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Release of repetitive transient potentials and opening of 
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A concentration-dependent effect of Ba2 + on voltage-independent opening of K+ channels in Eremosphaera 
was examined. Low concentrations of external Ba2+ (10m2 mM) cause the release. of repetitive transient po- 
tentials. Higher concentrations of Ba2+, however, inhibit these Ba2+ -induced repetitive and also light-off 
triggered transient potentials. Experiments with different Ca2 + concentrations in the medium and the treat- 
ment with La3+ suggest the interaction of Ba2+ with Ca2 + channels and the participation of internal Ca2 + 

in the activation of K+ channels. 
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1. INTRODUCTION 

After light-off and addition of different 
chemical effecters the unicellular green alga 
Eremosphaera viridis shows a rapid transient 
change of membrane potential and conductance 
(transient potential, TP) [ 11. The peak of a TP cor- 
responds generally to the potassium diffusion 
potential (EK) and is independent of cations such 
as H+, Na+ or Ca2+ [2]. These TPs are caused by 
transient, chemical-activated and voltage-inde- 
pendent opening of K+ channels, which has been 
demonstrated by current- and voltage-clamp ex- 
periments [3,4]. The direction of ion fluxes across 
the plasma membrane is dependent on the relation 
of the membrane resting potential to EK. This 
paper describes the activating effect of low concen- 
trations of Ba2+ (low2 mM) on the opening of K+ 
channels in the plasma membrane of 

Correspondence address: K. Kohler, Botanisches In- 
stitut I, Universitlt Wiirzburg, Mittlerer Dallenbergweg 
64, D-8700 Wiirzburg, FRG 

Abbreviations: EK, Nernst potential of potassium; Em, 
membrane potential; TEA, tetraethylammonium; TP, 
transient potential 

Eremosphaera. At concentrations of about 1 mM 
Ba2+ is known to be a K+ channel blocker in 
animal and plant cells [S-7]. Furthermore, it is 
suggested that Ba2+ is able to replace Ca2+ as a 
physiological effector [8] or to interact with Ca2+ 
channels [9]. 

2. MATERIALS AND METHODS 

For the electrophysiological tests an algal cell 
(average diameter 145 ,um) was selected for impale- 
ment. As described in [ 1,2], continuous 
measurements of both the transmembrane poten- 
tial and the membrane resistance were carried out 
using the single-microelectrode technique. In order 
to determine the membrane resistance, a.c. pulses 
of 0.1 nA amplitude and 300-800 ms duration 
were used. 

The external medium contained (in mM): 0.1 
MgC12, 0.1 KNOj, 0.1 CaC12. The Ba2+ or Ca2+ 
concentrations were changed by adding the 
chloride salts of these cations. The pH was buf- 
fered at 5.6 with 2 mM Mes and the temperature 
was kept at 20 f 3°C. The flow rate through the 
probe chamber was 0.5 l/h. The light intensity was 
160 W/m2. 
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3. RESULTS AND DISCUSSION 

After addition of Ba2+ to the medium, 
concentration-dependent repetitive TPs in 
Eremosphaera were induced (fig.1). However, due 
to this effect two ranges of concentration must be 
distinguished (cf. table 1). 

3.1. Effect of low concentrations of barium 
Ba2+ concentrations of 5 x 10-4-10-2 mM 

(range I) cause complete repetitive TPs, 
characterized by peak-point values in the range of 
EK and a decline of the membrane resistance 
(fig.1). The duration and release probability of the 
TPs rise with Ba2+ concentration (table 1). At 
10m2 mM the average frequency of repetitive TPs 
is 0.6-0.8 TP/min. On removing Ba2+ from the 
medium the repetition subsides immediately. 
Release of Ba2+-induced TPs is also possible in 
darkness (not shown). The trigger rate of light-off 
induced TPs during BaZf treatment (table 1) seems 
to be increased (normal rate 50-60’70). Within this 

range of concentration Ba2+ has only an activating 
effect on the excitability of the membrane. The 
high sensitivity of the cell to activation by Ba2+ is 
independent of E,,, within the examined range of 
- 40 to - 160 mV as well as of the external K+ 
concentration (not shown). 

For this effect of Ba2+ two basic possibilities can 
be provided: 

(i) Ba2+ may be able to permeate via Ca2+ chan- 
nels [lo] and directly interact as a Ca2+-imitating 
ion with K+ channels [l l] or to induce a 
Ca’+-dependent internal signal chain (calmodulin, 
phosphorylation). However, generally Ba2+ can 
replace Ca2+ as a physiological effector only ineffi- 
ciently [8,12,13] and therefore an effective Ba2+ 
concentration of 10m3 mM seems to be very low, 
supporting this explanation. In addition, in 
Ca2+-free medium the release of Ba2+-induced 
repetitive TPs is suppressed (not shown). 

(ii) Consequently, an activation of Ca2+ chan- 
nels by Ba2+ seems to be more likely. This effect 
has also been discussed for the increased excitabili- 
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Fig. 1. Release of repetitive TPs by addition of 10e2 mM Ba2+ as a function of external Ca2+ concentration. An increase 

in Ca2+ concentration from 0.5 to 5 mM reversibly suppresses the repetitive TPs. Note the change of the time scale after 
20 min. All concentrations are given in mM, the light/dark programme is represented as white and black bars and all 
curves are redrawn from the original recordings. Before adding Ba’+, a light-off triggered TP was released for control. 

E,,,, membrane potential; r,,,, specific membrane resistance. 
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Table 1 

Characterization of transient potentials in dependence of different Ba2+ 
concentrations 

Range of Bai+ @IO release of Duration of Vo light-off 
effect (mM) Ba2+ induced repetition induced TPs 

TPs (min) after repetition 

I 5 x 1o-4 (12) 16.6 0.6-3 89 
5 x 1o-3 (13) 61.5 3-10 80 
5 x 1o-2 (20) 93.1 4-40” 80 

II 0.1 (12) 95.6 4-25 20 
0.5 ( qb 97 2-10 0 
1.0 (10) 100 2-3 0 
5.0 ( 6) 100 1 0 

a After max. 40 min Ba2+ was removed from the medium 
b Ba2+ concentrations >0.5 mM cause a depolarisation after addition 

The external Ca2+ concentration was 0.1 mM. Baa+, external Ba2+ 
concentration. Number of experiments in brackets 

ty of Paramecium on Ba2+ treatment [9]. A close 
connection of the effect of Ba2+ with the external 
Ca2+ concentration can be clearly seen in fig.1, 
where an increase in external Ca2+ concentration 
by a factor of 10 reversibly suppresses the 
repetitive TPs. The assumption of the participa- 
tion of Ca2+ channels is supported by the inhibi- 
tion of Ba2+ -induced repetition by La3+ (not 
shown), a well-known Ca2+ channel blocker [S, 141. 

Ca2+ and Ba2+ (table 1: 0.01 mM Ba’+, 0.1 mM 
Ca’+), whereas both ions can serve as activators 
and channel inhibitory substances [ 11,151. 

These results indicate an important role of Ca2+ 
within the releasing mechanism of TPs in 
Eremosphaera. In animal cells like neurons, mus- 
cle cells and erythrocytes, ‘calcium gated’ K+ chan- 
nels have been well investigated [ 171, whereas 
chemical activated and voltage independent K+ 
channels in plant cell membranes are not described 

3.2. Effect of high concentrations of barium 
Ba2+ concentrations of 0.1-5 mM (range II) 

have two effects: increasing probability of release 
of repetitive TPs by increasing concentration of 
Ba2+, connected with a strong decline in average 
duration of the repetition (table 1). Fig.2 shows a 
typical, rapidly subsiding repetition with in- 
complete TPs, whereas the decline of the peak 
points runs parallel with the increase in specific 
membrane resistance. The inhibition of repetitive 
TPs by Ba2+ can be explained by a direct block of 
K+ channels (cf. inhibition of light-off induced 
TPs by TEA [3]). Another possibility may be the 
disintegration of the internal reaction chain by in- 
flux of Ba’+. After the end of the repetition, no 
further activating effect is observed on increasing 
the external Ba2+ concentration in contrast to con- 
centration range I. 
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The activating optimum is determined by a Fig.2. Release of a short repetition of incomplete TPs by 
specific ion concentration relationship between addition of 1 mM Ba’+. For further details see fig.1. 
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so far. Recently, the activation of Cl- channels in 
Characaean cells during an action potential by 
Ca2+ ions was suggested [12,14,16]. 

The use of ion selective microelectrodes may 
provide further insight into the participation of 
Ca2+ within the function of K+ channels in the 
plasma membrane of Eremosphaera. 

ACKNOWLEDGEMENT 

This work was supported by the Deutsche 
Forschungsgemeinschaft, SFB 176 (Wurzburg). 

REFERENCES 

HI 

PI 

[31 

[41 

Kohler, K., Geisweid, H.-J., Simonis, W. and 
Urbach, W. (1983) Planta 159, 165-171. 
Kohler, K., Steigner, W., Simonis, W. and Urbach, 
W. (1985) Planta 166, 490-499. 
Kohler, K., Steigner, W., Kolbowski, J., Hansen, 
U.-P., Simonis, W. and Urbach, W. (1986) Planta 
167, 66-75. 
Forster, B., Kohler, K., Simonis, W. and Urbach, 
W. (1987) Planta, submitted. 

PI 

El 

171 

PI 

191 

DOI 

ill1 

WI 

P31 

1141 

USI 

1161 

1171 

Latorre, R. and Miller, C. (1983) J. Membrane 
Biol. 71, 11-30. 
Benham, C.D., Bolton, T.B., Lang, R.J. and 
Takewaki, T. (1985) Pfltigers Arch. 403, 120-127. 
Schroder, J.I., Raschke, K. and Neher, E. (1987) 
Proc. Natl. Acad. Sci. USA, in press. 
Hepler, P.K. and Wayne, R.O. (1985) Annu. Rev. 
Plant Physiol. 36, 397-439. 
Schultz, J.E., Pohl, T. and Klumpp, S. (1986) 
Nature 322, 271-273. 
Hess, P., Lansman, J.B. and Tsien, R.W. (1986) J. 
Gen. Physiol. 88, 293-319. 
lwatsuki, N. and Petersen, O.H. (1985) Biochim. 
Biophys. Acta 819, 249-257. 
Kikuyama, M. (1986) Plant Cell Physiol. 27, 
1461-1468. 
Kreye, V.A.W., Hofmann, F. and Mtihleisen, M. 
(1986) Pfltigers Arch. 406, 308-311. 
Tsutsui, I., Ohkawa, T., Nagai, R. and Kishimoto, 
U. (1986) Plant Cell Physiol. 27, 1197-1200. 
Armstrong, C.M. and Matteson, D.R. (1986) J. 
Gen. Physiol. 87, 817-832. 
Sanders, D., Hansen, U.-P. and Gradmann, D. 
(1986) in: Molecular and Cellular Aspects of 
Calcium in Plant Development (Trewavas, A.J. 
ed.) pp.415416, Plenum, New York. 
Petersen, O.H. and Harujama, J. (1984) Nature 
307, 693-696. 

354 


