Torkkeli et al.

st INACTIVATION OF Na* CURRENTS CONTRIBUTES TO THE
ADAPTATION OF SPIDER MECHANOSENSORY NEURONS

P.H. Torkkeli, S.-i. Sekizawa and A.S. French. Dept. of Physiology
and Biophysics, Dalhousie University, Halifax, Nova Scotia, B3H 4H7, Canada

INaoﬁen has slowlyand rapld\ymacnvznngcumpnnems

ﬁrmg frequency in some cells, but no clear picture of this
relationship has emerged. The paired mechanosensory
neurons of a spider sit-sense organ have one neuron that
adapts rapidly (Type A) and the other slowly (Type B) in
response to a step depolarizations. Therefore, this preparation
is an excellent tool for comparingthe activation and inactivation
propetties of I\a and their contributions to the fiing behavior of
sensory neurons.

Preparation

<10 mV

1nA

100ms 9258

The lyriform slit-sense organ V/S-3.in the patella of the spider, Cupiennius salei has
seven to eight slits, which are each innervated by a pair of bipolar mechanosensory
neurons. Both neurons in each pair respond to a sustained mechanical or electrical
stimulus with a rapidly adapting burst of action potentials. However, adaptation to
silence in Type A neurons occurs in <20 ms, often producing only one or two action
potentials, while Type B neurons respond with a burst of action potentials lasting
several hundred milliseconds. For the electrophysiological experiments the neurons
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cnushed at ~100 um flom the somata to improve the voltage-clamp concitons. The
coverslip was placed on a preparation holder where the neurons could be superfused
vith different solutions during recordings. The spider saline, which contained (in mM)
223 Nacl, 6.8 KCI, 8 CaCly , 5.1 MgCly , 5 sucrose, and 10 HEPES, pH 7.8 was
Teplaces Wit a solllon thaf ontaine Hockers or K. and Caccannels and e N
concentration was reduced to 100 mM, because physiological Na-concentration did
ot alow stable voltage-clamp. Recordings wers performed ysing th disconinuous

1 d volt ith an SEC-10 L amplifier (NP1
Electronic, Tamm, Germany). Electrodes were flled with 3 M CsCl and their
resistances were 40-90 MO. All current- and voltage-clamp_experiments were
controlled by an IBM compatible computer with custom written' software (ASF
Software, Halifax, NS).
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Iya inVS-3 neurons. Left: Currents elicited from a holding potential of -100 mV to potentials from -90 mV/to 30 mV at
10mV intervals. Upper, atter fy,
blocked with 1 uM TTX. Right An example of subtraction of the current trace after TTX from a trace in a control
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Inactivation of INa
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Recovery from Inactivation
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Activation and Inactivation Time Constants
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Activation and inactivation time constants of [y, . Inset: The time courses of activation and
nactvaton oy at difernt test olennz\wﬁm fitted by the Hodgkin-Huxley equation for an
inactivating current (l-g - 1) | e(-12)) ‘where L., is the current level expected in the
absence of

exponent 163
iR Right Mean acvation tme consianis (+5D) from & Type Aand 11 Type
neurons are plotted against test voltage. Left- Mean inactivation time constants (+SD) e
Same nearons at cifirent test volages Botn imé constants were voliage dependent, being
slightly faster at more depolarizing potentials, but there were no statistically significant

Conclusions

“This Is our third Investigation Into the propertiss of valtage-activated currents i the two
types of spiderVS-3 neurons. We have shownthat

LVA-IC4 s not significantly diferent between the two neuron types, and can not
‘explain {he difarances in fheir firing bahavior.

e nomal actn potetials I ol ypes o euronsars produced by an
inactivating fya and their repolarizatin i driven by

o nactvtlon and facivation bolh accur loer o th fesing potenil in
oS Recions han  Tyne A atrons

INa fecovers faster from Inactivation n Type B than Typa A naurons.

‘The time constants of activation and inacivation of jya, are similar In both
neuron types.

‘There are no differences in the distributions of Na or K channels in the two types
of VS-3 neurons.

Inactivation In Ty more difficutt
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toreopentheir

remain inactivated for a longer period than in Type B neurons. This assumpfion may be
testedinthe future by single-channel analysis.
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