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The Glycine Receptor Deficiency of the Mutant Mouse Spastic:
Evidence for Normal Glycine Receptor Structure and Localization
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Homozygotes of the mutant mouse spastic exhibit reduced bind-
ing of *H-strychnine to homogenates from various regions of the
CNS compared with unaffected littermates (White and Heller,
1982). Here we report evidence that the spastic mutation coin-
cides with a reduced concentration and an unaltered structure
of the glycine receptor in spinal cord. Scatchard analysis of *H-
strychnine binding revealed a single binding site with a B, of
267 = 62 fmol/mg protein for spastic and of 864 + 220 fmol/
mg protein for control mice; no difference was found for the
corresponding K, values. Also, X; values of glycine for *H-stry-
chnine binding and displacement of *H-strychnine by S-alanine
and taurine were indistinguishable for both preparations.

Photoaffinity labeling of synaptic membranes with 3H-strych-
nine identified an M, = 48,000 polypeptide in both control and
spastic mouse membranes. Tryptic digestion of these mem-
branes produced radiolabeled peptide fragments of identical mo-
lecular weights, suggesting that the proteolytic cleavage sites
around the antagonist binding site are conserved in the mutant
glycine receptor protein. Glycine receptors from both control
and mutant mice were purified by affinity chromatography on
aminostrychnine agarose. SDS/PAGE revealed three polypep-
tides of M, = 48,000, 58,000, and 93,000 in both receptor prep-
arations.

Monoclonal antibodies directed against different subunits of
the glycine receptor were applied to an enzyme-linked immu-
nosorbent assay. The same pattern of immunoreactivity was ob-
tained for glycine receptor from spinal cord of spastic homozy-
gotes, control mice, and rats, suggesting conservation of the
antigenic epitopes in the mutant receptor. Inmunofluorescence
microscopy of spinal cord sections from spastic and control mice
using these monoclonal antibodies revealed a patchy distribu-
tion of fluorescence on neurons and within the neuropil. Thus,
the reduction of 3H-strychnine binding observed in the mutant
mouse spastic may result from a regulatory, rather than a struc-
tural, effect of the mutation on glycine receptors.

Glycine is a major inhibitory neurotransmitter in spinal cord
and other regions of the CNS (Aprison and Daly, 1978; Curtis
et al., 1968; Werman et al., 1967). Binding of this amino acid
to specific receptors increases the chloride conductance of the
neuronal membrane and thus produces hyperpolarization, i.e.,
inhibition of the postsynaptic neuron. The alkaloid strychnine
antagonizes glycine-mediated inhibition, and glycine-displace-

Received July 10, 1985; accepted Aug. 27, 1985.

This work was supported by the Deutsche Forschungsgemeinschaft, the Bun-
desministerium fiir Forschung und Technologie, and the Fonds der Chemischen
Industrie. C.-M.B. is a fellow of the Boehringer-Ingelheim Foundation. We wish
to thank Dr. B. Wiedenmann for performing the immunocytochemistry, C. Schrd-
der for expert technical assistance, Drs. E. Gundelfinger and H. Rehm for critical
reading of the manuscript, and R. Franklin for help with its preparation.

Correspondence should be addressed to H. Betz at the above address.

Copyright © 1986 Society for Neuroscience 0270-6474/86/051358-07$02.00/0

able *H-strychnine binding is generally accepted as a reliable
assay of the glycine receptor (Snyder and Bennett, 1976; Young
and Snyder, 1973, 1974).

Recently, the glycine receptor from mammalian spinal cord
was solubilized and purified by affinity chromatography (Gra-
ham et al., 1985; Pfeiffer and Betz, 1981; Pfeiffer et al., 1982).
The purified receptor behaves as a glycoprotein with a molecular
weight of M, = 246,000, which contains three polypeptides of
M, = 48,000, 58,000, and 93,000. Photoaffinity labeling with
3H-strychnine of both synaptic membranes and purified glycine
receptor preparations (Graham et al., 1981, 1983, 1985; Pfeiffer
et al., 1982) showed that the antagonist binding site of this
receptor is located on the M, = 48,000 polypeptide.

Homozygotes of the mutant mouse spastic are characterized
by disturbed motor function, tremor, prolonged righting reflex-
es, and abnormal gait (Chai, 1961). In a recombination study,
the mutation has been assigned to a single locus on chromosome
3 (Lane and Eicher, 1979). The nature of this recessive mutation
and the product of the gene affected are not known. Preliminary
morphological studies using light microscopy failed to detect
structural alterations in the brain and spinal cord of the spastic
mouse (Biscoe and Fry, 1982; Chai et al., 1962). However,
electromyography showed a striking resemblance of the spastic
phenotype to sublethal strychnine intoxication of normal mice
(Heller and Hallet, 1982). Furthermore, binding of *H-strych-
nine to homogenates from various regions of the CNS of spastic
homozygotes is drastically reduced (White and Heller, 1982).
In contrast, binding of GABAergic receptor ligands such as ben-
zodiazepines and muscimol is increased (Biscoe et al., 1981;
White and Heller, 1982). The binding of other receptor ligands
(White and Heller, 1982) and the activity of enzymes involved
in the metabolism of GABA (Chatterjee and Hechtman, 1977)
are not significantly affected. This has been interpreted as a
compensatory elevation of GABA-mediated inhibition second-
ary to a defective glycine receptor function (White and Heller,
1982). Therefore, it was of interest to determine whether the
spastic mutation represents an alteration of the binding affinity,
concentration, and/or structure of the glycine receptor. Here,
we report evidence that the spastic mutation affects the regu-
lation, rather than the structure, of the glycine receptor protein.

Materials and Methods

Materials

3H-strychnine (specific activity 17.0 Ci/mmol) was purchased from
Amersham-Buchler (Braunschweig, FRG); glycine, 8-alanine, taurine,
serine, GABA, o-phenylene-diamine, polyethylene glycol 8000, and egg
yolk phosphatidylcholine (type X-E) were all from Sigma (Munich FRG).
Triton X-100 was from Serva (Heidelberg, FRG); low-molecular-weight
markers and soybean trypsin inhibitor were obtained from Bio-Rad
(Munich, FRG). Trypsin treated with r-(tosylamido-2-phenyl)ethy!
chloromethy! ketone (TPCK-trypsin) was from Worthington (Freehold,
NI). Microtiter plates were from Dynatech (Alexandria, VA). Rabbit
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anti-mouse immunoglobulins were from Dakopatts (Hamburg, FRG).
Aminostrychnine agarose was synthesized as described (Pfeiffer et al.,
1982).

Animals

Heterozygotes of the mutant mouse spastic were obtained from Jackson
Laboratories (Bar Harbor, ME). Homozygotes were obtained by mating
heterozygotic mice; occasionally, homozygotic male mice were also em-
ployed in the breeding. Unaffected littermates comprising both hetero-
zygotes and homozygotic normal mice served as control animals.

Preparation of crude synaptic membranes

Spinal cord, medulla oblongata, and pons were rapidly removed from
adult spastic mice and unaffected littermates, frozen in liquid nitrogen,
and stored at —70°C. Crude synaptic membranes were prepared si-
multaneously from frozen tissue of spastic and control mice as previ-
ously described (Pfeiffer et al., 1982), except that the cell nuclei were
removed by centrifugation at 1000 x g for 5 min.

Solubilization and affinity chromatography of the glycine
receptor from spinal cord of normal and spastic mice

The glycine receptor was solubilized using the nonionic detergent Triton
X-100 as previously described (Pfeiffer and Betz, 1981) with the fol-
lowing modifications: Crude synaptic membranes were incubated in 2.5
mm iodoacetamide for 5 min and then solubilized with 3% (wt/vol)
Triton X-100 in 25 mmM potassium phosphate, pH 7.4, containing 5 mm
neutralized EDTA, 5 mm neutralized EGTA, 5 mw dithiothreitol, and
a mixture of protease inhibitors (Pfeiffer et al.,, 1982). The membranes
were kept on ice and stirred for 1 hr. After centrifugation at 150,000 x
g for 1 hr, the glycine receptors of normal and spastic mice were purified
from the detergent extracts by affinity chromatography on aminostrych-
nine-agarose columns (Pfeiffer et al., 1982).

Strychnine binding assays

Membrane-bound receptor. *H-strychnine binding to crude synaptic
membranes was determined as previously described (Pfeiffer and Betz,
1981). For small samples, a modified assay was used: Samples contain-
ing 80-100 ug membrane protein in 80 ul of 25 mm potassium phos-
phate, pH 7.4, and 200 mm KCl were incubated on ice with *H-strych-
nine and futher additions as indicated. After 60 min, the samples were
pipetted onto a 13 mm diameter Whatman GF/C-filter that had been
sequentially presoaked in 0.1 mg/ml polylysine and 0.5% (wt/vol) BSA
in PBS. The filters were washed once with 4 ml of ice-cold 25 mm
potassium phosphate, pH 7.4, containing 200 mm KCl. Pipetting and
washing took less than 10 sec.

Solubilized receptor. *H-strychnine binding was determined by poly-
ethylene glycol precipitation (Pfeiffer and Betz, 1981). All binding assays
were performed in triplicate.

Determination of binding constants

Equilibrium dissociation constants (Kp,) of *H-strychnine binding were
determined as described by Young and Snyder (1974). Inhibition con-
stants (K;) for the agonist glycine were determined by inhibition of *H-
strychnine binding. Owing to high background, it was not feasible to
perform the competition experiments at a saturating concentration of
3H-strychnine. Routinely, 24 nm *H-strychnine was employed, which
corresponds to an approximately 75% saturation of all binding sites.
Therefore, free receptor sites had to be considered. According to Mae-
licke et al. (1977), the fraction (f) of receptor occupied by strychnine is
given by

r= (RS) _ 1
R, 1 + K/S(1 + I'/KY)
where R, is the total number of binding sites; (RS), the number of
receptor—*H-strychnine complexes; K, the dissociation constant for *H-
strychnine; K;, the inhibition constant for glycine; .S, the concentration
of 3H-strychnine; I, the concentration of competing ligand; and n, the

number of binding sites of glycine per binding site of *H-strychnine.
This equation can be rewritten

r_s(r_\_,
K Ko \(RS)

Glycine Receptor in Mutant Mouse “*Spastic”’

1359

and transformed into
log[S/Kp(R/(RS) — 1) —1]=nlog I — nlog K

Plotting log [S/Kp (R/(RS) — 1) —1] on the ordinate versus log I on the
abscissa produces a straight line that yields a slope of n. K; values can
be determined from the intercept at the abscissa. With n = |, the equa-
tion simplifies to a linear form:

S/Ky [RARS) — 1] — 1 = I/K,

As will be shown, n was close to 1.0 for glycine displacement of 3H-
strychnine binding. Therefore, the linear form of the equation was used
here to determine the K, values.

Gel electrophoresis

All samples were concentrated by protein precipitation according to
Wessel and Fliigge (1984). The resulting pellet was subjected to SDS/
PAGE in 10% slab gels (Laemmli, 1970). Protein bands were visualized
by the silver-staining method of Qakley et al. (1980).

Photoaffinity labeling

Photoaffinity labeling of membranes with *H-strychnine was performed
as previously described (Graham et al., 1981, 1983). For trypsin diges-
tion, membranes were collected by centrifugation at 50,000 x g for 15
min at 4°C and resuspended in 25 mwm potassium phosphate buffer, pH
7.4, at a protein concentration of 2.7 mg/ml. Freshly dissolved TPCK
trypsin (75 ul) at concentrations of 0, 10, and 100 ug/ml was added to
300 ul of membrane suspension. After 30 min at room temperature,
the reaction was terminated by addition of 25 ul soybean trypsin in-
hibitor (1 mg/ml), and the protein was precipitated (Wessel and Fliigge,
1984). SDS/PAGE and fluorography were performed as described (Gra-
ham et al., 1981, 1983).

Enzyme-linked immunosorbent assay

Affinity-purified glycine receptor from spinal cord of rat, normal, and
spastic mice was coated at 4°C into polystyrene microtiter plates. To
each well, 7.5-9.5 fmol of purified receptor diluted with 0.1 M sodium
bicarbonate buffer, pH 9.0, containing 0.1% (wt/vol) Triton X-100 was
added in a volume of 100 ul. After overnight incubation at 4°C, the
plates were washed 3 x with PBS containing 0.1% (wt/vol) Triton X-
100, and free binding sites were blocked with 1% (wt/vol) BSA in PBS.
Monoclonal antibodies raised against glycine receptor from rat spinal
cord (Pfeiffer et al., 1984) were then applied to wells aftera 1:100 dilution
in PBS containing 0.1% (wt/vol) BSA. The microtiter plates were in-
cubated at 37°C for 2 hr, washed again, and rabbit anti-mouse immu-
noglobulin coupled to HRP was added at a dilution of 1:1000 in PBS
containing 0.1% (wt/vol) BSA. After incubation for 1 hr and five washes,
a substrate solution containing 0.4 mg/ml ortho-phenylene diamine,
0.003% H,0, dissolved in 0.1 m citrate phosphate buffer, pH 5.0, was
added. The reaction was terminated after 5-10 min by adding 20 ul 3N
H,SO, to each well. Enzyme-linked immunosorbent assay (ELISA)
reactions were quantitated by photometry at 492 nm.

Immunofluorescence microscopy

Immunofluorescence microscopy of spinal cord tissue was performed
as described by Wiedenmann and Franke (1985) using the monoclonal
antibodies GlyR 5a and 7a (Pfeiffer et al., 1984).

Results and Discussion

‘H-strychnine binding

The binding of *H-strychnine to crude snyaptic membranes pre-
pared from spinal cord of both control and spastic mice was
studied at concentrations ranging from 0.26 to 29.4 nm. In the
filter assay used, the nonspecific binding of *H-strychnine to
membranes determined in the presence of 10 mm glycine ac-
counted for 5-30% and 13-46% of the total binding for normal
and mutant mice, respectively. Scatchard analysis of *H-strych-
nine binding (Fig. 1) revealed a single class of binding sites with
dissociation constants (Kp) of 7.68 + 0.95 nm for spastic mice
and 7.46 + 0.85 nm for control mice. The total number of
binding sites (B,,.,) was reduced from 8§64 + 220 fmol/mg pro-
tein for spinal cord membranes from control mice to 267 + 62
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Figure 1. Scatchard analysis of *H-strychnine binding to spinal cord
membranes from control mice (@) and spastic homozygotes (O). In the
experiment shown, membranes were present at a protein concentration
of1.25 mg/mland 0.95 mg/ml for preparations from normal and spastic
mice, respectively. The total number of binding sites was 1118 fmol/
mg for control animals and 324 fmol/mg for spastic animals. This
experiment was performed 3 x . The mean values of all three experiments
are given in the text.

fmol/mg protein for preparations from spastic homozygotes
(mean of three independent experiments). With normal mice
the total number of binding sites for membrane preparations
was thus in the range of previous observations based on filter
assay for rat (Pfeiffer et al., 1982) and pig (Graham et al., 1985)
spinal cord membranes. Determination by centrifugation assay
generally leads to higher values of the total number of binding
sites (Young and Snyder, 1974). This discrepancy results from
a nonquantitative but proportional recovery of *H-strychnine
binding sites by the filter assay which, in a previous study, was
estimated to account for about 50% of the number of binding
sites determined by a centrifugation assay (Pfeiffer et al., 1982).
In contrast to control mice, crude synaptic membranes from
spinal cord of spastic mice exhibited a >3-fold reduction of the
total number of *H-strychnine binding sites that was not ac-
companied by changes in binding affinity.

Glycine inhibited the binding of *H-strychnine to crude syn-
aptic membranes from homozygotic mutants and control mice

Table 1. Inhibition of *H-strychnine binding to synaptic membranes
by different amino acids

Inhibition of specific binding (%)

Ligand Control Spastic
Glycine (85 um) 419+ 1.9 428 + 4.8
B-Alanine (116 um) 32.0 £ 4.7 32.7 + 2.1
Taurine (445 pm) 542+ 1.2 547 + 1.3
GABA (1 mm) 36+ 1.4 0.1 +0.05
Serine (1 mm) 9.1 5.1 8.6 + 8.6

Crude synaptic membranes prepared from control mice and spastic homozygotes
were incubated at 4°C in the presence of 24 nm *H-strychnine and amino acids
as indicated. After 45 min, specific *H-strychnine binding was determined by filter
assay. Results are expressed as the percentage inhibition of specific *H-strychnine
binding compared with values obtained in the absence of amino acid. The values
represent the mean + SEM of two independent experiments.
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Figure 2. Fluorogram of membranes photoaffinity-labeled with *H-
strychnine. Membranes from spinal cord of phenotypically normal (C)
and spastic mice (S) were illuminated in the presence of 24 nm *H-
strychnine. Aliquots of membrane suspension (300 gl; 2.7 mg/ml) were
then treated with 75 ul of trypsin at concentrations of (I) 0, (I) 10, and
(11I) 100 pg/ml as described under Materials and Methods, and elec-
trophoresed on a 10% SDS-polyacrylamide gel. To correct for differ-
ences in the number of strychnine binding sites, 0.22 mg of illuminated
membrane protein from control mice and 0.86 mg of protein from
spastic homozygotes were applied to the lanes marked (C) and (S),
respectively.

equally (Table 1). The molar ratio of glycine bound per binding
site of 3H-strychnine was determined by the logarithmic plot
given under Materials and Methods. Values of n = 1.04 + 0.15
and n=0.99 =+ 0.17 were calculated for membranes from spinal
cord of spastic and normal mice, respectively. Assuming one
glycine molecule bound per 3H-strychnine binding site, the in-
hibition constants (K,) of glycine were calculated to be 22.4 +
2.4 and 19.0 + 1.7 um for membranes of spastic and control
mice, respectively.

The binding of *H-strychnine to both membrane preparations
was inhibited by the glycinergic agonists $-alanine and taurine
to a similar extent (Table 1); GABA and serine, in contrast, had
little effect. Owing to limited amounts of membrane from mu-
tant mice, we did not determine K; values for these amino acids.
However, the data shown clearly demonstrate that the affinity
and specificity for glycinergic ligands of the spastic mouse re-
ceptor were not significantly different from that of the control
mice.

Photoaffinity labeling

Photoaffinity-labeling experiments with *H-strychnine showed
that on UV illumination radioactivity was incorporated into a
polypeptide of M, = 48,000 of membrane preparations from
both spastic and control mice (Fig. 2). The addition of 10 mm
glycine prevented the labeling of this polypeptide (not shown).
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Figure 3. SDS/PAGE of purified glycine receptors. *H-strychnine
binding sites from spinal cord were solubilized and subjected to affinity
chromatography on an aminostrychnine agarose column. Column eluates
containing equal amounts (about 1.4 pmol) of glycine receptor from
spinal cord of rat (lane R), spastic (lane S), and control mice (lane C)
were subjected to SDS/PAGE. Positions of the molecular-weight mark-
ers phosphorylase B (M, = 92,500), BSA (M, = 66,200), ovalbumin
(M, = 45,000), carbonic anhydrase (M, = 31,000), and soybean trypsin
inhibitor (M, = 21,500) are indicated.
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Figure 4. Antibody binding to purified glycine receptor from rat, con-
trol mouse, and spastic mutant. Equal amounts of glycine receptor pur-
ified from spinal cord of rat (open bars), control (hatched bars), and
spastic (black bars) mice were used in an ELISA with monoclonal an-
tibodies GlyR mab 1a to 9b as described under Materials and Methods.

For rat and pig, *H-strychnine binding has been shown to occur
at the M, = 48,000 subunit of the glycine receptor (Graham et
al., 1981, 1985; Pfeiffer et al., 1982). Thus, a polypeptide of
identical molecular weight also binds *H-strychnine in mouse
spinal cord membranes. Tryptic digestion of the *H-strychnine-
labeled membranes produced two major fragments of M, =
42,000 and 37,000 for both spastic and phenotypically normal
mice, as has been found before for other species (Graham et al.,
1983, 1985). Therefore, the tryptic cleavage sites at the
3H-strychnine binding site of the M, = 48,000 subunit were
conserved in the spastic glycine receptor.

Affinity purification
Detergent extracts were prepared from crude synaptic mem-
branes using Triton X-100. The glycine receptor was then pur-
ified from the detergent extracts by affinity chromatography on
aminostrychnine-agarose columns. The number of glycine re-
ceptor sites recovered from the columns ranged from 10 to 15%
without significant differences between the two membrane prep-
arations. Also, throughout the experiments no alteration in the
ratio of receptor sites between spastic and control mice was seen
(Table 2). This suggests that no cryptic ligand binding sites
(Rehm and Betz, 1981) were present in membranes from spastic
mice.

The column eluates were subjected to electrophoresis on 10%
SDS-polyacrylamide gels. Silver staining revealed three major
protein bands of 48,000, 58,000, and 93,000 molecular weight

Table 2. Purification of the glycine receptor from detergent extracts of synaptic membranes from

spastic and control mice

*H-strychnine bound (pmol/gm)

Purification Control Spastic Spastic/control
Crude synaptic membranes 40.25 + 3.08 8.13 = 0.52 0.20 = 0.02
Triton-X-100 extract 22.67 + 2.49 6.42 + 0.87 0.28 + 0.05
Column eluate 3.38 + 1.90 0.74 + 0.14 0.22 + 0.13

The number of *H-strychnine binding sites recovered per gram fresh wet weight of spinal cord tissue is indicated for the
different steps of glycine receptor purification. The values are the means = SEM of three independent experiments. For
each purification step, the ratio spastic to control of *H-strychnine binding sites was calculated.
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Figure 5. Immunofluorescence stain-
ing by mab GlyR 7a of sections from
thoracic segments of spinal cord. But-
tonlike patches were stained on the cel-
lular membrane of neurons in the an-
terior horn and within the neuropil of
spastic (@) and control mice (b). Scale
bar, 10 pm.

for both the control and the mutant receptor (Fig. 3). The same
polypeptide pattern has previously been found with glycine re-
ceptor from other species (Graham et al., 1985; Pfeiffer et al.,
1982). Occasionally, another polypeptide of M, = 66,000 was
seen, which disappeared on preincubation of membranes with
2.5 mm iodoacetamide before solubilization. In agreement with
findings of Graham et al. (1985), this polypeptide band may
represent a proteolytic fragment of the M, = 93,000 polypeptide
(see also Betz et al., 1985). Thus, conservation of the polypeptide
pattern of the glycine receptor in spastic mutants excludes major
alterations of individual receptor polypeptides.

Immunological profile of purified glycine receptor

Monoclonal antibodies raised previously against the glycine re-
ceptor of rat spinal cord (Pfeiffer et al., 1984) were used in an
ELISA (Engvall and Perlmann, 1971) in order to compare the
immunological properties of normal and mutant mouse recep-
tors. Purified receptor was coated to microtiter plates and re-
acted with monoclonal antibodies. Figure 4 presents the im-
munological profiles of glycine receptors from rat and
phenotypically normal and homozygotic mutant mouse spinal
cord as revealed by ELISA with nine different monoclonal an-
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tibodies. No significant differences in immunoreactivity were
detected between the three glycine receptor preparations. Using
immunoblots, the M, = 48,000 polypeptide of the rat glycine
receptor has been shown to bind monoclonal antibodies la, 2a,
and 4a (Pfeiffer et al., 1984). The latter also recognizes the M, =
58,000 subunit, whereas monoclonal antibodies 5a, 7a, and 9b
detect epitopes present on the M, = 93,000 subunit of the glycine
receptor. Although the ELISA exhibited considerable differences
in reaction intensity for the individual antibodies, comparative
results for glycine receptors purified from normal and spastic
mice were indistinguishable. Control experiments showed that
color development of the ELISA peroxidase reaction was pro-
portional to the amount of glycine receptor coated within the
range used in our experiments (not shown).

The immunological profile obtained by ELISA of the mouse
glycine receptor demonstrates that the epitopes detected by our
monoclonal antibodies against different polypeptides of the gly-
cine receptor from rat spinal cord are also present in the mouse.
Furthermore, the corresponding epitopes are present in appar-
ently unaltered ratios, which indicates that the subunit stoichi-
ometry of the glycine receptor subunits has been conserved in
the spastic mouse.
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Immunofluorescence microscopy

Preliminary studies on the neuroanatomy of the spastic mouse
using light microscopy (Biscoe and Fry, 1982; Chai et al., 1962)
failed to detect structural abnormalities in the nervous system
of the spastic mouse. Therefore, it was of interest to study the
localization of the glycine receptor by immunofluorescence mi-
croscopy in sections of mouse spinal cord. Immunofluorescent
staining using monoclonal antibodies 5a (not shown) and 7a
(Fig. 5) showed the same patchy distribution of fluorescence on
neurons and within the neuropil of anterior and posterior horn
of both normal and spastic mice. Also, the density of these
patches was similar in both preparations. Triller et al. (1985)
have demonstrated that this immunoreaction codistributes with
glycinergic synapses. We therefore conclude that homozygotic
mutants possess glycine receptors in the same regions of the
spinal cord as their unaffected littermates, and that the reduction
in glycine receptor number detected by *H-strychnine binding
is not due to a loss of glycinergic snyapses. These data further
confirm previous conclusions (Biscoe and Fry, 1982; Chai et al.,
1962) that the phenotype of the spastic mutant does not result
from malformation or hypoplasia of a particular structure or
cell type in the nervous system, as is the case for cerebellar
mutants exhibiting altered neurotransmitter receptor binding
(Skolnick et al., 1979).

Conclusion

Our data show that the ligand affinity and pharmacology of the
glycine receptor from spastic homozygotes is indistinguishable
from that of phenotypically normal control animals. This result
supports the view that the spastic mutation does not alter the
binding characteristics of the glycine receptor. Therefore, major
mutational changes in receptor structure appear unlikely for
functional domains at or close to the ligand binding sites of the
spastic glycine receptor.

For the serum low-density lipoprotein (LDL) receptor, a mu-
tation with a reduced molecular weight has been described
(Lehrmann et al., 1985). This mutation causes reduced incor-
poration of receptor into the plasma membrane and thus affects
receptor-mediated endocytosis. However, all polypeptides of
the glycine receptor were present in spastic homozygotes with
molecular weights identical to that of unaffected control mice
and of two other species (Graham et al., 1985; Pfeiffer et al.,
1982). Also, the tryptic cleavage sites of the *H-strychnine bind-
ing polypeptide and the antigenic epitopes recognized by dif-
ferent monoclonal antibodies against the rat glycine receptor all
were conserved in the spastic receptor protein. For the LDL
receptor, antibody techniques have revealed structural alter-
ations in hyperlipidemic patients (Tolleshaug et al., 1983). We
therefore conclude that the glycine receptor deficiency of the
spastic mutant is not caused by major deletions, changes in
subunit composition, loss of antigenic sites defined by our
monoclonal antibodies, or alterations at or close to the ligand
binding sites of the mutant receptor protein. It may be noted,
however, that at present minor changes in the receptor primary
structure cannot be totally excluded. A more likely interpreta-
tion, however, is that the spastic mutation affects the regulation
rather than the structure of the glycine receptor protein. This
view receives additional support from our still preliminary im-
munocytochemical data. The latter suggest that glycinergic syn-
apses in the spastic spinal cord contain less glycine receptor
protein than those of control animals. Whether the reduced
receptor number results from a reduced rate of receptor syn-
thesis and/or assembly into the postsynaptic membrane (Lehr-
mann et al., 1985) or from an increased rate of receptor degra-
dation (Drachman et al.,, 1978) remains to be determined.
Whatever the mechanism, further analysis of the spastic mu-
tation should provide a promising route toward a better un-
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derstanding of the regulation of chemosensitivity in the mam-
malian CNS.

During the preparation of this manuscript, a recent report of
White (1985) came to our attention. This paper reports a slightly
lowered affinity for *H-strychnine binding to membranes from
spinal cord of spastic mice, which accounts for an approximately
25% increase in Kj,. Also, binding to the spastic glycine receptor
of glycine, B-alanine, and taurine was found to occur with re-
duced affinity. The reasons for the discrepancy between these
findings and ours are not clear. It is possible that the different
assay conditions used may have contributed to minor deviations
of the determined binding affinities.
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