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Solubilization and characterization of kainate receptors from goldfish brain
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The binding of [*HJkainate to goldfish brain membrane fragments was investigated. Scatchard analysis
revealed a single class of binding sites in Tris-HCI buffer with a K, of 352 nM and a B, of 3.1 pmol /mg
wet weight. In Ringer’s saline, [>H]kainate bound with a B, of 1.8 pmol / mg wet weight and a K, of 214
nM. Binding in Ringer’s saline, but not Tris-HCl buffer, displayed positive cooperativity with a Hill
coefficient of 1.15. The [*H]kainate binding sites were solubilized in Ringer’s saline using the nonionic
detergent n-octyl-B-D-glucopyranoside. Approximately 30-50% of the total number of membrane-bound
binding sites were recovered on solubilization. The K, of [3*H]kainate for solubilized binding sites was
approximately 200 nM. The rank order of potency for glutamatergic ligands at inhibiting [*H]kainate
binding was identical and the competitive ligands had similar K; values in both membranes and solubilized
extracts. In membrane preparations, [>H]kainate displayed a two component off-rate with &, values of 0.97
min~"! and 0.07 min~%; in solubilized extracts, however, only a single off-rate (k. =0.52 min~') was
observed. The hydrodynamic properties of n-octyl-B-D-glucopyranoside solubilized [*H]kainate binding sites
was investigated by sucrose density centrifugation. A single well defined peak was detected which yielded a
sedimentation coefficient of 8.3 S. The results presented in this report suggest that goldfish brain may
provide an ideal system in which to study kainate receptor biochemistry.

Introduction

The excitatory amino acid L-glutamate is a
major neurotransmitter in the vertebrate central
nervous system [1,2]. The receptors which mediate
the actions of L-glutamate have been investigated
using a variety of experimental approaches includ-
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ing electrophysiological, autoradiographic, and
ligand binding techniques. There is now consider-
able evidence to indicate that glutamate receptors
can be classified into at least three distinct sub-
types which are selectively activated by the amino
acid analogues N-methyl-D-aspartate (NMDA),
quisqualate or kainate [1,3,4,5]. Despite recent ad-
vances in the understanding of the molecular
function and pharmacology of glutamate recep-
tors, virtually nothing is known about their bio-
chemistry. A crucial first step towards the bio-
chemical characterization of glutamate receptors
will be the removal of the protein(s) from the
plasma membrane by solubilization to allow sub-
sequent purification and reconstitution of these
receptors.

Kainate is a cyclic analogue of glutamate that
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has been shown to exert potent neuroexcitatory
and neurotoxic effects [6]. Radioligand binding
studies with [’HJkainate have demonstrated
specific, saturable, high-affinity binding to rat
brain membrane preparations [1,6]. The pharma-
cological specificity of [*HJkainate binding in rat
brain membranes differs markedly from that of
L-glutamate, NMDA and AMPA. The most potent
displacer of kainate appears to be kainate, with
APB, AMPA and the NMDA agonists and
antagonists exerting only low potency as inhibi-
tors of [*H]kainate binding [1].

Structure activity studies with kainate ana-
logues have suggested that the isopropylene side
chain of the molecule is important for receptor
recognition [7]. The isopropylene side chain, how-
ever, has no structural homology to glutamate or
aspartate molecules. Several alternative theories
have been proposed to reconcile these observa-
tions including the suggestions that the side chain
may be involved in interactions with a lipophilic
membrane region [8], that « electrons associated
with the side chain may be important in receptor
binding [9], or that the side chain may be involved
in conformational alterations of the kainate mole-
cule in the microenvironment of the receptor [10].

In goldfish brain membranes, kainate receptors
have been demonstrated to be present in far greater
numbers than in mammalian brain but are similar
to the values reported for pigeon cerebellar mem-
branes [11-13]. The kainate receptors appear to be
concentrated in the synaptosomal membrane frac-
tion where the density of kainate binding sites is
approximately two orders of magnitude greater
than that present in rat brain or pigeon optic
tectum membranes [13].

The physiological action mediated by kainate
receptors is unclear, but it has been suggested that
they may be important in a mechanism of syn-
aptic transmission or modulation and could be
involved in eliciting the release of a variety of
neurotransmitters [14,15). More recent evidence to
suggest that kainate receptors may be important
in synaptic transmission in goldfish has been re-
ported by Langdon and Freeman [16,17]. These
workers, using electrophysiological techniques, re-
port that a variety of antagonists selective for
glutamatergic receptor subtypes can block optic
tract evoked postsynaptic field potentials in iso-

lated optic tectum and that the rank order of
potency of the ligands that inhibit postsynaptic
field potentials suggests that synaptic transmission
in this system may be mediated via kainate recep-
tors.

In this study the binding of [*H]kainate to
goldfish brain membranes and solubilized extracts
was characterized. The pharmacology of the recep-
tors in membranes and solubilized extracts was
compared. We provide evidence to suggest that
goldfish brain is a rich source of kainate binding
sites which can be successfully solubilized and
that this tissue may be a convenient model system
in which to study the biochemistry of kainate
receptors.

Methods

Tissue preparation. Whole brains were removed
from ice anesthetized goldfish and either used
immediately or rapidly frozen in liquid N, until
use. Brains were homogenized in a cooled glass
homogenizer in 4-6 volumes of buffer containing
320 mM sucrose. Several different buffers were
investigated to determine the optimum binding
conditions for [*HJkainate: (1) 50 mM Mops-
NaOH, 1 mM EGTA (pH 7.4); (2) 50 mM Tris-
HCl1 (pH 7.4); (3) Ringer’s saline, 80 mM NaCl,
3.5 mM K(l, 10.6 mM sodium phosphate, 1.2 mM
Mg(Cl,, 1.3 mM CaCl, (pH 7.4). For some experi-
ments, protease inhibitors (1 mM phenylmethyl-
sulfonyl fluoride, 1 mM 1,10-phenanthrolene, 1
mM iodoacetamide, 1 uM pepstatin A, 1 mg/]
antipain, 1 mg/1 leupeptin) were included in the
buffers. The homogenate was centrifuged for 10
min at 1000 X g at 0°C. The supernatant was
collected and centrifuged for 30 min at 48000 X g
at 0°C, and the resultant pellet resuspended in 2
parts buffer, 1 part distilled water. The suspension
was centrifuged for 20 min at 18000 X g and the
pellet collected. For membrane experiments the
pellet was resuspended as appropriate in ice-cold
buffer and used immediatley.

Detergent solubilization. Brain membranes were
prepared in Ringer’s saline as described and the
washed P2 pellet resuspended in Ringer’s saline
containing a final concentration of 1% detergent
(routinely, n-octyl-B-D-glucopyranoside). The de-
tergent-tissue suspension was incubated for 60-90



min at 4° C with gentle agitation and then centri-
fuged for 1 h at 100000 X g in a Beckman Ti50
rotor at 4° C to separate solubilized proteins from
nonsolubilized tissue. The clear supernatant was
collected and used as appropriate.

Membrane binding assays. Specific [*Hlkainate
binding was determined using a filtration assay.
[*HJkainate, typically at a final concentration of
10 nM, was added to tubes containing membranes
(approximately 20 mg wet weight per tube) in
either the presence or absence of 100 uM cold
kainate. Following incubation on ice for 1 h, the
reaction mixtures were filtered under negative
pressure on polyethylenimine (PEI) wetted (0.05%)
Schleicher and Schuell No. 32 glass filters [18].
The filters were rapidly washed three times with 3
ml of ice-cold buffer and dried under suction. The
filters were then transferred to scintillation vials
and the bound radioactivity measured.

Solubilized extract binding assays. Solubilized
extracts (approximately 20 mg wet weight per
tube) were incubated with [*H]kainate under ex-
actly the same conditions as described for mem-
brane preparations. For solubilized receptor as-
says two protocols were investigated: a polyethyl-
enimine (PEI) method [18] and a polyethylene
glycol (PEG) method [19]. For the PEG assay
technique, the solubilized binding sites were in-
cubated with 10 nM [*H]kainate for 1 h at 0°C.
An equal volume of 20% PEG was then added and
the mixture incubated a further 20 min on ice. The
mixture was filtered on Schleicher and Schuell No.
32 glass filters under negative pressure and the
filters washed three times with ice-cold Ringer’s
saline containing 10% PEG. For the PEI assay
technique, the procedure was essentially the same
as described for membrane fragments except that
a higher concentration of PEI was used. The reac-
tion mixtures were filtered on Schleicher and
Schuell No. 32 glass filters that had been wetted
with 0.3% PEI. The filters were washed three times
with ice-cold Ringer’s saline, dried and the bound
radioactivity measured.

[’H]Kainate dissociation rate assay. Goldfish
brain membrane fragments or solubilized extracts
were incubated with 50 nM [*H]kainate for 1 h on
ice. At time zero, 1 M unlabeled kainate was
added to a final concentration of 1 mM and the
suspension mixed thoroughly. Samples (0.5 ml)
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were taken at appropriate intervals and the amount
of bound [*H]kainate assayed as described above.

Sucrose density gradients. Continuous 5% to
20% sucrose density gradients (34 ml) were pre-
pared as described previously [19] in Ringer’s
saline containing 1% n-octyl-B-D-glucopyranoside.
Solubilized goldfish brain extract (4 ml) contain-
ing 1% sucrose and catalase and alkaline phos-
phatase (approx. 1 mg/ml) were layered on top of
34 ml sucrose gradient and the tubes filled with
buffer. The tubes were sealed and centrifuged for
2 h at 200000 X g in a Beckman VTi50 vertical
rotor (slow acceleration and no brake). Fractions
(35 drops, approx. 0.5 ml) were collected from the
bottom of the tube at 4° C. Aliquots (200 pl from
each fraction were added to 300 ul Ringer’s saline
containing 50 nM [*H]kainate and the amount of
binding protein present determined using PEI
filtration assays. Catalase activity was assessed by
measuring the hydrolysis of H,0, as described by
Beers and Sizer [20]. Human placental alkaline
phosphatase activity was monitored using a p-
nitrophenyl phosphate (PNPP) assay [21].

Data analysis. Saturation isotherms were ana-
lysed with a nonlinear least-squares fit (Marquart-
Levenberg algorithm in the VMS version of PLOT
obtained from New Unit, Ithaca, NY) to a one
component model with or without cooperativity
(Hill equation). Dissociation rates were de-
termined by a nonlinear least squares fit of the
normalized data to a two exponential decay. All
calculations were performed on a Digital VAXSta-
tion II minicomputer.

Materials

Goldfish (Carassius auratus) were from Gras-
syfork fisheries, Martinsville IN. [*H]Kainate (3.6
Ci/mmol) was from New England Nuclear, Bos-
ton, MA. »n-Octyl-B8-D-glucopyranoside, kainate
and all other reagents were obtained from Sigma,
St. Louis, MO.

Results

[*H]Kainate binding to membranes

The binding of [*H]kainate to membrane pre-
parations was investigated in three different
buffers. No reproducible [*HJkainate binding was
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Fig. 1. Saturation binding curves and Scatchard plot of
[*H)kainate binding to membrane fragments and n-octyl-8-D-
glucopyranoside solubilized extracts from goldfish brain. (A)
Membrane fragments in Tris-HCl buffer. Samples of tissue
(10-20 mg wet weight) were incubated in Tris-HCl buffer with
various concentrations of [*H]kainate in either the presence
(nonspecific) or absence (total binding) of 100 pM unlabeled
kainate. Specific binding was determined by subtracting the
total bound from the expected value for nonspecific binding
calculated from a linear least-squares fit to the [>H]kainate
bound in the presence of excess nonradioactive kainate.
{*H]Kainate bound to goldfish brain membranes in Tris-HCl
buffer with a K; of 352+36 nM and a B_,, of 3.1+03
pmol/mg wet weight of tissue (mean and S.E. of three experi-
ments each performed in duplicate). (B) Membrane fragments
in Ringer’s saline. Experiments were performed exactly as
described above except Ringer’s saline was substituted for
Tris-HCL. The K4 was 214428 nM and the B_,, was 1.83+
0.11 pmol/mg wet weight of tissue (mean and S.E. of eight
experiments each performed in duplicate). There was positive
cooperativity under these conditions with a Hill coefficient of
1.15+0.01. (C) Solubilized extracts. Exactly the same incuba-
tion conditions were used as described for membrane fragment

observed in Mops/EGTA buffer (data not shown)
but binding was obtained in Tris-HCl (Fig. 1A)
and Ringer’s saline (Fig. 1B). The binding char-
acteristics were slightly different in the two buffers,
the K, and B_,, being 352 + 36 nM and 3.1 + 0.3
pmol/mg wet weight of tissue, respectively, in
Tris-HCI (n = 3) and 214 + 29 nM and 1.83 + 0.11
pmol/mg wet weight of tissue, respectively, in
Ringer’s saline (n = 8). In Ringer’s saline, but not
in Tris-HCI buffer, positive cooperativity with a
Hill coefficient of 1.15 + 0.01 was observed. An
alternative explanation for the curved Scatchard
plots in Ringer’s saline is that the tissue was not
incubated with [*H]kainate for sufficient time to
reach equilibrium (usually 90 min on ice). This
possibility, however, was ruled out by experiments
in which membranes were incubated with
[*Hlkainate at 0°C for 7 h. Identical results were
obtained (data not shown). Similar results suggest-
ing positive cooperativity of [*H]kainate binding
sites in pigeon cerebellar membranes and goldfish
brain membranes have been reported previously
[22,13]. The presence or absence of protease in-
hibitors (see Methods) did not alter [*H]kainate
binding to membrane preparations in either buffer.
Despite the more complex binding characteristics,
[*H]kainate bound with a higher affinity in
Ringer’s saline than in the other buffers and was
therefore routinely used for solubilization experi-
ments.

Kainate receptor solubilization

(i) Detergents. Several different detergents and
two different assay techniques were used to de-
termine the optimum conditions for solubilization
of the [*H]kainate binding sites from goldfish
brain (Table I). The two different assay techniques
detected markedly different amounts of bound
[*H]kainate. The most probable reason for these
differences is that the addition of PEG to the
reaction mixture (20%) and to the wash buffer
(10%) caused a substantial increase in the viscosity

experiments in Ringer’s saline. The K4 for { *HJkainate binding

to detergent extract was 199+ 17 nM and the B, ,, of 0.98 +0.06

pmol/mg wet weight of tissue (mean and S.E. of five experi-

ments each performed in duplicate). In all cases the solid line

through the points represents a nonlinear least-squares fit to
the data as described in Methods.



TABLE 1

RELATIVE EFFICIENCY OF VARIOUS DETERGENTS
AT SOLUBILIZING [*HJKAINATE BINDING SITES
FROM GOLDFISH BRAIN

Membrane fragments were incubated at 4°C for 90 min in
Ringer’s saline containing protease inhibitors and a final con-
centration of 1% of one of a variety of different detergents. The
resultant suspension was centrifuged at 100000 X g for 1 h to
pellet all nonsolubilized material. The supernatant representing
solubilized extract was collected and incubated with 50 nM
[*H]kainate for 1 h on ice in either the presence or absence of
100 pM unlabeled kainate. The number of [*H]kainate binding
sites were determined using two different filter assay tech-
niques (see Methods). The results are expressed as the number
of [*H]kainate binding sites that were detectable in the solubi-
lized extract as a percentage of the total number of sites
detected in membrane fragments prior to solubilization. It is
possible that the absolute fraction of binding sites solubilized
by any detergent may be greater than the fraction detected
since the binding assays used for solubilized receptors are
likely to be less efficient than the assay used to measure
membrane-bound receptors.

Detergent Percentage of [>HJkainate
radioactivity bound to
membrane fragments
PEI assay PEG assay

Lubrol 6.3 43

Triton X-100 9.1 6.8

Cholic acid 12.2 57

Chaps 14.8 6.0

Digitonin 22.0 10.2

n-Octyl-B-D-glucopyranoside 31.2 13.2

of the Ringer’s saline, increasing the time required
to filter each sample. Because the dissociation of
[*H)kainate from its receptors is fairly rapid, a
greater percentage of the bound radioactivity
would be expected to dissociate during the PEG
assay procedure than during the PEI assay proce-
dure.

n-Octyl-B-pD-glucopyranoside was the most effi-
cient detergent investigated for solubilizing kainate
binding sites, with a yield of between 30% and
50% of the total number of sites present in the
membrane preparation. The reasons for the loss of
the majority of kainate binding sites on detergent
extraction is unclear, but may be due to either
incomplete solubilization of the binding sites un-
der the conditions used or to detergent modifica-
tion and consequent inactivation of a fraction of
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the [*H]kainate binding sites. Qualitatively similar
losses have been observed on solubilization of
neuronal nicotinic acetylcholine receptors from
goldfish brain with the nonionic detergent Triton
X-100 [24].

(i) Binding to solubilized extracts. Saturation
binding and Scatchard plots for the binding of
[*H]kainate to solubilized goldfish brain extracts
are shown in Fig. 1C. The binding characteristics
of [*H]kainate were similar to those observed in
membranes. The K, slightly decreased from 214
nM to 200 nM and the B,,, decreased from 1.8
pmol/mg wet weight of tissue to approx. 1
pmol /mg wet weight of tissue on solubilization.
The major difference between {*H]kainate binding
to membranes and solubilized extract was that no
positive cooperativity was observed in the solubi-
lized tissue preparations.

Competitive binding studies
To determine the pharmacological characteris-
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Fig. 2. [*H]Kainate binding inhibition curves in membrane
fragments and solubilized extracts. The rank order of potency
and K; values of kainate, kynurenic acid and L-glutamate for
inhibition of [*HJkainate binding are shown. The K, values
were calculated from the ICs, values using the equations
derived by Cheng and Prusoff [38]. The K; values for mem-
brane fragments and solubilized extracts respectively were:
kainate, 168 nM and 53 nM; kynurenic acid, 6.47 pM and 4.83
pM; L-glutamate, 99.2 gM and 34.4 pM. The symbols repre-
sent: O, kainate on membranes; M, kainate on soluble extract;
O, kynurenic acid on membranes; @, kynurenic acid on solu-
ble extract; A, L-glutamate on membranes; A, L-glutamate on
soluble extract.



108

tics of the solubilized kainate binding site, a series
of displacement studies were carried out on both
solubilized extracts and membrane fragments (see
Fig. 2). The inhibition profiles of kainate,
kynurenic acid and r-glutamate on [*Hlkainate
binding to solubilized receptors and membranes
were very similar. The order of potency is identi-
cal in membrane and solubilized extracts and
agrees well with previously reported values in both
goldfish brain membranes [13] and rat brain mem-
branes [1]. The data are also in close agreement
with previous results obtained in this laboratory
using an extensively washed ‘glutamate free’ gold-
fish brain membrane preparation and Tris-HCl
buffer [39].

[?H]Kainate dissociation rates from membranes and
solubilized extracts

To characterize [*H]kainate binding further, the
association rates to solubilized extracts (data not
shown) and the dissociation rates from mem-
branes and solubilized extracts (Fig. 3) were in-
vestigated. The association rate at 0°C was very
rapid, with the major portion (80-90% of total
bound) of [*HJkainate binding being complete
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Fig. 3. Dissociation rates of [*HJkainate from membrane frag-
ments and solubilized extracts. Membrane fragments or
solubilized extract were incubated with [>HJkainate for 1 h on
ice. Excess unlabeled kainate (1 mM) was then added and
samples taken at the indicated time points and immediately
filtered and washed on PEIl-treated glass filters. The off-rates
were 0.972 min~™' and 0.071 min~' from membranes and
0.515 min~ ! from solubilized extracts.
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Fig. 4. Hydrodynamic characateristics of [*H]kainate binding
protein in sucrose density gradients. Solubilized extract (4 ml)
containing the size markers catalase (A) and alkaline phos-
phatase (B) was layered on top of a 34 ml 5-20% sucrose
gradient. The gradients were centrifuged for 2 h at 200000 X g
and 35 drop fractions collected from the bottom of the tube.
Aliquots (0.2 ml) were taken from each fraction, diluted to 0.5
ml in Ringer’s saline and incubated for 1 h on ice with 50 nM
[*Hlkainate. The number of [*HJkainate binding sites in each
fraction was measured using a PEI filtration assay.

before the first samples were taken (15 s).
[*H]Kainate had a rapid off-rate from both mem-
branes and solubilized extracts. The dissociation
rate (k.q) of [*Hlkainate from membranes was
composed of two components (0.972 min ' and
0.07 min ") each representing approx. 50% of the
binding sites at 10 nM. For solubilized binding
sites, the dissociation consisted of essentially a
single off-rate (0.515 min~'), with only a small
component (less than 10%) with a much slower
dissociation.

Hydrodynamic properties of the kainate receptor

Some hydrodynamic properties of the solubi-
lized kainate receptor were investigated using
sucrose density centrifugation. As shown in Fig. 4,
the solubilized [’HJkainate binding protein
migrated into the gradient with a peak occurring
between bovine liver catalase (M, 250000, sedi-
mentation coefficient 11.4 S [20]) and human
placental alkaline phosphatase (M, 125000, sedi-
mentation coefficient 6.8 S [21]). The sedimenta-
tion coefficient for the n-octyl-B8-b-glucopyrano-
side-[ *HJkainate binding protein complex was 8.3
S.



Discussion

The main observations made in this study were:
(1) [*H]Kainate binds to a single class of high-af-
finity sites in goldfish brain membranes. (2) Up to
50% of the [*H]kainate receptors were recoverable
on solubilization with 1% #n-octyl-B8-p-gluco-
pyranoside. (3) The K, values were 214 + 28 nM
and 199417 nM for membrane bound and
solubilized receptors, respectively, and the B,_,,
values were 1.83 + 0.11 pmol/mg wet weight of
tissue and 0.98 + 0.06 pmol/mg wet weight of
tissue for membrane bound and solubilized recep-
tors, respectively. (4) The pharmacological char-
acteristics were similar for both membrane bound
and solubilized receptors with an identical rank
order of potency of displacement by competitive
glutamatergic ligands. (5) The solubilized kainate
receptor sedimented in sucrose density gradients
at 8.3 S.

The effects of kainate on the vertebrate central
nervous system are of interest because it exerts
potent neuroexcitant, neurotoxic and convulsant
effects. Evidence to suggest that the [*H]kainate
binding sites represent kainate receptors includes
a good correlation between the regional distribu-
tion of [*H]kainate binding sites and the ability of
kainate to cause lesions in rat brain [25-29]. In
addition, because kainate does not appear to be
actively taken up by neuronal tissue [30], the
concentration of kainate applied to tissue in vitro
should be the concentration present at the recep-
tor, providing equilibrium between the tissue and
the bathing medium is achieved. Kainate con-
centrations in the order of 10-100 pM are neces-
sary to half maximally activate increases in cGMP
levels or *Na* fluxes in rat brain slices [31,32].
Localized application of 0.1-1 uM kainate to CA3
pyramidal cells in the hypocampus, however, pro-
duces excitatory responses at concentrations simi-
lar to the K; for kainate binding.

The characteristics of [*H]kainate binding to
goldfish brain membrane fragments presented in
this study differ slightly from the results reported
by Migani et al. [13] using similar conditions.
These workers detected [*H]kainate binding sites
in the P2 fraction which displayed positive cooper-
activity (ny; = 1.29) and had a K of about 50 nM
and a B, of approx. 140 pmol/mg protein.
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Similarly, in this study [*HJkainate binding sites
in Ringer’s saline displayed positive cooperativity
(ny =1.15) but the apparent K; was markedly
different (214 nM). The reasons for the difference
in K, is unclear. The rank order of potency of
various glutamatergic ligands at inhibiting [*HJ-
kainate binding and the concentration at which
they were half maximally effective, however,
agreed well between the two studies. Also, a rapid
biphasic dissociation of [*HJkainate from its bind-
ing sites in membranes was also observed in both
reports.

The presence of positive cooperativity in
Ringer’s saline but not in Tris-HCI buffer suggest
that [*H]kainate binding to goldfish brain mem-
branes may be modulated by the presence or
absence of ions. Detailed investigation of possible
ion effects was not pursued in this study, but in
rat brain membranes, both mono- and divalent
cations have been shown to depress [*H]kainate
binding while anions appear to be without effect
[23]. Nevertheless, the observation of positive co-
operativity suggests that more than one binding
site may be present on a single putative kainate
receptor.

Some evidence regarding the physiological
function of kainate receptor has been obtained
using evoked field potentials in goldfish optic
tectum slices in vitro [16,17]. These workers used a
variety of selective L-glutamate receptor subtype
antagonists and recorded their effects on optic
tract evoked field potentials in the isolated optic
tectum. Three antagonists produced almost com-
plete inhibition of the postsynaptic field poten-
tials, The most potent inhibitor was kynurenic
acid followed by y-D-glutamylglycine (y-D-GG)
and cis-2,3-piperidine dicarboxylic acid (PDA).
An antagonist selective for the NMDA receptor,
2-amino-5-phosphonovalerate (APV), had negligi-
ble effects on postsynaptic field potentials and
some evidence has suggested that y-D-GG has
little effect on quisqualate receptor at concentra-
tions that block kainate receptors [3,33-35]. These
data may suggest that the retinotectal transmis-
sion in goldfish could be mediated by kainate
receptors.

We have recently studied the effects of eye
removal on the number of glutamatergic and
nicotinic binding sites in the contralateral tectum
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of goldfish [39]. As has been previously demon-
strated, enucleation results in a 40-50% decrease
in the number of ['*I]a-Bgt and (—)-[*H]nicotine
binding sites in the contralateral tectum. There
was no alteration, however, in the number of
L-[’H]glutamate, NMDA displaceable L-[*H]glu-
tamate, [*’HJAMPA or [*HJkainate binding sites
following eye removal. These results do not rule
out a role for kainate receptors in this system but
suggest that their number is not modulated by the
removal of visual stimulation over the time period
investigated (up to 18 days).

A brief account of the solubilization of kainate
binding sites from pigeon cerebellum has been
reported previously [36]. These workers used Tri-
ton X-100 to solubilize both a high- and low-affin-
ity kainate binding site with K, values of 20 nM
and 440 nM, respectively, in the detergent ex-
tracts. The low-affinity site was reported to dis-
play positive cooperativity following solubilization
and had an apparent molecular weight of 440 (000
on gel filtration and a sedimentation coefficient of
12 S on sucrose density gradients.

In comparison to nicotinic acetylcholine recep-
tors the level of knowledge about the biochemistry
glutamate receptors is rudimentary. The rapid dis-
sociation rate of [*H]kainate from its binding sites
reported in this study suggests that purification of
this protein by affinity chromatography may be
difficult in the absence of specific ligands with
higher affinity (e.g., monoclonal antibodies). We
have, however, obtained preliminary data to sug-
gest that solubilized [*H]kainate binding sites can
be reconstituted into crude soya bean phospholi-
pid vesicles (Henley, Horne and Oswald, unpub-
lished data). Experiments are currently in progress
to characterize the reconstituted binding sites and
to attempt to obtain kainate activated radioiso-
tope fluxes in vesicle preparations.

An interesting and potentially important aspect
of the study of kainate receptors lies in the fact
that the selective neurotoxic actions of kainate in
the vertebrate central nervous system are remi-
niscent of damage observed in the brains of pa-
tients suffering from Huntington’s disease and
epilepsy [9]. Kainate binding sites have been dem-
onstrated in human brain and appear to be pre-
sent in the caudate nucleus which is known to
degenerate in Huntington’s disease. An under-

standing of the biochemistry of kainate receptors,
therefore, may provide some clues to the etiology
of these neurodegenerative diseases [23,37].

Acknowledgements

This work was supported by grants from the
Sloan Foundation and the National Science
Foundation. We are grateful to Dr. Linda Nowak
for helpful advice and comments, we also wish to
thank Dr. William Horne and Dr. John Koland
for technical advice and Dr. Glenn Millhauser for
help with data analysis.

References

1 Foster, A.C. and Fagg, G.E. (1984) Brain Res. Rev. 7,
103-164.
2 Mayer, M.L. and Westbrook, G.L. (1987) Prog. Neurobiol.
28, 197-276.
3 Watkins, J.C. and Evans, R.H. (1981) Annu. Rev. Pharma-
col. Toxicol. 21, 165-204.
McLennon, H. (1983) Prog. Neurobiol. 20, 251-271.
Monaghan, D.T. and Cotman, C.W. (1986) Excitatory
Amino Acids (Roberts, P.J., ed.), McMillan Press.
Coyle, J.T. (1983) J. Neurochem. 41, 1-11.
Slevin, J.T., Collins, J.F. and Coyle, J.T. (1983) Brain Res.
265, 169-172.
Puil, E. (1981) Brain Res. Rev. 3, 229-322.
Coyle, J.T., Bird, S.J., Evans, R.H., Gulley, R.L., Nadler,
J1.V., Nicklas, W.J. and Olney, J.W. (1981) Neurosci. Res.
Progr. Bull. 19, 4.
10 Goldberg, O., Luini, A. and Teichberg, V.I. (1981) Neuro-
sci. Lett. 23, 187-191.
11 London, E.D. and Coyle, J.T. (1979) Europ. J. Pharmacol.
56, 287-290.
12 London, E.D., Klemm, N. and Coyle, J.T. (1980) Brain
Res. 192, 463-476.
13 Migani, P., Virgili, M., Contestible, A., Pli, A, Villant, L.
and Barnablei, A. (1985) Brain Res. 36-45.
14 Ferkany, J.W., Zaczek, R. and Coyle, J.T. (1982) Nature
298, 757-759. ’
15 Poli, A., Contestabile, A., Migani, P., Rondelli, C.. Rossi,
L. and Barabei, O. (1984) Neurosci. Lett. 18, S191.
16 Langdon, R.B. and Freeman, J.A. (1986) Brain Res.
169-174.
17 Langdon, R.B. and Freeman, J.A. (1987) J. Neurosci. 7,
760-773.
18 Bruns, R.F., Lawson-Wendling, K. and Pugsley, T.A. (1983)
Anal. Biochem. 132, 74-81.
19 Horne, W.A,, Weiland, G.A. and Oswald, R.E. (1986) J.
Biol. Chem. 261, 3588-3594.
20 Beers, R.F. and Sizer, LW. (1952) J. Biol. Chem. 195,
133-140.
21 Harkness, D.R. (1968) Arch. Biochem. Biophys. 126,
503-512.

[V N

~ o

O 0o



22

23

24

25

26

27

28

29

30

Henke, H., Beaudet, A. and Cuenod, M. (1981) Brain Res.
219, 95-105.

Beaumont, K., Maurin, Y., Reisine, T.D., Fields, J.Z.,
Spokes, E., Bird, E.D. and Yamamura, H.I. (1979) Life Sci
24, 809-816.

Henley, J.M. and Oswald, R.E. (1987) J. Biol. Chem. 262,
6691-6698.

Foster, A.C., Mena, E.E., Monaghan, D.T. and Cotman,
C.W. (1981) Nature (Lond.) 289, 73-75.

Monaghan, D.T. and Cotman, C.W. (1982) Brain Res. 252,
91-100.

Unnerstall, JR. and Walmsley, J.K. (1983) Europ. J.
Pharmacol. 86, 361-371.

Colonnier, M., Steriade, M. and Landry, P. (1979) Brain
Res. 172, 552-556.

Kohler, C. and Schwartz, R. (1983) Neuroscience 8§,
819-835.

Johnson, G.AR., Lodge, D., Bornstein, J.C. and Curtis,
D.R. (1979) J. Neurochem. 34, 121-127.

32

33

34
35

36

37
38

39

111

Garthwaite, J. and Balazs, R. (1978) in Glutamate as a
Neurotransmitter, Advances in Biochemistry and Psycho-
pharmacology, Vol. 27, pp. 317-326, Raven Press, New
York.

Luini, A., Goldberg, O. and Teichberg, V.I. (1981) Proc.
Natl. Acad. Sci. USA 78, 3250-3254.

Collingridge, G.L., Kehl, S.J. and McLennon, H. (1983) J.
Physiol. (Lond.) 334, 19-31.

Davis, J. and Watkins, J.C. (1981) Brain Res. 206, 172-177.
Rothman, S.M. and Samaie, M. (1985) J. Neurophysiol. 54,
701-713.

Dilber, A., Henke, H., Cuenod, M. and Winterhalter, K.
(1983) Soc. Neurosci. Abstr. 9, 77.1.

Henke, H. (1979) Neurosci. Lett. 14, 247-251.

Cheng, Y. and Prusoff, W.H. (1973) Biochem. Pharmacol.
22, 3099-3108.

Henley, J.M. and Oswald, R.E. (1988) J. Neurosci., in
press.



