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Seven pairs of sensory neuronsinnervating the dlitsin the
spider patella (yellow-red). The fine efferent fibers (green)
branch on top of the sensory neurons and form synapses
withthesensory neurons, theglial cellsand with each other.

Electrophysiological methods

INTRODUCTION

A dense network of fine efferent fibers innervates the peripheral parts of the
mechanosensilla of the tropical wandering spider (Cupiennius salei, Keys.). They form
synapses with the axons, somata and dendrites of the mechanosensory neurons and they
also synapsewith each other and with glial cellssurrounding the sensory neurons (Fabian-
Fineet al. 1999a,b). The majority of efferent neurons are immunor eactive to an antibody
against theinhibitory neurotransmitter GABA (Fabian-Fineet al. 1999b) and the sensory
neuronsareinhibited by agonistsof ionotropic GABAT eceptor s(Panek et al. 2002).

In addition torelatively fast inhibition via ionotropic receptors, GABA can modulate
neuronal activity by activating metabotropic G-protein coupled GABAR receptors that
play critical rolesinlong-term modulation of synaptictransmission. Twodifferent GABAR
receptor proteins, GABAgR1 and R2, have been cloned from mammalian and Drosophila
nervous systems, and both exist in several alternatively spliced forms. The functional
receptor comprises a heterodimer with these subunits (Jones et al. 1998; Filippov et al.
2000; Mezler et al. 2001). Specific antibodies against both of these receptor subunitsare
commercially available and we tested them using Western blot analysis and
Immunocytochemistry in spider brain and peripheral nerve tissues. To learn how the
GABAR receptor immunoreactivity correlated with the synaptic sites we performed
double labeling experiments using a monoclonal antibody against synapsin that labelsthe
synaptic vesicles on the fine efferent fibers on the spider sensilla (Fabian-Fine et al.
1999a,b). We also tested if specific GABAR receptor agonists modulate the voltage-
activated currentsand theexcitability of identified peripher al mechanosensory neurons.

WESTERN BLOT ANALYSIS

Western blot analysiswasused totest the specificity of anti-GABAR receptor antibodieson
spider brain and peripheral nervoustissues. The peripheral tissue was obtained from the
hypodermisin the leg femur and patella. The tissue was frozen with liquid nitrogen and
ground. Primary antibodies were obtained from Chemicon: guinea pig anti-GABABR1
(AB1531,1:2,500dilution), guineapiganti-GABABR2 (AB5394, 1: 500 dilution) and r abbit
anti-GABABR2 (AB5848, 1:500 dilution). The peroxidase conjugated anti-guinea pig
(1:10,000 or 1:1,500) and anti-rabbit (1:5,000) secondary antibodies were obtained from
Jackson laboratories. |mmunoreactive protein bands were visualized using an ECL plus
chemiluminescent kit (Amersham ) accordingtothemanufacturer’sinstructions.
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The guinea pig anti-GABABR1 antibody revealed a distinct band of approximately 130
kDain the spider brain and leg hypoder mishomogenates (left). Thisisconsistent with the
molecular weight of the GABARBR1A splicevariant. Theguinea pig anti-GABAgR2 (GP)
antibody produced a discrete band at 105 kDa, but additional, less discrete bands were
present in thehypoder mishomogenate (middle). Therabbit anti-GABAgR2 antibody only
iInduced oneband at about 105kDain thespider brain homogenate(right).

A piece of cuticle from the spider patella containing the VS-3 dlit sense organ was used for whole
mount immunocytochemistry. The tissue was fixed in 4% paraformaldehyde (20 min) and
incubated overnight at 4°C in the primary antibody in blocking solution (5% NGS, 1% BSA, 3%
milk powder, 0.6% Triton X-100 in PBS). The antibodies were used in the following
concentrations: guinea pig anti-GABAgR1 (1:2,500), anti-GABARBR2 (1:1,000) and mouse anti-
synapsin (SYNORF1, Dr. E. Buchner, Wirzburg) 1:100. After careful washing the tissue was
Incubated overnight in the secondary antibodies in blocking solution at 4°C. The secondary
antibodiesweregoat anti-guineapig CY-3(1:1,000, Jackson), and goat anti-mouse Alexa Fluor 488
10 pg/ml (Molecular Probes). The samples were mounted in Mowiol. For double labeling
experiments the two primary and two secondary antibodies were used simultaneously. The
prepar ationswer eexamined under alaser scanning confocal microscope (L SM 510, Zeiss) with an
argon-krypton laser for AlexaFluor 488 (488 nm) and ahelium-neon laser for CY-3 (543 nm).

GABARR1

Synapsin GABARBR1/Synapsin
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Anti-GABARBR1 and anti-synapsin double staining of spider VS-3sensilla. TheVS-3organin A-C
hasfivesensory neurons, threepartially overlap each other and arelabeled sol. Theso2 and so3are
single cells. Orientation of neurons sol and so3 is oblique and so3 is oriented face on. A. shows
strongimmunor eactivity for anti-GABABR1in thesomata, axonsand partsof dendritesof theVS-
3 neurons. B. Anti-synapsin immunoreactive punctaein thefinefiberscovering the sensory axons
(arrows), somata and proximal parts of dendrites. C. shows that the Iimmunor eactive punctae is
localized close to each other in many structures but there are also areas without anti-synapsin
labeling with anti-GABAgR1 labeling especially in the axonal parts. D-F show the main leg nerve,
which containssensory axons, effer ent fibersand glial cells. D. Anti-GABAgR1labelingwasstrong
inthelegnerveand itsbranches. E. Strong anti-synapsin labelingin thin fibers(arrow). F. Theanti-
synapsin labeling over lapswith somebut not nearly all of theanti-GABAgR1 labelingin themain
nerve. AX=axon, so=somaand de=dendrite. Scalebars20um inall figures.

GABAR receptor agonist effects on voltage-

For electrophysiological recordings the hypoder mis membrane with the VS-3 dlit sense
organ was detached from the cuticle and placed in arecording chamber. The preparation
was super fused continuously with spider saline (in mM: 223 NaCl, 6.8 KCI, 8 CaCl»y, 5.1
MgClo, 5 sucrose, and 10 HEPES, pH 7.8). GABAR agonists wer e injected into the bath
solution. I ntracellular recor dingswer e per formed usingthediscontinuoussingle-electrode
current- and voltage-clamp methods with a SEC-10 L amplifier (NPl Electronic,
Germany). Microelectr odeswer efilled with 3M K Cl or CsCl and their resistanceswer e40-
80 M Q in solution. All experimentswer e controlled by an IBM compatible computer with
custom written softwar e (courtesy of Dr. A. S. French). The GABAR receptor agoniststhat
wer e used in the experiments were: SKF97541 hydrochloride, 3-aminopropylphosphonic
acid (3-APA) and (+)-Baclofen.

GABAR receptor agonist effects on voltage activated
Ca2t current in the spider VS-3 neurons

activated outward KT current
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In normal spider salinethisVS-3 neuron elicited a transient action potential (46 mV, 7.5 ms) in
responsetoacurrent pulse. When K*-and Na* channel blockers(25mM TEA, 25mM 4-APand
1uM TTX) wereadded to the bath solution the neuron fired Ca2* spikesin responseto similar
stimulus (99 mV, 42 ms). When 80 uM SKF97541 was added to the bath solution, a transient
reduction of the Ca2t spike duration and amplitude was seen (90 mV, 27 ms). The Ca2t spike
then gradually returnedtoitsoriginal shape(100mV, 42ms).
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GABARBR2 Control

VS-3 organ labeled with anti-GABARBR1 (A) and R2 (B) using CY-3 as a fluorochrome. A.
GABARBRlimmunoreactivepunctaewerepresent in all partsof theneurons, but thecell bodies
were more strongly stained. B. Clusters of GABAgR2 immunor eactive punctae in the distal
halves of the cell bodies. The dendrites are not visible in this preparation. C. A control
preparation without primary antibody but otherwise treated as the test preparations. Bright
gpotsthat areseen on thesidesof someof thecell bodies(arrow) arelipofuscin granules, that are
common in theselocations of the VS-3 neurons. Ax = axon, so = soma and de = dendrite. Scale
bars20um.

GABABR2 Synapsin GABAgR2/Synapsin

Anti-synapsin and anti-GABARBRZ2 labeling in the sensory neuronsin the spider leg. A-C show
thecell bodiesand axonsof fiveneuronsintheVS-3organ. A. Anti-GABARBR2immunor eactive
punctae are concentrated on the distal parts of the cell bodies with very little staining on the
axons. B. Axons (arrow) and cell bodies of the sensory neurons are covered with several fine
fibers densaly labeled with anti-synapsin punctae. C. Anti-synapsin immunoreactive fibers on
top of the distal parts of the sensory neurons wher e the anti-GABABR2 immunor eactivity is
strongest. D-F. Distal partsof the cell bodiesand the dendritesof 12 sensory neuronsin aVS-3
organ. D. High density of anti-GABAgR2 immunor eactive punctaein thedistal partsof thecell
bodies and some staining is present in the dendrites. E. Anti-synapsin immunoreactive fibers
extend on top of the cell bodies and some reach to the sensory dendrites (arrowhead). F.
Significant overlap of the anti-synapsin and anti-GABARBRZ2 labeling in the distal parts of the
sensory neurons and some of the sensory dendrites while most of the synapsin labeled effer ent
fibers that branch on the proximal parts of the cell bodies do not overlap with the anti-
GABARBRZ2 labeling. G-I show three sensory neurons that innervate either a tactile hair or a
spine. G. Distal parts of the cell bodies have clusters of anti-GABABR2 immunoreactive
punctae. H. Someanti-synapsin immunor eactive punctae (arrows) areseen in finefibersthat lie
on top of the cell bodies and on the nerve axon that crosses the sensory axons. AX = axon, So =
somaand de=dendrite. Scalebars20pminall figures.

Summary and Conclusions

= Thespider brain and peripheral tissuehaveboth of thesubunitsneeded toform functional GABARg receptors: The1l30kDaR1Aand the1l05kDaR2.
= |In the peripheral tissue anti-GABABR1 immunoreactivity was more widespread than R2 labeling. This was similar to the findings with the

sameantibodiesin human and rodent CNS

= Significant amount of theanti-GABAgR1 stainingdid not coincidewith theanti-synapsin staining suggestingthat thissubtypeisexpr essed extr asynaptically

aswell assynaptically.

= The GABAR receptor agonists reduced the amplitude of LVA-Icgin the spider VS-3 neurons. The GABAR receptor agonists induced a transient small
increasein theamplitudeof theoutwar dly rectifyinglk intheVS-3neurons.

GABAR receptor mediated modulation can providefine control of a cell’sexcitability via multiple mechanisms. Those mechanismsthat regulate the voltage-
activated conductancesin VS-3 neurons can cause decr eased excitability and reduction of neurotransmitter release: Reduction of |5 decr eases Ca2t entry
during action potentials and increased outwardly rectifying [k may shorten the action potential duration. In addition, several other GABAR receptor-
mediated mechanism may beinvolved. Our findingssuggest that mechanosensory input in spider peripheral sensillamay befinely tuned by GABAR receptor
activation on the most distal parts of the sensory afferents. This would probably change the neuron’s ability to detect different stimulus frequencies and
amplitudes, and could cause a slow, sustained inhibition when the neurons ar e subjected to arepeated stimulus or when a change isrequired by behavioral

circumstances.




