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Nerve excitation has been considered as the voltage- and time- dependent opening and closure
of the Na and K channels. This can well explain macroscopic electro-physiological measurements
results. Recent biochemical studies of Na and K channels show that the complete purification of
their proteins and their incorporation into the artificial lipid bilayer membrane to form the active
voltage-dependent ionic channels, will be accomplished in the near future. On the other hand,
biophysical and physiological studies using intact nerve fibres have elucidated properties of single
channels in the nerve membrane. Now we must increase effort to explain the nerve excitation,
which is the macroscopic phenomenon, by distinguishing the microscopic nature of the single

channel from the macroscopic nature of many channels activated during the nerve excitation.
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Table 1. 3TX hinding to excitable tissues. The Na
channel densities can be calculated from the maximal
saturaturable biding capacity (M) and the surface
area of excitable memberanes. The equilibruim dis-
scciation constants (K) were roughly egual in all
tissues (6).

STX BINDING TO EXCITABLE TISSUE

K M Channels
(M) (famole/mg™!) per pm?
Nixve
Non-myelinated
rabbit 1.8 110 110
lobster 8.5 84 90
garfish 9.8 377 35
squid {(forbesi) — — 560
suid (pealit) 3.8 - 170
Myelinated
{rog 53 3.1 2000
rabbit 1.3 17 12000
Muscle
Sartorius
R, temporaria 5.0 22 380
R. pipens(S) 4.3 26 340
R. pipens(MN) 3.8 15 200
Diaphragm
rat (normal) 3.8 24 210
rat (denrvated) 4.2 16 —
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Table 2. Purification of the TTX binding compo-
nent Electrophorus electricus electroplax membranes.
The specific activity {pmol of [*H] TTX hound per
mg of protein) increased through the purification
preedure, in spite of the large loss of the total
binding activity (13).

Purification of the TTX-binding component

%

PHITTX initial
bound, Protein, Specific binding

Step pmol mg activity* activity

1% Lubrol

extract 4290 311 13. 8 100
DEAE-Sephadex 2630 11,5 229 61. 3
Amicon

concentrate 2020 7.0 288 47.0
Sepharose 6B column T

Total 1770 : 41,2

Tube 16 107 0.0694 1540

Tube 17 172 0,106 1620

Tube 18 225 0112 2010

Tube 19 233 0.120 1950

Tube 20 179 0.130 1370
Sepharose 65 column II

Totl 1133 26. 4

Tube 12 22.2 0.0128 1730

Tube 13 22,7 0,0129 2160

Tube 14 34.7 0.0163 2130

Tube 15 29.3 0.0163 1800

Tube 16 24.9 0.0085 2930
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Fig. 1. Gradient 8DS polyacrylamide gel electropho-
resis of ral sarcolemmal fraction, Saxitoxin-binding
component (SBC) containing peak from the jon-
exchange column, and purified SBC after elution
from a WGA-Sepharose column. The final SBC peal
contains only three major bands, of Mr=253,000,
60, 000 and 64, 000, compared to the 40-50 bands
usually seen in the starting material. (14)
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Tig. 2. ®Na influx into vesicles reconstituted with
nerve membrane of fractions obtained by detergent
treatment. **Na flux into vesicles reconstituted by
the freeze-thaw-sonication (30 sec) procedure with
soybean lipids and (A) lobster nerve membrane,
(B) pellet fraction obtained after treatment of the
membrance suspended in 0.78 M sucrose, 10 mM
Tris-Cl, pH 7.5, with detergents (0,259 cholate and
30 mM octylglucoside) and centrifugation at 150,000
X g for 20 min, or {C) particulate material pelleted
from the supernatant after 24-fold dilution with 10
M Tris-Cl, pH 7.5, and further centrifugation at
150,000 x g for 30 min. For each set the ®Na influx
was measured in a control sample C, another treated
with 0.5 mM veratridine, V, and a sample treated
with 0.5 mM veratridine, V, and a sample treated
with 0.6 mM veratridine plus 100 nM tetrodotoxin
VT, Influx measurements were made 30 sec after
addition of ®Na. (24)
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Time, min

Time course of the Charbamylcholine (ChmCho)-induced conductance

increase obtained from purified Acetylcholine Receptor (AcChoR) incorporated

in symmetric planar lipid bilayers.

A voltage step of 10 mV, positive in the

side of CbhmCho addition, was appliad across the membrane and held constant

throughout the record as shown in the lower trace.

The current flowing across

the bilayer in response to the applied voltage is displayed in the upper trace.

The arrow indicates the time at which ChmChe was added.

Samples {10mD)

of the concentrated solution were added te final ChmChe concentration of 0.05
mM (A) or 2mM (B) and mixed by five up-and-down strokes of the Pipetman

pipetter.

The electrical artifact introduced by the stirring maneuver was

deleted from the record as indicated by the interruption in the trace. (31)
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Fig. 4. Recordings of the patch currnet at different
membrane potentials (23 indicated in mV), Tem-
perature, 5.5°C, pipette resistance before approaching
the membrane, 100Ma , after approach, 280Ma. (34)
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Fig. 8. Action potentials, their derivative and the
membrane currents at the clamping voltage 70 mV.
The holding potential was 60 mV. Four pairs of the
internal and external solutions were used. External
solutions were glucose f{gle) solutions (A and I
and glycerol (glye) selutions (B and C). Internal
solutions were glucose szolutions (A and B) and
glycerol solutions (C and D). Concentrations of
glycerol outside and indide {(n M) were 2.43 and
3,58, and those of glucose were 1.56 and 2. 30,
respectively.  Asymmetrical changes in the shape
of the action potential could be explained by the
change in the membrane currents. The membrane
current fowing from the glucose side to the glyeerol
side was suppressed more than that flowing in the
opposite direction. This was due to the large sup-
pression by glucose at the mouth of the channel
pore than glycerol and the increase in the resistance
of the channel pore by glycerol. (39)
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