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Summary. It  is genera l ly  accepted  tha t  the mecha-  
nism for e lec t ro tonic  coupl ing  involves the presence 
of  hydroph i l i c  channels  connect ing  the cy top la sm of 
ne ighbor ing  cells. These channels  are  p re sumed  to be 
water  filled holes. To test this hypothesis ,  we mea-  
sured the t empe ra tu r e  dependence  of coupl ing  pa-  
ramete rs  and  ca lcu la ted  the specific resis tance of  
j unc t iona l  synapses of  crayfish segmented  axons.  Re- 
sults demos t r a t e  tha t :  (i) low t empera tu r e  increases 
the j unc t iona l  res is tance in a m a n n e r  tha t  depends  on 
the t ime course of cool ing ;  (ii) the specific j unc t iona l  
res is tance is, at  most ,  1 -20f~cm 2. These results  are 
consis tent  with a hypothes is  of  cell c o m m u n i c a t i o n  
based  on hydroph i l i c  channels  and  suggest  the pre- 
sence of a t e m p e r a t u r e - d e p e n d e n t  c o m p o n e n t  of  
these channels.  

The hypothes is  r egard ing  the mechan i sm of  coupl ing  
by e lec t ro tonic  synapses pos tu la tes  the  existence of 
hydroph i l i c  channels ,  abou t  2 n m  in d i ame te r  and  
18 nm in length, connec t ing  the cy top l a sm of  neigh- 
bor ing  cells (Loewenstein,  1966; M c N u t t  & Wein-  
stein, 1970; M a k o w s k y  et al., 1977). I f  this hypothes is  
is correct ,  each open channel  should  be rega rded  as a 
water  filled pore  with a t empe ra tu r e  dependence  in- 
d is t inguishable  f rom tha t  of  axop la smic  resis tance 
(about  1.3; Huxley,  1959). However ,  Payton ,  Bennet t  
and  Pappas  (1969) r epor t ed  Qlo  values of  1/3.1 for 
the coupl ing  resis tance of  crayfish e lec t ro tonic  syn- 
apses. Such value  of t empe ra tu r e  dependence  is in- 
consis tent  with the current  hypothesis .  

W e  have inves t iga ted  the effects of  t empe ra tu r e  
on electr ical  pa rame te r s  of  crayfish la te ra l  axons and  
their  e lec t ro tonic  synapses.  Our  results,  ob t a ined  un- 
der  different condi t ions  than  those  of  P a y t o n  et al. 
(1969), are consis tent  with a coupl ing  mode l  based  on 

hydroph i l i c  channels  filled with a ma te r i a l  whose 

t empera tu re  dependence  is ind is t inguishab le  from 
tha t  of axoplasm.  The da t a  also suggests a com- 
ponen t  of  the coupl ing  mechan i sm whose t empe ra tu r e  
dependence  is larger  than  tha t  of  axoplasm.  

Materials and Methods 

Experiments were conducted on lateral axons of the abdominal 
nerve cord of crayfish Procambarus clarkii (obtained from DahI 
Biological Supply, Inc., California). Nerve cords were excised from 
crayfish and placed in a Petri dish containing Van Harreveld 
(1936) solution at pH 7.4 and osmolarity 460mOsm. After removal 
of attached pericordal connective tissue the nerve cord was trans- 
fered to an experimental chamber made of Lucite and with a 
bottom wall 1 mm thick. Temperature was controlled by placing 
the chamber on a water-cooled thermoelectric assembly (Cambion 
Electronics). Imposed changes in temperature followed an expo- 
nential time course with a time constant of about 2min. For 
prolonged changes a half cycle was carried out in steps of 6~ 
lasting about 15 min each. Temperature of the bath solution was 
read, to an accuracy of _+ 0.25 ~ with an independent thermome- 
ter placed near the crayfish nerve cord. 

Figure 1 shows a schematic diagram of the experimental 
arrangement. Propagated action potentials were initiated by stimu- 
lating the axons alternatively on each side of the junctional area, 
with short electrical pulses delivered through small platinum- 
platinized electrodes, from a Grass Stimulator (S-88). Membrane 
potentials were recorded with four intracellular microelectrodes 
placed within a maximum distance of about 500gm from the 
septal region. A switching device allowed us to choose any internal 
microelectrode to deliver current pulses from a stimulator (Tek- 
tronix, 160 series) with a series resistance of 250 or 500 Mr2. 

The temperature dependence (Qlo) of parameters measured 
was calculated with the relationship 

V1 = VoQ~rd ro~/10 (1) 

where V o is the parameter value at the reference temperature (T  O 
= 15~ According to this definition, Q~o is greater than unity 
when values of measured parameters increase as temperature in- 
creases, and smaller than unity (expressed as a fractional number) 
when measured parameters decrease as temperature increases. 
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Fig. 1. Schematic diagram of the 
experimental setup. Four 
microelectrodes, two at each side of the 
septal region, are introduced in the 
ateral axon at the 3rd abdominal 

ganglion�9 Each one of the 
microelectrodes could be selected to 
:inject current or to record membrane 
voltage. Two pairs of external electrodes 
placed on the axon, far from the 
ganglion, are used to elicit propagated 
action potentials. 

Results 

A. Temperature Effects 

1. Propagated action potentials. Figure 2A shows data 
obtained from an experiment performed after the 
nerve cord had been excised and placed in 
van Harreveld solution at 6 ~ for about 30 min. The 
pre-junctional action potential amplitude (filled cir- 
cles) shows an average value of about 102mV in the 
range 6-23 ~ hence it decays to 82 mV at 32 ~ The 
amplitude of post-junctional action potentials (open 
circles) is smaller at low temperature, reaches a maxi- 
mum of about 102mV around 15~ and then it 
decays as temperature is further increased. Figure 2B 
shows values of resting potential recorded by the 
same pre- and post-junctional electrodes. These data 
points were fitted, at middle range (10-25~ by a 
straight line with a slope of -0.45mV/~ (Q,o 
= 1.07). 

Table I shows values of minimum and maximum 
speed of propagation of action potentials obtained at 
6 and 31 ~ respectively. The speed of propagation of 
action potentials was calculated by measuring the 
distance between microelectrodes 1-2, 2-3, or 3-4 
(see Fig. 1), and dividing by the time interval required 
to reach half maximum amplitude of corresponding 
action potentials. These data points were fit by 
straight lines whose slopes are given in units of 
m/sec/~ Included in Table 1 is the calculated Qlo- 

2. Coupling parameters. We measured the effect of 
temperature on membrane voltage changes, both 
transient and steady state, that arise when current is 
injected on one side of the junctional area between 
two axons. Figure 3A shows that the magnitude of 
these voltage changes is nearly independent of tem- 
perature in the range 6-27 ~ The abrupt and partial 
uncoupling at 29~ seen in Fig. 3A does not occur in 
all preparations and frequently uncoupling is gradual. 
Data points fall along straight lines with slopes of 
0.05 and 0.07mV/~ (Qlo=1.08 and 1.12) for pre- 
and post-junctional recordings, respectively. The time 
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Fig. 2. Maximum amplitude of action potentials, propagating from 
anterior to posterior axon segments, and resting potentials as 
function of temperature. (A): Amplitude of pre- (filled circles) and 
post-junctional (empty circles with a+sign)  action potentials. In 
this experiment there were two post-junctional microelectrode 
recordings and empty circles with a+s ign  are average of measure- 
ments by these two microelectrodes. (B): Values of resting poten- 
tials for the same microelectrode recordings are shown. This 
experiment was conducted after the nerve cord had been placed in 
cold (6 ~ solution for about 30 rain. 

constants of these voltage changes are also slightly 
affected by temperature (Fig. 3B). Straight lines that 
fit these data points have slopes of -0.024 and 
-0.023msec/~ (Q~o=l/1.17 and 1/1.23) for pre- 
and post-junctional recordings, respectively. ]'he ra- 
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Table 1. Speed of propagation of action potentials at septal and 
two paraseptal axon regions as function of temperature ~ 

Anterior Septal Posterior 

rain max min max min max 
6~ 31~ 6~ 31~ 6~ 31~ 

A ~ P (m/sec) 3.60 8.50 1.20 9.35 4.20 21.50 
slope (m/sec/~ 0.17 0.28 0.62 
(Q-10) 1.67_+ 0.20 1.67_+ 0.18 1.41+ 0.15 

P--*A (m/sec) 2.40 10.90 1.80 9.05 2.50 17.4 
slope (m/sec/~ 0.30 0.26 0.53 
(Q-10) 1.54_+ 0.23 1.70_+ 0.19 1.26_+ 0.10 

a The table includes values for the two extremes in the tempera- 
ture range measured. A stands for anterior, P for posterior, axon 
segment. 

tio of these time constants has been plotted in Fig. 
3 C. In spite of scatter of the data, the relationship is 
nevertheless best described by a straight line (slope of 
-0.001msec/~ Thus, temperature dependence of 
steady-state, and time constant, values of voltage 
changes produced in response to intracellular current 
pulses is small. Furthermore, the near temperature 
independence of the ratio of post- to pre-junctional 
time contants suggests that these effects are pre- 
dominantly due to surface and not to junctional 
membranes. 

The data presented above, with a small tempera- 
ture dependence of coupling, suggests purely passive 
mechanisms. However, the possibility of some en- 
ergy-dependent process at the electrotonic coupling 
mechanism becomes plausible again after comparing 
our data with the experiments of Payton et al. (1969). 
These authors showed a high temperature depen- 
dence of coupling resistance of crayfish lateral axons 
( Q l o  = 1/3.1) when the temperature was changed ra- 
pidly. 

To directly compare our results and those of 
Payton et al. (1969) we have replotted in Fig. 4 data 
from their Fig. 3 (open circles) and calculations from 
the same data shown in our Fig. 3A (filled circles). 
We also cooled our preparation faster (about 8 min) 
than previously to facilitate the comparisons. Data 
points (stars) from these experiments show an in- 
crease in junctional resistance. Furthermore, if after 
slow cooling (filled circles) the axons are allowed to 
stay at about 5~ for more than 30min, the junc- 
tional resistance increases until it reaches values 
close to 10 x 105 fl. After uncoupling and recoupling 
has been obtained a first time by lowering and raising 
the temperature, subsequent exposure to low tem- 
peratures produces uncoupling at progressively higher 
temperatures. 

When rapid and slow cooling experiments are 

mV 

14- 

12- 
i 

10- 

8 "  

6 -  

4 "  

2-  

m s e c  

t 6  

1.4. 

1.2. 

1.0- 

0.8" 

0 0 
0 0 

A 
o 0000 o~176 :o ~176176 o 

0 o 0 ~  ~ 
0 

p r e  

�9 � 9  e �9 �9 �9 ~ e  I l l  o 

�9 �9 p o s t  

, , 2 ~ 0  ' , 10 15 2 5  3 0 ~  

e 

B 

�9 �9 

e 

0 0 

0 0 

e �9 

@ 

e 

�9 @ 

0 �9 

0 �9 �9 

0 O0 

0 0 

0 0 0 0 

0 

; 10 1; 

�9 e e  

I � 9  �9 

�9 * �9 " i ~ ' ~ O S +  
0 0 0 

O0 0 0 

o 0 0 0 0 0 

0 0 0 

O 0  

O0 Dr�9 
0 0  

O 

O 

2'o 2; 3'0 r 
1.6 �9 "" C 

1.4 �9 " " �9149 �9 �9149 

1.2 " " . "  " " , , , ' � 9  , � 9  " 

1.0 

' ' 2 ' 0  ' ' C 5 10 15 25 30 o 

Fig. 3. Membrane voltage changes produced by intracellularly 
injected current pulses as function of temperature. (A): Steady-state 
values of pre- (empty circles) and post-junctional (filled circles) 
recordings. (B): Time constants (l/e) of membrane voltage changes 
plotted in A. (C): The ratio of these post- to pre-junctional time 
constants. 

performed on the same axon, results show variability. 
In four out of six experiments we obtained results 
similar to those described above. In the other two 
experiments junctional resistance increased as tem- 
perature was lowered, irrespective of rate, in a way 
that resembled results from rapid cooling. This vari- 
ability seems independent of the sequence in wlhich 
experiments are performed. 

3. Junctional conductance. Three experiments were 
conducted in which the bath temperature was changed 
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Fig. 4. Septal resistance of crayfish 
axons as a function of temperature. 
Empty circles are data replotted from 
an experiment by Payton et al. (1969; 
"their Fig. 3). Filled circles were 
calculated from our data shown in Fig. 
3A, obtained by slow cooling, and stars 
are data points obtained by an 
intermediate rate of cooling. 

from 21 to 2~ in about 30min and maintained at 
2~ for as long as required to produce uncoupling 
of the axon segments. Junctional conductance values 
were computed from the current voltage relationships 
resulting from injecting slow (about 0.1pA/sec) 
ramps of current through one of the microelectrodes. 
Figure 5 shows results from one of these experiments. 
Junctional conductance (open circles) decreased as 
the nerve cord remains at low temperature. The filled 
circle indicates the value of junctional conductance at 
which the action potential stopped propagating 
across the junctional region. The right-most open circle 
is the theoretical limit of junctional conductance 
calculated for two closely apposed, but uncoupled, 
axons. Propagated action potentials recorded by two 
microelectrodes at each side of the junctional area 
demonstrate, first, the slowing of the speed of propa- 
gation (2), and then blocking at the junctional region 
(3). These effects are reversible, and rewarming to 
21~ restores junctional conductance to nearly con- 
trol values. 

B. Junctional Resistivity 

The junctional resistance was measured in experi- 
ments in which four microelectrodes, two at each side 
of the septal area, impaled the axons (Fig. 1). Square 
pulses of current were injected through one micro- 
electrode while the other three made simultaneous 

voltage recordings, with all four microetectrodes be- 
ing alternatively selected to inject current. Data from 
one axon segment was obtained by the procedure 
outlined below and similar steps were followed to 
calculate data for the other axon. The length constant 
(),) at both sides of the septum was calculated from 
the four sets of measurements obtained as each mi- 
croelectrode was used to inject current. For these 
calculations we took the membrane potential as a 
declining exponential on both sides of the injecting 
electrode. This approach is justified by anatomical 
studies demonstrating that the axons do not ter- 
minate at the septum (Johnson, 1924). 

z3,  =Ax3, +/(ln - ln  V2) (2) 

here A x is the distance between electrodes, subscripts 
indicate the recording electrode, and superscripts the 
current injecting electrode. All four microelectrodes 
were used to inject current and four values of ), were 
calculated, two for each axon segment. Table 2 shows 
the mean values of these calculations. 

Using those values of length constant, we ob- 
tained the voltage amplitude at a current injecting 
point (V 4, Eq. (3)) and the membrane voltage at the 
corresponding side of the septum (V~, Eq. (4)). With 
similar equations for the other axon segment, it is 
then possible to obtain the voltage drop across the 
septal area (A V~, Eq. (5)). 
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Fig. 5. Junctional conductance as a function of time when the 
temperature is changed from 21 to 2~ in the first 30min. The 
right-most point corresponds to the theoretical limit of junctional 
conductance, calculated for two closely apposed membranes (R m 
= 5 kQcm2). The filled circle signals time at which action potential 
propagation stopped at the junctional region. The middle part of 
the figure shows action potentials recorded by two microelectrodes 
at each side of the junction at the times specified by the 
corresponding number in the plot of junctional conductance. Note 
that the time scale is different for each group of action potentials. 
The lowest three records are current-voltage relationships recorded 
in response to intracellular injection of ramps of current. These 
ramps had a slope of 0.1 itA/sec. The time of their recording does 
not correspond with those of action potentials. 

Table 2. Cable parameters of crayfish lateral axons 

Anterior Posterior 

Input resistance, Ro (kfl) 46.83_+3.52 56.53_+2.94 
Length constant, 2 (mm) 0.80_+0.12 1.42_+0.32 
Septal resistivity, Rs (~)cm 2) 1.20_+0.30 0.43 _+0.09 

V 4 = Vr exp (A x3, 4./~3, 4) (3) 

V~ = V( exp (-- A x3, s/23, 4) (4) 

gs 4 = Vs 4 - -  V A .  (5) 

The voltage drop recorded by two ipsi-septal elec- 
trodes and the internal resistance (rl, f~/cm) between 
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Fig. 6. Axon parameters during fixation of the crayfish nerve cord 
with glutaraldehyde (3 %). Time 0 corresponds to the moment at 
which the drug begins to substitute the bath solution. (A): Mean 
resting potential (• measured by three microelectrodes (see 
diagram). (B): Mean amplitude (+SD) of the action polential 
measured by the same microelectrodes. (C): Steady-state amplitude 
of pre- and post-junctional voltage changes (see text for iqarther 
discussion). 

these two regions (with Ri=100f~cm; Watanabe & 
Grundfest, 1961) yielded an aproximate value for the 
axial current (is4, Eq. (6)) reaching the septum, and 
the septal resistivity (Rs, Eq. (7)). 

is4 = ( r ~  - -  Vs43)/r l d X s3 (6) 

R 4 = A A V~/is4. (71 

For these calculations the corrected synaptic area (A) 
was obtained as described in Discussion. 

Table 2 shows the results of those measurements 
and calculations obtained from 6 different experi- 
ments at a temperature of about 15 ~ 

C. Effect o f  Glutaraldehyde 

A drug currently used in electromicroscopy for fixa- 
tion of biological preparations, glutaraldehyde, pro- 
duces cell uncoupling (Bennett et al., 1972). Figure 6 
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Table 3. Membrane and septal resistances (xl03f/) before and 
after fixation with glutaraldehyde 

Anterior Septal Posterior 

Normal 85.2_+4.0 141.9_+ 30.0 92.6_+5.0 
Glutaraldehyde 65.5 _+ 5.0 2750.0_+ 214.0 39.2 _+ 2.0 

shows a plot of some axon parameters as function of 
time after glutaraldehyde (3 ~o) begins to replace the 
bath solution. Figure 6A shows mean values of rest- 
ing potential recorded by three microelectrodes (in- 
set, Fig. 6). As glutaraldehyde reaches the nerve cord, 
membrane potentials decrease by about 18 mV from 
resting values of -85mV.  Figure 6B shows maxi- 
mum amplitude of propagated action potentials being 
progressively decreased by glutaraldehyde. Figure 6 C 
shows steady-state amplitudes of membrane potential 
changes produced in response to injection of current 
pulses. These amplitudes decrease in all three record- 
ings; however, while post-septal voltages (V 1 and 1/2) 
are completely abolished, the pre-septal potential (V3) 
is only reduced. 

Measurements of potential changes before and 
after application of glutaraldehyde to nerve cords 
could also be used to obtain an independent value of 
the junctional resistance. Values for surface and sep- 
tal membrane resistances were obtained by a pro- 
cedure described by Watanabe and Grundfest (1961). 
This method, derived from analysis of the equivalent 
circuit for septated axons, consists in treating the 
junctional axon region as a ~ resistor network. In- 
jection of square pulses of current at both sides of the 
transversal section of the network (the junctional 
resistance), and voltage recordings at both axons, 
allows the utilization of the equations derived by 
Watanabe and Grundfest (1961, p. 284; see also 
Asada & Bennett, 1971). Results from these experi- 
ments are summarized in Table 3. 

Table 3 shows that pre- and post-septal mem- 
brane resistances decrease after fixation with glutaral- 
dehyde; however, the junctional resistance increases 
by a factor of about 20. Since glutaraldehyde pro- 
duced cell uncoupling, as we demonstrated previously 
(Fig. 6), values obtained after this drug reflect that 
resistance between uncoupled cells. Thus a septal 
resistance of 2750kf/, and a septal (not only junc- 
tional) membrane area of 14,130 ~tm 2 (see Dis- 
cussion), allow us to calculate a membrane resistivity 
of 400f/cm 2, slightly below the normal nonjunc- 
tional membrane resistivity (Cole, 1968). From the 
ratio of junctional resistances before and after glutar- 
aldehyde (19.3), the normal septal resistivity can be 
calculated to be about 20 f/cm 2. 

Alternatively, we can calculate the junctional re- 
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sistivity from values of junctional resistance obtained 
before glutaraldehyde fixation (Table 3), These va- 
lues, and our estimate of septal synaptic area (about 
500~tm2; see below), yield a junctional membrane 
resistivity of about 1 f /cm 2 in the coupled state. 

Discussion 

!. Effects of Temperature 

Data concerning the effect of temperature on axon 
and junctional parameters shows three clearly defined 
regions. At low temperatures (<10~ there is an 
increase in junctional resistance that can be observed 
as a partial block of propagated action potentials at 
post-junctional regions (Fig. 2A). At high tempera- 
tures (>  25 ~ there is also a decrease in aplitude of 
pre- and post-junctional action potentials (Fig. 2A) 
and of post-junctional voltage changes (Fig. 3A). In 
the middle range (10-20 ~ the amplitude of action 
potentials remains constant (Fig. 2A), and pre- and 
post-junctional voltage changes produced in response 
to injection of current pulses (Fig. 3A) are similarly 
unaffected. In this middle range, values for the Qlo of 
these voltage changes (1.1-1.2) are comparable to 
those obtained for junctional resistance (1.17; Fig. 4, 
filled circles) and also those calculated for axoplasmic 
resistance (1.3; Huxley, 1959). 

Data shown in Table 1 demonstrate that the 
speed of propagation of action potentials has similar 
temperature dependence at both sides of the junc- 
tional region. Thus, the smaller amplitude of action 
potentials recorded at post-junctional axon segments 
at low temperature (Figs. 2A and 5) is not due to 
differences in the axonai membranes and it probably 
depends on a partial block at the junction. Similar 
data shown in Fig. 5 demonstrates that variability in 
coupling resistance does not necessarily reflect vari- 
ability in propagation of action potentials across the 
septum, as these propagate up until the junctional 
conductance decreases below 1 x 10-6 ~-1 .  

Increase in coupling resistance at low tempera- 
tures suggests the presence of an energy-dependent 
component of the electrotonic synapse. This obser- 
vation agrees with data about the uncoupling effect 
of metabolic blockers (DNP) and prolonged low tem- 
perature on other low resistance junctions (Politoff, 
Socolar & Loewenstein, 1969). These results have 
been interpreted as due to changes in cytoplasmic 
calcium as a result of metabolic inhibition, and a 
similar explanation could account for our results at 
low temperatures. In contrast, effects of high temper- 
ature are probably not predominantly on junctional 
synapses, since similar effects can be observed in pre- 
and post-junctional propagated action potentials, al- 
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though  no t  necessar i ly  on vol tage  changes  in re- 
sponse  to current  pulses. 

Var iab i l i ty  in t e m p e r a t u r e  dependence  of junc-  
t ional  res is tance when pe r fo rming  r ap id  and slow 
cool ing  exper iments  on the same axon cannot  be 
easily expla ined.  La te ra l  axons  might  undergo  changes  
in their  me tabo l i c  s ta te  that  could  be re la ted  to 
a l t e ra t ion  in the cy top lasmic  ca lc ium concen t ra t ion  
(Rose & Loewenste in ,  1976) or  in in t race l lu la r  p H  
(Turin & Warner ,  1977). E lec t ro ton ic  uncoup l ing  af- 
ter axons  are  a l lowed to s tay in cold  so lu t ion  for long 
per iods  of  t ime could  also be due to the same mecha-  
nisms. However ,  it is wor thwhi le  to note  tha t  under  
these condi t ions  we have observed  widening  of  the 
space be tween cont iguous  axons, s imi lar  to tha t  ob-  
served under  o ther  condi t ions  (Pappas ,  A s a d a  & 
Bennett ,  1971). 

2. J u n c t i o n a l  R e s i s t i v i t y  

Values for specific septal  res is tance ca lcu la ted  in our  
exper iments  agree well with those  repor ted  for cray- 
fish axons  ( W a t a n a b e  & Grundfes t ,  1961) and  o ther  
e lec t ro tonic  synapses  ( F u r s h p a n  & Potter ,  1968; 
Br ink & Barr,  1977). However ,  as a l r eady  indicated,  
septal  a rea  is no t  a p r o p e r  measure  of j unc t iona l  
area, A n a t o m i c a l  da t a  clear ly shows tha t  the whole  
sep tum is no t  covered by synap t ic  contac t s  (Hama,  
1961; Zampigh i ,  R a m d n  & Duran ,  1978) and  be t te r  
es t imat ions  of  the synapt ic  m e m b r a n e  a rea  can be 
made.  W e  es t ima ted  a b o u t  20 " w i n d o w s "  at  a given 
septal  wall, a n u m b e r  that  comes  a b o u t  from 
measurements  of  the average  spacing between win- 
dows on m i c r o p h o t o g r a p h s  of thin sect ions of  the 
septal  area. A t  each one of these windows an axon 
sends a semic i rcular  p ro jec t ion  of abou t  4 g i n  in 
d iamete r  to its ne ighbor .  If  these pro jec t ions  were 
spher ica l  and  half  of  tha t  sphere  were covered  by  
synapt ic  regions,  the synap t ic  a rea  of those  20 
pro jec t ions  would  be 20 x 25 gm 2 =5001am 2. A cor-  
rec t ion factor  of  abou t  28 was in t roduced ,  y ie lding 
values for j unc t i ona l  resist ivi ty of abou t  0.4- 
1.2f~cm 2. Such smal l  values  for specific res i tance of  
e lec t ro tonic  junc t ions  have also been r epor t ed  in 
o ther  p r epa ra t i ons  (see Discuss ion  in Br ink  & Barr,  
1977), 

In  summary ,  the effects of t e m p e r a t u r e  on p a r a m -  
eters of ac t ion  poten t ia l s  and  coupl ing  mechan i sm 
are compa t ib l e  with the presence of cy top lasmic  
channels  of  c o m m u n i c a t i o n  be tween cells. The  d a t a  
also suggests tha t  a c o m p o n e n t  of these channels  is 
energy dependent .  
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