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Abstract: This study introduces the use of extracellular
patch-clamp technique for simultaneous recordings of
action potential -induced capacitive transients and ion
channel openings in a single nerve cell. This method
allows direct correlations between activities involving the

whole cell (action potential propagation) and small
isolated membrane area (single-channel currents).
Cultured granule cells from rat cerebellum were used as
a model cell system for nerve cell function. It has been
suggested that in small, high-resistance cells the opening

of a single ion channel may trigger an action potential.

We here show and analyze in more detail

the
spontaneous action potential current waveforms, as well
as the single ion channel openings before and after the

capacitive transients. This kind of spontaneous firing
may play a significant role in the information transfer in
brain.
INTRODUCTION

The cell-attached voltage-clamp configuration of the
patch-clamp technique [1] allows simultaneous detection of
single ion channel openings and action potential current
waveforms (APCs) from an intact cell. APCs are capacitive

transients across the cell membrane patch under the
recording electrode due to the action potential generation.
The advantages of this method, compared to other
conventional electrophysiological techniques, are (i) the
ability to detect the possible correlations between cell action
potentials and single ion channel openings and (ii) the
possibility to access single small cells. The disadvantages
are that (i) the cell resting potential is not known due to the
exfiacellular measurement technique and (ii) the membrane
potential over the membrane patch under the recording
pipette tip (which is the current measuring point) follows
potential changes in the whole cell. APCs associated with
ion channel openings have earlier been demonstrated in
culturpd bovine chromaffin (secretory) cells [2], in acutely
isolated mouse [3] and rat [4) olfactory receptor neurons
and in cultured unspecified small hippocampal neurons [5].

MEfi{ODS
Cell preparation: Primary cultures of granule cells were
prepared from the cerebella of 7-day-old Wistar rats. The
cerebella were cut into pieces and dissociat€d by mild
trypsinization, followed by trituration in DNAase solution
containing a ffypsin inhibitor. The cells were then suspended
in an enriched cell culture medium and cultured in 35-mm

tissue culture dishes. Cultures were kept in an incubator at
3'7 "C, until they were immediately before experiments

fransferred from the culture medium to the extacellular
solution. Granule cells were used for recordings at day 7 in
culture.

Solutions: The extracellular solution (EC) bathing the
cells and in the pipette contained (in mM): NaCl 137, KCI
5, MgCl, l.2,CaClr 1, KHf,O40.44, TES 20, pH7.4.
Electrophysiolo gy : The cell- attåched (C A) voltage clamp
configuration of the patch-clamp technique was used to
record ionic currents [1]. The signals were recorded using
List EPC-7 patch-clamp amplifier (List-Medical,
Darmstadt-Eberstadt, Germany) and filtered with an EPC-7
built-in 3-pole Bessel filter at 10 kHz (-3 dB). Recordings
were stored on a Racal Store 4DS FM tape recorder (Racal
Recorders Ltd, Southampton, UK) (bandwidth DC-l.2SkJlz,
Tchebychef). Glass microelectrodes were pulled with the
Mecanex BB-CH microelectrode puller (Nyon, Switzerland)
or with the Flaming/Brown micropipette puller (model P80lPC; Sutter Instrument Company, San Rafael, CA, USA)
from borosilicate glass capillaries (GC120F-10; Clark
Electromedical Insffuments, Reading, UK). The elechodes
had resistances of 5-12 NdCt when filled with EC solution
and immersed in the bath. The liquid junction potentials
were corrected by the offset compensation of the amplifier
in the beginning of the experiments. AU experiments were
performed at room temperature (22-24oC).
Data acquisition and analysis: For analysis the recorded
signals were transferred to a computer hard drive using a
TL-l DMA interface (sampling rate 10 kJIz; Axon
Instruments, Inc., Foster City, CA, USA). The analysis was
made using the pCLAMP software (version 5.1.1; Axon
Instruments, Inc.).

a

RESULTS
APCs in cultured granule cells occurred spontaneously,
without externally applied "artificial" stimuli. They were
propagated with irregular interspike intervals at typical
frequencies of l-2 Hz (Fig. 1a). APCs also occasionally
occurred in bursts of two, three or four waveforms with
fairly regular inferspike interval. Action potentials in the cell
induced both mono- and biphasic waveforms across the
membrane patch. The mono- and biphasic APCs were
large initial positive waveform
characterized
component; in addition, biphasic APCs were followed by a
smaller negative waveform component. The amplitudes of
the positive waveforms were typically 50-60 pA.

by a
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One recording was analyzed in more detail and 88 Vo
(289R27) of the APCs were found to be associated with
instantaneous channel openings. Each of those APCs was
associated with instantaneous outward channel openings
(cnrrent amplitude 25fl.9 pA) after the mono- or biphasic
waveform: 18 Vo (521289) of those also showed the small
inward channel (mean single-channel amplitude 1.5t0.3 pA)

immediately before the positive raising face
capacitive transient (Ftg. 1b).

of

the

In conclusion, spontaneous electrical activity is suggested

to be important in the establishment and modulation of
synaptic connectivity and neuronal geometry, especially
during development and maturation of neural network
circuinry [6]. Spontaneous, random firing of neurons may
also contribute to the cellular information processing
capabilities by maintaining certain threshold levels and by
adding noise to enhance signal detection or transmission [7].
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channel openings immediately before and after ttre APC (the

two waveform components of the APC are cut).
DISCUSSION
Granule cells have a diameter of 5-10 pm in culture. In
such small cells, high cell input resistance (>1 GO) implies
that even a small local change in ionic conductance can
membrane potential,
produce
significant change
providing that the channel(s) remained open for long enough
to charge the membrane capacitance, and depolarize the cell
interior to the firing threshold potential. Thus, the random
opening of a single ion channel could rigger action
potential generation [4,5] and contribute to the spontaneous
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144

in

small cultured
hippocampal neurons", Proc. Natl. Acad. Sci. USA,
vol. 91, pp. L76L-1765, 1994.
ldaffei, "Sponlaneous impulse
Galli and
activity of rat retinal ganglion cells in prenatal life",
Science, vol.242, pp. 90-91, 1988.
K. Wiesenfeld and F. Moss, "Stochastic resonance
and the benefits of noise: from ice ages to crayfish
and SQUIDI", Nature, vol. 373, pp.33-36, 1995.
trigger action potentials

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 2, 1996
The 1st International Conference on Bioelectromagnetism, June 9-13, 1996, Tampere, Finland

