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Inhibition of calcium signaling in terminal and soma of carp retinal

bipolar cells by GABA
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ABSTRACT

AIM: To investigate the effect of activation of ¥-
aminobutyric acid { GABA} receptors on high K* -evoked
Ca’* signaling in the terminal and soma of carp retinal
ON-type bipolar cells, METHODS: Freshly dissociated
carp retinal cells were loaded with fluo-3AM and then the
fluorescence measurements were performed on a confocal
laser-scanning microscope, RESULTS. Ca2* signaling
evoked by high X* 35 mmol/L was completely sup-
pressed in both the terminal and soma of bipolar cells by
GABA 100 pmol/I., However, different results were
found in the terminal and soma when only one subtype of
GABA receptors was activated.  While activation of ei-
ther GABA, or GABA_ recepiors totally suppressed Ca®*
signaling in the soma, a gradual elevation of [ Ca’* |, ap-
peared in the terminal. GABA 10 pmol’L could also
completely suppress Ca®* signaling in the soma, but
ocould only partially reduce Ca?* signaling in the termi-
nal. CONCLUSION: Activation of both GABA, and
GABA( receptors could completely inhibit high K*-
evoked Ca?* signaling in the terminal and soma of carp
retinal ON-type bipolar cells. While activation of either
GABA, or GABA( receptors alone still totally suppressed
Cz* signaling in the soma, a gradual elevation of
[C2** ]; appeared in the terminal, which may be due 1o
desensitization of GABA receptors.

INTRODUCTION

Y-Aminobutyric acid {GABA) is the major and the
most widely distributed inhibitory neurotransmitter in the
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vertebrale central nervous syslemm. GABA receptors
are classified into GABA,, GABAg, and GABA recep-
tors based on their distinct pharmacological characteristics
and signal transduction wmechanisms. GABA, and
GABA receptors are ionotropic receplors and mediate
Cl~ cumrents, while GABAg receptor is a metabotropic
receptor and coupled to potassium and calcium channels
via G—proleinsm'”u.

GABA, and GABA( receptors coexist on retinal
bipolar cells in many species, including teleost® % . Up
to now, most studies about the inhibitory effect of GABA
on bipolar cells have been mainly focused on the termi-
nal'®=" It is generally believed that activation of GA-
BA receptors can inhibit Ca?* influx, and then suppress
neurotransmitter release from the terminal of bipolar
(0-13] " However, little is known about that regard-
ing the soma. It has been shown recently that, different
from conventional GABA. receptor® 4!, GABA( recep-

tor in carp retinal bipolar cells represents striking desensi-
(83

cells

tization in response to maintained GABA application
Therefore, the physiological significance of co-localiza-
tion of desensitizing GABA, and GABA receptors was
also elucidated in the present study.

In the present work, we investigated the inhibitory
effect of activating GABA, and/or GABA( receptors on
high K* -evoked Ca®* signaling in both the terminal and
soma of carp retinal ON-type bipolar cells with a Ca®*
imaging system.

MATERIALS AND METHODS

Dissociation of bipolar cells  Solitary bipolar
cells were acutely dissociated from retina of adult carp
{ Carassius aurames ). The dissociation procedure has
heen described elsewhere® ™. In brief. after fish were
dark-adapted and anesthetized, eyes were enucleated.
Retina was isolated and cut into 8 ~ 12 pieces, which
were incubated for 50 min at 25 T in Hank's solution
{see below) containing papain 2 x 10* units/L and /.-
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cysteine 1 g/L..  After the retina pieces were thoroughly
rinsed, cells were dispersed mechanically with a glass
pipetie in Ca®* 0.2 mmol/L Ringer's solution (see be-
low). The cell suspension was plaied onto glass cover-
slip which was attached to the bored bottom of a cham-
ber.

Fluorescence measurements In Ca®* 0. 2
mmol/L Ringer’s solution, cells were loaded with fluo-3
AM 10 pmol/L. for 20 min in darkness at 20 - 22 T and
then continuously superfused with Ringer's solution at a
rate of 2 mL-min~'. The volume of the chamber was
about [50 uL and the tested agents were applied by super-
fusion. The bipolar cells used in this study have a bul-
bous synaptic terminal, which are assumed to be the rod
dominant ON-type!*”.  Experiments were carried out at
room temperature within a few hours after cell dissocia-
tion,

Fluorescence measurements were performed on a
confocal laser-scanning microscope ( MRC1000 UV, Bio-
Rad) equipped with a Nikon Diaphot 300 inverted micro-
scope. The fluo-3 ioaded cells were excited at a wave-
length of 488 nm and the emitted fluorescence was detect-
ed at 525 nm. The data of fluorescence intensity was
collected at arate of 0.5 or I Hz. The time courses of
average fluorescence intensity within rectangular regions
of interest could be obtained simultaneously. All of the
fluorescence data were stored on a magneto optical disk
(Sony) and later processed by Microsoft Excel ( Version
7.0). The changes of [Ca’* |, were expressed with
AF/F,, whete Fi, was the resting fluorescence and & F
Cat -dependent increase over Fy.

Solutions and chemicals Hank's solution con-
tained (in mmol/L) NaCl 137, KCl 3, CaCl, 0.5, Mg-
80, 1, Na-pyruvate 1, NaH, PO, 1, NaHCO; 0.5, HEP-
ES 20 and Glucose 16. Ringer's solution consisted of
(in mmol/L); NaCl 145, KCl 3, CaCl, 2, MgSO, 1,
HEPES 10, and Glucose 16. To produce high K* solu-
tion, Na* in Ringer’s solution was replaced by an equiva-
lent amount of K* . The pH of all solutions was adjust-
ed to 7.4 with NaOH. Papain was obtained from Wor-
thington Biochemical Corp; fluo-3 AM was product of
Molecular Probes; GABA, bicuculline, and imidazole-4-
acetic acid ([4AA) were from Research Biochemicals
Inc; all other chemicals were from Sigma.

RESULTS
Inhibitory effect of GABA on Ca’* signaling

evoked by high K* In response to high K™ 35
mmol/L-induced depolarization, [ Ca®* ]; in both the ter-
minal and soma of ON-type bipolar cells was dramatically
elevated (Fig 1, 2). Compared with that in the soma,
the increase of [ Ca’* | in the terminal was evidently
larger and faster. U] under resting
condition a considerable proportion of ON-type bipolar
cells displayed spontanecus [ Ca™* ], oscillations in the
terminal but not in the soma (Fig 2).

As shown in Fig 1 and Fig 2, the Ca** signaling e-
voked by high K* in both the terminal and soma was
completely suppressed by GABA 100 — 200 pmol/L (n
=14). Picrotoxin, a chloride channel blocker, could
antagonize the inhibitory effect of GABA. In the pres-
ence of picrotoxin 200 pmol/L and GABA 100 pmol/L,
high K* -induced & F/ Fy in the terminal and soma was
95 % +15 % (P >0.05 vs control, n =6} and 100 %
£13 % (P >0.05 vs control, n =35) of the control,
A F/Fywas induced by high K* alone in the terminal
and soma (Fig 4). It is indicated that the inhibitory ef-
fect of GABA is mediated by GABA, and/or GABA re-
Cceplors.

Effect of activating one subtype of GABA re-
ceptors on Ca’* signaling In order to investigate the
role of different subtypes of GABA receptors, T4AA (a
potent competitive antagonist for GABA¢ receptor) and
bicuculline {a specific antagonist for GABA, receptor)
were used to block GABA- and GABA, receptors, re-
spectively®® . When GABA 100 pmol/L. is applied in
the presence of [4AA 200 pmol/L or bicuculline 100
pmol/L., only GABA, or GABA; receptors can be acti-
vated respectively®®. Ca®* signaling evoked by high
K* 35 mmol/L in the absence of GABA and any antago-
nists was taken as the control.

In the presence of GABA 100 umol/L and [4AA
200 pmot/L, Ca’* signaling in the terminal could be e-
voked by high K* 35 mmol/L exposure. However,
compared with a rapid rise of [Ca®* ]; in the conirol,
[Ca** ], slowly increased with a latency of a few seconds
(Fig 3A). A F/Fy under the condition was 53 % =+
15 % of the control {n =6, Fig4). Different from that
in the terminal, the Ca®* signaling in the soma was still
totally suppressed, in spite of the presence of J4AA 200
pmol/L(Fig 3A}. Fig 3B shows the effect of activating
GABA( receptors alone on high K* response. In this
case, [Ca’* ], in the terminal also slowly elevated with
an even longer [atency. The peak of Ca®* signaling was

As seen previously
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Fig 1. Fluorescence imnges of a retinal ON-cype bipo-
lar cells under resting condition (A}, during application
of high K* 35 mmol'L (B), and during application of
high K* 35 mmol/L in the presence of GABA 100 pmal/
L{C). GABA 100 pmol/L could completely inhibit
high K* 35 mmwol/L-evoked Ce** signaling in both the
terminal and soma of bipolar cells. The vertical bar is
an arbitrary 256 point gray scale converted to pseudo-
color,
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Fig2. Effect of GABA on high K* -evoked Ca’* signal-
ing in the terminal and soma of a carp retinal ON-type
bipolar cell. Ca®* signaling in both the terminal and
some was evoked by high K* 35 mumol/'L exposure.
When GABA 1) pmol/L was applied with high K* , no
detectable change in [Ca®* |; was seen. Picrotoxin 200
pmol/L could block the inhibitowy effect of GABA 100
pmol/L. ¥ : spontameous Ca’* oscillation, The werti-
cal axis is the fluorescence pormalized to that of the
resting level,
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Fig3. Effect of activating different subtypes of GABA
receptors on Ca®* signaling in the terminal and soma of
ON-ope bipolar cells. In the presence of HMAA 200
pmal/L (Fig 2A) or bicuculline 100 pmol/L ( Fig 2B),
only GABA, or GABA; receptors could be activated by
GAEBA 100 pmol/L, respectively. About 5 min were al-
lowed between two high K* 35 mmol/L exposures.
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Fig 4. In the presence of GABA 100 pmol/L, effects of
bicuculline 100 pmol/L , I4AA 200 pmol/L and picro-
toxin 200 pmol/L on the peak of high K* 35 mmol/L-
evoked Ca** signaling in the terminal and sema of ON-
type bipolar cells. Control: The peak of Ca** signaling
(expressed by A F/F,) evoked by high K* 35 mmol/L.

n = the mmnber of examined cells. x=+s.

41 % =11 % of the control (n =6, Fig4). It is obvi-
ous that the activation of GABA receptors alone is also
enough to completely suppress Ca** signaling in the soma
(Fig 3B}. If all of GABA, and GABA( receptors were
blocked by bicuculline and [4AA, Ca®* signaling evoked
by high K* 35 mmol/L in the terminal and soma was no
longer affected by GABA 100 pmol/L {Fig 4).

EC5 of GABA for activating GABA( receptors in
carp retinal bipolar cells is 5.5 pmol/L'® . GABA, re-
ceptors usyally are in an order of magnitude less sensitive
than GABA( receptors''”.  Thus, GABA 10 pmol/L
can activate most GABA( receptors, while its effect on
GABA, receptors may be negligible,
the result represented in Fig 3, it was found that GABA
10 pmol/L could completely suppress Ca’* signaling e-
voked by high K* 35 mmol/L in the soma, but only par-
tiatly reduce Ca** signaling in the terminal (2 F/Fy is
38.3 % +9.8 % of control, n=5).

In consistence with

DISCUSSION

Mumination of the receptive field center of ON-type
bipolar cells causes graded depolarization'™® and opening
of voltage-gated L-type Ca’* chamnels'®®’. It have been
shown that, bipolar cells receive negative feedback inputs
from amacrine cells in the inner plexiform layer and feed-
forward inputs from horizontal cells in the outer plexiform
layer, and GABA is involved in regulating the activities
at these synapses'”’ . The results obtained in this study,
ie high K*-evoked Ca’* signaling in both the terminal
and soma of carp retinal ON-type bipolar cells totally sup-
pressed by GABA, may be relevant to the in vive physio-
logical processes. Since the effect of GABA could be
blocked by picrotoxin, it is indicated that GABA exerts
its effect by activating C1~ conductance via GABA 4 and/
or GABA( receptors.

Since high K*-induced Ca®* signaling disappeared
in the presence of nifedipine M)} pavol/L, it is confirmed
that Ca®* influx through L-type Ca®* channels of the ter-
minal and soma is essential for the Ca** signaling!™®, It
has been shown that voltage-gated L-type Ca?* channels
predominantly locate in the terminal of ON-type bipolar
cellsU"™*) " This localization has been confinmed by this
study. Compared with that in the soma, the amplitude
and speed of the increase of [Ca®* ]; evoked by high K*
in the terminal was obviously greater. Since the mecha-
nism of Ca*-induced Ca** release (CICR) from caf-
feine-sensitive Ca”* stores is present in the soma of ON-
type bipolar cells, the high K* -induced Ca’* signaling in
the soma comprises of Ca** influx through Ca®* channels
and the Ca®*-induced Ca®* release from intracellular
stores"®!

It is known that GABA, and GABA_ receptors coex-
ist in the terminal and soma/dentrites of carp retinal ON-
type bipolat cells. In addition to that, there is no differ-
ence in the C1™ current mediated by GABA,, receptors in
either the terminal or soma/dentrites. The same is for
the C1~ curmrent mediated by GABA( receptors { personal
Although both GABA, and GABAc
receptors were involved in the suppression of Ca®* signal-
ing, this study found that activation of one subtype of
GABA receptors displayed different effects in the terminal
and soma. Activation of either GABA, or GABA( re-

ceptors alone was enough to totally suppress Ca** signal-

communication) .
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ing evoked by high K* in the soma, while a gradual ele-
vation of [ Ca®* ], still appeared in the terminal. This
difference may be well explained by the presence of CICR
in the soma, but not in the terminal of bipolar cellst!® .
When one subtype of GABA receptors is activated, high
K" -induced depolarization is antagonized to some extent,
Consequently, Co™ influx and in turn Ca®* signaling in
the terminal are partially decreased. However, in the
soma possessing only a small amount of voltage-gated
Ca?* channels, as a result of the decrease of Ca2* in-
flux, [Ca®* ]; can not be raised to a level necessary for
inducing CICR. Therefore, Ca®* signaling in the soma
under these conditions may be completely suppressed.
Another interesting finding is that, in response to
high K* exposure, [ Ca’* |, of the terminal slowly in-
creased when only one subtype of GABA receptors was
activated. It has been shown previously that high K*
can cause a slow increase of [Ca®* |, in the terminal of
rat retinal bipolar cells when only GABA, receptors are
activated! 2’ . However, different from the results of this
study, when only GABA( receptors of rat retinal bipolar
cells were activated, the inhibitory effect appeared slowly
in the terminal and at last high K* -induced response was
totally suppressed[m . This difference may be interpreted
as thai the GABA receptors of bipolar cells in carp retina
but not in rat retina can be desensitized by sustained GA-
BA application'®, But the desensitizing rate of GABA
receptors was significantly slower than that of GABA, re-
ceptots[g). In accordance with slower desensitization of
GABA receptors, the latency of Ca&* signaling seen
with activation of GABA( receptors seems longer than
that with activation of GABA, receptors as shown in Fig
3. Because of low sampling rate and low signal/noise
ratio of Ca®* signaling, the latency of Ca®* signaling
represented in Fig 3 could not be measured quantitatively .
Compared with GABA, receptor, GABA( receptor
is more sensitive to GABA. According to the present re-
sults, low concentration of GABA could partially inhibit
Ca®* signaling in the terminal through selectively activat-
ing GABA receptors and reducing neurotransmitter re-
lease from the tenminal, while high concentration of GA-
BA displays complete inhibitory effect by activating both
GABA, and GABA( receptors.  Therefore, GABAergic
neurons in retina could regulate Ca** signaling of bipolar
cells through releasing different amounts of GABA. The

physiological significance of activating one subtype of
GABA receptors enough to totally suppress Ca?* signal-
ing evoked by high K* in the soma is not clear. As a
possibility, it many be that frequent increase of [Ca®* |;
accompanying the activation of ON-type bipolar cells is
not useful or even harmful for the soma.
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