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Abstract 

Until recentiy, no radioligand binding analyses had been performed on the group 

III metabotropic glutamate receptors (mGluRs), due to the absence of high atnnity 

ligands for these receptors. The synthesis of [ 3 K j - ~ - ~ ~ 4  provided a ligand with suitably 

high affinity for conducting radioligand binding analyses. My goal was to establish a 

baseline phamacological profile for the grooup III mGluRs and to investigate ditferences 

in binding which may be present between the individual receptors. Of the four group III 

rnGluRs, mGluR4 and mGluR8 displayed a high level o f  specific binding of [ 3 H + ~ - ~ ~ 4 ,  

while no specific binding was detected for mGluR6 and mGluR7. [ 3 H + ~ - ~ ~ 4  binding 

analyses were therefore performed for the mGluR4 and mGluR8 recepton. 

Results fiom cornpetition expiments revealed that mGluR8 exhibited 

significantly higher binding affinities for group III-specific antagonists and the agonist 

PPG, compared to mGluR4. To investigate the basis for these binding Merences, a 

combination of site-directed mutagenesis and molecular modeling was used to probe the 

ligand binding pockets of rnGluR4 and mGluR8. Sequence similarity between the 

leucine-isoleucine-valine binding protein (LIVBP) and the mGluRs was used to mode1 

the ligand binding domain of mGluR4. The molecular modeling was performed by Dr. H 



mgersen. Cornparison of alignments flanking the proposed ligand binding domains of 

mGluR4 and mGluR8 with the proposed mGluR4 binding pocket mode1 revealed that ail 

residues were conserved between these two receptors with the exception of two. These 

residues were serine 157 and glycine 158 of mGluR4 and the corresponding alanine 154 

and alanine 155 of mGluR8. 

Site-directed mutagenesis was used to substitute the serine 157 and glycine 158 

residues of mGluRQ for their corresponding alanine residues in mGluR8. These 

substitutions created the mGluR4-S 1 57A, Gl58A and S 1 S7AfGlS8A mutant receptoa. 

Al1 group III mGluR agonists tested showed no differences in binding afkities at the 

mGluR4 mutant receptors compared to the two wild type receptors, with the exception of 

PPG. PPG, and two phenylglycine antagonists, CPPG and MPPG, displayed binding 

affinities at the mGluR4-S 157NG158A mutant receptor which were intermediate 

between those observed for m G l W  and mGluR8. Each of these affinities was 

significantly higher compared to mGluR4, but none of the e t i e s  were equal to those 

observed for mGluR8. The antagonist MAP4 had significantly higher affinity for 

mGluR8 compared to mGluR4, but exhibited significantly lower -ty for the mGluR4 

S 157AIGI 58A receptor when compared to mGluR4. 

The results indicate that the serine 157 and glycine 158 residues of mGluR4, and 

the corresponding alanine 154 and alanine 155 of mGluR8, are important determinants in 

mediating the differences in binding atanities observed between mGluR4 and mGluR8. 

However, additional amino acids also appear to contribute to the higher f i t y  of 

phenylglycine antagonists in mGluR8. 
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1.0 Introduction 

1.1 General Properties and Classincation of the Metabotropic GIutamate 
Receptors 

Glutamate is the principal neurotransmitter at the majority of excitatory synapses 

in the mammalian central nervous system (CNS). Glutamate mediates fast excitatory 

synaptic transmission through the ionotropic glutamate receptors. This family of ligand- 

gated cation channels is cornprised of the N-methyl-D-aspartate (NMDA), a--0-3- 

hydroxy-5-methyl-isoxazole4propionate (AMPA), and kainate receptors. Glutamate 

dso modulates synaptic transmission through the activation of a class of guanine 

nucleotide binding protein (G protein)-coupled receptors temied the metabotropic 

glutamate receptors (mGluRs). 

Eight members of the mGluR family have been cloned to date. These have been 

classified into three subgroups according to their sequence homology, phannacological 

profiles, and signal transduction mechanisms (Corn and Pin, 1997). The group 1 mGluRs 

include mGluRl and mGluR5, the group II mGluRs inciude mGluR.2 and mGluR3, and 

the group II1 mGluRs are cornprised of mGluR4, mGluR6, mGluR7, and mGluR8. 

Although the mGluRs are a family of G-protein coupled receptors, they share no 

sequence homology with other members of the G-protein coupled receptor superfamily. 

The G-protein coupled receptor superfamily is composed of three subgroups of receptors 

(Galvez et ai., 1999). Receptors exhibiting homology to the rhodopsin receptor constitute 

the fust ffamily. These receptors include those for the catecholamines, acetylcholine, 

glycoproteins, and certain peptides. The family 2 receptors are those which share 

homology with the vasoactive intestllral peptide and glucagon receptors. The mGluRs 



are a member of the third family of G-protein coupled receptors and share sequence 

similarity with the GABAe receptor, the parathyroid ca2+-sensing receptor, several 

bacterial periplasmic binding proteins, a novel class of pheromone receptors, and a new 

class of taste receptors (Brown et al., 1993; O'Hara et al., 1993; Kaupman et al., 1997; 

Matsunami and Buck, 1997; Hoon et al., 1999). 

The mGluRs share roughly 45% sequence homology among the three subgroups, 

while the degree of similarity inc~eases to roughiy 70% for rnGluRs within the same 

group (Corn and Pin, 1997). mGluRs possess the characteristic seven putative 

transmembrane domains of the G-protein coupled receptors, a large conserved amino 

terminal domain (ATD), and a cytoplasmic carboxy-terminal domain of variable length 

(see Figure 1). There are 17 conserved cysteine residues within the predicted 

extracellular domain of the mGluRs, which likely form disuifide bonds and play a role in 

protein folding W o r  signal transduction (COM and Pin, 1997). The mGluRs ciiffer 

significantly fiom the conventional G-protein coupled receptors in that they contain a 

much larger ATD of approximately 580 amino acids. The ATDs of rnG1uR.s are thought 

to contain the ligand binding site. This contrasts with other members of the G-protein 

coupled receptor superfamily, in which ligand binding occurs at a site within the 

transmembrane domains (Savarese and Fraser, 1992; Tnimpp-Kailmeyer et al., 1992). 

Sequence homology comparisons have shown that the mGluR ATDs have a low 

degree of sequence similarity with the bacterial periplasmic binding proteins, most 

notably the leucine-isoleucine-valine binding protein (LIVBP) (O'Hara et al., 1993). The 

bacterial periplasmic binding proteins are a family of proteins which fùnction as 

transporter molecules to t d E c  substances such as sugars and amino acids fkom the 



Figure 1 

Schematic representation o f  the metabotropic glutamate receptors. Al1 receptors possess 

the large extracellular LM3P-like domain, which is thought to contain the ligand binding 

site of the receptor. Al1 receptors ais0 contain 17 conserved cysteine residues in the 

amino terminal domain, 7 putative trammembrane domains, and a variable C-temiinal 

tail. One G-protein coupling site is shown on the second intracellular loop. 
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periplasmic space across ceil membranes and into the cell. These proteins have an 

affuiity of approximately 1 pM for their Ligands, and are able to concentrate important 

growth substrates inside the celi (Keilerman and Szmelcman, 1974; Shuman et al., 1993). 

The periplasmic binding proteins are characterized by a bi-lobed structure which exists in 

both an 'open' and 'closed' form. U p n  binding of ligand, the periplasmic binding 

protein adopts a 'closed' codonnation around the molecule and then is able to transport 

the ligand into the cell through a ATP-dependent process (Shuman et al., 1993). The 

crystal structure of the LlVBP has been elucidated (Meador et al., 1978; Saper et al., 

1983; Sack et al., 1989; Trakhanov and Quiocho, 1995). The LrVBP contains two large 

globular domains connected by three short peptide stretches (Sack et al., 1989). The 

bound leucine molecule is held in the bhding pocket through hydrogen bonding to its 

carboxylate and amino fbnctional groups. The proposed binding pocket is also 

surrounded by hydrophobic amino acids which stabilize the sidechain of the bound 

leucine. The LIVBP amino acid sequence shares homology with the 480 extracellular, 

N-terminal amino acid residues of the mGluRs (see Figure 1). 

Residues present in the ATD of the mGluRs are thought to mediate ligand binding 

to the receptor and share a similar conformation to the structure of the LIVBP. This 

mode1 for ligand binding consists of two large, globular lobes linked by a hinge region, in 

which the ligand is thought to interact with a binding site on one or both of the lobes 

(O'Hara et al., 1993). The hinge region has been implicated in the transduction of 

binding signals as mutations in close proximity to the hinge region of the parathyroid 

ca2+-sensing receptor were identified as loss-of-fiinction mutations in patients exhibithg 

genetic diseases that affected ca2+ homeostasis (Pollak et al., 1993, Pollak et al., 1 994). 



A schematic of the mGluRs dong with a table displayhg their salient structural features 

is shown in Figure 1 and Table 1. 

The splice variants of gn>up I mG1W include mGluR la, 1 b, lc, Id, If, Sa and 

5b; al1 of these forms are coupled to the activation of phospholipase C leading to an 

iacrease in phosphoinositide turnover and a nibsequent release of ca2* fiom intemal 

stores (Pin et al., 1992; Tanabe et al, 1992; Pickering et al., 1993; Minakami et al., 1994; 

Joly et al., 1995; Pin and Duvoisin, 1995; Lamie et ai., 19%). The mGluRl splice 

variants al1 contain 887 conserved amino acid residues fiom the N-terminus of the 

receptor to an alternative splicing site Iocated afier position 887. mGluRla is the largest 

of the mGluR 1 spiice variants and contains 1 199 amino acid residues in the rat and 1 194 

residues in human resulting in a receptor of approximately 133 kDa in weight (Houamed 

et al., 199 1). mGluRl b (Tanabe et al., l992), 1 c (Pin et al., 1 992), Id (Mary et al., 1998), 

and I f  (Soloviev et al., 1999) contain shorter amino acid insertions d e r  the alternative 

splicing site to form proteins of 906, 908, 887, and 906 residues in length respectively. 

Interestingly, the protein coded for by mGluR1b and mGluRlf are exactiy the same in 

amino acid sequence even though they are coded for by two separate mRNAs. 

It has also been proposed that a sixth splice variant of mGluRl (le) may also 

exist, which may constitute a soluble form of this receptor (Pin and Duvoisin, 1995). The 

function of this receptor remains unknown as it contains no trammembrane domains or 

C-terminus, and therefore cannot couple to the activation of phospholipase C. mGluR5 

also exists in two aiternatively spliced forms. The rat mGluR5a is made up of 1 171 

arnino acid residues and has a calculated molecular weight of 13 1 kDa (Abe et al., 1992), 



Table 1 

Tables displaying the structural characteristics of the cloned mGluRs. Table 1 (a) shows 

the group 1 mGluRs, table l(b) shows the group II mGluRs, and table l(c) shows the 

group III mGluRs. Each receptor is shown with its species of origin, its known spiice 

varîants, their calculated molecular weights, and Genbank accession numbers. The 

number of possible N-linked glycosylation sites shown represents aii sites within the 

receptor. Not ali identined N-linked glycosylation sites are potential positions for pst- 

translational modification as certain sites are located intracellularly. 



Table l a  The Group 1 mGluRs 

Protein Calculated Genban k N-lin ked 
Alternative Length Molecular Accession Glycosylation 

Receptor Splice Forms Species (resid ues) Weight Numbers Sites 

mGluR t a rat 1199 133.7 kDa M61099, X57569 5 

a human 1194 133.1 kDa L76627, U3 12 1 5 5 

b rat 906 101 kDA - 5 

b human 906 101 kDa L76631, U31216 5 

c xet~op~~s 908 101.2 kDa S48085 5 
d human 887 99.8 kDa - 5 

e human - - - - 

mGluRS a rat 1171 131 kDa Dl0891 6 

a human 1181 132 kDa D28538, 6 

NM - 000842 

b rat 1203 134.5 kDa S643 15 6 

b human 1213 135.5 kDa D28539 6 





Table lc  The Group III mGluRs 

Protein Calcula ted Gen ban k N-lin ked 
Alternative Length Molecular Accession Clycosyla tion 

Receptor Splice Forms Species (resid ues) Weight Numbers Sites 

mGluR4 a rat 912 10 1.8 kDa M905 18, M92077 5 

a human 912 101.8 kDa U92547 5 

b rat 983 1 09.7 kDa U4733 1 5 2 

mGluR6 - rat 871 95.0 kDa D 13963 4 
- human 877 95.7 kDa US2083 4 

mGluR7 a rat 915 102,2 kDa X94552 4 

a human 915 102.2 kDa U06832, D 168 17 4 

b rat 922 1 03 ,O kDa X96790 4 

b liuman 922 1 03 .O kDa - 4 



Table lc  (con t'd) 

Protein Calculated Cenbank N-lin ked 
Alternative Length Molecular Accession Glycosylation 

Receptor Splice Forms Species (resid ues) Weight Num ber Sites 

mGluR8 a rat 908 101.9 kDa U 17252 4 

a human 908 101.9 kDa U92459 4 

b rat 908 101.9 kDa Y1 1153 4 

b human 908 101.9 kDa A523692 1 4 
c human 50 1 56.0 kDa A5236922 3 



while mGluRSb contains 1203 residues leading to a protein with a caiculated molecular 

weight of 134 kDa (Minakami et al., 1993). 

The group II mGluRs are negatively coupled to adenylyl cyclase and the 

production of cyclic adenosine monophosphate (CAMP) through a pertussis toxin- 

sensitive G-protein @:/Go) when heterologously expressed in cell lines (Thomsen et 

al., 1997; Flor et al., 1997; Corti, et al., 1998). The rat versions of mGluR2 and mGluR3 

are composed of 872 and 879 amino acid residues respectively to yield proteins of 97 and 

99 kDa (Tanabe et al., 1992). 

Similarly, the group iII mGluRs (and their splice variants 4a 4b, 7a, 7b, 8a, and 

8b) are also negatively coupled to adenylyl cyclase and the production of CAMP via a 

Gi/Go protein. mGluR4 and mGluR7 have two alternatively spliced forms each, while it 

has recently been discovered that mGluR8 possesses three aitematively spliced forms. 

The rat mGluRL4a possesses 912 amino acid residues and has a calculated molecular 

weight of IO2 kDa, while the rat mGluR4b contains 983 residues and has a calculated 

molecular weight of 1 10 kDa (Tanabe et al-, 1992; Thomsen et al., 1997). No splice 

variants have been identified to date for mGluR6. The rat version of this receptor spans 

871 arnino acid residues and has a calculated molecular mass of 95 kDa (Nakajima et al.. 

1993). Rat mGhR7a and mGluR7b contain 9 15 and 922 residues respectively and have 

calculated molecular weights of 102 and 103 kDa respectively (Okamoto et al., 1994; 

Flor et al., 1997). 

The splice variants of mGlu.8 contain 908, 908, and 501 amino acid residues for 

rnGluR84 mGluRSb, and mGluR8c respectively (Saugstad et al., 1997; Corti et al., 1998; 

Malherbe et al., 1999). The rat mGluR8a and mGluR8b teceptors both have calculated 



molecular weights of 102 kDa, while the human mGluR8c has a cdculated molecular 

weight of 56 kDa. The human rnGluR8c contains a 74-base pair out-of-frame insertion 

which results in a stop codon (Malherbe et al., 1999). This leads to the truncation of the 

receptor before the putative seven trammembrane domains and may suggest that the 

rnGluR8c isoform represents a soluble form of this receptor. 

I .2 Pharmacology of tbe Group LII mGluRs 

The prototypic mGluR ligands are characterized by the presence of three 

structural domains. These include an amino acid backbone composed of a carboxylic 

acid and amino group attached to the a-carbon, a hydrocarbon linker region generally 

containing 3-4 carbons and a distai carboxylate or phosphonate moiety. Many 

antagonists at the rnGluRs are structurally sirnilar to the agonists with the exception that 

they are further substituted with an additional alkyl group at the a-carbon position. Group 

1 receptors are selectively activated by the agonists quisqualate and 3,s- 

dihydroxyphenylglycine. Group II mGluRs show high affiinity for the agonists (2S, I'R, 

2'R, 3 'R)-2-(2, 3-dicarboxycyclopropyl)glycine, (2% 2' S, 1 ' S)-2- 

(carboxycyclopropy1)glycine (L-CCG- 1), and 1 S, 3 S aminocyclopentanedicarboxylate. 

The presence of a phosphonate group on carbon-4 of the mGluR ligands seems to confer 

selectivity of these compounds for the group III mGluRs. Thus, the group III mGluRs 

are pharmacologically unique in that they are selectively activated by the agonists L- 

amino4-phosphonobutyric acid (L-AP4) and L-serine-O-phosphate (L-SOP) (Tanabe et 

al., 1993; Brabet et al., 1998). Both L-AP4 and L-SOP are structural analogues of L- 

glutamate in which the y-carboxyl group of glutamate has been substituted for a 



phosphonate group. Although L-AP4 and L-SOP selectiveiy target group Ill receptors, 

high affinity and subtype-specific ligands for the group ID receptors have yet to be 

developed. An analogue of AMPq (R!3)-2-amino-4-(3-hydroxy-5-methylisoxazol4 

y1)butyric acid (or homo-AhPA) has been shown to be specific for mGluR6 receptors, 

however it activates this receptor with a 4-fold lower potency than L-glutarnate (Brauner- 

Osborne et al., 1996). The structures of some ligands known to activate the group 

mGluRs are displayed in Figure 2. 

The pharmacological profiles of the group III mGluRs have been established 

using functiond assays that measure the accumulation or inhibition of second messenger 

molecule production when cells expressing group ili mGluRs are treated with agonist. A 

list of half-maximal constants (EC50) for agonists at the group ID mGluRs is shown in 

Table 2. Inhibition of CAMP formation is the most commonly used assay for the 

characterizabon of the group III mG1uR.s. This assay involves stimulating group IIi 

Other functional assays used to pharmacologically cbaracterize the group ï I I  rnGluRs are 

the measuring of G-protein coupled inward rectifying potassium currents in Xenopus 

oocytes and the measurement of inositol phosphate levels in cells CO-transfected with one 

of the group DI mGluRs and a chimeric G-protein. These assays are discussed in more 

detail below. Results from these functional assays have yielded a rank order of potency 

for agonists at the group III mGluRs of L-AP4 s L-SOP r L-glutamate s L-CCG-1 > (1 S, 

3s)-ACPD. A notable exception to this trend is present with mGluR8, in which the rank 

order of potency is similar for these compounds except for L-CCG-1, which is roughly 

equipotent with L-AP4 (Saugstad et al., 1997). Although the group KU mGluRs share 

roughly the same rank order of potency, activation of mGluR7 requires 



Figure 2 

Structure of ligands exhibithg activity at the group III mGluRs. The ligands have 

been divided into agonists and antagonists based on their activities in fünctional assays. 

Ail ligands contain a carboxylate and amino functional group at the a-carbon. Ligands 

exhibiting specificity for the group IiI mGluRs (al1 ligands shown with the exception of 

L-glutamate and L-CCG-1) contain a phosphonate (PO(OH2)) moiety at the 4 or 5 

position of the molecule. Aatagonists c m  be structuraliy differentiated from agonists by 

the additional substitution of an alel group at the a-carbon of the Ligand. 



Structures of Ligands Exhibiting ActMty at the Croup III mGluRs 

Agonists: 

CO9H 
1 -  

L-CCG- I 

Antagonists: 

L-2-amino4phosphonobuty~ic 
Acid (L-AP4) 

Cyclobuty lene APS 

L-serine-O-phosphate 
(L-SOP) 

(R,S)-phosphonophenyl 
Glycine (PPG) 

(S)-2-amino-2-methyl4 (RS)-a-methyi4phosphono (RS)-a-cyclopropyl4 
phosphonobutyric Acid (MAP4) phenyigiycine (MPPG) phosphonophenyiglycine (CPPG) 



Table 2 Publisbeâ ECm (in IiM) Vdues for Group ï ï I  mGluR Agooists 

Compound 

L-AP4 

L-SOP 

L-glutamate 

ACPD 

L-CCG- 1 

Homo-AMPA 

A list of half-maximal constants (EC5o) for agonists at the group iII mGluRs. Calculated 

ECso values were taken from the foliowing references: 

4 Conn and Pin, 1997; Laurie et ai., 1997; Wu et ai., 1998; Flor et al., 1997; 
5 7 Saugstad et al., 1997; Corti et ai., 1998; Ahmadian et al., 1997; *   rab et et al., 1998 



much higher concentrations of agonists to elicit a fûnctional response than do mGluR4, 

mGluR6, or mGluR8 (Saugstad et al., 1994; Okamoto et al., 1994). This may suggest 

that mGluR.7 may bind ligand with a much lower affinity or transduce its binding signal 

with greatly reduced efficacy as compared with the other members of the group III 

mGluRs. 

Al1 ECso values in Table 2 have been obtained from inhibition of CAMP assays, 

with the exception of those generated by Saugstad et al-, 1997, Corti et al., 1998 and 

Brabet et al., 1998. The ECJo values generated by Saugstad et al., 1997, were obtained 

from G-protein coupled inward rectfiing potassium current amplitudes assayed in 

transfected Xenopus oocytes. For this assay, Xenopus oocytes were CO-injected with 

cRNAs for mGluRS and the G-protein-coupied inward rectieing potassium channels 3.1 

and 3.4. The oocytes were bathed in high potassium solution until the basal potassium 

current had reached equilibrium, and then were supplemented with test agonists and the 

final current measured. The ECso values from Corti et al., 1998, and Brabet et al., 1998, 

were obtained corn increases in inositol phosphate levels measured in celis transfected 

with the Gqi9 chimeric G-protein. Co-transfection of group II or group III mGluRs with 

the Gqis chimeric G-protein allows these receptors to couple to the phospholipase C- 

activated inositol phosphate signaling pathway. Basal inositol phosphate levels were 

detennined by measuring fHlmyo-inositol levels d e r  a 30 minute incubation of the cells 

in 10 rnM LiCl and glutamate pyruvate transaminase. M e r  agonist application, results 

were calculated as the total amount of inositol phosphate produced over the radioactivity 

measured in the membrane fraction. 



The values in Table 2 have been acnunulated fiom a varïety of functional assays 

employing numerous ce11 culture systems. This may account for the more than 10-fold 

difference in ECso values for some of the agonists. Aithough it has not been shown in 

Table 2, it should be noted that pharmacological profdes have been documented for the 

splice variants of mGluR4, 7, and 8. These assays reveded no statisticaiiy siwcant 

differences in ECso values between the altematively spliced fonns of each receptor 

subtype (Thomsen et ai., 1997; Corti et al., 1998). 

1.3 Localization o f  the group III mGluRs 

The discovexy that application of L-AP4 to the hippocampus and retinal 

glutarnatergic pathways elicits an inhibitory effect on synaptic transmission, prompted a 

search for the receptors that were mediating this effect (Koemer and Cotman, 1981). 

Molecular cloning of the group III mGluRs identified these receptors as the most likeiy 

candidates responsible for these observed decreases in synaptic transmission (Tanabe et 

al., 1992). An understanding of the regional and synaptic localization of the group III 

mGluRs would be invaluable for elucidating the specific receptors respoasible for the 

observed physiological effects of mGluR agotïists. 

The group III rnGluRs are widely distributed throughout the CNS, with the 

exception of mGluR6, whose expression is restricted to the retîna. They are pnmarily, 

but not exclusively (see below) localized to asymmetric synaptic contacts with 

postsynaptic dendrites, but it has been shown that these mGluRs are also present at 

symmetric synapses ( Risso Bradley et al., 1996; Kinoshita et al., 1998; Risso Bradley et 

al., 1 999). Asyrnmetric sy nap tic contacts are characteristic of excitatory/glutamatergic 



synapses in which a swollen and electron dense postsynaptic density is present, whereas 

symmetric synapses are typical of inhibitory/GABAergic synapses in which the relative 

electron densities of the pre- and postsynaptic densities are roughly equal. With the 

group iIi mGluRs' presynaptic localization at glutamatergic synapses, and their 

functional negative coupling to adenylyl cyclase in ce11 cultures, a likely role for these 

receptors is as autoreceptors to inhibit M e r  release of glutamate. 

Interestingly, immunohistochemical studies performed on mGluRL4 and mGluR7 

have revealed that these receptors are aiso present presynaptically at symmetric synapses. 

Both rnGluR.4 and mGluR7 have been localized on axon terminals of GABAergic 

projection neurons, and mGluRZI has also been localized to noradrenergic axon terminais 

in the locus coeruleus (Risso Bradley et al., 1996; Risso Bradley et al., 1999). This may 

suggest a possible role for group III mGluRs as inhibitory heteroreceptors in the CNS. 

It is intriguing to speculate that different mGluRs may act as functional 

heteroreceptors at various synapses. It is d l  not completely understood how such 

receptors would become activated at non-glutarnatergic synapses. However, it has 

recently been reported that mG1uRs and GABAB receptors are involved in heterosynaptic 

inhibition of synaptic transmission in the mossy fiber system (Vogt and Nicoll, 1999). 

This inhibitory signaling is dependent on the fact that both glutamate and GABA can 

readily d i f i se  away from their point of release and activate receptors at a distance. 

Spillover of neurotransmitters frorn adjacent synapses may therefore be able to activate 

nearb y heteroreceptors and modulate sy naptic transmissi on. 

In contrast to other mGluRs, mGluR6 protein expression is restrkted to a post- 

synaptic site on rod bipolar cells of the inner nuclear Iayer of the retina, where it is 



thought to mediate the ON response elicited by Light (Nomura et al., 1994; Masu et al., 

1995). It has been shown that tissue-specific distribution of mGluR6 and its 

developmental regulation is mediated by the 9.5 kilobase sequence located upstream (53 

of the translational initiation site in the mGluR6 gene (Ueda et ai., 1997). This 9.5 

kilobase fragment from the mGluR6 gene was fused to the fbgalactosidase reporter gene 

and then inserted into the mouse genomic DNA- Expression of f3-galactosidase was 

rescricted to the retinai bipolar cells, which is  the appropriate location for rnGluR6- This 

may suggest that the n e c e s s q  information for tissue-specific targeting of mGluRs in the 

CNS is coded for by signals present in the nucleic acid sequence of their corresponding 

genes. 

The rnGluR4a mRNA is present at high levels in the granule cells of the 

cerebellum (Makoff et al., 1996). Lower levels of mGluR4 mRNA are found in the 

hippocarnpus, hypothalamus, thalamus, caudate nucleus, and cerebral cortex (Flor et al., 

1995; Makoff, et al., 1996). Immunocytochernical studies have shown the mGluR4a 

protein is moderately distributed throughout the rat and mouse CNS, with highest levels 

found in the cerebellum (Kinoshita et al., 1996; Mateos et al., 1998). The presence of 

high levels of mGluR4 protein expression in the cerebellum were also confinned by a 

[ 3 ~ - ~ - ~ ~ 4  autoradiographic study of mGluR4 knock-out mice (Thomsen and Hampson, 

1999). mGluR4 knock-out mice displayed a significant decrease in [ 3 H J - ~ - ~ ~ 4  binding 

compared with wild-type mice in the molecular layer of the cerebellum. Within the 

cerebellum, expression is Iimited to a presynaptic site on asyrnrnetncal synapses between 

the dendritic spines of the Purkinje ceils and the axonal projections of the pardel fibers 

from the granule cells (Kinoshita et al., 1996). 



Lower levels of mGluR4a expression are found in the hippocampus, cerebrai 

cortex, olfactory bulb, striatum, piriform cortexlamygdala, and thalamus (Risso Bradley 

et al., 1996; Phillips et al., 1997; Risso Bradley et ai., 1999). Within the hippocampus, 

moderate mGluR4a expression is present in the molecular layer of the dentate gyrus, 

while in the cerebrai cortex mGluR4a expression is seen in a laminar fashion and is 

distributed evenly throughout the cortex at the interface of cortical layers N and V 

(Shigemoto et al., 1997; Phillips et al., 1997). Locaiization of mG1uMa protein 

corresponded closely with the observed distribution of mGluR4 mRNA, yet not al1 areas 

exhibiting mGluR4a protein expression had detectable mRNA signals. No detailed 

immunohistochemicai localization studies have been undertaken thus far to examine 

differential expression patterns of mGluR4a and mGluR4b. 

The mGluR7a mRNA is widely distributed throughout the CNS. High levels of 

mRNA expression are present in the rat cerebrai cortex, olfactory bulb, stria- and 

thalamus, while lower levels of expression are present in the hippocampus, 

hypothalamus, midbraîn, superior colticulus, and dorsal root ganglion (Saugstad et al., 

1994; Okamoto et ai., 1994; Makoff et al., 1996). mGluR7a protein expression 

corresponds well with its mRNA distribution in the CNS, with highest levels found in the 

olfactory bulb, hippocampus, and cerebral cortex of the adult rat. mGluR7a is the 

principal member of the group ID mGluRs expressed in the hippocampus and is labeled 

with high intensity in the CA1, CA3 and dentate gyrus regions (Shigemoto et al., 1997; 

Kinoshita et al., 1998). Moderate levels of mGluR7a are found in the amygdaia, basal 

ganglia, supenor colliculus and spinal cord and lower levels are found in the thalamus 

and hypothalamus (Ohishi et al., 1995; Kinoshita et al., 1998). mGluR7b protein 



expression is very timited in the CNS and is nearly always colocalized with mGluR7a. 

mGluR7b expression is present at lower levels than mGluR7a in al1 examined brain areas 

with the exception of the cerebellurn and lateral vestibdar nucleus (Kinoshita et ai., 

1998). As with mGluR4a, mGluR7a/b protein is localized to presynaptic axon terminais, 

but not ail expression was limited to glutamatergic synapses. Some of the highest levels 

of rnGluR7db in the brain were found in the axon terainais of the isiands of Calleja, 

which are known to be GABAergic neurons (Ohishi et al-, 1995; Kinoshita et ai., 1998). 

Similady, mGluR4 and mGiuR8 are also found on symmetric synapses of intemeurons, 

but to a much lesser extent than mGluR7 (Shigemoto et al., 1997). 

rnGluR8, like mGluR4 has a moderate distribution throughout the mamrnalian 

CNS. mRNA for mGluR8 is present at high levels in the olfactory bulb, pirifonn cortex, 

and pontine grey of both rat and mice. mGluR8 protein expression is most prominently 

localized to the olfactory bulb, pontine grey, and the lateral reticuiar nucleus of the 

thalamus (Duvoisin et al., 1995; Saugstad et al., 1997). Within the mouse olfactory bulb, 

the strongest amount of mGluR8 expression is found in the mitral and granule cells of the 

olfactory bulb proper, and the accessory olfactory buIb (Duvoisin et al., 1995). Lower 

levels of mGluR8 expression exist in the rat cerebral cortex, cerebellum, hippocampus, 

and mamrnillary body (Saugstad et al., 1997). In the hippocampus, mGluR8a 

immunoreactivity is weak and diffuse, but shows prominent expression in the moiecular 

Layer of the dentate gyrus and the terminai zone of the lateral perforant path in the CA3 

region (S higemoto et al., 1 997). mGiuR8a display s the typical presynaptic localization of 

the group IlI mGluRs at both symmetric and asymmetric synapses in the brain. No 



detailed immunohistochernical localization studies have been undertaken to investigate 

the specific localization of mGluR8b. 

1.4 Regulation of Synaptic Transmission by Group tII mGIuRs 

Group II and IIï mGluRs have been fiuictionally characterized by their coupling 

to the inhibition of forskolin-stimulated increases of CAMP levels in numerous brain 

slices and neuronal cultures (Prézeau et al., 1994; Bruno, et al. 1995). Along with their 

inhibitory coupling to adenylyl cyclase, activation of the group IiT mGluRs has also been 

shown to negatively modulate neuronal excitability through their effects on ion channels. 

Agonist stimulation of group III mGluRs has been shown to reduce ca2' currents in 

various brain regions through inhibition of both N-type and P/Q-type voltage-gated ca2- 

channels (Trornbley and Westbrook, 1992; Pin and Duvoisin, 1995; Takahashi et ai., 

1996). However, the mechanism underlying this reduction is not yet hily understood. 

The decrease in ca2' currents elicited by group iII mGluR activation is known to be 

mediated through a pertussis toxin-sensitive G-protein, most likely G, or Go. Evidence 

suggests that the underlying mechanism of inhibition seems to be due to a direct 

interaction between the G-protein and the ca2- chamel. Herrero et al (1 996) showed that 

both the protein kinase A and protein kinase C pathways are not involved in the decrease 

in ca2- currents (Herrero et al., 1996). Preliminary evidence also suggests that group III 

rnG1uR.s may be able to modulate the activity of G-protein inward rec te ing  K- channels 

(Conn and Pin, 1997). 

The localization of the group III mGluRs, dong with their negative coupling to 

both adenylyl cyclase and voltage-gated ca2- channels, support a role for these receptors 



as presynaptic autoreceptors at glutamatergic synapses. Consistent with this idea, group 

III mGluR agonists have been shown to cause a reduction in synaptic transmission at 

glutamatergic synapses (Attwell et al., 1995; Schoppa et al., 1997; Dietrich et al., 1997). 

Along with their effects at glutamatergic synapses, activation of group III mGLuRs has 

been shown to moddate the activity of other receptors. Group III mGluRs have been 

shown to be located presynaptically on GABAergic neurons in the striatum, olfactory 

bulb, and thalamus as weii as noradrenergic neurons of the locus coenileus (Salt et ai., 

1996; Risso Bradley et al., 1996; Kinoshita et al., 1998). Activation of group III mGluRs 

in the thalamus of adult rats causes a reduction in the presynaptic release of GABA (Salt 

et al., 1996). These data suggest a role for group III rnGluRs as potential heteroreceptors 

at some GABAergic nerve terminah. 

Definitive evidence supporting the involvement of group DI mGluRs in the 

depression synaptic transmission bas corne fkom the studies performed on the mGluR4 

knock-out (KO) mice. L-AP4 caused dose-dependent depression of excitatory 

postsynaptic currents and excitatory postsynaptic potentials in cerebellar slices taken 

from wild-type (WT) mice. When the same paradigm was applied to the mGIuR4 KO 

mice, L-AP4 did not elicit any changes in excitatory postsynaptic currents or excitatory 

postsynaptic potentials pekhletski et al., 1996). These results taken together suggest that 

mGluR4 indeed does fùnction to inhibit synaptic transmission when activated by a group 

m-specific agonist. In another set of experiments, Pekhletski et al (1996) investigated 

the effects of mGluR4 on short-tenn synaptic plasticity in cerebellar slices from WT and 

mGluR4 KO mice. WT mice exhibited a characteristic paired-pulse facilitation when 

two pulses were adrninistered to the paralle1 fibers at an inter-stimulus duration of 500 



msec. The observed paired-pulse facilitation resul ts from increased sy naptic release of 

glutamate which is related to a penod of superexcitabiiity in the parallel fiber axons 

(Gardner-Medwin, 1972). The degree of paired-pulse facilitation was grealy reduced in 

the rnGluR4 KO mice (Pekhletski et al., 1996). 

mGldZ4-mediated effects on synaptic transmission were also examined by 

studying the effects of this receptor on post-tetanic potentiation. Post-tetanic potentiation 

was achieved with the WT mice in this paradigm by administenng a train of stimuli to the 

parallel fibers, followed by a test stimulus 300 msec after the train of pulses. The test 

stimulus evoked a modest increase in current amphtude in the WT mice. When tested in 

the mGluR4 KO mice, post-tetaaic potentiation was dramaticaliy reduced and displayed 

post-tetanic depression (Pekhletski et al., 1996). These data suggest that mGluR4 may 

function so as to conserve the synaptic stores of glutamate for release upon repetitive 

stimulation. Such a mechanism would suggest that the mGluR4 KO mice would rapidly 

deplete their synaptic stores of glutamate due to repetitive firing and could account for 

the observed decreases in paired-pulse facititation and post-tetanic potentiation. 

1.5 Potential Clinicd Uses of the Group III mGluRs 

Excessive glutamate release is known to play a key role in the underlying 

neuronal mechanisin of epileptic seizures and the associated neurotoxicity. Glutamate's 

involvement in neurotoxicity has been well documented. Ce11 death is known to be 

caused by excessive release of glutamate, which mbsequently activates the NMDA and 

AMPA subtypes of ionotropic glutamate receptors (Faden et al., 1989, Wrathall et al., 

1992). The activation of the ionotropic glutamate receptors leads to a large influx of NaA 



and ca2' into the neuron which subsequentiy induces protease and lipase activity, and 

Ieads to the accumulation of free radicals (Faden , 1993; Panter and Faden, 1994). The 

sum of these cellular processes is believed to Iead to neuronal ce11 death. 

Many in vivo studies support an ad-epileptic role for the group III mGluRs, 

which are thought to reduce the severity of seizwes as a result of the inhibition of 

voltage-gated ca2+ channels and the subsequent reduction in glutamate release (Nicolettï 

et al., 1996). Administration of group III mGluR Ligands bas been show to protea 

against both chemicaily and electrically-induced seinires in several rodent models of 

epilepsy (Tizano et al-, 1995; Suzuki et al., 1996; Abdul-Ghani et al., 1997; Gasparini et 

al., 1999). 

In support of an anti-convulsant role for the group ï I I  mGluRs, an increase in 

rnGluR4 mRNA levels has been reported in rats exhibiting status epilipticus as compared 

to control rats (Aronica et al., 1997). Since mGluR4 functions as an autoreceptor to 

decrease synaptic currents and subsequently inhibit further glutamate release, the 

upregulation of mGluR4 levels would decrease synaptic transmission. in addition, an 

increase in sensitivity of the group Ei mGluRs for L-AP4 has been reported in amygdala- 

kindled rats (Neugebauer et al., 1997). L-AP4 applied to basolateral neurons from 

arnygdala-kindled rats decreased synaptic transmission with a 28- to 30-fold increased 

potency as compared with control neuroas. This resuit suggests that the group III 

mGluRs may now be more sensitive to stimulation with a given concentration of 

glutamate, and would result in an increased inhibition of synaptic transmission and 

glutamate release. The increased sensitivity of basolateral amygdala neurons during 

epileptogenesis may reflect an increase in afinity of these receptors or may reflect an 



aiteration in couplhg to second messenger systems. These findings taken together 

suggest a potential role for the group III mGluRs in the treatment of certain classes of 

epilepsies. 

In addition to their anti-convulsant properties, agonists of the group III mGluRs 

may also be involved in regulating the downstrea.cn signaling events that are elicited 

following trauma to the CNS. Agonist activation of group III mGluRs can inhibit the 

presynaptic release of glutamate and therefore may impart neuroprotective properties to 

these receptors. In support of this hypothesis, it has been demonstrated that activation of 

the group III mGluRs with L-AP4 following physical or M A - i n d u c e d  neuronal injury, 

significantly reduces neuronal death in cortical and cerebellar granule ce11 cultures 

(Faden et al ., 1997; Lafon-Cazal et al., 1999). Maiese et al. (1 996) have also shown that 

pretreatment of rat hippocampal neurons with L-AP4 is able to significantly increase the 

survival of these neurons following nitric oxide exposure. Similarly, it has been shown 

that the administration of (S)-4-carboxy-3-hydroxyphenylglycine reduces infarct size in 

rats f i e r  focal cerebral ischemia (Rauca, et ai., 1998). It is however not known to what 

degree the neuroprotective effects of (S)4-carboxy-3-hydroxyphenylglycine are 

attributable to its activation of group III mGluRs, as this compound is known to act as an 

antagonist at group 1 mGluRs and as an agonist at group II and iU mGluRs. Finaily, 

mGluR4 levels, but not those of group 1 or II rnGluRs, have been reported to be 

upregulated in susceptible brain regions following global ischemia in rats, while mGluR4 

protein expression has been found to be reduced in cerebellar granule neurons which 

have been selected to undergo apoptotic neuronal death (Iversen et al., 1994; Borodezt et 

al., 1998). 



1.6 Structure o f  the Glutamate Binding Domain 

The homology between the LIVBP and the ATDs of the rnGluRs suggests that 

specific residues within the rnG1u.R ATD may be responsible for the binding of 

glutamate. To vaiidate t&is idea, studies employing chimeric receptors have been used in 

which the N-terminus of a mG1u.R from one subgroup (e-g. group m) is ligated to the 

transmembrane and C-terminal domains of a mGIuR of another subgroup which is 

coupled to a different signal transduction mechanism (e .g group 1). Such studies show 

that these chimeric receptors are able to retain the phamacological profile of the mGluR 

group found in the N-terminal domain, yet elicit a signaling event characteristic of the 

mGluR group present in the trammembrane and C-terminal domains (Takahashi et ai., 

1993; Tones et al., 1995). For example, a mGluR4/mGlui?.l chimeric receptor, in which 

the amino terminal domain of mGluR4 is fused with the transmembrane domains and C- 

terminus of mGluR1, is able to elicit an increase in intracellular ca2' levels when 

activated by the group Di specific agonist L-AP4 (Tones et al., 1995). 

More recently, the expression and characterization of tmncated, soluble versions 

of rnGluRl (Okamoto et al., 1998) and rnG1uR.Q (Han and Hampson, 1999) also support 

the theory of ATD-mediated binding of ligands. Both tnincated receptor constructs 

contain the ATD portion of the receptor and have been shown to retain high afflnity 

binding for their respective ligands. These results indicate that the receptor binding event 

is mediated by residues present in the ATD and that binding is readily dissociable from 

the transmembrane domains of the receptor. 

The structure of the periplasmic binding protein have been assessed by X-ray 

crystallography, and the LIVBP, specifically, has been found to exist in two forms, an 



'open' and 'closed' form (Sack et al., 1989). In the open fom, the LIVBP is found to 

bind its ligand by means of hydrogen bonds and van der Waals interactions imparted by 

residues present on both globuiar domains. in a landmark paper by O'Hara et al. (1993), 

site-directed mutagenesis was used to probe the mGluRl binding pocket for residues that 

are essential for ligand binding. The senne 79 and threonine 102 side chah atoms in the 

LIVBP are known to form a hydrogen bond with the a-ammonium and a-carboxylate 

atoms of the glutamate ligand (Sack et al., 1989). Alignment of the LIVBP with mGIuR1 

shows that serine 165 and threoaine 188 residues of mGluRl correspond to s e ~ e  79 and 

threonine 102 in the LIVBP. Mutation of serine 165 of mGluRl to alanine resulted in a 

160-fold decrease in afinity of mGluRl for its Ligand, while mutation of threonine 188 to 

alanine resulted in an even Iarger decrease in affinity- No hctional  response was 

elicited by the T188A mutant. The afEnity of the mGluRl receptor for both glutamate 

and quisqualate was reduced by over 10,000-fold for the S l65A/T 188A double mutant 

(O'Hara et al., 1993). A third residue, alanine 100 in LIVBP and serine 186 in mGluR1, 

is known to hydrogen bond with the ligand; this bond occurs between the Ligand and the 

protein backbone carbonyl group of this residue. Consistent with this observation, 

mutation of senne 186 of rnGluRl to alanine showed only a small decrease in affinity of 

mGluRl for glutamate, as the backbone carbonyl group is still present in the alanine 

residue (O'Hara et al., 1993). Together, these results clearly establish that the primary 

determinants of agonist binding to rnGluRs are present in the ATDs of these receptors. 

A recent sîudy by Juilian et al. (1999) has proposed a phmacophore mode1 to 

describe ligand binding interactions for mGluRl and mGluR2. These models were 

designed around structure-activity relationships observed for a variety of stmcturally 



diverse agonise and antagonists at both of these receptors. Each mode1 describes areas 

of interaction with the bound ligand or interfaces at which interactions with certain 

fûnctionai groups are forbidden. For instance, the mG1uR 1 phannacophore model 

describes four zones including (1) a region which participates in a hydropbilic 

interaction, (2) a region in which no positively charged functional group may be present, 

(3+4) and two forbidden regions in which no functional group of a ligand may reside. 

Interemngly, even though mGluRl and mGLuR2 are able to bind some of the same 

ligands, their pharmacophore models had no overlapping regions displaying the same 

binding requirements. Thus a forbidden region in mGluRl does not correspond to a 

forbidden region in mGluR2. Although no phannacophore model was proposed to 

describe any of the group III mGluRs, it is likely that these receptors also possess their 

own steric requirements for the binding of their group-specific Ligands. The presence of 

differentially located forbidden zones or zones of hydrophobic interactions may account 

for the different specificities and afEnities for binding of ligands at the three groups of 

mGluRs, and may explain differences in binding between individuai mGluRs of the sarne 

group. 

1-7 Experimental Rationale and Objectives 

A valid cornparison of the published pharmacological profiles of the group III 

mGluRs is difficult because the functional assays used to characterize these receptors 

have been conducted using various expression systems and a wide assortment of Ligands. 

Until recently, no radioligand binding analyses had been perfonned on the group iII 

mGluRs, due to the absence of high &nity ligands for these receptors. The synthesis of 



[ 3 ~ - ~ - A P 4  provided a ligand with suitable affuiity for perfomhg binding analysis on 

the group III mGluRs (Eriksen and Thomsen, 1995). These initiai experiments 

determined the time course, optimal temperature, and ionic requirements for [ 3 ~  -L-AP~ 

binding to mGluR4 transfected baby hamster kidney cells. The L~W-L-AP~ radioligand 

binding assay was also used to calculate dissociation constants and Hi11 coefficients for 

mGluMa and rnGluR4b expressed in insect sfP cells (Thomsen et al-, 1997). 

Ln this thesis my initial goal was to establish a baseline phamacological profile 

for the group ïïI mGluRs using [ 3 1 T J - ~ - ~ ~ 4  radioligand binding analyses. This analysis 

included the determination of the dissociation constants (Kd) and inhibition constants 

(Ki) for the displacement of [ 3 ~ - ~ - ~ ~ 4  by various group III rnG1u.R agonists and 

antagonists. Both mGluR4a and mGluR8a displayed significant specific binding of ['Hl- 

L-AP4, and thus, competition curve analysis was undertaken for these receptors. 

Preiiminary binding results showed mGluR8a to have marginally higher affinity than 

mGluR4a for the group KI agonists. However, a pronounced discrepancy in binding 

affinities was observed between mGluR8a and mGluR4a with respect to the group III- 

specific antagonists; most notably, the phenylglycine denvative ligands (RS)-a- 

cyclopropyl-4-phosphonophenylg1ycine (CPPG) and (RS)-a-methyl4 

phosponophenylglycine (MPPG) (for structures of ligands see Figure 2). These binding 

results formed a reference point for subsequent binding analyses. 

Along with establishing a baseline phannacologicaI profile for mGluR4a and 

mGluRga, the second goal of my project was to elucidate the structural determinants 

responsible for the observed differences in binding of group III ligands between tbese 

two recepton. The detemination of possible amino acid residues invoived in binding of 



group III ligands to mGluR4 and mGluR8 was performed using a combination of 

molecular modeling and point mutational analysis. The group III mG1uRs share 

approximately 75% sequence homology with each other (see Figure 3) and thus, a 

comprehensive understanding of the structural detenninants responsibIe for ligand 

binding in mGluR4a and mGluR8 may help to elucidate structural b ind ig  requirements 

for the group III mGluRs. An understanding of such structural deterrninants wouid prove 

to be a usefiil tool for future structure-based design of ligands. 

Molecular rnodeling of mGluR4 was performed by Dr. Henning Tbgersen, based 

on sequence homology between mGluR4 and the known crystal structure of the LIVBP- 

Figure 4 depicts the proposed model of the mGluRL4 ligand binding pocket and shows that 

residues arginine 78, serine 157, glycine 158, serine 159, senne 160, serine 18 1, and 

threonine 182 are located in close proximity to the bound ligand. Work by Hampson et al 

(in press, JountaC of BioIogical Chemistry, 1999) has s h o w  that arginine 78, serine 159 

and threonine 182 are essential for high affïnity binding of [)H]-L-AP~ at mGluR4. 

Arginine 78 is proposed to form an ionic interaction with the phosphonate group of the 

bound ligand, while senne 159 and threonine 182 are proposed to form hydrogen bonds 

with the carboxyl and amine groups of the ligand respectively. 

Sequence alignrnent of mGluR4 and mGluR8 (see Figure 3) shows that al1 

residues in the proposed binding pocket are conserved between these two receptors with 

the exception of two. These are residues serine 157 and glycine 158 of mGluR4 and their 

corresponding residues in mGIuR8, alanine 154 and alanine 155. The proposed binding 

model of mGluR4 suggests that these two residues reside in close proximity to the bound 

mGluR ligand (see Figure 4). It is our hypothesis that the observed differences in binding 



of the group III mG1u.R antagonists may be attributable to these two amino acid 

substitutions in the binding pockets of mGluR4 and mGluR8. To test this hypothesis, we 

used a site-directed mutagenesis strategy to substitute residues 157 and 158 of mGluR4 

for their corresponding residues in mGluR8. We predicted that by mutating each of these 

residues singly (mGluR4 S157A and mGluR4 G158A receptors), and in combination 

(mGluR4 S157A/G158A receptor), we would impart the higher affinity binding of 

rnGluR8 to mGIuR4 for the phenylglycine derivative antagonists (CPPG and MPPG)- 



Figure 3 

Alignment of the amino terminai domains of the group III mGluRs. Alignment was 

performed using the Clustai method from the Megalign finchon of the DNAstar 

program. The boxed residues represent the 17 conserved extracellular cysteine residues. 

Residues R78, S 159 and Tl 82, which are known to be essential for [ 3 1 + ~ - ~ ~ 4  binding 

in mGLuR4, have been indicated by asterisks (Hampson et ai., 1999). 
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Figure 4 

Molecular model of the amino terminal domain of mGluR4, based on the elucidated 

crystal structures of the leucine-isoleucine-valine binding protein (LIVBP). The mode1 

contains two large giobular lobes connected by a hinge region composed of three 

interdomain cross-over segments. The ligand binding site is thought to reside in a cavity 

between the two lobes. Four Large amino acid insertions (residues 1-49, 125-149, 353- 

40 1, and 426-439) have been omitted from the model, but are well separated from the 

proposed binding site. The proposed secondary structure of the mGluR4 amino terminal 

domain contains primarily $-sheets flanked by a-helices. The model was produced by 

Dr. Henning Tbgersen. 

+Left, molecuiar model of the mG1uR.l arnino terminal domain based on the crystal 

stnicture of the L W P .  A docked L-SOP molecule has been modeled into the proposed 

ligand binding site. L-SOP binding to the mGluR4 amino terminal domain is based on 

the binding of L-SOP to the LM3P in which this ligand is held in place by hydrogen 

bonding to botfi main chah and side chab atoms, and by ionic interactions with charged 

residues. 

+Right, view of the proposed ligand binding site for mGiuR4. L-SOP has been modeled 

into the binding pocket and interactions with specific residues are note by dashed lines. 

Colour code: orange, phosphorous; red, oxygen; blue, nitrogen; white, carbon. Hydrogen 

atoms have not been displayed. 





2.0 Materials and Methods 

2.1 Chernical Reagents 

Al1 chemicai reagents, unless specified, were purchased fiom BDH Inc. (Toronto, 

Ont) or Sigma (Oakville, Ont). Molecular biology reagents were purchased from various 

suppiisrs as indicated below. 

2.2 Preparation of Wüd Type and Mutant mGluR cDNAs 

2-2.1 Preparation o f  Wild-Type mGluR Constructs 

The rat mGluR4a wild-type cDNA was obtained from Drs. Y. Tanabe and S. 

Nakanishi. This constmct contained the entire coding region of the rat mGluR4a cDNA 

inserted into the ~Bluescript SK- @BS SK-) vector (Stratagene). The subcloning of 

mGluR4a into the pcDNA3 vector for expression in mammalian cells was performed by 

Dr. Roman Pehkletski. This subcloning was carried out by digesting mGluR4a in pBS 

SK- with the restriction enzymes Bgl II and EcoRi to yield a DNA fragment containing 

the entire coding region of mGluR4a. The Bgl II-EcoRI fragment was then subcloned 

into pcDNA3 at the BamHI (Bgl II compatible) and EcoRI sites. The mGluR4a constmct 

contained 140 bp of 3' untranslated DNA and 898 bp of 5' untranslated DNA. Unless 

indicated, al1 restriction digests were generally performed at 37" C for 1-2 hours, using 1- 

2 pg DNA and 5- 10 units of enzyme. 

The mGluR6 and mGLuR7a rat cDNAs in pBluescript SK-, were received from 

Drs. Y. Nakajima, N. Okamoto, and S. Nakanishi. The mGluR6/pBS SK- construct was 

digested with Hind III and Not 1 to yield a DNA fragment containing the entire coding 

region of mGluR6. This fiagment was subcloned into the pcDNA3 vector at the 



corresponding Hind III and Not 1 sites to create the mGluR6lpcDNA3 construct. The 

mGluR6 constnict contained 181 bp of 3' untranslated DNA and 1624 bp of 5' 

untranslated DNA The mGluR7/pcDNA3 consmict was prepared by digeshng 

mGluR7/pBS SK- with EcoRI and Not 1 to yield a fiagrnent containing the entire coding 

region of mGluR7. Similady, this fragment was subcloned into pcDNA3 at the EcoRI 

and Not 1 sites. The mGluR7/pcDNA3 construct contained 397 bp of 3' untranslated 

DNA and 275 bp of 5' untranslated DNA. The mGluR8 cDNA was obtained from Dr. T- 

Segerson; the mGIuR8 cDNA received in a mamrnalian expression vector, pRc CMV, 

and therefore could be used directly for transfetion into HEK TSA-201 ceils. The 

rnGluR8/pRc CMV constmct contained 384 bp of 3' untranslated DNA and 489 bp of 5' 

untranslated DNA. 

2.2.2 Construction of the S157A mGluR4dpcDNA3 Mutant 

For the duration of this thesis, ail mutations will be displayed with the single letter 

code for the wild type amino acid first, followed by the number of that amino acid in the 

wild type receptor, followed by the single letter code for the substituted amino acid. The 

mGluR4 R78q S 1 5 7 4  S 1604  S 18 1 A., and T 182A mutations were made by Dr. Roman 

Pehkletski. For the purposes of this thesis, only the construction of the mGluR4 S 157A 

mutation wiil be discussed, as it was the only constnict directly studied in my 

experiments. Two separate polymerase chain reaction (PCR) reactions using Taq 

polymerase (Pharmacia) and the mGluR4a/pcDNA3 plasmid as template were used to 

replace the serine residue at position 157 of mGIuR4a with an alanine residue. The first 

PCR reaction was performed with the "m4-8 primer" (5'-T'I'T CCG AAA TGT CCG 



GGA AGG) and the phosphorylated "157-160-Don primer" (5'-AGC TCC AAT GAC 

ACC CAC CAC TC) to ampli@ a 476 base pair (bp) fragment containing the 5' end of 

the mGluR4a coding region. The " 157-160-Don primer" was phosphorylated using T4 

polyaucleotide kinase (Pharmacia) to allow for the wbsequent Ligation of the two PCR 

products to each other. The second PCR reaction was perfomed using the "m4a d e r  Afl 

iI primer" (S-CCG GTG CGT CTC CGT TCT CA) and the "157s-A primer" (5'-GCA 

GGG AGC TCC GTC TCG ATC) to introduce the 157 S-A mutation and amplie a 949 

bp fragment of the mGluR4a coding Legion. Both PCR products were blunt-ended using 

T4 DNA polymerase (Pharmacia), and then ligated to each other using T4 DNA ligase 

(Pharmacia). The products from this ligation were used as template for a third PCR in 

which the rn4-8 and m4a after Afl II primers were used to amplie a 1425 bp fragment. 

This fragment was then digested with Afi II (New England Biolabs) and punfied by 

extraction from 1% agarose gel stained with ethidium bromide (see below). 

For subcloning purposes, the 1425 bp fragment was subcloned into the 

mGluR4dpcDNA3 78R-A construct (another mutant construct which is not under 

investigation in this thesis) at the Afi II-blunt-ended and the BamHI sites. The amplified 

containing the 157S+A mutation was then sequenced to confïrm the incorporation of the 

mutation and ensure that no other spurious errors were present. The following primers 

were used for the sequencing reactions: 

1)  "+1784" (5'-GCC CTG GAG GCC ATG CTG T) 

2) "m4a after Afl II" (5'-CCG GTG CGT CTC CGT TCT CA) 

3) c'+1500rn4" (5'-TCA AGT GGA ACT ATG TGT CCA) 

4) "78 R+AY7 (5'-TAT CAG AAC CCA TCC AAA AGA A) 



Finally, the Nde 1-Xho I 889 bp fiagrnent of mGluR4a/pcDNA3 @art of the vedor + 5' 

fragment of mGluR4a-WT coding region), W o  1-EcoRI 3308 bp fragment (remainder of 

the mGluR4a coding region containing the sequenced 1 57s-A substitution), and the 

Nde 1-EcoRI fragment of pcDNA3 were ligated together (three-piece ligation) to 

complete the S 157A construct. The mGluR4 R78q S 1604 SI8 1A and T182A 

constructs were also prepared by Dr. Roman Pehkletski as described in Hampson et al. 

(in press, Journal of BÏo~ogtcaal Chemisby, 1 999). 

2.2.3 Construction of GISSA, S159A, and SLS7AfG158A mGluRJ/pcDNA3 
Mutants 

The single mutants G158A and S 159A as well as the double mutant 

S 157NGI58A were constmcted by Dr. Vanya Peltekova using a procedure based on the 

methods estabfished by Kunkel et al., (1987). This method involves the selection of a 

mutagenized DNA strand frorn a double-stranded DNA molede.  

The procedure first involves the subcloning of the DNA fiagrnent to be mutated 

into a suitable phagemid. Thus, a 1791 bp Kpn 1-Kpn I cassette of both mGluR4a-WT 

and mGluR4a-S157A was subcloned into the pBS SK- vector at the Kpn 1 site, and the 

appropriate orientation was determined by restriction analysis with an internai Xho 1 site. 

The WT and S 157A constructs were then transfonned into the CJ236 bacterial strain (ditf 

ung) which lacks a functiond dUTPase and uracil N-glycosylase. Growth of the WT 

and S 1 57A constnicts in this suain of bacteria allows for the incorporation of uracil in 

place of some of the thymines that would nomally be present. Infection of the uracil- 

containing bacterial culture wîth the helper phage Mt3K07 aliows for the rescue of 

single-stranded phagemid particles. The phagemid particles were then precipitated by the 



addition of 3.5 M ammonium acetate/20% polyethylene glyco1-6,000 and coiiected by 

centrifugation. This single-stranded DNA molecule is then used as template for the 

synthesis of a complementary DNA strand that is primed by an oligonucleotide 

containing the desired mutation. The mGluR4a-WT Kpn 1 cassette was used as template 

for the construction of the GISSA and S lS9A single mutants and the mGluR4a-S157A 

Kpn 1 cassette was used as template for the S157NG158A double mutant. The 

oligonucleotides used to introduce the two mutations are show below: 

"G158A primer" 5'-GGA GCT TCA GCG AGC TCC GTC 

"S 159A primer" 5'-GGA GCT TCA GGG GCC TCC GTC TCG ATC A 

" S  1 57A/Gl58A primer" 5'-GGA GCT GCA GCG AGC TCC GTC 

Following the synthesis of the complementary DNA strand, the double-stranded DNA 

was transformed into the DH5a strain of bacteria (dut' ung'), which contains a fiuictional 

dUTPase and uracil N-dycosylase. The presence of these enzymes allows the uracil- 

containing, WT strand to be readily inactivated, leaving the usacil-containing mutant 

strand to replicate. Presence of the desired mutations was confirmed by sequencing 

analysis using the following primer. 

" 157- 193 BAC primer" 5'-GTC ATA GCG GCT GTT GTC AC 

The Kpn 1 cassette containhg the desired mutation was then subcloned back into the 

mGluR4-WT/pcDNA3 vector at the Kpn 1 site and its orientation was verified by 

restriction analysis. Ail mutant constructs in pcDNA3 were re-sequenced with the 157- 

193 BAC primer to confirm the presence of the mutation and to screen for any spunous 

errors. 



2.3 Bacterial Transformation and Plasmid Preparation 

2.3.1 Preparation of Competent E. coli and Transformation 

Al1 solutions and plates used for the preparation and transformation of bacteria 

were prepared using Millipore water and were autoclaved for 20 minutes at 15 lb/im2 on 

the slow exhaust, liquid cycle. Bacterid cultures were grown in Luria-Bertani (LB) 

medium ( (wlv): 1 .O% bacto-iqptone, 0.5% yeast extract, 1.0% NaCl) and transformed 

bacteria were piated on LB-agar plates. These plates were prepared by suppIementing 

LB medium with 1.5% bacto-agar. For selection of transformed bacteria, the appropriate 

antibiotics were freshly added to the LB plates f i e r  the solution had cooled to < 50°C. 

Al1 incubation steps were camed out at 37°C unless otherwise specified, and al1 shaking 

steps were canied out at 225 rprn on a New Brunswick orbital shaker. 

For the preparation of competent bacteria, a single DH5 a (Gibco BRL) E. coli 

colony was inoculated in 2 mi of LB medium and incubated at 37°C with shaking for 16 

hours. Of this overnight culture, 250 pl was added to 25 ml of fresh LB and incubated at 

37°C with shaking and aeration until an optical density at 600 nrn of 0.3-0.6 was 

achieved. Competent ceIls were then prepared using the calcium chloride (CaCI2) 

metliod outlined in Sambrook, Fritsch and Maniatis (1989). After the preparation of the 

competent DHSa cells, 1-5 ng of supercoiled plasmid DNA was added to 200 pl of 

competent cells and incubated on ice for 1 hour. The cells were then heat- shocked for 2 

minutes at 42OC and then immediately placed back on ice for a further 2 minutes. The 

cells were then supplemented with 0.9 ml of fresh LB medium and incubated with 

shaking at 37°C for 1 hour. The transformed bacteria were then spread on LB agar 

plates containing 100 &mi ampicillin (Boehringer Mannheim). The plates were then 



inverted and incubated at 37°C for 16 hours to aUow for selection of ampicillin-resistant 

colonies. 

2.3.2 Plasmid Preparation 

Ampicillin-resistant colonies were inoculated in 3 ml of LB medium containing 

100 pglrnl ampicillin, and incubated for 16 hours at 37°C with shaking. Ovemight 

cultures were barvesteci by cenaifugation in 1.5 ml microfige tubes at 3000 rpm f w  6 

minutes. Plasmid DNA was then isolated fiom the ceUs using the QIAspin Miniprep Kit 

(Qiagen) according to the manufacturer's protocol. A small amount of the plasmid DNA 

product (approxirnately 5 pl) was analyzed by restriction digest and subjected to gel 

electrophoresis to estimate plasmid DNA concentrations and to confimi the presence of 

the correct plasrnid and orientation of any inserted DNA. Concentrations of plasmid 

DNA on agarose gel were estimated by cornparison with a known quantity of HindIII- 

digested h DNA (Gibco BRL). Plasmid DNA concentration and purity were also verified 

by spectrophotometric analysis at 280 nm and 260 nm. 

2.4 Restriction Enzyme Digestions and Agarose Gel Electrophoresis 

Restriction enzyme digestions were used for subcloning purposes and to codinn 

the identity of purified cDNA constructs. Restriction analyses were also used to screen 

transformants for the appropriate size and orientation of DNA inserts in newly created 

consmicts. Digests were performed in a reaction volume of 10 or 20 pl. The digestion 

reaction contained 1-2 pg DNA, bovine serum albumin ( I  mg/ml), double deionized 

water, and 5-10 units of specific restriction enzyme (New England Biolabs). AU 



reactions, unless specified were incubated at 37" C for 1-2 hours to ensure cornplete 

digestion of the DNA. 

Agarose gel electrophoresis was used to visually analyze restriction digests and 

quanti@ purified cDNA preparations. Electrophoresis was performed using 1% agarose 

gels dissolved in 0 . 5 ~  Tris-acetate/EDTA b e e r  (20 m M  Tris-acetate, 0.5 mM EDTA) 

supplemented with 0.5 vg/ml ethidium bromide. DNA-gel loading b d e r  (0.25% 

bromophenoi blue, 0.25% xyiene cyan01 FF, 40% (w/v) sucrose in water) was added to 

each sample pnor to loading on the gel. The bromophenol blue component of the dye 

migrates through the gel at a rate similar to that of linear double-stranded DNA 300 bp in 

length, while the xylene cyan01 FF component migrates at a rate similar to linear double- 

stranded DNA 4,000 bp in length. Samples were run on a Mupid-21 Mini-Gel apparatus 

(Helixx Technologies) for approximately 30 minutes at a setting of LOO Volts, or until 

adequate separation of digested bands had been accomplished. Fluorescent bands were 

visudized using an ultraviolet transillumioator (üVP Incorporated). Gels were also 

loaded with a 1-kilobase or 100 bp ladder (Gibco BRL) for determination of DNA 

fragment lengths, and DNA was quantified by cornparison with a known amount of Hind- 

III digested h DNA (Gibco BRL). 

2.5 Transfection o f  Human Embryonic Kidney 293 (HEK 293) Cells 

Transient transfection of HEK 293 TSA-201 cells was performed using the 

calcium-phosphate precipitation method descnbed by Gonnan et al (1990). For our 

purposes, plasmid DNA to be used for transfection, had a purity of r 1.8 (measured by 

280/260 am absorbance ratio). HEK cells were cultured in 10 cm sterile dishes 



(Nunclon) to a confluency of 80%. These ce11 cultures were maintained in minimal 

essential medium (Gibco BRL) supplernented with 5% fetal bovine serum (Gibco, BRL) 

and an anti biotic solution containing penicillin and streptomycin (Gibco, BRL)- Cells 

were grown at 37°C and 5% Ca. 

Three hours prior to ûansfection, the HEK cells re-fed with 10 ml of fresh 

minimal essential medium. Transfections were perfonned using 20 pg plasmid DNA per 

10 cm plate to be transfected. The plasmid DNA was combined with 450 pi 1/10 TE (1 

mM Tris-CI, 0.1 mM EDTA, pH 8.0) and 50 ~1 of 2.5 M CaCl2. This solution was 

thoroughly mixed and added to 500 pl 2x HEPES Buffered Saline (HBS: 0.28 M NaCl, 

50 mM HEPES, 3 mM NazHPO4) to form an opaque precipitate. This final solution was 

mixed well and added dropwise to each 10 cm plate containing HEK cells. The cells 

were incubated at 37OC for 4 hours before exposure to a glycerol shock. The medium 

was aspirated €rom each dish and 6 ml of 15% giycerol in phosphate-buffered saline 

(PB S : 10 mM Na2HPOJ, 3 mM KbPOs,  O. 12 M NaCl, pH 7.2) was added. Cells were 

exposed to the glycerol solution for 30 seconds. The glycerol solution was aspirated and 

the cells were washed with PBS for 30 seconds. The PBS was aspirated, 10 ml of fresh 

minimal essential medium was added to the cells and they were placed at 37°C overnight. 

The following day, each transfected plate was subcultured into 2 separate dishes and 

placed at 37OC. 



2.6 Preparatioo of Transfertcd Mem bnnes and [ 3 E i J - ~ ~ ~ 4  Radioligand 
Bindiag Analysis 

Preparation of transfected HEK ceii membranes was camed out according to the 

methods used by Eriksen and Thomsen, 1995. Transfected ceiis were harvested 48 hours 

post-transfection by gently pipetting them off of the plates. The cells were then 

centrifùged at 1,380 x g (3,000 rpm for JA-14 rotor, Beckman) for 10 minutes and were 

then resuspended in 20 ml lysis buffer (30 mM HEPES, 1 mM EDTA, 5 m M  MgC12, pH 

7.4) and polytroned (Polytron, Inc) for 5 seconds at setting 5. The cells were then 

centrifuged at 48,400 x g (20,000 rpm for JA-20 rotor, Beckman) for 20 minutes. The 

pellet was resuspended in 15 ml lysis bufYer supplemented with 0.08% Triton X-100 and 

incubated at 37°C for 10 minutes. An additional 12 ml of non-supplemented lysis buffer 

was added, and the ce11 lysate was centrifuged again at 48,400 x g. The pellet was 

resuspended in 15 ml binding assay buffer (30 mM HEPES, 0.1 M NaCl, 1.2 mM 

MgC12-6H20, 5 mM KCI, 2.5 m M  CaC12, pH 8.0) and centrifuged as before. For al1 

membrane preparations, both assay buffer and lysis buffer were supplemented with the 

protease inhibitor phenymethylsuifonyl fluoride (PMSF) to a final concentration of O. 1 

mM. Finally, the pellet was resuspended in 1-5 ml assay bufYer (according to desired 

concentration of final membrane fraction) and homogenized with a 5 ml glass 

homogenizer. The homogenized membranes were aliquoted into 1 ml fractions and 

frozen immediately at -70°C. A small aliquot of membrane was also removed for protein 

concentration measwernent. Determination of the protein concentration was done 

according to the method of Bradford (1976) using bovine serum albumin as a protein 

standard. For a typical membrane preparation, membranes were resuspended in an 



appropriate volume of assay b a e r  as to give a final protein concentration of 1.5-2.0 

mg/ml. 

l 3 ~ - ~ - A P 4  as  weil as the other rnG1u.R drugs used in the radioligand binding 

assays were purchased from Tocris Cookson. The [ 3 w - ~ - ~ ~ 4  binding assay is 

performed on ice (4°C) using a constant concentration of [ 3 H + ~ - ~ ~ 4  (30 nM) and a 

range of concentrations for the test drugs (10 n M  - 1 mM). The concentration of 30 nM 

of [ 3 ~ - ~ - ~ ~ 4  was employed, as this represented the lowest concentration of ligand 

which could specifically label the group ICI mG1uR.s. Each assay point is performed in 

triplicate with each tube in the assay containing 25 pl assay bufferkompeting drug, 200 

pl diluted membranes, and 25 pl [ 3 ~ - ~ - ~ ~ 4  (300 nM), for a final volume of 250 (11. 

Al1 drugs used in the binding assays were dissolved in assay buffer (+PMSF) and were 

prepared as 10 x stocks. Frozen membranes were thawed and resuspended in assay 

buffer (+PMSF) to a final concentration of 0.625 mg/&. Al1 membranes were weli 

homogenized with a 15 ml teflon homogenizer. Each replicate tube received 200 pl of 

diluted membranes (0.625 mghi) to yield a final protein amount of 125 @tube. L-SOP 

(300 uM) was used as the 'blank' in our assays to determine the amount of non-specific 

binding. The term 'blank' in our assay is based on the abiiity of a saturating 

concentration of ligand (e.g. L-SOP) to eflectively blanket al1 receptor binding sites. 

Therefore, al1 observed binding of [3HJ-~-AP4 must be due to non-specific residual 

binding. Reagents for the assay were added in the following order: 

(1) 25 pl assay bu.fTer/L-SOPKompeting Dmg 

(2) 200 pl diluted membranes 

(3) 25 C<I I~ITJ-L-AP~ 



A representation of a typical binding assay setup is s h o w  in Table 3. After the addition 

of al1 reagents, the tubes were vonexed quickly and încubated on ice, with shaking (200 

rpm) for 30 minutes. M e r  the incubation period, the mixtures were centrifuged at 

13,000 x g for 3 minutes. The pellets were aspirated and washed once with 1 ml of wash 

buffer (binding assay buffer not supplemented with PMSF), then aspirated again. Pellets 

were finally resuspended in 500 pl 1N NaOH and stored overnight at room temperature. 

The following day, samples were transferred to Pony liquid scintillation vials (Packard) 

and supplemented with 5 ml of Ultima Gold scintillation cocktail (Packard). Sampies 

were left for 4-5 hours to allow for equilibration of the samples with the scintillation 

fluid, and radioactivi ty was then measured b y liquid scintillation spectrometry . Tri plicate 

sets of binding counts were sumrned and the mean values caIculated. The mean of the 

non-specific or 'blank' binding was subtracted from the mean binding counts for each of 

the assay points to calculate each point's specific binding. This number was divided by 

the total specific counts (mean of total binding counts - mean of 'blank' binding counts) 

to yield a numerical value representing each point's percentage of total binding. Al1 

radioligand binding data analyses were performed using the GraphPad Prism software 

program. Percent total binding values were fitted into a one-site competition mode1 for 

ligand binding to detemine an ICSo and Ki value for each curve. Competition curves for 

each dmg were performed in triplkate and mean ICso and Ki values were determined. 

2.7 Protein Electrophoresis and Immunoblotting 

Sodium dodecy l sulfate polyacry lamide gel electrophoresis (SD S-P AGE) was 

used in conjunction with immunoblotting to confïrm expression of al1 receptor construc%. 



Table 3 

Tube # 

[ 3 E J - ~ ~ ~ 4  Radioligand Binding Assay Setup 

Volume of Reagent added 

3 mML- 
SOP 

Test Ligand 

Volume of 
Membrane 

Added 

Volume of 
[3~]-L-AP4 

Added 

Al1 concentrations listed above are 10 x stock concentrations. The concentrations listed 

for the test dmg represent those used in a typical binding assay. The range of test drug 

concentrations was altered to suit the binding profile of each ligand assayed. For 

exarnple, the range of concentrations would be shifted lower for a ligand with high 

affinity to allow for a more accurate calculation of half-maximal inhibitory concentration 

(ICso) values. 



Membrane samples from transfected HEK cells were collected by cenûifbgation and 

resuspended in 100 pi PBS supplemented with 100 pM PMSF. These samples were then 

sonicated for -5 seconds. A smail aliquot fiom each sample was then removed for 

protein quantification using the method of Bradford (1976). Samples were then diluted 

with additional PBS to achieve a desired concentration. 50 pi of 4x SDS sample buff'er 

(62.5 mM Tris-Cl, 2% SDS, 10% glycerol, pH 6.8) and 20 fl of 100 mM dithiothreitol, 

suppIemented with bromophenol blue, were added to 150 @ of membrane sample. 

Samples were subsequently heated at 37°C for 15 minutes, cooled to 25OC and then 

frozen at -70°C or used immediately. 

Equivalent amounts of protein (10-25 pg) were loaded for each sarnp1e and the 

proteins were separated by electrophoresis on 8% or 10% gels using an SE 250 SDS- 

PAGE apparatus (Hoeffer Scientific Instruments). Electrophoresis was carried out 

followed by placing the gel in a transblotting cassette for uansfer of the proteins to 

nitrocellulose membrane (0.45 Vrn pore size, Schleicher and Schuell). Proteins were 

transferred for 2 hours at 4"C, under a constant current of 225 mA and were then placed 

in blocking buffer solution (10 mM Tris-Cl, 150 m M  NaCl, 0.2% polyoxyethylene- 

sorbitan monotaurate, 5% powdered milk, pH 7.6) overnight. The membranes were 

washed 3 x 15 minutes with wash buffer (10 mM Tris-HC1, 150 mM NaCl, 0.2% 

pol y oxy ethy lene-sorbi tan moaolaurate, pH 7.6), and then incubated for 2 hours wi th 

gentle rocking with the appropriate primary antibody diluted in wash buffer. The 

mGluR4 antibody was used at a dilution of 1:3000, while the mGluR6, 7, and 8 

antibodies were used at dilutions of MO00 each. Rabbit anti-mGluR4 polyclonai 

antibody (received from Dr. J. Corn) recognizes a 19 amino acid C-terminal epitope of 



the mGluR4a receptor and the guinea pig anti-mGluR8 polyclonal antibody (received 

from Dr. R Shigemoto) recognizes a 23 amino acid C-terminal epitope of the mGiuR8 

receptor. Following incubation with the primary antibody, blots were washed 3 x 15 

minutes with wash buffer. Blots were then incubated for 2 hours with a horseradish 

peroxidase-coajugated anti-rabbit or anti-guinea pig IgG secondary antibody (Amenham) 

diluted at a ratio of 1: 10,000 in wash buffer, Blots were washed for a final 3 x 15 

minutes and were then exposed to enhanced chemiluminescence (Amersham) reagents 

for two minutes. Immunoreactive bands on the nitroceilulose blots were visualized on 

enhanced chemiluminescence hyperfilm. 



3.0 Results 

3.1 Expression of Recombinant Croup III mGluRs 

In the experiments described here, HEK cells were used as host ceHs for the 

expression of recombinant group III mGluRs. HEK celis are a non-neuronal human ce11 

line which allow for high-efficiency translation of the desired recombinant vector and 

provide the necessary cellular rnachinery to dlow for the appropriate post-translationai 

modifications to be performed (Le. N-linked glycosylation of mGluRs). Expression of 

the group III mGluRs in a non-neuronal ceLi line has the advantage that it allows for the 

isolation of a single glutamate binding protein without other compounding factors, sucb 

as the presence of other glutamate receptor subtypes or glutamate transporterhptake sites. 

To confinn the expression of the group iIi mGluRs, transfected HEK cells were 

harvested at 48 hours post-transfection and subjected to 8% SDS-PAGE under reducing 

conditions. Immunoblots and single-point [.'H]-L-AP~ binding assays for each of the 

group III mGluRs are displayed in Figure Sa and 5b respectively. 

Probing immunoblots of HEK cells transfected with mGluMa reveaied the 

presence of two immunoreactive protein bands with relative molecular weights (M) of 

100 kDa and 96 kDa. These two bands likely correspond to differentially glycosylated 

foms of mGluR4a- Two M e r  mGluR4a immunoreactive bands were also visualized. 

A band with a relative molecular weight of 200 kDa and another band with an 

undetermined higher molecular weight were present on mGluR4a immunoblots. The 

band at 200 kDa likely corresponds to the dimeric fonn of mGluR4a, while the higher 

molecular weight species may represent a higher oligomenc fom of the receptor. In my 

experiments, the term 'mock transfected cells' refers to cells that were subjected to the a 



Figure 5 

(a) Immunoblots showing the expression of the group III mGluRs in HEK cells. Proteins 

were analyzed by SDS-PAGE gels loaded with 5 pg protein. Each receptor dong with a 

corresponding 'mock' -transfected sarnple was detected using specific antibodies for each 

of the individual group III mGluRs. Two immunoreactive bands were present with & 

of approximately 100 kDa and 95 kDa for each of mGluR4, 7, and 8. The two 

immunoreactive bands for mGLuR6 are present at These bands likely correspond to 

glycosylated and non-glycosylated fonns of the receptors. Immunoreactive bands likely 

corresponding to dimeric forms of the receptors were present at a M, of approximately 

200 kDa for mGluR4, 6, and 8- mGluR7-transfected iLEK cells showed no 

immunoreactive band corresponding to a potentiai dimeric form of the receptor. 

Anitbodies specific for mGluR4,6, or 7 were derived fiom anti-rabbit senun, while that 

for mGluR8 was denved fiom anti-guinea pig serum. Expression was detected using the 

appropriate secondary antibody and the enhanced cherniluminescence (ECL) detection 

sy stem. 

(b) Histogram showing specifk binding of the group HI mGluRs for [ 3 w - ~ - ~ ~ 4 .  

Specific counts were calculated as the difference between total binding and the 'blank' 

binding (N=3). The detemination of the 'blank' binding was performed using a nnal 

concentration of 300 p M  L-SOP as the saturating ligand. 
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addition of ail transfection reagents with the exception of the cDNA 

Immunoblots of HEK cells transfected with the mGluR6 cDNA revealed the 

presence of three immunoreactive bands with M, = 78 kDa, 84 kDa, and 200 kDa. The 

bands at 78 kDa and 84 kDa likely represent differentially glycosylated fonns of the 

receptor, while the band at 200 D a  likely corresponds to a dimenc form of mGluR6. 

mGluR7-transfected cells showed two immunoreactive bands upon probing with the anti- 

mGluR7 antibody. These two bands were present at 102 kDa and 92 kDa and probably 

correspond to differentially glycosylated forms of the receptor. No apparent dimer or 

higher oligomers were observed on immunoblots from mGluR7-transfected cells. 

Finally, blotting of mGluRS-transfected HEK 293 cells revealed the presence of 

six immunoreactive bands. Three of these bands (120 D a ,  69 kDa, and 64 kDa) are non- 

specific in nature as they are present at the same intensity in mock transfected cells. Two 

immunoreactive bands at 104 kDa and 94 kDa likely represent differentially glycosylated 

forms of the receptor, while another band at 200 kDa likely corresponds to a dimeric 

fom of mGluR8. The presence of different numbers of immunoreactive bands for each 

group III mG1u.R reflects the fact that each group iII mGluR was probed with its own 

specific antibody and these antibodies may cross-react with other cellular proteins. The 

presence of the immunoreactive bands for each of the group III rnGluRs c o n f i s  the 

expression of these recombinant vectors in HEK 293 cells. 

3.2 [ 3 ~ l - L - ~ ~ 4  Binding to the Group HI mGluRs 

Afier confirming receptor expression via irnmunoblotting, we wanted to assess 

the group III mGluRs for specific binding of [ 3 H l - ~ - ~ ~ 4 .  Single-point binding assays 



using 30 n M  [ 3 K J - ~ - ~ ~ 4  were pedomed on membrane preparations from HEK celis 

transfected with cDNAs for mGLuR4, 6, 7, or 8. 200 pl of membrane sample (0.625 

mglml) were incubated with 25 pl of 30 nM PH]-L-AP~ and either 25 pi of bindhg 

assay buffer or 3 mM L-SOP. Those samples incubated in the absence of any competing 

ligand (25 pl binding assay buffer) were labeled as the 'total' group, while those samples 

incubated in the presence of 3 mM L-SOP were labeled as the 'blank' group. Specific 

binding was calculated as the differeoce in specific counts recorded between the 'total' 

and 'blank' groups. The use of a constant amount of membrane protein in these assays 

facilitated the nomalization the binding data collected fkom transfection to transfection. 

Figure Sb depicts the specific binding of I~HJ-L-AP~ to HEK cells transfected 

with each of mGluR4, 6, 7, and 8. No significant differences were observed in the 

'blank' binding counts for any of the four grmp III mGluRs during the c3HI-~-AP4 one- 

point assays. This indicated that the amount of non-specific binding remained constant 

throughout each of the assays and reflects the presence of a constant amount of protein in 

each sample replicate. Both rnGluR4 and mGluR8 showed a high level of specific r3T3J- 

L-AP4 binding, while mGluR6 and mGluR7 showed no specific binding. Immunoblots 

of cells transfected with mGluR6 showed high levels of expression, while immunoblots 

for mGluR7-transfected cells showed moderately hi& levels of expression. Single-point 

binding assays at 30 n M  [ 3 H l - ~ - ~ ~ 4  showed mGluR4 and mGluR8 to have mean t SEM 

specific binding counts of 7386 t 276 and 2456 t 188 respectively (N=3). mGluR8 

specific binding was 35.4% that of mGluR4. The mGluR8 cDNA used for these studies 

was in the pRc CMV mammalian expression vector and contained large segments of 5' 

and 3' untranslated DNA, while the mGluR4 cDNA used was in the pcDNA3 expression 



vector and contained much smaller regions of 5' and 3' untranslated DNA (see 

Discussion). The merence in expression vectors and amounts of untranslated DNA is 

almost certainly accountable for the observed differences in expression levels as reflected 

in the ['HJ-L-AP~ binding for mGluR4 and mGluR8. 

The mean percent specific binding was calculated as the ratio of specific binding 

(total counts - 'blank' counts) counts over the total binding counts. This represents the 

fraction of tdlied binding counts that are due to specific binding of f w-L-AP~ to the 

group III mGluRs. The mean percent specific binding r SEM for rnGluR4 was 74.8 I 

4.2%, while it was 49.9 2 2.7% for mGluR8 (N=3). These data ais0 support the fact that 

the difference in specific binding between these receptors is likely due to the observed 

difference in expression of mGluR.4 and mGluR8 in HEK cells (see Figure Sa). 

lmmunoblots repeatedly showed that mGluR4 was expressed at a higher level than 

mGluR8 in HEK cells when transfected with equal arnounts of cDNA. It should be noted 

though that direct cornparison of mGluR4 and mGluR8 protein levels through 

immunoblotting alone may not provide an accurate estimate of the actual protein 

arnounts. This is due to the fact that expression of each of these receptors was detected 

using a different pnmary and secondary antibody, and this may result in different 

intensities of immunoreactive bands. 

The stability of the mGluR4 receptor was examined by measuring [ 3 m - ~ - ~ ~ 4  

binding. Transfected membranes for binding were prepared in the presence of O. 1 mM 

PMSF, a serine protease inhibitor, and were frozen at -70°C immediately after 

preparation. Single-point ['HI-L-AP~ binding assays were conducted on membranes 

prepared in the presence and absence of 0.1 mM PMSF. To evaluate the time course of 



stability of these receptors, [ 3 ~ - ~ - ~ ~ 4  binding was also perfomed ifllfnediately after 

membrane preparation, or after a 3 hour incubation period at 4°C. Figure 6 displays a 

histogram of [ 3 H - J - ~ - ~ ~ 4  binding at mGluR4 as assayed under these conditions. 

Membranes used for these analyses were prepared at a final concentration of 1 -25 mg/ml. 

This higher concentration was used in order to allow for easier obsewation of any 

changes in binding that may be present. 

The highest amount of specifrc binding was observed for membranes prepared in 

the presence of PMSF and assayed immediately (O hours preincubation). Membranes 

prepared in the absence of O. 1 mM PMSF, and assayed after O hours preincubation had 

essentially no change in their teveis of specific binding compared with membranes 

prepared in the presence of PMSF and assayed f i e r  O hours preincubation. Similady, 

membranes prepared in the presence of PMSF but assayed after 3 hours preincubation 

exhibited slightiy less specific binding than membranes prepared in the presence of 

PMSF and assayed after O hours preincubation, but this difference was not statistically 

significant. A one-way analysis of variance coupled with a Dunnett's test showed that 

membranes prepared in the absence of PMSF and assayed for binding after a 3 hour 

incubation at 4OC exhibited a significant (Pe0.05) decrease in specific binding compared 

with membranes prepared in the presence of PMSF and assayed immediately after 

preparation. Specific binding in these membranes was reduced by 18 = 0.8% (- SEM) 

compared with specific binding on membranes perfomed in the presence of PMSF and 

assayed after O hours preincubation. These results indicated that signifïcant protein 

degradation only occurred when membranes were prepared in the absence of PMSF and 

when the duration of the incubation penod was extended to 3 hours. 



Figure 6 

Histogram displaying the effect of PMSF on the stability of mGluR4 binding. Membrane 

fractions for the binding assays were prepared either in the presence or the absence of 

100 p M  PMSF and subsequent binding was performed either immediately following 

membrane preparation (O hours incubation) or 3 hours later (3 hours incubation). 

Membrane preparations used for the 3 hours incubation assays were kept on ice (4°C) 

until used. Statistical analysis of binding results was performed using a one-way analysis 

of variance coupled with a Dunnett's test. ALI specific binding counts were compared to 

those observed for mGluR4-transfected membranes prepared in the presence of PMSF 

and assayed immediately following membrane preparation. Statistically ~ i g ~ c a n t  

differences in specific counts (Pe0.05) are represented by asterisks (*). The 

detemination of the 'blank' biadiag was performed using a final concentration of 300 

p M  L-SOP as the saturating ligand. 
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3.3 [ 3 ~ ] - ~ ~ ~ 4  Binding Andysa of  mGluZUl 

To evaluate the phannacologicai profile of mGluR8, we used saturation binding 

analyses of mGluR8-transfected HEK ceiis to detemine a dissociation constant &) and 

the maximal amount mGluRS binding sites (B,,). Saturation binding analyses are 

generally performed by adding increasing concentrations of radiolabeled ligand, unid dl 

receptor binding sites are saturated. The high cost of I~HJ-L-AP~ however, makes it 

unfêasible to perform saturation analyses in this manner- Thus, in my experiments 

saturation binding curves were performed by adding 25 y1 of varying concentrations of 

unlabeled L-AP4 (0.05 pM-8 pM) to 25 pl of [ 3 H + ~ - ~ ~ 4  and 200 pl of membrane 

preparation (0.625 mg/mI). By calculating the ratio of unlabeled L-AP4 to [ 3 w - ~ - ~ ~ 4 ,  it 

is possible to adjust the specific counts observed, to reflect those which would be 

achieved in a standard saturation binding assay. 

The Kd value represents the concentration of ligand needed to occupy 50% of the 

receptor binding sites, and corresponds to the point on the saturation cunre at which 50% 

of maximal ligand binding is achieved. The Kd value can also be calculated by subjecting 

the saturation binding data to a Scatchard analysis. In this analysis the binding data is 

linearized by plotting the bound ligand on the X-axis versus the ratio of boundfiee ligand 

on the Y-axis. The slope of the resultant line is equal to the negative reciprocal of the & 

value. The B, value corresponds to the asymptotic fine that parallels the maximal 

binding of the radicligand. Similarly, the B,, can also be derived as it corresponds to 

the X-intercept from the Scatchard analy sis. 

Figure 7 displays both the saturation and Scatchard analyses for mGiuR4 and 

rnGluR8. PHI-L-AP~ saturation binding with the mGluR4 receptor 



Figure 7 

(a) [m-L-AP~ saturation analysis of mGluR4 and mGluR8. Saturation m e s  were 

performed on cmde membrane preparations fiom transiently transfected HEK cells. 25 p l  

of vaqing concentrations of L-AP4 (0.05 pM to 8 were added to 200 pi of 

membrane preparation and 25 pi of 30 aM C~HJ-L-AP~ in each assay to yield a final 

volume of 250 pl. Assays were perfonned in triplicate, and each point indicates the mean 

SEM. 

(b) Scatchard analysis of mGluR4 and mGluR8 saturation curves. Kd I SEM values are 

shown as an average of N = 6 and N = 5 independent experiments for mGluR4 and 

mGluR8 respectively. 
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yielded a I(d 2 SEM value of 470 2 51 -2 n M  and a B,, value of 9.47 pmoWmg. mGluR8 

saturation analysis gave a Kd I SEM value of 380 I 48.6 n M  and a B, value of 3.99 

pmol/mg. These results indicate that mGluR8 has minimaily higher affuiity for CH]-L- 
AP4 than mGluR4, however this difference was not statistically significant. The B,, 

values obtained from these studies corroborate the results from the single-point binding 

analyses performed on mGluR4 and mGluR8 which suggest that rnGLuR8 is expressed at 

roughly 1/3 the level of mGluR4. 

Following the elucidation of I(d and B,, values for mGluR8, competition binding 

studies were undertaken to determine the pharmacological profile for mGluRS- Six 

agonists and three antagonists known to have activity at the p u p  III mGluRs were 

examined. Concentrations of the test Ligands used ranged from 10 n M  to 1 mM. Table 4 

shows a swimary of the binding results from the mGluR4 and mGluR8 competition 

studies. The binding data show that mGluR4 and mGluR8 have nearly identical affinities 

for group III mG1u.R agonists (upper five compounds of Table 4). The only exception to 

this is the cornpound PPG which has an -8-fold higher affhity for mGluR8 than 

mGluR4. mGluR8 shows markedly higher afnnity for the group III antagonists 

compared to mG1uR.Q. This change in afinity ranged from a -6-foid increase in affinity 

for MAP4 to a -60-foid increase in affinity for MPPG. Interestingly PPG, the one 

agonist which displayed higher afZnity for rnGluR8 than mGluR4, is closely related 

stnicturally to the phenylglycine derivative antagonists CPPG and MPPG which also 

showed marked increase in aftinity for mGluR8 compared to mGluR4. MAP4, a 

methylated analogue of L-AP4, is not stmcturally related to these phenylglycine 



Table 4 

Ki values (in p.M) for the inhibition of I~W-L-AP~ binding to mGluR4 and mGluR8. 

Assays were conducted in hiplicate using 25 pi of 30 nM [ 3 H l - ~ - ~ ~ 4 ,  200 pl membrane 

preparation, and 25 pl test ligand. Concentrations of  test ligands used ranged fiom 10 

nM to L mM. Each value represents the average t SEM of 3 separate experiments 

performed on 2-3 separate preparations (transfections). The upper five compounds 

represent the group III mGluR agonists, while the lower thme compounds are group iII 

antagonists. Statistically significant differences in binding &nities (P<0.05) are 

represented by an asterisk (*) and were determined using a one-way anaiysis of variance 

test coupled with a Dunnett's test. 
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derivative drugs and may account for this compound having the smaiiest difference in 

binding between mGluR4 and rnGluR8. 

To ensure that differences in binding of the phenylglycine derivative compounds 

to mGluR4 and mGluR8 were not attributable to clifferences in expression levels of these 

receptors, competition curve analyses were also performed with CPPG on HEK ceiis 

transfected with mGluR4 cDNA at one-third the standard amount (Le. -7 pg cDNAD0 

cm dish vs. 20 pg). mGiuR4 expression had been approximated at roughly three times 

that of mGluR8 (through single-point binding assays and immunoblottiog), and therefore 

the reduced amount of mGluR.4 cDNA was used to decrease mGluR4 expression to the 

level of mGluR8. CPPG competition curves conducted on HEK cells with one-third the 

standard level of mGluR4 expression yielded a Ki = SEM value of 85.9 I 27.3 ph4 (data 

not shown, N = 2). This Ki value represented a lower affinity for CPPG than those Ki 

values observed for the mGluR4 or mGluR8 receptors when expressed at their standard 

respective levels. Therefore, it was concluded that receptor expression levels were not 

responsible for the differences in binding observed between mGluR4 and mGluR8. 

3.4 Analysis of the mGluR4 Mutant Receptors 

Immunoblotting was performed on the three mGluR4 mutational constructs to 

confirm and quanti@ the amount of receptor expression. Tmmunoblots of mGluR4, the 

three mutant receptors and mock-transfected HEK cells are shown in Figure 8. mGluR4 

S 1574  G158A, and S 157A/G158A aü possessed banding patterns identical to that of the 



Figure 8 

Irnmunoblots of 'mockY-transfected, wild type 0, and mutant mGluR4 receptors 

expressed in HEK cells. Proteins were analyzed by SDS-PAGE gels loaded with 5 pg 

protein each and receptors were labeled with a carboxy terminal antibody for mGluR4 

denved from rabbit senim. Two immunoreactive bands, Likely conesponding to 

differentidly glycosylated forms of the receptors, were present with Mfi of 

approximately 96 and 100 kDa. A third immunoreactive band was present with a M, of 

approximately 200 kDa, likely corresponding to a dimetic f o m  of the receptors. Wild 

type and mutant receptor immunoreactive bands each showed comparable levels of 

intensity, demonstrating that none of the point mutations produced significant alterations 

in the level of protein expression. 





mGluR.4 receptor. Immunoreactive bands were visualized at 100 and 96 kDa, most Likely 

representing differentially giycosylated foms  of the mGluR4 monomer, and another 

immunoreactive band was identified at 200 kDa, Likely corresponding to the dimenc form 

of mGluR4. The intensity of the immunoreactive bands corresponding to the monomeric 

and dimenc forms of the receptor were approximately equal for ail four receptors. These 

results taken together suggest that none of these three mutations adversely anècted the 

efficiency of receptor expression or the ability of these recepton to dimerize as compared 

to mGluR4. 

3.5 Competition Curve Analyses for mGluRQ Mutant Receptors 

3.5.1 Competition Cuwe Analyses for the group III mGluR Agonists 

Competitioa curves were performed on HEK cells transfected with cDNAs for 

mGluR4-S 157A Gl SSA, and S 157NG158A using th. same eight compounds that were 

used to characterize binding to mGluR4 and mGluRS. Al1 binding constants (Ki values) 

for the cornpetition curve analyses were caiculated as the mean t SEM of at least three 

separated experiments and are displayed in Table 5. Statisticd analysis of aii  radioligand 

binding results was performed using a one way analysis of variance test coupled with a 

Dunnett's test. Cornparison of individual binding resuIts was performed by comparing 

al1 Ki values to those calculated for the mGluRrl receptor. Differences in binding 

affinities were deemed to be statistically significant at a probability level of PcO.05. 

Earlier binding studies on mGluR4 and mGluR8 showed that four out of the five 

agonists tested (L-glutamate, L-SOP, L-CCG-1, and cyclobutylene-AP5) showed 

virtually no differences in binding between these two receptors. Results fiom the 



Table 5 

Ki values (in pM) for the inhibition of vw-L-AP~ binding to mGluR4, mGluR4-S 1 5 7 q  

mGluR4-GIS84 mGluR4-S 1 57NG1 58A, and mGluR8. Concentrations of test ligands 

used ranged from 10 nM to 1 mM. Each value represents the average of 3 separate 

experiments perfonned on 2-3 separate preparations (transfections). The upper five 

compounds represent the group III mG1u.R agonists, while the lower three compounds are 

group III antagonists. Ki values which were statisticdly different from rnGluR4 (P c 

0.05) are represented by an asterisk (*) and were determined using a one-way analysis of 

variance test with a Dunnett's post test. 



Lglutamate 

LSOP 

Cvclobutylene APS 

LCCC-1 

PPG 

MAP4 

CPPC 

MPPG 



competition analyses performed on the three mGluR4 mutant receptors showed either no 

change in afinity or only a modest change in afinity compared to the binding results for 

mGltdZ4 and mGluR8. Ki constants calculated for L-SOP, L-CCG-1 and Cyclobutylene- 

APS for each of the three mutant receptors were virtually identical to those calcdated for 

mGluR.4 or mGluR8. Binding of L-giutamate was most affected by the three mutations. 

The affinity for L-glutamate was decreased for each of the mutant receptors with Ki 

values of 10.1 2 3.43 pM, 9-9 t 0.68 pM, and 13.5 I 2.03 pM for the mGluR4-Sl57A, 

G158A, and S lS7A/Gl 58A receptors respectively. Only the Ki value for the mGluR4- 

S 157NG158A showed a significant difference (P > 0.05 for each receptor) compared to 

the Ki value of 5.3 I 0.5 1 pM deterrnined for L-glutamate binding at mGluR4. Similady, 

when the Ki values for the mGluR4 mutant receptors were compared to mGluR8, L- 

glutamate displayed signifïcantiy lower afEnity (l? c 0.05) for the mGluR4- 

S 1 5 7 N G  1 58A receptor. 

The only exception for the group III agonists was the PPG compound. PPG 

exhibited an approximately 8-fold higher affinity for mGluR8 as compared to rnG1uR.Q. 

Both the mGluR4-S 157A and G158A receptors displayed slightiy lower aninity for PPG 

as compared to either of the two WT receptors. A Dunnett's test showed the Ki value of 

23 -9 2 5 .Z @l for the mGluR4-S 157A receptor was significantly different compared to 

mGluR4 (Pt0.05), while the Ki value for the mGluR4-G158A receptor was not 

significantly different. Interestingly, the Ki value calculated for the mGluR4- 

S 157AfG158A receptor was intemediate between that calculated for the mGluR4 and 

rnGluR8 receptors and was significantly different fkom the value calculated for mGluR4 

(P<0.05). Therefore, when each of the two single mutant receptors were tested 



separately, these mutations resulted in a slight decrease in &nity for PPG, yet when 

these mutations were expressed together, the mGluR4-S 1 57AfGl58A receptor had an 

affinity for PPG somewhere intermediate between the afinities calculated for mGluR4 

and mGluR8. These results suggest that mutating both serine 157 and glycine 158 is 

required to produce higher affinity binding for PPG. 

3.5.2 Cornpetition Curve Analyses for the group LII mGhR Antagonisis 

The three antagonists studied in this thesis al1 displayed higher afftnity for the 

mGluR8 receptor than for the mGluR4 receptor. These difierences in binding affinity 

ranged from an - 6-fold increase in affinity for MAP4 to an - 60-fold increase in affinity 

for MPPG. Competition curves for the displacement of [.'H]-L-AP~ binding to mGluR4, 

mGluR8 and the mutant receptors by the agonist glutamate and the group III mGluR 

antagonist MPPG are shown in Figure 9. 

M M 4  displayed significantly higher for the mGluR8 receptor than for the 

mGluR4 receptor (P<0.05), however, this increase in affinity could not be replicated by 

any of the three mGluR4 mutant receptors. The mGluR4-G158A receptor had a Ki value 

of 23.8 @l, which was virtually identical to the Ki value of 24.1 ph4 found for the 

mGluR4 receptor. Both the mGluR4-S 157A single mutant and mGluR4-S 157A/G158A 

double mutant exhibited a significant decrease in their affinities of approximately 2-fold 

for MAP4 as compared to the mGluR4 receptor (P<O.OOS for both). These resdts taken 

together suggest that the glycine residue at position 158 of mGluR4 or the alanine residue 

at the corresponding position of mGluR8 do not influence binding of MAP4, while the 



Figure 9 

Cornpetition curves for the inhibition of [ 3 H J - ~ - ~ ~ 4  binding to mGluR4, rnGluR4- 

S 1 5 7 4  mGiuR4-G ISSA,  mGluR4-S 157A/G158A, and rnGluR8 by the agonist L- 

Glutamate ( panel (a) ) and the antagonist (ILS)-a-methyl-4-phosphonophenylgiycine 

(MPPG) ( panel (b) ). Binding assays were conducted in triplicate using 25 pl of 30 n M  

[ 3 h l - ~ - ~ ~ 4 ,  200 pi membrane preparation, and 25 pi L-glutamate or MPPG. 

Concentrations of L-glutamate and MPPG used ranged fiom 10 n M  to 1 m . .  Each point 

represents the mean 2 SEM of three experiments performed on 2-3 separate preparations 

(transfecti ons). 
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serine residue at position 157 of mGluR4 is to some extent involved in the binding of 

MAP4. 

Initial binding results showed the p heny lgly cine denvative compounds, CPPG 

and MPPG, to have an -20-fold increase in affinity and an -60-fold increase in âffinity 

respectively for the mGluRS receptor compared to the mGluR4 receptor. These 

compounds also displayed a similar pattern of binding when tested at the three mGluR4 

mutant receptors- The Ki values calculated for CPPG and MPPG at both rnGldt4S157A 

and G158A receptors were intermediate to those calculated for mGluR4 and mGluR8. 

The changes in binding affinity observed for the two mGluR4 single mutant receptors 

were not statistically significant for CPPG. However, they were both found to be 

statistically significant for MPPG (Pc0.05 for both}. Interestingiy, the double mutant 

mGluR4-S157A/G158A receptor also had Ki values for CPPG and MPPG that were 

intermediate between mGluR4 and mGluR8, but these values tended to be closer to the 

higher affinity Ki values calculated for the mGluR8 receptor. The differences in binding 

observed at the m G 1 W  double mutant receptor were statistically ~ i ~ c a n t  for both 

CPPG and MPPG (P<0.05). These results show that each of the single mutant rnGhR4 

receptors has moderately higher afinity for CPPG and MPPG than does the mGIuR4 

receptor, and that the double mutant mGluR4-S 157NG158A receptor possesses affinities 

for these two compounds which are closer to mGluR8 than to mGluR4. Ki values for the 

group III antagonists at each of the mGluR4 mutant receptors were significantly different 

(P < 0.05) from those calculated for mGluR8. 



4.0 Discussion 

4.1 [ 3 ~ ] - ~ ~ ~ 4  Binding to the Group Ill mGluRs 

Until recently, no bindmg analyses had been performed on the group III mGluRs, 

due to the lack of specific, high aiEnity ligands for these receptors. Recently, two studies 

have demonstrated the feasibility of using l3HI-~-~p4  for labeling the mGluR4 receptor 

(Eriksen and Thomsen, 1995; Thomsen et al., 1997). The initial goal of the current study 

was to characterizle the radioligand binding properties of [m-L-AP4 for aii four 

members of the group III mGluRs. 

In the present study, only mGluR4 and mGluR8 displayed specific I ~ W - L - A P ~  

binding. mGluR4 had approximately three times the amount of specific binding as 

mGluR8 when both receptors were transfected with equal amounts of cDNAs. This 

result is likely due to different levels of protein expression between the two receptors. 

Analysis of irnmunoblots, in conjunction with single-point [.'H]-L-AP~ binding assays, 

consistently showed that mGluR4 was expressed at a higher level than mGiuR8. A 

possible explanation for this observation was that the mGluR8 cDNA construct contained 

a larger stretch of 5' untranslated DNA (384 bp) compared to the 5' untranslated DNA 

region in the mGiuR.4 construct (140 bp). Previous studies have shown that alterations in 

the lengths of the 5' and 3' untranslated DNA can drastically alter protein expression. 

Work by Kakinuma et al (1996) showed that deletion of the 5' untranslated DNA resulted 

in an approximate doubling of thyrotropin receptor protein expression in transfected 

Chinese hamster ovary cells. Deletion of the 3' untranslated DNA resulted in an 

approximate 5-fold increase in thyrotropin receptor expression. Similady, it has been 

shown in our lab that reduction of the 5' untranslated DNA fiom 384 bp to 36 bp and 



removal of the 3' DNA (489 bp to O bp) in the mGluRS/pcDNA3 constmct, resulted in a 

- 5-fold increase in mGIuR8 receptor protein expression as compared with the 

mGluRS/pRc CMV construct (Dr. V. Peltekova, personal communication). 

Single-point [ 3 H + ~ - ~ ~ 4  binding assays produced no specific binding for either 

mGluR6 or mGluR7 when expressed in HEK celis. The absence of specific binding from 

mGluR7 may be attributable to the reported low affinity of this receptor for group IIi  

mGluR ligands. Inhibition of forskolin-çtimulated CAMP assays have shown that 

mGluR7 requires an approximate 100-fold increase in agonist concentrations as 

compared to mGluR4, mGluR6 and mGluR8 to achieve the same functional responses 

(Okamoto et al., 1994; Flor et al., 1997; Corti et al., 1998). For example, for the 

inhibition of forskolin-stimulated CAMP assay, Table 2 shows that L-AP4 activates 

mGluR4, mGluR6 and mGluR8 with ECso values of 0.4 pM, 0-18 pM, and 0.4 ph4 

respectively, while the ECso value for L-AP4 at mGluR7 is 160 pM (Corn and Pin, 1997; 

Laune et al., 1997). The fact that we detect no specific binding at mGluR7 is therefore 

not surprising due to the very low concentration (30 nM) of [ 3 ~ - ~ - ~ ~ 4  used in the 

single-point assays. 

The absence of specific binding for mGluR6 is more puzzling, because results 

from measurements of the inhibition of forskolin-stimulated CAMP suggest that mGluR6 

possesses a pharmacological profile similar to that of mGluR4 and mGluR8 (Nakajima et 

al., 1993; Pin and Duvoisin, 1995; Corn and Pin, 1997). Laurie et al. (1997) performed 

inhibition of forskolin-stimulated CAMP assays on Chinese hamster ovary cells stably 

expressing the human mGluR6 receptor. They found similar potencies for the group 

mGluR agonists at hmGluR6 as compared to those reported at mGl~iR4 and mGluR8. 



However, [ 3 w - ~ - ~ ~ 4  binding studies performed by this group on hmGluR6 revealed no 

specific binding (Bemd Sommer, personal communication). It is difficult to  explain how 

the human mGluR6 receptor can be activated by L-AP4 in the inhibition of forskolin- 

stimuiated CAMP assay (EC5~ = 0.18 pM), yet it does not bind a radiolabeled version of 

L-AP4 in the [ 3 w - ~ - ~ ~ 4  binding assay. 

It is possible that the procedure used for the preparation of membranes in the 

['HI-L-AP~ binding assay may somehow adversely affect the ability of m G l W  to bind 

[ 3 w - ~ - ~ ~ 4 .  To veri@ if the [3w-~-AP4 membrane binding assay preparation af5ected 

the stabiIity of the mGluR6 protein, SDS-PAGE samples were prepared immediately 

following harvesting of the cells, or following the [.'H]-L-AP~ membrane binding assay 

preparation. The membrane prepared SDS-PAGE samples were divided into two groups, 

with one sample of mGluR6-transfected cells being prepared according to the standard 

protoc01 (see Materials and Methods), and one sample being prepared in the presence of 

1 m M  glutamate. This was perfonned to determine whether the presence of a bound 

ligand could confer stability to mGluR6. A fourth SDS-PAGE sample was prepared 

from mGluR6-transfected cells which were suspended in the [ 3 H + ~ - ~ ~ 4  binding assay 

buffer for 2 hours prior to sample preparation. The four mGluR6 SDS-PAGE samples 

displayed identicai banding patterns on immunoblots, with no simcant proteolytic 

degradation products seen (data not shown). The banding patterns observed were 

identical to that seen for mGluR6-transfected cells in Figure 5.  It is therefore not likely 

that the ['HI-L-AP4 binding preparation is respoasible for the lack of specific [.'Hl-L- 

AP4 binding seen with mGluR6. In summary, we presently have no adequate 



explanation for the discrepancy between the functional assays and the radioligand 

binding assays for mGluR6. 

Saturation and Scatchard analysis of mGluR4 and mGluR8 produced Kd I SEM 

value of 470 t 5 1.2 n M  and 380 t 48.6 n M  respectively. The determination of K d  values 

for G-protein coupled receptors can be affected by the presence of high and low afKnity 

states of the receptor for its ligands. The high and low affinity binding states are thought 

to represent receptors which are bound to G-proteins or are unbound respectively. 

Contrary to this theory, the mGluR4 receptor has been shown to exhibit a single affinity 

state when assayed through radioligand binding (Eriksen and Thomsen, 1995; Thomsen 

et al., 1997; Han and Hampson, 1999). The presence of this lone binding state may 

suggest that mGluR4 possesses only a single low-affinity site due to lack of the 

appropriate G-proteins in Our host ce11 line (Thomsen et al., 1997). However, co- 

expression of mGluR4 with varïed G-protein subunits (GiI, Go, Gd, Go) in sf9 insect cells 

was not able to significantly increase either the afinity of mGluR4 for C)H+L-AP~ (L. 

Blythe and D. Hampson, personal communication). Further support cornes from the 

observation that [ 3 H J - ~ - ~ ~ 4  binding analyses on rat and mouse brain tissue, which 

dernonstrated the presence of a single binding site with a similar Kd value to that obtained 

with the cloned mGluR4 receptor (Hudtloff and Thomsen, 1998; Thomsen and Hampsoq 

1999). Other lower affinity binding sites may also exist in mGluR4, however the low 

affinity of mGluR4 may render these sites beyond the limit of detection in the i3Hj-~- 

AP4 radioligand binding assay . 



4.2 [ 3 ~ ] - ~ ~ ~ 4  Binding Analyses at the mGluR4 Mutant Rceeptors 

Initial [ 3 ~ - ~ - ~ ~ 4  binding analyses were performed on mGluR4 and mGluR8 to 

determine a pharmacological binding profile for these receptors. Both m G l a 4  and 

mGluR8 possessed vimial1y identical af'aities for the group IIi mGluR agonists tested. 

The lone exception to this trend was the phenylglycine compound, PPG, which showed - 
8-fold higher afinity for mGluRS compared to mGluR4. The three group III mGluR 

antagonists tested, namely CPPG, MPPG and MAP4, all exhibited significantly higher 

binding afinities for mGluR8 compared to mGluR4. These diifferences in affinity ranged 

from a - 6-fold increase in affmity for MAP4 to a - 60-fold increase in afïinity for 

MPPG. 

To investigate the differences in binding affinities between mGIuR.4 and mGluRû 

for the phenylglycine derivatives, we employed a combination of site-directed 

mutagenesis and molecular modeling. This strategy was used to probe the mGluR4 

ligand binding pocket for structural determinants which were responsible for the 

observed differences in binding aflïnities. Cornparison of the proposed molecular mode1 

with sequence alignments of the ATDs of mGluR4 and mGluR8 revealed that al1 residues 

in the proposed binding pocket were conserved with the exception of serine 157 and 

glycine 158 of rnGLuR4 and the corresponding alanine 154 and alanine 155 of mGluR8. 

The serine 1 57 and glycine 1 5 8 residues were substituted for their corresponding alanine 

residues in mGluR8 to determine if these residues were responsible for the higher afEnity 

binding of phenylglycine denvatives at mGluR8 compared to mGluR4. 

Of the five agonists tested for binding at the mGluR4 mutant receptors, L- 

glutamate, L-SOP, cyclobutylene-APS, and L-CCG-1 showed no change or only 



moderate decreases in affinity when compared with mGluR4 and mGluR8. The fact that 

the binding afEnities were not changed for these four compounds at the three mGIuR4 

mutant receptors is not surprising, as no statisticaliy sisnrf~cant differences in binding 

affinity exkted between mGluR4 and mGluR8 initially. These results would suggest that 

the serine 157 and glycine 158 residues of mGluR4 and the homologous residues in 

mGluR8, alanine 154 and alanine 155, do not play a major role in the binding of agonists. 

The phenylglycine derivative PPG was the only group III mGiuR agonist which 

exhibited significantly higher affinity for mGluR8 compared to rnGluR4. PPG possessed 

a significantiy lower binding f in i ty  at the mGluR4-S157A receptor and a modesdy 

lower, though not statisticaily significant, binding affinity at the mGluR4-G158A 

receptor compared to mGluR4. The affinity of PPG at the mG1uR.l S157NG158A 

receptor was intermediate between those observed for rnGluR4 and mGLuR8. Thus the 

two single mutations decreased the affinity for PPG, while the double mutant showed a 

significant increase in affinity compared to the unmutated mGluR4 receptor. 

The three group III mGluR antagonists tested al1 exhibited significantly higher 

afhities for mGluR4 compared to mGluR8. Binding results from the cornpetition cuve 

analyses performed with CPPG and MPPG support Our hypothesis that the serine 157 and 

glycine 158 residues of mGIuR4 and the alanine 154 and alanine 155 residues of rnG1u.M 

are involved in the binding of the phenylglycine derivative compounds. Calculated Ki 

values for both CPPG and MPPG at the mGluR4-S157A and G158A receptors were 

intemediate between the Ki values calculated for rnGtuR4 and mGluR8. Similarly, the 

binding affinities for CPPG and MPPG at the mGluR.4-S157NG158A receptor were 

intermediate between those for rnGluR4 and mGluR8, yet were closer in magnitude to the 



mGluRS vdues. Single substitutioas of senne 157 and glycine 158 of mGluR4 for the 

correspondi ng alanine residues of mGluR8 resuited in rnodestly higher bi ndhg affini ties 

for both CPPG and MPPG. However, the double mutant receptor dîsplayed aflhities for 

CPPG and MPPG that more ciosely approxirnated those observed for rnGLuR8. These 

results would appear to indicate an additive effect for the serine 157 and glycine 158 

residues and their corresponding residues in mGluR8 for binding of CPPG and MPPG. 

MAP4 showed significantly higher affinity for mG1u.M compared with mGluR4. 

The affinity of MAP4 for the mGluR4-G158A receptor was virtuaiiy identical to that 

reported for mGluR4, while MAP4 had a two-fold lower afEiity for both the rnGluR4- 

S 157A and S157A/G158A receptors. The finding that MAP4 did not possess higher 

affinity for any of the mGluR4 mutant receptors compared to the wild type receptor, 

suggests that the observed differences in binding &nity between mGluR4 and rnGluRS 

for M M 4  are likely due to structural determinants other than the serine 157 and glycine 

158 residues of mGluR4. Since MAP4 differs from L-AP4 oniy by the addition of a 

methyl substituent on the a-carbon, and it is likely that this methyl group is responsible 

for the differences in affinity observed between mGluR4 and mGluR8. The structural 

determinants which impart the differentiai binding between mGIuR4 and mGluR8 for 

MAP4 are not known. 

The three compounds exhibiting the largest discrepancies in binding affinities 

between mGluR4 and mGluR8 are al1 stmcturally related. The agonist PPG, and the 

antagonists MPPG and CPPG are phenylglycine derivative compouads which each 

contain a common centrai phenyl ring, a carboxyl and amino fuoctional group attached to 

the a-carbon, and a phosphonate moiety located at the 4 position of the rnolecule (see 



Figure 2). We proposed that alanine 154 and danine 155 of mGluR8 fom a larger, more 

hydrophobic region in the ligand binding pocket compared with the s e k e  157 and 

glycine 158 of mGluR4. The hydrophobic alanine residues may impm higher e t y  

binding for the phenylglycine denvatives a t  mGluR8, due to the formation of a more 

favourable interaction with the hydrophobic phenyl ring of these compounds. 

The molecular mode1 proposed for the binding pocket of mGluR4 (see Figure 4) 

shows that the hyciroxyl sidechain of serine 157 is positioned towards the binding cavity . 

The hydroxyl group may have a destabilizing effect on phenylglycine bindhg to rnGluR4 

due to the interaction between the polar hydroxyl group of the serine residue and the 

hydrophobic phenyl ring on compounds such as CPPG or MPPG. It is not known 

whether the glycine residue at position 158 of mGluR4 would have a signrficant effect on 

ligand binding, as it is itself a small hydrophobic residue. It could be argued though that 

the larger sidechain of the alanine residue at the corresponding position in mGluR8 may 

be located in closer proximity to the phenyl ring moiety of the phenylglycine derivatives 

and allow for greater hydrophobic stability of the receptor-ligand complex. 

The difference in the binding profiles of PPG as compared to CPPG and MPPG is 

intriguing, since PPG differs from CPPG and MPPG only by the absence of an alkyl 

substituent at the a-carbon position of the molecule (see Figure 2). The presence of this 

additional substitution at the a-carbon position seems to impart two characteristics to 

these molecules. Firstly, i t  changes the agonist activity of PPG to that of an antagonist, 

as seen for CPPG and MPPG, and secondly this substitution imparts different binding 

affinities to CPPG and MPPG when compared with PPG at the mGluR4 single mutant 

receptors. 



Similar to the stmcturd differences between CPPG/MPPG and PPG, MAP4 also 

differs from L-AP4 only by the addition of an alkyl group on the a-carbon of this 

molecule. The presence of the methyl group on MAP4 imparts antagonist properties to 

the compound and is Likely responsible for the differential binding atanities observed at 

the rnGluR4 mutant receptors. MAP4, however, is not stnicturally related to the 

phenylglycine derivatives and did not share a similar binding profile with these 

phenylglycine compounds at the mGluR4 mutant receptors. 

4.3 Potential Binding Models for the mGluR4 and mGluR8 Receptors 

It has been suggested that the binding afinity and specificity of L-giutamate 

analogues for both ionotropic and metabotropic glutamate receptors may be determined 

by the distance between the amino acid moiety and the pbosphonate/carboxylate group of 

the compound andor by the absolute length of the rnolecule (Sekiyama et ai., 1996; 

Jullian et ai., 1999; Gasparini et al., 1999). As noted previously, group III mGluR 

antagonists differ from their analogous agonist compounds by the presence of an 

additional alkyl substitution at the a-carbon position. The addition of a methyl group to 

MPPG and MAP4, and a cyclopropyl group to CPPG increases the length of these 

moiecules with respect to their agonist analogues (see Figure 2). The increased 

molecular Iength of MPPG, CPPG, and MAP4 rnay account for the differences in binding 

afinities observed between mGiuR4 and mGluR8. 

It is possible that mGluR8 possesses additional structural determinants, other than 

the 157/158 residues of mGluR4 and the 154/155 residues of mGluR8, which can 

accommodate the increased rnolecular length of the group III antagonists beîter than 



mGluR4. For example, the calculated Ki values for the antagonists MPPG and CPPG and 

the agonist PPG at mGluR8 were essentiaily identical. However, the &inities of MPPG 

and CPPG at mGluR4 were lower than that for PPG. The fact that al1 three 

phenylglycine derivative compounds were bound with equal afiinities at the mGluR8 

receptor seems to suggest that the presence or absence of an alkyl substituent on the a- 

carbon of the molecule does not affect binding. Converseiy, the addition of an dkyl 

substituent seems to hinder binding at the mGluR4 receptor. Similar to the 

pharmacophore model (see Introduction) proposed by Juilian et  al. (1999), mGluR8 may 

possess a region which can accommodate the alkyl group of the group UI mGluR 

antagonists, while mGluR4 does not contain such a region. 

Alternatively, the differences in binding affinhies between mGluR4 and mGluR8 

may not b e  caused by a direct interaction between the bowid ligand and residues 157/158 

of mGluR4 and residues 154/155 of mGluR8. The molecuiar model of the mGluR4 

binding pocket shows that the senne 157 residue of mGluR4 is not thought to be directly 

involved in the binding of ligands to mGluR4. However, the model suggest that serine 

157 is in close proximity to arginine 78, which is directly involved in binding the 

phosphonate group of ligands. The model proposes that these residues may form an 

hydrogen bond. It is possible that the rote of senne 157 in mGluR4 is to form an 

hydrogen bond with the arginine 78 residue, which in tum stabilizes the arginine residue 

so that it may participate in binding. 

mGluR8 has an arginine residue at position 75 that corresponds to arginine 78 in 

mGluR4, but it is flanked by the alanine 154 residue. The alanine 154 residue occupies 

the corresponding position of the serine 157 residue in rnGluR4. The alanine 154 residue 



of mGluR8 does not possess the hydroxyl group of the serine 157 residue of mGluR4 and 

is therefore unable to form an hydrogen bond with the arginine 75 residue of mGluRû. It 

is possible that the elimination of this hydrogen bond provides a greater degree of 

flexibility to the arginine 75 residue and to the binding pocket as a whole of mGluRS. 

The absence of the stabilizing hydrogen bond in mGluRS may cause the binding pocket 

to 'stretch' and therefore dlow it to bind larger ligands (Le. the phenylglycine 

derivatives) than c m  be  bound by the mGluR.4 binding pocket. This hypothesis would 

explain why larger compounds such as CPPG and MPPG show higher afEnity for 

mGluR8 versus mGIuR4. Similariy this would account for the higher afinity binding 

observed for the phenylglycine derivatives at the mGluR4-S157A and SlS7A/GlSSA 

receptors as compared to mGluR4. Interestingly, the sequence alignment of the four 

group III mGluRs (see Figure 4) shows that each of these receptors possesses a serine 

residue (corresponding to serine 157 of mG1u.M) in close proximity to the arginine 

residue (corresponding to arginine 78 of mGluR4), with the exception of mGLuR8. It is 

therefore possible that the hi& affinity binding of phenylglycine compounds observed at 

mGluR8 is specific for only this member of the group DI mGluRs. 

4.4 Applications of Research 

In this study, 1 have determined that the phosphonophenylglycine compounds and 

group III mGluR antagonists exhibit higher affinity for mGluR8 than for mGluR4 and 

have speculated about some structural detetminants which may account for these 

differences in binding affinities. New mGluR ligands, such as PPG, have been shown to 

be efficacious in the treatment of epilepsy and NMDA-induced neuronal death in mice 



(Gasparini et al., 1999). PPG may prove to be a suitable drug for treatment of epileptic 

seizures, as the dose required to elicit 100% protection from tonic-clonic convulsions was 

considerably lower than that required for L-AP4 or L-SOP. PPG also has the advantage 

that it exhibited no proconvulsive activity when administered at high concentrations 

(2200 nmol). Gasparini et al. (1999) reported that both L-AP4 and L-SOP, at doses of 

approximately 2000 nrnol, induced clonic/tonic seizures in - 4040% of test mice. This 

pro-convulsive activiîy of L-AP4 has been reported previously, and it is thought to be due 

to cross-reactivity at NMDA receptors (Thomsen and Dalby, 1998). The Iarger size of 

the phenylglycine derivative compounds, compared with glutamate analogue compounds, 

such as L-AP4, may stencally hinder them from binding at NMDA receptors. The size of 

these phenylglycine derivatives also mîmics that of traditionaf NMDA receptor 

antagonists such as CGP 401 16, as the distance between the amino acid moiety and 

phosphonate gruup is simiiar (Gasparini et al., 1999). The more rigid conformation and 

larger size of the phenylglycine derivatives 1ikeIy eliminates my agonist activity at 

NMDA receptors and causes these compounds to behave more like NMDA antagoilists. 

Thus PPG and related compounds rnay be usefûl for therapeutic treatment as they 

exhibited potent anti-convulsive properties with no pro-convulsive activity. 



5.0 Conclusions and Future Considerations 

The first goal of this study was to establish baseline pharmacological binding data 

for the group III mGluRs. Single-point c~HJ-L-AP~ binding assays performed on 

mGluR6 and mGluR7 revealed no specific binding at either of these receptors. Ln 

contrast, both mGluR4 and mGLuRS displayed significant specific binding and 

subsequent competition c w e  analyses were performed to characterize the binding of 

these receptors. mGLW and mGluR8 exhibited nearly identicd binding afinities for the 

group ITI mGluR agonists, with the exception of PPG. PPG, d o n g  with the three group 

III mGluR antagonists CPPG, MPPG, and MAP4, al1 displayed simcantly higher 

binding affinity for mGluRû compared to mGluR.4. 

The second objective of my study was to investigate the structural determinants 

responsible for the differences in binding observed between mGluR4 and mGluR8. 

Substitution of serine 157 and glycine 158 of rnGluR4 for their corresponding alanine 

residues in mGluR8 (alanine 154 and alanine 155) produced higher afEnity binding in the 

mGIuR4-S157A/G158A receptor for the phenylglycine derivative compounds when 

compared to mGluR4. However, the binding affinities observed at the mGluEk4 mutant 

receptors were stifl slightly lower to those seen for mGluR8 suggesting that additional 

determinants aiso influence the binding affinity of the phenylgl ycine antagonist. The 

data presented in this thesis support Our hypothesis that residues serine 157 and glycine 

158 of mGluR4 and the corresponding residues in mGluR8, alanine 154 and alanine 155, 

are responsible, in part, for the differences in binding finhies between mGluR4 and 

mGluR8 for the group III mGluR antagonists. 



Future studies will aim to elucidate other structural detenninants involved in the 

differential binding of antagonists at the group III mGluRs. A preliminary approach to 

investigate these structural determinants would be to employ chimeric mGluR4/mGluRS 

receptors to establish the location of other regions or residues involved in binding. 

Initially it would be of interest to constmct a chimeric receptor containing the 

transmembrane domains and C-terminus of rnGluR8 and the N-tenninus of rnGluR4. If 

this chimera were able to mimic the binding profile observed for mGluR4, then it could 

be concluded that the structural determinants involved in binding to mGluR4 were 

present solely in the N-terminal domain of the receptor. Subsequent constmction of a 

series of rnGluR4/mGluRS chimeric receptors wouid make it possible to identie discrete 

candidate regions for a more in depth study. Such a strategy could be accomplished by 

combining various truncated segments of the N-terminal domain of mGluR4 coupled to 

the transmembrane domains, C-terminus, and the remaining N-terminal residues of 

mG1uR.û. Following the identification of discrete receptor regions involved in the 

di fferenti al binding of antagonists at mGluR4 and mGluR8, site-directed mutagenesi s 

may be employed to investigate the involvement of individual amino acid residues. 

An understanding of the key structura1 features that mediate binding specificity 

and affinity for the group III mGluRs would be usehl for fùture structure-based dnig 

design. It is conceivable that with enough structurai information, it wiil be possible to 

synthesize ligands that exhibit specificity for individuai memben of the mGluR families. 

This specificity would allow for the targeting of discrete neuronal populations expressing 

a certain subtype of receptor. Since the group III mGluRs possess different expression 

patterns throughout the CNS, targeting of individual group III mG1u.R subtypes would 



possibly allow for the therapeutic treatment of epilepsies which onginate in Merent 

brain regions. 
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