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ABSTRACT

GABAA, receptors are fast-acting, ligand-gated Cl” ion channels. There are currently
17 GABAA receptor genes, which are classified according to the amino acid sequence
similarities of their products, i.e. the al-a6, B1-f3, y1-y3, d, €, ® and p1l-p2 GABA4
receptor subunits. These subunits are thought to coassemble in different pentameric
combinations to form functional receptors with distinct properties. Insights into the
functional properties of receptor subtypes may be obtained by studying their respective
subcellular localizations using subunit-specific antibodies. However, quantification is
difficult at synapses because of both antibody accessibility through the post-synaptic
density and the large size of the complex formed for detection by conventional
secondary antibody methodology. In this thesis, these problems have been addressed by
the development of techniques permitting the direct labelling of whole antibody
molecules together with their Fab’ fragments, using monomaleimido Nanogold
(1.4 nm). Thus, anti-mGluR1a, anti-GABA, receptor a1l 1-14 Cys and anti-GABAA
receptor a6 1-15 Cys antibodies were affinity-purified, and the whole IgG and Fab’
fragments were labelled with monomaleimido Nanogold, following reduction with
mercaptoethylamine. Labelled antibodies were characterized with respect to the
efficiency of monomaleimido Nanogold labelling, antibody specificity and antibody
avidity. Immunocytochemical studies were carried out using the labelled anti-IgG and
anti-Fab’ antibodies.

In the second part of this thesis, GABA, receptor subunit-specific antibodies
were used to study the regulation of subunit expression in cerebellar granule cells in
culture, following elevation of intracellular cAMP. It was found that the previously
described increase and decrease in expression of GABA, receptor ol and o6 subunits,
respectively, was accompanied by a concomitant increase in B2 and decrease in

B3 subunits.
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1.1 GABA as a neurotransmitter

GABA was first isolated by Roberts and Frankel (1950) from brain tissue, using
paper chromatography. The concentration of GABA was found to be high (umoles/g
of wet tissue), in the same magnitude as metabolic intermediates. Furthermore, the
metabolism of GABA seemed to fit in with a shunt of the Krebs cycle: GABA is
synthesised from the precursor, glutamic acid, using the biosynthetic enzyme,
glutamic acid decarboxylase (GAD), requiring vitamin B6 (pyridoxine) as a co-
factor. Thus, it was initially suggested that GABA might simply be a metabolic
intermediate. However, after many experiments, GABA was, in fact, found to be a
major inhibitory neurotransmitter.

Many of the experiments showing that GABA does function as a
neurotransmitter were performed in the crustacean neuromuscular junction. This is
relatively simple to study since the neurones are much less tightly packed than in the
vertebrate nervous system. Florey (1953) demonstrated that mammalian brain
extracts produced an inhibitory action on the crayfish stretch receptor. The active
substance was later found to be GABA (Bazemore et al., 1957). Kravitz et al. (1963)
found that lobster inhibitory neurones contained much higher levels of GABA than
excitatory neurones. GABA was found to be released from the inhibitory neurones of
the lobster in response to electrical stimulation (Otsuka et al., 1966).

Kmjevic and Schwartz (1966) provided evidence for GABA as an inhibitory
neurotransmitter in the mammalian brain. They demonstrated that GABA increased
the conductance of mammalian cerebral cortex inhibitory neurones to CI” ions,
leading to hyperpolarization. In addition, exogenously applied GABA was found to
mimic the inhibitory action of Purkinje cells (Obato et al., 1967). Further evidence
for GABA as an inhibitory neurotransmitter in Purkinje cells was demonstrated by
localizing the biosynthetic enzyme, GAD. The enzyme was purified, and polyclonal
antibodies directed against it were produced in rabbits. Using an
immunohistochemical method, it was shown that GAD was localized to Purkinje cell
terminals (Saito et al., 1974; McLaughlin et al., 1974).

GABA is now well established as the major inhibitory neurotransmitter in the

mammalian central nervous system (CNS). It is the most widely distributed
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neurotransmitter in the brain. Uptake studies with ["H]-GABA suggest that it is
present in 25-55% of synapses, depending on the brain region (Bloom and Iversen,
1971). GABA is involved in the development of the CNS, it mediates the majority of
fast inhibitory synaptic potentials, and controls many neurological states, such as

anxiety, wakefulness and seizures.
1.2 The GABA receptors

GABA mediates its actions by binding to GABA receptors, which are found on both
neurones and glial cells. In neurones, these receptors are involved in the
hyperpolarization and inhibition of impulses. In glia, they play an important role in
buffering CI” ions. There are at least three different GABA binding sites in the
mammalian CNS. These are the Na*-dependent GABA transport system (Enna and
Snyder, 1975), the GABAA and the GABAg receptors.

The recently cloned GABAg receptors are G protein-linked, and coupled to
Ca®* or K* channels via second messenger systems (Bowery and Brown, 1997).
GABAg receptors are stimulated by the agonist, baclofen, and they are inhibited by
the specific GABAg receptor antagonist, phaclofen. They are insensitive to the
GABAA receptor ligands: bicuculline, muscimol and picrotoxin.

GABAA\ receptors are widely distributed in the mammalian CNS (Velasquez
et al., 1989). They are also found in some peripheral tissues, e.g. the intestine and
female reproductive system (reviewed in Ong and Kerr, 1990). GABA4 receptors are
found at inhibitory synapses, where they function as fast-acting ligand-gated CI” ion
channels. Following depolarization of the pre-synaptic neurone, GABA is released
into the synaptic cleft by a Ca**-dependent mechanism. GABA binds to GABA
receptors located on the post-synaptic membrane, and resulting conformational
changes within the receptor lead, within milliseconds, to the opening of an intrinsic
CI” ion channel. The influx of Cl” ions counteracts depolarization in the post-
synaptic cell, leading to hyperpolarization of the cell membrane and inhibition of
neuronal excitation. Finally, the CI” ion channel closes via desensitization, or through
the re-uptake of GABA into both the pre-synaptic neurone and glial cells. GABAa

receptors are stimulated by the high affinity agonist, muscimol, and they are
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inhibited by the competitive antagonist, bicuculline, and the non-competitive channel
blocker, picrotoxin. They are insensitive to the GABAg agonist, baclofen.

Some GABA receptors exist that share both amino acid sequence homology
and structure with the GABA, receptors, but display a unique pharmacology: they
are insensitive to bicuculline, barbiturates and benzodiazepines (Drew et al., 1984).
Their localization is restricted predominantly to the retina. Thus, they may represent
a different class of GABA receptor, and are sometimes known as the GABAc

receptors (Enz and Cutting, 1998; Section 1.7.1).
1.3 Pharmacology of the GABA 4 receptors

Zukin et al. (1974) demonstrated the binding of [PH]-GABA to GABA4 receptors in
brain membranes after removing endogenous GABA by multiple washing steps, and
by using Na'-free buffers and low temperature to inactivate the GABA transport
system. This [PH]-GABA binding was inhibited by the high affinity agonist,
muscimol, and the antagonist, bicuculline. The [3H]-GABA was shown to bind to
both low affinity and high affinity sites in the brain (Olsen et al., 1981). The high
affinity GABA binding sites had a Kp value in the nM range, and the low affinity
sites had a Kp value in the uM range. GABA has been shown to activate Cl” ion
channels at pM concentrations, e.g. by electrophysiological studies (Simmonds,
1981). Therefore, it is thought that GABA exerts its physiological effects by binding
to the low affinity binding sites. The high affinity sites may represent a desensitized
form of the GABAA receptor (Sieghart, 1992).

The GABAa receptors were first identified as the site of action of the
anxiolytic benzodiazepine drugs. Anxiolytic benzodiazepine agonists, e.g. diazepam
and flunitrazepam, facilitate GABA neurotransmission by increasing the frequency
of CI” ion channel opening, as shown by electrophysiological studies (Study and
Barker, 1981). Anxiogenic benzodiazepine inverse agonists, e.g. Ro 15-4513,
decrease the frequency of channel opening. Antagonists, e.g. Ro 15-1788, bind to the
benzodiazepine site and inhibit the action of benzodiazepine agonists. Some non-

benzodiazepine ligands, e.g. B-carbolines, bind to the benzodiazepine site, and have
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similar anxiolytic and anxiogenic effects as the benzodiazepine agonists and inverse
agonists.

In autoradiography, binding sites for the high affinity GABA agonist, [*H]-
muscimol, and the high affinity benzodiazepine agonist, [*H]-flunitrazepam,
displayed differential regional distributions in rat brain (Unnerstall, 1981). In
addition, three benzodiazepine binding sites with differential regional distributions
were identified (reviewed by Doble and Martin, 1992). The non-benzodiazepine
ligand, CL 218,872 was found to bind high (type I) and low (type II) affinity
benzodiazepine sites in the brain. Benzodiazepine type 1 sites were distributed
throughout the rat brain and enriched in the cerebellum. Benzodiazepine type II sites
were enriched in only a few areas, including the cortex, hippocampus and spinal
cord. These two sites are known as benzodiazepine-sensitive sites. A third
benzodiazepine binding site, labelled by only the benzodiazepine partial inverse
agonist, Ro 15-4513, was found in the cerebellum. These sites are known as the
benzodiazepine-insensitive Ro 15-4513 binding sites.

In photoaffinity labelling studies, [’H)-flunitrazepam labelled a membrane
protein with M, 51 000 in all brain regions (Mohler et al., 1980). This protein was
thought to be associated with benzodiazepine type I receptors since binding was
inhibited by high concentrations of CL 218,872. Other proteins were labelled by
[3H]—ﬂunitrazepam, with M; 55 000 (Sieghart and Karobath, 1980) and M, 53 000
and M, 59 000 (Sieghart et al., 1983). These proteins displayed differential brain-
regional distributions. [*H]-flunitrazepam binding was inhibited by CL 218,872 at
lower concentrations than for the benzodiazepine type I receptors above, therefore,
these proteins were thought to be associated with benzodiazepine type II receptors.

The benzodiazepine inverse agonist, PH]-Ro 15-4513, labelled similar
proteins to [3H]-ﬂunitrazepam in rat brain. However, in the cerebellum, [3H]-Ro 15-
4513 also labelled a membrane protein with M; 57 000. Binding to this protein was
not inhibited by flunitrazepam, CL 218,872 or B-carbolines, but binding was
displaced by the benzodiazepine antagonist, Ro 15-1788. This protein (M, 57 000) is
thought to be responsible for the benzodiazepine-insensitive binding shown by

autoradiography above.
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Distinct from the benzodiazepine sites, there are other allosteric modulatory
sites for compounds such as barbiturates, non-competitive CI” ion channel blocking
compounds (e.g. picrotoxin), Zn** and ethanol. These binding sites are also thought

to display heterogeneity (reviewed in Stephenson, 1995).
14 Purification of the GABA 4 receptor

The GABA, receptors were purified from bovine brain by benzodiazepine affinity
chromatography (Sigel et al., 1983; Stauber et al., 1987). A benzodiazepine affinity
column was prepared by attaching the benzodiazepine agonist, e.g. Ro 7-1986/1, to a
matrix support. Detergent-solubulized extracts of brain membranes were applied to
the column. After extensive washing to remove non-specifically bound proteins, the
GABAA4 receptor was eluted with a H,0-soluble benzodiazepine, e.g. clorazepate,
which was itself removed by ion-exchange chromatography.

The isolated GABA, receptor was a single protein, with M; ~250 000.
Analysis of the reduced receptor by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) showed that the purified receptor consisted of two
polypeptides, migrating with M, 53 000 and M, 57 000, termed the o and § subunits,
respectively (Sigel et al., 1983). The two bands appeared, by SDS-PAGE, to be
present in equimolar amounts, therefore, the receptor was initially thought to consist
of a 2028 tetramer. The isolated receptors were shown to retain both GABA and

benzodiazepine binding sites (Sigel et al., 1983; Stauber et al., 1987).
15 Molecular cloning of the GABA 4 receptor genes

The isolation of pure GABA4 receptors from bovine brain (Section 1.4) permitted
the cloning of the first GABAA receptor cDNAs (Schofield et al., 1987). The
benzodiazepine affinity-purified receptors were cleaved with cyanogen bromide, and
fragments of the protein were partially sequenced. From this sequence information,
oligonucleotide probes were constructed and used to screen bovine and calf cerebral
cortex complementary DNA (cDNA) libraries. Two hybridizing clones were isolated,

completely sequenced, and amino acid sequences of the two proteins were deduced.

22



The total number of amino acids of the two proteins was 429 (M, 48 800) and 449
(M, 51 400), taking into account the loss of the putative N-terminal signal sequences.
These values correlated well with the migration of the deglycosylated GABAA
receptor proteins by SDS-PAGE, which were M; 44 000 (o subunit) and M; 55 000
(B subunit).

In order to show that the two cDNAs did indeed code for GABAa receptor
subunits, the o and f mRNAs were microinjected into Xenopus oocytes (Schofield
et al., 1987). GABA-induced membrane currents were produced following the co-
expression of o and B subunits, but not following expression of either subunit alone.
The channels were blocked by bicuculline and picrotoxin, and were potentiated by
both benzodiazepines and barbiturates. This showed that these two subunits could
form functional GABA, receptors with all the pharmacology of native receptors
(Schofield et al., 1987).

The GABA, receptor o and B polypeptides shared 25-30% amino acid
sequence identity. From a hydropathy profile based on the hydrophobic nature of the
residues, the two polypeptides were predicted to share common structural features
(described in Section 1.6). It was realized that the GABAA receptor (Schofield et al.,
1987), glycine receptor (Grenningloh et al., 1987) and nicotinic acetylcholine
receptor (nAChR; Boulter et al., 1987) all shared similar sequences and structural
features. They were, therefore, classified as members of a ligand-gated ion channel
superfamily.

Since the cloning of the first GABAA receptor cDNAs, the original o (now
al) and B (now P1) subunit sequences have been used to clone related sequences
from the cDNA libraries. The deduced polypeptides are classified according to their
percentage amino acid sequence identity, i.e. the a, B, v, 9, €, p and x subunits,
which all share 30-40% amino acid sequence identity. Within some of these
subunits, isoforms exist, which share 60-80% amino acid sequence identity. Thus, to
date, 17 mammalian GABA, receptor subunits have been cloned and sequenced, and
these are a1-a6, B1-P3, y1-y3, 8, €, ® and p1-p2 (summarised by Olsen and Tobin,
1990; Stephenson, 1995).
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Splice variants of some of the mammalian GABA, receptor subunits have
been shown to exist. The y2 subunit has two splice variants, termed y2rong (y21) and
¥2shon  (y2s). The y2p subunit has an additional consensus sequence for
phosphorylation in the intracellular loop domain)' therefore, it may be differentially
regulated by intracellular mechanisms (Whiting et al., 1990; Kofuji et al., 1991). The
B3 subunit has splice variants that differ in the N-terminus to form variant signal
peptides (Kirkness and Fraser, 1993). Splice variants of the rat a6 subunit have also
been found. In the short form, a6s, 10 residues have been lost from the extracellular
N-terminus (Korpi et al., 1994). The a6s subunit constitutes 20% of the total
0.6 subunits in the rat brain, but it is unique in that it is non-functional (Korpi et al.,
1994).

The diversity of GABA, receptor subunit genes was not predicted by the
earlier biochemical characterization of the receptor. The molecular masses of the
GABA receptor subunits range from M, 48 000 (y) to M, 64 000 (a4); therefore)the
two bands seen initially by SDS-PAGE (Section 1.4) must have consisted of many

different subunits, not just o and f as originally proposed.
1.6 Structure of the GABA 4 receptor

The hydropathy profiles for the GABA, receptor al and f1 polypeptides initially
cloned (Section 1.5) were used to predict the structure of these subunits. Each
subunit shares common predicted structural features (Figure 1.6.1). They have a
large extracellular N-terminal domain, approximately 220 amino acids in length.
This contains consensus sequences for N-glycosylation. A disulphide bond is thought
to form between two conserved cysteine residues in the N-terminal domain, forming
a cys-loop. This loop is present in the subunits of other members of the ligand-gated
ion channel superfamily, e.g. the known nAChR subunits (Criado et al., 1986).
Following the N-terminal domain are four hydrophobic putative membrane-spanning
regions, which together with the membrane-spanning regions of co-associating
subunits are thought to form the CI” ion channel. Clusters of positively charged

residues at each end of the membrane-spanning regions form the anion-selective
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filter. Between membrane-spanning regions 3 and 4 there is predicted to be a large
hydrophilic intracellular loop domain, which is divergent between the al and
B1 subunits. The C-terminus is predicted to be extracellular (Figure 1.6.1).

All of the GABAA receptor subunits cloned to date (Section 1.5) have a
similar predicted structure to that shown in Figure 1.6.1. By aligning the gene
sequences of the GABA, receptor and the nAChR subunits, conserved regions in the
corresponding polypeptides have been identified. These domains are thought to be
important for the basic functioning of the ion channel receptors. For example, the
transmembrane domains form the ion channel, and parts of the N-terminus are for
agonist binding. Regions that are divergent between GABA, receptor subunit classes
include the extreme N- and C-terminal regions of the polypeptides, and the predicted
cytoplasmic loop domain (Figure 1.6.1). These divergent regions are thought to have
evolved in order to provide the various subunits with different functions. For
example, the intracellular loop domain of the B1 subunit is larger than that of the
ol subunit, and contains a cyclic adenosine monophosphate (cAMP)-dependent
serine phosphorylation consensus sequence. This indicates that the ol and
B1 subunits may be regulated by different intracellular mechanisms (Burt and
Kamatchi, 1991). The divergent regions of the GABAA receptor subunits have
proved useful in the production of anti-GABA4 receptor subunit-specific antibodies,
which distinguish between subunit isoforms (Section 1.7.3).

Earlier biochemical studies of the isolated GABAA receptor suggested that
the receptor consisted of a 2a2f tetramer (Section 1.4; Schofield et al., 1987).
However, other members of the ligand-gated ion channel superfamily have been
shown to be pentameric: the peripheral nAChR, by electron microscopy (em) studies
(Unwin, 1995); the strychnine-sensitive glycine receptor, by chemical cross-linking
(Langosch et al., 1988); and the neuronal nAChR, by studying channel gating
propetties (Cooper et al., 1991). With the identification of a multiplicity of GABA4
receptor subunits, and by analogy with the other ligand-gated ion channel receptors,
it is now thought that the GABAA4 receptor complex is formed by the co-assembly of
five subunits, with the predicted a helix of membrane-spanning region 2 lining the

wall of the CI” ion channel (Figure 1.6.2). The molecular mass of an assembled
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GABA4 receptor from bovine cerebral cortex, by hydrodynamic analysis is 230 000~
240 000. This is consistent with the assembly of five glycosylated subunits
(Mamalaki et al., 1989). Recently, GABA, receptors were isolated from porcine
cortex by benzodiazepine affinity chromatography, and stained with uranyl acetate.
Receptor channels were visualized by electron image analysis, and the receptors
were indeed shown to have a rotational symmetry of five. These experiments support
evidence that native GABAa receptors are formed by the co-assembly of five

receptor subunits (Nayeem et al., 1994).
1.7 Heterogeneity of the GABA 4 receptor subunits

With the existence of at least 17 GABA4 receptor subunits, it was calculated that
151 887 possible subtypes could be formed by the random co-assembly of five
subunits (Burt and Kamatchi, 1991). However, it is expected that only a small
number of native GABA, receptor subtypes actually form. Different subtypes are
thought to have different pharmacological properties; therefore an important aim has

been to understand the extent of heterogeneity of GABA4 receptors in the brain.
171 Characterization of cloned GABA, receptors

Systems expressing cloned receptors have been wused to study the
electrophysiological and pharmacological properties of receptors of defined subunit
composition. GABA, receptor subunit mRNAs expressed alone in Xenopus oocytes
resulted in GABA-gated homo-oligomeric ion channels (Blair et al., 1988).
However, only homomeric p subunit receptors assembled with high efficiency, and
these channels may represent GABAc receptors (Section 1.2; Enz and Cutting,
1998).

Direct injection of a1 and 1 subunit mRNAs into Xenopus oocytes produced
functional receptors (Section 1.5; Schofield et al., 1987). As described, the GABA
response was sensitive to bicuculline and picrotoxin, and was potentiated by
benzodiazepines. However, the level of potentiation of the GABA response by

benzodiazepines was much lower than in native receptors (Schofield et al., 1987).
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A v subunit in addition to a1 and 1 is required to produce GABA4 receptors
with the full benzodiazepine response. Co-expression of al, 1 and y2 subunits in
human embryonic kidney (HEK) 293 cells produced receptors with benzodiazepine
responses similar to native receptors (Pritchett et al., 1989). The y3 subunit was
shown to have similar properties to y2 (Knoflach et al., 1991). Co-expression of the
v1 subunit with a1 and B1 subunits in HEK 293 cells produced channels with a lower
level of benzodiazepine potentiation of the GABA response compared to the y2 or y3
subunits, and an unusual potentiation of the GABA response by the benzodiazepine
antagonist, Ro 15-1788, in Xenopus oocytes (Ymer et al., 1990). Therefore, these
receptors may not exist in vivo (Ymer et al., 1990). Co-expression of a, B, y and &
subunits produced channels in which the GABA response was not potentiated by
benzodiazepines.

In Section 1.3, photoaffinity labelling studies were described, which showed
that [3H]-ﬂunitrazepam labelled different proteins, associated with benzodiazepine
binding sites with different affinities. The o subunit has since been confirmed to be
the site of [*H]-flunitrazepam labelling, using subunit-specific antibodies
(Stephenson et al., 1990). The proteins identified in photoaffinity labelling studies
were different o subunit isoforms. On the al subunit, the site of [3H]-flunitrazepam
labelling was narrowed down to residues 59-148 by cyanogen cleavage mapping
experiments (Stephenson and Duggan, 1989). Site-directed mutagenesis studies
identified the histidine residue at position 101 (rat numbering) to be specifically
involved in benzodiazepine binding.

Studies with cloned receptors have confirmed that different o subunit
isoforms influence the type of benzodiazepine pharmacology when combined with
B1 and y2 subunits (Pritchett et al., 1989). Receptors containing the ol subunit
displayed benzodiazepine type I pharmacology, whereas receptors containing o2, a3
or a5 subunits displayed benzodiazepine type II pharmacology. Receptors containing
a4 or a6 subunits were associated with benzodiazepine-insensitive [*H]-Ro 15-4513
binding sites when co-expressed with 2 and y2 in HEK 293 cells (Wisden et al.,

1991; Luddens et al., 1990). Results correlating specific o subunit isoforms with
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different benzodiazepine binding sites in the brain are consistent with the distribution
of the o subunit mRNAs found by in sifu hybridization (see Section 1.7.2).

The co-expression of different o subunit isoforms, e.g. al and a3 (Verdoon
et al., 1994) or al and 06 (Mathews et al., 1994) in combination with § and
y subunits, resulted in receptors with properties distinct from receptors consisting of
a single o subunit isoform. This demonstrated that in each case, all four subunits did
indeed co-assemble. Receptors containing ol and a6 subunits isolated by
immunological methods (see Section 1.7.3) have been shown by some groups to
display benzodiazepine-insensitive pharmacology, suggesting a dominance of the
a6 subunit (Khan et al., 1994; Pollard et al., 1995).

Recently, it has been suggested that different § subunit isoforms may also
influence the properties of cloned GABA, receptors. Wafford et al. (1994) have
shown that the anti-convulsant drug, loreclezole, binds to membrane-spanning region

2 of the $2 and B3 subunits.
1.72 Regional distribution of the GABA4 receptor subunit mRNAs

GABAA receptor subunit mRNAs have been studied in adult rat brain, by in situ
hybridization, using radiolabelled subunit-specific oligonucleotide probes. This
technique is used to determine the cellular localization of specific mRNAs. The
GABA, receptor al-o6, B1-83, y1-y3 and pl subunit mRNAs have all been
localized by in situ hybridization. The results indicate that the subunits have a
distinct but overlapping pattern of expression across many cell types in the brain
(reviewed by Wisden et al., 1992 and Laurie et al., 1992).

The al subunit mRNA is the most abundant and ubiquitously expressed of
the o subunits. The 02 mRNA is notably found in benzodiazepine type II enriched
areas in both neuronal and glial cells of the cerebellum. The a3 mRNA is expressed
in the neocortex and reticular thalamic nucleus. The a4 mRNA is the rarest of the
o subunits, but is enriched in the thalamus. The a5 mRNA has a low overall

distribution but is enriched in the benzodiazepine type II areas of the hippocampus.
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The .6 mRNA has a unique and very restricted pattern of expression. It is found in
cerebellar and cochlear granule cells only.

The B2 and B3 subunit mRNAs are both abundant, and show a wide
distribution, whereas expression of the 1 subunit mRNA is mainly confined to the
hippocampus.

The y2 subunit is the most abundant of the y subunit mRNAs, and y3 is the
rarest. The short and long splice variants of y2 show a differential distribution. The
v1 and y3 mRNAs, although expressed in lower amounts than y2, are found in
numerous regions. Therefore, they may represent important receptor subtypes. In
some areas, y subunit mRNAs do not appear to be expressed, e.g. in the thalamus. In
these areas, there are no benzodiazepine binding sites, and it is thought that a
d subunit may substitute the y subunit in these receptors. In several regions, either
y¥2 or § subunit mRNAs are expressed, e.g. d mRNA is highly expressed in cerebellar
granule cells and the thalamus, whereas the y2 subunit is highly expressed in the
hippocampus and cerebellar cortex. The distribution of y2 and & mRNAs correlates
with the distribution of benzodiazepine-sensitive and -insensitive sites, respectively.

The p1 subunit mRNA is mainly confined to the retina (Enz and Cutting,

1998). These subunits may form GABA( receptors as discussed in Sections 1.2 and
1.7.1.

By investigating co-expression patterns of GABA, receptor subunit mRNAs
in different neuronal populations, predictions can be made concerning possible
receptor subtypes. The most ubiquitously expressed mRNAs are al, a2, a3, f2, f3
and y2therefore, major GABA, receptor subtypes may be formed by these subunits.
Many areas of the brain co-express al, $2/3 and y2 subunit mRNAs, which are the
most abundant of the GABA4 receptor subunit mRNAs. Therefore, a major receptor
subtype may be (a1):82/3(y2), (Wisden et al., 1992; Laurie et al., 1992).

Some neuronal populations express only a few subunit mRNAs in significant
quantities. Hence, predictions can be made about major receptor subtypes existing in
these brain regions. For example, in the thalamus, the only abundant subunit mRNAs
expressed are al, a4, B2 and . Therefore, these subunits may co-assemble to form

the major subtype in this area. Some neuronal populations express large numbers of
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subunit mRNAs. The expression of more than five GABA, receptor subunits in a
single cell type indicates the presence of more than one receptor subtype. Cerebellar
granule cells express al, a6, B2, B3, y2 and & subunit mRNAs in significant
quantities, suggesting the presence of the receptor subtypes: a682/3y2, a.1a6p2/38
and a1f2/3y2. Immunopurification and immunoprecipitation studies have provided
further evidence for these receptor subtypes (Section 1.7.3). Low levels of a4, 1
and y3 subunit mRNAs are also present in cerebellar granule cells.

There are several limitations with the use of in situ hybridization studies.
Firstly, following translation of the message, receptor subunits may be transported to
a different location within the cell. Therefore, there may be differences between the
intracellular localization of subunit mRNAs and the mature receptor. Secondly, the
apparent absence of a particular mRNA cannot exclude its presence, because the
mRNA may either be expressed at low levels, be very unstable, or the expression
may have changed in response to environmental stimuli. The third limitation with
in situ hybridization is that the level of mRNA does not necessarily correlate with the
abundance of the subunit. This may be due to differences in mRNA turnover, nRNA

translation, or protein turnover.

1.73 Characterization of native GABA, receptors using subunit-

specific antibodies

The preparation of subunit-specific anti-GABA, receptor antibodies has enabled the
characterization of native GABAA, receptors in biochemical studies. Immunoblotting
has been used to identify GABA4 receptor al-06, 13, y1-y3 and d subunits in
denatured receptors from brain membrane preparations. The molecular masses of
these mature subunits agreed with values predicted from cDNAs when the presence
of carbohydrates was taken into account (reviewed in MacDonald and Olsen, 1994).
Immunoaffinity chromatography and immunoprecipitation studies have provided
important information about the subunit composition of native GABAA, receptors. In
immunoaffinity chromatography, particular subunit-specific anti-GABA, receptor

antibodies are coupled to immobilized Sepharose. Receptors enriched in a particular
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subunit are then isolated from detergent-solubulized extracts of specific brain
regions, and co-associating subunits are identified by immunoblotting. Receptor
subpopulations isolated from a single immunoaffinity purification can be re-applied
to a second column, containing a different antibody. Thus, receptors enriched in two
co-associated subunits are isolated. In immunoprecipitation studies, subunit-specific
antibodies are coupled to Protein A, incubated with a detergent-solubulized extract of
a specific brain region, and centrifuged. The resulting immune pellet is then analysed
for co-associating subunits by immunoblotting. Results on the general abundance and
distribution of subunits by these techniques have agreed with results obtained from
mRNA in situ hybridization studies.

Most information has been gained about GABA, receptor o. subunits, since
high-affinity o subunit-specific antibodies have been produced. The majority of
native GABA, receptors were found to contain a single type of o subunit (Duggan
and Stephenson, 1990; Duggan et al., 1991; McKeman et al., 1991). The most
abundant o subunit isoform was al (Duggan and Stephenson, 1990; Benke et al.,
1991a). Some receptors contained two different o subunit isoforms in a single
receptor complex. Receptors were isolated that contained the a1 subunit associated
with either a2, a3, a4 or a5, and the a2 subunit associated with a3 (Duggan et al.,
1991; Zezula and Sieghart 1991; Kern and Sieghart 1994; Mertens et al., 1993;
Pollard et al., 1993). These combinations represent minor subpopulations of
receptors. The co-association of two different o subunit isoforms, e.g. a2a3 (Pollard
et al., 1995) in a single receptor complex was not a result of aggregation because
these receptors did not contain the most abundant isoform, al. In the cerebellum,
most of the GABA, receptors present contained one o subunit type (either al or
06), but a small population was found to contain both al and a6 subunits (Pollard
et al., 1993). The co-association of a1 with a6 represented about 50% of a6 subunit-
containing receptors in the rat cerebellum (Khan et al., 1994; Pollard et al., 1995).
However, another group found no evidence for the co-association of ol and a6
(Quirk et al., 1994a). This may have been due to the use of lower avidity antibodies.

There has been no evidence for the co-association of more than two o subunits.
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Studies investigating the pharmacology of immunoaffinity-purified GABAA
receptors supported the finding from expression studies on recombinant receptors
(Section 1.7.1) that the o subunit isoform determines benzodiazepine pharmacology.
Receptors containing the al subunit were associated with benzodiazepine type I
binding sites, and receptors containing a2 or a3 subunits were associated with
benzodiazepine type II sites (Zezula and Sieghart, 1991).

In receptor populations enriched in particular a subunits, immunoreactivity
for other subunits was found by immunoblotting. A § subunit has been identified in
all GABA, receptors isolated to date. This supports evidence that the high affinity
agonist binding site is present on the § subunit (Amin et al., 1993). Benke et al.
(1994a) have shown that the most prevalent of the f subunits is B2, which is
consistent with mRNA studies (Section 1.7.2). From immunoprecipitation studies,
Benke et al. (1994) showed that GABA, receptors contain a single f subunit
isoform, and they demonstrated that the 2 subunit is most often associated with a1.

The y2 subunit was the most prevalent of the y subunits, which is again
consistent with mRNA studies (Section 1.7.2). The subunit was identified in each
population of al, a2 and a3 subunit-containing receptors (Duggan et al., 1992).
There has been conflicting evidence about both y and & subunit-containing receptors.
Some groups have shown a co-association of two y subunits in the same receptor
(Quirk et al., 1994b; Backus et al., 1993; Khan ef al., 1994). However, other groups
purified y3 and yl1 subunit-containing receptors, and found no evidence for the
colocalization of y subunits (Togel et al., 1994; Mossier et al., 1994). Quirk et al.
(1994a) found & subunits in the cerebellum only, where they co-localized with a6.
There were no y2 subunits, and no benzodiazepine binding sites in these receptors.
However, colocalization of o, B, y and § was suggested by single channel studies of
cloned receptors (Section 1.7.1). In addition, Mertens et al. (1993) showed a wider
expression pattern of the & subunit, and demonstrated a colocalization of the
d subunit with a1, a3, $2/3 and y2.

Some deductions have been made concerning the subunit composition of
GABAA\ receptor subtypes in the brain (Table 1.7.1). Immunoprecipitation and in situ

hybridization studies suggested that the most common subunit combination of native
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adult receptors is a1f2/3y2. Backus et al. (1993) deduced the subunit combination
(a1)2(B1)1(y2), by comparing conductance properties of wild-type and mutant cloned
receptors. Khan et al. (1994) identified one subpopulation of receptors in the
cerebellum, ala6Pf2/3y21y2s, by immunoaffinity chromatography. However, as
described above, other groups found no co-expression of different y subunits.
Immunoblotting with anti-GABA4 receptor subunit-specific antibodies has
been used to investigate the expression of GABA, receptor subunits in cultured
cerebellar granule cells. It was found that GABA, receptor al and a6 subunits
display differential time-dependent expression profiles in culture (Thompson and
Stephenson, 1994; Thompson et al., 1996a). The molecular mechanisms regulating
the expression of the GABA4 receptor al and a6 subunits in cerebellar granule cells
were also investigated (Thompson et al., 1996b; see Section 3.1.4). The cells were
treated with agents that elevated intracellular cAMP levels, which increased the
expression of the GABA, receptor ol subunit, but decreased expression of the

o6 subunit.

1.74 Immunocytochemical localization of GABA4 receptor subunits in

the brain

The preparation of subunit-specific anti-GABAA, receptor antibodies has enabled the
precise localization of the GABA, receptor subunits to be studied by
immunocytochemistry (Section 2.1.2). Monoclonal or polyclonal antibodies, either
recombinant or peptide have been employed. These have been visualized using
secondary antibodies, which are labelled with either a fluorescent marker, or the
enzyme marker, horseradish peroxidase (HRP). Overall, the cellular distributions of
the GABAA receptor subunits correlate well with in situ hybridization studies
(Section 2.1.2.1).

Recently, secondary antibodies labelled with the 1.4 nm diameter particulate
marker, monomaleimido Nanogold, were prepared (Hainfeld and Furuya, 1992).

These goat anti-rabbit IgG-Au; 4 »m antibodies have been utilized in the subcellular
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localization of GABAa receptor subunits and mGluR1a (e.g. Nusser et al., 1994;
1996a; 1996b; see Section 2.1.2.2).

1.8 The objectives of this study

The objectives of this study were two-fold. The subcellular localization of GABA4
receptor subunits has been studied using subunit-specific antibodies, and secondary
IgG-Au; 4 nm antibodies for detection (Section 1.7.4). However, quantification of
receptors is difficult at synapses because of both antibody accessibility through the
post-synaptic density, and the large size of the complex formed for detection by
conventional secondary antibody methodology. Labelling the primary antibody
directly would overcome the size factor, and yield more quantitative labelling of
antigenic sites. Hence, the aim of the major part of this thesis was to develop
techniques for the stoichiometric labelling of affinity-purified rabbit anti-GABA,
receptor o subunit whole IgGs and their Fab’ fragments thereof, using
monomaleimido Nanogold (1.4 nm).

Previously, the elevation of intracellular cCAMP in cultured cerebellar granule
cells was shown to increase expression of the GABAA receptor ol subunit, but
decrease expression of the a6 subunit (Section 1.7.3). The aim of the second part of
this project was to use GABA, receptor subunit-specific antibodies to study the
molecular mechanisms of al, a6, 2 and $3 subunits in cerebellar granule cells in

culture, following elevation of intracellular cAMP, over the course of 48 h.
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Figure 1.6.1

The predicted membrane topology of a GABA, receptor subunit

NHo
«— Cys loop EXT
COOH
1 2 3 4

INT

A schematic representation of the predicted transmembrane organisation of a
GABA4 receptor subunit based on the hydropathy profiles of the cloned
polypeptides. Each subunit shares common predicted structural features: a large
extracellular N-terminal domain, which contains consensus sequences for N-
glycosylation, and a cys-loop formed between two conserved cysteine residues; four
membrane-spanning regions with a large hydrophilic intracellular loop domain
between regions 3 and 4; and an extracellular C-terminal domain. N=sites of N-
glycosylation; P=sites of phosphorylation; EXT=extracellular; INT=intracellular;
1-4=membrane-spanning regions.
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Figure 1.6.2

The predicted pentameric structure of the GABA, receptor

A schematic representation of the predicted pentameric structure of the GABA,
receptor, viewed perpendicular to the plane of the membrane. Each of the circles
represents a subunit around the central Cl™ ion channel. The four membrane-spanning

regions within each subunit are shown as small circles, with the predicted a helix of
region 2 lining the wall of the channel.
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Table 1.7.1

A summary of the subunit complements of native GABA4 receptors

Subtype

References

ala2
ala3
alod
alas
alp2/3
aly2
ald
aly3

Duggan et al., 1991; Zezula and Sieghart, 1991; Kern and
Sieghart, 1994; Mertens et al., 1993; Pollard et al., 1993

alob

Pollard et al., 1993; 1995; Khan et al., 1994

a2a3
a2p3
a2y2

Duggan et al., 1991; Pollard et al., 1993

a3p2/3
a3y2
a3d

Duggan et al., 1991; Pollard et al., 1993; Mertens et al.,
1993

a4f32/3
ody2

Kern and Sieghart, 1994

a6p32/3
aby2
a6d

Pollard et al., 1993; Quirk et al., 1994b

B2/3y2

Benk et al., 1994

vla2
ylo3
vlas
v182/3

Quirk et al., 1994b; Mossier et al., 1994

Y302
¥303
y3o4
Y306
v3p2/3
v3y2

Mertens et al., 1993

op2/3
oy2

Mertens et al., 1993

Y2y2
¥2y3

Duggan et al., 1992

()2

Quirk et al., 1994b; Backus et al., 1993; Khan et al., 1994

The subunit complements were found by immunoprecipitation and immunopurification
studies. It is thought that, by analogy with other members of the ligand-gated ion channel
superfamily, each complete GABA4 receptor complex contains five subunits.
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Chapter 2

Labelling of secondary antibodies and primary anti-receptor

antibodies with monomaleimido Nanogold (1.4 nm)
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21 INTRODUCTION

This chapter will describe the methodology for labelling antibodies with
monomaleimido Nanogold. In this Introduction, the use of secondary antibodies
labelled with different markers — fluorescent, enzymatic and particulate gold — in the
localization of receptors will be described. The advantages of using primary antibodies
labelled with monomaleimido Nanogold in immunocytochemistry, the production of
anti-GABA, receptor subunit-specific antibodies, and the principles behind the

monomaleimido Nanogold labelling method will all be discussed in this Introduction.

211 The antibody-mediated immune response

In response to antigen, serum B lymphocytes that bear specific receptors for the antigen
are stimulated to divide and differentiate into a clone of plasma cells. The plasma cells
secrete antibody molecules bearing specificity for the same antigen. If several distinct
epitopes on an antigen are recognized, then several clones of B lymphocytes will be
stimulated, producing antiserum that consists of antibodies with differing specificity,
i.e. polyclonal antibodies. Two serum antibodies that are involved in the antibody-
mediated immune response are immunoglobulin G (IgG) and immunoglobulin M
(IgM). An IgG molecule (M; 150 000) has two antigen binding domains. An IgM
molecule (M; 900 000) is pentameric, each subunit consisting of an IgG-like structure.
IgM, therefore, has a theoretical valency of ten. However, in practice, due to steric
hindrance, only five antigen-binding domains can be occupied at any one time.

Figure 2.1.1 shows the kinetics of a typical mammalian immune response,
which is reviewed in Benjamini and Leskowitz (1991). Following the first inoculation
(Week 0), there is a lag phase of approximately 1-2 weeks while circulating B
lymphocytes make contact with the antigen, then they differentiate and secrete
antibodies. IgM molecules are the first immunoglobulins produced in the immune
response. The high valency of IgM results in the rapid precipitation of antigen. The
concentration of IgM peaks at approximately 15 days then decreases as the
concentration of IgG molecules increases to a higher concentration than IgM. This is

known as the primary immune response (Figure 2.1.1).

38



When the immune response has begun to shut down (caused by suppressor
T lymphocytes), the animal is left with long-lasting memory cells. At approximately
Week 3, the animal is given a second inoculation. This time, the lag phase is only
about 3 days (Figure 2.1.1). There is a more rapid and longer lasting production of
antibodies, with concentrations reaching much higher levels. There is also a shift in
the class response, with IgG molecules appearing at 3-10 times higher
concentrations and greater persistence than IgM. This is known as the secondary
immune response. Although IgG molecules have a valency of only two, they show an
increased affinity for antigen, as the secondary response develops. This is caused by
a selection process in which B lymphocytes compete with free antibodies to react
with antigen. Finally, a third inoculation can be given at Week 7-8, which results in
persistently high levels of IgG. This is known as the hyper-immunized response.

IgG molecules react with antigen to form specific, high affinity, but non-
covalent interactions. These include hydrogen bonds, Van der Waals forces and
hydrophobic bonds. These interactions can be readily dissociated by increasing or
decreasing the pH or salt concentration. Therefore, antibody molecules have become

important research tools.
212 Techniques used in immunocytochemistry

Studies into the localization of GABA, receptor subunits in the brain is important in
order to understand the extent of receptor heterogeneity, and to gain information on the
precise location of receptor subtypes at synapses. In Section 1.7.2, the localization of
GABA, receptor mRNAs by in situ hybridization was described (Wisden et al., 1992
and Laurie et al., 1992). As discussed, the location of a subunit mRNA does not

necessarily reflect the location of the encoded protein.
2.1.2.1 Secondary antibody methodology using fluorescent and HRP markers
The most comprehensive study of the distributions of GABA, receptor subunits was

carried out by Fritschy et al. (1992). The cellular distributions of a1, a2, a3, a5, f2/3,

¥2 and & subunits were determined by immunofluorescence staining, and each subunit
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showed a temporal and spatial distribution in the rat brain. Patterns of colocalizing
subunits were identified. The most prevalent triplet combination was a1p2/3y2, which
agrees with results obtained from biochemical studies (Section 1.7.3). In some
neurones, these three subunits also colocalized with either a2, a3 or 8, which suggests
the presence of four subunit types in one receptor complex. Other triplet combinations
were 02B2/3y2, a3p2/3y2 and a5p2/3y2. Combinations of co-localizing subunits that
lacked B2/3 subunits were ala2y2, a2y2, a3y2, 0203y2 and a2a58 (Fritschy et al.,
1992).

HRP-labelled secondary antibodies are visualized using diaminobenzidine as
substrate, which results in a visible peroxidase end product. This has been used to study
the celtular and subcellular localization of GABA, receptors in the brain. Both
monoclonal and pélyclonal antibodies directed towards specific GABA4 receptor
subunits were used to map their regional distributions. The results showed a distinct and
differential regional distribution of GABA, receptor subunits in the brain, which
correlated well with results from mRNA in situ hybridization studies. The monoclonal
antibodies, bd-17 and bd-24, which are specific for GABAA receptor $2/3 and
ol subunits respectively, have been used to map their regional distribution (e.g.
Somogyi et al., 1989). Polyclonal antibodies directed towards the al, a2, a3, aS, a6,
¥2 and d subunits have been used by several groups (e.g. Benke et al., 1991b, Zimprich
et al., 1991, Fritschy et al., 1992, Thompson et al., 1992). Overall, the results have
shown a distinct and differential regional distribution of GABA, receptor subunits in

the brain, which correlates well with results from mRNA in situ hybridization studies
(Section 1.7.2).

At the em level, differential subcellular localizations of GABA, receptor
subunits have been found for o subunit isoforms, with immunoreactivity found at both
synaptic and extrasynaptic sites (Baude et al., 1992). In the rat cerebellum, granule cell
dendrites, which receive GABAergic synapses from Golgi cell terminals, were
immunopositive for a6, a1 and f2/3 subunits. Non-synaptic sites (somatic membranes)
of the granule cells were immunopositive for al and p2/3, but a6 subunits were not

detected by this method (Baude et al., 1992).
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2122 Gold as a particulate marker in localization studies

A limitation with using secondary antibodies labelled with the enzyme marker, HRP, in
localization studies is that only a diffuse image of the peroxidase end product can be
seen, obscuring fine details of labelled sites (Novikoff, 1980). Particulate markers have
advantages over enzyme markers, in that there is no risk of diffusion, so that antigens
can be localized with a higher resolution. Various electron-dense markers have been
introduced in em for high-precision immunolabelling, e.g. multiple mercury atoms
incorporated into pyrolle rings (Stewart and Diakiw, 1978), heteropolytungstate
complexes (Keana and Ogan, 1986), tungstate clusters (Hainfeld et al., 1990), and
ferritin and imposil (Tokuyasu and Singer, 1976; Geiger et al., 1981) The use of these
markers is restricted due to their relatively low electron density; the higher electron
density of the cells hampers their visibility. Furthermore, ferritin is a naturally occurring
protein, and can be found as a component of cells.

Gold has a very high electron density (high atomic mass number), and is,
therefore, clearly visible in em. It was introduced as a marker for transmission em in
1971 (Faulk and Taylor, 1971). Colloidal gold is an accumulation of gold atoms, with a
wide range of diameters, from 3-150 nm. Colloidal gold is coupled to proteins via
hydrophobic interactions, which are maximally expressed at the isoelectric point of the
protein (Geoghean and Ackerman, 1981). Both IgG and Fab fragments have been
coupled to colloidal gold (Tschopp et al, 1982; Baschong and Wrigley, 1990).

Over the years, colloidal gold of smaller sizes has been prepared for higher
resolution immunocytochemical studies (Baschong and Lucocq, 1985; Tschopp et al.,
1982). The application of ultrasmall colloidal gold probes was reported by Leunissen
etal. (1989) and Van de Plas and Leunissen (1989) for the detection of tubulin at the
light microscope level@By Moeremans et al. (1989) for immunoblotting; and by Van
Bergen en Henegouwen and Van Lookeren Campagne (1989) for the subcellular
detection of phosphoprotein B-50.

Ultrasmall colloidal gold particles (less than 5 nm in diameter) are not visible in
em; therefore, their detection has been improved by silver staining. The method of
silver enhancement, using gum arabic, was developed by Danscher et al. (1981). Gold

acts as a catalytic nucleus for the deposition of silver, increasing the size of the particle
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for detection in em. The use of silver-enhanced ultrasmall colloidal gold probes in
immunocytochemistry resulted in improved penetration of tissues, and reduced steric
hindrance, providing more efficient labelling of antigenic sites compared with large
colloidal gold probes.

There are technical limitations when wusing colloidal gold in
immunocytochemical studies. In addition to the hydrophobic interactions mentioned
above, gold particles have a net negative charge and, therefore, take part in electrostatic
interactions. Both hydrophobic and electrostatic interactions can produce large protein-
gold aggregates. Protein, such as BSA, must be added to coat the surface of the gold in
order to shield these interactions, thereby reducing particle aggregation and false
labelling (Baschong and Wrigley, 1990). Unfortunately, this protein coat leads to a
larger overall probe size. Furthermore, even when hydrophobic sites remain on
colloidal gold, BSA can form multiple layers of protein rather than be adsorbed to the
whole colloidal gold surface (Goodman et al., 1981). This generates a large probe
consisting of a gold particle coated with several antibody molecules and BSA. Thus,
colloidal gold aggregates are often too large to study receptor sites at synapses
(Kramarcy and Sealock, 1990). In addition, the electrostatic properties of colloidal gold
exclude the labelling of negatively charged proteins because of repulsion. Dissociation
of colloidal gold from antibody molecules is also a problem. Kramarcy and Sealock
(1991) studied several commercial colloidal gold antibody probes, and found
substantial dissociation of colloidal gold from the antibodies, even in fresh preparations.
This means that free antibody molecules will compete for labelling sites, and reduce the
number of antigens visualized in em.

To overcome the problems associated with the use of colloidal gold, non-
colloidal gold compounds have been developed. These consist of an accumulation of
gold atoms, which are small and uniform in size. The gold core is encapsulated by a
shell composed of organophosphines. A functional group incorporated into the shell is
used for covalent linking to proteins. The remaining organic shell is unreactive and
uncharged. An undecagold-Fab’ conjugate was described by Hainfeld et al. (1987;
1990). Undecagold is an 11-gold-atom cluster, with a gold-core diameter of 0.8 nm.
However, the small size of undecagold meant that it was invisible in transmission em

(Hainfeld et al., 1990). The silver enhancement of undecagold was unsuccessful, which
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is thought to be because the organic shell shielded the very small gold core, preventing
the deposition of silver ions (Hainfeld et al., 1987; 1990).

Monomaleimido Nanogold (1.4 nm) is a non-colloidal gold compound, with a
gold-core diameter of 1.4 nm (Hainfeld and Furuya, 1992; Nanogold Product
Information, 1996) (Figure 2.1.2). It is the smallest gold immunoprobe developed for
transmission em, which can be successfully detected by silver enhancement (Nanogold
Product Information, 1996). It has been used in em, light microscopy and
immunoblotting (Hainfeld and Furuya, 1992). Monomaleimido Nanogold has a shell
composed of organophosphines, and the overall diameter is 2.7 nm (Figure 2.1.2). The
organic layer is water soluble, stable in an electron beam, unreactive, and uncharged
(Nanogold Product Information, 1996). A single maleimide functional group in the
organic shell is used for covalent linking to thiol groups in proteins. Monomaleimido
Nanogold can be covalently attached to antibody molecules at the hinge region of the
antibody (see Figure 2.1.3). This region is away from the antigen binding sites (Fab
domains), therefore, the attachment should have little affect on the specificity of the
antibody. This is in contrast to colloidal gold, which binds to any site on the antibody
molecule, and could, therefore, disrupt antigen binding. Monomaleimido Nanogold has
a uniform size, unlike ultrasmall colloidal gold preparations, yielding more
homogeneous silver enhancement. It has been shown that the particles do not bind non-
specifically: Hainfeld and Furuya (1992) showed that there was no attachment to
proteins, even after prolonged incubation. Therefore, monomaleimido Nanogold
particles do not need to be coated with BSA, and do not aggregate (Hainfeld and
Furuya, 1992). The conjugates retain their small size, which improves penetration of
synapses and labelling of receptor sites. In addition, only one monomaleimido
Nanogold particle can bind to an antibody molecule; steric hindrance prevents another
particle from binding (Nanogold Product Information, 1996). This allows for more
quantitative results. Monomaleimido Nanogold is not stable over 50°C and, therefore,
cannot be used in epoxy embedding at 60°C. However, it is compatible with post- or
pre-embedding labelling, using a low-temperature resin such as Lowicryl (Hainfeld and
Furuya, 1992).

Recently, secondary antibodies labelled with monomaleimido Nanogold

(1.4 nm) were developed (Nanogold Product Information, 1996; Hainfeld and Furuya,
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1992). Light microscopy and em, using the light-insensitive silver enhancement method
(Nanogold Product Information, 1996) can be used to detect these immunoprobes. High
resolution, quantifiable results have been obtained using this method. Nusser et al.
(1996b) studied the subcellular localization of GABAa receptor al, $2/3 and
a6 subunits in cerebellar granule cells, using post-embedding immunogold labelling.
The level of al and B2/3 immunoreactivities were found to be 200 times higher in
synaptic sites compared with extrasynaptic sites. In addition, the a6 subunit was also
located at both synaptic and extrasynaptic sites within the same cell, again, with a
higher level of immunoreactivity at synaptic sites. This was in contrast to the results
obtained using the peroxidase method, which did not detect the a6 subunit in non-
synaptic sites (Baude et al., 1992). Synapses were found that contained either al or a6,
or both a1 and a6 subunit immunoreactivities. These results supported evidence from
biochemical studies that the a1l and a6 subunits are present in the same synaptic

GABAA receptor (Section 1.7.3).
213 Production of anti-GABA4 receptor subunit-specific antibodies

In order to prepare IgG molecules directed against a GABA, receptor subunit, an
animal must be inoculated with part of that subunit. In the past, large amounts of
purified natural antigen were needed in order to obtain polyclonal antibodies. This was
difficult because neurotransmitter receptors are expressed at very low concentrations in
mammalian brain, i.e. fmol-pmol receptors/mg protein. Since the development of
molecular biology, cDNA sequences are more readily available, and antigens can be
synthesized either as recombinant proteins (bacterially derived fusion proteins) or
peptides.

Recombinant proteins are produced by cloning the DNA for a divergent subunit
region, e.g. the GABA,4 receptor intracellular loop domain, into a bacterial expression
vector. The expressed fusion protein-subunit region is purified by affinity
chromatography, and used to inoculate an animal. This system has certain advantages:
firstly, the antigen can be produced at low cost; secondly, the large recombinant protein

is likely to adopt a conformation close to its native form. This increases the chance that
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the antibodies will recognize the native GABA4 receptor subunit in subsequent studies.
However, the large size of the antigenic protein results in the production of a
heterogeneous population of antibodies. This increases the chance that the resulting
antibodies will cross-react with similar proteins.

Peptides corresponding to a divergent region of the GABA, receptor subunit
can be synthesized and linked to a carrier protein before inoculating the animal. IgG
molecules produced by this system have a pre-determined specificity and a reduced
chance of cross reactivity compared with those directed to recombinant proteins.
However, since the linear peptide is contiguous, there is a chance that the resulting
antibodies may not recognize the GABAa receptor in its native conformation.
Therefore, it is important that peptide antibodies are fully characterized in order to
confirm their specificity.

To raise isoform-specific anti-GABA, receptor antibodies, the following points
are considered. The sequence must be divergent between isoforms of the same subunit
class. Divergent regions, which are found by aligning subunit amino acid sequences, are
at the extreme N- and C-terminal ends of GABA, receptor subunits. In order for the
antibodies to recognize native GABA, receptors, the sequence should be hydrophilic,
thereby reducing the chance that the region in the native protein is buried. The sequence
should be soluble; therefore, regions containing uncharged residues are avoided. In
addition, the length of the sequence is important. A minimum of seven amino acids is
required in order to stimulate the immune response, and longer sequences have more
chance of adopting their native conformation. However, a compromise must be reached
due to the expense of synthesizing long peptide sequences. For anti-GABA4 receptor
subunit-specific antibodies, 11-18 amino acid sequences have been successfully
employed. Finally, the peptide sequence chosen should be different to known protein
sequences held in a database in order to reduce the risk of cross reactivity. The peptide
alone is not large enough to elicit an immune response and must, therefore, be coupled
to a carrier protein, e.g. thyroglobulin. The peptide is coupled via one end so that it is
more likely to adopt its native conformation. For C-terminal sequences, the carrier
protein is coupled to the N-terminus and vice versa.

Serum obtained from the immunized animal contains anti-GABA,4 receptor

peptide antibodies, anti-carrier protein antibodies and other serum proteins. Peptide
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affinity chromatography, with the peptide used in the initial inoculations, is used to
isolate anti-GABA, receptor antibodies. The antibodies are then characterized by SDS-

PAGE and immunoblotting.

214 Labelling anti-GABA4 receptor subunit specific antibodies with

monomaleimido Nanogold

The localization of GABA4 receptors has been previously investigated using secondary
antibody methoddlogy. The commercially available secondary antibody molecules
labelled with 14 nm monomaleimido Nanogold (goat anti-rabbit IgG-Auj4 mm
antibodies) have been used to obtain high resolution results (e.g. Baude et al., 1993;
Nusser et al., 1994; 1996a; 1996b). However, the quantification of neurotransmitter
receptor subtypes at synapses is difficult for two reasons. Firstly, the post-synaptic
density limits antibody accessibility. Secondly, a large complex is formed for detection
by conventional secondary antibody methodology: at least one goat anti-rabbit IgG-
Auj4 om molecule binds to the primary antibody, resulting in a complex with a
molecular weight of at least M; 315 000 (Table 2.1.1). Monomaleimido Nanogold
labelling of primary IgG or Fab’ antibodies thereof directly would result in a much
smaller complex with M; 165 000 (IgG-Au; 4 ym), or M; 65 000 (Fab’-Au; 4 nm) as shown
in Table 2.1.1. These conjugates may yield improved antibody accessibility and thus
more quantitative labelling of antigenic sites. However, in contrast to secondary
antibody methodology, each of the anti-receptor primary antibodies must be labelled
with monomaleimido Nanogold, making the technique more labour intensive. Also, the
resulting conjugates must be characterized with respect to their antibody specificity and
avidity by immunoblotting and immunocytochemistry.

An IgG molecule consists of two identical heavy chains and two identical light
chains, held together by a number of intermolecular disulphide bonds and hydrophobic
interactions (Figure 2.1.3). The N-terminal ends of the heavy and light chains form two
antigen binding (Fab) domains. The C-terminal ends of the two heavy chains form the
crystallizable (Fc) portion of the molecule, which is responsible for the biological
functions of the antibody. A hinge region is formed by an open stretch of amino acids,

mainly cysteine and proline residues; this region permits flexibility between the Fab
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domains. The cysteine residues at the hinge region of the antibody form inter-heavy
chain disulphide bonds. For IgG labelling, monomaleimido Nanogold reacts with
reduced thiol groups at the hinge region of IgG, producing IgG-Au, 4 nm antibodies. The
open hinge region of IgG is accessible to proteases. At the N- and C-terminal sides of
the hinge region disulphide bonds, there are sites for enzymatic digestion by papain and
pepsin, respectively (Figure 2.1.3). Digestion of an IgG molecule with pepsin yields one
divalent F(ab’), fragment and several Fc fragments. Importantly, F(ab’), fragments
retain the hinge region disulphide bonds; reduction of these bonds yields two
monovalent Fab’ fragments. Monomaleimido Nanogold covalently reacts with the
resulting thiol groups in Fab’ molecules to produce Fab’-Auy 4 ym antibodies.

The development of methodology for labelling anti-GABA4 receptor subunit-

specific antibodies with monomaleimido Nanogold is reported in this Chapter.
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Figure 2.1.1

The kinetics of a typical mammalian immune response
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A graphical representation of the primary and secondary stages of a typical
mammalian immune response. In the primary immune response, IgM molecules are
produced after a lag phase of about 1-2 weeks. The concentration of IgM peaks at
approximately 15 days, then decreases as the concentration of IgG molecules
increases to a higher concentration than IgM. In the secondary immune response,
there is a shorter lag phase, and a more rapid and longer lasting production of
antibodies, with concentrations reaching much higher levels. IgG molecules appear
at much higher concentrations and greater persistence than IgM.
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Figure 2.1.2

Schematic diagram of monomaleimido Nanogold
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A diagrammatic representation of monomaleimido Nanogold. A 1.4 nm gold particle
is surrounded by an inert organic layer, in which a single maleimide functional group
has been incorporated. The overall diameter of the particle is 2.7 nm. The maleimide
group reacts covalently with reduced thiol groups of proteins.
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Figure 2.1.3

The structure of an IgG molecule
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A diagrammatic representation of an IgG molecule. Two heavy chains and two light
chains are held together by disulphide bonds and hydrophobic interactions. At the N-
terminal end of the molecule are the Fab domains, and at the C-terminal end is the Fc
portion. The hinge region permits flexibility between the Fab domains and is
accessible to proteases. Digestion of IgG with papain yields two Fab fragments.
Digestion of IgG with pepsin yields one divalent F(ab’), fragment, which retains the
hinge region disulphide bonds. Reduction of these bonds yields two monovalent Fab’
fragments. Monomaleimido Nanogold reacts with reduced thiol groups of either IgG
molecules or Fab’ fragments. V=variable region; C=constant region; H=heavy chain;
L=light chain; -S-S- = disulphide bond.
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Table 2.1.1

Comparison of primary and secondary immunogold labelling systems

Immunogold Primary - Secondary Size of
labelling system antibody antibody detection Complex
Secondary
immunogold
system S Al SH M, at least 315 000
IgG 1gG-Au 14nm
Primary
immunogold
system A5 ['SH - . M, 165000
IgG'Au 1.4 nm
[—é M 65 000
S'Auu,nm -
Fab’-Au 14 nm

IgG = M, 150 000; Fab’ = M, 50 000; monomaleimido Nanogold (1.4 nm) = M; 15 000.
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2.2 MATERIALS

The peptide, EFVYEREGNTEEDEL, corresponding to a cytoplasmic region (residues
117-1130) of metabotropic glutamate receptor 1a (mGluR1ay), and rabbit antiserum
(code number C-5928) raised to this peptide, were kindly provided by Dr Peter
Somogyi at the MRC Anatomical Neuropharmacology Unit, Oxford University. The
ProtOn Kit #1 used in the purification of anti-mGluR1a antibodies was from Multiple
Peptide Systems (San Diego, USA). Synthetic peptides used in immunization protocols
for the purification of anti-GABA4 receptor antibodies were from Multiple Peptide
Systems (San Diego, USA) and Immune Systems (Bristol, UK). Freunds adjuvants
were from Difco Laboratories (Detroit, Michigan, USA). Goat anti-rabbit IgG and
rabbit anti-rat IgG antibodies were from DAKO (Glostrup, Denmark). Monomaleimido
Nanogold (14 nm) labelling reagent, affinity-purified goat anti-rabbit IgG-Au;4mm
antibodies and the light-insensitive silver enhancement solutions were from Nanoprobes
(New York, USA). Normal and pre-stained protein standards used in SDS-PAGE and
immunoblotting were from Bio-Rad Laboratories (Richmond, UK) and Bethesda
Research Laboratories (Bethesda, MD, USA), respectively. HRP-linked anti-rabbit
whole IgGs, the enhanced chemiluminescence (ECL) detection solutions and ECL
Hyperfilm were from Amersham International (Bucks, UK). Nitrocellulose membranes
were from Schleicher and Schuell (Dassel, Germany). Developing and fixing solutions
for ECL detection on Hyperfilms were from the Eastman Kodak Company (New York,
USA). Superose 12 Prep grade and Sephadex G-25 Course grade gel filtration media
were from Pharmacia Biotech (Uppsala, Sweden). Borosilicate glass columns and Poly-
Prep columns were from Bio-Rad Laboratories (Richmond, UK). Centricon-30
centrifugal concentrators were from Amicon Limited (Gloucestershire, UK).
Mercaptoethylamine (MEA) was obtained from the Sigma Chemical Company (Poole,
Dorset, UK) and the Pierce Chemical Company (Illinois, USA). All other chemicals

were purchased from standard commercial sources. Deionized H,0 was used
throughout.
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23 METHODS

231 Immunization protocols for the preparation of anti-GABA,

receptor subunit-specific antibodies

The immunization of rabbits and the preparation of antiserum were carried out in this
laboratory by both Simon Pollard and myself. Peptide sequences corresponding to
unique regions of the GABAA, receptor o1 and a6 subunits were synthesized, each with
an additional cysteine residue for coupling to the carrier protein, thyroglobulin (see
Table 2.4.1). Coupling to primary amines in the carrier protein was by the maleimido-
benzoic acid N-hydroxysuccinimide ester method (Stephenson, 1991). Each hind leg of
the rabbit was injected intramuscularly with a 1:1 ratio of peptide-thyroglobulin:
Freunds complete adjuvant (150 pl). Second and third inoculations were given in
incomplete Freunds adjuvant, at Week 3 and Week 7-8.

At Day 7 after the third inoculation, and at monthly intervals from then on,
blood (1015 ml) was collected from the peripheral ear vein of the rabbit. The blood
was incubated at 37°C for 1 h, then allowed to clot at 4°C overnight. Serum was
removed, then remaining clotted blood was pelleted by centrifugation at 13 000 rpm for

1 min. The serum was removed, then stored in 1 ml aliquots at —20°C until required.
232 Peptide affinity purification of anti-mGluR1a antibodies

An anti-mGluR1o peptide affinity column was prepared using the ProtOn Kit #1 as
recommended by the manufacturer. The peptide, EFVYEREGNTEEDEL (5.5 mg),
was dissolved in organic coupling solvent (500 pl). Agarose resin (2 ml, containing
05 ml isopropanol) was resuspended in the pre-filled column. Isopropanol was
completely drained from the resin, then the column was washed with phosphate
buffered saline (PBS), which was 10.1 mM Na,HPO4.12H,0, pH 74, containing
1.76 mM KH;POy4, 136.9 mM NaCl and 2.7 mM KCl (3 ml). The resin was drained
again and resuspended in coupling solvent (1 ml). The agarose resin was transferred to

the dissolved peptide, then reacted for 20 min at room temperature with gentle rocking.
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The peptide-agarose was transferred back into the column. After draining the coupling
solvent (containing unreacted peptide), the peptide-agarose was washed with PBS
(3 ml). Deactivating buffer (1 ml) was passed through the column and a further 2 ml of
this buffer was added and left in the column for 15 min at room temperature. The
column was pre-eluted with low pH elution buffer (2 ml), then equilibrated with PBS
for 30 min at a flow rate of 30 ml/h.

Following ammonium sulphate precipitation (Section 2.3.6), the mGluRla
antiserum (5Sml) (Table 2.4.2) was applied to the peptide column and re-circulated for
2 h at a flow rate of 30 ml/h. The filtrate was collected and the column was washed with
PBS for 30 min at a flow rate of 30 mi/h. Non-specifically-bound proteins were eluted
with PBS, containing 0.5 M NaCl (10 ml) at a flow rate of 10 ml/h and fractions (1 ml)
were collected. The column was washed as described above, then anti-mGluRl1la
antibodies were eluted with low pH elution buffer (10 ml) at a flow rate of 10 ml/h.
Fractions (1 ml) were collected in tubes that contained neutralization buffer (0.3 ml).
The fractions were assayed by ultraviolet (UV) spectrophotometry at A=280 nm, then
antibody-containing fractions were pooled and dialysed against PBS (Section 2.3.5).
Finally, the column was re-equilibrated with PBS, containing 0.025% (w/v) NaN3 and
stored at 4°C until further use.

233 Peptide affinity purification of anti-GABA receptor subunit-

specific antibodies

Peptide affinity columns used to purify anti-GABA, receptor subunit-specific
antibodies had been previously prepared in this laboratory by Simon Pollard (Pollard
et al., 1993). Anti-a6 Cys 423-434, anti-a6 1-15 Cys and anti-a1 1-14 Cys antibodies
were purified from current bleed numbers shown in Tables 2.4.3-2.4.5.

Anti-GABA, receptor subunit-specific antibodies were purified from serum by
affinity chromatography, using the relevant peptide coupled to Sepharose (1 ml). The
column was equilibrated with PBS at a flow rate of 40 ml/h for 30 min. Serum (4-5 ml)
was applied to the column and re-circulated for 2 h or overnight at 4°C. The filtrate was

collected and the column was washed with PBS for 1 h. Bound antibody was eluted
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from the column with 50 mM glycine-HCl, pH 2.3 (10 ml) at a flow rate of 10 ml/h.
Fractions (1 ml) were collected and immediately neutralized with 1 M Tris (100 ul).
The fractions were assayed by UV spectrophotometry at A=280 nm, and antibody-
containing fractions were pooled and dialysed against PBS (Section 2.3.5). Finally, the
column was re-equilibrated with PBS, containing 0.025% (w/v) NaNj; and stored at 4°C
until further use. Prior to monomaleimido Nanogold labelling, the antibodies were

concentrated to 1 mg protein/ml by precipitation with ammonium sulphate (Section
23.6).

234 Protein A affinity purification of non-immune antibodies

Protein A-Sepharose (125 mg) suspended in PBS (3 ml) was transferred to a 10 ml Bio-
Rad Poly-Prep column and allowed to settle to a final bed volume of 0.5 ml. The
column was equilibrated with PBS for 1 h at a flow rate of 30 ml/h. Non-immune
antiserum (3 ml) was diluted with 10 mM HEPES-KOH, pH 8.0 (2 ml). The antiserum
was applied to the column and re-circulated at a flow rate of 30 ml/h for 2 h at room
temperature. The filtrate was collected and the column was washed with PBS. Non-
immune IgGs were eluted with 50 mM glycine-HCI, pH 2.3 (10 ml) at a flow rate of
10 ml/h. Fractions (1 ml) were collected and immediately neutralized with 1 M Tris
(100 wl). The fractions were assayed by UV spectrophotometry at A=280 nm, and
antibody-containing fractions were pooled and dialysed against PBS (Section 2.3.5).
Finally, the column was re-equilibrated with PBS, containing 0.025% (w/v) NaN3 and
stored at 4°C until further use.

235 Dialysis of antibodies

Dialysis tubing (10 cm lengths) was boiled in 5 mM EDTA for 10 min. The solution of
EDTA was then changed twice, and the tubing stored at 4°C until required. For dialysis
of volumes over 300 pl, the tubing was washed extensively with H,O, and then the
solution of antibody was placed inside the tubing, which was secured at each end with a

dialysis clip. Dialysis was for 2 h at room temperature, or longer at 4°C, in 1-2 1 of the
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relevant buffer, with stirring. For dialysis of volumes less than 300 ul, a square of
dialysis membrane (approximately 2x2 cm) was placed over an open Eppendorf tube
containing the antibody solution. The lid with a hole cut out was placed on the tube,
securing the dialysis membrane. The tube was inverted and using a piece of
polystyrene, was dialysed against the relevant buffer, ensuring that the solution was in

contact with the membrane, for 1-2 h, with stirring.

23.6 Ammonium sulphate precipitation of antibodies

Ammonium sulphate (4.1 M) was boiled for 10 min until it dissolved, then cooled to
room temperature. The saturated salt was neutralized with 2 M NaOH. An equal
volume of saturated ammonium sulphate was added to the antibody solution,
dropwise, while slowly stirring. The solution was then placed on a shaker for 3 h at
room temperature. It was centrifuged at 3500 rpm for 30 min at 4°C. The supernatant
was removed, and the pellet was dissolved in PBS. The concentrated antibodies were
dialysed against several changes of PBS over 7 days (Section 2.3.5), then the protein
concentration was calculated from the optical density (OD) at A=280 nm (Section
23.11).

23.7 Concentrating the volume of antibodies by membrane

centrifugation

Amicon Centricon-30 centrifugal concentrators were used according to the
manufacturer’s instructions. The solution of antibody (maximum 2 ml volume) was
placed in the sample reservoir, and the concentrator was centrifuged for
approximately 30 min in a JA-20 rotor at 3500 rpm, until the desired volume was
achieved (usually 300 pl). The filtrate was removed, the unit was inverted, and the
concentrate was centrifuged into the retentate cup for 2 min at 1000 rpm. The

antibody concentration was calculated from the OD at A=280 nm (Section 2.3.11).
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238 Monomaleimido Nanogold labelling of whole IgG antibodies

A schematic diagram showing the labelling of IgG molecules with monomaleimido

Nanogold is shown in Figure 2.4.8.

2.38.1 Partial reduction of whole IgG antibodies with MEA

Initially, small-scale reactions were carried out to determine the optimum concentration
of MEA required to partially reduce whole IgG molecules prior to monomaleimido
Nanogold labelling. Affinity-purified IgGs were concentrated by ammonium sulphate
precipitation to 1 mg protein/ml PBS (Section 2.3.6). IgGs were dialysed against 0.1 M
sodium phosphate pH 6.0, containing 5 mM EDTA (Section 2.3.5). A vial of MEA
(6 mg) was dissolved in the buffer above, then IgGs (12 ug protein; 4 uM) were
reduced with a range of concentrations of MEA in a final volume of 20 ul, and
incubated at room temperature for 1 h. The proteins were immediately precipitated by
the chloroform/methanol method (Section 2.3.12), analysed by 10% SDS-PAGE
(Section 2.3.13) under non-reducing conditions and visualized by standard silver
staining (Section 2.3.14.1). Following the large-scale reduction of IgGs (usually 0.2 mg
protein), MEA was removed by gel filtration with Sephadex G-25 (Section 2.3.8.2).

2382 Gel filtration with Sephadex G-25

Separate gel filtration columns were prepared for each antibody to be purified.
Sephadex G-25 (4 mg) was swollen overnight in 0.02 M sodium phosphate, pH 6.5,
containing 150 mM NaCl and 1 mM EDTA at 4°C. The gels were degassed under
vacuum for about 30 min, then poured into vertically-clamped Bio-Rad borosilicate
glass columns, and packed with a peristaltic pump at a flow rate of 30 ml/h to a bed
volume of 16 ml (1x20 cm). The Sephadex G-25 columns were calibrated using 0.7 mg
blue dextran (M, 2 000 000) and 0.1 mg bromophenol blue (M; 670) in a final volume
of 200 pl. The proteins were eluted at a flow rate of 30 ml/h. Fractions (0.5 ml) were

collected and assayed by UV spectrophotometry at A=600 nm, which was plotted
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against elution volume. The void volume and total volume of the gel were calculated as
the elution volume of blue dextran and bromophenol blue, respectively. The gel
filtration columns were stored at room temperature with 0.025% (w/v) NaN; until
required.

Each Sephadex G-25 gel was washed with a volume of degassed buffer
equivalent to at least the total volume of the gel prior to use. Following reduction
with MEA, antibodies (usually 400 pl) were applied to the G-25 column, and eluted
at a flow rate of 30 ml/h. Fractions (0.5 ml) were collected and assayed by UV
spectrophotometry at A=280 nm to identify antibody-containing fractions, and to

determine the protein concentration (Section 2.3.11).

2383 Monomaleimido Nanogold labelling of partially reduced IgG

antibodies

Monomaleimido Nanogold (1 vial) was dissolved immediately prior to use, in dimethyl
sulphoxide (DMSO; 20 ul) and H,0 (180 pl), added to the partially reduced IgGs
(0.12 mg protein), and incubated overnight at 4°C. IgG-Auj4 nm antibodies were

isolated from unreacted monomaleimido Nanogold particles by gel filtration with either
G-200 or Superose 12.

2384 Gel filtration with Sephadex G-200 or Superose 12

Separate gel filtration columns were prepared for each antibody to be isolated.
Sephadex G-200 (1.5 mg) was swollen overnight in 0.02 M sodium phosphate, pH 7 4,
containing 150 mM NaCl at 4°C. The gels were degassed under vacuum for about
30 min. Superose 12 was supplied pre-swollen in 20% ethanol. Each gel (55 ml) was
washed with H,0 (500 ml) in a glass filter with a porosity less than 10 um, then
degassed under vacuum for about 30 min. Each gel was poured into a vertically-
clamped Bio-Rad borosilicate glass column, and packed to a bed volume of 40 ml
(1x50 cm), with a peristaltic pump, at a flow rate of 20 ml/h using 0.02 M sodium
phosphate, pH 7.4, containing 150 mM NaCl. The gels were calibrated with 0.2 mg
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cytochrome ¢ (M; 12 500), 0.4 mg carbonic anhydrase (M; 29 000), 0.3 mg BSA
(M; 66 000), phosphorylase b (M, 97 400), 0.4 mg alcohol dehydrogenase (M; 150 000)
and 0.3 mg dextran blue (M; 2 000 000), in a final volume of 200 pl. Fractions (0.5 ml)
were collected and assayed by UV spectrophotometry at A=280 nm to identify protein-
containing fractions. OD values at A=280 nm were plotted against elution volume and a
calibration graph of logio M; against elution volume was constructed. The columns
were stored at room temperature with 0.025% (w/v) NaN; until further use. Each
column was washed with a volume of degassed buffer equivalent to at least the elution
volume of bromophenol blue (total volume of the gel) prior to use.

Following monomaleimido Nanogold labelling, either 1gG-Au;4 nm or Fab’-
Au; 4 antibodies (usually 300 ul) were applied to the gel filtration column, and eluted
at a flow rate of 20 ml/h. Fractions (0.5 ml) were collected and assayed by UV
spectrophotometry at A=280 nm and A=420 nm to identify and characterize the IgG-
Auig4 nm Or Fab’-Auy4 om antibodies (see Section 2.3.8.5). The antibodies were then

stored with 0.05% (w/v) NaN3 and 0.1% (w/v) BSA at 4°C.
2385 Characterization of 1gG-Au 4nm antibodies

IgG-Au; 4 nm antibodies were assayed by UV spectrophotometry at A=280 nm and
A=420 nm, and the protein concentration was calculated using these OD values as
described in Section 2.3.11. The efficiency of monomaleimido Nanogold labelling was
determined from the ODj)-80 nmu20 nm ratio of the IgG-Aujs np antibodies. For
stoichiometrically labelled IgGs with one monomaleimido Nanogold particle per
antibody molecule, the ODj-280 nm/a20 nm ratio is 3.8, determined from the extinction

coefficients of monomaleimido Nanogold at A=280 nm (2.25x10%) and at A=420 nm

(1.12x10%) and of IgG at A=280 nm (2.18x10°) (Nanogold Product Information, 1996).
IgG-Au; 4 nm antibodies were further analysed by 10% SDS-PAGE (Section 2.3.13) and
visualization by standard silver staining or light-insensitive silver enhancement (Section

2.3.14), immunoblotting (Section 2.3.15) or immunodot assay (Section 2.3.16).
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239 Preparation of F(ab’), antibody fragments by pepsin digestion of
whole IgGs

Initially, small scale reactions were carried out to determine the optimal time required to
digest IgG molecules with pepsin to produce F(ab’), fragments. IgGs (1 mg protein/ml;
20 pg protein) were dialysed against 0.1 M sodium citrate, pH 4.0 (Section 2.3.5).
Pepsin (5 pg enzyme/mg antibody) was added and the reaction, mixed, then incubated
in a water bath at 37°C for either 6 h, 12 h or 24 h. A control reaction, which did not
contain pepsin, was incubated for 24 h. The proteins were immediately precipitated by
the chloroform/methanol method (Section 2.3.12), analysed by 10% SDS-PAGE
(Section 2.3.13) under reducing and non-reducing conditions and visualized by standard
silver staining (Section 2.3.14.1). For each large scale reaction, IgGs (1 mg protein/ml;
1-4 mg protein) were digested with pepsin for 6 h, as described above. The reaction
was neutralized with 1/10 volume of 3 M Tris, pH 8.8, then the antibodies were
dialysed against PBS (Section 2.3.5).

F(ab’), fragments were purified by Protein A affinity chromatography using
separate columns for each antibody. Protein A-Sepharose (125 mg), suspended in PBS
(3 ml) was transferred to a 10 ml Bio-Rad Poly-Prep column and allowed to settle to a
final bed volume of 0.5 ml. The column was equilibrated with PBS for 1 h at a flow rate
of 30 ml/h. Pepsin-digested antibodies were applied to the column and re-circulated at a
flow rate of 30 ml/h for 2 h at room temperature. The filtrate was collected and the
column was washed with PBS for 1 h at a flow rate of 30 ml/h. The bound fraction was
eluted with 50 mM glycine-HCl, pH 2.3 (10 ml) at a flow rate of 10 ml/h, collecting
1 ml fractions. Finally, the column was re-equilibrated with PBS, containing 0.025%
(w/v) NaN3;, and stored at 4°C until further use.

The filtrate and bound fraction, which contained pure F(ab’), fragments and
undigested whole IgGs respectively, were assayed by UV spectrophotometry at
A=280 nm. The antibodies were analysed by 10% SDS-PAGE (Section 2.3.13) under
reducing and non-reducing conditions and visualization by standard silver staining
(Section 2.3.14.1). The concentration of F(ab’), fragments was determined from the OD
at A=280 nm (Section 2.3.11). If necessary, the F(ab’), fragments were concentrated to
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03 mg protein/ml using Amicon Centricon-30 membrane centrifugation (Section
23.7).

23.10 Preparation and characterization of Fab’-Au, 4 um antibodies

A schematic diagram showing the preparation and monomaleimido Nanogoid labelling
of Fab’ fragments is shown in Figure 2.4.24. F(ab’), fragments (usually 0.12 mg) were
incubated with MEA (52.8 mM), then the resulting Fab’ fragments were separated from
unreacted MEA by gel filtration with Sephadex G-25 (1x20 cm; Section 2.3.8.2).
Monomaleimido Nanogold (1 vial) was dissolved immediately prior to use in DMSO
(20 pl), added to the Fab’ fragments (0.04 mg protein), and incubated overnight at 4°C.
The resulting Fab’-Au; 4 oy antibodies were separated from unreacted monomaleimido
Nanogold particles by gel filtration with Superose 12 (1x50 cm) (Section 2.3.8.4). Fab’-
Aujs .n antibodies were assayed by UV spectrophotometry at A=280 nm and
A=420 nm, and the protein concentration was calculated using these OD values as
described in Section 2.3.11. The efficiency of monomaleimido Nanogold labelling was
determined from the ODj-280 nm/420 nm ratio. Stoichiometrically labelled Fab’-Auj4 nm
antibodies with one monomaleimido Nanogold particle bound per antibody molecule
have an ODj-280 nma20 nm ratio of 2.8, determined from the extinction coefficient of
monomaleimido Nanogold at A=280 nm (2.25 x10%) and at A=420 nm (1.12x10°) and of
Fab’ at A=280 nm (7.69x10% (Nanogold Product Information, 1996; see Section
2.4.11). Fab’-Au; 4 nm antibodies were further analysed by 10% SDS-PAGE (Section
2.3.13) and visualization by either standard silver staining (Section 2.3.14.1) or light-

insensitive silver enhancement (Section 2.3.14.2), immunoblotting (Section 2.3.15) or

immunodot assay (Section 2.3.16).

23.11 Calculation of the protein concentration of antibodies from OD

values

The protein concentration of antibody solutions was determined from the OD at

A=280 nm. For whole IgGs, the OD for a 10% solution (El%) at A=280 nm is 14.5
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(Nanogold Product Information, 1996). The concentration of IgG (mg/ml) = ODj-280 nm
x 10/E'®. Therefore, the concentration of IgG (mg/ml) = ODj280 nm x 0.69. To

determine the protein concentration of partially reduced IgGs and F(ab’), fragments, the

same extinction coefficients were used. For Fab’ fragments, E'”% at A=280 nm is 15.3

(Nanogold Product Information, 1996). The concentration of Fab’ fragments (mg/ml) =

ODj80 nm x 10/E'”. Therefore, the concentration of Fab’ fragments (mg/ml) =

OD)L_-.zg() nm X 0.65.

Before determining the protein concentration of IgG-Auis »m antibodies, the

ODj~280 nm contributed by the monomaleimido Nanogold particles (ODx-2s0au)), Was

determined and subtracted from the initial value (ODj=280(1¢G-Au)), as follows.

(1)  ODx-2800gG-Au) = ODi=2801¢G) + ODr-280(Au)

Rearrange (1):

(2)  ODj-2800g6) = ODh=2800gG-Au) — ODa=280Au)

The ODi=280 nm/20 nm Ttio of Nanogold was found to be 2.0, i.e.:

(3)  ODih=280(Au)/ODy=s20(as) = 2.0

Rearrange (3):
(4)  ODj=280(Au) = 2.0(ODy-s20(Au))

Combining (2) and (4):

(5)  ODx-2800¢6) = ODh=28001gG-Au) — 2.0(0Dr=42006-A0))

Using equation (5), the OD value contributed by antibodies only was determined, then

the protein concentration was calculated as before (i.e. ODy=280 nm % 0.69). To determine

the protein concentration of Fab’-Au, 4 4 antibodies, the same method was used.
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23.12 Precipitation of proteins by the chloroform/methanol method

Protein samples for SDS-PAGE were precipitated as follows. Each sample was made
up to 150 ul with H,0. Methanol (600 ul) was added and vortexed briefly. Chloroform
(150 wl) was added and vortexed briefly, then H;0 (450 ul) was added, vortexed, and
the sample centrifuged at 12 000 rpm for 1 min. The upper aqueous layer was removed,
and methanol (450 pl) was added, briefly vortexed, then centrifuged at 13 000 rpm for
5 min. The supernatant was removed and the protein pellet was dried under a vacuum
for about 15 min. Dried pellets were dissolved in either non-reducing sample buffer,
which was 30 mM sodium phosphate, pH 7.0, containing 30% (v/v) glycerol, 0.05%
(w/v) bromophenol blue and 7.5% (w/v) SDS, or reducing sample buffer, which was
the same, but in addition contained 20 mM dithiothreitol (DTT). The samples were
heated in a boiling water bath for 3 min before analysis by SDS-PAGE (Section 2.3.13).

23.13 SDS-PAGE

Protein samples were subjected to either 10% or 7.5% SDS-PAGE under either non-
reducing or reducing conditions. Cerebellar membranes were prepared in this laboratory
by Simon Pollard (Pollard et al., 1993). Table 2.3.1 shows the compositions of stacking
and resolving polyacrylamide gels. The resolving gel was polymerized by the addition
of ammonium persulphate (APS), then poured between two glass plates, 10x8 cm, with
1 mM spacers, up to a height of about 5 cm. The meniscus at the top of the gel was
smoothed by adding H,0-saturated butan-1-ol (100 ul). After about 1 h, the top of the
resolving gel was rinsed with H;0. The stacking gel was then poured above the
resolving gel, and a 10-welled comb was inserted between the glass plates before
allowing the gel to polymerize for about 15 min. Electrode buffer, which was 0.1 M
Tris, pH 8.8, containing 0.8 M glycine, 4.6 mM EDTA and 0.2% (w/v) SDS, was
poured above and below the gels. After removing the comb, the wells were washed
with electrode buffer, then protein samples (10 ul) were loaded into the wells of the
stacking gel with a Hamilton syringe. Gel electrophoresis was conducted at a constant

current of 15 mAmp per gel for about 1.5 h, until the dye front had reached the bottom
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of the resolving gel. Gels were either stained directly (Section 2.3.14) or used in
immunoblotting (Section 2.3.15). For calibration of gels to be visualized by standard
silver staining, molecular weight standard proteins were: myosin heavy chain
(M; 200 000), B-galactosidase (M; 116 250), phosphorylase b (M, 97 400), BSA
(M, 66 200), ovalbumin (M; 45 000), carbonic anhydrase (M; 31 000), trypsin inhibitor
(M, 21 500), lysozyme (M, 14 400) and aprotinin (M, 6 500). For calibration of gels
used in immunoblotting experiments, pre-stained molecular weight standards were
used. These were myosin heavy-chain (M; 200 000), phosphorylase b (M; 97 400),
BSA (M, 66 200), ovalbumin (M; 45 000), carbonic anhydrase (M; 31 000), B-
lactoglobulin (M, 18 400), and lysozyme (M, 14 400).

23.14 Direct visualization of polyacrylamide gels
23.14.1 Standard silver staining of proteins

For standard silver staining of polyacrylamide gels, 1 pg of protein sample was loaded
per gel lane. After electrophoresis, the gel was rinsed briefly with Hy0, then the
following steps were carried out on a shaker at room temperature. The gel was fixed for
2x15 min with 100 ml 50% (v/v) methanol, containing 10% (v/v) acetic acid. The gel
was then gently re-hydrated by incubation with 100 ml 5% (v/v) methanol for 20 min.
The gel was washed 4x20 min with 100 ml H,0, then incubated for 30 min with 1 mM
DTT (100 ml). The gel was incubated with 0.1% (w/v) silver nitrate (100 ml) for
30 min, then rinsed twice with H,0. The developing solution, which was 3% (w/v)
sodium carbonate and 75 pl 37.5% formaldehyde (150 ml), was prepared immediately
prior to use. The gel was rinsed with developing solution (75 ml), then the remaining
developing solution was added until the black protein bands were observed. The
reaction was terminated by draining, rinsing with H,0, and then adding about 4 g solid

citric acid. Finally, the gels were dried in a gel dryer.
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23.14.2 Light-insensitive silver enhancement of IgG-Au1.4nm and Fab’-Au .4 nm

antibodies

After electrophoresis, the polyacrylamide gel was washed extensively with H,O. It was
incubated with equal volumes of light-insensitive silver enhancement solutions A and B
(10 ml total), which was mixed immediately prior to use, for 5 min at room
temperature, on a shaker. The gel was drained, washed extensively with HzO, then
developed with fresh silver enhancement solutions for about 10 min until yellow/brown

bands were observed. The gel was washed again and finally dried in a gel dryer.
23.15 Characterization of antibodies by immunoblotting

Immunoblotting was carried out after 10% or 7.5% SDS-PAGE under reducing
conditions. Proteins were transferred immediately upon completing electrophoresis onto
nitrocellulose membranes pre-soaked in 25 mM Tris, pH 8.5, containing 192 mM
glycine and 20% (v/v) methanol, at room temperature for 2.5 h at constant 50 V.

After immunoblotting, the membranes were blocked with 5% (w/v) dried milk
in PBS-T, which was PBS with 0.2% (v/v) Tween-20, for 1 h at room temperature, with
shaking. The membranes were incubated with the relevant primary antibody (0.5-
5.0 ug protein/ml), diluted in 2.5% dried milk in PBS, ovemight at 4°C. The
immunoblots were washed for 4x10 min with 2.5% (w/v) dried milk in PBS-T, then
incubated in HRP-labelled anti-rabbit IgG antibodies, diluted 1/1500 in 2.5% (w/v)
dried milk in PBS, for 1 h. They were washed as above, rinsed briefly in PBS, then
washed 2x5 min with PBS. Immunoreactive bands were detected using the ECL
method according to the manufacturer’s instructions. Briefly, equal volumes of the two
ECL solutions were mixed (10 ml total), then immediately added to the immunoblot for
exactly 1 min at room temperature. The immunoblot was wrapped in clingfilm, then
exposed onto Hyperfilm for 1 min, and developed. If necessary, fresh pieces of
Hyperfilm were exposed for different periods of time. Where specified, immunoblots
were quantified by laser densitometry using the Molecular Dynamics personal

densitometer, ensuring that all determinations were within the linear range of the film.
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23.16 Characterization of antibodies by immunodot assay

A range of dilutions of antigen (1 ul) were spotted onto untreated nitrocellulose strips
(0.5x5.0 cm), and the membranes were allowed to dry for 1 h. Immunoreactive dots
were detected by ECL and quantified, as described for immunoblotting (Section
2.3.15).

Commercial and prepared goat anti-rabbit IgG-Au; 4 nm antibodies were analysed
using the immunodot assay and visualized by the light-insensitive silver enhancement
system. After blocking with 5% (w/v) dried milk in PBS-T, the membranes were
incubated with prepared goat anti-rabbit IgG-Auy 4 nn antibodies (0.8 pg/ml) in 2.5%
(w/v) dried milk in PBS overnight at 4°C. The membranes were washed extensively
with H,0, then incubated with equal volumes of light-insensitive silver enhancement
solutions A and B (2 ml total), which were mixed immediately prior to use, for S min at
room temperature, on a shaker. The membranes were again washed extensively with
H,0, and developed with fresh solutions for about 10 min until brown dots developed.

The membranes were washed extensively with H,0 and finally dried in a gel dryer.
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Table 2.3.1

Composition of resolving and stacking polyacrylamide gels

Solution 10% 7.5% 6%

Separating gel | Separating gel Stacking gel

H0 25ml 3ml 1.6 ml

30% (w/v) Acrylamide 2ml 1.5 ml 650 ul

1.5 M Tris-HCl, pH 8.8,
8 mM EDTA, 1.5ml 1.5ml -

0.4% (w/v) SDS

05 M Tris-HCl, pH 6.8,

8 mM EDTA, - - 1ml
0.4% (w/v) SDS

NNN’N’-

Tetramethylethylene diamine 3l 3l 25ul
(TEMED)

10% (w/v) APS 30 ul 30 ul 80 wl
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24 RESULTS

24.1 Primary antibodies chosen for labelling with monomaleimido

Nanogold

This section describes the rationale for choosing the primary antibodies that were
labelled with monomaleimido Nanogold. The antibodies chosen had been previously
raised to a unique region of the receptor subunit. Inmunoblotting is an important
technique used to demonstrate a specific reaction between antibodies and a particular
receptor subunit. Therefore, it was important that the antibodies chosen had been
previously characterized by immunoblotting. However, this technique has the
limitation that the receptor subunit is in a denatured form. Therefore, where possible,
the chosen antibodies had been shown in immunoaffinity and immunoprecipitation
studies (Section 1.7.3) to react with detergent-soluble whole receptors, and in
localization studies (Section 1.7.4) to react with the receptor in its native form.

Table 2.4.1 summarizes the primary antibodies that were initially considered.
24.1.1 Anti-mGluR]1o antibodies

Metabotropic glutamate receptors (mGluRs) are G protein-linked receptors. They are
divided, according to their different signalling mechanisms, into the subtypes mGluR1-
7. The mGluR1 gene is alternatively spliced. The spliced forms encode the variant
receptors: o, b and c. These receptors differ in the length of their C-terminus, with
mGluR1a being the long form. Figure 2.4.1 shows the predicted membrane topology of
mGluR1a (Houamed et al., 1991, Masu et al., 1991). From its cDNA sequence, the
mGluR1a polypeptide has been predicted to consist of 1199 amino acids, with a
calculated mdlecular weight of 133 229. The predicted structure is typical of G protein-
linked receptors. There is an extracellular N-terminal domain, followed by seven
membrane-spanning regions, with a large intracellular loop between regions 5 and 6.

Finally, there is an intracellular C-terminal domain. The mGluR 1o protein is larger than
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other known G-protein-linked receptors. In addition, the mGluR superfamily shares
little sequence identity with other cloned G-protein-linked receptors.

The anti-mGluR1a antibodies were raised in Dr Peter Somogyi’s laboratory at
the MRC Anatomical Neuropharmacology Unit, Oxford University. They were directed
towards a synthetic peptide, corresponding to the unique C-terminal 15 residues of the
rat mGluR1o. receptor (Table 2.4.1; Figure 2.4.1). The anti-mGluR1o antibodies have
been shown in immunoblotting to react specifically with a protein with M; 160 000
(Baude et al., 1993). This corresponds to the size of the native glycosylated form of the
mGluRla receptor. Anti-mGluR1la antibodies have been used successfully in
localization studies, using goat anti-rabbit IgG-Au; 4 nm antibodies (Baude et al., 1993;
Nusser et al., 1994). The receptor was found to be concentrated at the perisynaptic

membrane in neuronal subpopulations.

24.1.2 Anti-GABA 4 receptor 06 Cys 423—434 antibodies

Anti-GABAA, receptor 06 Cys 423—434 antibodies were raised and characterized in this
laboratory by Simon Pollard. The antibodies were directed towards a synthetic peptide,
corresponding to the unique C-terminal 12 residues of the rat a6 subunit of the GABAA
receptor (Table 2.4.1). An additional cysteine residue was synthesized at the N-terminal
end of the sequence for coupling to the carrier protein, thyroglobulin. In
immunoblotting, the antibodies have been shown to react with a protein with M; 57 000
in cerebellar membranes (Simon Pollard, unpublished data). This corresponds to the
size of the native glycosylated GABA, receptor a6 subunit identified previously, using
antibodies raised to the C-terminal end (Luddens et al., 1990) or N-terminal end
(Pollard et al., 1993; 1995) of the a6 subunit. The C-terminal end of the rat GABAA
receptor 04 subunit (peptide sequence, SKDTMEKSESLEM) shows the greatest amino
acid sequence identity to the rat a6 Cys 423434 peptide. However, in immunoblotting,
the anti-a6 Cys 423-434 antibodies did not cross-react with the o4 subunit (Simon
Pollard, unpublished data).
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2413 Anti-GABA 4 receptor 06 1-15 Cys antibodies

Anti-a6 1-15 Cys antibodies have been previously raised and characterized in this
laboratory (Thompson et al., 1992; Pollard et al., 1993; 1995, Nusser et al., 1996a). The
antibodies were raised to a synthetic peptide, corresponding to the unique N-terminal
15 residues of the bovine a6 subunit of the GABA, receptor (Table 2.4.1). An
additional cysteine residue was added to the C-terminal end of the sequence, for
coupling to the carrier protein, thyroglobulin. In Table 2.4.1, the corresponding rat
amino acid sequence is shown for comparison. It differs from the bovine sequence in
only two residues.

In immunoblotting, the anti-06 1~15 Cys antibodies have been shown to detect
the a6 subunit of the GABA, receptor (M; 57 000) in rat cerebellar membranes
(Pollard et al., 1993; 1995; Nusser et al., 1996a), and in cultured adult rat cerebellar
granule cells (Thompson et al., 1994; 1996a; 1996b). The antibodies have been shown
to recognize native receptors by immunoprecipitation and immunoaffinity purification
studies (Pollard et al., 1993; 1995). The whole antibodies, coupled to Sepharose, were
used to purify a6 subunit-containing receptors from Na® deoxycholate detergent-
solubulized extracts of calf cerebellar cortex (Pollard et al., 1993) or adult rat cerebellar
cortex (Pollard et al., 1995). The anti-a6 1-15 Cys immunoaffinity column used in
these studies initially consisted of anti-a6 1-15 Cys whole IgGs coupled to Sepharose.
The a6 subunit-containing receptors were eluted using pH 11.5 buffer] however, during
this elution, some whole IgG molecules leached from the column, and were detected in
immunoblots with M; 50 000. Since this size is similar to that of the GABAA receptor
subunits, the identification of co-purified subunits was obscured in immunoblotting.
Therefore, anti-a6 1-15 Cys Fab fragments (M; 25 000 under reducing conditions)
were prepared and coupled to Sepharose, instead of whole IgGs (Pollard et al., 1995).
The column was used to purify successfully GABA, receptor a6 subunit-containing
receptors. This demonstrated that the Fab fragments, produced by the papain digestion
of whole IgG, retained sufficient affinity and specificity for binding to detergent-
solubulized native a6 subunit-containing GABA, receptors. This finding is important

because it suggests that anti-a6 1-15 Cys Fab’ fragments, prepared for labelling with
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monomaleimido Nanogold, may also retain sufficient affinity and specificity for use in
immunocytochemistry.

Affinity-purified anti-GABAa receptor a6 1-15 Cys antibodies have been
successfully used in localization studies, using the avidin biotinylated HRP complex
(ABC) method of detection (Thompson et al., 1992). In addition, anti-a6 1-15 Cys
antibodies have been used at the em level in the immunogold localization of

0.6 subunits, using goat anti-rabbit IgG-Au; 4y antibodies (Nusser et al., 1996a).
24.14 Anti-GABA 4 receptor ol 1-14 Cys antibodies

Anti-al 1-14 Cys antibodies have been previously raised and characterized in this
laboratory by Simon Pollard (Jones e al., 1997). The antibodies were raised to a
synthetic peptide, corresponding to the unique N-terminal 14 amino acid residues of the
rat .1 subunit of the GABAA receptor (Table 2.4.1). An additional cysteine residue was
synthesized at the C-terminal end of the sequence for coupling to the carrier protein,
thyroglobulin. In immunoblotting, anti-a1 1-14 Cys antibodies were shown to detect a
protein with M; 51 000 in rat cerebellar membranes (Jones et al., 1997). This size
corresponds with that of the al subunit of the GABAj4 receptor, detected using
antibodies to the N-terminus of the bovine a1 subunit (Pollard et al., 1993).

Anti-al 1-14 Cys antibodies have recently been used successfully at the light
microscope level (personal communication, Dr Somogyi). In addition, different
antibodies, raised to a shorter region of the N-terminal end of the GABA,4 receptor
al subunit, anti-al 1-9 antibodies, have been used successfully by Nusser et al.
(1996b), in the immunogold localization of al subunits in rat hippocampal pyramidal

cells, using goat anti-rabbit IgG-Au, 4 oy antibodies for detection.

242 Affinity purification and characterization of non-immune IgG and

anti-receptor IgG antibodies

Prior to the development of the monomaleimido Nanogold labelling method, antibodies

were assessed for purity by SDS-PAGE. IgG molecules migrated with
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M; 190 000+12 000 (n=10), which is similar to the established value of M; 150 000
(e.g. Benjamini and Leskowitz, 1991). Reduced heavy chains and light chains of IgG
antibodies migrated with M, 54 000+2800 (n=10) and M; 28 600+3400 (n=10),
which are close to the established values of M; 50 000 and M; 25 000 (Benjamini
and Leskowitz, 1991).

In addition, all the primary antibodies were characterized by immunoblotting.
Anti-GABA, receptor a6 Cys 423-434 and anti-06 1-15 Cys antibodies both detected
the 0.6 subunits with M; 57 100+2300 (n=10). This is consistent with previous results
(Pollard et al., 1993; 1995; Nusser et al., 1996a). Anti-GABA4 receptor al 1-14 Cys
antibodies detected the ol subunits with M; 50 900+2700 (n=10). This is also

consistent with previous results (Pollard et al., 1993).

24.2.1 SDS-PAGE analysis of goat anti-rabbit IgG and rabbit anti-rat IgG

antibodies

The commercially available secondary antibodies, goat anti-rabbit IgG and rabbit anti-
rat IgGs, were used as controls in the development of the monomaleimido Nanogold
labelling method. Each of the antibodies was shown to be pure by SDS-PAGE. Figure
2.4.2 shows typical results of the analysis of goat anti-rabbit IgG and rabbit anti-rat IgG
antibodies, by 10% SDS-PAGE and visualization by standard silver staining. In lanes 2
and 4, it is seen that each of the intact IgGs migrated as a single band, with M; 150 000.
When the reducing agent, DTT (20 mM), was included in the sample buffer, all
disulphide bonds in the IgG molecules were cleaved. The resulting heavy chains
(M; 50 000) and light chains (M; 25 000) can be seen in lanes 3 and 5.

2422 Purification and characterization of anti-mGluR1 o IgG antibodies
Anti-mGluR1a serum was precipitated with ammonium sulphate, then IgGs were
purified using a peptide affinity column prepared using the ProtOn kit (described in

Section 2.3.2). This method had been used previously to purify antibodies from a

different animal, which were used in immunogold localization studies (Baude et al.,
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1993). The mean=SD yield of anti-mGluR1a antibodies purified was 0.16£0.03 mg
protein/ml serum (n=3) (Table 2.4.2).

Anti-mGluR1a antibodies were shown to be pure by SDS-PAGE. Figure
2.4 3A shows typical results of the analysis of affinity-purified anti-mGluR1o. IgGs, by
10% SDS-PAGE, under reducing and non-reducing conditions and visualization by
standard silver staining. The affinity column was eluted, firstly, with 0.5 M NaCl, then
secondly, with 100 mM glycine-HCI, pH 2.3 (Section 2.3.2). The salt-eluted fractions
contained IgGs and other serum proteins (lanes 1 and 2). The acid-eluted fractions
contained purified anti-mGluR1o. IgGs, which migrated with M; 50 000 (heavy chains)
and M; 25 000 (light chains) under reducing conditions (lane 3) and as a single band
with M; 150 000 under non-reducing conditions (lane 4).

The acid-eluted anti-mGluR1a antibodies were pooled and then characterized
by immunoblotting. Figure 2.4.3B shows typical results of immunoblotting with adult
rat cerebellar membranes as antigen. A single protein with a mean M, 151 000 was
detected in two immunoblots. This is consistent with the molecular weight of
glycosylated mGluR1a, which Baude et al. (1993) found to be M; 160 000. Finally,
affinity-purified anti-mGluR1a IgGs were tested at the light microscope level by
Dr Somogyi, using the ABC method of detection (Section 2.4.15.1).

2423 Purification and characterization of anti-GABA 4 receptor a6 Cys
423434 IgG antibodies

Anti-a6 Cys 423434 IgGs were purified from serum by standard peptide affinity
chromatography (Section 2.3.3). The mean yield of affinity-purified anti-a6 Cys 423—
434 antibodies was 0.21 mg protein/ml serum (Table 2.4.3). Affinity-purified anti-a6
Cys 423-434 IgGs were shown to be pure by SDS-PAGE, and were characterized by
immunoblotting. Figure 2.4.18, lane 5 shows typical results of immunoblotting with
adult rat cerebellar membranes as antigen. The anti-a6 Cys 423—434 IgGs reacted with
three proteins. The major immunoreactive protein migrated with M; 57 000, which is
consistent with the molecular weight of the 0.6 subunit of the GABA4 receptor (Nusser

et al. 1996a). Two proteins, with M; 96 000 and M, 68 000, were detected with much
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lower intensities. Affinity-purified anti-oa6 Cys 423-434 IgGs did not produce a
specific signal when tested at the light microscope level by Dr Somogyi, using the ABC
method of detection (see Section 2.4.15.3). Therefore, these antibodies were not used in

monomaleimido Nanogold labelling studies.

2424 Purification and characterization of anti-GABA 4 receptor 0.6 I-15
Cys IgG antibodies

Initially, anti-a6 1-15 Cys antibodies were prepared from serum by standard peptide
affinity chromatography. This method is used routinely in this laboratory. However,
during the development of the monomaleimido Nanogold labelling method, yields of
less than 10% were obtained for the partially reduced anti-GABA4 receptor antibodies
following gel filtration (see Section 2.4.8). The yields increased seven-fold by changing
the antibody purification procedure. Thus, the serum was precipitated with ammonium
sulphate (Section 2.3.6) prior to peptide affinity purification of IgGs (Section 2.3.3).
Table 2.4.4 shows the results of the yields of anti-a6 1-15 Cys antibodies,
purified initially from serum, and later from serum that had been precipitated by
ammonium sulphate prior to antibody purification. The mean+SD yield of antibody was
0.39+0.14 mg protein/ml serum (n=7). Affinity-purified anti-a6 1-15 Cys IgGs were
shown to be pure by SDS-PAGE. Figure 2.4.4 shows typical results of the analysis, by
10% SDS-PAGE, of anti-a6 1-15 Cys IgGs from each stage of the purification
procedure and visualization by standard silver staining. In the example shown, the
serum was precipitated with ammonium sulphate prior to peptide affinity
chromatography. In lane 2, it is seen that the serum contained numerous proteins; the
most abundant protein was albumin, with M, 66 000. Proteins with M, 50 000 are serum
IgG heavy chains, and proteins with M; 25 000 are serum IgG light chains. Other bands
are serum proteins such as globulins and enzymes. The ammonium sulphate precipitate
contained total serum IgGs, and some of the other serum proteins (lane 3). The
ammonium sulphate supematant contained most of the albumin (M; 66 000), and the
serum proteins that were not present in the precipitate (lane 4). Following peptide

affinity chromatography, the unbound fraction contained serum proteins and some of
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the IgG molecules (lane 5). In immunoblotting, these IgGs did not react with the
06 subunit (see below). The bound fraction contained pure anti-a6 1-15 Cys IgGs:
under reducing conditions, these antibodies migrated as heavy chains with M, 50 000,
and light chains with M; 25 000 (lane 6); and under non-reducing conditions, these
antibodies migrated as a single band with M; 150 000 (lane 7).

Affinity-purified anti-a6 1-15 Cys IgGs were characterized by immunoblotting.
Figure 2.4.5 shows typical results of the analysis of immunoblotting with adult rat
cerebellar membranes as antigen and anti-a6 1-15 Cys antibodies from each stage of
the purification procedure. In each case, anti-a6 1-15 Cys antibodies were diluted to
2.5 pg antibody/ml. In lane 2, it can be seen that anti-06 1-15 Cys serum reacted with
several cerebellar membrane proteins with similar intensities. One immunoreactive
band migrated with M, 57 000, consistent with the molecular weight of the 0.6 subunit
of the GABA4 receptor (Nusser et al. 1996a). The ammonium sulphate precipitate
detected the same bands as serum (lane 3). However, the ammonium sulphate
supernatant produced no signal (lane 5). This confirms that all of the serum antibodies
had been precipitated. Following peptide affinity chromatography, the
immunoreactivity of the unbound fraction was similar to that of the precipitate, except
that the a6 subunit of the GABA, receptor, M; 57 000, was not detected (lane 6). Thus,
all of the anti-a6 1-15 Cys antibodies present in the serum had bound to the anti-a6 1-
15 Cys peptide column. The bound fraction, containing purified anti-a6 1-15 Cys IgGs,
reacted with the a6 subunit of the GABAA, receptor, M; 57 000 (lane 8). Other bands
were also detected: one, with M; 180 000, was detected with a similar intensity to the
a6 subunit, while two bands, with M; 112 000 and M; 41 000, were detected with lower
intensities. In lanes 1, 4 and 7, some of the pre-stained molecular weight standard
proteins were detected. Affinity-purified anti-a6 1-15 Cys IgGs did not react with these
standard proteins (lane 8). Affinity-purified anti-a6 1-15 Cys IgGs produced a specific
signal when tested at the light microscope level by Dr Somogyi, using the ABC method

of detection (Section 2.4.15.3). They were, therefore, used in monomaleimido

Nanogold labelling studies.
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2425 Purification and characterization of anti-GABA, receptor ol 1-14
Cys IgG antibodies

Anti-ol 1-14 Cys antibodies were purified by ammonium sulphate precipitation
followed by peptide affinity purification, exactly as for the purification of anti-a.6 1-15
Cys antibodies (Section 2.4.2.4). The mean+SD yield of affinity-purified anti-o1 1-14
Cys antibodies was 0.12+0.02 mg protein/ml serum (Table 2.4.5). Affinity-purified
anti-al 1-14 Cys IgGs were shown to be pure by SDS-PAGE. Figure 2.4.6 shows
typical results of the analysis, by 10% SDS-PAGE, of anti-al 1-14 Cys antibodies,
from each stage of the purification procedure and visualization by standard silver
staining. The results were essentially the same as those described for the SDS-PAGE
analysis of anti-a6 1-15 Cys antibodies in Section 2.4.2.4. Under reducing conditions,
affinity-purified anti-al 1-14 Cys IgGs migrated as heavy chains, with M; 50 000, and
light chains, with M; 25 000 (lane 6). Under non-reducing conditions, the antibodies
migrated as a single protein with M; 150 000 (lane 7).

The anti-a1 1-14 Cys IgGs were characterized by immunoblotting. Figure 2.4.7
shows typical results of immunoblotting with adult rat cerebellar membranes as antigen
and anti-a1 1-14 Cys antibodies from each stage of the purification procedure. In each
case, anti-al 1-14 Cys antibodies were diluted to 0.5 pug antibody/ml. In lane 2, it is
seen that anti-al 1-14 Cys serum reacted with several cerebellar membrane proteins.
The major protein migrated with M; 51 000, which is consistent with that of the
a1 subunit of the GABA, receptor (Jones et al., 1997). In lanes 2-6, the results are
essentially the same as those described for the anti-a6 1-15 Cys antibodies in Section
24.24. Following peptide affinity chromatography, the immunoreactivity of the
unbound fraction was similar to that of the precipitate, except that the a1 subunit of the
GABAA\ receptor, M, 51 000, was not detected (lane 6). Thus, all of the anti-al 1-14
Cys antibodies present in the serum had bound to the anti-al 1-14 Cys antibody
peptide affinity column. Affinity-purified anti-al 1-14 Cys IgGs reacted with a single
protein, with M; 51 000, corresponding to the ol subunit of the GABA, receptor
(lane 8). Affinity-purified anti-al 1-14 Cys IgGs produced a specific signal when

76



tested at the light microscope level by Dr Somogyi, using the ABC method of detection
(Section 2.4.15.4). They were, therefore, used in monomaleimido Nanogold labelling

studies.

243 General method for the labelling of whole IgG antibodies with

monomaleimido Nanogold

Nanoprobes (New York, USA) provided brief instructions for the labelling of IgGs with
the reagent, monomaleimido Nanogold (Nanogold Product Information, 1996). The
following method was developed based on these instructions. A schematic diagram of
this method is shown in Figure 2.4.8. More detail on the development and use of this
method is described in Sections 2.4.4-2.4.9.

Whole IgGs were prepared and characterized with respect to their yield, their
purity by SDS-PAGE, and their specificity by immunoblotting and
immunocytochemistry (Section 2.4.2). The IgGs were then incubated with MEA at
pH 6.0 (Section 2.3.8.1), which is a selective and mild disulphide cleaving reagent.
MEA selectively cleaves the hinge region disulphide bonds between the heavy chains
of IgG, while preserving the disulphide linkages between the heavy and light chains
(see Figure 2.1.3 and Figure 2.4.8). The two Fab domains in the partially reduced IgG
molecules remain linked via non-covalent interactions in the Fc portion of the antibody.
Following partial reduction, MEA was removed by gel filtration at pH 6.5 (Section
2.3.8.2). Monomaleimido Nanogold (1 vial) was reacted with the partially reduced
IgGs, producing IgG-Aujs nm antibodies (Section 2.3.8.3). The monomaleimido
Nanogold labelling reactions were carried out at pH 6.5 in order to prevent non-specific
labelling by the maleimide group (Nanoprobes Product Information, 1996). Although
there are two available thiol groups resulting from the reduction of the disulphide bond
at the hinge region of IgG, once one monomaleimido Nanogold particle has bound, it
hinders the approach of a second one. Therefore, only one monomaleimido Nanogold
particle reacts with each IgG molecule. The resulting IgG-Au; 4 ,n antibodies were
separated from unreacted monomaleimido Nanogold particles by gel filtration at pH 7.4
(Section 2.3.8.4). OD values of each gel filtration fraction were measured at A=280 nm

and A=420 nm. Monomaleimido Nanogold absorbs light at A=420 nm, and proteins
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absorb light at both A=280 nm and A=420 nm. The gel filtration profile consisted of two
peaks: the first peak contained the IgG-Auj4 n.m antibodies, and the second peak
contained unreacted monomaleimido Nanogold particles. The OD values were used to
assess the extent of labelling; for 100% stoichiometric labelling, where one
monomaleimido Nanogold particle has reacted with one IgG molecule, the
OD)=280 nm/=420 nm Tatio is 3.8 (see Section 2.3.8.5). Finally, the IgG-Au; 4 i antibodies
were characterized by SDS-PAGE (Section 2.3.13), immunoblotting (Section 2.3.15),

immunodot assay (Section 2.3.16) and immunocytochemistry (Section 2.4.15).

244 Separation of partially reduced IgGs from unreacted MEA by gel

filtration

As mentioned in Section 2.4.3, MEA was used to partially reduce IgG antibodies to
produce thiol groups, which were labelled with monomaleimido Nanogold. Initial
reactions using MEA obtained from the Sigma Chemical Company (Dorset, UK)
showed that this MEA completely over reduced IgG molecules to heavy and light
chains. In addition, the MEA was very difficult to weigh due to its hygroscopic nature.
Therefore, a higher quality reagent was obtained from the Pierce Chemical Company
(Illinois, USA) in 6 mg vials, and one vial was used for each experiment. Reactions
using Pierce MEA were successful in producing partially reduced IgGs.

After the reaction of IgGs with MEA, gel filtration with Sephadex G-25
(1x20 cm) was used to separate partially reduced IgGs (M, 150 000) from unreacted
MEA (M, 113.62). Separate columns were prepared and calibrated for each of the
antibodies, as described in Section 2.3.8.2. The fractionation range of Sephadex G-25 is
M; 1000-5000. Typical results showed that blue dextran (M, 2 000 000) eluted in
fraction 15 (7.5 ml), which is the void volume of the gel. Bromophenol blue (M; 670)
eluted in fraction 150 (75 ml), which is the total volume of the gel. Following each
application of partially reduced IgGs to Sephadex G-25 (1x20 cm), the antibodies

eluted in the void volume of the column, and unreacted MEA eluted in the total volume

of the column.
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245 Separation of IgG-Au; 4 4, antibodies from unreacted

monomaleimido Nanogold by gel filtration

Gel filtration was used to separate IgG-Aujs4nm antibodies from unreacted
monomaleimido Nanogold particles (Figure 2.4.8). In initial studies, Sephadex G-200
(1x50 cm) was used. The fractionation range of Sephadex G-200 is M, 5000-600 000.
A column was prepared and calibrated as described in Section 2.3.8.4. Figure 2.4.9
shows a calibration graph of Sephadex G-200 constructed from the elution volumes of
proteins with known molecular weights. Whole IgGs migrated with M; 150 000, by
SDS-PAGE, and monomaleimido Nanogold has a molecular weight of 15 000
(Nanoprobes, personal communication). Therefore, IgG-Au; 4 nm antibodies should elute
with M; 165 000. Using this calibration graph, it was estimated that IgG-Aui4 am
antibodies and unreacted monomaleimido Nanogold particles would elute in fraction 44
and fraction 60, respectively? therefore, this column was thought to be suitable for this
separation. However, repeated use of Sephadex G-200 (1x50 cm) produced inconsistent
elution volumes. A second calibration of this gel showed that the separation of standard
proteins had been altered, resulting from the compression of the gel filtration beads
(Figure 2.4.9). From the second calibration, IgG-Au; 4 n antibodies and unreacted
monomaleimido Nanogold particles would be predicted to elute in fraction 38 and
fraction 52, respectively.

In subsequent monomaleimido Nanogold labelling experiments, Superose 12
was used as an alternative to Sephadex G-200, since it consists of smaller, less
compressible beads. Superose 12 has a fractionation range of M, 1000-300 000.
Separate columns (1x50 cm) were prepared and calibrated for each antibody, as
described in Section 2.3.8.4. Figure 24.10 shows a typical calibration graph of
Superose 12 constructed from the elution volumes of proteins with known molecular
weights. Using this calibration graph, it was estimated that 1gG-Au;4 oy antibodies
(M; 165 000) and unreacted monomaleimido Nanogold particles (M; 15 000) would
elute in fraction 44 and fraction 61, respectively, again making this column suitable for
this separation. After labelling with monomaleimido Nanogold, IgG-Au; 4 o antibodies

from each of the prepared Superose 12 columns eluted in fraction 431 (n=40), and
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unreacted monomaleimido Nanogold particles eluted in fraction 66+2 (n=40) (Figure
2.4.10). These elution volumes were close to the values predicted above, and the results
were very reproducible. The Superose 12 beads did not, therefore, become compressed

with use.

24.6 Labelling of anti-mGluR1a whole IgG antibodies with

monomaleimido Nanogold

Anti-mGluR1a whole IgGs had been previously shown to produce high and specific
staining in immunocytochemistry (Baude et al., 1993; Nusser et al., 1994). Therefore,
in order to test the primary immunogold method using prepared IgG-Au; 4 nm antibodies,
anti-mGluR1a IgGs were labelled with monomaleimido Nanogold. Anti-mGluR1a
whole IgGs were purified by peptide affinity chromatography, as described in Section
2.3.2. The antibodies were characterized with respect to their yield, were shown to be
pure by SDS-PAGE analysis, and produced a specific immunosignal in immunoblotting
(Section 2.4.2.2). The affinity-purified anti-mGluR1la IgGs were tested at the light
microscope level by Dr Somogyi (see Section 2.4.15.1).

Anti-mGluR1a antibodies were labelled with monomaleimido Nanogold, using
the method outlined in Section 2.4.3 (Figure 2.4.8). OD values at A=280 nm and
A=420nm were measured for the resulting IgG-Auj4nm antibodies, and the
OD)=280 nma=420 nm Tatio was found to be 19.5 (Table 2.4.6). This was higher than the
optimal value of 3.8 (see Section 2.4.3), showing that the labelling was not
stoichiometric. The prepared anti-mGluRla IgG-Au;4n, antibodies were tested in

immunocytochemistry by Dr Somogyi (Section 2.4.15.1).

247 Optimizing the methodology for labelling whole IgG antibodies with

monomaleimido Nanogold
Although the monomaleimido Nanogold labelling method successfully produced anti-

mGluR1o IgG-Au; 4 nm antibodies (Section 2.4.6), the ODy-280 nma=420 nm atio was

higher than the optimal value of 3.8 for stoichiometric labelling of IgGs. This indicated
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the presence of unlabelled antibodies. Anti-receptor antibodies are in limited supply,
therefore, the efficiency of labelling whole IgGs was investigated using goat anti-rabbit
IgG and rabbit anti-rat IgG antibodies. Secondary goat anti-rabbit IgG-Auis am
antibodies are available commercially and have been used in immunogold localization
studies (see Section 2.1.2.2). Therefore, prepared goat anti-rabbit IgG IgG-Au; 4 nm
antibodies could be tested in immunocytochemistry and compared to the commercially
prepared conjugates. Optimal conditions for the monomaleimido Nanogold labelling of
rabbit anti-rat IgGs were investigated because anti-receptor antibodies were prepared in
rabbits. Both affinity-purified goat anti-rabbit IgGs and rabbit anti-rat IgGs were shown
to be pure by SDS-PAGE (Section 2.4.2.1).

24.7.1 Initial labelling of goat anti-rabbit whole IgG antibodies with

monomaleimido Nanogold

Initially, goat anti-rabbit whole IgGs were labelled with monomaleimido Nanogold
after reduction with 70 mM MEA, as outlined in Section 2.4.3 (Figure 2.4.8). The
meantSD ODj-280 nmp=420 nm ratio of the resulting goat anti-rabbit IgG-Aui4 pm
antibodies was 28.4+4.8 (n=2). Figure 2.4.11A shows typical results of the analysis, by
10% SDS-PAGE, of the monomaleimido Nanogold labelling of goat anti-rabbit whole
IgGs and visualization by standard silver staining. After reduction with 70 mM MEA, it
is seen in lane 3, that some of the IgG molecules remained intact (M, 150 000), but
some were over reduced to yield heavy and light chains, with M, 50 000 and M; 25 000,
respectively. After labelling with monomaleimido Nanogold and gel filtration, these
lower molecular weight proteins were removed to yield intact goat anti-rabbit IgG-Au; 4
»m antibodies (lane 4). In Figure 2.4.11B, IgG-Au; 4 »m antibodies produced a signal

when developed using the light-insensitive silver enhancement system (lane 1).

24.7.2 MEA concentration-dependence of labelling whole IgGs with

monomaleimido Nanogold

The monomaleimido Nanogold labelling of goat anti-rabbit IgG-Au; 4 4o antibodies

prepared in Section 2.4.7.1 was not stoichiometric. One possible explanation for the low
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efficiency of labelling was that the over reduced fragments present in the partially
reduced IgGs were competing for the monomaleimido Nanogold particles. Therefore,
the MEA concentration-dependence of monomaleimido Nanogold labelling was
investigated.

Firstly, goat anti-rabbit whole IgGs were reduced with a range of concentrations
of MEA, 5-70 mM, in small-scale reactions (Section 2.3.8.1) in order to establish MEA
concentrations to test in monomaleimido Nanogold labelling studies. Figure 2.4.12
shows typical results of the analysis, by 10% SDS-PAGE, of these partially reduced
antibodies and visualization by standard silver staining. In lanes 3-7, whole IgGs with
M; 150 000, and over reduced fragments with M; 50 000 (heavy chains) and M; 25 000
(light chains), were present. It is seen that as the MEA concentration increased, the level
of over reduction also increased (lanes 3—-7). In lane 8,20 mM DTT completely reduced
the antibodies to heavy and light chains. The concentration of MEA recommended by
Nanoprobes (New York, USA) is 70 mM, which produced the level of over reduction
seen in lane 7. After reduction with 50 mM MEA, fewer over reduced fragments were
produced (lane 6), and after reduction with 10 mM MEA, the goat anti-rabbit IgGs did
not appear to be over reduced at all (lane 4).

After establishing the MEA concentrations to test, goat anti-rabbit whole IgGs
(60 ng) were labelled with monomaleimido Nanogold after reduction with 10 mM,
50 mM and 70 mM MEA, in parallel (n=2). The mean+SD ODj-280 nma=420 nm 1atios
obtained were 27.0+2.8, 16.5+0.7 and 36.5+2.1, respectively (see Table 2.4.7). Thus, at
70 mM MEA, the results were similar to those obtained in Section 2.4.7.1. Overall, the
values showed that the monomaleimido Nanogold labelling efficiency was highest after
reduction with 50 mM MEA (Table 2.4.7). Figure 2.4.13A shows typical results of the
analysis, by 10% SDS-PAGE, of the resulting partially reduced and IgG-Aujs nm
antibodies and visualization by standard silver staining. IgGs partially reduced with
70 mM, 50 mM and 10 mM MEA can be seen in lanes 1, 3 and 5. The corresponding
goat anti-rabbit IgG-Au;4 nm antibodies can be seen in lanes 2, 4 and 6. In Figure
2.4.13B, goat anti-rabbit IgG-Auy4.m antibodies were visualized using the light-
insensitive silver enhancement system. In lanes 1, 3 and 5, it is seen that the partially
reduced IgGs did not produce a signal, as expected. In lanes 2, 4 and 6, it is seen that

the IgG-Auy 4 nm antibodies did produce a signal, with the most intense signal produced
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by the IgG-Au; 4 nm antibodies labelled after reduction with 50 mM MEA (lane 4). The
least intense signal was produced by IgG-Au;4nm antibodies labelled after reduction
with 10mM MEA. These results further demonstrated that the monomaleimido
Nanogold labelling of goat anti-rabbit whole IgGs was more efficient after reduction
with 50 mM MEA, compared with 10 mM and 70 mM MEA. In addition, these results
showed that using a low concentration of MEA (i.e. 10 mM), which prevented the over
reduction of goat anti-rabbit whole IgGs, did not improve the efficiency of labelling.
Therefore, some over reduction of whole IgG antibodies is required in order to produce
thiol groups in the intact IgG molecules. From here on, goat anti-rabbit 1gG-Au; .4 am
antibodies were prepared after reduction with 50 mM MEA.

As mentioned in Section 2.4.7, since anti-receptor antibodies were prepared
in rabbits, the MEA concentration-dependence of labelling rabbit anti-rat whole IgGs
with monomaleimido Nanogold was investigated. Initially, a range of concentrations
of MEA, 10-130 mM, were used to reduced rabbit anti-rat whole IgGs in small-scale
reactions (Section 2.3.8.1). Figure 2.4.14 shows typical results of the analysis, by
10% SDS-PAGE, of these partially reduced antibodies and visualization by standard
silver staining. It is seen that as the MEA concentration increased, the level of over
reduction also increased (lanes 2-7). These results (Figure 2.4.14) were different to
those obtained using goat anti-rabbit IgGs (Figure 2.4.13). It is seen that the same
concentrations of MEA produced a greater level of over reduction in the rabbit IgGs.

Rabbit anti-rat IgGs (60 pg) were labelled with monomaleimido Nanogold after
reduction with 10 mM, 50 mM and 70 mM MEA, in parallel. The method used
included the improvements described in Sections 2.4.7.3~4. The ODj-280 nmA=420 nm
ratios obtained are shown in Table 2.4.8. Unlike the results obtained with goat anti-
rabbit IgGs, the ODj-280 nma=420 nm ratio obtained after reduction with 70 mM MEA was
improved compared with that obtained after reduction with S0 mM MEA. Therefore, to
test the labelling efficiency at higher concentrations of MEA, rabbit anti-rat IgGs
(60 png) were labelled with monomaleimido Nanogold after reduction with 70 mM,
100 mM and 130 mM MEA, in parallel (n=3). Again, the resulting ODj-280 nmA=420 nm
ratios are shown in Table 2.4.8. Overall, these results showed that the ratios obtained

after reduction with 70mM MEA, were consistent between experiments
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(ODy280 nm/=420 nm Tatios 154+0.6 and 16), and that the monomaleimido Nanogold
labelling efficiency was highest after reduction with 100 mM MEA (Mean+SD
OD:-280 nm/=420 nm Tatio 8.020.4), compared with 10 mM, 50 mM, 70 mM and 130 mM.
In addition, these results confirmed that using a low concentration of MEA, which
prevented the over reduction of IgGs, did not improve the efficiency of labelling;
therefore, some over reduction of whole IgGs is required in order to produce thiol
groups in the intact IgG molecules. From here on, rabbit anti-rat IgG-Au; 4 nm antibodies

were prepared after reduction with 100 mM MEA.

24.73 Preventing the re-oxidation of thiol groups in partially reduced
whole IgG antibodies

The ODj=280 nm/A=420 nm Tatios of goat anti-rabbit IgG-Au, 4 nm antibodies prepared after
reduction with 50mM MEA were closer to the optimal value of 3.8 for
stoichiometrically labelled IgGs (Section 2.4.7.2). However, to further improve the
efficiency of monomaleimido Nanogold labelling, the stability of thiol groups in the
partially reduced IgGs was investigated. A key requirement in the monomaleimido
Nanogold labelling of IgGs is to ensure that there is no possibility that thiol groups will
reoxidize after reduction with MEA. Therefore, the following points were considered:

1. EDTA is an anti-oxidative compound. The number of thiol groups
decreases only slightly in the presence of EDTA (Pierce Chemical Company
information sheet, 1994). Therefore, all buffers in which the partially reduced IgGs
were manipulated contained EDTA.

2. The use of degassed buffers in the monomaleimido Nanogold labelling
method is important in order to reduce the possibility that thiol groups in the partially
reduced IgGs will reoxidize. The degassing of all gel filtration buffers is standard
procedure. However, in subsequent labelling experiments, the partially reduced
antibodies were maintained in degassed buffers at all times. For example, the reaction
of whole IgGs with MEA was conducted in a vacuum, and the partially reduced
antibodies were degassed prior to the reaction with monomaleimido Nanogold.

3. Gel filtration with Sephadex G-25 (1x20 cm) was used routinely in the

monomaleimido Nanogold labelling method to separate partially reduced IgGs from
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unreacted MEA. Previously, the Sephadex G-25 columns were washed with a volume
of buffer equivalent to at least the total volume of the gel prior to use. In subsequent
monomaleimido Nanogold labelling experiments, Sephadex G-25 was cleaned by
injecting an aliquot of 100 mM MEA (200 pl) and eluting before applying the reduced

antibody mixture.
24.74 Preventing the hydrolysis of monomaleimido Nanogold

Monomaleimido Nanogold particles may be inactivated by hydrolysis (Nanoprobes,
personal communication). Previously, the partially reduced IgGs were eluted from
Sephadex G-25 (1x20 cm) in a volume of approximately 2 ml, then reacted with
monomaleimido Nanogold, which was pre-dissolved in DMSO (20 pl) and Hy0
(180 pl). A smaller reaction volume may reduce the possibility that the monomaleimido
Nanogold particles will hydrolyse before reacting with the antibodies. Therefore, in
subsequent monomaleimido Nanogold labelling experiments, the volume of partially
reduced IgGs was concentrated to a maximum of 300 ul by spinning in an Amicon
Centricon-30 concentrator (Section 2.3.7). In addition, omitting the step where
monomaleimido Nanogold is pre-dissolved in H;0 (180 ul) may further reduce the
possibility that the monomaleimido Nanogold particles will hydrolyse before reacting
with the antibodies. Therefore, after the determination of protein concentration (Section
23.11), the partially reduced antibodies were added directly to the monomaleimido
Nanogold particles, pre-dissolved in only DMSO (20 pl).

The mean ODj-280 nmp=420 nm ratio of goat anti-rabbit whole IgG-Auis npm
antibodies prepared using the methodological alterations described in Sections 2.4.7.2—

2.4.7 was 9.7+3.7 (n=4), which was closer to the optimal value of 3.8 (Table 2.4.7).

24.7.5 Removing over reduced fragments after MEA-reduction of whole
IgG antibodies

As described in Section 2.4.7.2, over reduced fragments present in the partially

reduced antibodies may compete for monomaleimido Nanogold particles. The
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investigation of the MEA concentration-dependence of monomaleimido Nanogold
labelling showed that using a low concentration of MEA, which prevented the over
reduction of whole IgGs, did not improve the efficiency of labelling, and that some
over reduction was required in order to produce thiol groups in the intact IgG
molecules (Section 2.4.7.2). An alternative to lowering the MEA concentration may
be to remove over reduced fragments prior to reacting with monomaleimido
Nanogold. Gel filtration with Superose 12 (1x50 cm) is used to remove unreacted
monomaleimido Nanogold particles after the labelling reaction. This step also
removes the over reduced antibody fragments (e.g. see Figure 2.4.11). An additional
gel filtration step with Superose 12, could be used to remove over reduced fragments
prior to the reaction with monomaleimido Nanogold.

To test whether Superose 12 could be used to remove over reduced fragments
prior to labelling with monomaleimido Nanogold, goat anti-rabbit whole IgGs were
reduced with 50 mM MEA, applied to Superose 12 (1x50 cm), and eluted with various
buffers. In each case, the gel filtration fractions were analysed by 10% SDS-PAGE and
visualization by standard silver staining (results not shown). When 0.02 M sodium
phosphate pH 6.5, containing 150 mM NaCl and 1 mM EDTA, was used as elution
buffer, it was seen that the partially reduced antibodies consistently (n=3) co-cluted
with the over reduced fragments, in fraction 44, which corresponded with the molecular
weight of whole antibodies. This showed that the partially reduced antibodies and over
reduced fragments were bound together in the antibody mixture. When 500 mM NaCl
was added to the elution buffer, in order reduce ionic interactions between the antibody
fragments, the partially reduced antibodies and over reduced fragments still consistently
(n=2) eluted in a single peak. When the buffer was at pH 7.4, it was seen that the
partially reduced IgGs were successfully isolated in fraction 44. Therefore, in order to
separate partially reduced IgGs from over reduced fragments, it is necessary to carry out
the gel filtration step at pH 7.4. However, it is important that the monomaleimido
Nanogold reaction is carried out at pH 6.5 in order to prevent non-specific labelling by
the maleimide group (Nanoprobes Product Information 1996). Therefore, isolated
partially reduced antibodies must be dialysed against 0.02 M sodium phosphate, pH 6.5,
containing 150 mM NaCl and 1 mM EDTA, prior to the monomaleimido Nanogold

labelling reaction.
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The efficiency of monomaleimido Nanogold labelling after isolating partially
reduced IgGs was investigated. Goat anti-rabbit IgGs were reduced with 50 mM MEA.
Then, in parallel, IgGs were either labelled directly with monomaleimido Nanogold, or
were subjected to gel filtration with Superose 12 (1x50 cm), eluted with 0.02 M sodium
phosphate, pH 7.4, containing 150 mM NaCl as buffer, then dialysed against 0.02 M
sodium phosphate, pH 6.5, containing 150 mM NaCl and 1 mM EDTA, prior to
labelling with monomaleimido Nanogold. The mean+SD ODj-280 nm/=420 nm Tatios of the
resulting IgG-Au;4 »m antibodies obtained from two separate experiments were
21.84¢2.2 and 7.5:2.5 for antibodies labelled with and without the extra gel
filtration/dialysis step, respectively (Table 2.4.7). This clearly showed that the labelling
efficiency was substantially lower after using this extra gel filtration/dialysis step,
possibly as a result of the reoxidation of thiol groups during dialysis. This gel
filtration/dialysis step was, therefore, not used in the labelling of anti-GABA4 receptor
subunit-specific antibodies.

The ODj-280 nma=420 nm ratios of the goat anti-rabbit IgG-Au;4 .m antibodies
prepared during the development of the monomaleimido Nanogold labelling method are

summarized in Table 2.4.7.
24.7.6 Characterization of goat anti-rabbit IgG-Au; 4, antibodies

Prepared goat anti-rabbit IgG-Au;4 nm antibodies (ODj=280 nma=420 nm ratio=5.0) were
characterized by SDS-PAGE, immunodot assay and immunocytochemistry.
Figure 2.4.15A shows typical results of the analysis, by 10% SDS-PAGE, of prepared
goat anti-rabbit IgG-Au; 4 nm antibodies, using commercial goat anti-rabbit IgG-Au; 4 nm
antibodies (containing BSA) for comparison, and visualization by standard silver
staining. In Figure 2.4.15B, the IgG-Au; 4 o antibodies were developed using the light-
insensitive silver enhancement system. It is seen that the prepared and commercial IgG-
Auy 4 antibodies stained with similar intensities (lanes 1 and 2). Figure 2.4.16 shows
typical results of the analysis of goat anti-rabbit IgG-Au, 4 ny antibodies, by immunodot
assay. The aim of this assay was to show that the IgG-Auy 4 oy antibodies retained the
ability to bind antigen, and that the bound IgG-Au, 4 o antibodies produced a silver-

enhanced signal. Prepared and commercial goat anti-rabbit IgG-Au; 4 o antibodies were
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reacted with rabbit anti-rat IgGs. It can be seen that silver enhanced signals of equal
intensity were produced with the prepared (lane 1) and commercial (lane 2) goat anti-
rabbit 1gG-Auy 4,y antibodies. In parallel, as negative controls, goat anti-rabbit IgGs
were analysed by the prepared goat anti-rabbit IgG-Au; 4 nm antibodies (lane 3), and
rabbit anti-rat IgGs were analysed by unlabelled goat anti-rabbit IgGs (lane 4). In each
case, signals were not produced.

Two prepared goat anti-rabbit IgG-Aujsnm antibodies were tested in

immunocytochemistry by Dr Somogyi (Section 2.4.15.2).

2438 Separation of partially reduced anti-GABA, receptor IgG
antibodies by gel filtration

Anti-GABA, receptor antibodies were initially prepared from serum by standard
peptide affinity chromatography; this method is used routinely in this laboratory.
However, as mentioned in Section 2.4.2.4, when separating partially reduced anti-
GABA, receptor antibodies from unreacted MEA, yields of less than 10% were
obtained by gel filtration with Sephadex G-25 (1x20 cm) (Table 2.4.9). In contrast, high
yields were obtained for partially reduced anti-mGluR1a, goat anti-rabbit and rabbit
anti-rat antibodies (Table 2.4.9). Increasing the pH to pH 7.4 to improve the solubility
of the antibodies, and increasing the salt concentration of the elution buffer to 1 M NaCl
to decrease ionic interactions, did not improve the yield of anti-GABA4 receptor
antibodies.

The low yields of partially reduced anti-GABAA receptor antibodies obtained
by gel filtration were investigated further. Anti-mGluR1a antibodies, which produced a
yield of 58% (Table 2.4.9), were purified from serum, using a different method to that
used for the anti-GABA, receptor antibodies: the anti-mGluRlo serum was
precipitated with ammonium sulphate prior to peptide affinity purification of the IgGs
(Section 2.3.2). Therefore, anti-GABA, receptor a6 1-15 Cys IgG and anti-al 1-14
Cys IgG antibodies were subsequently purified by a similar method: each antiserum
was precipitated by ammonium sulphate, dialysed against PBS, then subjected to
peptide affinity purification using the relevant peptide column in each case (Section

23.3). When anti-GABA, receptor IgGs prepared by this method were partially
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reduced and subjected to gel filtration with Sephadex G-25, reproducible yields of over
70% were obtained (Table 2.4.9).

249 Labelling of anti-GABA4 receptor whole IgG antibodies with

monomaleimido Nanogold

Once optimal conditions had been established, anti-GABA, receptor IgGs were
labelled with monomaleimido Nanogold. Affinity-purified anti-GABA. receptor
antibodies were characterized with respect to their yields, were shown to be pure by
SDS-PAGE analysis, and reacted with the respective GABA4 receptor subunits in
immunoblotting. The antibodies were tested at the light microscope level by
Dr Somogyi, using the ABC method of detection. Anti-0.6 Cys 423434 IgGs produced
only non-specific background staining (Section 2.4.15.3). As mentioned in Section
2.4.2.3, these antibodies were, therefore, not labelled with monomaleimido Nanogold.
During the purification of anti-a6 1-15 Cys and anti-al 1-14 Cys IgGs, each
antiserum was precipitated by 50% ammonium sulphate prior to peptide affinity
purification of the IgGs, in order that high yields of partially reduced antibodies would
be obtained by gel filtration during the monomaleimido Nanogold labelling method (see
Section 2.4.8). Anti-a6 1-15 Cys IgG and anti-al 1-14 Cys IgGs produced specific
staining when tested in immunocytochemistry, and were, therefore, labelled with
monomaleimido Nanogold. In each case, the optimal concentration of MEA (100 mM)
was used to partially reduce the antibodies (see Section 2.4.7.2), and the methodological
improvements described in Sections 2.4.7.2-4 were used. The mean ODj-280 nm420 nm
ratios obtained were 7.8 and 6.6 for the resulting anti-GABAA, receptor a6 1-15 Cys
and a1 1-14 Cys IgG-Auy 4 nm antibodies, respectively (Table 2.4.10). The IgG-Auj 4 ym
antibodies were characterized by SDS-PAGE. Figure 2.4.17A shows representative
results of the analysis, by 10% SDS-PAGE, of anti-al 1-14 Cys IgG-Aujsmm
antibodies and visualization by standard silver staining. Whole anti-al 1-14 Cys IgGs
(M; 150 000) can be seen in lane 2. After partial reduction with 100 mM MEA, it is
seen in lane 3 that some over reduced fragments were produced, which were

subsequently removed after labelling with monomaleimido Nanogold and gel filtration,
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to yield intact anti-GABA, receptor al 1-14 Cys IgG-Au; 4 nm antibodies (lane 4). In
Figure 2.4.17B, the gel was developed using the light-insensitive silver enhancement
system. Comparison of IgGs (lane 1) and IgG-Au; 4 nm antibodies (lane 2) showed that
only the IgG-Au, 4 nm antibodies produced a signal.

The anti-GABAA receptor a6 1-15 Cys IgG-Aujsnn antibodies were
characterized by immunoblotting. Figure 2.4.18 shows typical results of
immunoblotting with adult rat cerebellar membranes, using anti-a6 1-15 Cys whole,
partially reduced and IgG-Au; 4 nm antibodies. In each case, the antibodies were diluted
to 2.5 ug protein/ml. In lane 1, it is seen that anti-a6 1-15 Cys whole IgGs reacted with
several cerebellar membrane proteins, similar to the results described in Section 2.4.2.4.
The major band migrated with M, 57 000, which is consistent with the molecular
weight of the GABA, receptor a6 subunit. In lane 5, antibodies to the C-terminus of
the a6 subunit, anti-a6 Cys 423—434, were used. These antibodies reacted with several
cerebellar membrane proteins, including the a6 subunit. The a6 subunit, M, 57 000,
was the only common protein in lanes 1 and 5, further demonstrating that the protein
with M; 57 000 was the GABA, receptor a6 subunit. In lane 2, it is seen that partially
reduced anti-a6 1-15 Cys IgGs also reacted with several cerebellar membrane proteins.
Partially reduced anti-a6 1-15 Cys antibodies detected the a6 subunit with a lower
signal intensity than anti-a6 1-15 Cys IgG. Some proteins, e.g. one with M, ~40 000,
showed an increased signal with partially reduced anti-a6 1-15 Cys IgGs (lane 2).
Anti-a6 1-15 Cys IgG-Au; 4 nn antibodies (lane 4) detected the 06 subunit, but again,
the intensity of the signal was reduced compared with that obtained with IgG and
partially reduced antibodies. The a6 immunoreactive bands were quantified by laser
densitometry. The graph in Figure 2.4.19 shows the results of each exposure expressed
as percentages of immunoreactivity produced by IgGs. It is seen that a6
immunoreactivity decreased to 65+7% (n=3) and 41*3% (n=3) of immunoreactivity for
whole IgGs for partially reduced and IgG-Au; 4 o antibodies, respectively. Results are
meanxSD for at least three exposures of Hyperfilm. Values were converted to account
for equimolar amounts of each of the antibodies.

The anti-GABA, receptor al 1-14 Cys IgG-Aujsnn antibodies were

characterized by immunoblotting. Figure 2.420 shows typical results of

90



immunoblotting with adult rat cerebellar membranes, using anti-o1 1-14 Cys whole,
partially reduced and IgG-Au; 4 um antibodies. In each case, the antibodies were diluted
to 1.0 pg protein/ml. It is seen that each of the anti-a1 1-14 Cys antibodies reacted with
the a1 subunit only (M; 51 000). In contrast to the immunoblotting results with the anti-
a6 1-15 Cys antibodies, the signals produced by the partially reduced and IgG-Au; .4 nm
antibodies appeared similar in intensity. The a1 immunoreactive bands were quantified
by laser densitometry. The graph in Figure 2.4.21 shows the results of each exposure,
expressed as percentages of immunoreactivity produced by whole IgGs. It is seen that
o]l immunoreactivity remained approximately equal, with values of 106%7% (n=3) and
92+5% (n=3) of immunoreactivity for whole IgGs for partially reduced and IgG-
Auy 4. antibodies, respectively. Results are mean+SD for at least three exposures of
Hyperfilm. Values were converted to account for equimolar amounts of each of the
antibodies.

The anti-a6 1-15 Cys and anti-a1 1-14 Cys IgG-Au; 4 nm antibodies were tested

in immunocytochemistry by Dr Somogyi (see Section 2.4.15).

24.10 Preparation, purification and characterization of F(ab’); antibody

fragments

This section describes the results of the preparation and characterization of F(ab’),
antibody fragments from pre-immune serum, and anti-mGluR1a., anti-GABA, receptor
a6 1-15 Cys and anti-GABA,4 receptor al 1-14 Cys antisera. In each case, F(ab’),
fragments were prepared (Section 2.3.9), then characterized with respect to their yield
(Section 2.3.9) and their purity by SDS-PAGE (Section 2.3.13). The results shown here
are for the preparation of non-immune rabbit F(ab’),, from IgG (prepared as described
in Section 2.3 .4). This was carried out initially, to determine the optimum conditions for
the preparation of anti-receptor F(ab’), fragments. These results are representative of all
F(ab’), fragments prepared.

Initially, small scale pepsin reactions were carried out to determine the optimal
time required to digest IgGs to produce F(ab’), fragments (Section 2.3.9). Whole IgGs
were digested with pepsin for 6-24 h. Figure 2.4.22 shows typical results of the analysis
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of pepsin-digested IgGs, by 10% SDS-PAGE and visualization by standard silver
staining. Under non-reducing conditions, it is seen that most of the IgG molecules were
digested to produce F(ab’), fragments, with M; ~110 000 (lanes 2, 4 and 6). There was
no difference in the extent of digestion between 6 h, 12 h and 24 h; therefore,
subsequent large-scale pepsin digestions were carried out for 6 h. Under reducing
conditions, F(ab’), fragments migrated as heavy chain fragments and light chains, both
of which migrated as a doublet, with M; ~29 000 (lanes 3, 5 and 7). Protein bands with
M; 50 000 are heavy chains, which resulted from the reduction of undigested whole IgG
(lanes 3, 5 and 7). The results of a 24-h control reaction, which did not contain pepsin,
are shown in lanes 8 and 9, where it is seen that the IgG molecules remained intact.

Once optimum conditions were established, F(ab’), fragments were prepared
from whole IgGs by a large scale pepsin digestion (Section 2.3.9). F(ab’), fragments
were separated from both undigested whole IgGs and Fc fragments by Protein A
affinity chromatography (Section 2.3.9). Figure 2.4.23 shows typical results of the
analysis, by 10% SDS-PAGE, of whole IgGs, pepsin digested IgGs and the Protein A
bound and unbound fractions. Proteins were visualized by standard silver staining.
Following pepsin digestion for 6 h, F(ab’), fragments were produced, with some whole
IgGs remaining intact (lane 4). After Protein A affinity chromatography, the unbound
fraction contained purified F(ab’), fragments (lanes 6-7) and the bound fraction
contained undigested whole IgGs (lanes 8-9).

Anti-mGluR1a, anti-GABA, receptor a6 1-15 Cys and anti-GABA, receptor
ol 1-14 Cys antisera were precipitated by 50% ammonium sulphate (Section 2.3.6)
prior to peptide affinity purification of the IgGs (Sections 2.3.2-3). F(ab’), fragments
were prepared from each of the whole IgGs in large scale 6-h pepsin reactions. Mean
yields of F(ab’), fragments were 50-70% of the starting whole IgGs (Table 2.4.11).
Anti-mGluR1a, anti-GABA4 receptor a6 1-15 Cys and anti-GABA4 receptor al 1-14
Cys F(ab’), fragments were used to prepare Fab’ fragments for monomaleimido
Nanogold labelling studies (Section 2.3.10).
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24.11 General method for the labelling of Fab’ antibody fragments with

monomaleimido Nanogold

Nanoprobes (New York, USA) provided brief instructions for the labelling of Fab’
fragments with the reagent, monomaleimido Nanogold (Nanogold Product
Information, 1996). The following method was developed based on these
instructions. A schematic diagram is shown in Figure 2.4.24. This method was used
initially to label anti-mGluR1a Fab’ fragments (Section 2.4.12).

The F(ab’), fragments were prepared, purified and characterized with respect to
their yield and purity by SDS-PAGE (Section 2.4.10). F(ab’), fragments were incubated
with MEA at pH 6.0 (Section 2.3.10), which selectively cleaves the hinge region
disulphide bonds between the heavy chain fragments of F(ab’);, producing Fab’
fragments (see Figure 2.1.3 and Figure 2.4.24). Thus, the disulphide linkages between
the heavy chain fragments and light chains of the Fab’ fragments were preserved. By
SDS-PAGE, Fab’ fragments migrated with M; 40 0001100 (n=10). The concentration
of MEA used (52.8 mM) was that recommended by Nanoprobes (New York, USA),
which successfully produced pure Fab’ fragments. The partial reduction of F(ab’),
fragments to Fab’ fragments could be seen clearly by the change in molecular weight
from M; ~110 000 to M, 40 000. Fab’ fragments were separated from unreacted MEA
by gel filtration with Sephadex G-25 at pH 6.5 as described for the separation of
partially reduced IgGs (Section 2.3.8.2). Fab’ fragments eluted in the void volume of
the gel, and unreacted MEA eluted in the total volume of the gel. Monomaleimido
Nanogold was reacted with the Fab’ fragments at pH 6.5 to produce Fab’-Au;4 pm
antibodies (Section 2.3.10). Only one monomaleimido Nanogold particle reacts with
each Fab’ antibody fragment. The Fab’-Auj4 nn antibodies were separated from
unreacted monomaleimido Nanogold particles by gel filtration with Superose 12 at
pH 7.4, as described for the separation of IgG-Auj 4 nm antibodies (Section 2.3.8.4). OD
values of each gel filtration fraction were measured at A=280 nm and A=420 nm.
Monomaleimido Nanogold absorbs light at A=420 nm, and proteins absorb light at both
A=280 nm and A=420 nm. The gel filtration profile consisted of two peaks: the first
peak contained the Fab’-Au, 4 nm antibodies, and the second peak contained unreacted

monomaleimido Nanogold particles. The OD values were used to assess the extent of
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labelling: for stoichiometric labelling, where one monomaleimido Nanogold particle
has reacted with one Fab’ molecule, the ODj80 nma=420 nm ratio is 2.8 (see Section
2.3.10). Finally, the Fab’-Au;s »m antibodies were characterized by SDS-PAGE
(Section 2.3.13), immunoblotting (Section 2.3.15), immunodot assay (Section 2.3.16)
and immunocytochemistry (Section 2.4.15).

After improving the method of labelling whole IgGs with monomaleimido
Nanogold (Section 2.4.7), similar improvements were used in the monomaleimido
Nanogold labelling of anti-GABAA receptor Fab’ fragments. The thiol groups in Fab’
fragments are more stable than those in partially reduced IgGs (Pierce information
sheet, 1994). However, steps were taken to prevent their re-oxidation, as for the
monomaleimido Nanogold labelling of whole IgGs. High yields of Fab’ fragments,
over 70% of starting material, were obtained after gel filtration with Sephadex G-25.
When separating Fab’-Au, 4 nm antibodies from unreacted monomaleimido Nanogold
particles, Fab’-Au;4 nm antibodies eluted in fraction 50+2 (n=5), and unreacted

monomaleimido Nanogold particles eluted in fraction 66+1 (n=5) (see Figure 2.4.10).

24.12 Labelling anti-mGluR1a Fab’ antibody fragments with

monomaleimido Nanogold

Anti-mGluR1a F(ab’), fragments were prepared, partially reduced with MEA, and the
resulting Fab’ fragments were labelled with monomaleimido Nanogold to produce
Fab’-Au; 4 nm antibodies, all as described in Section 2.4.11. This method was carried out
before the improvements to the monomaleimido Nanogold method were made. The
OD)-280 nm=420 nm 1atio of the resulting Fab’-Au; 4 ,m antibodies was 9.0 (Table 2.4.6).
The anti-mGluR1a Fab’-Au;4 nm antibodies were tested in immunocytochemistry by

Dr Peter Somogyi (see Section 2.4.15.1).
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24.13 Labelling anti-GABA4 receptor Fab’ antibody fragments with

monomaleimido Nanogold

Anti-GABA4 receptor anti-a6 1-15 Cys and anti-a1 1-14 Cys F(ab’), fragments were
prepared, partially reduced with MEA, and the resulting Fab’ fragments were labelled
with monomaleimido Nanogold to produce Fab’-Au, 4 nm antibodies, using the method
described in Section 2.4.11 and the methodological improvements described in Section
2.4.7. The ODj-280 nm/A=420 nm ratios were 5.2 and 4.0 for the resulting anti-a6 1-15 Cys
and anti-al 1-14 Cys Fab’-Au; 4 ny antibodies, respectively (Table 2.4.10). The Fab’-
Auy4 om antibodies were analysed by SDS-PAGE (Section 2.3.13). Figure 2.4.25A
shows representative results of the analysis, by 10% SDS-PAGE, of anti-GABAA
receptor Fab’-Au, 4 oy antibodies, in this case anti-al 1-14 Cys, and visualization by
standard silver staining. In lanes 2 and 3, anti-al 1-14 Cys whole IgGs (M; 150 000)
and F(ab’), fragments (M; ~110 000) can be seen. Partial reduction of F(ab’), fragments
with MEA and gel filtration produced Fab’ fragments (M; 40 000), which can be seen
in lane 4. This is in contrast to the doublet, with M, ~25 000, produced by the complete
reduction of F(ab’), fragments with 20 mM DTT (see Figures 2.4.22/23). Labelling
with monomaleimido Nanogold and gel filtration yielded anti-al 1-14 Cys Fab’-
Auj 4nm antibodies with M; 40 000 (lane 5). In Figure 2.4.25B, comparison of Fab’-
Auj 4o antibodies (lane 1) and Fab’ antibodies (lane 2) using the light-insensitive silver
enhancement system showed that only Fab’-Au, 4 o antibodies produced a signal.

The anti-a6 1-15 Cys Fab’-Au;4 4m antibodies were characterized further by
immunoblotting (Section 2.3.15). Figure 2426 shows typical results of
immunoblotting with adult rat cerebellar membranes, using anti-06 1-15 Cys whole
IgG, F(ab’),, Fab’ and Fab’-Auj4 . antibodies. In each case, the antibodies were
diluted to 2.5 ug protein/ml. In lane 1, it is seen that anti-a6 1-15 Cys whole IgGs
reacted with the a6 subunit (i.e. M; 57 000), and several other cerebellar membrane
proteins as described previously (Sections 2.4.2.4 and 2.4.9). In lane 2, it is seen that
F(ab’), fragments reacted with the 06 subunit. However, the intensity of the signal was
reduced compared with that produced by whole IgGs. Anti-a6 1-15 Cys Fab’ and Fab’-

Auy 4 1m antibodies did not produce a signal at this antibody concentration.
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The a6 immunoreactive bands produced by anti-a6 1-15 Cys IgG and F(ab’),
fragments were quantified by laser densitometry. However, the signal produced by the
F(ab’), fragments at 2.5 pg/ml was very weak,’ therefore, the results were not in the
linear range of the film. In order to produce quantifiable results for the
immunoreactivity of the anti-o6 1-15 Cys antibodies, immunodot assays, which require
smaller volumes of antibody solutions than immunoblotting, were performed (Section
2.3.16). Figure 2.4.27 shows typical results of the analysis of 1 ul dots of anti-a.6 1-15
Cys antibody affinity-purified GABA4 receptors, by immunodot assay. In A, antibodies
used were whole IgGs, partially reduced IgGs and IgG-Au; 4 nm antibodies (all 2.5 pg
protein/ml). In B, antibodies were whole IgGs (2.5 ug protein/ml), F(ab’): (5 ug
protein/ml), Fab’ (10 pg protein/ml) and Fab’-Au; 4 nm (10 pg protein/ml) antibodies. It
is seen that signals were produced in each case; however, these results cannot
distinguish between the a6 and non-a6 proteins detected by the anti-06 1-15 Cys
antibodies in immunoblotting. The immunoreactive dots were quantified by laser
densitometry. The graphs in Figure 2.4.28 show the results of each exposure, expressed
as percentages of immunoreactivity produced by whole IgGs. For monomaleimido
Nanogold labelling of whole IgGs (Figure 2.4.28A), the a6 immunoreactivity increased
to 113+10% (n=3) and 139+7% (n=3) for anti-a6 1-15 Cys whole IgG and partially
reduced IgGs, respectively. Results are mean+SD for at least three exposures of
Hyperfilm. Values were converted to account for equimolar amounts of each of the
antibodies. The increase in immunoreactivity was most likely due to the increase in
signal obtained for the non-06 proteins. For monomaleimido Nanogold labelling of
Fab’ fragments (Figure 2.4.28B), a6 immunoreactivity decreased to 11+3% (n=3),
2+0% (n=3) and 3*0% (n=3) for anti-a6 1-15 Cys F(ab’),, Fab’ and Fab’-Au; 4 um
antibodies, respectively. Results are mean+SD for at least three exposures of Hyperfilm.
Values were converted to account for equimolar amounts of each of the antibodies. This
decrease in immunoreactivity may be partly due to a reduction in signal amplification in
the secondary antibody detection system (see Section 2.5).

The anti-al 1-14 Cys Fab’-Auj4 nm antibodies were characterized by
immunoblotting (Section 2.3.15). Figure 2.4.29 shows typical results of the analysis of

adult rat cerebellar membranes by immunoblotting, using anti-al 1-14 Cys whole
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IgGs, F(ab’);, Fab’ and Fab’-Aui4 nn antibodies. In each case, the antibodies were
diluted to 1.0 pg protein/ml. In lane 1, it is seen that anti-al 1-14 Cys whole IgG,
F(ab’),, Fab’ and Fab’-Au, 4 . antibodies reacted with the al subunit only (M, 51 000),
as described previously (Section 2.4.2.5). The signals decreased in the order IgG,
F(ab’),, Fab’. The Fab’ and Fab’-Au;4 ,m antibodies produced signals of similar
intensities. The a1 immunoreactive bands were quantified by laser densitometry. The
graph in Figure 2.4.30 shows the results of each exposure, expressed as percentages of
immunoreactivity produced by whole IgGs. It can be seen that ol immunoreactivity
decreased to 13+4% (n=3), 4+2% (n=3) and 4+1% (n=3) for anti-a1 1-14 Cys F(ab’),,
Fab’ and Fab’-Au; 4 nm antibodies, respectively. Results are mean+SD for at least three
exposures of Hyperfilm. Values were converted to account for equimolar amounts of
each of the antibodies.

Anti-06 1-15 Cys and anti-o.1 1-14 Cys Fab’-Au, 4 ., antibodies were tested in
immunocytochemistry by Dr Peter Somogyi (see Section 2.4.15).

24.14 The effect of storage time on monomaleimido Nanogold labelled

antibodies

The reaction between thiol groups and monomaleimido Nanogold is covalent, and
therefore, the prepared IgG-Au;4 nm antibodies produced should be stable with time
(Nanoprobes product information, 1996). However, previous immunogold localization
results have indicated that the immunogold signal produced using commercial goat anti-
rabbit IgG-Auj4 n.m antibodies decreases over time (Dr Somogyi, personal
communication). Hence, the effect of storage time on prepared IgG-Au; 4 nm antibodies
was tested by analysing fixed amounts of antibodies, by 10% SDS-PAGE, precipitated
at different times after monomaleimido Nanogold labelling, and comparing the silver
enhanced signal produced. Anti-GABAA, receptor a6 1-15 Cys IgGs were labelled with
monomaleimido Nanogold to produce IgG-Au 4 nm antibodies with an ODy-280 nm/420 nm
ratio of 7.6 (Section 2.4.9), BSA (0.1% w/v) was added, then the antibodies were
precipitated by the chloroform/methanol method (Section 2.3.12). Figure 2.4.31A
shows typical results of the analysis, by 10% SDS-PAGE, of these antibodies,
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precipitated at Days 0, 7, 14 and 21, and visualization by standard silver staining. It is
seen that the proteins stained with equal intensity, showing that each gel lane contained
an approximately equal amount of protein (lanes 2-5). In B, the IgG-Au, 4 nm antibodies
were developed using the light-insensitive silver enhancement system. It is seen that the
signal decreased with time (lanes 1-4). These results demonstrate that there was some
dissociation of monomaleimido Nanogold particles with time.

Commercial goat anti-rabbit IgG-Au; 4 nm antibodies from two separate batches
were analysed, by 10% SDS-PAGE. Batch one was recently purchased (lane 2), and
batch two was purchased approximately 6 months previously, but was still within its
‘use by’ date (lane 3). Figure 2.4.32A shows typical results of the analysis, by 10%
SDS-PAGE, of these antibodies and visualization by standard silver staining. It is seen
that the IgG-Au; 4 ym antibodies from batch one (lane 2) and batch two (lane 3) stained
with equal intensity. In B, the IgG-Au; 4 nm antibodies were compared using the light-
insensitive silver enhancement system. The IgG-Au;4 nm antibodies from batch one
(lane 1) stained with a substantially higher intensity than the antibodies from batch two
(lane 2). These results provide further evidence that there is some dissociation of
monomaleimido Nanogold particles with time.

When testing anti-GABA4 receptor IgG-Au; 4 ym and Fab’-Auy 4 oy antibodies in
immunocytochemistry (Section 2.4.15) by direct silver enhancement of
monomaleimido Nanogold particles, the reactions were carried out by Dr Somogyi
within 3 days of monomaleimido Nanogold labelling in order to reduce the possibility

that the monomaleimido Nanogold particles dissociated from the antibodies.

24.15 Immunocytochemical studies using non-immune and anti-receptor

antibodies

Immunocytochemical studies were conducted by Dr Somogyi at the MRC Anatomical
Neuropharmacology Unit, Oxford University. Prior to monomaleimido Nanogold
labelling, the affinity-purified whole IgGs were tested at the light microscope level,
using the ABC method of detection. After monomaleimido Nanogold labelling,
antibodies from each stage of the labelling procedure were visualized in

immunocytochemistry by silver enhancement of secondary goat anti-rabbit IgG-Au; 4 nm
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antibodies. This tested whether the antibodies maintained specificity after being
manipulated during the monomaleimido Nanogold labelling method. In each case, a
post-embedding silver-enhanced immunogold reaction on chemically fixed, freeze-
substituted, Lowicryl-embedded tissue was used. This ensured that the antibodies had
maximum access to molecules present at the surface of the section along the entire cut
length of membranes. Thus, for IgG labelling, whole, partially reduced and IgG-Au; 4 nm
antibodies were tested. For Fab’ labelling: F(ab’),, Fab’ and Fab’-Au;4 nm antibodies
were tested. Then, the anti-receptor IgG-Au14 nm and Fab’-Au;4 nm antibodies were

tested by direct silver enhancement of monomaleimido Nanogold particles.
24.15.1 Distribution of immunoreactivity for anti-mGluR1 « antibodies

Affinity-purified anti-mGluR1a whole IgGs had been previously used in immunogold
localization studies at the em level, on ultrathin cerebellar membrane sections (Baude
et al.,1993; Nusser et al., 1994). Using secondary IgG-Au; 4 nm antibodies for detection,
anti-mGluR1o IgGs showed preferential perisynaptic labelling of synaptic junctions
surrounding the post-synaptic density of synapses. Affinity-purified anti-mGluRla
whole IgGs, which were prepared from a different rabbit to that used previously,
produced specific and high affinity staining in cerebellar membranes at the light
microscope level.

Anti-mGluR1a IgG and Fab’ antibodies were labelled with monomaleimido
Nanogold using the basic methods outlined in Sections 2.4.3 and 2.4.11, i.e. before the
methodological improvements were made. The resulting IgG-Au; 4 nm and Fab’-Au; 4 nm
antibodies, with ODj-280 nm/20 nm ratios 19.5 and 9.0, respectively (Sections 2.4.6 and
2.4.12), and antibodies produced at each stage of the labelling methods, were tested in
post-embedding em, using the indirect method described above. The antibodies
maintained perisynaptic labelling of synaptic sites, which was similar to that shown
previously (Baude et al., 1993; Nusser et al., 1994). Immunoreactivity for anti-
mGluR1la IgG-Aui4 .m antibodies, visualized by direct silver enhancement of
monomaleimido Nanogold particles, also showed specific labelling of perisynaptic

sites. However, anti-mGluR1o. Fab’-Au, 4 o antibodies did not produce a signal when
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tested in immunocytochemistry. Figure 2.4.33 shows a representative electron
micrograph of immunoreactivity for anti-mGluR1la IgG-Auis nm antibodies in the
molecular layer of the rat cerebellar cortex, visualized by direct silver enhancement of
monomaleimido Nanogold particles. The silver-enhanced monomaleimido Nanogold
particles can be seen located at the edges of the post-synaptic densities of dendritic
spines. Immunoreactivity was not detected in the main body of synaptic junctions.
These results showed that a detectable signal was produced using primary antibody
methodology, and that the anti-mGluR1o IgG-Au; 4 nm antibodies maintained specificity
in immunocytochemistry. The signal obtained by the direct silver enhancement of anti-
mGluRla IgG-Au;4 om antibodies was reduced in intensity compared with the

secondary immunogold method.

24.15.2 Testing of goat anti-rabbit IgG-Au; 4 ,m secondary antibodies by

immunocytochemistry

The viability of prepared goat anti-rabbit IgG-Au;s nm antibodies, compared to
commercial goat anti-rabbit IgG-Au;4 nm antibodies was tested using anti-AMPA
receptor primary antibodies. Two samples of prepared goat anti-rabbit 1gG-Au4 nm
(Section 2.4.7.6) with ODj_280 nmy420 nm ratios of 5 (sample one) and 16 (sample two),
and commercial goat anti-rabbit IgG-Au; 4 nm antibodies were tested in post-embedding
em in ultrathin sections of rat hippocampus. Anti-AMPA receptor antibodies were
visualized using silver enhancement of the secondary IgG-Au, 4 nm antibodies. Sample
two did not produce a signal. However, both the prepared sample one and the
commercial IgG-Au, 4 ,m antibodies produced signals of equal intensity to each other.
Figure 2.4.34 shows a representative electron micrograph of immunoreactivity for anti-
AMPA receptor antibodies in the rat hippocampus, using silver enhancement of
prepared goat anti-rabbit IgG-Au; 4 nm antibodies (sample 1) for detection. The silver-
enhanced monomaleimido Nanogold particles can be seen concentrated in the main

body of synaptic junctions on the spines of Purkinje cells.
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24153 Distribution of immunoreactivity for anti-GABA 4 receptor 06 Cys
423-434 and a6 1-15 Cys antibodies

Affinity-purified anti-a6 Cys 423434 whole IgGs were tested at the light microscope
level by Dr Somogyi, using the ABC method of detection. The antibodies produced
only non-specific background staining, and as mentioned in Section 2.4.2.3, were not
used in monomaleimido Nanogold labelling studies.

Affinity-purified anti-a6 1-15 Cys whole IgGs had been previously used in the
post-embedding immunogold localization of the a6 subunit in cerebellar granule cell
dendrites at the em level (Nusser et al., 1996a). Using secondary IgG-Auis um
antibodies for detection, anti-a6 1-15 Cys antibodies stained GABAA receptor
0.6 subunits present at extrasynaptic and synaptic sites on granule cell dendrites (Nusser
et al., 1996a). Affinity-purified anti-a6 1-15 Cys whole IgGs were prepared as
described in Section 2.3.3. The IgGs were tested by immunocytochemistry as above,
and produced specific and high affinity staining at extrasynaptic and synaptic sites on
granule cell dendrites as described previously (Nusser et al., 1996a).

Anti-a6 1-15 Cys IgG-Au; 4 nm and Fab’-Au, 4 ny antibodies, produced in two
separate monomaleimido Nanogold labelling experiments (see Sections 2.4.9 and
2.4.13), and antibodies produced at each stage of the labelling methods, were tested in
immunocytochemistry, using the indirect method described above. Each of the anti-06
1-15 Cys antibodies maintained specific labelling of granule cell dendrites. The signals
obtained by Fab’-Au; 4 o antibodies were reduced in intensity compared with those
obtained by the unlabelled antibodies. Figure 2.4.35 shows a representative electron
micrograph of immunoreactivity for anti-a6 1-15 Cys antibodies, in this case, partially
reduced IgGs, in the rat cerebellum, using silver enhancement of secondary IgG-
Auy4,n antibodies for detection. The silver-enhanced monomaleimido Nanogold
particles can be seen in synapses made by Golgi cell terminals with granule cell
dendrites.

Immunoreactivity for the anti-a6 1-15 Cys IgG-Au; 4 oy antibodies and Fab’-
Auy 4 nm antibodies was visualized by direct silver enhancement of monomaleimido

Nanogold particles. As explained in Section 2.4.14, the reactions were carried out
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within 3 days of monomaleimido Nanogold labelling in order to reduce the possibility
that the monomaleimido Nanogold particles dissociated from the antibodies. In each
case, specific staining was seen, but the signals obtained were substantially reduced in
intensity compared with the secondary immunogold method, with anti-a6 1-15 Cys

Fab’-Au 4 nm antibodies producing the weakest signal.

24.154 Distribution of immunoreactivity for anti-GABA 4 receptor ol 1-14
Cys antibodies

Affinity-purified anti-al 1-14 Cys whole antibodies were prepared as described in
Section 2.3.3. The antibodies produced excellent specific and high affinity staining at
the light microscope level, consistent with previous results. Anti-al 1-14 Cys IgG-
Auis om and Fab’-Au;s . antibodies (Sections 24.9 and 2.4.13), and antibodies
produced at each stage of the labelling methods, were tested in immunocytochemistry
using the indirect method of detection described above. Each of the anti-al 1-14 Cys
antibodies maintained specific labelling of cerebellar granule cell dendrites. The signals
obtained by Fab’-Au; 4 nm antibodies were reduced in intensity compared with those
obtained by the unlabelled antibodies. Figure 2.4.36 shows a representative electron
micrograph of immunoreactivity for anti-al 1-14 Cys antibodies, in this case, F(ab’),
fragments, in the rat cerebellar cortex, using silver enhancement of secondary IgG-
Auj4nm antibodies for detection. The silver-enhanced monomaleimido Nanogold
particles can be seen at synaptic sites on granule cell dendrites.

Immunoreactivity for anti-al 1-14 Cys IgG-Auj4 nn antibodies and Fab’-
Auj4m antibodies was visualized by direct silver enhancement of monomaleimido
Nanogold particles. As described in Section 2.4.14, the reactions were carried out
within 3 days of monomaleimido Nanogold labelling, in order to reduce the possibility
that the monomaleimido Nanogold particles dissociated from the antibodies. In each
case, specific staining was seen, but the signals obtained were reduced in intensity
compared with the secondary immunogold method, with anti-al 1-14 Cys Fab’-Au; 4
am antibodies producing the weakest signal. Figure 2.4.37 shows a representative

electron micrograph of immunoreactivity for anti-al 1-14 Cys IgG-Au; 4 nm antibodies
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in the rat cerebellar cortex. The silver-enhanced monomaleimido Nanogold particles

can be seen at synaptic sites on granule cell dendrites.
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Figure 2.4.1

The predicted membrane topology of mGluR1a
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A schematic representation of the predicted transmembrane organization of
mGluR1a based on the hydropathy profile of the cloned receptor. An extracellular
N-terminal domain is followed by seven transmembrane regions, with a large
intracellular loop between regions 5 and 6. Anti-mGluR1a antibodies were raised to
the extreme end of the large intracellular C-terminal domain, as shown.
INT=intracellular; EXT=extracellular.
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Anti-mGluR1a antibodies were purified by peptide affinity purification from an
ammonium sulphate precipitate of the antiserum. In A, salt-eluted and acid-cluted
proteins were dissolved in sample buffer, then subjected to 10% SDS-PAGE under
reducing (R) or non-reducing (NR) conditions and visualization by standard silver
staining. In B, cerebellar membranes (10 pg protein) were precipitated by the
chloroform/methanol method, then subjected to 7.5% SDS-PAGE under reducing
conditions. Immunoblotting was carried out using affinity-purified anti-mGluR1a
antibodies at 2.5 pg protein/ml. Immunoreactive proteins were visualized by ECL. The
positions of protein standards (x 10° da) are on the left. Lanes are:

Al (R)and2 (NR)  Salt-eluted proteins
3(R)and4 (NR)  Affinity-purified anti-mGluR1a. antibodies

Bl Cerebellar membranes probed with affinity-purified anti-
mGluR1o antibodies

107



88
++07

147

#+7

7

0 +7+4

0 +7+4

+8,



@ 7; 0 +7+4
7 0 +7+4
+ # 1 4 0 >
88
0y
1 #7
17
- . / $ I1'$ - 5 #
, N+sg / $ 1@ ! !
=B 8?8 4 7 0
$ $ [ I I
' %l $ $
! 5 1 $ @!
& $ & $ 7 2
-) 6E / $ 11 $
0 1 11
Il [ I
N !
0 1 |
0 1 $

+8!



88

00

+8K 7 < 7:
7 +7+1
1 40 >
0
4 7
+ 7 T Fa
$ $
8 ! I
$ |
@ ! | $ >
o ) /
2 K
! ) 6E
Il
!
$

+7+1

=B 878 4

7



@ 7 +7+1
7 +7+1
88
10 7 U
0,
1 # F
17 \Y
4 - . / $ 19%# 1
: <N = / $ l@!
$> =B 8?8 4 7
$ $
I %! $
: ! =1
%! & $ & $ 7 2
-) 6E / $ Il $
5 ) 1
91~* Il ! Il
.h1 Il !
. !
< $

+++



Figure24.8

Schematic diagram to show the labelling of whole IgGs

with monomaleimido Nanogold

Production of anti-receptor antibodies in rabbits

S

!

Peptide affinity purification of anti-receptor

IgG IgGs from immune serum
!
Characterization of anti-receptor IgGs by SDS-PAGE,

% é immunoblotting and immunocytochemistry

‘ J
Partial reduction of anti-receptor IgG inter-heavy

Partially reduced IgG chain disulphide bonds with MEA at pH 6.0

!

~ Gel filtration at pH 6.5 to remove MEA

|
A Labelling of anti-receptor IgGs with monomaleimido
U 4nm™ SH
H Nanogold (1.4 nm) at pH 6.5
- y

IgG-Au 4 nm Gel filtration at pH 7.4 to remove unbound

monomaleimido Nanogold particles

Characterization of resulting anti-receptor IgG-Au; 4 nm antibodies:

OD2go nm and OD4z0 nm values: OD2gg nmys20 nm=3 -8 for stoichiometric labelling of IgG
* SDS-PAGE

* Immunoblotting

* Immunocytochemistry
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Figure 2.4.9

Calibration of the Sephadex G-200 gel filtration column

—CO— Calibration 1
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100 1000 10% 10° 108 107
Molecular weight of protein
Calibration protein M; Fraction number
(0.5 ml)
First calibration | Second calibration
Blue dextran 2 000 000 26 24
Phosphorylase b 97 400 42 38
BSA 67000 | 51 45
Carbonic anhydrase "29°000 56 47
Cytochrome 12 500 70 57
Bromophenol blue 670 80 69

From this calibration graph, the estimated elution fraction numbers of IgG-
Auy 4 oy antibodies and monomaleimido Nanogold particles are 44 and 60 for the
first calibration, and 38 and 52 for the second calibration. Therefore, the elution
volumes were inconsistent with repeated use of Sephadex G-200.
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Figure 2.4.10

Calibration of the Superose 12 gel filtration column
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Molecular weight of protein
Calibration protein M, Fraction number
(0.5 ml)
Blue dextran 2000 000 25
Alcohol dehydrogenase 150 000 45
BSA 67 000 S0
Carbonic anhydrase 29 000 59
Cytochrome 12 500 63
Bromophenol blue 670 95

From this calibration graph, the estimated elution fraction numbers of IgG-
Auy 4 nm antibodies and monomaleimido Nanogold particles are 44 and 61. For
IgG labelling, the actual elution fraction numbers +SD were 43+1 (n=40) and
66+2 (n=40) for IgG-Aui4 n»m and monomaleimido Nanogold particles,
respectively. For Fab’ labelling, the actual values were 50+2 (n=5) and 661
(n=5) for Fab’-Au 4 nm and monomaleimido Nanogold particles, respectively.
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