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Analyses of Glutamate Current Fluctuations and Glutamate Single Channel

Currents of Cuitured Brain Neurons

Satoshi NAGAOKA, Yoshio EBINA, Ryuzo SHINGAI and Hajime HASHIMOTO

Abstract

Glutamate is an excitatory neurotransmitter which activates glutamate ion channels located on the
membrane of neurons. We have investigated kinetics of the ion channels activated by application of
glutamate or its agonist N —methyl—D— asparate (NMDA) in cultured rat brain neurons. Methods of
recording from the neurons are the whole cell clamp to make clear characteristics of the glutamate
channels in the whole cell by analyzing the membrane current fluctuation, and the patch clamp to record
directly the gatings of one or a few channels and to study their statistical characteristics in detail. Power
spectrum density (PWS) of current fluctuations is obtained by FFT. The mean open time and the mean
conductance of the channels are estimated by fitting PWS to the theoretical PWS curve (Lorentzian) by
computer calculations or eye inspection. PWS fits, in most cases, a sum of two Lorentzian functions for
glutamate current,whereas that of NMDA current fits a single Lorentzian with few exceptions. The
fluctuated currents are depressed by Mg ions in the saline in negative membrane potential region.
Fluctuation analysis shows that the opening probability decreases by the presence of Mg ions. The
histograms of the conductans and the open time of NMDA channel obtained from patch clamp data. The
mean open time estimated from the FFT anaiysis is 6 msec, which is close to the value (9 msec) estimated
from the assumption that the mean open time obtained from the patch clamp recording has an
exponential distribution.
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Fig. 1 The block diagram of experimental sys-
tem.
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Fig, 2 Membrane currents induced by applica-
tion of 10 4M glutamate to the same cell
in Mg—free saline (Mg(—)) and in normal
saline (Mg(+)). hp = —40 mV. The
horizontal bar indicate the period (20 sec)
of application of glutamate.
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Fig. 3 Power spectrum density (PWS) of fluctuations of the same glutamate —
currents as those in Fig.2. The solid curves are Lorentzian curves calculated
from the equation (1) and fitted by eye inspection. Cut—off frequency f.=
28Hz in both curves.
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Fig, 4 PWS of fluctuation of glutamate—cur-
rent in the case that PWS fits a sum of
two Lorentzians (dotted curves 1 and 2).
Cut —off frequencies are 26 Hz for (1) and
190 Hz for (2). hp = —60mV.
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Fig, 5 Single channel current induced by 10 xM
NMDA under the patch clamp recording. a -
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Fig, 6 Histogram of the conductance of the open
channel. Data were collected from F ig.b.
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Fig. 8 Schematic representation of recording

configulations. The upper left frame is
the configuration of a mechanical contact
with a cell. Upon slight suction the resis-
tance of seal between electrode pipette
and membrane increases to more than
one giga—ohm. Further suction or appli-
cation of electric pulses disrupts the patch
membrane to allow recording of voltage
clamp current if cells of sufficiently small
diameter are used (the whole cell clamp).
Alternatively, withdrawal of the pipette
from the cell (pull) leads to the outside—
out patch configulation.
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