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1.2 lotroduction to G protein-coupled receptors (GPCRs) 

The GnRH receptors that have been cloned from several mammalian and lIOn-mammalian species 

are highly conserved and belong to the superfamily ofG protein-couplcd receptors (GPCR) based 

on the structure of rhodopsin (Sealfon et aL, 1997). This family of receptors is characterized by an 

extracellular N-tenninal domain, seven a1plta helical transmembrane domains, which are 

interconnected by al ternating extra- and intra-cellular loops, and an intracellular C-tenninal domain 

(Schertler et aI., 1993). Consequently, a molecular model of the GnRI-I receptor is generated based 

on mutagenesis slUdies and a computer-based simulation of rhodopsin (Sealfon et aI. , 1997). 

GPCRs comprise tile largest superfamily of transmembrane proteins with over 1000 members, 

which have been cloned and characterised (Gether, 2000), and are grouped by their ability to couple 

to heterotrimeric GTP-binding proteins (G proteins). These serpentine seven transmembrane 

spanning receptors are important in conveying extracellular signals to the intracellular milieu of 

target cells, causing specific responses. Sensations of exogenous stimuli such as light, odors and 

taste are medillted by this class of receptors. The chcmical divcrsity lIITIong the endogellOus ligands 

is remarkable, which include biogenic amines, peptides, glycoprotein honnones, lipids, nucleotides, 

ions and proteases. GPCRs are involved in such major physiological systems, such as the central 

nervous-, neuroendocrine-, cardiovascular-, immune-, gastrointestinal- and reproductive systems, 

making them an imponant target for medical therapies. 

This large functionally diverse class of receptors can be grouped into three major families according 

to their sequence alignment: the large rhodopsin family (family A), the secretm-cakitorun- PTH 

family (family B), and the metabotropic glutamate receptors (family C). In addition, minor 

subfamilies include the yeast pheromone receptors (families D and E) and cAMP receptors (family 

F) (Gether, 2000). Section 1.2 of this chapter, will focus on the molecular mechanisms underlying 

ligand binding in GPCRs and receptor activation of family A GPCRs. Section 1.3 will review 

aspects ofGnRH and the mammalian type I GnRH receptor pertaining to ligand binding, selectivity 

and activation. 

1.2.1 Structural C haracteristics ofGPCRs 

The GPCRs share a high degree of sequence homology and there have been significant advances in 

collating information on GPCR structure-fu nction in databases (w""w.,,,nbi.kun,nl »w,Igum.l/1tllO and 

Ingddkl niddk,nib Ilov). GPCRs characteristically have seven hydrophobic a-helical domains, which 

traverse the cell membrane, and are linked by alternating extracellular and intracellular loops. An 

14 
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extraceUular N-terminal segment and in most cases a C-terminal segment is also present. There are 

three extraceUular and three to four intraceUular loops, with the fourth cytoplasmic loop fonned 

when certain Cys residues are palmitoylated at the C-terminal tail (eg. Cys7.60)(n2) and Cys770(313) in 

rhodopsin) (Fig. 1.1). The recent crystal structure of rhodopsin revealed that the fourth 

cytoplasmic loop has a helical structure (short eighth helix) extending from the C-terminal side of 

TM seven into the cytoplasm and appears to be tenninated by Gil 71 \}2") before conti.n.iung as the C­

tenninal tail (Palczewski et 01., 2000). 

Figure 1.1 Primary structure of bovine rhodopsin, which is representative of a family A 
GPCR (adapted from BaUcsteros et al., 2001a). The N-tenninus is on the extraceUular side and 
the C-tenninus is on the intraceUular side of the membrane. TM domains are connected by intra­
and extra- ceUular loops. Residues in are the most conserved in the family A GPCRs. 
Residues in red arc proposed to face the interior of the TM helix bundle and residues in blue are 
proposed to face the hydrophobic lipid environment (Ballesteros et at, 200Ia). 

1.2.1.1 Transmembrane (TM) Domains 

The TM helices connect the extra- and intraceUular loops, which have roles in ligand binding and 

signalling respectively (Schertler et ai., 1993). 

When TM domains were analysed for hydrophobicity, each of the seven TM helices ranged in size 

from 18 to 27 amino acids, with TM helices three, five, and six proposed to be the longest, 

extending from the lipid bilayer into the cytosol (Baldwin, 1993). The membrane boundaries vary 

15 
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during receptor activation (Ballesteros et a1., 1998; Gether, 2000). Another characteristic amino 

acid motif is the Asn-Pro-X-X-Tyr motif in TM helix seven (Fig. 1.1). In rhodopsin Asn7.49(J02) and 

Tyr7.SJ(J06) project to the inside of the helix bundle (Palczewski et aI., 2000). From the crystal 

structure it appears that the side chain of Asn 7.49(302) may interact with ASp2 S0(83) via a water 

molecule (Palczewski et al., 2000). Another interaction between TM helices two and seven is that 

the side chains of Asn26O(73) and Tyr7.s3(306) are close enough for a hydrogen bond to occur 

(Pa1czewski et aI., 2000). The conserved Asn-Pro-X-X-Tyr motif has been implicated in receptor 

activation and G protein coupting in other GPCRs (Gether, 2000). In general, the high resolution 

(2.8A) three-dimensional crystal structure of rhodopsin has agreed extremely well with models 

based on a projection map of rhodopsin and experimental data (Palczewski et al., 2000) (Fig. 1.2). 

Figure 1.2 Three-dimensional representation of tbe Rhodopsin belical bundle drawn paraUel 
to the membrane (reproduced from Palczewski et at, 2000). The TM helices are drawn as 
ribbons and extra- and intra-ceUuJar domains as lines. The TM helices are in different colours and 
are respectively numbered in roman nwnerals. The N- and C- termini are indicated. 

1.2.1.2 Structural Mimicry in GPCRs 

The TM helices have the highest amino acid homology between the receptors of the same and 

different subgroups, which may contribute to a general receptor structure within a group of 

receptors. A given receptor can be identified as belonging to a specific GPCR family by the 

18 
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activation is switched to a new set of contacts which define the activated state that binds the 

cognate G-protein. 

1.2.3.3 Protooatjoo Needed for GPCR Activation 

One of the key events in activation of family A GPCRs is the protonation of the ASpJ.49 in the 

conserved Asp/Glu-Arg-Tyr motif. It was demonstrated that the GIUJ
·
49(134)Gln mutant rhodopsin 

receptor had improved coupling efficiency suggesting that protonation of Glu3 49(134) is connected to 

the formation of the activated metarhodopsin state (Amis et aI., 1994). It was observed that charge 

neutralising mutations (AsniGIn), which mimic the protonated state of Asp or Glu at locus 3.49 

Figure 1.3 Three-dimensioual model Showing reciprocal iuteractions between TM helices 
two, three and seven of the GuRH and 5-HT1A receptors (reproduced from Ballesteros et 
aI., 1998). A) ArgJ

·
50 of the type I GnRH receptor can interact with Aspl.49 as well as ASp7.49 

and Asn250. B) ArgJ·50 of the 5-HT2A receptor interacts Aspl.49 and the carbonyls of Asn7.49 
and Asp2.S0. This set of interactions can be mim..icked by a reciprocal configuration as in the 
type I GnRH receptor. 

cause constitutive activation in the alB-adrenergic (Scheer et al., 1997) and P2-adrenergic receptors 

(Rasmussen et aI., 1999). In the GnRH receptor mutating Asp3.49(U8) to Asn in the Asp-Arg-Ser 

(DRS) motif (Fig. 1.3 and 1.4) (equivalent to the Asp-Arg-Tyr) is associated with improved 

coupling (Ballesteros et aI., 1998). One of the most conserved amino acids in the GPCR family is 

Arg3
.
S0 in this motif. This residue has been shown to playa role in coupling in the rhodopsin (Amis 

et aI., 1994), adrenergic (Rasmussen et al., 1999), muscarinic-acetylcholine (Jones et aI., 1995), 5-

HT7 (Obosi et aI., 1997), V2-vasopressin (Rosenthal et al., 1993), histamine (Aiewijnse et aI., 

2000) and GnRH (Ballesteros et aI., 1998) receptors. Scheer et aI hypothethesized that Arg350(143) 

30 
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localised in the hypothalamic areas and functions main1y as hypophysiotropic factor. GnRH II 

predominates extra-hypothalamically and has been shown to inhibit the modulatory late-slow 

postsynaptic potential (M-cWTent) in buUfrogs (Jones, 1987) and may have a role in reproductive 

behaviour! neuromodulatory role (Maney et al., 1997~ Rissman et al., J997). To date, at least 15 

GnRH forms have been isolated (Table 1.1) which have been co-opted in a diversity of regulatory 

functions, such as releasing gonadotropins (SchalJy et aJ., 1971) and growth hormone (Marchant et 

al., 1989) from pituitary celJs, neurotransmitter in the central (Millan et a1., 1986; Sherwood et a1., 

1993) and sympathetic (Jan et aI., 1979; Jones, 1987; Troskie et aI., 1997) nervous systems, as a 

paracrine regulator in the gonads (Hsueh and Erickson, 1979a; Hsueh and Erickson, 1979b) and 

placenta (Belisle et ai., 1984) and as an autocrine regulator in tumour ceUs (Harris et aI., 1991). In 

support, GnRH and GnRH receptors have been detected with RT-PCR to occur in non­

reproductive tissue such as liver, heart, kidney, and skeletal muscle (Kakar and Jennes, 1995). 

However, it still remains to be proven that GnRH and GnRH receptors are functionally expressed in 

mentioned non-reproductive and tumour tissue. 

Table 1.1. Amino acid sequences of naturally occurring GnRH forms. The conserved 
N- and C- termini are in blue. Position six is conserved as in the 

1.3.1.4 Primary Structure of Variant GnRH Forms 

The amino acid sequence of GnRH has special conserved regions spanning over 500 million years 

of evolution. In particular tbe peptide length of 10 amino acids, and residues in the N-tenninus 

(pGlu-His-Trp-Ser) and C-tenninus (Pro-Gly NH2 ) are conserved and have been shown to be 

essential in receptor binding and activation. The most variable amino acid is found at position eight, 

which seems to have an important function in the mammalian reproductive system (Millar et al., 

1989). In contrast to mammalian GnRH, GnRH from most non-mammalian vertebrates contains 

uncharged residues at position eight (Table 1.1). Post-translational modifications may further result 

39 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were 

were 

1\/I"""'1'n,.,10,., et 

M()mam~r et aI., 

et aI., 1 

mamrnals, it was ..... r .... "''''''rt 

an 

not 

II seems to non-

1 

II 

et I II 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

CAl'lr" ... ,., 1.3 It II 

a 

was 

lTIlInmal structure ... "'"l1i .. "r! 

et 

pmntIcm two 



Univ
ers

ity
 of

 C
ap

e T
ow

n

et 

an as 

1 

7t-7t mtle:mcu<)flS 

IS nec:essary 

as 1. 

to cannotac<~ornrn~a.ate 

is not 

is not 

rp,...ni .. ,~" an arC)Illiitlc 

is to 1 

A 

an at is 



Univ
ers

ity
 of

 C
ap

e T
ow

n

et II 

"'".' ........ ,_" are not ell(~rgletI(:aU 

IS n1l",.,lnn",,,,",, to entllam;e 

J.Y.LU'HUlllU< et 

at, II 

IS 

a 

seems to 

et I 



Univ
ers

ity
 of

 C
ap

e T
ow

ncOilservt::o as 

COiltOlrIJ.1£ltlonal lirnita1:iorls on 

IS not 

it was Cle]no:nstJrat(~Cl 

as as 

a 

as au......, ........ 

a 

not preten~ntiali) 

1 

",,,UJUU,", are 

IS pv.,"',.. ... ""rI to 

a 

ClelJenlClelLlt on 

It was su~~ge:steCl 

et 

are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

N 

1 

-tel:n11lm are 

IS 

IS 

two terrnini 

are 

relclrnger et 

COIl1:01rrrt::ltIonal state 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

re(;eptoI was 

C011taJill more 

structure <>"Tnrl1~T 

U""~'U'H et 

was 

1 

<11''-'''11''111 a nV(ITOIDnImC 

it was 

et 

structure 

an 

IS 

rec:epl[or IS 

et al., 

2001). It was 

non-

et 

to 

to mauce 



Univ
ers

ity
 of

 C
ap

e T
ow

n

confonnational changes in the TM helices, which are associated with signal propagation. This 

confonnational change affects the configuration of the TCLs, which are involved in interacting with 

G proteins associated with signal transduction (Sealfon et aI., 1997). 

115(18) 

COOH 

cytoplasmic side 

Figure 1.4: Primary structure of the human type I GnRH receptor. residues indicate 
the most conserved in the rhodopsin family A GPCRs. Red residues are important in ligand binding 
and blue residues are required for receptor activation andl or G protein coupling. 

The GnRH receptor is a relatively small GPCR, consisting of only 327 amino acid residues in 

rodents. The other mammalian species contain an insertion in ECL2 and have 328 residues (Sealfon 

et aI., J 997) (Fig. 1.5). The mammalian GnRH receptor is unique in the rhodopsin class of 

receptors (family A) as it lacks the entire polar C-terminal intracellular tail, which is proposed to be 

involved in receptor desensitization by receptor kinases (Palczewsk.i and Benovic, 1991). The ICLI 

is unusually long and is proposed to be involved in various functions such as receptor internalisation 

(Thomas et aI., 1995) and ligand induced receptor up-regulation (Loumaye and Cau, 1983). 

Another unique feature is that the highJy conserved DRY sequence, found at the cytoplasmic side of 

TM3 in GPCRs, is DRS in the mammalian GnRH receptor (Sealfon et aI., 1997). 

Furthermore, Asp2.50 and Asn7.49 which are highly conserved in most GPCRs, are Asn2.SO
(87) and 

ASp749(319) in the GnRH receptor and are involved in receptor activation (Sealfon et al, 1997). 

ASp7.49(319) is part of the Asp-Pro-Leu-lle-Tyr (DPLTy) motif (Fig. 1.4) conserved in GnRH 

receptors, which is conserved as the Asn-Pro-X-X-Tyr (NPXXY) motif (Fig. 1.1) in most GPCRs 
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(Probst et at, 1992). The functional significance of the unique features of the manunalian GnRH 

receptor is discussed in sections 1.4.2.5. and 1.4.2.6. 

bovine t"hodopsin 
human GnRHR 
mOuse GnRHR 

catfish GnRHR 
goldfish A GnRHR 

Xenopus GnRHR 
marmoset Type II GnRHR 

N-TERMlNUS I------ - -TM 1-----60 
~------MNGTEGPNfYVPfSNKTGVVRSPf~APQYYLAEPWQfSMLAAYMrLLINLGrp 

---~-~-MANSASP~QNQNHCSAINNSIPLHQGN--LPTLTLSGKIRVTVTfFLfLLSAT 

-------MANNASLEQDPNHCSAINNSIPLIQGKT7LPTLTVSGKIRVTVTfflFLLSTA 
MSGNTTLLLSNPTNVLDNSSVLNVSVSPPVLKW~TTTPTrTTAARfRvAATLVLrvFRAA 

MSGKMPLLSVNPTSIWENSSVLNATPHFp·SDWE··TPTFTVAAHFRVVATLVLrvFAAI 
-------MAVNQTQRSLVISDNNASATGNADPWT~*EPT.TLAAKVRVGVTCCfFLIASC 

--~~-~~NSAVNGTPViGSSARe:EVWAGSGVf.V~GSELPTrSTAAKVRVGVTIVLrvSSAG 

61 - - -TMI---1 ICLl 1- --------- - -T~2----------1 BCL1 120 
bovine rhodopsin 

human GnRHR 
mouse GnRHR 

catfish GnRHR 
goldfish A GnRHR 

Xenopus GnRHR 
marmoset Type II GnRHR 

I NfLTLYVTVQH*KKLRYYY**TPLNYILLNLAVADLfMVFGG<rTTLYTSLHGyrvFGP 
FNASrLLKLQKWTQKKEKGKKLSRMKLLLKHLTLANLL~TLIVMPLDGMWNITVQWYAG8 

FNASFLLKLQKWTQKRKKGKKLSRIKVLLKHLTLANLLETLIVMPL~mNITVQWYAG£ 

SNLSVLLSVTRGRGRRLAT+·'SHLRPLIASLASADLVMT~IMPLDA~\~VTVQvNAGD 

SNLSVLISVTRGRGRHLAY.Y·SHLRPLIGSLASADLVMTrvvMPLDAIWNITVQWYA~~ 

SNVAVLCSISGKRCKYY*YY~TSHLRVLILSLSVADLLVTE"LVHPLDALWNVHVQWYAGE 

GNLAVLWSVTRPQPSQLRP···SPVRRLfAHLAAADLL~fVVMPLDAT~~ITVQWLAGD 

J 2 J 1--- ---- ---- ---Ui 3------------1 ICL2 I - ------TM 4 - - - - - -180 
bovine rhodopsin TGCNLEGFFATLGG£IALWSLVVL~ ERYVVVCKPHSNfRfG£NHAIMGVAfTWVNALAC 

h uma n GnRfl R LLCKVLSYLKL rSMYAPAI'MM"'lVISL DRSLAIT RPLAY LKSN SKVGQSMVGLAlJILSSVr 
mouse GnRHR fLcKVLSYLKLfSMYAPA~SLDRSLAITQPLA·VQSNSKL£QSMISLAWI LSrVF 

C<l t f ish Gn Rfl R AMCKLMC E"LKLFAMHSAAFr LVWSLDRH HAILHPLDYTLDAGRRNRRM LLTAWILS L L L 
go ld fish A Gn R HR AMCKN LC FLKL fAMHSAAfl LVVVSLDRHHAI LH II LE· ALDAGRRNRRM LLAAWILS I LL 

Xenopus GnRHR LSCKVLNFGKLfAMYSMLVLVVlSLDRffi>IAIL YPLSY rTSAGQRNRIMLW'I',lI.WI TSLLL 
marmoset Type II GnRHR IACRTLMfLKLMANYAAAFLPVVIGLDRQAAVLNPL····GSRSGVRKLLGAAWGLSFLL 

181-TM 4-1 BCL2 I---------TM 5--------240 
bovine rhodopsin AAP~~VGWSRYIPEG~YYYYMQCSCGIDYYTPHEETNNESFVIYMfVVHtI I PLIVlrfC 

h uma n G n RH R .l<Gl'QLYI FRM IHLADSSGQT KVFSQCVTHCS FSQW'/IHQAfYN F<r FSCL F I I PLFIMLI C 
mouse GnRHR AGPQLYlfRMIYLADGSGP·TVfSQCVTHCSrPQWWHQAfYNFfTfGCLFII PLLIHLIC 

C<l t fi sh GnRHR ASPQLrI fRAIKAKG··u ·VDFVQCATHGSFQQH'II'QC'1'AYNMFHFVTLYVFPLL*MSLC 
goldfish A GnRHR ASPQLFrfRAIKAEG·····VDFVQCVTHGSfRQRWQETAYNMFHfVTLYVr PLLVMSFC 

Xenopus GnRHR ASPQLfLFRLRTAPG' ····VNfTQCATHGSfTQHWQETAYNMF'I'fC1"LFVTPLVVMI Vc 
m<lrmoset Type II GnRHR ALPQLFLfHTVHRAGP~~*~VPFTQCATKGSFKARWQETTYNLFTFCCLFLLPLTAMAIC 

24J-TM 5-1 ICL3 I--------------TM 6------- --300 
bovine rhodopsin YGQLVfTVKE·**····~·***AAAQQQESATTQKA£K£VTRMVIIMVIAFLICWLPYAG 

human GnRHR NAKlIfTLTR*·***LHQDPHELQLNQSK?NNIPRARLKTLKMTVAFATSFTVCWTPYYV 
mouse GnRHR NAKIIFALTR-**--LHQDPRKLQLNQSK-NNIPRARLRTLKMTVAFATSFVVCWTPXYV 

catfish GnRHR YTRILVEINR**MHRSKDKAGEPCLRRSGTDHIPKARMKTLKMTIIIVASFVICWTPYV L 
goldfish A GnRHR YTHILVEINR-*MPRGKGKGGEPCLRRSGTNMIPKARMKTLKNTIIIVAS~CWTPYYL 

Xenopus GnRHR YTRILWEIGK'QMKHKNE~~~'-~LARSKNDLISKARLKTLKMTLVIVASFMVCWTPYYL 

macmoset Type II GnRHR YSRIVLGVSSRTRKGS~PAGEFALRRSF·DNRPRVRLRALRLALLVLLT~ILCWTPYYL 

301- --TM 6- -I ECL3 1---------------TM 7---------------1 360 
bovine rhodopsi n VAry I fTHQ*" *GSOFGPlfMTIPAfF!I.K'rSAVYNPVI 'tIMHNt<QFRNCMV'l'TLCCGKNP 

human GnRHR VLGIWYWFDPEMLNRLSDPVNHFFFLFAfLNPC tDPLIYGYFSL---------------­
mouse GnRHR VLGIWYWFDPEMLNRVSEPVNHFFfLFAfLNPC tDPLIYGYcSL-~-~~-----~----­

catfish GnRHR QLGIWYWFQPQ.HLHVIPDYVHHvrrvFGNLN'1'CCOPVI'lGFFTPSfRADLSRCrCwRNQN 
goldfish A GnRHR *LGIWYWFQPRHLQSHPEYIHHALFVPGNLNTCCOPVIYGFFTPSFRADIASCFCRRNQN 

Xenopus GnRHR ·LGLWYWfQPEHINQTPEYLNHSLrLFGLLHTCTDPLvYGLY~PSfK~DLRSRK£KNSKQ 

marmoset Type II GnRHR 

361 
bovine rhodopsin 

human GnRHR 
mouse GnRHR 

catfish GnRHR 
gold fi sh A GnRHR 

Xenopus GnRHR 
mat"mos€t Type II GnRHR 

PLGLWYWFS PSHLSEVPPS LSHILrLFGLLNAPLDPLLYGAFTL~GCRRGHQELSMDSSR 

C-TERMlNAL TAIL 400 
LGDDEASTTVSKTETSQVAPA-----~---~~-------~ 

AS~SLPHfSGHRREVSGEAESDLGSGDQ·SGQ------­

SSLKSLDRLSVRRGGASR~A~SDLGSGOQPSGQQ~-~--­

LAGSSLNIKDLTSMEGPTSTAVTMQSVr------------
8EGSRRMrQQDIQALRQTEVQKTVTSRKAG£~KGTPJTSI 

Figure 1.5 Amino acid alignment of GnRH re<:eptors. TM helices as predicted by 
homology modeling with the rhodopsin crystal structure are indicated (palczewslci et al., 2000). 
Residues in red are the most conserved in the rhodopsin family of GPCRs. In green are the 
residues conserved between the GnRH receptor (GnRHR.) and rhodopsin Numerical annotation 
refers to the catfish GnRH receptor. EeL3 is represented in blue and spaces for insertions are 
represented by *. 
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cytoplasm (Ballesteros et at., 1998) (Fig \.6). Hypothetically, this steric clash promotes an 

interaction of Arg:l50(139) in TM helix three with Asp7.49(319) in TM helix seven (ASp2.50 in other 

GPCRs) during receptor activation. ASp7.49(319) forms part of a pair of conserved residues 

(Asn250(87) and Asp7 49(319~ wruch is involved in GnRH receptor activation (Zhou et aL, 1994). 

Figure 1.6 Spatial orientation of the conserved ArgHO in the DRS motif of the human type 
I GnRH receptor (reproduced from BaUesteros et aI., 1998). A three-dimensional 
computational simulation model of the human type I GnRH receptor shows the spatial proximity 
of the conserved residues in the Asp-Arg-Ser (DRS) motif. 

In most GPCRs this pair of residues is Asp250 and Asn7.49, which are 98% and 95% conserved, 

respectively (Probst et at., 1992). As discussed in section 1.3.2.3, Asp2.50 and Asn7.49 in rhodopsin 

are proposed to interact via a H20 molecule mediating a contact between helices two and seven 

(Palczewski et at, 2000). In the human type I GnRH receptor, a series of double mutations and 

molecular modeling have suggested that Asn2.SO(87) and Asp7.49(319) interact and imply that Asp7.49(JI9) 

substitutes functionally for the conserved ASp250 in other GPCRs (Ballesteros et aL, 1998). 

Asn2
.
SO(K7) in the GnRH receptor is required for stable expression of the GnRH receptor, most likely 

through an interaction with the conserved Asn l
.
5O(S3) residue, wruch is also required for receptor 

expression (Flanagan et aI., 1999). Moreover, Asp7.49(J19) is involved in GnRH receptor activation. 

If a reciprocal mutation is introduced into the GnRH receptor, which recreates the arrangement 

found in most GPCRs (ASp2.50 and Asn7.49), binding is restored (Awara et aI., 1996; Zhou et aJ., 

1994). According to molecular modeling it has been proposed that the side chain of Arg3. 50(1 39) is 

capable of extending from TM helix three toward TM helices two and seven, where it can 
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(PLA,), PI.A, ~,o~ f>ho<phalidylcl<>1in< fOrming OI""hidonil: Kid "'hi<h in Iwn "m..lotcs 

1<uIootrim< produclion in pitu~ory «lis iN"'" ... 1 .. 2000; St<>jillcovic and <:011. 1995), II has been 

sho,," lhal OnRIl difffily oct i .... ' •• lhe 1lU' MAJ'K cascade>; extrac<1IuIar oigno~",bted . iMsc 

(Ro;" <l 01 .. 1997). JWl N·l<rmirIlIl kina;c: (JNK) (Levi., ill .. 1998). pl 8MAf'K (Ror"""" el I I.. 

1999) and bis MAf'K (BMK) simIlh.....,.."ly. vio Gq and PKC ~>pOOryb,ion "r r=pto, 1)TQ>ine 

Lirla>e<IRAI'. l. II " )VOpOse<llhol It.: MAPK ca.codr<"", "'Iimed 10 ",rio ... <loll"'" ",hicn 

di<t.,<. It.: ;pccifidly of GnRH ,;W"'1lintI (N..,' <l 01 .. 2000; 1'1.." et II .. I_I. Ukinllu.ly. lhe 

,i<; .. lling poIh",.y' of It.: DoR)! re<<j>lOf "'" on vorio ... 1y .. ",11'«1 .. gonadotropin 1)."'"' 

~n. bO>synI.he .... and e.OC),IOS&S, N, disc.,oed in 5«1 .. 0 1.J.1.2. lhe GnRll pulse 

lRquen;y roodulol.,. the s~ palh,..)" and '<>i<lhe, with the dklk'rnlial ~ and duration 

of It.: ....rou. signalJirl3 palhway, p"" .... fine regulat;"n of gonadotropin "",,,,I;"n. Vorio ... 

fonm of GnRH (GnRH and GnRH II). GnRH ""'<PI"" (GnRH ""'<PIor and IJ'p< 11 GnR/1 

"",epto,). and f"""bock from I Onadoi "eroid and peptide I<>"""nes. .. em 10 he the primary 

"'W.\lto" of iIOoodolro~ "",,,,ion. 

,'jEU'" 1.7 SiJII. Ili.~ p .. ~ ... ys of I~' a.RH l'K'plor. The ~ oi&n>llinj; poIh""y 
ilwol>es lhe "'liYIIlcd OnRH =<:jJlO, irll<ror:t~ ",ioh G., ,. This G protc., ac1Mla pl»>pholipao 
C (PLq "'hi<h hyoJroly>a pho>phocidylino,;wl 1.4 bi>pho<pbol< (PIP,) to "i.<y~lya:rol (DAD) 
and inosiIol 1 .4.S·I~' (IP,). [)AO "'li""I" prol<in kina;c: C (P KC) and lP, """"hies the 
"' ..... of ea" from the (ER). C." .Iso <nt ... I .... <}'IO$OI Ihrough L'IJ'p< ""hge gol<4 (\rVG) 
ctw.-.cls, The "imuht«i GnRll recepto'...., oct i ....... pho.phoUI"'" D (PLD) .. h:ich hyd' oly ... 
pho<pbolidykholinc: (PC) 10 DAG "hi<h """ .... t<. PKC and micol).<n activa,ed prol.in ~ 
(MA PK). PC 1I<'"''''I<O....,1\idoni< ",,;,J (M) a.-.llcoLolrirn<s (LKn " hich...., ""Ii""t< PKC, 
Da.hed line< show propooed s ignolling r>'-Ihwol" via 0, on<! 0 ... prol ....... d;",u.:oed i.-. """ion 
1.] .2.1. The em prod..: .. of I .... OnRH oignolling pa,h,,-.y. are gollllollolropio biooy"'1><'" and 
«<",lion. 
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ill1er1lCU transiently witb Asp'll(J(I)l, befo~ interaclini wilb a final liailSKl binding pocket which also 

binds conslra iroed anIlJogs. 

J .J Ruuh~ 

Tho: rok: of M p' llOOl) in thl: OnRH rcuplor in Ugand biDding was investigated with a polymerase 

chain re.attion-bascd mutagenesis method usc<! to ~ptace Asp,·JIOO1) witb Asn (see m.1Ieri.a1s and 

melhods. chapter two). M~mbrane binding assays were PIlrformed to estinwe ~laIi><e affinity of 

the mulllnt to wild Iypc GnRH receptor. This method was \lSIed with a rugb affinity tracer to assess 

the binding characteristics oftlle AspllllJo021Asn mutant OniUf receplor. 

Peptide (log M) 

f i!:UR 3. 1 Competition binding of GnRB and GnRH analog! in buman .. ild ty pe and 
As p' JWf:IIA5D, !"UlJlnt GnRB rueplon . COSo! cell mcmbran~s expressin~ the hu~ wild tYJlC 
(lOp) IUld Asp ' lI102lAsn nwtant (bouom) GnRH receptors were mcubated With 1:I>1_[His',D_Tyr"}_ 
GnRH in the presence of various concentrations of GnRH (e ). [GIn'J-GnRH (e ). IUld IOlu']­
GnRH (T) Data arc mean ± SE of Il:presentili~e c){pcriments perfo~d in tri plicate alld 
expressed as percenlage of specific binding in the absence of unlabeled ligand, the latter being 
indicated as total specific bindinR (1). 
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3.2, Table 3.2). Thus, incorporation ot. D-asnino ~id in position six ofGnRH peptides with Na', 

enhaoccs bindmg Bllinity more in the mutant receptor tllan in the wild type recep10r (Table 3.2). 

·11 ·10 ..g -8 ·7 -6 -S 
PeplJdcllogM) 

FicuN 3.2 Compt lilioo hiadi., of GoRH In.lop with O· Mm l"o nid Jutn;l illiliool in 
~ilioQ ,i .. COSo] cell membranes Cllpressil"rg the ooman wild type (top) and AspUl(lO!)ASfI 
mutant (bouom) GnRH receptors werc incubated with '"J-[Hil),D-Tyr'l ·GnRH in the ~n<:c of 
varioul conccntJltions of GnRH (e ). [D-Trp", Pro9_NHEtl_GnRH (~. and [D-Trp",Gln'.Pro·­
NliEIJ-GnRH (W) Dati lie mean :10 SE of rqJtcSClltl1ivc experiments pffl"onned in 1rip1ica1e and 
u.presscd as percentage specific binding in the absence of unla be led ~gand, ,he lauer belllg 
indiealed as toull specific binding (n. 

Ilowe~r, in ,he wild type receptor 1he alfmity of[D-Trp",GIn',Pro'.NHEt].GnRH (Ki 1.8-6 * 0. 19 

nM, Table 3.1) remained significantly (p<O.OOI) lower ( 12.4-fotd) than the Iffinity of [O-TIp' ,PrCI" 

NHEII-GnRH (Ki O. I 5 * 0.04 nM, Table 3.1). In the Asp"I(IOZ)Asn mutan1 rt«ptor 1he affinity of 
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which is similar to that stabil.i2ed by D-amino acid modifications (Freidinger et aI._ 1980)_ 

Consistent with the pr~vious reran (Freidinger e\ ai" 1980), [6,7 y-lacUunj-GrJUt exhibited higher 

affinity than GnkH for the wild typoe GnRJ-l receptor (S.O-fold, Table 3.2) . This result is similar to 

the incre3s-e found with D-amino acid substitutions in position six ofGnRH (Table 3.2). (6,7 y­

!actamj-GnRJ-1 aJ,;o had high affinity for the Asp'''OO')Asn mutant GnRH receptor (Ki 4.66 ± 0.36 

nM, Table 3.3), which was 4S.S-fold hi£her than Ihc affinity for nalive GnRH (Table 3.2). This 

shows thai the y-laClam constraint enhances the affinity ofGnRH for both the wild type and mutant 

receptors (Fig. 3.3, Table 3.1) and that the affinities for both receptors are similar. Incof1lOrnlion of 

6.7 y-lactam enhanced binding affinity more in the mutant receptor tban in lhe wild type re<:epwr. 

which is similar to that found with D-amino acid suhstillltion in position six. 

T -11 -10 .g -8 .7 ~ oS 

Peptioo (Log M) 

Figure 3.3 ComfH'litioD binding or GolUI .nalogs with and without ~ 6,7 y-L1C1a m 
(Onrormaliooal (001Iraint. COSo] cdl membranes expressing Ihe human wild type (lOp) and 
Asp',)2C)o' )Asn mul3ll1 (oollom) 0nRH receptors were incubated with "'I-[His',D-Tyr' ]-GnRH in 
the presence of various concentrations ofGnRH (e l, (6.1 r-lactamj-QnRH ( _), and GnRH n ( .... ). 
Data are mean ± SE of re presemative experiments Jl"rformed in triplica:e and expressed as 
Jl"r.;:emage spoecific binding in the absence of unlabeled tigand, tbe laller bc'ng indicated as total 
specific binding (T). 
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These resuJts show that when the confonnation of GnRH is constrained (6,7 ,-lactam or D-amino 

acid in position six)~ ASp7.32(302 ) of the receptor is not required for high afiinjty binding. 

Another class of conformationally-constrained GnRH analogs includes the GnRH antagonists. The 

novel antagonist, antagonist 129-62, which has a 6,7 ),-Iactam, and antagonist 26, which has D­

Lysl>, had similar high affinities for the wild type and mutant receptors {Table 3.1, Fig. 3.4). 

-_e 

50 

, 
= n Jl .. • 

T -10 -9 -7 

Peptide (Log M) 

Figure 3.4 Competition bi.nding of GnRB antagonists. COS-I ceU membranes expressing the 
human wild type (top) and Asp7.32(302)Asn mutant (bottom) GnRH receptors were incubated with 
mI_[Hiss,D_ Tyr6]_GnRH in the presence of various concentrations of GnRH (e ), antagonist 26 
(8), and antagonist 129-62 (D ). Data are mean ± SE of representative experiments perfonned in 
triplicate and expressed as percentage specific binding in the absence of unlabeled ligand, the latter 
being indicated as total specific binding (T). 
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signalling. In contrast, the relative Emax vaJues of the different GnRH analogs were similar. 

Surprislng1y, ligands that showed no decrease in a.ffinity for the mutant receptor also exhibiled 

decreased IP production in the mutant receptor (Table 3.3, Fig. 3.S). This shows that the effecl of 

the mutation on cytoso lic signalli.ng is distinct from its effect on binding a:ffinjty for GnRH. 

1 

0.. -

B -11 -10 -9 -8 

PeJtide (Log M) 

Figure 3.5 GnRB-stimulated IP production. COS-l cells transiently transfected with the wild 
type human GnRH receptor (filled symbols) and with the Asp1,32(302)Asn mutant (open symbols) 
were incubated with various concentrations of GnRH (. , 0) and GnRH IT ( .. ) Ll). Data are mean 
± SE of a representative experiment performed in duplicate and expressed as percentage of Emax 
stimulated by each peptide in the wild type receptor. ECso vaJues in this experiment were 0.38 nM 
for GnRH in the wild type; 15.1 oM for GnRH in the mutant; 1.36 nM for GnRH II in the wild type 
and 6.76 nM for GnRH II in the mutant. 

3.4 Discussion 

The basic Arg residue in position eight of GnRH is required for high affinjty binding to mammalian 

type I GnRH receptors (Jvlillar et al., 1989). The proposal that Arg8 may be involved in an 

electrostatic ioteraction with an acidic residue in the GnR.H receptor (Hazum., 1987) was ex.amined 

in the mouse GaR}{ receptor, where it was found that the G1U7
.
l2

(301) residue confers speci.ficity for 

GnRH with Arg in position eight (flanagan et aJ., 1994). In spite of the demonstrated functional 

importance of Glu7
.
32

(lOI\ this residue is not conserved in the human GnRE receptor, which has 

ASp'·32(302) instead (Chi el aI., 1993). The carboxyl side chain of both residues suggests that 

ASp':32(302) can potentiaJJy perform the same functions in the human GnRH receptor as Glu 7
.)2IJ

01
) 
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Ser7,:3I(lOJ ProlPro 7. 33(30l'.Phe mutant GnRH recepto(s and a 1/6th dish per reaction tube was used for 

the Ser 7.3 I (301 'ProlPro 1.1J()OJrryr; Ser7.3 I(JO I 'Prol Asp 7.32(302)G luIPro 7.J3(30l1'yr and the chicken EeL3 

chimera in the huntan GnRB (chapter two). The wiJd type receptor had 1/501
/1 dish per reaction 

tube. The mutant GnRH receptors were constructed to investigate the role of Pro7
.
JJ

(lOJ) of the 

hwnan GnRH receptor in ~gand binding. Pro '],)3(J03) was mutated to AJa to determ.ine the effect of 

absence of this residue on GnRH binding. A double mutation., SerJ01 (7.3l>pro/Pro 7.3J(JOJ)Oly changes 

the position of Pro retative to ASp7.32(J02), moving it from position 7.33 to position 7.31) equivalent 

to its position in non-manunalian receptors. The mutation to Gly maximizes flexibility in this 

position. The non-mammalian GnRH receptor motifs were introduced into the huroan GnRH 

receptor by routat ing Ser30 I 0,) I 'ProfPro 7.JJ(lOJ1'yr and SerlOl (7, 31)p rol Asp 7. 32(302)GluIPro 7.3J(lOJ>yyr. 

Substituting EeL3 of the human GnRH receptor with that of the chicken GnRH receptor was 

performed to investigate the role ofEeL3 on ligand selectivity in the human GnRR receptor . 

. 50(320) 

_ "",'U'OH 

Figure 4.1 Schematic diagram of the human type I GoRE receptora Residues that are 
important for ligand binding are indicated by circles. The most conserved residues in each 
transmembrane domain are indicated by squares, according to the consensus numbering scheme. 

4.3.1 Mutating Pro 7.3:3(303) Specifically Decreases Affinity for Arg8 -containing GnRH 

The wild type human GnRR receptor exhibited high affinity for GnRH (Ki 5.62 ± 0.57 nM) and lower 

affinity for GnRH II (Ki 93.2 ± 2.60 nM) and [Gln8]-GnRH (Ki l009 ± 121 oM) Table 4.l, Fig. 4.3A), 

consistent with earlier reports that the hwnan GnRH receptor preferentiaUy binds Arg2 -containing 

9] 
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GnRH (Chi et aI., 1993). The Pro 7.JJ(J03)Ala mutant had decreased affinity for GnRH (Ki 44.0 ± 4.60 

nM) and unchanged affinities for GnRH II (Ki 213 ± 49.2 nM) and [Glnl]-GnRJ-I (Ki 1873 ± 465 nM, 

Table 4.1, Fig. 4.3B). This suggests that Pro 7.33(303) plays a role in discriminating GnRH from analogs 

that do not ha.ve Arg8. This is similar to the phenotype of the Asp?·l2{lO~)Asn mutant, which also had 

decreased affinity for GnRH but not for analogs that lack Arg8 (Fromme et at, 200 I). It was 

previously found that binding of confOImationally-constrained analogs was not affected by the 

Glu7 
32(JOI )Gln mutation in the mouse GnRH receptor (Flanagan et aI., 1994) or Asp7 J2<102)Asn mutation 

in the human GnRH receptor (Fromme et aI., 2001). To test whether this is a general phenomenon in 

mammalian GnRH receptors, binding affinity of a GnRH analog with a D·amino acid substitution in 

position six was also characterized in the wild type human receptor and in the mutant receptors 

described in this chapter. The Pro 7. 33(J01)A1a mutant showed no loss of affinity for a conformationally­

constrained analog, [His5,D-Tyr6]-GnRH (Table 4.1, Fig. 4.4), suggesting that when the conformation 

ofGnRH is constrained (D-amino acid in position six), pro7J3
(303) of the GnRH receptor is not required 

for high affinity binding. 

301--TM6--1 EeL3 j -----------TM'7----------------1 350 
human GnRHR LGIWYWFDPEMLNRLSDPVNHFFFLFAFLNPCFDPLIYGyrSL--~---­

mouse GnRHR LGIWYWfDPEMLNRVSEPVNHFFFLFAFLNPCFDPLIYGYtSL------­
chicken GnRHR LGLWYWFHPAMIQRMPEYINHSFFLFGLLHTCTDPIIYGLYTPSFREDVQ 
catfish GnRHR LGIWYWFQPQMLHVIPDYVHHVFrvFGNLN~CCDPVIYGfrTPSfRADLS 

goldfish A GnRHR LGIWYWFQPRMLQSMPEYIHHALFVFGNLNTCCDPVIYGFFTPSFRADIA 
goldfish B GnRHR LGIWYWFQPEMLKVTPEYIHHLLFVFGNLNTCCDPV1YGLYiPSfRADLA 

Xenopus GnRHR LGLWYWFQPEMITNQTPEYLNHSLFLFGLLHTCTDPLVYGLYTPSFKEDLR 
marmoset Type II GnRHR LGLWYWFSPSMLSEVPPSLSHI LFLFGLLNAPLDPLLYGAFTLGCRRGHQ 

Figure 4.2 Alignment of the amino acid sequences of ECL3 of the mammalian and 000-

mammalian GoRH receptors. In red text is the highly conserved Pro residue at locus 7.50 
according to the consensus numbering scheme (appendix I). In blue is EeL3 and in purple is the 
conserved acidic residue at locus 7.32. 

4.3.2 Position of Pro is Important for GoRH Selectivity 

The double mutant, Ser30IP.3IProlPro7.D(303)Gly, had 23-fold decreased affinity for GnRH (Ki 129 ± 

29.9 nM), but affinities for GnRH TI (Ki 236 ± 86.2 nM) and [Gln8]-GnRH (Ki 1683 ± 357 nM) 

were unchanged (Table 4.1, Fig. 4.3C). Mutating Ser7
.
31

(JOI) to AJa had a similar phenotype to the 

human wild type receptor (Davidson, personal communication, unpublished) suggesting that 

Ser7.31 (301) is not involved in GnRH binding. HoweveT~ if the Ser301(7.11)ProlPro7.3J{lOl)Gly mutations 

are introduced, a specific decrease in GnRH affinity is observed which is similar to that found with 

the Pro7 
33(303)A1a mutant receptor. Thus, substituting pro7

.
J3

(J03) or moving it to locus 7.31 in EeLJ, 

mimics a decrease in GnRH affinity as observed in the Asp?·J2(302)~n mutant receptor (Fromme et 

aI., 2001), suggesting that the mammalian location of Pro in EeL3 is necessary for high affinity 
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binding of Arg8-containing GnRJ-l. However, the Ser301(7.JI>ProfPro7.JJ(30J)Gly mutant showed no 

loss of affinity for the conformationaUy-constrained agonist, [His5,D-Tyr6]-GnRH (Table 4.1). 
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Figure 4.3 Competition binding of GoRH aod GoRH analogs in human wild type aDd EeL3 
mutant GnRH receptors. COS-I ceU membranes expressing the human wild type (A)) 
Pro7

.33(303)A1a mutant (B) and, Ser7.JI(30ITrolPro7J3(lD3)Gly mutant (C) GnRB receptors were 
incubated with mr-[His5,D-TyiJ-GnRH in the presence of various concentrations of GnRH (e ), 
GnRH IT (6 ) and [Gln8J-GnRH (T). The dotted line (---) in panels B and C represents a reference 
curve of GnRH binding with the human wild type GnRH receptor as in panel A (. ). Data are mean 
± SE of representative experiments perfonned in triplicate and expressed as percentage of specwc 
binding in the absence ofun1abeled Ligand, the latter being indicated as total specific binding (T). 

93 



Univ
ers

ity
 of

 C
ap

e T
ow

nECL3 Motif nM 

sites GnRH 

sites Icell 

1.11 ± 0.05 5.62 ± 0.57 93.2 ± 2.60 1009 ± 121 0.65 ± 0.03 

1.17±0.1l(1 44.0 ± 4.60** 213 ± 49.2 1873 ± 465 (1.86) 1.62 ± 0.22 

1.35 ± 0.06 (l 129 ± 236 ± 86.2 1683 ± 357 (1.67) 2.43 ± 0.75 

1.33 ± 0.06 (1. 76.4 ± 2.87** (I 136 ± 32.8 (l.48) 1590 ± 273 (1.58) 2.71 ± 0.71 

0.89 ± 1.57 (0.80) 193 ± 48.7* (34.3) 318 ± 94.5 (3.41) 2246 ± 505* (2.23) 12.2 ± 0.71 ** 

1.45 ± 0.06 177 ± 18.9** (31.4) 242 ± 59.5 (2.60) 4059 ± 1255* (4.02) 9.45 ± 1.09** 

ECL3 chimera 3605 ± 1487** 496 ± 157* 2822 ± 309* 281 ± 84.5** 

212 ± 40.6** 213 ± 72.4 1240 ± 227 (1.23) 1.36 ± 0.20 

'" 
'" a 
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4.3.3 Tbe Role of the Non-Mammalian Motif in ECL) on GnRH Selectivity 

The chicken GnRH receptor has high affinity for forms of GnRH with and without Arg in position 

eight and it does not preferentiaUy bind Arg8 -containing Gn.RH (Sun et aI., 200 I). To investigate 

whether the incorporation of the entire non-mammalian GnRH receptor motif (Pro-Asp-Tyr and 

Pro-Glu-Tyr) into the human GnRH receptor would generate a high affinity for aU forms of 

GnRH, GnRH receptor mutants with these motifs were constructed. The mutants, 

Ser7.) 1()01 )ProfPro 7 .))(JO)~yr and Ser7] 1(301 >Pro/Asp 7.32(J02)Glu !Pro 7J3(30)~yr showed decreased 

affinjty both for GnRH (lG 193 ± 48.7 and 177 ± 18.9 nM), and even more surprisingly, for the 

conformationally-constrained analog, [His5,D-Tyl]-GnRH (J(j 12.2 ± 0.71 and 9.45 ± 1.09 nM), 

but minimal decreases in affinity for GnRH )[ (J(j 3 J 8 ± 94.5 and 242 ± 59.5 nM) and [Gln8J­

GnRH (J(j 2246 ± 505 and 4059 ± 1255 nM) (Table 4.1, Fig. 4.4). 

- t s 100 
0 
I-
~ 0 -en 
c .-
'0 
c: .- 50 .0 
(,,) .-...... . -
(,,) 
Q) 
C-

OO 

0 
T -10 -9 -8 -7 -6 

Peptide (Log M) 

Figure 4.4 Competition binding of a conformatiooaUy-coostrained GoRH analog io bumso 
wild type and ECLJ mutaot GnRB receptors. COS-\ cell membranes expressing the human 
wild type (11). Ser7

.J I(30IlprofPro7.3J(3031phe (~), and Ser7.3J(30IlprofPro7.3J(303rryr mutant (.A) 

GnRH receptors were incubated with i1S1 -(Hiss ,D-Tyr6J-GnRH in the presence of various 
concentrations of [.Hjs~ ,D-Tyr6]-GnRH. The dotted line (---) represents a reference curve of 
GnRH binding with the human wild type GnRH receptor. Data are mean ± SE of representative 
experiments performed in triplicate and expressed as percentage specific binding in the absence of 
unlabeled ligand, the latter being indicated as total specific binding (T) . 
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both GnRH II and [GIn8]-GnRH, suggesting that these mutations result in partial uncoupling 

which is similar as found with GnRH (Table 4.2). These results suggest that both Asp7.3"2{)()2) and 

a Pro at locus 7.33 playa role in receptor activation that is commom to GnRH analogs with and 

without AIgs. 

1 

B -11 -10 -9 -8 -7 

GnRH (Log NI) 

Figure 4.5 GoRB stimulated IP accumulation. COS-l cells transiently transfected with the 
human wild type (e ), Asp7.32(302) Asn mutant (.&) (Fromme et aJ ., 2001), Pro 733(30)A1a mutant 
(_ ), Ser7.31 (30 IlprolPro 7.33(303lphe (_ ), Ser7.31(301}prolPro 7.JJ(30J)Tyr mutant (. ) and 

S 7.31(~01m. / 7.32(302)GluJP 7.33(303)T (. ) GnRH .. er . 'no Asp ro yr mutant receptors were Incubated with 
various concentrations of GnRH. Data are mean ± SE of a representative experiment performed 
in duplicate and expressed as percentage GnRR stimulated Emax of tbe wild type receptor. 

4.3.8 Tbe Conformation of ECL3 may also Influeoce Receptor Activation 

Mutant receptors with Pro in position 7.33 also had lower coupling efficiency relative to the wild 

type receptor (Table 4.2). This suggests that the position of Pro relative to ASp732(302) is 

important for receptor activation. However, this decrease in coupling efficiency is more than the 

loss of Asp711(02) or Pro 733(JO), suggesting that other residues in ECLJ or that the conformation 

of ECL3 may also playa role in receptor activation (Table 4.2). Moreover, mutant receptors with 

the non-marrunalian receptor motif in ECL3 exhibited low or no measurable IP production, 
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0.29 ± 0.09 100 100 
3.73 ± 1.83** 96.7 58.9 

9.88 ± 2.59** 61.1 ± 5.60* 36.9 
6.99 ± 1.08** 77.1 ± 9.48 39.6 

NMS NMS 
68.7 ±23.1 ** 25.3 ± 4.68** 3.36 

EeL3 chimera NMS NMS NMS 
Ser-Asn-Pro 73.0 ± 5.15* 52.7 

EeL3 motif Emax 

1.77 ± 0.42 100 100 
7.13±2.71* 77.7 ± 1.25* 37.2 

NMS' NMS NMS 
EeL3 chimera NMS NMS NMS 

Ser-Asn-Pro 71.1 ± 8.24* 37.0 

Emax 

100 100 
21.8 ± 4.35* 67.7 ± 8.65* 27.9 

NMS NMS 
EeL3 chimera NMS NMS NMS 
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was investigated using insertional mutagenesis. Ala residues (one, two, and three) were inserted 

between residue Prob38
(294) and Glub

_
37

(295) (Fig. 4.2) using oligonucleotide-directed mutagenesis 

(Kunkel et al., 1991) (chapter two). Membrane binding assays were performed to compensate for 

the lower total binding of the mutant GnRH receptors (chapter two). A membrane concentration 

of lIS 1h dish per reaction tube was used for the mutant GnRH receptors, relative to the wild type 

receptor (l1201h dish per tube). In competion membrane binding assays with 125I_[D_Ala6,N_Me_ 

Leu7,Pro9-NHEtJ-GnRH, the Ki of the wild type GnRH receptor for GnRH was 1.06 ± 0.18 nM 

(Table 5.1). 

1 I 

i 
..... 
~ 0 -C') 
I:: 

~ 
iii 
~ 
~ 

CI) 

T -11 -1 0 -9 -8 -7 

GnRH I (Log M) 

Figure 5.1 Inserting Ala residues into EeL3 of the human type I GnRH receptor decreases 
affinity for GnRH. COS-l cell membranes expressing the human wild type I GnRH receptor 
(~ and mutant receptors which had one (e ), two (A), and three (LI) AJa residues inserted after 
Pr06A7

(29<t) in ECL3, were incubated with 125I-GnRH-A in the presence of various concentrations 
of GnRH. Data are mean ± SE of a representative experiment perfonned in triplicate and 
expressed as percentage of speci:fic bind ing in the absence of unlabeled ligand (T). 

Mutant receptors with one, two or three Ala residues inserted after the N-terminal Asp-Pre-cap 

of ECL3 in the human GnRH receptor had significantly decreased affinity for GnRH (p<0.00 1, 
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this mixture to stimulate labeUed COS-l ceUs transfected. with the hwnan GnRH receptor 

decreased the agonist potency by 65.3 ± 12.6% (p<O.OI, Fig. 5.2). 

o A B -7 -6 -6 

Peptide (Log M) 

Figure 5.2 A Rl-ECL3 peptide specifically inhibits GnRH stimulated ]J>-accumulation. 
COS-] cells transiently transfected with the wild type human GnRH receptor were incubated 
alone with (A) 0 .1 nM of GnRH (e ) or (B) l.0 nM or [Gln8]-GnRH (e ). These concentrations 
of GnRH and [Gln8]-GnRH were also preincubated with increasing concentrations of Rl-ECL3 
peptide for two hours at 37°C and added to transfected cells as described ("Materials and 
Methods", chapter two) . Values are expressed as a percentage IP accumulation relative to GnRH 
and [Gln8J-GnRH that was in('.llhllt~ri llirmf' ('IV~r th~ ~:lmp: np:n(\rI n;lt:l Me mean ± SE of at least 
three experiments each pel 

1 

t 
~ o 

A -7 -6 ~ 

~flcgJlJl 

Figure 5.3 Inhibition of GnRH stimulated IP accumulation with L-peptides corresponding 
to the sequence of ECL3. COS-I ceUs transiently transfected with the wild type human GnRH 
receptor were incubated alone with 0.1 nM of GnRH (A) . This concentration of GnRH (0.1 nM) 
was preincubated (two hours, 37°C) with increasing concentrations of linear ~ and cyclic 
receptor peptides (. ) and a control peptide, somatostatin (+ ) before stimulating COS-l ceUs 
(one hour, 37°C) transiently transfected with wild type hwnan receptor with this mixture as 
described ("Materials and Methods", chapter two). Data are the mean ±SE of two experiments, 
each point performed in duplicate and expressed as a percentage IP accumulation relative to the 
0 .1 nM GnRH that was incubated in paraUeJ over the same period of time and conditions. 

110 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The RI-ECL3 peptide (10 000 nM) could not inhibit [Gln8]-GnRH stimulated IP accumulation, 

suggesting that it specifically affects GnRH potency (Fig. 5.2). Control peptides such as RJ­

GnRH and RJ-ECLI under the same conditions did not inhibit GnRH stimulated IP accumulation 

(chapter two). The preincubation of Rl-peptides and GnRH allowed sufficient association 

between the peptides and this incubation step had no adverse effects on GnRH alone. The 

interaction of GnRH with the Rl-ECL3 peptide was confinned with Surface Plasmon Resonance 

(SPR) (chapter two). The fixed RJ-ECL3 peptide bound GnRH (Kd=6390 nM) but not [G1n8
]_ 

GnRH, supporting the proposal that this peptide specifically interacts with Arg8 -containing 

GnRR. In preliminary experiments it was found that the linear and cyclic ECL3 peptides may also 

inhibit GnRH stimulated IP accumulation (Fig. 5.3). This suggests that L-peptides ofECL3 may 

interact with GnRH and that structure of these peptides may playa role in GnRH binding. 

5.3.3 The Secondary Structure of an EeL3 Peptide 

The secondary structure of this model peptide, representing ECL3 of mouse GnRH receptor, has 

been studied by micro Raman and FT-Raman spectroscopy, by ultraviolet circular dichroism (CD) 

spectroscopy, and by two-dimensional (2D) Nlv1R spectroscopy (Petry et aI., 2002). These 

studies revealed that the cyclic ECL3 peptide contains a B-hairpin loop amongst an ensemble of 

disordered structures (Petry et aI., 2002). This data is not presented in this thesis as it was 

perfonned by Renate Petry as part ofa collaborative study. In Fig. 5A the results are summarised 

oftrus part of the study. 

5.4 Discussion. 

Molecular cloning and pharmacological characterisation of GnRH receptors from a range of 

vertebrate species has shed light on the nature of the structure-activity relations of the receptor­

ligand complex and together with mutagenesis of the receptor has contributed to the refinement of 

computational molecular models (Sealfon et al., 1997). The presence of a second form ofGnRH, 

GnRH II, wruch is widely expressed in primates (Latimer et aL, 2000; White et aL, 1998) and the 

cloning of another GnRH receptor (type II) in primates (Millar et aI., 2001; Neill et al., 2001) 

indicates a need for the reevaluation of how the mammalian GnRH receptor selects between 

naturally occurring forms of GnRH. There is evidence that the mammalian type I GnRH receptor 

has evolved. a particular ligand binding mecharlism that confers selectivity for GnRH (Fromme et 

aI., 2001). Two residues in ECL3 have been identified as the micro-domain that confers 

selectivity for Arg8 of GnRH in the mammalian type I GnRH receptor (chapter four). These 

residues are Asp7J2(J02) and Pro7JJ
(JOJ) in the human type I GnRH receptor. In the mammalian 
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GnRH receptor Pro in locus 7.33 is proposed to play a complementary role to 

G lu 7 32(301)/ Asp 7,J2(J02) in selectivity for ArgB -containing GnRH, It is possible that this effect is 

exerted indirectly by influencing the alignment of the acidic residue's side chain to interact 

efficiently with Arg8 of GnRH. This raises the possibility that ECL3 may exist in a specific 

conformation which regulates the Asp7J2(Jo2) - Arg8 interaction. This question was addressed in a 

collaborative study by synthesizing peptides which correspond to ECL3 of the GnRH receptor 

(Dr David Craik, University of Queensland, Brisbane, Australia), studying them with 

spectroscopic techniques (Petry et aI., 2002), molecular modelling of ECL3 (Dr Phil Taylor, 

MRC Reproductive Sciences Unit, Edinburgh, Scotland), mutagenesis studies on ECL3, and by 

characterising interactions between GnRH and various peptides corresponding to the sequence of 

ECL3 (this chapter). 

Figure 5.4 Interaction of Arg8-containing GnRH with ASp7.32(102) of EeL3 of the human 
GnRH receptor (petry et aI., 2002). The interaction ofGnRH with ECL3 of the human GnRH 
receptor was modelled by Dr Phil Taylor (MRC Reproductive Sciences Unit, Edinburgh, 
Scotland). The O-bairpin turn of ECL3 was centered around residues Leu 297 _Asn298 _Arg299 as 
determined with spectroscopic techniques (Petry et aI. , 2002) was included in this molecular 
model. The GnRH molecule is shown in its active flIT tum confonnation and ready to dock with 

fth 'd (A 261(98) A~ 265(102) L JJ2(121)-,· h 'b· d' k . some 0 e resl ues sp , , r4)n ' ,ys ' ) m t e agorust m mg poc et as descnbed 
( chapter three). 
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Appendix I 

Consensus Residue Numbering !kherne 

In this thesis, a consertSus munbering scheme is used to facilitate the comparison of equivalent 

amino acid residues in the different rhodopsin ·Like GPCRs (BaUesteros Wld Weinstein, 1995). 

Amino aeids were numbered relative to the most conserved residue in each transmembrane 

domain, which is assigned lhe numbe r 50 (see illustration below and Fig. 1. 1). A generic 

identifier consisting of Ihe tr=membrane helix number, foUowed by the number representing its 

position relative to the most col1Sen.'cd residue in thc helix identifies ind ividual amino aeid 

residues. Its sequentllll nwnber in the particular GPCR follows titis. For example, the most 

conserved residue in helix seven of the GnRl-I receptor is Pro (in yellow on the illustration below), 

which is dcsigruued Pro' lO. In the GnRl-l receptor Pro' lO is residue number 320 and is designalcd 

pro'·l-'I\llOJ. Asp»' (in red on the illustration below) is 18 amino acids amino-terminal from Pro' 50 

and is therefu re desigruued Asp'Jl()'''-I. 

7.32 (302) 
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