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In a study on the functional importance of His2
, G Ii -GnRH and des-His2 -GnRH were 

the first examples of synthetic peptide analogs found to exhibit antagonism towards the 

release ofLH and FSH hormones (Monahan et al. 1972(b)). 

Region 
required 
for 
activation 

Trp3 

His2 

N 

P-II 
bend 

C 

Region required for receptor binding 

Fig 1.1 Schematic diagram showing the bent conformation of GnRH and 
regions believed to be involved in binding and activation 

1.1.2.2. D-Ala6 -substitution: 

A correlation of the active conformation with structure-activity of the peptide became 

necessary. The construction of D-Alanine analogs provided comparative information 

on the backbone structure of the peptide. 
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1.2.1 .1 Structural features common to GPCRs: 

The single polypeptide chain of GPCRs comprises an extracellular ammo terminal 

domain, seven hydrophobic a-helical transmembrane domains (TMI-TM7) connected 

by hydrophilic extracellular (ECl, EC2, EC3) and intracellular (lCl, IC2, IC3) loops 

and an intracellular C terminus. The arrangement of the seven helices is suggested to 

be clockwise when viewed from the intracellular side and forming a closely packed 

structure at the intracellular surface where the G-protein interaction occurs (Baldwin, 

1993). The extracellular surface is a more open structure forming a ligand-binding 

pocket. The depth of the helices within the membrane depends on the slope of the axes 

of helices TM5, TM6, TM7 and TMI . Helices TM2, TM3 and TM4 are approximately 

perpendicular in relation to the membrane (Baldwin, 1993). 

N terminus 
(truncated) 

Extracellular domain 

Intracellular domain 

Fig 1.2 Schematic representation of the GnRB receptor: The 
numbered cylinders represent the transmembrane helices. The curved 
lines represent the extra- and intra-cellular domains. NI02 and D302 are 
residues which markedly affect ligand binding affInity when mutated (see 
text). 
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Human GnRH receptor 

Fig 1.3 Amino acid sequence of the human GnRH receptor. Residues 
hypothesized to interact with GnRH residues are filled in blue. The 
branched structure represents glycosylation of N18 (green). Disulphide 
bridges are shown between cysteine residues (yellow). 
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A comparison of the sequences of the cloned receptors showed that the ECI is the most 

conserved of the three extracellular loops, suggesting its possible role in ligand binding 

whilst EC3 may be involved in ligand selectivity. The highly conserved residues of the 

GPCR family (N53, R139, W164, P233, P282 and P320) are also conserved in GnRH 

receptors. 

The mouse GnRH receptor has three consensus N-glycolsylation sites (N4, N18 and 

NI02), while the human receptor has only the latter two sites. Site directed 

mutagenesis and photo affinity labelling of the mouse GnRH receptor showed that 

glycosylation occurs only at N4 and N18 of the amino terminal domain, although NI02 

is also a potential glycosylation site (Davidson et aI., 1995). In the human GnRH 

receptor only N18 is glycosylated. Mutation of either of the glycosylated sites led to a 
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concentration (Davidson et aI., 1988). This Ca2+ influx together with activated protein 

kinase C is thought to mediate the sustained phase of gonadotropin secretion by 

activating the exocytotic mechanism (Van der Merwe et aI., 1989; Van der Merwe et aI., 

1990). 

Dihydropyridine· 
Insensitive channel 

Dihydropyridine· 
sensitive channel 

GnRH receptor 

PKC 

/ 
Ca2

+ oscillations }f Ca2+ 

Fig 1.5 Schematic representation of the principal elements involved in 
signal transduction in the gonadotrope cell: Gq= Gq protein; PLC= 
phospholipase C; DAG= Diacyl glycerol; PKC= Protein Kinase C; IP3= Ins-
1,4,5P3. 

1.2.3.1 Inositol-l,4,5P3 metabolism: 

The metabolism of Ins-J ,4,5P3 takes place via two separate pathways. It can either be 

dephosphorylated to inositol or enter the Tetrakis pathway (Fig. 1.4). 
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of intracellular Ca2
+. Although this indicates a possible physiological role for 

this compound, it was found not to be sufficient or required for Ca2
+ influx. 

The isomer Ins-l ,3,4P3 has no Ca2
+ releasing activity but, in some systems, 

reaches greater concentrations than Ins-l,4,5P3 and remains elevated much 

longer, suggesting a possible role in the late response to cell stimulation 

(Burgess et aI., 1985; Irvine et aI., 1985). Ins-l,3,4P3 is eventually 

dephosphorylated to Ins-3P and Ins-4P and then to myo-inositol, which is 

recycled to PIP2 (Fig 1.4). 

GnRHR 

PIP 

IPI 

Lt-_-
PI 

~sitol 

? Signalling 

1,3,4-IP3 

Fig 1.4 Illustration of the main receptor-mediated pathways of inositol 
phosphate metabolism. The site of Lt inhibition of the dephosphorylation 
ofIns-IP to Inositol is indicated. 
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the N 1 02Q mutant receptor that was due to increased binding affmity (Davidson et aI., 

1995). 

To investigate this effect, Nl02 was mutated to Ala, which resulted in a large decrease 

in potency for GnRH, and for analogs with glycinamide C-termini (Davidson et aI., 

1996(b)). In contrast, analogs with ethylamide C-termini were much less dependent on 

NI02 for affmity. This indicated that although Nl02 is not glycosylated, this residue is 

a critical determinant for binding of GnRH and analogs containing glycinamide at the 

C-terminus, possibly playing a direct role in the docking ofthe glycinamide C-terminus 

(Davidson et aI., 1996). 

Helix 

2 

Fig 1.6 Schematic representation of the GnRH binding pocket in the GnRH 
receptor. Receptor residues hypothesized to be involved in the binding of GnRH 
are indicated in blue. N87 and D318 are postulated to interact (Zhou et aI., 
1994). 
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50 

Fig 2.3 Example of electrophoresis, on a 1% agarose gel, of plasmid DNA 
preparations digested with restriction enzymes. 

Lane legend: = hGnRHR uncut (2 bands expected: supercoiled and nicked 
circular DNA) 

2 - 4 = hGnRHR cut with ECORl and ECORV (1 band expected: 6.0Kb 
and a small piece ofO.012Kb too small to be visualised) 

5 - 7 = Nl 02D preparations cut with ECORl and ECORV (2 bands 
expected: 0.30Kb and 5.7Kb) 

'" = control: Iv DNA cut with Pst!. 

Kb = Kilo bases. 
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Doublet 11 .5 - 14 .0 

1.7 
0.8 

0 . 15 

Fig 2.4 Example of a restriction enzyme digest of plasmid DNA confirming 
insert size 

Lane legend: A 
1 

2 

3 

= control: A DNA cut with PstI 
= control: hGnRHR uncut (2 bands expected: supercoiled and 

nicked circular DNA) 
= control: hGnRGR cut with NspI (2 bands expected: 0, 15Kb and 

5,8Kb) 
= unknown DNA 

4 - 6 = Nl 02K cut with NspI (3 bands expected: 0,15Kb, 
0,80Kb and 5.0Kb 

Kb = Kilobases 

51 
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Fig 4.1 Schematic depiction of part of the ligand binding pocket of GnRH 
receptor showing proposed docking of the C-terminal part of GnRH 
analogs. H represents a putative hydrophobic site on the receptor. The green 
shaded areas represent interactions contributing to binding affmity. 
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Two types of ligand interaction are proposed to occur within the binding site depending 

on the analog C-terrninal moiety. Analogs with a glycinamide C terminus are proposed 
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