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Single ion channels in the slime mold Dictyostelium discoideum 
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Single ion channels with different conductances and gating characteristics were observed in the plasma 
membrane of the slime mold Dictyostelium discoideum by means of the patch-clamp technique in the 
cell-attached mode. The predominant channel type shows outward current flow, probably carried by K + ions. 
The slope conductance of this channel is 9 pS and its probability to be open increases with depolarization of 
the membrane. The channel is observed from 1 to 8 h after the beginning of starvation. 

In animal cells, ion channels of the plasma mem- 
brane play a vital role in a variety of processes like 
nervous excitation, sensory transduction, excita- 
tion-contraction coupling and excitation-secretion 
coupling [1]. Very little is known, however, about 
the presence and function of ion channels outside 
the animal kingdom. The cellular slime mold, Dic- 
tyostelium discoideum, which lives as unicellular 
amoebae during its reproductive phase is regarded 
as an unique model to study morphogenesis and 
differentiation processes for its characteristic fea- 
ture to form a multicellular stage in the absence of 
nutrients [2]. The aggregation reaction of Dic- 
tyostelium cells involves oscillatory behavior [3-15] 
and it is suggested that ion fluxes across the 
plasma membrane are intrinsic components of this 
oscillator system [12-14]. We have applied patch- 
clamp techniques [16] to analyze the role and the 
mechanism of ion transport in the plasma mem- 
brane of Dictyostefium. Predominantly a voltage- 
sensitive outward rectifying ion channel was ob- 
served, which has a slope conductance of about 9 
pS in the cell-attached mode. The current flow is 
outward at membrane potentials more positive 
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than the resting potential and it is proposed that it 
is carried by potassium ions. 

After the formation of a giga-seal between the 
recording pipette and a Dictyostelium cell very 
often spontaneous current fluctuations like that 
shown in Fig. 1 were observed which are interpre- 
ted as opening and closing of single ion channels. 
The current flow is outward and the amplitude 
and the frequence of the current fluctuations in- 
crease if the membrane is depolarized (Fig. 1). 
Even with prolonged depolarization, this channel 
is not desensitized or inactivated. The results re- 
ported here were obtained in the 'cell-attached' 
configuration with solutions of Ca2+-salts in the 
pipette and in the bath, which leads to seal resis- 
tances of 10-40 G~2. No seals of this magnitude 
were achieved with K + or Na + as electrolytes. 
Channel activity disappeared after disruption of 

the patch from the cell. Fig. 2 shows the relation 
between the channel amplitude and the applied 
potential. It should be noted that the absolute 
membrane potential is not known. The current- 
voltage relation is non-linear with a slope conduc- 
tance of 15 pS measured in the linear part of the 
curve. With C1- as the anion, the mean slope 
conductance is 9_+ 1.9 pS (Y_+ S.D., n = 22). 
Within experimental error it is independent from 
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the anion in the pipette: it is 8_+ 1.8 pS (n = 3) 
and 7 4- 2 pS (n = 2) with cyclamate and acetate-,  
respectively. As the slope conductance is largely 
independent of the anion in the pipette, it seems 
likely that the outward current is carried by an 
efflux of cations out of the cell and not by an 
influx of anions into the cell. The most abundant 
cation in the Dictyostelium cell is K + [14,17]. 
Therefore we suggest tentatively that the current is 
carried by K + ions. Reversal of the current flow of 
this channel type was not observed, possibly be- 
cause there was no K + in the pipette. The 
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Fig. 1. Stationary patch-clamp recordings of discrete current 
fluctuations (ion channels) from a Dictyostelium cell in the 
cell-attached mode at different membrane potentials. The cur- 
rent flow is outward and the amplitude rises with increasing 
depolarization as well as the probability to be in the open state 
(o, open; c, closed). Bandwidth 150 Hz; solution 10 mM 
CaCI2. The deviation from the unknown resting potential is 
indicated for each trace. A positive sign indicates a depolariza- 
tion. The patch contained 1 channel; t45 (see below). Meth- 
ods: Dictyostelium strain Ax-2 was cultivated as described 
before [10]. To induce differentiation the cells were washed and 
resuspended in Sorensen phosphate buffer pH 6.0 (density 
about 10 v cells per ml) and shaken at room temperature. The 
stage of differentiation is defined as t,,; n, number of hours 
after the removal of nutrient. For measurements, 20 ~tl of the 
cell suspension were diluted in 1 ml test solution. Identical salt 
solutions were used in the bath and in the pipette. Solutions: 
10 mM CaCI 2 or 10 mM calcium-acetate 2 or 10 mM calcium 
(cyclamate) 2 plus 1 mM Hepes (pH 7.0). Temperature 21 to 
22°C. The pipettes were made from hematocrit capillary tubes. 
In the evaluated experiments, the seals remained stable for 10 
to 30 rain. Currents were recorded with an EPC-7 amplifier 
(List Electronic, Darmstadt, F.R.G.) and stored on magnetic 
tape (Racal Store 4D). For analysis the records were replayed 
at reduced speed on a strip chart recorder and digitized (HP9111 
digitizer). Low-pass filtering was performed with a KROHN- 
HITE model 3321, 24 dB/octave. 

determination of the slope conductance suffers 
from the non-linearity of the current-voltage rela- 
tion and the unknown membrane potential. The 
membrane potential of a cell may change during 
an experiment, caused either by degradation of 
the cell or by an oscillating membrane potential 
related to oscillatory K + fluxes [14]. Preliminary 
evidence for oscillatory behavior was obtained in 
some experiments which showed a slow decline 
and later increase of the amplitude of the single- 
channel current. 

The distribution of open times of this ion chan- 
nel type can be described by a single exponential 
function (Fig. 3a). The amplitude distribution of 
the current fluctuations is shown in the inset of 
Fig. 3a. The distribution of the closed times needs 
at least two exponential functions to be fitted 
(Fig. 3b). This indicates a channel with at least 
two closed states. The lifetime of the open channel 
as well as its probability to be open increase with 
depolarization. Fig. 4 shows the voltage-depen- 
dence of the channel lifetime and of the open 
probability. The channel lifetime increases from 
41 ms at A V = 0  to 156 ms at AV= +80 mV, 
while the open probability increases from 0.07 to 
0.95. This indicates that besides the closing rate 
constant transitions between closed states are volt- 
age-dependent. The density of active channels is 
low: a rough estimate gives about 1 channel per 
/~m 2. In 70% of the experiments, no channel activ- 
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Fig. 2. Voltage-dependence of single-channel current. The lin- 
ear part of the current-voltage relation has a slope conductance 
of 15 pS. The bars indicate the standard deviations. The 
number of events were between 73 and 235. Same experiment 
as Fig. 1. 



289 

200 

150 

g 

100 
o 

0 
c 

50 

a 

&V = 30 mV 
r=61 ms 

150 

g !00 
> 

"8 

o so I I 

step size (DA) 

100 200 300 L00 500 

channel lifetime (ms) 

ul 

c 

g 

6 
c 

z.00 

300 

200 

100 

59 

o 2o 

o' 
o 

T : 6 4 m s  

L , ~ 7  

100 200 300 .0'2 533 

AV : 30 mV 

0 i i - i  i i 

0 100 200 300 400 500 
closed times (ms) 

Fig. 3. Channel lifetime and closed time. (a) Distribution of the channel lifetime at AV = + 30 mV. The dotted line indicates an 
exponential function with a time constant of 61 ms. The inset shows the amplitude distribution at ,.IV= +30 mV. The patch 
contained one channel. Solution 10 mM CaCI 2, bandwidth 200 Hz, 21 °C, t 33. (b). Distribution of closed times. The closed times can 
be subdivided into two classes. One with a time constant of less than 10 ms and a second with a time constant of 64 ms. The inset 
shows the distribution used to fit this second exponential function. For the fit the closed times shorter than 10 ms were omitted. Same 
experiment as Fig. 3a. 

i ty  was  o b s e r v e d  a f t e r  success fu l  f o r m a t i o n  of  a 

seal ,  a n d  o n l y  o n e  ac t ive  c h a n n e l  was  o b s e r v e d  in 

60% of  the  r e m a i n i n g  e x p e r i m e n t s .  T h e  p h y s i o -  

log ica l  f u n c t i o n  of  the  d e s c r i b e d  ion  c h a n n e l  h a s  

to  b e  c la r i f i ed .  I t  h a s  b e e n  o b s e r v e d  at  all  s t ages  of  

a g g r e g a t i o n  b e t w e e n  1 a n d  8 h a f t e r  the  b e g i n n i n g  

o f  s t a r v a t i o n  a n d  the  p r e s e n t  d a t a  d o  n o t  i n d i c a t e  

a c o r r e l a t i o n  b e t w e e n  o n e  of  the  c h a n n e l  p a r a m e -  

te rs  a n d  the  s t age  of  d i f f e r e n t i a t i o n .  A ne t  r e l ease  

o f  a b o u t  10 9 K + i ons  p e r  cell  p e r  ra in  was  o b s e r v e d  

a f t e r  s t i m u l a t i o n  w i t h  c A M P  at  s t ages  t 6 or  l a t e r  

[14]. U p  to  n o w  we d i d  no t  o b t a i n  u n e q u i v o c a l  

e v i d e n c e  for  a n y  e f fec t  o f  c A M P  o n  the  c h a n n e l  

ac t iv i ty ,  b u t  a K + re l ease  of  th i s  m a g n i t u d e  c o u l d  

b e  eas i ly  a c h i e v e d  b y  a s m a l l  i n c r e a s e  of  the  o p e n  

p r o b a b i l i t y  of  the  ion  c h a n n e l  d e s c r i b e d .  T w o  

o t h e r  types  of  c u r r e n t  f l u c t u a t i o n  were  o b s e r v e d  

o c c a s i o n a l l y :  i n w a r d  c u r r e n t  f l u c t u a t i o n s  a c t i v a t e d  

b y  n e g a t i v e  m e m b r a n e - p o t e n t i a l s ,  w h i c h  were  seen  

in t he  c e l l - a t t a c h e d  m o d e ,  a n d  a s m a l l  i on  c h a n n e l  

o c c u r r i n g  in exc i sed  p a t c h e s  w i t h  s y m m e t r i c  

CaC1 z -so lu t ions .  

T h e  c o n d u c t a n c e  of  o t h e r  K + c h a n n e l s  ex-  

a m i n e d  b y  t he  p a t c h - c l a m p  m e t h o d  va r i e s  be-  

t w e e n  5 a n d  seve ra l  h u n d r e d s  of  pS  [18]. T a k i n g  

i n t o  a c c o u n t  t he  d i f f e r e n t  i on i c  c o n d i t i o n s  of  

m e a s u r e m e n t s  the  Dictyostelium c h a n n e l  is in  the  

r a n g e  of  t he  ' s m a l l '  t ype  of  K + c h a n n e l s  [18] a n d  

c o m p a r a b l e  to  K + c h a n n e l s  d e s c r i b e d  in p l a n t  

cells  [19]. R e c e n t l y ,  we f o u n d  a bas ic ,  c A M P - i n d e -  
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Fig. 4. Voltage-dependence of the channel lifetime and the 
probability to be in the open state. The channel lifetime 
increases from 40 ms at AV = 0 to a saturating value of about 
160 ms at AV = + 80 inV. Closures shorter than 3 ms were not 
taken into account. The probability to be open increases from 
about 0.07 at AV= 0 to 0.95 at ,~V= +80 mV and decreases 
at AV = +90 mV to 0.78. The open probability in a patch with 
one active channel was calculated by the ratio of the time 
which the channel spent in the open state to the total time of 
the measurement. Same experiment as Fig. 1. 
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pendent Ca 2+ oscillation in Dictyostelium (Bu- 
mann, J., Malchow, D. and Wurster, B., unpub- 
lished data). Ca 2+ oscillations may arise due to 
voltage-gated Ca 2+ influx and subsequent Ca z+- 
activated K + efflux as has been suggested for 
example for pacemaker neurons of Aplysia [20]. 
The voltage-dependent K + channel described here, 
as well as the occurrence of K + oscillations in 
DictyosteOum [14], raise the possibility that a simi- 
lar membrane oscillator exists in Dictyostelium. 

We thank Dr. E. Bamberg for helpful criticism 
of the manuscript. D.M. is supported by the 
Deutsche Forschungsgemeinschaft,  Sonderfor- 
schungsbereich 138. 
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