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Abstract

The functionality of a-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA) receptors in chick embryo retina cells during
21development in vitro was studied by using Co uptake, and these data were correlated with the expression of the AMPA receptor subunit

21GluR4. We found that at 5 h in vitro only a small number of cells took up Co upon stimulation with 100mM kainate or other AMPA
receptor agonists, in the presence of cyclothiazide (CTZ), to inhibit desensitisation. The number of cells sensitive to kainate increased
from 5 h in vitro to 3 days in vitro (DIV), and remained relatively constant until 14 DIV. When the cells were stimulated with
(2S,4S)-4-methylglutamic acid (30mM), a specific kainate receptor agonist, after inhibiting desensitisation with concanavalin A, we did
not observe an increase in the number of cells responding, as compared to the control. The expression of the AMPA receptor subunit
GluR4 during development was detected by immunofluorescence mainly at the perinuclear region of the cells, and the number of positive
cells increased from 5 h in vitro to 7 DIV, and remained relatively constant until 14 DIV. The results suggest that AMPA receptors can be
functionally active at early embryonic stages (5 h in vitro) in cultured retinal neurons, although in only a few cells, before synapse

21formation (E12). The localisation of GluR4 was well correlated with Co entry, since the strongest GluR4 immunoreactivity was found
21in the regions that showed the most intense labelling with Co . Finally, we found that the expression levels of GluR4 at the neurites

increased between 5 h in vitro and 7 DIV, near the period of synapse formation.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction cell death [10] and in survival of different neuronal cell
types [2]. Ionotropic glutamate receptors can be divided

Glutamate is the major excitatory neurotransmitter in the according to their molecular structure, sensitivity to agon-
retina, where it acts mainly by activating ionotropic ists, and physiological properties intoa-amino-3-hydroxy-
glutamate receptors [4]. In the CNS, these receptors are 5-methylisoxazole-4-propionate (AMPA), kainate
known to play a role in development [24], neuronal [3,5,12,36] andN-methyl-D-aspartate (NMDA) receptors
plasticity [23], dendritic spine modulation [32], neuronal [12]. AMPA receptors are oligomeric structures formed by

the different combinations of GluR1–4 subunits [6,21,25],
and these subunits were also cloned in the chick brain [26].

Abbreviations: AMPA, a-amino-3-hydroxy-5-methylisoxazole-4-prop- Several subunits of the kainate receptors have been iden-
ionate; Con A, concanavalin A; CTZ, cyclothiazide; DIV, days in vitro; tified, the GluR5–7 and KA1-2 [20,30].
GluR4, glutamate receptor subunit 4; NMDA,N-methyl-D-aspartate; Several authors have proposed that the ionotropic gluta-
MGA, (2S,4S)-4-methylglutamic acid

mate receptors, including AMPA receptors, are important*Corresponding author. Tel.:1351-239-822-752; fax:1351-239-822-
in neuronal plasticity on dendritic spines [16,32]. More776.
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of the AMPA receptor subunit GluR4 in rat hippocampus 500mM glutamate plus 30mM CTZ or 100mM NMDA.
is important in the spontaneous electric activity [35]. Also, In order to stop cobalt uptake, saline buffer with cobalt
studies from our laboratory have shown the importance of was removed by gentle aspiration and the cells were

21glutamate receptors in modulating [Ca ] , as well as washed twice, by incubation for 5 min and 10 min withi

neurotransmitter release, in cultured embryonic chick saline buffer containing 2 mM EDTA. All procedures were
21retina cells [8,9,13–15]. Since [Ca ] is an important carried out at room temperature. The cells were immedi-i

21second messenger, it is of interest to determine the Ca ately processed for precipitation and enhancement of
permeability of AMPA receptors during development, as cobalt staining.

21mimicked by Co uptake, which permits determining the
expression and localisation of the AMPA receptor subunit 2 .4. Precipitation and enhancement of cobalt staining
GluR4.

The precipitation and enhancement of cobalt staining of
the cells on the coverslips was performed as described by

2 . Materials and methods Jensen et al. with minor modifications [22]. The cobalt was
precipitated by incubating the coverslips with 0.12% Na S2

2 .1. Materials in saline buffer, for 5 min. The cells were washed in saline
buffer and then fixed in 4% paraformaldehyde, containing

Fetal calf serum was from Biochrom (Berlin, Germany). 4% sucrose in phosphate buffered saline (PBS, in mM; 137
PVDF membranes, ECF and the secondary antibody NaCl, 2.7 KCl, 10 Na HPO , 12H O, 1.8 KH PO , pH2 4 2 2 4

conjugated with alkaline phosphatase were from Amer- 7.4) for 30 min at room temperature. Enhancement of CoS
sham (Buckinghamshire UK). The anti-GluR4 antibody precipitate was performed after cell washing with warm
against GluR4 (60666 N) was from BD Pharmingen (San (508C) developing buffer (in mM: 292 sucrose, 15.5
Diego, CA, USA). Prolong antiFade kit, Alexa conjugated hydroquinone and 42 citric acid), in warm developing
secondary antibodies Alexa 488 and Alexa 495 were from buffer with 1 mg/ml AgNO , for 1 h in dark conditions.3

Molecular Probes (Leider, Hillard, USA). All other re- To terminate the staining, cells were washed in warm
agents, including anti-MAP2, were from Sigma–Aldrich developing buffer. Cells were then incubated for 5 min in
(St. Louis, MO, USA), or from Merck (Darmstadt, Ger- 5% sodium thiosulfate, at room temperature, to enhance
many). White Leghorn eggs were obtained from a local staining. The cells were finally washed twice in PBS and
hatchery. the coverslips were mounted on Entellan. The stained cells

were counted on a Leica microscope, coupled to a photo-
2 .2. Cell culture micrograph system, in 9–12 arbitrary fields, and photo-

micrographs were taken for illustrative situations.
Primary cultures of chick retinal neurons, from 8-day-

old chick embryos, were prepared as previously described2 .5. Immunofluorescence staining
[11]. After dissociation, the viability of the cells was
greater then 95%, as estimated by Trypan blue dye Chick retina cells with different times in culture were
exclusion. After cell isolation and appropriate dilution, washed in PBS and fixed with 2% paraformaldehyde and

6 2cells were plated at a density of 0.4310 cells /cm , on 4% sucrose, in PBS, for 30 min. After washing the cells
glass coverslips, coated with poly-D-lysine (0.1 mg/ml), twice with PBS, the cells were permeabilised for 5 min in
on 12-multiwell plates. The cells were maintained in 1% Triton X-100 in PBS, and blocked for 1 h with 0.2%
culture at 378C, in a humidified atmosphere of 95% gelatin and 0.2% Tween 20, in PBS. The retina cells were
air–5% CO before experiments. then incubated for 2 h with the rabbit polyclonal anti-2

GluR4, diluted 1:200, and with the mouse anti-MAP2,
2 .3. Cobalt uptake experiments diluted 1:400, in PBS, supplemented with 0.2% Tween-20

and 0.1% gelatin. Following this incubation the cells were
Cells with different times in culture were stimulated in rinsed for 5 min in three changes of 0.1% Tween-20 and

different conditions, as indicated in the figure captions. 0.1% gelatin, in PBS. These cells were further incubated
Cultured cells were rinsed twice with saline buffer (in for 1 h, in dark conditions, simultaneously with the anti-
mM: 132 NaCl, 4 KCl, 6 glucose, 20 HEPES, 0.7 MgCl , rabbit Alexa 488, diluted 1:200, and with the anti-mouse2

0.5 CaCl , at pH 7.4) and were then incubated in the same Alexa 594, diluted 1:200, in PBS supplemented with 0.2%2

solution supplemented with 5 mM CoCl , and with Tween 20 and 0.1% gelatin. The coverslips were rinsed2

different stimuli, for 20 min. The stimuli used were: 100 again as before, and were mounted with the Prolong�
mM AMPA, 10 mM or 100mM AMPA in the presence of antifade Kit from Molecular Probes, to reduce photo-
30 mM cyclothiazide (CTZ), 30mM kainate, 10mM or 30 bleaching of fluorescent dyes. All procedures were carried
mM (2S,4S)-4-methylglutamic acid (MGA) in the presence out at room temperature, and the cells were kept at220 8C
of 0.3 mg/ml concanavalin A (con A), 500mM glutamate, until fluorescence analysis. Cell fluorescence labelling was
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visualised in a MRC600 confocal imaging system (Bio-
Rad, Milan, Italy) linked to a Nikon Optiphot-2 fluores-
cence microscope. A krypton–argon mixed laser was used
in a combination with a 488-nm bandpass filter (excitation)
and a 585-nm long-pass filter (emission), to examine
GluR4 (Alexa 488) labelling. To visualise MAP2 (Alexa
594) labelling we used a 568-nm bandpass filter (excita-
tion) and a 585-nm long-pass filter (emission). Imaging
processing was performed usingCONFOCAL ASSISTANT soft-
ware (Bio-Rad). Control experiments consisted in the
omission of the primary antibodies from the incubation,
and resulted in no specific staining.

Fig. 1. Chick retina cells with cobalt positive response in the absence of2 .6. Statistical analysis
stimulus (control) or upon stimulation with glutamate, during develop-
ment in vitro for 5 h, 3, 5, 7, 10 and 14 days. Cobalt uptake in the

Results are presented as mean6S.E.M of two experi- absence or the presence of stimulus (500mM glutamate, or 500mM
ments. Cells were counted in nine randomly chosen fields glutamate and 30mM CTZ) was determined as described in Materials and

methods. Significantly different from control; ***,P,0.001.in each coverslip (n518), at a 4003magnification (mag.).
The results were analysed using one-way ANOVA. Differ-
ences between treatments were determined using the
Tukey–Kramer multiple comparisons test. with AMPA stimulation (Fig. 2C). Upon stimulation with

500 mM glutamate, in the presence of 30mM CTZ, the
21number of Co positive cells increased from 5 h in vitro

3 . Results to 3 DIV, and remained relatively constant for the rest of
the period of development in vitro, up to 14 DIV (Fig. 1,

213 .1. Co uptake upon glutamate stimulation of chick P,0.001 as compared with control, see also Table 1 for
retina cells during development in culture multiple comparisons). The response type of the cells may

be represented by the images in Fig. 2F (3 DIV, stimula-
21The Co uptake, in response to stimulation of chick tion with 100mM AMPA130 mM CTZ) or in Fig. 2H (14

retina cells with different ionotropic glutamate receptor DIV, stimulation with kainate). We also found at 7 DIV,
agonists, was examined at five developmental ages in that the response to stimulation with 100mM glutamate
stationary (monolayer) cultures. The ages tested correspond plus 30mM CTZ (32.7562.93 cell bodies/field 4003
to embryos with 8 days (day of cell isolation) plus the mag.) was not different from the results obtained when the
number of days in vitro (DIV). cells were stimulated with 500mM glutamate plus 30mM

We found that under control condition, where cells were CTZ (P.0.05, Fig. 1).
21submitted to all Co processing, in the absence of

stimulation with glutamate receptor agonists, there were
213 .2. Co uptake upon AMPA receptor activation ofalmost no stained cells (Fig. 1). This scarce staining was

chick retina cells during development in culturefound at 5 h in culture and for 3, 7, 10 and 14 DIV as well,
and the cell response type is represented in Fig. 2A and B,

When chick retina cells were stimulated with 100mMat 5 h in vitro and 14 DIV, respectively, but are representa-
AMPA (Fig. 3), there was a significant increase in thetive of all other stages. Also, the presence of 30mM CTZ

21or 0.3 mg/ml con A were tested under control conditions, number of Co -positive cells, as compared to the non-
and the results were not statistically different from the stimulated cells, except for 3 and 7 DIV (Fig. 3, Table 1),
control, indicating that the cells could not be affected by and the responses were maintained during development.

21the presence of these drugs (data not shown). The uptake of Co was observed mainly at the cell body
In chick retina cells stimulated with 500mM glutamate, at all developmental stages, as visualised for 3 DIV Fig.

the number of responding cells was relatively small and 2C, but representative for all stages. At 7 DIV, the number
21remained low during development (Fig. 1). This response of Co positive cells was the same when the cells were

is somewhat higher than that found in the control, for each stimulated with 100mM AMPA (Fig. 3) or 400 mM
stage (P.0.05), but different for the situations of gluta- AMPA (5.2760.44 cell bodies/field 4003mag.,P.0.05).
mate or AMPA in the presence of CTZ or kainate (P The number of positive cells observed upon stimulation
values summarised in Table 1). The response type of the of chick retina cells with 10mM AMPA, in the presence of
cells was localised at the cell body, as we can see for 14 30mM CTZ, an inhibitor of AMPA receptor desensitisa-
DIV (Fig. 2D) and may be representative for all other tion [34], increased dramatically from 5 h in culture to 3
stages also with the representative image for 3 DIV cells DIV and remained constant thereafter until 14 DIV (Fig.
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Fig. 2. Representative microphotographs of chick retina cultures illustrative of cobalt staining, during development in vitro for 5 h, 3, 5, 7, 10 and14 days.
(A) Cells with 5 h in vitro, in the absence of stimulus. Occasionally some cells were positive, as pointed by arrow (this type of positive response was
observed for all control situations). (B) Cells with 14 DIV, in the absence of stimulus. Picture taken near the centre of the coverslip. (C) Cells with 3DIV
upon stimulation with 100mM AMPA. Similar responses are obtained for stimulation with NMDA, MGA or glutamate, at the same stage of development.
(D) Cells with 14 DIV upon stimulation with 500mM glutamate, but similar responses are obtained for other situations (NMDA, MGA, AMPA), at the
same stage of development. (E) Cells with 3 DIV upon stimulation of 10mM AMPA plus 30mM CTZ. Two types of positive cells are pointed by arrows:
the white arrow indicates a cell responding with low intensity and the black arrows indicate a cell which responds intensively. (F) Cells with 3 DIV upon
stimulation of 100mM AMPA plus 30 mM CTZ. Two types of positive cells are pointed by arrows: white arrow indicates a cell responding with low
intensity and the black arrows indicate cells with stained neurites and intensive response. This response type is also representative of other situations
(kainate, glutamate plus CTZ) at the same stages of development. (G) Cells with 14 DIV upon stimulation of 100mM AMPA plus 30 mM CTZ. This
response type is also representative of other situations (kainate, glutamate plus CTZ) at the same stages of development. (H) Cells with 14 DIV upon
stimulation of 100mM kainate. This response type is also representative of other situations (AMPA plus CTZ, glutamate plus CTZ), at the same stages of
development. Photographs are representative of the situations quantified in Figs. 1, 3–5. Scale bar, 50mM.
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Table 1
21Statistical analysis (P values) for Co uptake due to AMPA stimulation in comparison with other conditions of stimulation, as indicated, for different

times of development in vitro

Comparison Time of development in vitro

5 h 3 days 7 days 10 days 14 days

100 AMPA vs. 10 AMPA1CTZ Ns 0.001 0.001 0.001 0.001
100 AMPA vs. 100 AMPA1CTZ 0.001 0.001 0.001 0.001 0.001
100 AMPA vs. 10 MGA1Con A Ns Ns Ns Ns Ns
100 AMPA vs. 30 MGA1Con A Ns Ns Ns Ns Ns
100 AMPA vs. kainate Ns 0.001 0.001 0.001 0.001
100 AMPA vs. 500 glu Ns Ns Ns Ns Ns
100 AMPA vs. 500 glu1CTZ Ns 0.001 0.001 0.001 0.001
10 AMPA1CTZ vs. 100 AMPA1CTZ 0.001 0.001 0.01 Ns Ns
10 AMPA1CTZ vs. kainate Ns 0.001 Ns 0.001 0.001
10 AMPA1CTZ vs. 10 MGA1Con A Ns 0.001 0.001 0.001 0.001
10 AMPA1CTZ vs. 30 MGA1Con A Ns 0.001 0.001 0.001 0.001
10 AMPA1CTZ vs. 500 glu Ns 0.001 0.001 0.001 0.001
10 AMPA1CTZ vs. 500 glu1CTZ 0.001 Ns Ns 0.001 Ns
100 AMPA1CTZ vs. kainate 0.001 Ns Ns Ns 0.01
100 AMPA1CTZ vs. 10 MGA1Con A 0.001 0.001 0.001 0.001 0.001
100 AMPA1CTZ vs. 30 MGA1Con A 0.001 0.001 0.001 0.001 0.001
100 AMPA1CTZ vs. 500 glu 0.001 0.001 0.001 0.001 0.001
100 AMPA1CTZ vs. 500 glu1CTZ 0.001 0.001 Ns Ns Ns

Concentrations are inmM. Glutamate, glu.

3). The response of the 3 DIV cells in these conditions is response of cells at 3 DIV is represented in Fig. 2F, and
21mainly concentrated at the cell body (Fig. 2E), and this cells with Co labelled neurites is representative for older

image is representative for cultures at all stages. However, cultures, as well as shown in Fig. 2G.
for cultures older then 7 DIV we could observe some cells

21responding like those with 14 DIV cultures, stimulated 3 .3. Co uptake upon kainate receptor activation of
with kainate (Fig. 2H). chick retina cells during development in culture

When the cells were stimulated with 100mM AMPA in
the presence of 30mM CTZ, we found a dramatic increase When chick retina cells were stimulated either with 10
in the number of cells responding from 5 h in vitro to 3 mM or 30 mM MGA, an agonist of kainate receptors [17],
DIV, and thereafter a slight decrease was found until 14 in the presence of con A, an inhibitor of kainate receptor
DIV (Fig. 3). The number of positive cells was sig- desensitisation [33], there was almost no increase in the

21nificantly higher than that observed in control or with number of cells that accumulate Co , relatively to the
21stimulation with 100mM AMPA (P.0.001). The type of control (Fig. 4). The uptake of Co under these con-

ditions occurred mainly at the cell body, similar to the
responses represented for 3 DIV, upon stimulation with
AMPA (Fig. 2C) and for 14 DIV upon stimulation with
glutamate (Fig. 2D).

When the cells were stimulated with 100mM kainate
there was a dramatic increase in the number of cells that

21took up Co , in cultures older than 3 DIV (Fig. 4). At 7
DIV the effect of 30mM (31.7961.98 cell bodies/field
4003mag.) or 100mM kainate (Fig. 4) was not sig-
nificantly different (P.0.05). The response type of the 3
DIV cells is similar to that represented for 100mM AMPA
plus CTZ (Fig. 2F), or to 14 DIV (Fig. 2H). These images
are valid for all developmental stages, except for 5 h in
vitro.

Fig. 3. Chick retina cells with cobalt positive response upon AMPA
21stimulation during development in vitro for 5 h, 3, 5, 7, 10 and 14 days. 3 .4. Co uptake upon NMDA receptor activation of

Cobalt uptake under stimulation with 100mM AMPA, 10 mM AMPA plus chick retina cells during development in culture
30 mM CTZ or 100 mM AMPA plus 30 mM CTZ was determined as
described in Materials and methods section. Significantly different from

Stimulation of chick retina cells with 400mM NMDA,control, in the absence of stimulation (Fig. 1), *,P,0.05, **, P,0.01
21

and ***, P,0.001. Not significantly different from control (Fig. 1), Ns. was without effect, as compared with control, on Co
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3 .5. Expression of GluR4 subunit in chick retina cells
during development in stationary culture

We further examined the presence of GluR4 expression
by immunocytochemistry, simultaneously with MAP2.
(Fig. 6A–I). At 5 h in vitro, there were only a very few
cells strongly immunolabelled for GluR4, at the perinu-
clear region (Fig. 6A), although at this stage there were
cells already showing processes as seen with MAP2 (Fig.
6B). About the same was found at 3 DIV, as shown in Fig.
6C, and in more detail in Fig. 6D. However, at this stage,
we found cells strongly labelled both in the perinuclear
region and in the neurites (Fig. 6E). The number of

Fig. 4. Chick retina cells with cobalt positive response upon stimulation immunoreactive cells increased at the subsequent develop-
with kainate receptor agonists, during development in vitro for 5 h, 3, 5, mental stages (Fig. 6F–G). At these stages (7, 10 and 14
7, 10 and 14 days. Cobalt uptake under stimulation with 10mM MGA

DIV) there were cells that were extremely immunoreactiveplus 0.3 mg/ml of Con A, 30mM MGA plus 0.3 mg/ml of Con A or 100
at the perinuclear region. At 3 DIV there can be observedmM kainate was determined as described in Materials and methods.

Significantly different from control in the absence of stimulation (Fig. 1), some intense punctuated labelling at the neurites (Fig. 6E),
*, P,0.05; **, P,0.01 and ***, P,0.001. Not significantly different but the number of strongly punctuated structures increased
from control (Fig. 1), ns. at 7 DIV and at the following stages, as represented in Fig.

6H (for 10 DIV). This GluR4 punctuated labelling was
observed at the neurites, as shown by double labelling with

uptake during the studied period (Fig. 5), where the MAP2 (Fig. 6I).
response was not statistically different from the control
(P.0.05). We also tried stimulation with 400mM NMDA
plus 30 mM CTZ, for 7 DIV cultures (2.0560.27 cell 4 . Discussion
bodies/field 4003mag.), and there was no statistically
significant differences, when compared to 7 DIV, in the In the present study we discuss the development profiles

21 21presence of 400mM NMDA (P.0.05). The Co positive of AMPA receptor agonist induced Ca entry (mimicked
21cells responding to NMDA, may be represented by the by Co ) of retina cells in culture, and determined the

21responses in the control for 5 h in vitro (Fig. 2A) or 14 correlation of Ca entry with the expression of the AMPA
DIV (Fig. 2B). subunit GluR4.

214 .1. Co uptake through AMPA receptors during
development

In the present work we determined that the AMPA
21receptors are functionally active, as followed by Co

uptake, in chick embryo retina cells maintained in station-
ary cultures for 5 h in vitro, after 8 days of embryonic
development, although in a very small population of

21neurons. The number of cells permeable to Co increased
at 3 DIV, and this response decreased until 14 DIV, upon
stimulation with 100mM AMPA, in the presence of 30mM
CTZ, an inhibitor of AMPA receptor desensitisation [34].
The increase in the number of cells that respond to the

21agonists and accumulate Co observed from 5 h in vitro
to 3 DIV cannot be entirely due to a trypsin effect on the
receptors immediately after cell dissociation, as we previ-
ously showed for calcium channels in chick retinos-
pheroids [7]. In fact, retinospheroids derived from 11-day-
old embryos and cultured for 5 h in vitro, show about the

21same [Ca ] response to KCl depolarisation that isiFig. 5. Chick retina cells with cobalt positive response upon NMDA
obtained for retinospheroids derived from 8-day-old em-stimulation, during development in vitro for 5 h, 3, 5, 7, 10 and 14 days.
bryos and cultured for 3 DIV [7]. The present results are inCobalt uptake under stimulation with 400mM NMDA was determined as

21
described in Materials and methods. accordance with the activity of intracellular Ca rise
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Fig. 6. Microphotographs of GluR4 and/or MAP2 immunoreactivity in chick retina cells during development in vitro for 5 h, 3, 5, 7, 10 and 14 days. (A)
Cells with 5 h in vitro labelled for GluR4. (B) Cells with 5 h in vitro labelled for MAP2. (C) Cells with 3 DIV, labelled for GluR4. (D) Cells with 3 DIV,
labelled for GluR4 (23 digital zoom). (E) Cells with 3 DIV, labelled for GluR4 (0.5 digital zoom). (F) Cells with 7 DIV, double labelled for GluR4 and
MAP2 (23 digital zoom). (G) Cells with 10 DIV, labelled for GluR4. (H) Cells with 10 DIV, labelled for GluR4. A detail of neurites (23 digital zoom). (I)
Same as (H) but showing double labelling immunoreactivity for GluR4 and MAP2 (23 digital zoom). Photos are representative of the various conditions
and the pictures magnification was 6303 except when indicated otherwise.

obtained in intact retinas from chick embryo [31], since the retina cells, as previously shown [14]. Also, the dramatic
21responses to AMPA were observed from day 7 of develop- increase in the Co positive cells that we observe from 5

ment. These authors also observed an increase in the h in vitro to 3 DIV, coincides with the period of synapse
responses to AMPA until day 9, which then decreased until formation in the embryo (E12) [18] or near the period of
day 13 of development in the embryo, in accordance to our synapse formation in stratospheroids of chick retina (E6

21results, although Ca entry is probably occurring mainly plus 8 DIV) [19].
through the voltage sensitive calcium channels in chick We also found that stimulation of chick retina cells in
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21culture with AMPA does not cause large amounts of Co receptor subunits GluR6/7 in retinospheroids cultures
uptake of the cells. However, when CTZ was present, a (data not shown).
compound that inhibits desensitisation of AMPA receptors

21[34], the number of cells responding increased dramatical- 4 .3. Co uptake upon NMDA receptor stimulation
ly, specially in cells after 3 DIV (Fig. 3). These results during development

21indicate that in physiological conditions the entry of Ca
21 21through the AMPA receptor, mimicked by Co , is very Our results clearly indicate that Co does not enter

small when compared with calcium entry through the through NMDA receptor, which is in accordance with
21voltage sensitive calcium channels that may be activated previous results showing that Co only enter through

upon AMPA stimulation [14]. This suggests that in these nonNMDA receptors [28]. However, NMDA may be
cells, during development, the AMPA receptors should not inducing the release of glutamate in chick retina cells as
contribute much in a direct manner to the possible mecha- we have observed for retinospheroids (data not shown),
nisms of actin based dendritic spine modulation [16,32], or and in these conditions we could activate AMPA receptors.

21crest formation. However it is known that the Ca radius In order to check whether this was the case, we stimulated
21 21is smaller then the Co radius, and more Ca may enter these monolayer cultures (with 7 DIV) with NMDA, in the

21through the receptor as compared to Co . presence and in the absence of CTZ. We did not find any
statistical significant difference, indicating that the amount

214 .2. Is there Co uptake through kainate receptors of glutamate release may not be enough to activate the
during development? AMPA receptors in these conditions.

21We also observed that kainate can induce Co uptake4 .4. Correlation between localisation of GluR4 and
21in chick retina cells in stationary culture, maintained for 5 Co uptake

h in vitro (8 days of development), and the number of cells
responding, as well as the intensity of the response, In the chick retina cells in culture we observed the
increased until 3 DIV, and remained relatively constant presence of GluR4 AMPA receptor subunit from a period
until 14 DIV. These results are in accordance with those early in development, and in parallel with the uptake of

21obtained in intact chick retinas during development [1,31], Co . We found that even as early as 5 h in vitro there was
in which responses to kainate were observed at day 7 of a population of cells strongly immunoreactive for GluR4.
development, and this response increased until day 9 and The number of these cells increased until 3 DIV, and at this
remained relatively constant until day 13, during develop- time of development we observed that the main reactive
ment in vivo. area in the cells was the perinuclear region, although there

In order to check whether kainate was activating kainate was also some GluR4 immunoreactivity in the dendrites.
receptors, we used a specific kainate receptor agonist, This explains the fact that upon strong stimulation with
MGA [17], and con A, which has been reported to inhibit kainate, or with 100mM AMPA or with 500 mM gluta-

21desensitisation of the kainate receptors [33]. Our results mate, in the presence of CTZ, the uptake of Co occurred
show that there may be only few kainate receptors in these at the perinuclear region, as well as at the dendrites. In
cells and, therefore the effects of kainate are probably contrast, while with less intense stimuli (10mM AMPA
mainly due to AMPA receptors, which do not show plus CTZ or 100mM AMPA or 500 mM glutamate or

21extensive desensitisation upon stimulation with this agon- NMDA), the uptake of Co was restricted mainly to the
ist. The results cannot be due to the higher concentration of perinuclear region. At 7 DIV, the population of cells highly
kainate used in most of the experiments (100mM), labelled for GluR4 at the perinuclear region stabilises, as
because we obtained similar results using 30 or 100mM of well as the labelling for GluR4 at the dendrites, which is
kainate for 7 DIV. These results are in accordance with a smaller as compared with the labelling at the neurites, and
previous work in which it was shown that AMPA receptors stabilises at this time, in accordance with the time for
do not desensitise when activated with kainate [5,22]. synapse formation in stratospheroids of chick retina [19].
Also, in cultured retina cells, the kainate-induced calcium These results explain the fact that from 7 DIV until 14 DIV,
increase is mainly due to the activation of AMPA re- potent stimuli, (kainate, or 100mM AMPA or 10 mM
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