1PRARLKTLKMTVAFATSFTVCWTPYYVL
IMLICNAKIIFTLTRVLHQDPHKLQL NQFKNN-1PRARLRTLKMTVAFVTSFTVCWTPYYVL
ITLICNAKIIFTLTRVLHQDPHELQL NQSKNN-IPRARLRTLKMTVAFATSFTVCWTPYYVL
FMLICNAKIIFTLTRVLHQDPHKLQL NQSKNN-1PRARLRTLKMTVAFATSFTVCWTPYYVL
IMLICNAKIMFTLTRVLQQDPHNLQL NQSKNN-IPRARLRTLKMTVAFAASFIVCWTPYLVL
IMLICNAKIIFTLTRVLHQDPHKLQL NQSKNN-IPQARLRTLKMTVAFATSFTVCWTPYYVL
IMLICNAKIIFALTRVLHQDPRKLQL NQSKNN-1PRARLRTLKMTVAFATSFWCWTPYYVL
I ML I CNAKI I FALTRVLHQDPRKLQL NQSKNN - IPRARLRTLKMTVAFGTS FVICWTPYYVL
IMLVCNAKIIFTLTQVLHQDPHELQL NRSKNN-IPRARLRTLKMTVAFATLFTICWTPYYVL
IMLVCNAKIIFTLTQVLHQDSHELQL NRS KNN-1PRARLRTLKMTVAFATL FTVCWTPYYVL
IMIVCYVRIIWEISKQLK--INK-SLV RSQNDH-ISKARMKTLKMTIVIVASFIICWTPYYLL
VMIVCYTRILWEIGKQMKHK-NEL--A RSKNDLISKARLKTLKMTLVIWSFMVCWTPYYLL
VMIVCYTRILWEIGKQMSHK-NEL--A RSKNDLISKARLKTLKMTLVIWSFMVCWTPYYLL
VMIVCYTRILWEIGKQMKHK-NEL--A RSKNDLISKARLKTLKMTLVIVASFMVCWTPYYLL
IMVFCYARILMEITHKMK AACVSSKEIDLRRSSNN-IPRARMRTLKMSLVIVLTFIVCWTPYYLL

VMIFCYTRIFTKINGQI-HKNKD-N ENCLRRSGRDVIPKARMKTLKMSWIVSS FVICWTPYYLL
VMSFCYTHILVEINRQMPRGKGK GGEP CLRRSGTNMIPKARMKTLKMTI11VASFVVCWTPYYLL
VMSCCYSRILLHIHLQ-HLREK AGESYLRRSGTDIIPKARMKTLKMTWIVLSFWCWTPYYLL
VMSCCYSRILLHIHQQ-HLRDK AGES PLRRSGTDIIPKARMKTLKMTWIVLSFWCWTPYYLL
VMSCCYSRILLHIHQQ-HLRDK AGESHLRRSGTDIIPKARMKTLKMSWIVLSFWCWTPYYLL
VMS FCYTHILIEINQQLHRNK AGESCLRRSGTDMIPKARMKTLKMTIIIVMSFVVCWTPYYLL
VMSCCYTCILIEINRQLHKSTE GES-LRRSGTDMIPKARMKTLKMTIIIVLSFWCWTPYYLL
VMSLCYTRILVEINRQMHRSKDK AGEPCLRRSGTDMIPKARMKTLKMTI11VASFVICWTPYYLL
VMSCCYTRILFEINRQ-EHKNK AGESCLRRSRTDMIPKARMKTLKMTIIIVLSFIICWTPYYLL
VMSLCYTRILIEINHQI-HKSK GGESCLRRSGTDMIPKARMKTLKMTIIIWSFVVCWTPYYLL

KTLKMTIVIVASFVI CWTPYYLL

VMIFCYTRIFT
*

AMAICYSRIVLSVSR-PQTRKGSHAPAGEFALPRSFDN-CPRVRLRALRLALLILLTFILCWTPYYLL

AMAICYSHIVLSVSS-PQTRKGSHAPAGEFALCRSFDN-CPRVRLWALRLALLILLTFILCWTPYYLL
AMAICYSRIVLSVSS-PQTRKGSHAPAGEFALRRS FDNR-PRVCLRALRLALLILLTFILCWTPYYLL
AMAICYSRIVLGVSS-PRTRKGSHAPAGEFALRRSFDNR-PRVRLRALRLALLVLLTFILCWTPYYLL

AMTICYSRIVCSVST-PRTRKGS-PPAGEFAVCRSLDNHS-HVRHRALLLALLVLLTFILCWTPYYLL

IMVLCYSRILIEISRKMKKACVSSK EVHLRRSSNN-IPKARLRTLKMSIVIVLTFIVCWTPYYLL

IMVFCYGRILVEISRKMKKAEVSSR EVNLRRSYNN-IPRARMRTFKMSLVIVLTFIVCWTPYYLL
IMVF CYGRILLEISRKMKKAEAS SR EVNLRRSYNN-IPRARMRTFKMSLVIVLTFIVCWTPYYLL

IMVSCYTRILMEISHKMKATCVSSK EIDLRRSSNN-IPRARMRTLKMSLVIVLTFIVCWTPYYLL

IMICCYSRILLEISKRMSKGTLSSK- -

IMICCYSRILLEISKRMSKGTLSSK- -

IMIICYTRIFIQISKQMTKKNVSSD--
IMIICYTRIFIQISKRMSKKSLSSN--
IMITCYTRIFCEISKRMKKDNLPSN--

IMITCYTRIFCEISKRLKKDNLPSN--

IMITCYTRIFCEISKRLKKDNLPSN--

IMITCYTRIFFEISKRMQKDNLPSN--
VMVTCYTRILV

-EVYLRCSKNN-IPKARMRTLKMSVVIVSSFIICWTPYFLL
- EVYLRCSKNN-1PKARTRTLKMSWIVSSFIICWTPYLLL
-EPHLRCSKNN- IPKARMRTLKMSVVIWGFIVCWTPYYLL

-EFDLRCSKNN-IPKARMRTLKMSIVIVLCFIICWTPYYLL

-EVHLRRSKNN-IPRARMRTLKMGIVIVSSFIVCWTPYYLL

-EVHLRRSKNN-1PRARMRTLKMSIVIVS S FIVCWTPYYLL

-EVHLRCS KNN-1PRARMRTLKMSIVIVLSFIICWTPYYLL

-EVHLRRSKNN-IPKARIRTLKMSIVIVTSFIVCWTPYYLL



TMD6 ECL3 TMD7 Cytoplasmic tail
1. GIWYWFDPE-MLNRLSDPV-NH-FFFLFAFLNPCFDPLIYGYFSL

2. GIWYWFDPE-MLNRVSDPV-NH-FFELFAFLNP

3. GIWYWFDPE-MLNRVSDPV-NH-FFELFAFLNPWFDPLIYGYFSL

4. GIWYWFDPE-MLNRVSDPV-NH-FFFLFALLNPCFDPLIYGYFSL

5. GIWYWFDPE-MLNRVSDPV-NH-FFFLFALLNPCFDPLIYGYFSL

6. GIWYWFDPE-MVNRVSDPV-NH-FFFLFAFLNPCFDPLIYGYFSL
7. GIWYWFDPD-MVNRVSDPV-NH-FFFLFGFLNPCFDPLIYGYFSL
8. GIWYWFDPE-MLNRVSEPV-NH-FFFLFAFLNPCFDPLIYGYFSL

9. GIWYWFDPE-MLNRVSEPV-NH-FFFLFGFLNPCFDPLIYGYFSL

10. GIWYWFDPE-MLNRVSDPV-NH-FFFLFGLLNPCFDPLIYGYFSL

11. GIWYWFDPG-MLNRVSDPV-NH-FFFLFGLLNPCFDPLIYGYFSL

12. GLWYWFHPA-MIQRMPEYI-NHS-FFLFGLLHTCTDPIIYGLYTTPSFREDVQ--LCLRGIEAAISQHVRHK
13. GIWYWFQPE-MIYLTPEYV-HHS-LFLFGLLHTCTDPLVYGLYT-PSFKEDLRTWLRRLGG-LLTRKAKNSK
14. GIWYWFQPE-MILLTPEYV-HHS-LFLFGLLHTCTDPLVYGLYT-PSFKEDLRTWLRRLGG-LLTRKAKNSK
15. GLWYWFQPE-MINQTPEYL-NHS-LFLFGLLHTCTDPLVYGLYT-PSFKEDLRSWIRRV-STLLSRKFKNSK
16. GIWYWFSPE-MLTKEKVPPSLSHILFLFGLLNTCLDPIIYGLFT-IHFRREIRR-VCRCAAQG-KD
17. GIWYWFHPA-MIQHTPEYV-HHM-LFVFGNLNTCCDPIIYGFYT
18. GIWYWFQPR-MLQSMPEYI-HH-ALFVFGNLNTCCDPVIYGFFT-PSFRADIASCFCRRNQNSSLKSLDRLS
19. GIWYWFQPD-MLRVTPEYV-HH-VLFVFGNLNTCCDPVIYGFYT-PSFRADLAACFHQKRRNAARAP
20. GIWYWFQPD-MLRITPEYV-HH-ALFVFGNLNTCCDPIIYGFYT-PSFRADLAACCRWVRCDADTSSQYID-
21. GIWYWFQPD-MLRVTPEYV-HH-ILFVFGNLNTCCDPVIYGFYT-PSFRADLAACCRWSKESSSPMSLNRLS
22. GIWYWFQPE-MLQVTPEYI-HH-ALFVFGNLNTCFDPVIYGFYT-PSFRADLAMCWCYRRRDIN-MSRSLDS
23. GIWYWFQPE-MLKVTPEYI-HHL-LFVFGNLNTCCDPVIYGLYT-PSFRADLARCWRCRTPAESPRSLDRI-
24. GIWYWFQPQ-MLHVIPDYV-HH-VFFVFGNLNTCCDPVIYGFFT-PSFRADLSRCFCWRNQNASAKSLPHFS
25. GIWYWFQPE-MLKVTPEYV-HHL-LFVFGNLNTCCDPVIYGLYT-PSFRADLARCWGCRSTSDSPRSLERLS
26. GIWYWFHPQ-MIQVTPEYV-NH-ILFVFGNLNTCCDPVIYGLYT-PSFRADLAVCWFCRPQDSSPKSLDRLS
27. GIWYWFQPA-MLQETPEYV-HH-ALFVFGNLNTCCDPVIYGFFT-PSFRADLADWHCCCRCRSQNISPRSL
28 .

*
2 9. GMWYWFSPT-MLTE--VPPS-SHILFLLGLLNAPLDPLLYGAFTLGCR RGHQEL SIDSSK
30 .

31. GLWYWFSPT-MLTE--VPPSLSHILFLFGLLNAPLDPLLYGAFTLG-CQ RGHQEL SIDSSN
32. GLWYWFSPT-MLTE--VPPSLSHILFLFGLLNAPLDPLLYGAFTFG-C RRGHQEL SIDSSK
33. GLWYWFSPS-MLSE--VPPSLSHILFLFGLLNAPLDPLLYGAFTLG-C RRGHQEL SMDSSR
34 .

35 .

36. GLWYWFSPT-MLTE--VPPSFSHILFLFGLLSAPLDPLFCGAFTFG-RQ--RR-HQEH SIDSSR
37. GIWYWFSPE-MLTRERVPPSLSHILFLFGLFNACLDPLIYGLFTIHFRREIRRVCRC-RKGVKELN
38. GIWYWFSPE-MLTSRKVPPSLSHILFLFGLFNTCLDPIIYGLFTIHFRREIRRVCRCATQGKDADATS
39. GIWYWFSPE-MLTSRRVPPSLSHILFLFGLFNTCLDPITYGLFTIHFRREIRRVCRCATQGKDADATS
40. GIWYWFSPE-MLTEEKVPPSLSHILFLFGLLNTCLDPIIYGLFTIHFRREIRRVCRCAAQGKDHDTAS

41. GLWYWFYPEIM--EEKVSQSTTHILFIFGLVNACLDPITYGLFTIHFRKSLQRYCGGRR-TSDADTSS
42. GLWYWFFPEIM--EEKVSQSTTHILFIFGLVNACLDPITYGLFTIHFRKSLQRYCGGRR-TSDADTSSS
43. GLWYWFFPDDL--EGKVSHSLTHILFIFGLFNTCLDPIIYGLFTTRFHRGRRKCYGGATATLSLESKV
44. GLWYWFFPDDL--EGKVSHSLTHILFIFGLFNTCLDPVIYGLFTIRFRRGLRGCYRKANAM-SDWGAGT

45. GLWYWFFPDDL--EGKVSHSLTHILFIFGLVNACLDPVIYGLFTIHFRKGLRRYYCNATKAADLDNNIV

46. GLWYWFFPDDL--EGKVSHSLTHILFIFGLVNACLDPVIYGLFTIHFRKGLRRYYCNATKAADLDNNTV

47. GLWYWFFPDDL--EGKVSHSLTHILFIFGLVNACLDPVIYGLFTIHFRKGLRRYYCNAATASDLDTNTV

48. GLWYWFFPDDL--EGKVSHSLTHILFIFGLLNACLDPIIYGLFTIHFRKGLRRFFGRGAKAAELDNNIV

49 .



Cytoplasmic tail

12. PISVS E KTTKDGDVNGQVTSGGSNGTTVNTVC
13. PLADSEMNIKDFTSMDGPTTTATTVQSVF
14. PLADSEMNIKDFTSMDGPATTATTVQSVF
15. QLAGSELNIKDLTSMEGPTSTAVTMQSVF
16 .

17 .

18 . - VRRGGAS - RE A- -ESD-LG-SGDQPS-GQQAV- -KT PQRARD T
19 .

20 . - -DR- -MSTRE GP-HSREHEPQPSTNN-QTAADQ PMKARD FSM
21. -TRRG PH S GEHE--P Q
22 . -AHQG PH S GEQDSD-APGV- -EQTKETGGD-GR
23. PHENTSP-T-R PA
24. G HRRE--VSGEA--ESD-LG-SGDQPS-GQ
25 . -ARQG PHS AEQESDPA--S V K--GAE-G
26 . -ARQG--NP-S AEQESDAPSV—DQ M RANE--E
27. --DRLAC RRGR-ASGEA--ESDNP--SGDQPN-GNLG
28 .

* *
29. G-SGRMLQEEIHAFRQLEVQKT--V-TSRRAGE-TKGISITSI
30 .

31. - -EG-SGRMLQQEIHALRQQEVQKT--V-TSRSAGE-TKDISITSI
32. --EG-SGRMLQQEIHALRQQEVQKT--V-TSRSAGE-TKGISITSI
33. --EG-SRRMFQQDIQALRQTEVQKT--V-TSRKAGE-TKDIPITSI
34 .

35 .

36. --EGGSGRVPQQEIQALRQMEVQTN--VATRK-AGE-KKETSL
37 . IATG-SFR VSTS-AVPT GKAS--GAQNGL
38 . LGTG-SFR IST-AAVPLKRSAG-AS-GG SCKFDL
39 . LGTG-SFR VST-AAVPLKRSAG-VS-GG SCKFDL
40 . VGTG-SFR ITTTPA-PIKRTVG-VL-GG SG FEL

41. SVTGSFR C-S-M--SS F
42. SVTGSFR C-S-M--SS F
43. -VT A EAVKRS SD
44. R KA-N A M--SD W

45. I-TGSFICAANSL-PLKREA SQERFMLYSDNHSRAESTSPRS--SF-LRDPNQSSSESNL
4 6. I-TGSFICAANSL-PLKREAS QERFMLYSDNHSRAESTSPRS--SF-LRDPNQSSSESNL
47. I-TGSFTCATNSL-PLKRQVSPSSQERFMLCSDNHSKAESASPGS--SF-LTADNDAERDLNQSSPESVI
48. I-TGSFTCAT-TLVPLRREVSSVSCE-GSACSDNHT-AASLRS
49 .

Cytoplasmic tail

18. IL-GV--DLP-CKH-E 1-QIFLS-LSRHLHVLQMVFIV

37. EVTGLNLQLGKCEQCRRKM AESFL
38. EVTGVGLHSGKCEHCKRQ IVESFM
3 9. EVTGVGLHSGKCEHCKRQ IVESFM
40. EVTGHGLHSG KCD-QCQGRIVESFM

41. RAKKMIVL N-Q E LQ-V LQSCNGNFNNPELRLNGLGTSCL
42 . RAKKMIVL N-Q E LQ-V LQSCNGNFNNPELRLNGLGTSCL
43. -A-S--A-S-R-G-D—AG-EKDN-NSARTERQSSGGNI
44. GAGTML RESPKCSAPS



Chapter 3 Ovine GnRH-II receptor sequence

3.4.1.2 Genomic digest

Due to the nature and number of changes in the sheep receptor sequence I
decided to perform a genomic southern blot to determine whether this
sequence might be a redundant member of a larger GnRH-II receptor gene

family in the sheep genome. The single 589bp band provides no evidence for
multiple copies of the GnRH-II gene, but does not preclude the possibility of
multiple copies of the gene.

More analyses such as fluorescence in situ hybridisation are necessary to

completely validate this conclusion. Southern blots with probes to exons 2
and 3, would determine whether sections of these have been duplicated
during RBM8A-mediated retrotransposition, as has been demonstrated in the
human. Chromosomal localisation using fluorescence in situ hybridisation
may also give an indication of the number of gene copies. A comparison of
sheep, which have a diploid array of 52-60 chromosomes (Bunch, Vorontsov
et al. 1998), with cow (2n= 60) (Darnell, Lodish et al. 1990) and pig (2n=36-38)
(Popescu, Boscher et al. 1989; Fronicke and Wienberg 2001), would be
informative.

3.4.1.3 Comparisons between sheep breeds

I used the wild type Soay sheep for receptor gene cloning. To ensure that the
sequence acquired was truly representative of the ovine family fifteen breeds
were tested for the presence of the premature stop codon and the deletion.
These two features were found throughout a range of sheep breeds
representative of the ovine family. The breeds chosen originated from
different latitudes and therefore exhibited differences in the timing of the
onset of the mating season and ovulation. The group also included the
Barbados Hair sheep, 2000 years separated from the European breeds. These
differences had no relationship to the features of GnRH-II receptor

suggesting that the origin of the deletion and premature stop codon was

prior to sheep domestication.
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Chapter 3 Ovine GnRH-II receptor sequence

3.4.2 The GnRH-II ligand precursor gene

The sequence of the ovine GnRH-II ligand precursor gene is unknown, and a

preliminary investigation was performed. Long distance PCRs, using
primers based on the gene arrangement in the human and mouse produced
products of several sizes. A band of 10Kb was seen in the mouse PCR, which
is the size expected from the primers, due to the distance between the PTP
receptor gene and the ribosomal S-26 protein gene. Differences in introns
between species mean it cannot be stated how long the product containing
the ovine GnRH-II ligand precursor gene would be.

Further work is required to determine whether a sheep GnRH-II precursor

gene is located within any of the PCR products. Identification of such a gene

is unlikely to be simple since only the region encoding the GnRH-II ligand is
likely to be highly conserved. However alignment of GnRH-I and GnRH-II
ligand sequences in human, rhesus macaque, tree shrew and chicken may

reveal sequence variation between GnRH-I and -II ligands which are

conserved in GnRH-II ligands. This could provide the basis for a probe for a

southern blot.

The GnRH-II ligand gene is disrupted in the mouse, with only a fragment of
the gene remaining on chromosome 2 (Pawson, Morgan et al. 2003). This
preliminary investigation does not reveal if the ovine sequence is also
disrupted, yet all mammalian species investigated, bar mice, have a

functional GnRH-II protein. Further analysis of the sheep GnRH-II ligand
precursor gene locus would be of considerable interest.

3.4.3 Summary
In summary, a sheep GnRH-II receptor gene homologue was cloned and
sequenced. The gene is orientated in an antisense orientation between genes

encoding the PEXlip and RBM8A genes. It spans 5.725 Kb and consists of 3
exons, 2 introns and the flanking regions. The 5 flanking region does not
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contain any putative Pit-1 transcription factor binding sites, meaning
expression in the pituitary is unlikely. The gene shows a high degree of
conservation as judged by other GnRH-II receptors, but there are striking
features within the exonic sequence, such as a premature stop codon, a major
deletion, and disruption of conserved motifs. These all have implications for
receptor length, expression and function. Importantly, it would seem

unlikely that a classic 7-TMD GRCP is produced from the ovine GnRH-II
receptor gene. Although there may be a fragment of the receptor produced
which may interact with other receptors and so could alter function. It is
possible that the original functions of the GnRH-II system are now fulfilled
by the GnRH-II ligand, acting at the GnRH-I receptor. Further analysis of the
GnRH-II ligand in sheep would reveal if this is possible.
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expression in the sheep

4.1 Introduction

It has long been established that the GnRH-I receptor is expressed by
gonadotrophs within the pituitary and functions to control the synthesis and
release of the gonadotrophins LH and FSH. More recently GnRH-I receptor
expression has been noted in extra-pituitary sites such as Leydig cells in the
testis (Botte, Chamagne et al. 1998; Bull, Morales et al. 2000), cultured
prostate epithelial cells (Tieva, Stattin et al. 2001) and uterine epithelium
(Shemesh 2001); where it is thought to play a role in autocrine and paracrine
regulation. The GnRH-II receptor appears to have a more widespread
distribution compared to the GnRH-I receptor. GnRH-II receptor was found
in the brain in areas related to the control of sexual behaviour, the pituitary
gland related to the control of gonadotrophins, and many peripheral tissues,
such as testes, where like GnRH-I receptor it is likely to play a paracrine role.
All human tissues investigated demonstrated GnRH-II receptor expression
using mRNA dot analysis (Neill 2002a), however this ubiquitous expression
was not found with northern blot analysis, where placenta, lung, liver and
kidney were negative for GnRH-II receptor transcripts (Millar, Lowe et al.
2001). This variation is probably due to a low abundance of receptor

expression or the poor specificity of dot-blot. Surprisingly GnRH-II receptor

transcripts have been reported in human sperm (van Biljon, Wykes et al.
2002). The following human cell lines; HP-75 (pituitary adenoma), IMR-32
(neuroblastoma), JEG-3 (choriocarcinoma), KELLY, (neuroblastoma), LNCaP

(metastatic prostate carcinoma), MCF-7 (breast adenocarcinoma), Ishikawa
(endometrial carcinoma), and Jurkat (T-cell leukaemia) have all been

investigated for the presence of alternative transcripts of the human GnRH-II
receptor. Poly A+ northerns from all of the cell lines hybridised to 2 different



Chapter 4 Localisation of GnRH-II receptor

exon 1 probes (Morgan, Conklin et al. 2003). The GnRH-II receptor
distribution is described in more detail in chapter 1.

Based on this previous documented expression, it was initially expected that
the GnRH-II receptor would be expressed in a wide range of tissues in sheep,
including the anterior pituitary gland and testes. However the sequencing of
the ovine GnRH-II receptor revealed the novel features of a premature stop
codon in exon 1 and a major deletion in exon 2, suggesting that a full 7 trans¬
membrane protein is not produced in this species (chapter 3). This does not
exclude the possibility that alternative transcripts of the GnRH-II receptor

gene are produced, resulting in small proteins which are produced in a tissue
specific fashion in sheep, as proposed in the human (Morgan, Conklin et al.
2003). The lack of the Pit-1 transcription factor binding site in the 5 flanking
region of the ovine GnRH-II receptor gene also argues against expression of
the receptor in the pituitary gland, although there is immunocytochemical
evidence that the receptor may be expressed by ovine gonadotrophs (Millar,
Lowe et al. 2001).

Thus the aim of this study was to further investigate the expression of the
GnRH-II receptor transcripts, and possible proteins, in a variety of sheep
tissues, with an emphasis on the pituitary gland because of the potential role
in the regulation of gonadotrophin secretion. Several methods were used
including RT-PCR with southern blotting on forebrain, midbrain, hindbrain,
hypothalamus, pituitary gland, ovary, testis, adrenal gland and liver tissues.
Gonadotrophs were purified, to look for full length and partial transcripts,
and northern blot analysis using poly A+ mRNA was used to provide a

sensitive and quantitative method to detect GnRH-II receptor transcripts in
the pituitary gland and testes. In situ hybridisation using exon 1 riboprobes
and oligonucleotide probes to various parts of the GnRH-II receptor gene

was also used to provide information of possible localisation of mRNA
transcripts in the ovine tissues, and a limited investigation was carried out
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using immunocytochemistry to test for evidence of a GnRH-II receptor

protein.

Tissues were collected from both sexually active and inactive Soay rams to
assess whether GnRH-II receptor expression might vary with reproductive
state. In other species the catfish GnRH-I receptor, sex steroid hormone
receptor and melatonin receptors have been found to vary in expression
according to season (Gauer, Masson-Pevet et al. 1994; Masson-Pevet and
Gauer 1994; Gahr 2001; Kumar, Ijiri et al. 2001). The expression of the GnRH-
II receptor is much higher in testes than ovary (Millar, Lowe et al. 2001; Neill,
Duck et al. 2001; Neill 2002b), which encouraged the investigation of
expression pattern in the testis in the Soay rams.

4.2 Experimental procedures

4.2.1 Animals and collection of tissues

Soay rams were exposed to 16-weekly alternating periods of long and short
days to provide tissues from sexually active (short day) and inactive (long
day) animals (section 2.2). Sheep were killed by an intravenous dose of
sodium pentobarbitone to provide tissue samples. The brain, pituitary gland,
gonads, adrenal glands, and a section of liver were removed and snap

frozen, ready for RNA extraction, for use in RT-PCR and northern blot
analysis. In some animals the head and testis was removed immediately after
death and the tissues were flushed with saline before fixation with either

Bouins reagent, for use in immunocytochemistry, or perfused with 0.1M PO4,
4% paraformaldehyde for in situ hybridisation. Ovaries from Black-face
sheep were removed after death and snap frozen for RNA extraction.

To validate the staining for the GnRH-II receptor antibody used in section
4.2.5, sections of marmoset pituitary gland, fixed in Bouins and wax

embedded, were provided by the HRSU Histology department.
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4.2.2 Receptor RT-PCR

RT-PCR was performed on total RNA (5pg) from different brain areas

(forebrain, midbrain, hindbrain, hypothalamus) and several other tissues,

(pituitary gland, ovary, testis, adrenal gland and liver) to give an indication
of the global distribution of partial and full length GnRH-II receptor
transcripts throughout the sheep. The tissues were snap frozen immediately
after removal and RNA was extracted using tri-reagent (section 2.6.2). cDNA
for the RT-PCR was created from the tissues using random primers and
Superscript II (section 2.8.3).

Specific ovine oligonucleotide primers were designed to enable amplification
of full-length GnRH-II receptor cDNA, and sub-regions of the coding
sequence (section 2.8.4). Figure 4.1 gives details of the primers used, and
shows the positions of the primers (MRC 891, 1206, 1209-1211, 1213-1216,
1222-1223). Every possible combination of sense and antisense
oligonucleotide primers were used with all cDNA samples, to maximise
detection of full-length and possible partial transcripts.

Specific ovine oligonucleotide primers were also designed to the GnRH-I
receptor, as shown in Figure 4.1 (MRC 1266-69). As for the GnRH-II receptor,
every possible combination of sense and antisense oligonucleotide primers
were used with all cDNA samples. This was performed as a positive control
for the method.

All RT-PCR analyses were completed with an annealing temperature of 58°C
and 50 cycles (section 2.8.4). Products were run on 1% agarose gels (section
2.10). Southern blots were performed as in section 2.19 to enable ovine RT-
PCR products, hybridising to the probe to be identified, thereby giving an

indication of possible transcript distributions. For GnRH-II receptor

transcripts containing exon 1, oligonucleotide MRC 1194 was labelled and
used as a probe. For exon 2/3 the probe was MRC 1262 and for the GnRH-I
receptor RT-PCR, exon 1 probe MRC 1265 was used.
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1080

MRC1211 MRC1216

1

ATG
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GnRHIR V/-
MRC1266 MRC1267 MRC1268 MRC1269

GnRH i RECEPTOR RTPCR PRIMERS GnRH II RECEPTOR RTPCR PRIMERS

Primer Name Sequence Location Primer Name Sequence Location

MRC1266 GTGACTCTCCTAATCAGAATC 11-31 MRC891 CCTCAGAAAGAGGCAGC 579-591
MRC1267 CAGCAGCATCCTACTAACAC 54-73 MRC1174 CGAGCeCAATAATTACAGG 391-410
MRC1268 GTGATTTACTGGATCTGACAC 898-918 MRC1177 CCTACCAGCTGAGCGCAGTCC 439-460
MRC1269 CCATATATAAGTGGATCAAAGC 950-971 MRC1206 CCTTGGGGGTCATCAGCG 22-40

MRC1209 GGCATTGTCTGCAGTGTGTC 622-541
MRC1210 CTTCCTTGTCCGGGGAGTG 642-66Q
MRC1211 CAGAGCTTGAATCTCCTGTTG 991-1012
MRC1213 GGAAACTTCTTGGGGTAGCC 458-478
MRC1214 GCTTCCTGCTCACCTTGCC 489-506
MRC1215 CCTGTTCCACACTGTCCAAG 516-535
MRC1216 CTACATTTGTTTGTACTTCCATC 1017-1039
MRC1222 GACAGTGTGGAACAGGAACAG 511-532
MRC1223 GGTTATAGATGATCTCTTGCC 542-562
MRC1273 CAGTCGTACCGGAGAGGG 218-234

Figure 4.1: Schematic diagram illustrating the RT-PCR strategy for the
ovine GnRH-II receptor, and the control ovine GnRH-l receptor. In both
protocols all sense and antisense combinations were investigated giving the
opportunity to amplify full and partial transcripts from GnRH-II receptor and a
full length GnRH-l receptor. The name sequence and location of the primers
is given underneath. Nucleotide number 1 is the A of the ATG start codon.

4.2.3 Northern blots

Northern bolts for the GnRH-II receptor were performed to detect the
presence and size of any transcripts in the ovine pituitary gland and testis.
All northern blots were performed as outlined in section 2.20 on poly A+
mRNA produced from sexually active and inactive Soay rams (section 2.6.3).
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Poly A+ mRNA was run on a denaturing gel, with two concentrations;

3.75pg, and 15pg of each sample with the following order on the denaturing
gel: sexually inactive pituitary gland, sexually active pituitary gland, sexually
inactive testis and sexually active testis, respectively.

For the GnRH-II receptor the following 32P labelled oligonucleotides were

used as probes: MRC 1194 antisense probe exon 1 5
TTACAGGCAGGAAAGCTGCG GCCTACATGG, MRC 1262 antisense

probe exon 2/3 5 ATTCACCTGCAGGGGCTGGGCTCCCCTTCC, MRC
1071 antisense probe exon 3 5 GTCCTGCTGACCTTCATCCTCTGCTGGA.
The exon 1 and 3 probes were used to investigate the possible occurrence of
any full length or partial transcripts. The exon 2/3 probe was designed to
hybridise to any spliced transcripts. Antisense probes were used to reduce
the possibility of hybridisation to an overlapping gene, such as RBM8A - as
in the human (Morgan, Conklin et al. 2003).

To investigate whether the technique is sensitive enough to detect GnRH
receptor transcripts a 32P labelled GnRH-I receptor cDNA probe was

generated using primers MRC 1281 and MRC 1282. As a final set of
methodological controls specific primers to ovine GAPDH (MRC 1224, and
MRC 1225; section 2.8.3.1) were used in a PCR to produce a GAPDH cDNA
fragment. This housekeeping gene will hybridise to the northern bolt thereby
ensuring that the RNA isn't degraded and is fixed to the membrane. The
intensity of bands produced by hybridisation to the GAPDH probe also give
an indication of the loading concentrations used, thus guaranteeing that the
lanes were equally loaded.

4.2.4 In situ hybridisation
To investigate possible localisation of GnRH-II receptor transcripts in situ
hybridisation was performed. Pituitary gland and testis tissues fixed in 4%
buffered formaldehyde and paraffin embedded, from both sexually active
and inactive Soays to establish differences due to reproductive status. All in
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situ hybridisation was performed as in section 2.21 with slides exposed to

liquid emulsion for 2-3 weeks.

To detect GnRH-II receptor transcripts both 35S rUTP labelled riboprobes and
35S and 33P labelled oligonucleotide probes were used, to maximise on the
positive features of each technique. To detect GnRH-II receptor transcripts
containing exon 1, riboprobes were generated. MRC 1275 and MRC 1273 for
the GnRH-II receptor sense probe and MRC 1206 and MRC 1274 for the
GnRH-II receptor antisense probe, were used in a PCR using the plasmid

containing the Pexll[3 - GnRH-II receptor exon 2 inset (chapter 3) as a

template (section 2.18.3.1). In vitro synthesis was performed as outlined in
section 2.18.3.2 using a Riboprobe system - T7 kit. The following 35S dATP
labelled oligonucleotide probes were also used to detect transcripts
containing exon 1: MRC 1193 sense probe to exon 1 5 CCATGTAGGC
CGCAGCTTTCCTGCCTGTAA, MRC 1194 antisense probe to exon 1 5
TTACAGGCAGGAAAGCTGCGGCCTA CATGG, MRC 1195 sense probe to
exon 1 5 CCTCTCCGGTACGACTGTTCGCCCATTTAG, MRC 1196

antisense probe to exon 1 5 CTAAATGGGCGAACAGTCGTACCGG
AGAGG. To detect spliced transcripts the following 33P dATP labelled
oligonucleotide probes were used: MRC 1221 sense probe to exon 2/3 5
GGAAGGGGAGCCCAGCCCCTGCAGGTGAAT, MRC 1262 antisense

probe to exon 2/3 5 ATTCACCTGCAGGGGCTGGGCTCCCCTTCC.

To test whether that the technique could pick up a receptor with a low
expression rate both 35S rUTP labelled riboprobes and 35S and 33P labelled
oligonucleotide probes to exon 1 of ovine GnRH-I receptor were used. The
riboprobes were generated using MRC 1270 and MRC 1271 for GnRH-I
receptor sense probe and MRC 1266 and MRC 1272 for GnRH-I receptor anti-
sense probe. In vitro synthesis was performed as outlined in section 2.18.3.2
using a Riboprobe system - T7 kit. The following oligonucleotide probes
were used labelled with 35S dATP and 33P dATP: MRC 1264 sense probe to
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exon 1 5 CAGCGATCAACAGCAGCATCCTACTAACAC, MRC 1265

antisense probe to exon 1 5 GTGTTAGTAGGATGCTGC TGTTGATCGCTG.

Insulin like growth factor-1 receptor (IGF-1R) was also used as a positive
control for the technique because it is highly expressed in the pituitary
(Stevenson, Gilmour et al. 1994; Reynolds, Stevenson et al. 1997; Adam, Gadd
et al. 2000). The following 35S dATP labelled oligonucleotide probes were

used: MRC 1203 sense probe 5
CAGGGCGTAGTTGTAGAAGAGTTTCCAGCC GCGGATGACCGTGAG,

MRC 1204 antisense probe 5' CTCACGGTCA TCCGCGGCTGGAAACTCTT
C TACAACTACG CCCTG.

For each in situ experiment the following controls were also used:
Dilutions of the probe 1:1,1:2,1:8,1:32
Antisense probe + 100X excess unlabelled antisense probe
Antisense probe + 100X excess unlabelled sense probe
Antisense probe + 10X excess unlabelled sense probe

All treatments were performed with and without the proteinase K digestion
0.35mg/ml proteinase K buffer. This concentration of proteinase K was

chosen after testing the following dilutions 0.35mg/ml, 0.05mg/ml,
O.Olmg/ml and 0.005mg/ml, and all in situs were performed with and
without the digest due to the fixation effect noted with this treatment.

4.2.5 Immunocytochemistry
To detect GnRH-II receptor protein Bouins fixed, paraffin embedded sections
of sexually active and inactive pituitary gland and testis (5pm) were

mounted onto frosted slides and dried at 50°C overnight before
immunocytochemistry treatment. The methodology used for
immunocytochemical staining, including antibody dilutions, is fully
described in chapter 2.
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To investigate GnRH-II receptor distribution the tissues were treated using
antibody D6373 anti-GnRH-II (DAB) and counterstained using haematoxylin.
Sections of Bouins fixed marmoset pituitary were included as a positive
control, as this species expresses a functioning full length GnRH-II receptor.

To show the spatial relationship between gonadotrophs and corticotrophs
anterior pituitary sections were stained using fast blue (antibody R51 anti-

prolactin) and DAB (518B7 anti-LHp), and TRITC (antibody R51 anti-

prolactin) and FITC (518B7 anti-LHp), as detailed in chapter 2.

4.2.6 Purification of a gonadotroph cell population
To further investigate the presence of GnRH-II receptor on ovine pituitary
gonadotrophs, gonadotrophs were purified from dispersed anterior pituitary
cells and the presence of full length and partial transcripts for the GnRH-II
receptor investigated by RT-PCR. Three methods for the enrichment of a

gonadotroph population were investigated.

4.2.6.1 Fluorescence Activated cell sorting (FACS)

The specific sorting parameters of the BD FACS Vantage SE machine were

set-up using 300000 dispersed pituitary cells (section 2.14.3) that had not
been labelled, to ensure that flow rate and sorting system were functioning.
The remaining primary cells labelled with the Streptavidin-R-Phycoerythrin:
Biotinylated D-Lys-6 GnRH as outlined in section 2.15.2, were sorted into
two populations of labelled and unlabelled cells.

4.2.6.2 Laser capture of gonadotrophs

Pituitary glands from sexually active Soay rams were collected and
processed in Bouin's fixative (section 2.16). The tissue was then treated and
cells captured as outlined in section 2.15.1. As control samples the tissue was

stained with haematoxylin and 1000 randomly chosen cells captured from
the pituitary, the RNA extracted and RT-PCR performed using random
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primers. As the cDNA produced will be 300bp maximum a new set of
GAPDH primers was used (Primers MRC 1284 and MRC 1285) along with
the MRC 1224 and MRC 1225 for GAPDH and MRC 1279 and MRC 1280 for

HPRT.

4.2.6.3 Percoll gradient cell separation

Pituitary glands from sexually active Soay rams were collected and dispersed
as in section 2.14.3. A Percoll gradient was prepared as outlined in section
2.15.3, with a control tube containing density marker beads for each
experiment. Once separation had been completed immunocytochemistry was

performed to determine the percentage of cells in each Percoll layer that
were gonadotrophs. Cells were plated out in uncoated glass bottomed
microwell dishes for 48 hr at 37°C in 5% CO2 to allow cells to adhere, before

staining for LH(3 using antibody R23 (section 2.17.1) using the protocol
described in 2.17.9.

To further substantiate which Percoll layer contained the gonadotrophs a

GnRH-I receptor RT-PCR was performed. RNA was extracted from the cells
and cDNA made as in section 2.8.3. PCR was performed using the resulting
cDNA. Oligonucleotide primers were designed to enable amplification of
full-length GnRH-I receptor cDNA. RT-PCR was performed using primers
MRC 1266, MRC 1268 and MRC 1269, for 20 and 30 cycles (section 2.8.4).
Amplified DNA products were separated on an agarose gel and southern
blotted using a GnRH-I receptor cDNA probe, generated using primers MRC
1281 and MRC 1282.

To investigate the presence of GnRH-II receptor transcripts, containing at
least exons 1 and 2 of the gene, in the cell population deemed to be
gonadotrophs, RNA was extracted from the cells and cDNA made as in
section 2.8.3. RT-PCR was performed using the resulting cDNA.
Oligonucleotide primers were designed to enable amplification of exon 1-2 of
the GnRH-II receptor cDNA. PCR was performed using primers MRC 1206,
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MRC 1222 and MRC 1223, for 30 cycles (section 2.8.4). Amplified DNA
products were separated on an agarose gel and southern blotted using the
exon 1 MRC1194 oligonucleotide probe.

4.3 Results

4.3.1 Receptor RT-PCR
GnRH-II receptor gene expression was analysed by RT-PCR amplification of
different regions of the GnRH-II receptor gene (as illustrated in Figure 4.1),
using cDNA from Soay sheep, pituitary gland, testis, ovary, adrenal gland,
liver and various brain areas. The results indicated no mature spliced
transcripts, or alternative transcripts in pituitary gland, testis, ovary, adrenal
gland, liver or in forebrain, midbrain and hypothalamus. Only unspliced
DNA hybridised to the exon 1 and 2 probes on the southern blots (Figure
4.2). Ovary and hindbrain were also negative for the presence of a full-length
transcript. However with the exon 1-2 RT-PCR using MRC 1206 and MRC
891, and the exon 1 oligonucleotide probe (MRC 1194) appeared to hybridise
to a band of approximately 550bp. This is the expected size of a fragment
produced from this pair of primers if intron 1 is spliced out. If intron 1 was

retained then the fragment detected would have been 3376bp.

Expression of full-length GnRH-I receptor transcripts, used as a positive
control for RT-PCR using pituitary gland, testis, ovary and brain cDNA (as in
Figure 4.3), produced bands of an expected size in both pituitary gland and
testis cDNA when probed using a 30mer oligonucleotide to exon 1 (MRC
1265). This confirmed the sensitivity of the methodology.

Attempts to make DNA-free RNA, to enable the production of cDNA
without genomic DNA were unsuccessful. The level of genomic
contamination was such that the RT-PCR investigations into the presence of
a possible exon 1 alternative transcript would not provide definitive results.

169



Chapter 4 Localisation of GnRH-II receptor

Figure 4.2: Agarose gel and southern blot of an exon 1-2 RT-PCR for the
GnRH-II receptor. Lane 1 - 1Kb ladder with sizes indicated. Lanes 2-5 -

amplified from hindbrain cDNA, lanes 6-9 from pituitary gland cDNA, lanes
10-13 from ovary cDNA, lanes 14-17 from testis cDNA and lanes 18-20 from
hypothalamus cDNA. The agarose gel shows that many fragments of DNA
were amplified by the procedure. However when southern blotted (lower
panel) and probed for GnRH-II receptor with an exon 1 oligonucleotide probe,
only amplified genes containing all of the introns - a product of genomic DNA
contamination, were detected. Lanes 3, 12 and possibly 15 contained 2
spliced transcripts which hybridised to the probe, these are highlighted by the
arrows at the side of the lower panel.
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Figure 4.3: Agarose gel and southern blot of a) RT-PCR for the full-
length GnRH-l receptor and b) nested length RT-PCR for the full-length
GnRH-l receptor. Lane 1 - 1Kb ladder with sizes indicated, lanes 2-3 -

hindbrain cDNA, lanes 4-5 - pituitary gland cDNA, lanes 6-7 - ovary cDNA,
lanes 8-9 - adrenal gland cDNA and lanes 10-11 - testes cDNA. The
agarose gels (top panels) show that many fragments of DNA were amplified
by the RT-PCR procedure. When southern blotted (lower panels) and probed
for GnRH-l receptor with an exon 1 oligonucleotide probe, only transcripts of
0.98Kb and 0.9Kb hybridised to the products of pituitary gland, ovary and
testis cDNA. All other tissues were negative, like the products from brain
cDNA.
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4.3.2 Northern blots

The presence of mRNA transcripts for GnRH-II receptor was investigated
using northern blots on poly A+ mRNA from sexually active and inactive
testis and pituitary tissue. The results are shown in Figure 4.4. A strong

single band of 1Kb was seen in both sexually active and inactive testis when
probed with an oligonucleotide probe to GnRH-II receptor exon 1 (MRC
1194), but no signal was detected in pituitary. The GnRH-II receptor exon

2/3 (MRC 1262) and exon 3 (MRC 1071) oligonucleotide probes did not

hybridise to either testis or pituitary gland poly A+ mRNA. The GnRH-I
receptor cDNA probe produced a single band (0.98Kb) in the lanes
containing the highest concentrations of both sexually active and inactive
pituitary poly A+ mRNA. Nothing was detected in the testis for GnRH-I
receptor. A single band of 2.2Kb hybridised to the GAPDH cDNA probe, in
all of the tissues investigated, thus proving that all of the RNA had
hybridised to the Hybond membrane, and the staining showed that the
loading was equal for all of the poly A+ mRNA samples.
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Figure 4.4: Results of the northern blot analyses.

Northern blot analysis of:
1. 15pg Poly A+ mRNA from sexually inactive (SI) testis (T)
2. 3.75pg Poly A+ mRNA from SI T
3. 15pg Poly A+ mRNA from sexually active (SA) T
4. 3.75pg Poly A+ mRNA from SA T
5. 15pg PolyA+ mRNA from SI pituitary gland (P)
6. 3.75pg Poly A+ mRNA from SI P
7. 7.5pg Poly A+ mRNA from SA P
8. 1,375pg Poly A+ mRNA from SA P
GnRH-II transcripts of 1Kb were detected in all poly A+ mRNA from T but not
P, using an oligonucleotide probe to exon 1 (MRC 1194). GnRH-l receptor
transcripts of 0.98Kb were detected with an exon 1 cDNA probe in SA and SI
P, but only in the lanes containing 15 or 7.5pg poly A+ mRNA. The positive
control GAPDH cDNA probe hybridised to all of the samples.
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4.3.3 In situ hybridisation

Figure 4.5 is a montage of representative autoradiographs for the pituitary-
gland and testis sections probed for the GnRH-II receptor, GnRH-I receptor
and IGF-1 receptor probes. This shows the lack of strong hybridisation for all
of the GnRH-II receptor probes, but detectable hybridisation of the GnRH-I
receptor probes in both pituitary gland and testes and strong hybridisation of
the IGFl-receptor probe in pituitary gland. All of the sense probes produced
no detectable signal by autoradiography.

The distribution of silver grains produced by hybridisation of the GnRH-II
receptor probes in the pituitary gland and testis visible using dark-field and
light-field microscopy are shown in Figures 4.6, 4.7 and 4.8, along with the
GnRH-I receptor results for comparison. Only the antisense exon 1
oligonucleotide probe (MRC 1194, 1196) produced distinct groups of silver
grains over the anterior pituitary tissue. The other antisense oligonucleotide
probe to ovine GnRH-II receptor exon 2/3 (MRC 1262) and the exon 1
riboprobe produced no distinct signal over background levels, and appeared
the same as the sense probes. In ovine testis all of the GnRH-II receptor
antisense probes hybridised to developing spermatids in some seminiferous
tubules, with silver grains also localised to a number of the interstital areas.

There was no detectable difference between the silver grain distribution over

the sexually active and inactive tissues. This interstitial distribution did not
appear as frequently as in sections hybridised with GnRH-I receptor
antisense probes (Figure 4.8) but this was not investigated statistically. Sense
probes also hybridised to developing spermatids in some seminiferous
tubules in the testis but no interstitial staining could be detected.

As a positive control for a receptor with a low level of expression, probes
were used to investigate the distribution of the ovine GnRH-I receptor. The
distribution of silver grains in the pituitary gland and testis visible using
dark-field and light-field microscopy are shown in Figures 4.7 and 4.8. Small
groups of sliver grains were visible in the anterior pituitary, consistent with
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the distribution of the gonadotrophs, for both the exon 1 riboprobe and the
exon 1 oligonucleotide probe, while nothing over background levels was

detected using the sense probes. The density of silver grain clusters was

notably greater than that seen for the GnRH-II exon 2/3 oligonucleotide
probe (MRC 1262). In ovine testis the GnRH-I receptor antisense probes
hybridised to developing spermatids in some seminiferous tubules. Silver
grains were also localised to some of the interstital areas using the anti-sense
probes. Sense probes also hybridised to developing spermatids in some

seminiferous tubules in the testis but no interstitial staining could be
detected.

The final positive control used a probe to the IGF-1 receptor, which has been
documented as having a high level of expression throughout the anterior
pituitary (Stevenson, Gilmour et al. 1994; Reynolds, Stevenson et al. 1997;
Adam, Gadd et al. 2000). As shown in Figure 4.5 there was an intense signal
detected on the autoradiograph, and Figures 4.6 and 4.7 show the strong
silver grain distribution throughout the anterior pituitary with the anti-sense
oligonucleotide probe (MRC 1204), but not the sense probe (MRC 1203).

All immunolabelling detected in the in situ hybridisation experiments, was

negated by the following measures: antisense probe + 100X excess unlabelled
antisense probe, antisense probe + 100X excess unlabelled sense probe,
antisense probe + 10X excess unlabelled sense probe. Thus specific
hybridisation could be blocked by competitive binding (Figure 4.9). The
strongest probe concentrations were used to maximise the possibility of
detection.
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Figure 4.5: Autoradioqraphs of representative samples of pituitary
gland and testis hybridised to various sense and anti-sense probes.
Antisense probes for IGF-1 receptor give a stronger signal than those for
GnRH-l and GnRH-II receptors. GnRH-l receptor signal is strongest in
pituitary using the antisense 35S oligonucleotide probe, and 33P
oligonucleotide probe in testis. GnRH-II receptor has no strong signal in
pituitary gland, or testis for any of the probes investigated.
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Figure 4.6: Dark field views of representative sections of ovine pituitary
showing silver grain distribution resulting from hybridisation to probes
for IGF-I, GnRH-l and GnRH-II receptors and a sense control. IGF-I
receptor gave the most dense arrangement of silver grain clusters. The
GnRH-l receptor probe resulted in smaller clusters of silver grains while the
GnRH-II receptor and sense probes did not hybridise to the sections. All
images are 20X and the scale bar represents 500pm.
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Chapter 4 Localisation of GnRH-II receptor

Figure 4.7: Light and dark field images of representative sections of
ovine pituitary showing silver grain distribution resulting from
hybridisation to probes for GnRH-l receptors. The GnRH-l receptor
probe resulted in smaller clusters of silver grains distributed throughout the
anterior pituitary gland. All images are 40X and the scale bar represents
200pm.
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Figure 4.8: Light and dark field images of representative sections of
ovine testes showing silver grain distribution resulting from
hybridisation to probes for GnRH-l and GnRH-II receptors. The GnRH-l
and GnRH-II receptor probes resulted in smaller clusters of silver grains
distributed in the interstitial areas. All images are 20X and the scale bar
represents 150pm.
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Figure 4.9: Autoradiographs of representative samples of the controls
used for the in situ hybridisation technigue.

Panel a) autoradiographs showing how staining achieved with any probe
(Figure 4.5) is negated by competition from the addition of unlabeled 10X
sense probe, 100X sense probe and 100X antisense probe.

Panel b) autoradiograph highlighting how probe concentration can affect
detection of hybridisation by autoradiography, with a 1:1 dilution giving a
much stronger signal in both pituitary gland and testis than the diluted
probes.
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4.3.4 Immunocytochemistry

Staining for the GnRH-II receptor in ovine pituitary gland, using an antibody
raised to 12 amino acids of ECL-3 of the human GnRH-II receptor, revealed a

similar population of cells to that detected by the LH(5 antibody (Figure 4.10),
with positive staining visible in a small, scattered population of cells within
the tissue presumed to be gonadotrophs. The selective staining in marmoset

pituitary tissue was more discrete and intense than in the ovine pituitary,
and correlated to that which co-localised to LH(3 in gonadotrophs previously
(Millar, Lowe et al. 2001). In ovine testis the GnRH-II receptor antibody
labelled the elongating spermatids and notably the acrosome of the mature

spermatozoa, as seen in Figure 4.11. The Leydig cells in the interstitial tissue
also appeared to be positive, with differing levels of staining detected on a

single section. In sheep and marmoset pituitary, and sheep testis the staining
appeared to be cytoplasmic and not nuclear.

The distribution of gonadotrophs and lactotrophs is also illustrated, in Figure
4.12, where coronal sections of the rostral pituitary gland were stained for

LHfl and prolactin. Prolactin staining revealed the lobular arrangement of
the lactotrophs with the gonadotrophs occurring singly, often surrounded by
a group of lactotrophs. Within sections it could be determined that
lactotrophs comprised 52-60% of the total cell population, with gonadotrophs
comprising 5-9%.
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Figure 4.10: Immunocytochemical localisation of the GnRH-ll receptor
in marmoset and Soav ram anterior pituitary. Immunoreactive cells were

stained with DAB in both marmoset (panels a-c) and sheep (panels d-e)
sections. The cells show a similar distribution to that of the LH|3 positive
gonadotrophs in Figure 4.12, being widely distributed and occurring
singularly. Scale bars in panels a and c represent 100pM, while those in b, d
and e are 50pM. Panels a and d are negative controls.
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Chapter 4 Localisation of GnRH-II receptor

Figure 4.11: Immunocytochemical localisation of the GnRH-ll receptor
in the testis. Immunoreactive cells were stained with DAB. Panel c shows an

overview of a representative area of testis, with panel d highlighting positive
staining in Leydig cells, and panel e the staining in spermatids with examples
of non-immunoreactive Leydig cells. All scale bars represent 100pM with
panels a and b being negative controls.
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Figure 4.12: Immunocytochemical characterisation of the anterior
pituitary gland of the Soav ram using antisera for LHB and prolactin.
Panels a and b show a section of anterior pituitary at X20 and X40
respectively with LHp cells stained with DAB and prolactin containing cells
stained with fast blue. Panel c shows a section of anterior pituitary at X40
magnification with LHp containing cells in green stained with FITC and
prolactin containing cells red with TRITC. Panels a-c all show the LHp
immunoreactive gonadotrophs are widely distributed. They occur singularly
surrounded by the lobular distribution of prolactin immunoreactive
lactotrophs. Scale bars denote 200pM in panel a and lOOpM in panels b and
c.
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4.3.5 Purification of a gonadotroph cell population
Percoll separation was the most successful method of those used to
subdivide the cells of the ovine pituitary gland. Gonadotrophs were enriched
to 80-85% purity (as determined by ICC). This sub-population of cells
occurred in fraction 6. The remaining fractions (1-5, 7 and 8) contained <5%
gonadotrophs. RT-PCR analysis for GnRH-I receptor, using 20 cycles of
amplification, produced bands in the gonadotroph fraction that were

detectable on a southern blot probed with a GnRH-I receptor cDNA probe,
generated using primers MRC 1281 and MRC 1282. Hybridisation of the
probe was only seen in the cDNA from the cells in fraction 6 (gonadotrophs)
and in the control cDNA from dispersed pituitary cells, prior to separation
(Figure 4.13). The size of the band was consistent with amplification of a full
length GnRH-I receptor transcript. Amplification for 20 cycles produced
transcripts at a low concentration so they were not visible on a UV
illumination of a 1% agarose ethidium bromide stained gel. However, with
30 cycles of RT-PCR amplification, bands were visible on the 1% agarose gel
under UV. As with the 20 cycle RT-PCR, only bands from fraction 6 and
control cDNA hybridised to the probe on a southern blot confirming the
presence of GnRH-I receptor as expected in the gonadotroph.

No transcripts of the exon 1-2 GnRH-II receptor RT-PCR were detected by 30
cycle amplification RT-PCR and southern blot using oligonucleotide probe
MRC 1194 (Figure 4.13), providing the clearest evidence that the GnRH-II
receptor is not expressed by the ovine gonadotrophs.
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Figure 4.13: Southern blots for GnRH-l and GnRH-ll receptor. Dispersed
Soav ram pituitary cells were separated using a Percoll gradient: the
RNA was extracted from the fractions. RT-PCR for the GnRH-l receptor
was performed on Fractions 6, 5, 4, 3 and a control consisting of dispersed
pituitary cells prior to separation. These were separated on an agarose gel.
This gel was southern blotted and probed for the GnRH-l receptor. Fraction 6
and the control cells were the only cells that contained detectable amounts of
GnRH-l receptor and therefore gonadotrophs. The region between Fraction 6
and the control contains the PCR result for Fractions 5-3, which show no

hybridisation. When the process was repeated for GnRH-II receptor no
transcripts hybridised to the probe, indicating that GnRH-II receptor could not
be detected in any of the separated cell populations.
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For the other 2 methods of cell separation less than 20% of dispersed
pituitary cells survived the Streptavidin-R-Phycoerythrin: Biohnylated D-
Lys-6 GnRH labelling process, resulting in unsuccessful FACS sorting. The
laser capture technique was also investigated as a means of extracting RNA
from gonadotrophs, which could then be used in RT-PCR and investigated
for the presence of GnRH-II receptor transcripts. Bouin's fixed tissue stained
with haematoxylin was used to test the technique. However of 15 separate

attempts made to generate positive control cDNA by laser capture RT-PCR
on the Bouins fixed pituitary gland tissue, only 3 resulted in adequate cell
transfer onto the cap to continue with RNA extraction and RT-PCR analysis
and only 1 sample yielded RNA. From the primers used only MRC 1284 and
MRC 1285 produced bands that could be seen on a 1% agarose gel under UV
light. These primers enabled amplification of the shortest of the positive
control, GAPDH target sequences, proving that only small 200-250bp
fragments of RNA can be extracted. This can be increased to 700bp with the
use of frozen tissue. However, with frozen sections it was very difficult to get
the sections to sit perfectly flat on the slide, and thus transfer of cells to the
cap was unsuccessful. Cell morphology is less clear with frozen tissue
sections, meaning that it was much more difficult to identify the cells
required for capture.

4.4 Discussion

The aim of this series of experiments was to investigate the possible
expression of GnRH-II receptor in a range of ovine tissues. The prediction
was that due to the novel features of the ovine GnRH-II receptor, including
the premature stop codon it was unlikely that a 7 trans-membrane domain
GPCR would be detected. Alternative transcripts seemed more probable.
These predictions have largely been supported by the findings of this series
of experiments. RT-PCR detected no full-length receptor transcripts but short
transcripts were discovered in the ovary and the hindbrain. Northern blot
analysis provided evidence of a partial transcript in testes, which was
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supported by the findings using in situ hybridisation. More paradoxical was

the observation that the GnRH-II receptor antibody bound to protein in both
the ovine pituitary gland and the testis.

The strongest evidence that no full-length transcripts exist for the ovine
GnRH-II receptor is that RT-PCR on mRNA extracted from a wide range of
ovine tissues, using primers flanking the GnRH-II receptor gene produced no

bands of the expected size for a spliced transcript. No hybridisation to a full
sized transcript occurred with probes for exon 1 and exons 2/3 using
southern blotting. Moreover, RT-PCR on an enriched gonadotroph
population failed to provide evidence of any GnRH-II receptor transcript.
This provides clear evidence that neither a full-length or partial transcript of
exon 1-2 is expressed in the ovine gonadotroph. Moreover northern analysis
of PolyA+ mRNA from both ovine pituitary gland and testes produced no

evidence of a full-length transcript, and evidence of a partial transcript in
only testes. Overall these molecular analyses provide definitive evidence that
the GnRH-II receptor gene is not transcribed into a full length mRNA signal
for the GPCR protein.

While there is no evidence for a full-length transcript, alternative shorter
transcripts were detected. The best evidence for these transcripts was

provided by the RT-PCR and northern analysis. The RT-PCR analysis of
RNA from ovine ovary and hindbrain revealed a transcript that hybridised
to an ovine GnRH-II receptor exon 1 probe. The northern blot showed a

PolyA+ mRNA transcript in the testes but not the pituitary gland. This
transcript hybridised to probes for ovine GnRH-II receptor exon 1 but not
exons 2/3. In situ hybridisation corroborated the northern findings by
revealing expression in the seminiferous tubules associated with the
developing spermatids, and in the Leydig cells in the interstitial area using a

GnRH-II receptor exon 1 riboprobe and an exon 1 oligonucleotide probe. The
exon 2/3 oligionucleotide probe did not bind. Overall these data support the
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view that in some tissues, notably the testes, short transcripts of the GnRH-II
receptor are produced, which most probably include exon 1.

The occurrence of these short transcripts and their tissue-specific pattern of
expression, fit well with the published data on the human GnRH receptors
(Kottler, Bergametti et al. 1999; Morgan, Conklin et al. 2003) and the
sequence of the ovine GnRH-II receptor (chapter 3). The primers used to RT-
PCR exon 1-2 would predictably amplify a product of 555bp from cDNA and
3376bp from genomic DNA; the size of the transcript from the RT-PCR was

approximately 550bp. This finding is therefore consistent with the
production of transcripts that contain exon 1 and part of exon 2 in ovary and
hindbrain, which using a splice donor at the end of exon 1, and a splice
acceptor at the beginning of exon 2 would produce this fragment. Shorter
processed fragments have also been found for the human GnRH-II receptor
gene (Morgan, Conklin et al. 2003). Due to the products of RT-PCR being
dependent upon the position of the primers used for amplification, the exact
size of the true transcript from ovine ovary and hindbrain cannot be
established from the current data. The northern analysis on sexually active
and inactive testes poly A+ mRNA revealed a 1Kb transcript. Although the
ATG start codon is the signal for translation, transcription often begins in the
3 flanking region. This is true for the human GnRH-II receptor, which has a

cluster of possible transcription start sites -330 to -360bp relative to the ATG
(Faurholm 2003). The ovine testis transcript may begin in this area and
extend through exon 1 into intron 1. Analysis of the ovine GnRH-II receptor

gene reveals that there are 3 potential splice acceptor sites in intron-1. The
second one of these is followed by a sequence of 18 A residues. It is possible
that a transcript is produced that could terminate at this poly A sequence in
the testis, and that this is what was detected by the exon 1 northern blot in
this tissue. The fragments observed in hindbrain, ovary and testes would
predictably contain the pre-mature stop codon making it unlikely that they
are transcribed into protein. However these transcripts may produce a 4

201



Chapter 4 Localisation of GnRH-II receptor

transmembrane domain protein, which may interact with other receptors

causing changes in their conformation and thereby alter their function.

Previous studies of GnRH-II receptor expression in marmoset, African green

monkey, rhesus macaque, human and bullfrog have all demonstrated
expression within the pituitary (Millar, Lowe et al. 2001; Neill, Duck et al.
2001; Wang, Bogerd et al. 2001; Neill, Duck et al. 2002). However, no full-
length or partial transcripts were detected in the ovine pituitary by RT-PCR
or Northern blot analysis. The exon 2/3 antisense oligonucleotide probe
(labelled with 33P) produced a few scattered groups of silver grains
throughout the anterior pituitary. These were of notably lower frequency
than those detected with the GnRH-I receptor probes. The fact that it is an

exon 2/3 probe, and not the exon 1 probes suggests production of a spliced
transcript, including exons 2 and 3. However, the exon 2-3 RT-PCR on

pituitary gland mRNA was negative, northern blot analysis with this probe
did not detect any transcripts, the sparse distribution of the clusters of silver
grains and the lack of any detectable Pit-1 binding sites in the 5 flanking
region (chapter 3) means that there is no supporting evidence for the
production of GnRH-II receptor transcripts in the pituitary gland.

In this study immunocytochemistry was used to further investigate the
presence of a GnRH-II receptor protein. The antibody used was generated to
an epitope in the ECL- 3 of the GnRH-II receptor, which is encoded by exon

3. In the sheep pituitary gland immunocytochemically positive cells had a

sparse distribution similar to those staining with the LHp antibody,
consistent with them being gonadotrophs. Previous studies using the same

GnRH-II receptor antibody revealed that 69% of the gonadotrophs were

positive for the GnRH-II receptor (Millar, Lowe et al. 2001). However the
current molecular analyses provides convincing evidence that no transcripts
containing exon 3 are produced. One explanation for this apparent

inconsistency is that the immunocytochemical method is not specific for the
GnRH-II receptor. Recently it has been recognised that the 12 amino acid
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sequence of ECL- 3 to which the antibody was raised has been shown to
contain an epitope for the RLIM protein in humans (LTEVPP amino acid
residues 199-204 according to GenBank accession no. Q9NVW2). RLIM is a

RING H2 zinc finger protein that acts as a negative co-regulator for LIM
homeodomain transcription factors (Ostendorff, Bossenz et al. 2000), and is
widely expressed in tissues. If this RLIM protein sequence is used in a

BLAST search against the human-EST database some of the matching clones
are derived from pituitary gland (for example GENbank accession number:
AV747831). There is also published evidence for expression of RLIM in the
pituitary gland (Bachir, Garrel et al. 2003). Based on this information it is
probable that the GnRH-II receptor antibody cross-reacts with this
ubiquitous epitope, and the immunocytochemical results do not truly reflect
the expression of the GnRH-II receptor protein in the sheep gonadotroph.

This antibody was also used in the testes and staining was localised to the
developing spermatids and some Leydig cells in the interstitial tissue. As in
the pituitary gland, this may reflect an artefact due to cross-reactivity. Thus it
is unclear if the staining of spermatids corresponds to detection of the full-
length transcripts previously noted in human sperm (van Biljon, Wykes et al.
2002). However in the testes in situ hybridisation with a specific exon 1
oligonucleotide and an exon 1 riboprobe demonstrated expression of
transcripts encoding at least GnRH-II receptor exon 1, as also revealed by the
northern analysis on PolyA+ mRNA from testes. The in situ hybridisation for
the exon 2/3 and exon 3 oligonucleotide probes were negative, corroborating
the evidence that only exon 1 containing transcripts are produced in the
testes.

In the human GnRH-II receptor there is a premature stop codon in exon 2
and evidence of short transcripts produced in the testes and many other
tissues (Morgan, Conklin et al. 2003). In the mammals and amphibians where
there is no premature stop codon within the gene, full-length transcripts are

found in the testes and pituitary gland (Millar, Lowe et al. 2001; Neill, Duck
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et al. 2001; Wang, Bogerd et al. 2001; Neill, Duck et al. 2002), consistent with
the function of the full receptor protein in these tissues. Whether the short
transcripts expressed in the sheep testes are translated into a specific
truncated protein with a structure consisting of 4 transmembrane domains is
unknown. Alternative transcripts have been described for GnRH receptors
(Grosse, Schoneberg et al. 1997; Wang, Oh et al. 2001) and other GPCR genes

(Rekasi, Czompoly et al. 2000; Petersenn, Rasch et al. 2001). For the GnRH-I
receptor alternative transcripts produced by the splicing out of exon 2
generate a protein that interferes with the binding of the GnRH-I ligand to
the GnRH-I receptor in humans (Grosse, Schoneberg et al. 1997), and
possibly sheep (Cowley, Rao et al. 1998), mouse (Zhou and Sealfon 1994) and
bullfrog (Wang, Oh et al. 2001). In situ hybridisation also localised GnRH-I
receptor expression to both the seminiferous tubules and interstitial areas of
the testes and this pattern has been observed previously in the rat. GnRH-I
receptor message is expressed in murine Leydig cell and Sertoli cell lines
only after stimulation by differentiating agents such as forskolin (transient
induction by 25 micromolar for 48-72 hrs) (RT-PCR analysis, K. Morgan
personal communication). The current view is that GnRH-I receptor plays a

role in paracrine regulation within the testes (DiMeglio, Steinmetz et al.
1998), and it is possible that shortened GnRH-II receptor proteins, produced
by the ovine GnRH-II receptor gene are also involved in this local regulation
of both spermatogenesis and steroidogenesis.

The tissues used in these investigations were collected from both sexually
active and inactive rams. The northern analysis of both pituitary gland and
testes PolyA+ mRNA revealed that GnRH-II receptor transcripts were

present in equal abundance for both reproductive states. Similarly the in situ
hybridisation produced evidence of localisation of GnRH-II receptor

transcripts in the testes, where the signal strength was the same in both
sexually active and inactive states, and the immunocytochemistry produced
the same patterns of staining using the GnRH-II receptor antibody. Overall
these data suggest that the physiological activity of the tissue is not reflected
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by change in the level of expression of GnRH-II receptor transcripts or

protein.

In summary these studies provide definitive evidence that a full-length
GnRH-II receptor transcript is not generated in the sheep, and no evidence
that it is translated into a functional 7 TMD GPCR. Potential alternative

transcripts were detected in the testes, ovary and hindbrain, with minimal
evidence of expression in the pituitary gland. The most convincing evidence
for alternative transcripts comes from analysis of testes tissue where they are

expressed in both the seminiferous tubules and the interstitial cells.
Truncated protein products of the GnRH-II receptor gene may thus be
generated in the testes that could interact with the function of the GnRH-I
receptor in the paracrine control of spermatogenesis and steroidogenesis.
Again, it is unlikely that GnRH-II receptor gene products are produced in the
gonadotrophs to effect the secretion of gonadotrophins.
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antagonists

5.1 Introduction

GnRH receptor antagonists function by competing for the GnRH ligand
binding site on GnRH receptors, thereby reducing receptor occupancy and
stimulation by GnRH. Due to the fact that the GnRH-II receptor was only
recently discovered no selective GnRH-II receptor antagonists have been
discovered. However there has been a large amount of documented research
into the development of GnRH-I receptor antagonists. Binding of an

antagonist to a GnRH-I receptor results in an instant block of LH secretion
and a slower blockade of FSH release. These effects are dependent upon the
continued occupation of the GnRH receptors (Hall 1993; Henzl 1993).
Currently most available antagonists are synthetic peptides with a relatively
long half-life in peripheral blood, making them useful tools for the chronic
blockade of the gonadotrophs. Antagonistic properties of GnRH analogues
are usually conferred by modifications to the N- terminus. The most effective
antagonists currently available are those with D-amino acids in positions 1-3
and in position 6, in combination with D-A10 and even W7, such that at least
half of the amino acid sequence of GnRH has been altered (Folkers, Bowers et
al. 1984; Nestor, Tahilramani et al. 1984).

The antagonists investigated in the current studies were the peptide
antagonists Antide, ASTA Medica D-63153 and peptide analogue 135-18.
These were chosen as they include a commercially available antagonist
(antide), an experimental antagonist still in development (ASTA Medica D-
63143), and an antagonist proven to be an antagonist at the mammalian
GnRH-I receptor yet exhibit agonistic activity at the chicken GnRH-II
receptor (peptide analogue 135-18) (Sun, Flanagan et al. 2001). A non-peptide
antagonist was also investigated, non-peptide In3. Such antagonists are said
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to exhibit species-specific nature in their action (Millar, Zhu et al. 2000). The
structure of these antagonists is given in Figure 5.1.

The first aim of the current study was to establish the specificity and potency
of the different antagonists. The antagonists were investigated for their
ability to specifically block the GnRH-I receptor and not the GnRH-II
receptor. This was achieved in vitro using COS-7 cells transiently transfected
with the human GnRH-I or marmoset GnRH-II receptor. These cells were

then stimulated with the natural ligand with and without varying doses of
antagonists. The Inositol Phosphate (IP) assay, which measures IP
accumulation, produced during the activation of intracellular signalling was

used. This assay is an established sensitive protocol for the pharmacological
characterisation of GnRH receptors, and has been used to ascertain GnRH
receptor affinities for different GnRH ligands (Millar, Lowe et al. 2001; Neill,
Duck et al. 2001). It enables the effects of the antagonists on the specific
GnRH receptors to be ascertained in a cell that does not produce
gonadotrophins.

The second aim was to establish whether these antagonists act similarly in
ovine pituitary cells in vitro. For this pituitary glands were dissociated and
maintained in primary cell culture and were treated with GnRH-I or GnRH-
II both with and without a GnRH receptor antagonist. This characterisation
of antagonists would allow their use in subsequent studies in Soay rams to

investigate the GnRH receptor subtype involved in the exogenous GnRH-II
activation of LH and FSH secretion by gonadotrophs in vivo (chapter 6).

The third aim was to test the effectiveness of GnRH antagonists on an

enriched gonadotroph population, purified by the methods studied in the
previous chapter. However the viability of the enriched gonadotroph
population was inadequate so that this was not completed successfully.

The final aim was to look at the effects of combinations of GnRH-I and -II on

the activation of dispersed pituitary cells in primary cell culture by
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measuring IP production. This was planned to parallel studies conducted in
vivo in the Soay ram, to investigate the possible interaction of GnRH-I and -II
peptides in the control of gonadotrophin secretion via either the GnRH-I or -

II receptor. A wide variety of other in vivo studies in fish and birds involving
treatments with GnRH-I and -II and in vitro studies using primary pituitary
cell cultures and perfusion of pituitary tissue, indicate that GnRH-II may

directly regulate the gonadotroph, and may modulate the action of GnRH-I
to effect gonadotrophin secretion (Chou, Johnson et al. 1985; Millar, Milton et
al. 1986; Guemene and Williams 1992; Schulz, Bosma et al. 1993; Chang,
Garofalo et al. 1995; Bosma, Rebers et al. 2000; Forlano, Maruska et al. 2000).
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Figure 5.1: Structure of GnRH receptor antagonists used in this thesis.
The GnRH receptor antagonists were investigated for their ability to block the
stimulation of IP production in COS-7 cells transiently transfected with GnRH
receptors stimulated with natural ligand. The antagonists were all peptide
antagonists with positions 1, 2, 3, 6 and 10 most commonly altered from the
mammalian GnRH ligand structure. The other antagonist investigated, In3
was a non-peptide. The structures of Asta-Medica D-63153 and LT0062
could not be revealed.
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5.2 Experimental procedures

5.2.1 Transfection of COS-7 cells

COS-7 cells are a cell line derived from monkey kidney epithelial cells
transformed with the SV40 virus. They were used in this investigation as

they are easily transfected and very stable in culture. Also the cell line has no

endogenous GnRH or GnRH receptor expression, but has all the necessary

components of intracellular signalling. Using transfection it is possible to
obtain cells with GnRH receptors expressed in a much higher density than
those found naturally enabling detection of subtle signals.

COS-7 cells were transfected with the human GnRH-I receptor and a

marmoset GnRH-II receptor and not the corresponding ovine receptors. The
ovine GnRH-I receptor was not available and sequencing of the ovine GnRH-
II receptor (chapter 3) was ongoing. The human and ovine GnRH-I receptor
sequences share 97% homology (89% identity), and are likely to be
functionally conserved, meaning any species-specific differences in response

are likely to be minimal. The marmoset GnRH-II receptor was used as at the
time of the investigations this was the only mammalian GnRH-II receptor
available. It was assumed that there would be a high degree of conservation
between the mammalian GnRH-II receptors, as there is between other GPCR
sub-families.

The COS-7 cells were cultured in 12 well plates as previously described
(Flanagan, Becker et al. 1994; Flanagan, Zhou et al. 1999) at a density of 1X105
cells/well in complete medium for 24 hr in 37°C, 5% CO2. For the purposes

of transfection the human GnRH-I receptor was cloned into the ECoRI/XhoI
sites in the mammalian expression vector pcDNAI/Amp (Chi, Zhou et al.
1993). Similarly the marmoset GnRH-II receptor was cloned into the
EcoRI/Xbal sites in the expression vector pcDNA3.1(+) (Millar, Lowe et al.
2001). Transient transfections with these receptor constructs were performed
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using Superfect (according to details in section 2.14.2). Briefly, a SuperFect-
DNA complex is formed by mixing 75jul of Opti-MEM®, 3.75jul of SuperFect
and 1.5jUg of DNA, 400pl complete medium per well of a 12 well plate. This
was added to the COS-7 cells and incubated at 37°C, 5% CO2 for 5 hr. The
cells were washed with PBS before a further 48 hr incubation at 37°C, 5%

C02.

5.2.2 IP assays on transiently transfected cells
Before any of the investigations into the GnRFI antagonists could proceed,
standard curves of IP generation in COS-7 cells transiently transfected with
the human GnRH-I receptor in response to lpM-lOpM GnRH-I for 1 h (37°C),
and cells transfected with the marmoset GnRH-II receptor in response to

lpM-lOpM GnRH-II for 1 h (37°C) were performed. This was so the optimum
dose of GnRH-I and GnRH-II could be used in the investigations.

To investigate the GnRH receptor antagonists for their ability to specifically
block the functional activation of GnRH-I receptor and not the GnRH-II
receptor the transiently transfected cells were treated with the natural ligand
with and without varying doses of antagonists, and receptor activation was

measured by assaying for total soluble free inositol triphosphate (IP)
production.

The antagonists investigated were the peptide antagonists Antide (Bachem,
Merseyside, UK), ASTA Medica D-63153 (ASTA Medica AG, Frankfurt,
Germany) and peptide analogue 135-18 (R.W. Roeske, Indiana University,
USA). The non-peptide antagonist investigated was Non-peptide In3 (Merck
& Co., Inc. Whitehouse Station, NJ). The peptide antagonists have a low
solubility so a 4:6 propylene glycol: 0.9% saline solution was used as a

solvent. Non-peptide In3 was also diluted in 4:6 propylene glycol: 0.9%
saline solution to keep variables to a minimum.
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To investigate the potency of the antagonists at the GnRH-I receptor, COS-7
cells transfected with the human GnRH-I receptor were stimulated with
lOnM GnRH-I (Bachem, Merseyside, UK), a dose established to maximally
stimulate the transfected cells, with and without varying doses of the

antagonists (lpM-lOpM) for 1 h (37°C). To test whether antide activated the
human GnRH-I receptor these cells were also treated with antide alone

(lpM-lpM) for 1 h (37°C).

To investigate whether the antagonists could block the stimulatory effects of
GnRH-II acting at the GnRH-II receptor, COS-7 cells transfected with the
marmoset GnRH-II receptor were stimulated with lOOnM GnRH-II (Bachem
(UK) Ltd., Merseyside, UK) with and without varying doses of the
antagonists (lpM-lpM). As certain GnRH-I receptor antagonists have been
shown to act as agonists at the GnRH-II receptor, COS-7 cells transfected
with the marmoset GnRH-II receptor were treated with the antagonists alone

(lpM-lpM) for 1 h (37°C) to investigate any possible stimulatory actions of
these antagonists.

As GnRH-II can activate the GnRH-I receptor an experiment was performed
to establish whether antide could block GnRH-II induced IP production in
COS-7 cells transfected with the human GnRH-I receptor. COS-7 cells
transiently transfected with the human GnRH-I receptor were therefore
stimulated with lOOnM GnRH-II with and without increasing doses of

antagonist (lpM-lOpM) for 1 h (37°C).

The IP assay was performed on each of these sets of cells as outlined in
section 2.14.4 (Flanagan, Zhou et al. 1999). Briefly the medium is removed
from the cells and replaced with special DMEM containing 2mM L-
glutamine, 50IU/ml penicillin, 50mg/ml streptomycin, 1% dialysed FCS and
liuCi/well myo-[2-3H] inositol for 48 hr. This is washed off and the
antagonist added to the cells, after lhr the GnRH was applied, if required,
and the cells incubated for a further 1 hr. The reaction was terminated by a
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lhr formic acid incubation. The formic acid was then removed and added to

12mm plastic tubes containing 500/il 50% AG-1X resin slurry. This resin
slurry was then washed, with the final wash of formic acid, ammonium
formate (1ml of 0.1M, 1M) added, followed by the tubes being vortexed,
900/jI of the supernatant was removed and counted with scintillation fluid.
For the purpose of the assay the majority of the breakdown of IP was

inhibited, by the standardised procedure.

5.2.3 Primary culture of ovine pituitary cells.

Pituitary glands from adult male Soay sheep (section 2.3) were used as a

source of cells for primary culture. After the sheep received an intravenous
overdose of sodium pentobarbitone, the pituitary gland was removed and
transported in incomplete medium (serum free DMEM complete media) on

wet ice to a primary tissue culture facility. The pituitary gland was

dissociated by incubation in pre-warmed incomplete medium (37°C)
containing 0.012g collagenase (type I) and 0.012g hyaluronidase (type I-S) for
1 hr at 37°C with constant agitation (section 2.14.3). The primary pituitary
cells were plated out in matrigel pre-coated 12 well plates at a density of
1X106 cells/ well and incubated at 37°C, 5% CO2 for 24 hr prior to beginning
the IP assay.

5.2.4 IP assays on dispersed pituitary cells

Investigations were performed on primary pituitary cells to look at the
effects of the antagonists in a more physiological setting. This system does
have limitations, namely the variability in the cell survival rate between
plated wells and the limited number of cells obtained per sheep pituitary
gland, compared with the ease of making abundant supplies of transfected
COS-7 cells. Due to being commercially available the antagonist antide was

investigated, using 4:6 propylene glycol: 0.9% saline solution as the solvent.
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The experiment involved stimulating the pituitary cells with GnRH-I or

GnRH-II both with and without antide, to see if any effect of GnRH-II was

also blocked by antide. A second study involved administration of a gradient
of GnRH-I doses with a standard dose of GnRH-II ligand to investigate any

possible interaction effect between the two GnRH ligands.

To investigate if antide could block GnRH-I and-II induced IP production,

pituitary cells in primary culture were treated with or without 10pM antide
for 1 h at 37 °C before the addition of the lpM GnRH-I or lpM GnRH-II.

Secondly to examine any possible interaction between the GnRH-I and
GnRH-II peptides, pituitary cells in primary culture were treated with lOpM-

lpM GnRH-I with and without lpM GnRH-II and IP production was

measured.

Receptor activation was again measured by assaying for total soluble free IP
production with a method very similar to that for the transfected COS-7 cells
(section 2.14.3) (Flanagan, Zhou et al. 1999). Briefly the medium is removed
from the cells and replaced with special DMEM containing 2mM L-
glutamine, 50IU/ml penicillin, 50mg/ml streptomycin, 1% dialysed FCS and
l^ci/well myo-[2-3H] inositol for 24 hr, the rest of the procedure is as

described in section 5.2.2.

5.2.5 Statistics

For the purposes of combining data from several assays IP accumulation was

expressed as a percentage of the maximum accumulation possible, this
reduces the effects of plating efficiencies and transformation success.

The statistical significance of the treatments on primary cells was analysed
by one-way analysis of variance (ANOVA), with Bonferroni post-hoc test,

using GraphPad Prism statistical software (GraphPad Prism, San Diego, CA,
USA).
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5.3 Results

5.3.1 Effectiveness of antagonists on transiently
transfected cells

To investigate the potency of the GnRH receptor antagonists, COS-7 cells
transiently transfected with the human GnRH-I receptor were given a range

of antagonist doses 10~12M - 10~6M (lpM-lpM), in combination with lOnM
GnRH-I, a dose giving 100% stimulation of IP production as shown in Figure
5.2. All of the antagonists inhibited GnRH-induced IP accumulation in a dose
dependent manner, as shown in Figure 5.3. ASTA Medica D-63153 produced
an IC5o = 2.3+0.75 nM, antide produced an IC50 — 7.4+0.89 nM while non-

peptide In3 produced an IC5o=0.56±0.01 pM. This demonstrated that both
antide and ASTA Medica D-63153 are potent GnRH-I receptor antagonists,
while the non-peptide In3 antagonist is only effective a high doses. Addition
of antagonists, GnRH-I or -II to the transfected COS-7 cells produced no

noticeable effects on cell morphology.

To investigate the potency of the compounds as GnRH-II receptor
antagonists, COS-7 cells transiently transfected with the marmoset GnRH-II

receptor were given a range of antagonist doses 10"12M - 10"6M (lpM-lpM),
in combination with lOnM GnRH-II, a dose giving 100% stimulation of IP
production at this receptor, shown in Figure 5.2. None of the antagonists
inhibited the GnRH-II-activated response; IP levels remained close to the
100% maximum over the range of antagonist doses given 10"12M - 10"5M
(lpM-lpM), as shown in Figure 5.4.

To examine the possibility that antagonists could act as agonists, COS-7 cells
transfected with the human GnRH-I receptor were then treated with 10~12M -

10~6M (lpM-lpM) antide. As is shown in Figure 5.5 antide did not stimulate
IP production in these cells. COS-7 cells transfected with the marmoset
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GnRH-II receptor were also treated with 10~12M - 10~6M (lpM-lpM) of antide,
ASTA Medica D-63153, non-pephde In3 or peptide analogue 135-18. The
antagonist peptide analogue 135-18 was the only GnRH-I receptor antagonist
which exhibited agonist activity at the GnRH-II receptor EC5o =1.31+0.62 |_iM,

Figure 5.6.

In a final study the effect of antide on GnRH-II stimulation of the GnRH-I
receptor was investigated. Antide was given in combination with lOOnM
GnRH-II, a dose giving 100% stimulation of IP production at the GnRH-I
receptor. The results are shown in Figure 5.7. Antide inhibited GnRH-II
induced IP accumulation from the human GnRH-I receptor in a dose

dependent manner, with an IC5o = 1.12+0.3 nM.
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Figure 5.2: Dose response curves showing GnRH stimulated -H-lnositol
phosphate (IP) production in transiently transfected COS-7 cells. COS-7
cells were transiently transfected with a) human GnRH-l receptor given
GnRH-l at increasing doses (10"12M - 10~5M) EC 50= 52.5±11.3 nM, and b)
marmoset GnRH-ll receptor given GnRH-ll at increasing doses (10"12M - 10"
5M) EC 50=40.26±15.8. Values are mean ±SEM, n=3.
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Figure 5.3: Graph showing the effects of the antagonists on IP
production in COS-7 cells transiently transfected with the human
GnRH-l receptor Cells were treated with increasing doses of antagonist (10~
12M - 10"5M) and 10nM GnRH-l. ASTA Medica D-63153 is the most effective
GnRH-l receptor antagonist in this system IC5o= 2.35±0.75 nM, followed by
antide IC5o= 7.4±0.89 nM. Non-peptide In3 is the most ineffective antagonist
IC50= 0.56±0.01 pM. Values are mean ±SEM, n=3.
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Figure 5.4: Graph showing the effects of the antagonists on IP
production in COS-7 cells transiently transfected with the marmoset
GnRH-ll receptor Cells were treated with increasing doses of antagonist
(10" M - 10" M) and 10nM GnRH-ll. All of the antagonists are ineffective at
blocking the GnRH-ll receptor. Values are mean ±SEM, n=3.
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Figure 5.5: Graph showing the effects of antide on IP production in
COS-7 cells transiently transfected with the human GnRH-l receptor.
The cells were treated with increasing doses of antide alone (10" M - 10"
6M). Antide was ineffective at stimulating IP production alone. Values are
mean ±SEM, n=3.
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Figure 5.6: Graph showing the effects of the GnRH-l receptor
antagonists on IP production in COS-7 cells transiently transfected with
the marmoset GnRH-ll receptor Cells were treated with increasing doses
of antagonist (10"12M - 10"5M). None of the GnRH-l receptor antagonists act
as a GnRH-ll receptor agonist except peptide analogue 135-18 EC5o=
1.31±0.62 pM. Values are mean ±SEM, n=3.
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Figure 5.7: Graph showing the effects of antide on IP production in
COS-7 cells transiently transfected with the human GnRH-l receptor
Cells were treated with 100nM GnRH-II in combination with increasing doses
of antide (10"12M - 1CT6M). Antide blocked the stimulatory effect of GnRH-ll
acting at the GnRH-l receptor IC5o=1,12±0.3nM. Values are mean ±SEM,
n=3.

5.3.2 IP assays on ovine pituitary cells in primary culture

To investigate the potency of antide at blocking GnRH-I and GnRH-II
induced IP accumulation in ovine pituitary cells in primary culture,

dispersed pituitary cells were treated with lpM GnRH-I or GnRH-II with
and without lOpM antide. The results are illustrated in Figure 5.8. GnRH-I
produced the greatest increase in IP, significantly different (P<0.05) to that
produced by GnRH-II. Both GnRH ligands produced a significantly greater
(P<0.05) increase in IP production than antide alone, showing that antide
does not simulate the pituitary cells. Antide blocked the IP production in
response to both GnRH-I or GnRH-II, with no significant difference (P<0.05)
between the treatments and antide given alone.
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To investigated any interaction of GnRH-I and -II dispersed pituitary cells in

primary culture were treated with 10pM-lpM GnRH-I with and without
lpM GnRH-II. The results obtained were highly variable and no interaction
could be detected.
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Figure 5.8 : Graph showing the effects of GnRH-I and -II (10-M) with
and without antide (10-M) on IP production in dispersed primary
pituitary cells GnRH-I treatment produces the greatest increase in IP, and
while antide has no effect alone it successfully blocks the IP production
stimulated by GnRH-I and -II. Values are mean ±SEM, n=3.
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5.4 Discussion

All of the GnRH receptor antagonists investigated blocked GnRH-I induced
IP production in COS-7 cells transfected with the human GnRH-I receptor in
a dose dependent manner, with antide and ASTA Medica D-63153 being the
most potent of the antagonists. Antide is a GnRH analogue with D-amino
acids in positions 1-3 and position 6, in combination with D-Alanine in

position 10, positions 5 and 8 have also been altered, thereby supporting the
observation that the most effective antagonists currently available are those
with at least half of their amino acids substituted (Folkers, Bowers et al. 1984;

Nestor, Tahilramani et al. 1984). The least effective antagonist was the non-

peptide In3, this was designed to provide a potentially orally active
antagonist to the GnRH-I receptor for human use. However it was a very

poor antagonist to this receptor in this COS-7 system. None of the
antagonists blocked GnRH-II stimulation of IP in cells transfected with
marmoset GnRH-II receptor, consistent with their function as specific GnRH-
I receptor antagonists.

Certain GnRH-I receptor antagonists have been reported as having the
ability to stimulate the GnRH-II receptor. In this study only the peptide
analogue 135-18 stimulated IP production in COS-7 cells transiently
transfected with the marmoset GnRH-II receptor, at concentrations of 10"6M,
and an EC50 = 1.31±0.62. This is consistent with the published data stating
that mammalian GnRH-I receptor antagonists which contain a D-L or D-
L(iPr) exhibit agonist activity at the chicken GnRH-II receptor (Huang, Yao et
al. 2001; Sun, Flanagan et al. 2001), as this is necessary for the formation of a

hydrogen bond to TMD 5 of the GnRH-II receptor, thereby resulting in
activation (Ott, Troskie et al. 2002). The only antagonist investigated that
possesses this feature was the peptide analogue 135-18. Antide was also
shown have no agonistic activity at the human GnRH-I receptor.
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GnRH-I and GnRH-II induced IP response in dissociated sheep pituitary
cells in primary culture, providing initial evidence for the presence of the
two types of GnRH receptor in this tissue. However, the localisation studies
demonstrate GnRH-I but not GnRH-II receptor transcripts in the ovine
pituitary gland. Thus it is likely that GnRH-II peptide activated IP
production through the GnRH-I receptor, as demonstrated in previous
studies (Millar, Milton et al. 1986; Neill, Duck et al. 2001). This is supported
by the observation that antide blocks this response, and that antide is shown
to be a specific GnRH-T receptor antagonist.

A full investigation into the effects of the GnRH antagonists at blocking
GnRH-I and -II mediated IP accumulation in ovine pituitary cells in primary
culture was outside the scope of this study due to the viability of the cells
produced from different animals and the number of sheep involved in
producing a large number of pituitaries (15; based on 10% of cells being
gonadotrophs, 24 million cells post dispersal and a 3X12 well plate IP assay)
would have to be separated to produce enough cells.

The final aim of this series of experiments was use to ovine pituitary cells in
primary culture to investigate the interaction between GnRH-I and -II seen
in other studies. For example in Catfish low doses of GnRH-II inhibit the
gonadotrophin response to intermediate / maximal effective doses of GnRH-I,
while conversely high doses of GnRH-II enhanced the effectiveness of sub¬
threshold doses of GnRH-I (Bosma, Rebers et al. 2000). When GnRH-I and -II
are co-administered to HEK 293 cells, low nanomolar doses of GnRH-II

diminish the activation of IP stimulated by a single dose of GnRH-I.
However at higher doses of GnRH-I and -II there is a small additive effect
due to the emergence of the agonistic activity of GnRH-II at the GnRH-I
receptor (Gault, Maudsley et al. 2003). Dissociated cells proved to be highly
sensitive to in vitro cell culture conditions and there was unexplained high
variation between the treatment groups. This prevented an analysis of the
ligand interaction which was later investigated in vivo.
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In summary a commercially available antagonist (antide), an experimental
antagonist still in development (ASTA Medica D-63143), an antagonist
proven to be an antagonist at the mammalian GnRH-I receptor yet exhibit
agonistic activity at the chicken GnRH-II receptor (peptide analogue 135-18)
(Sun, Flanagan et al. 2001) and a non-pep tide antagonist (In3), were

investigated in transiently transfected cells, and with the exception of
peptide analogue 135-18 were found to be specific for the GnRH-I receptor.
Antide was used to show specific GnRH-I receptor antagonistic effects in
dissociated ovine pituitary cells in primary culture. This characterisation of
peptide and non-peptide antagonists allowed their use in the subsequent
investigations into the GnRH receptor subtype involved in the exogenous

GnRH-II activation of LH and FSH secretion by gonadotrophs in vivo
(chapter 6).
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6 Role of GnRH-ll receptor in the

regulation of gonadotrophin secretion in

sheep

6.1 Introduction

The demonstration that the injection of the GnRH-II decapeptide stimulates
LH and FSH secretion in sheep, was initially used as evidence that the
GnRH-II receptor is expressed on gonadotrophs and may be functionally
involved in the differential regulation of gonadotrophin secretion (Millar,
Lowe et al. 2001). This now seems unlikely however, at least in the sheep,
based on the current studies of the localisation of the ovine GnRH-II receptor
and the failure to detect GnRH-II receptor transcripts in an enriched
population of ovine gonadotrophs. The sequence of the ovine receptor, with
a premature stop codon and a major deletion also argues strongly against the
production of a full-length protein that could function as a classic 7-
transmembrane domain GPCR in the gonadotroph.

An alternative explanation for the gonadotrophin releasing effects of GnRH-
II in sheep is that the GnRH-II peptide acts through the GnRH-I receptor

expressed on gonadotrophs. This is possible because only high doses of
GnRH-II (40- fold greater than GnRH-I) stimulate LH and FSH secretion and
the GnRH-I receptor binds, and is activated by the GnRH-II ligand (Millar,
Lowe et al. 2001). This explanation is also supported by the recent
observation that blockade of the GnRH-I receptor subtype negates the
gonadotrophin releasing effects of exogenous GnRH-II in the rhesus monkey
in vivo (Densmore and Urbanski 2003) and in monkey pituitary cells in vitro
(Okada, Murota-Kawano et al. 2003).

To establish whether GnRH-II acts through the GnRH-I receptor as proposed
a series of studies were undertaken in vivo in the Soay sheep model. The
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protocol was to initially establish the effectiveness of various GnRH receptor
antagonists at blocking a physiological dose of GnRH-I. These were selected
based on the in vitro studies in COS-7 cells transiently transfected with the
human GnRH-I receptor and marmoset GnRH-II receptor. Antide, the most

potent selective GnRH-I receptor antagonist, was then administered to sheep
in an attempt to block the gonadotrophin response to treatments with single
or repeated doses of GnRH-II. The aim was to use minimum repeated doses
of GnRH-II to stimulate both acute LH secretion and chronic FSH secretion

as occurs in response to pulsatile GnRH-I (Lincoln 1978) and to establish
whether all effects of the GnRH-II treatments were blocked by the selective
GnRH-I receptor antagonist. In a preliminary study sexual behaviour was

also measured in the rams to establish whether any effects of GnRH-II on

behaviour could be detected.

To further investigate the GnRH receptor subtype involved in the regulation
of gonadotrophin secretion rams were treated with the GnRH peptide
analogue 135-18. This has been shown by others to be both a GnRH-I
receptor antagonist and a GnRH-II receptor agonist (Sun, Flanagan et al.
2001). Thus treatment with this analogue was predicted to block the
gonadotrophin response to a physiological pulse of GnRH-I but also elicit
gonadotrophin secretion when given alone if a GnRH-II receptor is expressed
in the gonadotroph. In a final study rams were treated simultaneously with
GnRH-I and GnRH-II peptides, to investigate any form of synergy or

functional antagonism between the two ligands that might occur at the level
of either the GnRH-I or GnRH-II receptor if present on the gonadotroph.

6.2 Experimental procedures

6.2.1 Animals

Soay sheep were housed indoors and exposed to alternating periods of long
and short days to drive the seasonal reproductive cycle, producing groups of
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sexually active (short day) and inactive (long day) animals. All of the studies
described in this chapter were performed in the sexually inactive phase of
the seasonal reproductive cycle based on changes in testicular size (chapter
2). At this stage endogenous GnRH-I secretion was predictably most reduced
and would thus not interfere with the LH and FSH responses to the
administration of small doses of GnRH-I and GnRH-II.

6.2.2 Finding the most effective GnRH-I receptor

antagonist
To obtain a potent GnRH-I receptor antagonist groups of sexually inactive
Soay rams (n=6-8) were treated with a selection of GnRH antagonists, based
on the in vitro studies in COS-7 cells, or for their established ability to block
the GnRH-I receptor. The antagonists studied were the peptide antagonist
Syntex RS-18286 (Palo Alto, CA), the peptide antagonists characterised as

GnRH-I receptor specific in the in vitro studies: Antide and ASTA Medica D-
63153, and a non-peptide antagonist LT0062 (Ferring research, Southampton
UK). The protocol was to administer a standardised dose of GnRH-I (250ng
in 0.9% saline, 1ml) to elicit gonadotrophin secretion, with or without prior
administration of antagonist given at varying doses (0, 2.5, 5, 10, 15, 20 and

25pg in 4:6 propylene glycol:0.9% saline, 1ml). The standard 250ng dose of
GnRH-I was selected because it induces an increase in the blood plasma
concentration of LH similar to that associated with a physiological GnRH-I
pulse (Lincoln 1978). The antagonists were administered as an iv bolus
injection 20 min before the iv injection of GnRH-I, and blood samples were

collected every 10 min (-10, 0, 10, 20, 30, 40, 50, 60 min relative to GnRH-I).
Animals were treated with a paired high and low dose of antagonist using a

cross-over design, with reciprocal treatments being given at least 24 hr apart.
For each antagonist the 3 pairs of high and low dose treatments were given
over a 2 wk period to avoid carryover effects.
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6.2.3 Antide blockade of a single GnRH-II pulse
To investigate whether the GnRH-I receptor antagonist antide blocks the

gonadotrophin releasing effect of lOpg GnRH-II, groups of sexually inactive

Soay rams (n=8/ group) were treated with antide (20pg in 4:6 propylene
glycol:0.9% saline, 1ml) or vehicle (4:6 propylene glycol:0.9% saline, 1ml)
followed by GnRH-II (lOpg in 0.9% saline, 1ml). The 10pg dose of GnRH-II
was selected because it induces an increase in the blood plasma
concentration of LH similar to, or greater than that associated with a

physiological GnRH-I pulse (Millar, Lowe et al. 2001). As in experiment 1,
the antide was given 20 min before the GnRH-II; with blood samples
collected every 10 min, from 20 min before until 2 hr after GnRH-II
treatment. The initial pulse of GnRH-II prior to the administration of antide
enabled the LH releasing effect of GnRH-II alone to be established, enabling
comparisons between the treatment and control group. The treatments were

given on 2 consecutive days in a crossover design, such that all animals
received both treatment and control pulses.

6.2.4 Antide blockade of GnRH-II pulses over 2 days
To investigate whether antide blocks the longer-term gonadotrophin-
releasing effect of pulses of GnRH-II, groups of sexually inactive Soay rams

(n=7-8/ group) were treated with antide (lOOpg in 4:6 propylene glycol:0.9%
saline, 1ml), or vehicle (4:6 propylene glycol:0.9% saline, 1ml) at 8 hr
intervals. The animals also received pulses of GnRH-II (4pg in 0.9% saline,
lml) every 2 hr for 30 hr. This protocol is illustrated in Figure 6.1. The high
dose of antide was administered to achieve a chronic blockade of GnRH-I

receptors (Lincoln and Fraser 1990), and the 4pg GnRH-II was administered
as the minimum dose of GnRH-II that elicits LH secretion. The first

antide/ vehicle injection was given 1 hr after the first GnRH-II pulse enabling
the LH releasing effect of GnRH-II alone to be established and comparisons
between the treatment and control group, and the last antide/vehicle
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injection was given 2 hr before the last GnRH-II pulse (4 antide/vehicle
injections/ per animal in total), ensuring all of the GnRH-II pulses were

blocked in the treated animals. Blood samples were collected every 15 min
for 6 hr on d 1 (covering the first 3 GnRH-II pulses), and 12 hr on d 2
(covering the last 3 GnRH-II pulses and a 6 hr post-treatment period).
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Figure 6.1: Diagram illustrating the protocol used for the experiment
investigating antide blockade of GnRH-ll pulses over 2 days. Soay rams
(n=7-8/group) were treated with antide (KDOpg in 4:6 propylene glycol:0.9%
saline, 1ml), or vehicle (4:6 propylene glycol:0.9% saline, 1ml) at 8 h
intervals. The animals also received pulses of GnRH-II (4pg in 0.9% saline,
1ml) every 2 h for 30 h. Blood samples were collected every 15 min for 6 h
on d 1 (covering the first 3 GnRH-II pulses), and 12 h on d 2 (covering the
last 3 GnRH-II pulses and a 6 h post-treatment period).
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6.2.5 Antide blockade of GnRH-II pulses over 10 days
To further investigate whether antide chronically blocks the gonadotrophin
releasing effect of pulses of GnRH-II, groups of sexually inactive Soay rams

(n=7-8/group) were treated with antide (75pg in 4:6 propylene glycol:0.9%
saline, 1ml), or vehicle (4:6 propylene glycol:0.9% saline, 1ml) at 8 hr
intervals. The animals also received pulses of GnRH-II (4pg in 0.9% saline,

lml) every 4 hr for 10 d. The dose of 75pg of antide was selected as the
minimum dose capable of blocking GnRH-I receptors for 8 hr, and the 4pg
GnRH-II was selected as in experiment 3. The first antide/vehicle injection
was given 2 hr after the first GnRH-II pulse enabling the LH releasing effect
of GnRH-II alone to be established and comparisons between the treatment
and control group, and the last antide/vehicle injection was given 2 hr before
the last GnRH-II pulse ensuring all GnRH-II pulses were blocked (28
antide /vehicle injections/ per animal in total). Blood samples were collected
every 15 min for 6 hr on d 1 (covering the first 2 GnRH-II pulses), and 12 hr
on d 2 (covering the last 2 GnRH-II pulses and a 6 h post-treatment period).
Previous experiments had used a pump to deliver the GnRH-II every 2 hr
over a prolonged period but this requires the sheep to be restrained and the
pumps proved problematic so we gave the injections manually.

6.2.6 Behavioural effects of GnRH-II pulses over 8 days
To investigate if there was any behavioural effect of long-term exposure to
exogenous GnRH-II sexual behaviour was assessed in the rams treated with
GnRH-II pulses for 10 days with and without antide (section 2.2). This was

carried out on day 8 of the treatment. Body wool (500g) was soaked in female
urine that had been stored frozen after collection and now warmed to 37°C to

produce odour. The wool was placed in the centre of the room and a note
taken of the rams behaviours, either: disinterest, investigation of the wool,
partial flehman (licking of lips and a twitching of the nose), or a full flehman
(lifting of the head with the upper lip raised). The urine was also presented
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directly beneath the nostrils of the rams, on 2 occasions and a note of the
response taken.

6.2.7 GnRH-l and peptide analogue 135-18 interaction
studies

To investigate if peptide analogue 135-18 (Sun, Flanagan et al. 2001) was an

effective antagonist, groups of sexually inactive Soay rams (n=16) were

treated with a dose of peptide analogue 135-18 (10pg, 50pg in 0.9% saline,
lml) given as a bolus injection into the jugular vein immediately before a

standard dose of GnRH-I alone (250ng in 0.9% saline, lml). To investigate if
peptide analogue 135-18 was an effective GnRFl-II agonist the rams were

treated with the doses of peptide analogue 135-18 alone. Injections of 0.9%
saline (lml) and GnRH-I (250ng in 0.9% saline, lml), were used as controls.
Blood samples were collected every 10 min for 30 min before, until 1 hr after
treatment.

6.2.8 GnRH-I and GnRH-II interaction studies

To investigate if GnRH-II modulates the gonadotrophin releasing effects of
GnRH-I, groups of sexually inactive Soay rams (n=8) were treated with a

standard low dose of GnRH-II (250ng in 0.9% saline, lml) given as a bolus
injection into the jugular vein immediately before an injection of GnRH-I (50,
100, 250, 500ng in 0.9% saline, lml), or treated with the graded doses of
GnRH-I alone, to act as control. Blood samples were collected every 10 min
for 1 hr before, until 1 hr after the treatment.

6.2.9 Plasma hormone radioimmunoassay

RIA for LH and FSH were carried out as described in section 2.5.
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6.2.10 Statistics

For animal experiments 6.2.1, 6.2.2 and 6.2.3 the LH and FSH responses to

injections of GnRH-I and GnRH-II were calculated as 1 hr deltas (area under
the curve) based on the 10 min blood sampling protocol (mean post-
treatment hormone concentrations minus pre-treatment value). The
statistical significance of the treatments was analysed by one-way analysis of
variance (ANOVA), with Bonferroni post-hoc test, using GraphPad Prism
statistical software (GraphPad Prism, San Diego, CA, USA). For experiment
6.2.4 the LH and FSH responses to GnRH-II were divided into three
treatments periods: i) pre-treatment (0-2 hr) covering the first GnRH-II pulse
in control and treated animals, ii) treatment (2-30 hr) covering the successive
GnRH-II pulses with antide/vehicle and iii) post-treatment (30-36 hr)
covering the 6 hr period after the end of treatment. For the pre-treatment

period the 1 hr delta was calculated for the LH and FSH response to the first
GnRH-II pulse, and the effect of treatment was compared using the Student's
f-test. For the treatment period, the 1 hr deltas were calculated for the
responses to the GnRH-II pulses and analysed for an effect of time and
treatment by a two-way ANOVA with repeated measures. For the post-
treatment period the basal plasma concentrations of LH and FSH were

analysed for and effect of time and treatment by a two-way ANOVA with
repeated measures.

For experiment 6.2.5 the LH and FSH responses to GnRH-II were divided
into three treatments periods: i) pre-treatment (d 1 0-2 hr) covering the first
GnRH-II pulse in control and treated animals, ii) treatment (d 1 2-4 hr - d 10
0-4 hr) covering the long term exposure to GnRH-II pulses with
antide / vehicle and iii) post-treatment (d 10 4-10 hr) covering the 6 hr period
after the end of treatment. For the pre-treatment period the 1 hr delta was

calculated for the LH and FSH response to the first GnRH-II pulse, and the
effect of treatment was compared using the Student7s f-test. For the treatment

period, the 1 hr deltas were calculated for the responses to the GnRH-II
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pulses and analysed for an effect of time and treatment by a two-way
ANOVA with repeated measures. For the post-treatment period the basal
plasma concentrations of LH and FSH were analysed for an effect of time
and treatment by a two-way ANOVA with repeated measures.

For experiment 6.2.7 the 1 hr delta was calculated for the LH response and
subjected to a one-way ANOVA. While for experiment 6.2.8 the LH 1 hr delta
was calculated and the comparison between the GnRH-II treated and
untreated animals was analysed for an effect of treatment by a two-way
ANOVA.

6.3 Results

6.3.1 Protocol to find the most potent GnRH-l receptor

antagonist of a 250ng pulse of GnRH-l
To find the most effective antagonist at blocking 250ng of GnRH-I, a series of
experiments were performed whereby the antagonist or vehicle was given 10
min prior to the standard dose of GnRH-I, and blood samples were collected
every 10 min, for 1 hr, to characterise the LH response. Figure 6.2 illustrates
this protocol with 20pg of antide blocking the LH release stimulated by
250ng GnRH-I in Soay rams (n=6-8).
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Antide

Time (minutes)

Figure 6.2: Graph illustrating the in vivo protocol to find the most
effective GnRH-l antagonist The antide (•) or vehicle (O) were given 10
min prior to the standard dose of GnRH-l, and blood samples were collected
every 10 min for 1 hr, to characterise the LH response. Values are mean±
SEM.

From this data the 1 hr delta is calculated as the mean post-treatment
hormone concentrations minus pre-treatment value i.e. the area under the
curve.

6.3.2 Potency of GnRH-l receptor antagonists in vivo.
The selected GnRH-I receptor antagonists Antide, Syntex RS-18286, ASTA
Medica D-63153 and non-peptide LT0062 all reduced the LH response to the
standard challenge with 250ng GnRH-I. The minimum dose to give full
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blockade for Antide and Syntex RS-18286 was 15pg/animal. Figure 6.3
shows these 1 hr deltas as a percentage of the control LH pulse delta blocked
by the antagonists. The non-peptide LT0062 was the least effective antagonist
with a dose of 25pg giving a blockade of 68%. This did not increase with a

dose of 50pg. Due to its potency, lack of cross reactivity with GnRFl-II

receptor (see chapter 5) and commercial availability, antide was chosen as

the best GnRH-I receptor antagonist to use in the next series of experiments.
The GnRH receptor antagonists were administered in a propylene glycol:
saline solution and this did not cause significant haemolysis of blood or

produce any behavioural effects in the rams.
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Figure 6.3: Graph showing the percentage of control LH response

(250ng GnRH-I following vehicle) blocked in groups of Soay rams

injected with graded doses of antagonists The values are mean ± SEM,
n=6-8. At 25pg Antide and Syntex are both significantly (p<0.001) different
from LT0062. ~
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6.3.3 Antide blockade of GnRH-II in vivo.

The administration of lOpg GnRH-II induced an acute increase in LH
secretion, similar to that induced by a 250ng dose of GnRH-I. Antide
administered to the Soay rams at a low dose (20pg/ animal) sufficient to
block GnRH-I receptor response to 250ng GnRH-I, prevented the acute LH

response to an iv bolus injection of 10pg GnRH-II. This was evidenced by a

significant (p<0.001) difference in the 1 hr delta LH for the vehicle and antide
treated groups (Figure 6.4). It was not possible to demonstrate an effect of
antide on FSH secretion because 10pg GnRH-II did not induce a short- term
increase in blood FSH concentration (data not shown).
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Figure 6.4: Graph showing plasma LH response (1 h delta) in groups of
Soav rams, injected with 10ug GnRH-II, following vehicle (open
histogram), or 20ug antide (closed red histogram) The values are mean

± SEM, n=8, and the statistical difference (p<0.001) between the groups is
indicated (asterisks).
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In the subchronic study conducted over 2 days (section 6.2.4), the
administration of each GnRH-II pulse in the vehicle group (4pg/2 hr for 30
hr) resulted in an acute increase in LH concentration. Each GnRH-II pulse
also induced an acute increase in plasma FSH concentrations (1 hr delta) in
the vehicle group. In addition, by day 2 after 15 GnRH-II pulses, the mean

FSH concentration was markedly increased in the vehicle treated animals,

reflecting a priming response. Treatment with antide (100|j.g/8 hr) was

sufficient to block both the acute LH, and the FSH priming responses

produced by the prolonged exposure to GnRH-II pulses. The acute changes
in LH and FSH blood plasma concentrations in the vehicle and antide treated
groups are summarized in Figure 6.5. In the pre-treatment period, the first
GnRH-II pulse induced gonadotrophin secretion in the vehicle and antide
treated groups, and there was no significant (p>0.05) difference between the
1 h delta LH for the two groups. The statistical analysis confirmed that there
was a significant (p<0.001) difference between the two groups in the LH
profiles, but with no change over time in the LH-responses in the vehicle
group.
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Figure 6.5: Graph showing plasma FSH and LH profiles in groups of
Soay rams in the 2 day in vivo investigation Soay rams were treated with
pulses of 4ug GnRH-II given every 2 hr, for 28 hr (pulses numbered 1-15),
and also treated with vehicle (•) or 1OOpg antide (•) every 8 hr after the first
GnRH-II pulse. Blood samples were collected for 6 hr on day 1 and for 12 hr
on day 2, extending for 6 hr after the last GnRH-II pulse. Values are mean ±
SEM, n=7-8.

When the administration of GnRH-II pulses were terminated the LH
pulsatility ceased in the vehicle group, and there was no significant
difference in the mean blood plasma LH concentrations between the vehicle
and antide treated groups over the next 6 hours. For FSH the blood plasma
concentrations remained elevated in the vehicle group after the GnRH-II
pulses with a significant (p<0.001) difference between the vehicle and antide
treated groups hormone values throughout the 6 hr post-treatment period.
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This demonstrates that once primed by GnRH-II stimulation, FSH secretion
persists for several hours without the agonist (unlike the situation for LH).

In the chronic study extending over 10 days (exp 6.2.5), the administration of
each GnRH-II pulse in the vehicle group (4pg/4 hr for 10 d) resulted in an

acute increase in LH concentration. Each GnRH-II pulse also induced an

acute increase in plasma FSH concentrations (1 hr delta) in the vehicle group.

In addition, by day 10 an FSH priming response was seen. Antide (75pg/8 hr
for 10 d) blocked the acute increases in blood plasma LH concentrations and
induced a marked suppression in the long term priming increases in the
blood plasma FSH concentrations (Figure 6.6). After the end of the GnRH-II
treatment, LH plasma concentrations were not different between the two

groups, while the FSH concentrations, as in the 2 day subchronic study
(6.2.4), remained markedly elevated with a significant (p<0.001) difference in
the values between the vehicle and antide treated groups.
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Figure 6.6: Graph showing plasma FSH and LH profiles of Soay rams in
the 10 day in vivo experiment Soay rams were treated with pulses of 4pg
GnRH-II given every 4 hr, for 10 days (pulses numbered 1-57), and also
treated with vehicle (•) or 75pg antide (•) every 8 hr after the first GnRH-II
pulse. Blood samples were collected for 6 hr on day 1 and for 12 hr on day
10, extending for 6 hr after the last GnRH-II pulse. Values are mean ± SEM,
n=7-8.

6.3.4 Behavioural effects of GnRH-II pulses over 8 days
As an ancillary study to test whether GnRH-II activates sexual behaviour and
whether any effects were blocked by antide, the rams receiving chronic
treatment with GnRH-II with and without antide were given the opportunity

♦ GnRH II

GnRH II + Antide
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to approach and investigate body wool (500g) that had been soaked in female
urine, and also had the urine presented directly under the nostrils twice. A
note of the rams behaviours, either: disinterest, investigation of the wool,
partial flehman (licking of lips and a twitching of the nose), or a full flehman
(lifting of the head with the upper lip raised was taken. When the urine
soaked body wool was placed on the floor in the control group there was one

example of a full flehman and one partial flehman with 4 sheep investigating
the wool. In the group with antide 3 sheep investigated the wool but no

flehmans of any kind were noted. Direct presentation of the urine under the
nostrils of the rams twice, did not result in any detectable signs of sexual
behaviour. Thus there was no difference detected in the behaviour of the 2

groups of animals.

6.3.5 Investigation of Antagonist peptide analogue 135-18
The administration of the peptide 138-18, which acts as a GnRH-I receptor

antagonist and GnRH-II receptor agonist, given to the rams at two doses

(lOpg, 50pg) blocked the LH response to a standard dose of GnRH-I (250ng)
(section 6.2.7). Given alone, peptide analogue 135-18 (lOgg, 50pg) resulted in
no activation of LH release and no significant difference when compared
with saline control (Figure 6.7). Thus did not act as a GnRH-II receptor

agonist in the sheep.
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Figure 6.7: Graph showing plasma LH response (1 h delta) in groups of
Soay rams used to investigate the antagonist peptide analogue 135-18.
Soay rams were injected with saline or 250ng GnRH-l (open histograms),
and a low (10pg) or high (50pg) dose of antagonist peptide analogue 135-18
with or without 250ng GnRH-l (closed histograms). The values are mean ±
SEM, n=16, and statistical differences (p<0.001) between groups are
indicated (asterisks).

6.3.6 Interaction of GnRH-l and GnRH-II in vivo

In the GnRH-I GnRH-II interaction study the administration of graded doses
of GnRH-I (50-500ng) induced a predictable dose dependent release of LH
(Figure 6.8). The simultaneous treatment with a 250ng dose of GnRH-II
(section 6.2.8) had no significant effect on the dose dependent LH response

from GnRH-I treatment.
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Figure 6.8: Graph showing plasma LH response (1 h delta) in groups of
Soav rams treated with GnRH-l alone or with GnRH-II. Soay rams were
injected with increasing doses of GnRH-l (50-500ng) alone (light blue
histograms), or with a standard dose of 250ng GnRH-II (dark blue
histograms. The values are mean ± SEM, n=8, and treatment with GnRH-II
did not significantly affect (p<0.001) the response to the GnRH-l dose.

6.4 Discussion

This study tested the proposition that exogenous GnRH-II acts through the
GnRH-I receptor expressed on gonadotrophs, to induce the synthesis and
secretion of gonadotrophins, using the sheep model. The current results with
antide largely support this hypothesis. The acute LH response to GnRH-II,
given at a dose that elicits an increase in LH secretion equivalent to that
produced by a physiological pulse of GnRH-I, was totally blocked by a

minimum dose of antide. Moreover both the acute LH and the chronic FSH

priming response to repeated injections of GnRH-II were totally blocked by
antide. This is consistent with the view that exogenous GnRH-II activates
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gonadotrophin secretion entirely through the GnRH-I receptor. This is a

similar conclusion to that reached in studies in vivo in the rhesus monkey
(Densmore and Urbanski 2003) and using dispersed monkey pituitary cells
(Okada, Murota-Kawano et al. 2003). Thus the gonadotrophin response to
GnRH-II cannot be used as evidence that the GnRH-II receptor is expressed
on gonadotrophs.

All of the investigated antagonists were effective at blocking a physiological
dose of GnRH-I. Although the non-peptide LT0062 was notably less potent,
this fits with the view that non-peptide antagonists are species specific in
their action (Millar, Zhu et al. 2000) since the antagonist was developed to
block gonadotrophin secretion in the human. Both Syntex RS-18286 and
ASTA Medica D-63153 were potent antagonists at blocking the LH response

to a physiological dose of GnRH-I but were less effective than antide. This
favoured the selection of antide for the more intensive in vivo studies. In

addition antide was shown to be a specific GnRH-I receptor antagonist in the
COS-7 cells transiently transfected with the human GnRH-I receptor and had
no effect on the GnRH-II receptor. Antide is a synthetic peptide with a

relatively long half-life in peripheral blood, making it a useful tool for
chronic blockade of the gonadotrophs.

In our studies we chose to use a low dose of antide to avoid any potential
non-specific effects. In addition the animals were treated with low doses of
GnRH-I and GnRH-II to potentially mimic the physiological regulation of
gonadotrophin secretion i.e. GnRH-I given as a 250ng bolus injection induces
an acute increase in LH concentrations equivalent to that associated with an

endogenous GnRH-I LH pulse (Clarke and Cummins 1985; Sun, Flanagan et
al. 2001). In this in vivo situation exogenous GnRH-II was approximately 16-
fold less potent, as a molar concentration, than exogenous GnRH-I at

inducing LH secretion and the maximum concentration of GnRH-II likely to
reach the gonadotroph following a bolus injection was approximately 1.6 X
10~9M (assuming blood volume 2 1). This is a lower absolute concentration
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than employed in the in vitro experiments in the transiently transfected COS-
7 cells used to initially characterise the antagonists (chapter 5). Combined
with the ability to measure gonadotrophin secretion in the live animal as a

true response to native GnRH peptides, this illustrates the power of the in
vivo model to investigate the blockade of receptor function using minimal
doses of antagonists.

The initial study showed that antide blocked the acute LH release induced by
a single pulse of GnRH-II. This acute LH response is known to result from
the mobilisation and exocytosis of stored LH granules that begin to leave the
gonadotroph within 1-2 min of the stimulus (Rennels, Bogdanove et al. 1971;
Shiino, Arimura et al. 1972). The inference is that the antide blocks the

response to GnRH-II at the level of the GnRH-I receptor and thus prevents
the acute secretory response. The longer-term studies showed that antide
blocked the LH responses to repeated GnRH-II pulses. On day 10, the final
injection of antide was delayed by 2 h, therefore antide injection number 56
resulted in LH release, thereby indicating that the dose of antide was

effective for 8 h but not 10 h. Antide also strikingly blocked the FSH priming
response to repeated GnRH-II pulses that was evident after one day in the
control group. As FSH secretion is due to a constituently active pathway
(McNeilly 1988) the increase in FSH concentrations reflects an increase in the
synthetic activity of the gonadotroph. Combined, these results indicate that
blockade of the GnRH-I receptor totally prevents GnRH-II effects on both
synthesis and release of LH and FSH. Therefore there is no evidence for the
differential regulation of FSH compared to LH proposed by previous studies
(Millar, Lowe et al. 2001). Moreover there is no evidence that GnRH-II is

acting through the GnRH-II receptor.

To further investigate any gonadotrophin secreting ability of the GnRH-II
receptor the GnRH peptide analogue 135-18 was used. This peptide is a

GnRH-I receptor antagonist that can stimulate GnRH receptors that are

specific for the GnRH-II ligand (Sun, Flanagan et al. 2001), demonstrated in
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the transiently transfected COS-7 cells (chapter 5). Antagonist peptide
analogue 135-18 successfully blocked the 1 hr LH delta produced from an

injection of GnRH-I but more importantly given alone at both 10 and 50pg
resulted in no detectable LH secretion. Hence, in the presence of GnRH-I
receptor blockade and with the capacity to agonise any existent GnRH-II
receptor, the peptide analogue 135-18 failed to induce any gonadotrophin
secretion. Thus providing no evidence for a GnRH-II receptor on

gonadotrophs and corroborating the idea that the GnRH-mediated control of
gonadotrophin secretion in the sheep is primarily through activation of the
GnRH-I receptor.

Previous studies have indicated that there may be an interaction between
GnRH-I and -II at the level of the gonadotroph to regulate gonadotrophin
secretion (Bosma, Rebers et al. 2000). Our in vivo experiments provided no

evidence for an interaction between the GnRH-I and -II ligands. The
concomitant administration of a low dose of GnRH-II, with GnRH-I

produced no significant modulation of the LH response.

The behavioural study showed no difference between the group receiving
GnRH-II and the control group, reflecting the sexually inactive state of the
animals. Thus the activation of reproductive behaviour requires more than
the presence of GnRH-II in the peripheral circulation. It is probable that the
GnRH-II could not pass the blood: brain barrier thus a more definitive study
would involve the chronic administration of GnRH-II peptide into the
cerebral ventricular system of the animals. Such treatments have been shown
to activate specific aspects of sexual behaviour in birds fish and mammals
(King and Millar 1997, Maney, Richardson et al. 1997 , King, Steneveld et al.
1994a, Volkoff and Peter 1999, Temple, Millar et al. 2003).

In summary this study provides evidence that the previously reported
gonadotrophin releasing effects of GnRH-II in mammals are likely to be
mediated through the GnRH-I receptor classically expressed by
gonadotrophs, thus representing a cross-reactivity resulting from the use of
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high concentrations of the peptide. Moreover treatment with a GnRH
analogue, capable of blocking effects at the GnRH-I receptor and agonising
the GnRH-II receptor resulted in no detectable gonadotrophin release, and
therefore no evidence for the presence of the GnRH-II receptor in the ovine
pituitary gland. Also there was no evidence of any interaction between the
GnRH-I and -II peptides in the regulation of LH and FSH secretion in the
sheep.
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7 General discussion

7.1 Synopsis of main results
To recapitulate the genomic sequence of the GnRH-II receptor gene in sheep
was established for the first time and several novel features noted, including
a premature stop codon in exon 1 and a major deletion in exon 2. These
features were consistent across the many variable breeds of domestic sheep,
suggesting presence in the wild type. The gene showed a high degree of
homology with GnRH-II receptor genes of other mammalian species. The 5
flanking region of the gene, containing the GnRH-II receptor promoter

region, was also sequenced and Pit-1 transcription factor binding sites were

found to be absent, with clear functional implications.

Investigation into the expression of the GnRH-II receptor in many sheep
tissues showed a lack of full-length transcripts for the gene. A possible
partial transcript of 1Kb containing exon 1 of the GnRH-II receptor gene was

discovered in testes by northern analysis. A spliced transcript of 0.55Kb
containing exon 1 was also discovered in sheep hindbrain and ovary by RT-
PCR.

COS-7 cells transiently transfected with the human GnRH-I receptor or

marmoset GnRH-II receptor were used to identify GnRH antagonists specific
for GnRH-I receptor. The use of such a GnRH-I receptor specific antagonist,
antide, in vivo demonstrated that GnRH-II acts through the GnRH-I receptor
to elicit gonadotrophin secretion.

7.2 Main conclusions

This is the first example where a GnRH-II receptor gene has been sequenced
and demonstrated to be largely transcriptionally inactive, based on northern
blot, in situ hybridisation and RT-PCR analysis, thus it is highly unlikely that
any full length receptor protein is produced in sheep. Pivotal to this is the
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presence of a premature stop codon in exon 1. This is of interest due to the
previously demonstrated presence of a premature stop codon in human,
chimpanzee and cow. In the sheep the stop codon involves a UAG triplet
towards the end of exon 1. In the human the premature stop codon is a UGA
triplet at the beginning of exon 2, but the gene is not transcriptionally
inactive as alternative transcripts have been found in a variety of tissues in
the body including a pituitary cell line. In chimpanzee, where the full
sequence is not known there appears to be a UGA stop codon in the same

area as in the human, and a bovine EST also indicates a stop codon, UGA
also in exon 2, one codon in the 5 direction compared to the human and
chimpanzee sequences. It is unclear why the GnRH-II receptor became non¬

functional and the mutation involving the premature stop codon became
stabilised in the sheep genome. It may relate to the existence of the GnRH-I
receptor system performing similar functions such that this system could be
simultaneously refined to take over the ancestral role of the GnRH-II
receptor mechanism.

The major deletion found for the first time in the sheep has not been
observed in any other species. However it occurs at the beginning of exon 2
in the region corresponding to the premature stop codon in human,
chimpanzee and cow. The gene arrangement is obviously such that renders
this part of the gene more susceptible to mutation. This part of the gene

encodes ECL- 2 of the GnRH-II receptor. This area possibly functions in
ligand binding, thus the mutation in sheep would impact on this function,
but in the absence of the premature stop codon this mutation would not
render the gene redundant and a functional protein could be produced.
Therefore the presence of the two notable mutations have combined to
render the GnRH-II receptor protein redundant. The observation that the
premature stop codon and deletion were present in all domestic breeds of
sheep investigated excludes the possibility that the Soay sheep used for the
majority of studies carries an anomaly due to genetic isolation. There is no
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information available on the mouflon ancestor but this may well carry the
same genetic traits.

Even with these mutations the sheep gene is highly conserved, being 85%
identical to the primate GnRH-II receptor sequences. This degree of
homology enables this sheep gene to be recognised as a GnRH-II receptor

gene, with its 3 exons and 2 introns. The genomic digest in sheep
demonstrated that this is possibly the only copy of the GnRH-II receptor

gene in sheep. A full-length cDNA encompassing the coding region greater
than 1.08Kb and with the introns retained the gene from start to the stop
codon at the end of exon 3 is 4.532Kb. Along with the coding regions a large
proportion of the 5 flanking region was also sequenced. Besides the human
this has not been done previously. This 0.78Kb is likely to contain most of the
promoter elements for the control of the gene. This provides important
insight into the control of transcription of the ovine GnRH-II receptor gene.

The transcription factor binding sites that were identified included TATA,
GATA and Spl, which are common regulatory factors for many genes. The
notable feature in the sheep GnRH-II receptor promoter was the absence of a

Pit-1 binding site. This transcription factor is required for pituitary specific
expression and more precisely expression in the gonadotrophs. Based on this
it is unlikely that the GnRH-II receptor gene is transcribed in gonadotrophs.
This is consistent with the data for RT-PCR, northern analysis and in situ
hybridisation, that no transcripts are produced in the whole tissue or in RNA
samples extracted from an enriched gonadotroph population.

Despite the absence of transcripts in the pituitary gland partial transcripts
were detected in the testes, ovary and hindbrain of sheep and were all shown
to contain exon 1. In the case of transcripts in hindbrain and ovary also
contain part of exon 2. These are presumed to represent alternative spliced
transcripts. In the testes it represented a 1Kb transcript, but the size of the
ovary and hindbrain transcripts were not determined. The transcript in testes

may produce a 4TMD protein, with no ligand-binding site due to the absence
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of ECL-3. The transcript was localised to the Leydig cells by in situ
hybridisation, which implies that a protein product may play a role in the
paracrine or autocrine control of these tissues. This is consistent with other
evidence (Siler-Khodr, Grayson et al. 2002; van Biljon, Wykes et al. 2002). In
the ovary and hindbrain the transcripts definitely contained parts of exons 1
and 2 but their actual sequence was not determined. Again they may

produce a 4 TMD protein with a form of local function within the tissue. The
occurrence of truncated GnRH-II receptor proteins may fulfil an important
role by interacting with other functional receptor systems to modulate their
function. As mentioned earlier, for the GnRH-I receptor alternative
transcripts produced by the splicing out of exon 2 generate a protein that
interferes with the binding of the GnRH-I ligand to the GnRH-I receptor in
humans (Grosse, Schoneberg et al. 1997), and possibly sheep (Cowley, Rao et
al. 1998), and mouse (Zhou and Sealfon 1994).

The apparent paradox that GnRH-II elicits gonadotrophin secretion in the
sheep has been largely resolved based on the use of the specific GnRH-I
receptor antagonist antide. GnRH receptor antagonists were carefully
characterised for their specificity in COS-7 cells transiently transfected with
the human GnRH-I receptor, or marmoset GnRH-II receptor. It was not

possible to use the sheep GnRH-II receptor as this had not been determined
at the time. Never the less antide was shown to be a potent and highly
selective antagonist for the GnRH-I receptor with no agonistic properties at
the GnRH-II receptor. The in vivo studies then demonstrated that any

gonadotrophin response to exogenous GnRH-II administration is mediated
through GnRH-I receptor as a pharmacological response. GnRH-I receptor is
known to have a relatively high affinity for the GnRH-II ligand, while the
GnRH-II receptor is specific for the GnRH-II ligand. Combined with the lack
of definitive evidence that GnRH-II peptide reaches the pituitary gland
(Lescheid, Terasawa et al. 1997; Troskie, King et al. 1997; Urbanski, White et
al. 1999; Cheon, Lee et al. 2001; Latimer, Kohama et al. 2001; Chen,

Kaganovsky et al. 2002), it is unlikely that a GnRH-II ligand receptor
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mechanism functions in the ovine gonadotroph. The immunocytochemical
evidence for the presence of GnRH-II receptor in gonadotrophs, based on an

antiserum to ECL-3 of the human GnRH-II receptor sequence is likely to
result from a cross-reaction with an epitope to the RLIM protein, and not to
reflect the presence of the GnRH-II receptor. This illustrates the limitations of
using immunocytochemistry in isolation from other molecular techniques to
characterise a pattern of protein expression in a tissue.

Overall there is evidence from comparative studies across a wide range of
mammalian species that there has been a progressive decrease in the number
of GnRH receptor ligand subtypes (-1, -II and -III) functionally involved in
the regulation of reproduction during vertebrate evolution (Pawson, Morgan
et al. 2003). The sheep data conforms to this hypothesis. Possibly the GnRH-I
receptor system, so well characterised for its role in the regulation of both
gonadotrophin secretion and sexual behaviour has taken over the functions
ancestrally fulfilled by the GnRH-II receptor ligand system. This may have
resulted in an initial redundancy of the GnRH-II receptor with the GnRH-II
ligand able to act on its target cells through the GnRH-I receptor, with a

possible loss of the GnRH-II ligand ensuing - as in the mouse. As yet it is
unknown if the GnRH-II ligand is expressed in the sheep. However, it can be
definitively concluded from the work presented in this thesis that the GnRH-
II receptor gene carries 2 major disruptive mutations, which are likely to

negate any ancestral role. It is highly unlikely that a 7TMD GnRH-II receptor
is produced in this species.

7.3 Future work on the ovine GnRH-II system
This study provides a comprehensive review of the ovine GnRH-II receptor

system but further experiments would substantiate some of the conclusions.
The most informative additional piece of information for the functioning of
the GnRH-II system in sheep would derive from the sequencing of the
GnRH-II preprohormone gene; to establish if the complete gene is present in
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the genome and whether it is transcribed and translated into a functional
GnRH-II ligand decapeptide. Since in the mouse the GnRH-II peptide gene is
represented by a disrupted gene with low homology to other GnRH-II
preprohormone sequences, a similar situation may occur in the sheep, thus
representing full redundancy of the GnRH-II system. A preliminary
investigation was performed in the current research program to try and
amplify the region of the genome containing the GnRH-II ligand gene.

Although a DNA fragment was produced it was not possible to verify
whether it contains the GnRH-II ligand sequence.

The genomic digest performed using the SAU3AI restriction enzyme

indicated that there was only one copy of the GnRH-II receptor gene in the
sheep, although did not confirm that multiple copies are not present. This
could be ascertained by further genomic digests using other restriction
enzymes. The alternative would be to use fluorescence in situ hybridisation
(FISH) to establish whether the specific probe to the ovine GnRH-II receptor
labels only one, or more than one site on the different chromosomes in the
sheep.

The alternative transcripts of the GnRH-II receptor gene detected in the
ovary and hindbrain of the sheep could be further explored by northern
analysis to reveal the true size of the transcripts. This could be confirmed by
an RNase protection assay which would overcome the problems encountered
when an intra-exon RT-PCR was performed using RNA contaminated with
genomic DNA. The positive testis northern result could therefore be
confirmed by this assay. It would be interesting to investigate the levels of
transcript expressed in the different tissues of the gonads and hindbrain in
sexually active and sexually inactive reproductive states by quantitative RT-
PCR. The transcripts could be sequenced to reveal the structure of any

protein products. Ultimately the function of these proteins derived from the
highly modified GnRH-II receptor gene could be elucidated in vitro using
transiently transfected cell lines, or in vivo by transgenic knockout approach.
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The prediction is that these proteins function as paracrine or autocrine
regulators of communication between the somatic and germ cells in the
gonads and potentially as neuromodulators in the brain.

It would be highly informative to perform a comprehensive analysis of the
GnRH-II receptor and ligand systems in other domesticated mammals,
notably the cow and the pig, which are closely related to the sheep. The cow

is believed to have a premature stop codon in exon 2, while the pig is
thought to possess an intact GnRH-II receptor (Neill, Duck et al. 2002).
Although the pig GnRH-II receptor gene has not been fully sequenced and
notably the region containing the premature stop codon in the sheep in exon

1, has not been sequenced, thus any conclusion is premature. This would
provide a fuller picture of the way the ancestral GnRH-II receptor system has
evolved in the ungulate family, resulting in full redundancy. The current

discovery of the novel mutations in the ovine GnRH-II receptor provides an

example where a gene has become largely transcriptionally inactive, but is
still carried in the genome.
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Appendix 1

Oligonucleotide primers and probes
All sequences are listed in 5' to 3' orientation, with sense probes and primers
in black and antisense probes and primers in red.
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Appendix 2

Commonly used Buffers and agars

50X Denharts solution 1% (w/v) Ficoll 400, 1% (w/v) PVP, 1% (w/v) BSA in

dH20

MOPS 200mM MOPS, lOmM EDTA

20X SSPE 3.0M NaCl, 0.2M NaH2P04, 0.02M EDTA

IX SSC 0.15M sodium chloride, 0.015M sodium citrate, pH 7.0

IX TAE 0.04M Tris base, 0.02M sodium acetate, ImM EDTA, pH 7.2

IX TBE 0.089M Tris base, 0.089M boric acid, lOmM EDTA

Luria Bertani (LB) -agar LB broth with 1.5% (w/v) bacto agar

LB broth lOg bacto-tryptone, 5g bacto-yeast extract, lOg NaCl, in 1L water

Bouins Reagent 500ml 40% formaldehyde, 100ml acetic acid, 21 saturated
picric acid, filter prior to use.
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