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Summary. Measurements were made of the kinetic and steady-
state characteristics of the potassium conductance in the giant
axon of the crabs Carcinus maenas and Cancer pagirus. The
conductance increase during depolarizing voltage-clamp pulses
was analyzed assuming that two separate types of potassium
channels exist in these axons (M.E. Quinta-Ferreira, E. Rojas
and N. Arispe. J. Membrane Biol. 66:171-181, 1982). It is shown
here that, with small concentrations of conventional K*-channel
blockers, it is possible to differentially inhibit these channels.
The potassium channels with activation and fast inactivation gat-
ing (m*h, Hodgkin-Huxley kinetics) were blocked by external ap-
plication of 4 amino-pyridine (4-AP). The potassium channels
with standard gating (n*, Hodgkin-Huxley kinetics) were prefer-
entially inhibited by externally applied tetracthylammonium
(TEA). The differential blockage of the two types of potassium
conductance changes suggests that they represent two different
populations of potassium channels.

It is further shown here that blocking the early transient
conductance increase leads to the inhibition of the repetitive
electrical activity induced by constant depolarizing current injec-
tion in fibers from Cardisoma guanhumi.

Key Words giant axon - potassium channel - potassium gat-
ing - potassium inactivation

Introduction

In crab nerves from Carcinus maenas the time
course of the potassium outward current revealed
two components: a fast one, with activation-inacti-
vation kinetics, and a delayed one, with kinetics
similar to those of the potassium currents recorded
in other nerves (Quinta-Ferreira, Rojas & Arispe,
1982). In the preceding paper. inward currents re-
corded in high K* (Rb* or NHJ) artificial seawater
were subjected to similar analysis (Quinta-Ferreira,
Soria & Rojas, 1985). The time course of the cur-
rents, whether carried by K*, Rb* or NH;, could
be described in terms of these two components. The
excellent fit obtained lent further support to the idea
that there are two distinct types of potassium chan-
nels in crab nerves.

In this work two potassium channel blockers,
namely TEA (Hille, 1967; Armstrong, 1969) and 4-
AP (Yeh et al., 1976a,b; Meves & Pichon, 1977),
were used to establish further differences between
these two components of the potassium conduc-
tance.

Materials and Methods

The techniques used in this work have been described in detail in
previous publications from this laboratory (Quinta-Ferreira,
Arispe & Rojas, 1982a; Quinta-Ferreira et al., 1982b).

Experiments in Norwich were performed on giant axons
from the meropodite section of walking legs of Carcinus maenas
and Cancer pagirus. Experiments in Caracas were performed on
similar nerve fibers from Cardisoma guanhumi.

The nerve chamber, electrode arrangement and feedback
amplifier used have been described before (Nonner, 1969;
Quinta-Ferreira et al., 1982a). Of the four pools determined by
the partitions in the chamber (pools A, B, C and E) only pool A
was perfused with artificial seawater (ASW). Table 1 in the
preceding paper (Quinta-Ferreira et al., 1985) gives the composi-
tion of the solutions used. In experiments with Rb* in place of
Na* in the ASW the concentration of Rb* was adjusted to 470
mM. In the text this saline is referred to as Rb-ASW.

Immediately before use 4-AP (Aldrich Chemicals) was
added to the ASW from a stock solution.

Results

MEMBRANE CURRENTS IN THE GIANT AXON
FROM CARDISOMA GUANHUMI

Figure 1 shows a set of membrane current records
made in K-free ASW in the giant axon from Cardi-
soma. The inward currents shown in Fig. 1 are
blocked by 300 nm tetrodotoxin (TTX) and the
steady-state level of the outward current is not af-
fected. These outward currents are different from
those recorded in the giant axon of the squid in that



30mv
N 7,
. .
g 0 .26
g -46
ElL.

( 1 1 1
0] 16

i
32 ms

Fig. 1. Voltage-clamp currents in the giant axon of the walking
leg from Cardisomua guanhumi. Superimposed oscilloscope rec-
ords of the membrane currents. Experiment 830412A: Fiber
diameter = 80 um. Width of the gap between the Vaseline seals
on either side of pool A (here on referred to as A-gap) = 80 um.
Holding potential = —100 mV. Temperature of the K-free ASW
in pool A = 20°C. Solution in pools C and E had 450 mm KF, 45
mm NaF, 10 mm Tris Cl at pH = 7.2. Numbers associated with
each current trace are the absolute value of the membrane poten-
tial during the pulse
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Fig. 2. Analysis of the outward potassium currents into an early
transient and a delayed sustained component in the giant axon
from Cancer pagirus. Experiment 811119 Fiber diameter = 40
pm. A-gap = 60 um. Resistance of the axoplasm of fiber segment
from pool E to pool A (here on referred to as measuring resis-
tance) = 60,000 €). Solution in pools C and E had 500 mm KF,
10 mm Tris Cl at pH = 7.2 K-free ASW plus 300 nm TTX in pool
A. Holding potential (estimated from the position of the Na*
conductance inactivation curve assuming that at a resting poten-
tial of —70 mV 30% of the channels are inactivated) = —104 mV.
Time constants (at 16°C) as follows:

(mV) Tnl ThK Tn2
(msec) (msec) (msec)
-34 1.31 3.02 6.34
-24 0.88 3.01 5.30
- 4 0.42 3.95 3.68
6 0.56 3.59 3.23
16 0.72 2.97 2.87

B. Soria et al.: Differential Blockage of Potassium Channels

3mA/cmz TEA
Omv
1omy
[¢]
10 -0
-20
=30 -30
50 -50
L i I : S i i N D T X 1 J
o) 20 40 O 20 40 O 20 40
TIME, ms

Fig. 3. Effects of external TEA on outward currents in the giant
axon from Cancer pagirus. Experiment 811120A: Holding poten-
tial = —120 mV. Absolute membrane potential during some of
the pulses is indicated (10-mV increments between the traces).
Fiber diameter = 36 pm. Width of the pool A = 90 um. Measur-
ing resistance 65,000 (). Left side: Control run in K-free ASW
plus TTX at 17°C with 500 mm KF in pools C and E. Cenfter:
Effect of external TEA (5 mM). Right side: Recovery run after
removal of TEA

two kinetic components can be distinguished for
positive membrane potentials. After 10 msec the
outward current has not reached a steady level.
These oscilloscope records, uncorrected for leak-
age and linear capacity currents, are very similar to
the records obtained in axons from Carcinus (see
Fig. 1 in Quinta-Ferreira et al., 19825h). This result,
together with previous observations in axons from
the crabs Callinectes sapidus and Cancer magister
(Connor, 1975; Connor, Walter & McKown, 1977)
and the experiments described in the following sec-
tions using axons from two other species, suggests
that crustacean nerve fibers in general are equipped
with more than one K* conductance system (Con-
nor, 1975; Connor et al., 1977; Quinta-Ferreira et
al., 1982b).

Two COMPONENTS
IN THE OUTWARD PoTASSIUM CURRENT

Using the method of analysis described in Quinta-
Ferreira et al. (1982h) one can describe the time
course of the outward potassium current recorded
from a crab giant axon as the sum of two compo-
nents. These components are characterized by the
following equations:

iy = ikimad1 — exp(={r — 8t]/7)Pexp(—1/Tix), (1)
iKZ = iKZ,max[l_exp(_t/TnZ)]4v (2)
and

i= g+ ix; (3)

where 7,; and 7,k represent the time counstants for
the activation and inactivation of ik, respectively,
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Fig. 4. Analysis of the effects of external TEA on outward potassium currents in the giant axon from Cancer pagirus. A. Experiment
811120B: Cut ends of the fiber in 500 mm KF. Holding potential set at —120 mV. Temperature 17°C. Left side: Analysis of the outward
currents in terms of two components during the control run. Absolute membrane potential during the pulses is indicated next to the
corresponding record. Right side: Analysis of the outward currents recorded 5 min after the addition of 5 mm TEA to pool A.
Resistance of the segment of the fiber from pool E to pool A was 65,000 Ohm measured at the end of this run. B. Experiment 811120C:
Cut ends of the fiber in 400 mM KF, 50 mm NaF, 20 mum Tris Cl at pH 7.2. Two sets of three superimposed current records are shown.
In each set of records the larger current, at the end of the record, was made before the application of TEA. The smallest, during the
application of 5 mM TEA, and the record in the middle represents the recovery of the current. Vertical calibrations: 0.5 mA/cm? for the
upper set of records and 1 mA/cm? for the lower set of records. Dashed horizontal line represents the estimated leakage current level.
The data from this experiment were not included in the Table which presents data obtained with just KF in pools C and E

and 7,, represents the activation time constant of
ix>. 6 represents a delay in the activation of iy, .

Figure 2 illustrates the analysis of five outward
current records obtained from a giant axon of the
crab Cancer pagirus. The curves shown represent
the best fit of Egs. (1), (2) and (3) to the points. The
fit remains satisfactory over the entire range of
membrane potentials from —40 up to +50 mV.

Values for the various time constants obtained
from the analysis of the current records as pre-
sented in Fig. 2 (given in the figure legend) can be
compared with those obtained from the analysis of
similar data in axons from the crab Carcinus
maenas (see Table 3 in Quinta-Ferreira et al.,
1982b). The time constants are similar in both prep-
arations.

EXTERNAL RECEPTOR
FOR TEA IN CRUSTACEAN NERVE FIBERS

In a previous report on the potassium currents in
crustacean nerve fibers it was shown that TEA, the
specific blocker of the potassium conductance in

nerve (Hille, 1967; Armstrong, 1969; Hille, 1970)
and in muscle (Stanfield, 1970), inhibits these cur-
rents when applied internally (Quinta-Ferreira et
al., 1982b). Internal TEA at a concentration of 5
mM reduced the outward currents measured at 20
msec to 0.3 of their size in the control run. This
means that the concentration for 50% blockage (or
50% occupancy of the internal receptors) is less
than 5 mm.

Figure 3 illustrates the results from one experi-
ment designed to measure the effects of externally
applied TEA on ig; and ix,. The set of membrane
current records obtained in the presence of 5 mm
TEA are shown in the center. It may be seen that
TEA induced a reversible inhibition of ix, to near
50% of its size during the control run (left side). It is
also apparent that ig; has been less affected.

In order to determine whether TEA is more ef-
fective in blocking ik, than ig, it is necessary to
analyze the outward currents in terms of ix; and ix,.
The results from one such experiment are shown in
Fig. 4A.

The records made in the presence of 5 mm TEA
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Table. Differential blockage of the early transient and delayed potassium conductances by

external TEA (5 mm)*

Experiment v, Before During After
(mV) - R
iK1 ixa ixi ik2 iK1 iK2
(mA/cm?)
811120B -30 0.43 0.62 0.43 (1.0) 0.29 (0.5) 0.43 0.55 (0.9)
=20 0.57 0.95 0.72 (1.3) 0.49 (0.5) 0.57 0.85 (0.9)
=10 0.83 1.62 1.16 (1.4) 0.91 (0.6) 0.85 1.44 (0.9)
811119 —24 0.19 0.2 .24 (1.2) 0.11 (0.5) — —
-4 0.46 0.69 0.7 (1.3) 0.34 (0.5) — —
811112 =30 0.45 1.0 0.45 (1.0) 0.57 (0.6) 0.45 0.72 (0.7
-20 0.62 1.2 0.69 (1.1) 0.67 (0.6) 0.62 0.85(0.7)
811115 =30 0.31 0.65 0.31 (1.0) 0.41 (0.6) (.30 0.45(0.7)
—20 0.41 0.81¢ 0.42 (1.0) 0.51 (0.6)

(.40 0.61 (0.7)

4 (): fractional increase or decrease. Experiments 811120B, 811119 and 811112 fibers from Cancer
pagirus. Measurements on total membrane current records. All fibers were cut in KF and K*-free

ASW in pool A.
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Fig. 5. Effects of TEA on peak ik, and maximum ix,. Data from
experiment illustrated in Fig. 44. Symbols as follows: Left: @:
peak value of iy, in K-free ASW plus TTX. O: peak value of iy, in
K-free ASW plus TTX and 5 mm TEA. Right: @: ix» measured at
28 msec in K-free ASW. C: ix» measured at 28 msec in K-free
ASW plus 5 mm TEA

shown on the right side of the figure may be com-
pared with the control records shown on the left
side. It is immediately apparent that ix, has been
reduced to nearly 50% of its size in the absence of
TEA. On the other hand, at —20 and —30 mV ik
exhibits a small increase. Figure 4B shows that
these effects of TEA are reversible.

Shown in Fig. 4B are two sets of total current
records at —30 (upper part) and at —20 mV. It may
be seen that while at —30 mV the early transient
components is not affected, at —20 mV there is a
clear increase in the presence of 5 mm TEA. Notice
that ix, was inhibited by externally applied TEA.

The results from four experiments are summa-
rized in the Table. Two points are clear from these
data. The delayed component is inhibited nearly
45% and the early transient component exhibits a
marginal increase in the presence of S mm external
TEA. Furthermore, both effects can be reversed
upon removal of the K*-channel blocker.

A quantitative analysis of the data from the ex-
periment iflustrated in Fig. 4 is presented in Figs. 5
and 6.

The effects of TEA on ig; and ix, are compared
in Fig. 5. The time constants for activation and inac-
tivation of ik, and for activation of i, from the same
experiment are presented in Fig. 6.

The data in Fig. S clearly show that the external
application of TEA selectively inhibits ix,.

The time constants were not affected by the
external application of TEA as shown in Fig. 6 sug-
gesting that TEA does not affect the kinetic proper-
ties of the gating system. Thus, the TEA selective
inhibition of ig, must be caused by a reduction in the
number of channels available to conduct current.

TEA IngrsITS INWARD RUBIDIUM CURRENTS

In the preceding paper (Quinta-Ferreira et al., 1985)
we showed that Rb* is a substitute for K* in the
potassium systems of these nerve fibers. The exper-
iment presented in Fig. 4 shows a differential inhi-
bition of the outward currents induced by external
TEA. In an attempt to induce similar differential
blockage of the inward currents we carried out ex-
periments in which Cs* was used in place of K*
inside the axon and Rb" in place of Na*' in the
ASW.
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Fig. 6. Time constants for ix, and ix, with and without external
TEA. Data from the analysis of the experiment in Fig. 4. Upper
left side: time constant for the activation of ix,. Upper right side:
time constant for the inactivation of iy;. Lower part: time con-
stant for the activation of iy,. @: Control in K-free ASW. B: Run
in K-free ASW plus S mm TEA

Shown in Fig. 7 are two sets of superimposed
inward current records made in Rb-ASW with Cs*
inside the fiber. The inward currents seen in Rb-
ASW plus TTX are effectively blocked by the exter-
nal application of 60 mm TEA.

It is also apparent in the lower part of Fig. 7 that
the remaining outward currents are not affected by
60 mmM externally applied TEA. One possible inter-
pretation for this result is that these currents are not
specific K*-channel currents but leakage currents.
If this is the case, then the outward current record
at 30 mV shown in the upper part of this figure does
not represent Cs* current flowing through the de-
layed K* conductance system.

The results obtained on reducing the concentra-
tion of TEA to 10 mM are shown in Fig. 8. It may be
seen that although both components of the inward
current are inhibited by TEA, igy, is depressed to a
greater extent. As for the experiment illustrated in
Fig. 7 the outward current is not affected.

A quantitative analysis of the current records in
Fig. 8 (in terms of the two components of the in-
ward current (see Quinta-Ferreira et al., 1982b) re-
vealed that although both igy,; and igy; are inhibited
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Fig. 7. Effects of external application of TEA on inward Rb*
currents in the giant axon from Carcinus maenas. Experiment
810419: Holding potential = —80 mV. Absolute membrane po-
tential during the first and last pulses is indicated (10-mV incre-
ments between the traces). Upper part: Control records made in
Rb*"-ASW plus TTX with 500 mMm CsF in pools C and E. Lower
part: Records made 5 min after the addition of 60 mMm TEA to the
solution in pool A

I mMA/cmz2

Fig. 8. Effects of externally applied TEA on inward Rb* cur-
rents in the giant axon from Carcinus maenas. Experiment
810729: Cut ends of the fiber in 500 mMm CsF. Holding potential
set at —120 mV. Three pairs of records are shown: the upper
record in each pair has been displaced in the upward direction
and was made after the addition of 10 mM TEA to the Rb-ASW.
'The lower record in each pair was made in the absence of TEA.
Numbers next to each pair represent the absolute membrane
potential in mV. The arrows indicate the start of the pulse and
the dashed horizontal lines represent the continuation of the base
line. Fiber diameter 35 pwm; Width of pool A equal to 120 um;
Measuring resistance equal to 220,000 ohm. Temperature 17°C.
300 nM TTX in the Rb-ASW for the two runs
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Fig. 9. Analysis of the effects of external TEA on inward current
tails. Same experiment as for Fig. 8. Pulse duration about 30
msec. Top: Inward current tails recorded in Rb*-ASW plus TTX.
Absolute membrane potential during the pulse preceding the tail
is given in parentheses next to the tail current. Bortom: Tail
currents in the presence of 10 mM TEA. Curves represent a
single exponential function with time constants in the range from
1.63 t0 2.02 msec
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Fig. 10. Analysis of the effects of 4-AP on iy, and ix; in the giant
axon from Cancer pagirus. Experiment 81114: Holding potential
= —114 mV. Width of the pool A = 70 um. Measuring resistance
= 58,000 Q. Ends of the fiber cut in 500 mm KF. Pool A perfused
with K-free ASW plus TTX at 17°C. Left side: Analysis of two
current records during the control run. Curves represent the
least-squares fit of Egs. (1), (2) and (3) to the poinis. Membrane
potential: —34 (upper) and —14 mV (lower). Right side: Analysis
of two records of the outward currents recorded in K-free ASW
plus 1 mM 4-AP. Membrane potential during the pulses as for the
left side
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Fig, 11. Effects of externally applied 4-AP on peak value of iy;
and maximum value of ix,. Data from the experiment illustrated
in Fig. 10. Left side: peak values for the transient component.
Right side: maximum values for the delayed component. ¢:
Control run in K-free ASW plus TTX. 4: Run in K-free ASW
plus TTX and 1 mMm 4-AP

by TEA, the inhibition of iy, is larger. For example,
for the pulse to —50 mV (not shown) the ratio igy,/
irpz Increased from 0.43 measured in Rb-ASW to 1.7
measured in Rb-ASW plus TEA. At —10 mV the
ratio increased from 0.79 to 2.2. As in the case of
the inhibition of the outward potassium currents
presented in Fig. 4, the time constants of the inward
Rb™ currents were not affected by TEA.

The large inward current tails seen upon repo-
larization (which for pulses lasting more than 15
msec could always be fitted with a single exponen-
tial function) were effectively suppressed by TEA.
This result is shown in Fig. 9. Although in the pres-
ence of TEA the initial values of the tail currents
were reduced to less than 5% of their control val-
ues, the time constanis were not affected. This
result also suggests that TEA blocks the current
flow through the channels without affecting the gat-
ing properties.

EFFECTS OF EXTERNAL APPLICATION
OF 4-AP oN THE Two PorasstiuM CURRENTS

Quinta-Ferreira et al. (19825h) reported that external
application of 20 mm 4-AP effectively reduced out-
ward currents in the giant axon of the crab Carcinus
maenas (see Fig. 4 in Quinta-Ferreira et al., 198256).
A closer inspection of these records showed that at
this concentration, 4-AP had completely blocked iy,
while ik, had only been inhibited to 30% of its value
in the absence of 4-AP. This observation, together
with the results on TEA presented here, prompted
us to examine the effects of different concentrations
of 4-AP.

Figure 10 shows the results from one of the
experiments with 4-AP. The membrane currents at
—34 and —14 mV in the control run (left side) can be
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Fig. 12. Time constants for the early transient and delayed sus-
tained component with and without external 4-AP. Data from
experiment in Fig. 10. Upper left side: 1, Upper right side: 1, .
Lower part: 7, ©: Control run in K-free ASW plus TTX. ¢:
Run in K-free ASW plus TTX and 1 mm 4-AP

compared with the membrane currents at the same
absolute membrane potentials recorded in the pres-
ence of 1 mm 4-AP (right side). The analysis of the
currents in terms of igx; and ig, demonstrates the
differential effects of 4-AP, i.e., while the peak
value of ig, is reduced to nearly 40% of its size in
the control run, the maximum iy, value is slightly
augmented.

From the analysis of a complete set of mem-
brane current records (like those in Fig. 10) we ob-
tained the ix, and ix; maximum values plotted in
Fig. 11.

It may be seen that while the slope of the ix; —
V.. curve is reduced from 28.5 to 12.8 mS/cm?, the
slope of the ix, — V,, curve remains constant at 102
mS/cm?,

The time constants for activation and inactiva-
tion of ik are only moderately affected (Fig. 12). A
55% inhibition of the conductance with small
changes in the time constants suggests that the 4-AP
molecules block the channels without affecting the
gating mechanisms.

Figure 12 (lower part) presents the time con-
stants for the activation of ix, as a function of mem-
brane potential during the pulse. The time constants
with or without 4-AP are almost identical; however,
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Fig. 13. Effects of 4-AP on the repetitive activity elicited with
depolarizing current pulses. Oscilloscope records of the repeti-
tive action potentials in the giant axon from Cardisoma
guanhumi. Current passing microelectrode tip resistance [0
MQ;: fiber diameter 120 um. Temperature of the external solution
18°C. In each pair of records, the upper trace represents the
current microinjected and the lower the membrane potential.
Separation between the microelectrode tips = 480 wm. Lefi side:
Membrane responses to depolarizing pulses of current of in-
creasing strength from 0.1 to 0.2 wA with the fiber in K-free
ASW. Action potential height 9% mV before the application of 4-
AP. Right side: Membrane potential responses to pulses of cur-
rent of increasing intensity from 0.1 t0 0.2 wA with the fiber in K-
free ASW plus 0.5 mm 4-AP. Pulse duration 140 msec. Resting
potential before the application of 4-AP = —68 mV. 20 sec sepa-
ration between the pulses. Resting potential after 10 min in K-
free ASW plus 0.5 mM 4-AP = —58 mV

the inactivation time constants in the presence of 4-
AP are 30% larger.

Hermann and Gorman (1981) suggested that the
blocking action of 4-AP depends on the state of the
inactivation gate. Since in these experiments the
holding potential was between —20 to —40 mV
more negative than the resting potential of —70 mV
measured in these fibers (Quinta-Ferreira et al.,
1982b), the inactivation gate was in its open confor-
mation.
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4-AP INHIBITION OF THE REPETITIVE ACTIVITY
ELiciTED WITH LONG-LASTING DEPOLARIZING
CURRENT PULSES

Figure 13 shows two sets of oscilloscope records of
the repetitive action potentials induced by long-last-
ing depolarizing current pulses in the giant axon
from Cardisoma. The upper trace in each pair rep-
resents the current and the lower trace the mem-
brane response. The records on the left side were
made with the fiber in K-free ASW and the records
on the right side, with the fiber in K-free ASW plus
0.5 mMm 4-AP. Upon removal of the 4-AP from the
external saline, the repetitive response observed on
the left side of this figure was recovered.

External application of TEA (data not shown)
did not inhibit the repetitive response.

Discussion

The analysis of the current records in terms of two
components with different kinetics presented be-
fore (Quinta-Ferreira et al., 1982b; Quinta-Ferreira
et al., 1985) lent strong support to the hypothesis
that crustacean nerve fibers have two different po-
tassium conductance systems (Connor, 1975; Con-
nor et al., 1977). Although definitive proof will re-
quire further work, the results presented here
strongly suggest that there are at least two different,
noninteracting potassium channels in these fibers.
In the present work it was shown that, it is
possible to inhibit one of the two components of the
outward potassium current using conventional K*-
channel blockers (TEA and 4-AP) provided the con-
centration is adjusted to maximize the differential
effect. The effects of 4-AP on potassium channels
have been studied before (Pelhate & Pichon, 1974;
Meves & Pichon, 1975; Schauf et al., 1976; Ulbricht
& Wagner, 1976; Yeh et al., 1976a,b; Dubois,
1981). In all cases 4-AP not only inhibited the potas-
sium system of the cell in which it was tested, but
also appeared to affect the gating of the channels.
At the concentration used in the present work (in
the range from 0.01 to 1.0 mMm) the effects of 4-AP
presented in Fig. 10 were fully reversible and inde-
pendent of the pulse frequency used. Therefore, it
is safe to conclude that channel gating was not af-
fected by 4-AP in the experiments reported here.
From a graph of the conductance (calculated
from records of ix;) as a function of the concentra-
tion of 4-AP in the external ASW we calculate a
dissociation constant K, for the 4-AP-receptor com-
plex of 0.47 = 0.33 mM (mean *+ SD, n = 4). Meves
and Pichon (1977) reported a potential-dependent
K, increasing from 0.1 to 0.3 mm with the mem-
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brane potential during the pulses. For the node of
Ranvier K, is much smaller, i.e., 0.01 mm (Dubois,
1981).

There are several reports in the literature of cell
membranes containing more than one potassium
conductance. For example, there are three pharma-
cologically distinct membrane potential gated po-
tassium channels in molluscan neurones (Neher,
1971; Thompson, 1977). In molluscan neurones
(Meech, 1974) and in pancreatic B-cells (Atwater,
Dawson et al., 1979), in addition to the membrane
potential gated potassium channels (Atwater, Riba-
let & Rojas, 1979), there are potassium channels
which are activated by an increase in the concentra-
tion of ionized calcium in the cytosol.

In molluscan neurones there are at least three
different potassium systems. Of the voltage-gated
systems, 4-AP selectively inhibits the transient K*
current (50% inhibition with 4-AP in the range from
0.8 to 1.5 mM; Thompson, 1977; Hermann & Gor-
man, 1981} and TEA blocks the late K* current
(Connor & Stevens, 1971; Neher & Lux, 1972).

The results presented so far indicate that Na*
channels in crustacean and in molluscan axons are
very similar (Hodgkin & Huxley, 1952¢-d; Quinta-
Ferreira et al., 1982a). On the other hand, although
both nerve fibers have the slow K* channel with n*
kinetics only the crustacean axons have been pro-
vided with a fast K*-channel which exhibits m®n
kinetics. The presence of this channel in crustacean
fibers bears important implications for the transmis-
sion of signals along the nerve axon (Connor, 1975).
It has been proposed that the transient potassium
conductance determines the low-frequency charac-
teristics of the repetitive activity observed in crus-
tacean axons (Connor et al., 1977). The inhibition of
the repetitive response induced by the external ap-
plication of 4-AP as illustrated in Fig. 13 supports
this idea.
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