LOCALIZATION OF GABA MEDIATED PERIPHERAL INHIBITION IN SPIDER MECHANORECEPTOR NEURONS
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INTRODUCTION

Spider cuticular mechanosensory neuronsrecelveextensiveeffer ent innervation onto
their sensory dendrites, somata and axons. The majority of these synapses in the
tropical wandering spider, Cupiennius salel, are GABAergic. Muscimol and GABA,
agonistsof ionotropic GABA receptors, inhibit sensory neuron responsesto electrical
stimuli (Fabian-Fine et al. 1999; Panek et al. 2002). The response to these agonists
Involves an increase in the membrane conductance (shunting) and membrane
depolarization ssimilar totheprimary afferent depolarization (PAD) that occursinthe
axon terminals of mechanosensory afferents of other animals. We have previousy
shown that GABA induced inhibition in the spider mechanosensory neurons occur s
even when the PAD isprevented, suggesting that membrane shunting isthe primary
cause of inhibition. Here, we used intra- and extracellular recordings to see if
responses to mechanical stimuli are also inhibited by the same agonists, and to
determineif agonist sensitivity islocalized todifferent cell regions.
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For intracellular recordings a small piece of cuticle was dissected and the muscles
detached, leaving the sensory neurons attached to the cuticle. The preparation was
superfused continuously with spider saline (in mM: 223 NaCl, 6.8 KCI, 8 CaCly, 5.1
MgClo, 5sucrose, and 10 HEPES, pH 7.8). GABA or muscimol wereinjected intothe
bath solution. Intracellular recordings were performed using the discontinuous
single-electrode current- and voltage-clamp methods with a SEC-05L X amplifier
(NPI Electronic, Germany). The neurons were stimulated either electrically using
positive current pulses via the recording electrode or mechanically using a
piezoelectric stimulator (PZT-Servocontroller and P-841.10 Actuator, Physc
Instrumente, Germany) that pushed a glass probe against the dits from below.
Movements of 1-3 um were usually adequate to evoke action potentials in sensory
neurons. I ntracellular microelectrodeswer efilled with 3M K Cl and their resistances
were40-80MQ in solution. For voltageclamp recor ding of themechanically activated
currentstheinward sodium currentswer eblocked with 1 uM tetrodotoxin (TTX). All
experiments were controlled by an IBM compatible computer using custom written
softwar e.
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Application of muscimol or GABA alwaysinduced a membrane depolarization (PAD), but in most recordingsthe neuro
firenormal sizeor dightly smaller action potentialswhen they wer e stimulated mechanically. When electrical stimulation
neuron usually stopped firing at thecrest of thedepolarizing response. The PAD amplitudesin thesetwo r ecor dingswer ¢
itspeak themembranepotential was-57mV.
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Correlation of agonist Induced peak
depolarization with the effect on firing

Effect Mechanical |Mechanical |Electrical Electrical
stimulation |stimulation |stimulation stimulation
muscimol GABA muscimol GABA

| nhibition -46.1 + -545 + -67.6 £
10.4 mV (7) 10.6 mV (40) 4.2 mV (7)

The table shows the average peak depolarization (x s.d.) with the
number of experimentsin parenthesis. Thedrug concentrationsvaried
from 100 uM to 1 mM. Thedata showsthat completeinhibition during
mechanical stimulation required stronger depolarization than during
electrical stimulation.
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Tolearn which partsof the sensory neuronswereinhibited by GABA receptor agonistswe per formed extracellular
recordings. Glasscapillary electrodeswere placed at different locationsalong the sensory neuronsand responsesto
mechanical stimuli were recorded. Extracellular electrodes were filled with spider saline and had resistances of
about 1 MQ. The same mechanical stimulator was used asfor theintracellular recordings. Action potentialswere
recorded usingaP15AC preamplifier (Grasslnstrument, U.S.A). Theinset showsatypical extracellular recording
of an axonal action potential. Data showing whether an action potential wasrecorded (1) or not (0) in responseto a
mechanical stimulus, before, during and after muscimol application are shown at theright. We performed twelve
recordingsfrom axonsand in all thefiring stopped after muscimol application. I n fiverecordingsfrom somata and
15from dendritesnochangeswereseen inthefiring after muscimol application.
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When muscimol was used as an agonist, the neuron occasionally stopped firing at the crest of a large PAD, even when mechanical ‘0_25 nA

stimulation wasused. However, theduration of inhibition wasalwaysshorter than in experimentswhereelectrical stimulijivereapplied WW

toelicit action potentials. When GABA wasused asan agonist theneuronsnever stopped firingwhen they wer estimulated|mechanically. 0.1s

ThePAD amplitudeinthisexperiment was20mV and thepeak depolarization -32mV.
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In asmall number of experiments GABA or muscimol application induced small spontaneousaction potentialsduring thePAD. In this

experiment thePAD amplitudewas14 mV and thepeak depolarization -59mV.

Receptor currents were recorded after the sodium currents were
blocked with 1 uyM TTX. Each mechanical stimulus produced about
0.32nAreceptor current (insets). M uscimol application produced about
0.9 nA inward current. The receptor current amplitude decreased to
0.13nAwhenthemuscimol induced current waslar gest.
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SUMMARY AND CONCLUSIONS

M echanosensory neuronsof the spider lyriform glit sense organ respond to agonists of ionotropic GABA receptors
with membrane depolarization (PAD) and an increase in membrane conductance. These effects usually lead to
Inhibition of action potential discharge when the sensory neurons are stimulated electrically via an intracellular
electrodeinserted into the soma. Using intra- and extracellular recordingswetested the effects of GABA receptor
agonistson action potential dischargeand receptor current that wereinduced by mechanical stimulation. Wefound
that:

e Completeinhibition of intracellularly recorded, mechanically induced action potentialsrequired asignificantly
lar ger depolarization than when action potentialswer einduced by somaticelectrical stimulation.

e Mechanically induced action potentials recorded extracellularly from the dendrites and somata were not
affected by muscimol or GABA, but thesameagonistsalwaysinhibited firingin theaxons.

e Theamplitudeof intracellularly recorded receptor current was smaller during the peak of muscimol induced
Inward current.

e INnsomecasesspontaneousaction potentialswereproduced inresponsetoasmall PAD.

Theseresultssuggest that:

1) Aspreviously suggested (Gingl and French 2003) action potentialsare normally initiated in thedistal dendritic
regionsof thespider mechanosensory neurons

2) lonotropic GABA receptors are most probably located on the axons or proximal partsof the cell bodieswhere
they can rapidly inhibit action potential discharge.

3) GABA may have different effects depending on the amplitude of the PAD produced, varying from excitation to
completeinhibition.

4) Reduction of theobser ved receptor current during PAD isprobably an artefact duetoincomplete space-clamp of
thelongdendriteduringdepolarization of thesoma.
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