186

Biachimica et Biophysica Acta, 983 (1989) 186-192

Elsevier
BBAMEM 74509
The membrane potential of the cellular slime mold Dictyostelium
discoideum is mainly generated by an electrogenic proton pump
Bert Van Duijn and Sake A. Vogelzang
p of Physiology and F Physics, and Cell Biology and Genetics Unit, Zoolagical Laboratory. Leiden University,
Leiden (The Netherlands)
(Received 27 December 1988)
(Revised manuscript received 12 April 1989)
Key words: Membrane potential; Proton efflux; Electragenic protan pump; Potassium ion/prolon cotransport;
i (D. )
‘Trans membrane potential or iomc currem changes may play a role in signal ds and diff in the
cellular slime mold Dy li il ‘Theref: the ibution of el ic fon pumps to the membrane

ial of D. discoids tigated. The

cells was i

peak-value of the r;pld potential transient, seen upon

microelectrode impalement, was used to detect membranerpotentlal changes upon changes in the external pH in the
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Introduction

The cellular slime mold Dictyostelium discoideun llves
in the soil as amoebae, feeding on bacteria. E

towards a p vole for the proton

known about the electraphysiological properties of Dic-
tyostelium and the role of these properties in signal
transduction and differentiation.

of the food supply induces periodic secretion of cyclic
AMP (cAMP). cAMP acts as a ct for

A boid cells of D. live under various
i ionic diti To prevent large
i1 jons in b ial and i ion

neighboring cells which relay the signal. This process
leads to aggregation and develcpment to 2 multicellular
organism [1,2). D. discoideum is regarded as a good
model to study hormone signal transduction, morpho-
genesis and differentiation processes [3—5). Ions and ion
fluxes may play a role in signal transduction and differ-
entiation in Dictyostelium [6-14]. However, little is

ADA, N2~ lido]-2-imi ic acid: DES. di-
ethylstilbestrol, [H* ], external H* concentration; Hepes, 4-(2-hy-
1-pi i Ifonic acid; Mes, 4-marphaline-

ethanesulfonic acid.
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concentrations due to changes in the extracellular jonic
conditions, electrogenic ion pumps may play an im-
portant role in the ungm of the membrane potential,
The i 1 ation in D, dis-
coideum is about 50 mM [6911] A previous sludy
showed that at an
of 50 mM still a large negative membrane potential is
present {15]. Hence, despite a dependency of the mem-

hrane p 1 on ex 1l was found,
these measuremems suggest that a large part of the
it might be d by an electro-

genic jon pump [15]. In the non-cellular slime mold
Physarum polycephalum the membrane potential is
mainly determined by an electrogenic prolon pump [16),
as is the case in plant cells (see, for example, Refs. 17
and 18), other fungi [19-21) and yeast cells (see, for
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example, Ref. 22). Biochemical investigations indicate
the presence of an electrogenic proton pump in D.
discoideum (23,24] which probably plays a role in stalk
cell differentiation [12,13] and cAMP signal transduc-
tion [25). Other ion d d plasma t
ATPases have also been demonstrated in Dictyostelium
[26-28).

Knowledge of the origin of the membrane potential
of Dictyostelium may help to resolve the role of ions
and ion fluxes in signal duction and dif}
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rapid depolarization of the membrane potentiai. This
depolarization is caused by the introduction of a micro-
electrode-induced shunt resistance (15,30}, Therefore, no
rcliable stationary membrane potential measurements
can he made in D. discoideum cells {15]. However.
analysis of the negative-going potential transient seen in
the first millisecond after microelectrode impalement
has shown that the peak value. E,, of this transient
(Fig. 1) cun be used as a reliable indicator of the true

tion. The method used in the present study to measure
membrane potentials [15] has revealed part of the origin
of the t P ial in Dict fiwm and pro-
vides possibilities for future investigations of the role of
membrane electrophysiological properties in signal

duction and diff ion. In this paper we report
that the electrogenic ion pump, suggested by previously
reported experiments [1:, contributes largely (> 60%)
10 the membrane p ial and is a DES itive elec-
trogenic proton pump. The experiments suggest a role
for potassium in the membrane potential of Dic-
tyostelium.

Materials and Methods

Cell culture
Cells of D. discoideun NC-4 (H) were grown in
association with Escherichia coli 281 as described [15]).

resting \ ial before impal [15.30).
Consequently. the value of £, was used as an indicator
of the membrane potential of D. discoideum. rather than
the semi-stationary depolarized potential E, (Fig. 1).

Measurements were carried out at room temperalure
unless specified otherwise. For measurements at 3-4°C
the bath was continuously perfused with cold saline
solution. Potential values are expressed as means + S.E.
with n=number of cells. Differences between mea-
sured values were tesied with the Student's s-test (95%
level).

H *-efflux measurements

Far measurements of H* efflux during recovery from
cyanide poisoning cells were incubated for 10 min in 10
mM sodium/ potassium phosphate buffer (pH 6.5) sup-
plemented with 1 mM KCN. Thereafter, cyanide was
remaved by centrifugation for 1 min at 150 % z and

Cells were harvested before clearing of the bacterial
lawn occurred and washed free of bacteria three times
by centrifugation at 150 X g during 2 min in cold 10
mM sodium/ potassium phosphate buffer (pH 6.5). Cells
in ion were d ited on glass lips (with a
thickness of 0.17 mm) at a density of about 5-107
cells /em?, and used within three hours.

For t ial the glass
cover slips, with adhered cells on it, were attached to a
teflon culture dish which permitted measurements un-
der 100 X objective magnification [29] Membrane
potentials were measured with fine-tipped open-ended
glass microelectrodes filled with 3 M potassium chlo-
ride. Mi 1 des had ranging from 14
Mohm to 71 Mohm and were capacitively compensated.
Rise time (i€, the time to reach two-thirds of the
potential response upon a current pulse) of com-
pensated microelectrodes was 37 5 (S.E. = 3.6 ps, n=
43). For microelectrode impalement of cells a piezo-
stepper device was used [15]. Furthermore, potentials
were recorded as described [15), except for the storage
of signals, which was directly on a digital storage
oscilloscope (Nicolet 3091), and thereafter displayed on
paper with a X-Y recorder (Hewlett-Packard 7035B).

D. discoideum cells are relatively small (di <10

on of the cell pellet in non-buifered
Na /K‘mlme solution (27 - 107cells/ml). Directly after
resuspension the extracellular pH in the continuously
stirred suspension was measured. H* effiux per cell was
calculated from ApH. Correction for passive H* efflux
was made by measurement of the extracellular pH after
resuspension ol the cell pzllet in  non-buffered
Na~ /K *-saline solution with ! mM KCN. and subtrac-
tion of this H* efflux from the H” efflux measured
without CN ~ in the suspension.

Composition of solutions

All chemicals were obtained from Sigma Chemical
Co., St. Louis. MO, US.A.. unless specified otherwise.
For control experiments cells were bathed in a
Na*/K *-saline solution composed of 40 mM NacCl. 5
mM KCL 1 mM CaCl, and 5 mM Hepes (pH 7.0).
Experiments at different extraceltular pH values were
performed in Na'/K *-saline solution with various
organic buffers (ADA. Hepes and Mes) dependent on
the pH value desired. as welil as with Na,/K-phosphate
buffered Na~ /K *-saline solution.

The K*-free saline solution was the Na*/K “-saline
solution without addition of KCL Solutions containing
DES (Merck. Darmstadt. F.R.G.). zearalkenone and
miconazole were prepared just before use from 40 mM
DES, 50 mM zcaralenone and 10 mM miconazole

pm). Due to this smali size, impalement of cells causes a

stack-sol s in ethanol respectively. E, and E, val-
ues measured in cells bathed in Na* /K *-saline solution
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with 0.1% (v/v) ethanol (DES solvent) were not differ-
ent from control measurements (data not shown).
Potassium cyanide containing solutions were made just
before use. Na® /K "-saline solutions with 1 mM sodium
orthovanadate or with 1 mM thimerosal (Serva Fein-
biochemica, Hcidelberg/New York. FRG./USA)
were freshly made before use. Na’ /K *-saline solutions
with ouabain, also, were freshly made before use.

Results

The membrane potential of D. discoideun cells prob-
ably is largely generated by electrogenic ion pumps [15].
e.g. proton pumps, calcium pumps and sodium/
potassium pumps. The experiments to be reported here
have been directed towards establishing of a possible
role for proton pumps in generating the membrane
potential of D. discoideum.

Measurement of the resting membrane potential

Upon impal of a D. cell a rapid
negative going potential transient is seen (Fig. 1) (15]. In
Na‘/K *-saline solution the mean of the peak value.
E,. was —27.2 mV, while the mean value of the semi-
stationary potential E, was —5.4 mV (Tables I and I).
Using the analysis reported previously [15] it can be
concluded that E, is about 30% of the true resting
membrane potential, E,, of D. discoideum. Although
£, is an underestimation of the true membrane poten-
tial, it can be used as the best estimation for the
d ion of P ial changes. Mathematical
analysis of the peak-potential transient [15,30] has shown
that the ratio between the measured £, and the true £,
does not depend on the value of E, (e, E, is a

P
proportional undcrestimation of E_). Therefore, E,

10 my

S

Fig. 1. Two potential transients messured wpon microelectrode im-

palement of D. discoideum cells bathed in Na ' /K ‘-saline solution

with pH 7.0 and 6.0 (buffered with Hepes and ADA, respectively;

transient at pH 6.5 indicated by *). The peak-value of the potential

transient, £, is regarded as a more reliable measure for the resling

membrane potential, E,, prior lo impalemeni than the semi-sta-
tionary potential E,.

TABLE I

£, and E,, values for D. discoideum cells bathed in Na */K *-saline
solutions with various buffers at room iemperature, unless stated ather-
wise

Buffar 1ype Ey SE. E, SE. n
(my) (mV) (mV) (mV)
Hepes, pH 7.0 * -253 15 -55 03 124
Phosphate, pH 7.0 * —-314 38 -64 09 17
ADA,pH 60 " -106 0.7 -74 06 61
Phosphate, pH .0 " -97 09 -54 05 32
Hepes,pH 7.0at3-4°C  —169 1.3 -78 06 3

* Differences in E,, and £, hetween Hepes and phosphaie-buffered
solution (pH 7.0) are not significant,

" Differences in E, and £, between ADA and phosphate-buffered
solution (pH 6.0) are not significanl.

was used to study the effect of extracellular factors on
the membrane potential of D. discoideum. 1t should be
noted that E,, the semi-stationary potential, is not
always a good estimate of E,. For example, Fig. 1
demonstrates that membrane potential changes are visi-
ble in £, but notin E,.

Effect of extracellular pH

To establish a role for a possible proton pump in D.
discoideum, measurements have been performed in cells
bathed in Na*/K*-saline solution with different pH
and different buffer types (Fig. 2). Measurements of the
rapid potential transient upon impalement (Fig. 1) un-
der various external pH revealed a dependency of the
membrane potential on the extracellular pH. Fig, 2
shows, with E, as an indicator of E, that the mem-
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Fig. 2. The dency of the patential on the b

lar pH (pH,). The biological buffers Hepes (pH 7.0, 7.5 and 8.0).
ADA (pH 6.0 and 6.5), Mes (pH 5.5} as well as Na/K phosphate
buffer (pH 7.0 and 6.0) in Na*/K *-saline soluticn were vsed. The
peak-value £, (see Fig. 1) serves as a good indicator of the true
membrane polential. £, is the semi-stationary potential of the im-
paled cell. The points represent the average of 33, 110, 29, 141, 60 and
36 measurements for pH, 5.5 to 8.0, respectively. Bars represent S.E.
of these values. The dashed line is the equilibrium polential { £+ } for
protans (based on an intracellular pH of 7.5 {25]) as would be

measured as £, values (30% of the actual values).

€.E, (mV)
3




[en] (M

107 10* 16

o FAr—F——F—F—F

%

pr—

E, tmv)

-l

189

e tumy

€. tmv)

¥
I

-8l

Fig. 3. Dependence of the resting membrane potential on the chain phosphorylation inhibiting agent eyanide (CN 7). Points represent the average

value of 220, 32, 97. 22 and 10 measurements at 0 to 10* pM CN ~ concentrations in Na */K "-saline solution, respectively. Bas represent S.E. of

these values. (A) The peak value (£;) of the rapid impalement transient as a function of the CN * concentration. (B) The semi-stationary patential
(Ey) of the imputed cells us a function of the CN ™ concentration.

brane potential depolarizes with decreasing pH below
7.5. Acid-induced changes in E, yielded a response
between 13 and 19 mV/[pH*], decade. External pH
larger than 7.5 does not induce a further hyperpolariza-
tion but a depolarization. Fig. 2 shows the external pH
effect on E, as well, which is hardly detectable. This
weak dependency of E,, as d with £, on the
external pH is consistent with the earlier finding that
the potential £, is mainly determined by the microel

depolarization can be measured directly after perfusion
with cyanide-coniaining Na*/K “-saline solution (i.e..
within 1 min). Recovery from KCN-induced depolariza-
tion was present within 15 min after washing the cells
with normal Na* /K "-saline solution. Additionally. the
effect of CN~ on the membrane potential was also
clearly visible in the semi-stationary potential E,. as
shown in Fig. 3B. Perfusion of the bath with 10 mM

trode-induced shunt resistance [15].

To exclude buffer-type effects, biological as well as
Na/K phosphate buffers have been used. Measure-
ments with ADA-buffered solution (pH 6.0) did not
give different potential values as compared with Na/K
phosphate-buffered solution (pH 6.0} (Table I). This is
also true for Hepes-buffered solution (pH 7.0) as com-
pared with phosphate-buffered solution (pH 7.0) (Table
n.

The effect of different external pH on the membrang
potential was measured within 1 min after replacement
of the Tlul tution. M directly after
changing extracellular solution showed no different E,
values as compared with measurements 15 min after
solution change. The effect of changing membrane
potentials with changing external pH, as shown in Fig.
2, is present for changes from high 10 low pH as well as
for changes from low to high pH (data not shown).

Effect of bolic inhibition and temp

The effect of the respiratory chain blocking agent
cyanide (CN~) on the membrane potential was studied.
Exposure of cells to CN™ rapidly decreases the intra-
cellular ATP levels {16]. Therefore, CN~ can be used to
illustrate the energy dependency of cellular processes.
Fig. 3A shows the effect of various extraceltular CN~
concentrations on Ep, reflecting the effect on the mem-
brane p ial - i farger than 0.1
mM induce a of the L This

CN™ ¢ ini Na*/K*-salive solution caused a
swelling of cells within 5 min.

To show a correlation between membrane hyper-
polarization and H* efflux we measured external pH
during recovery from CN~ poisoning in cells bathed in
non-buffered Na * /K *-saline solution [31]. Fig. 4 shows
that during recovery from cyanide poisoning protons
are pumped o of the cells, which indicates the pres-
ence of -n ATP-dependent proton pump in the plasma
membranc of Dictyostelium.

<0107
4

W efflux (mol fcelis pers)

Time {min}

Fig. 4. H " efflux {mol /cell per s} during recovery from CN  poison-

ing corrected for pa H* efflux (see Materials and Methods).

After treatment with CN ~ cells were resuspended at 1= 0 in non-

buffered Ma “/K *-saline solution and the extracellular pH was

measured. The experiment was performed in three different cell

cultures with equal results. The figure shows one representative ex-
periment.
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Fig. S. The peak value (E,) of the rapid impalement transicnt as a

function of the DES concentration in Na*/K *-saline sofution. Each

point represent the average value of 144, 35, 45. 23 and 18 measure-

ments for DES concentrations of 0 1o 40 pM, respectively. Bars
represent S.E. of these values.

Temperature decrease reduces the activity of most
enzymatic reactions. Therefore, the ion fluxes generated
by many ion pumps are temperature dependent. De-
crease of the bath saline solution temperature froin
about 21 to about 3°C did result in a significant but
not complete depolarization of the membrane potential,
as indicated by the mean E, value measured (Tvhle I).

Effect of ion pump blocking agenis

The effect of various ion pump blocking agents on
the membrane potential was studied.

Fig. 5 shows the depolarizing effect of the proton
pump blocker DES [21]. DES concentrations larger
than 15 M in Na*/K*-saline solution induce a de-
polarization of the membrane potential. Directly after
addition of DES to the bath solution {Le., within 1 min}
the depolarizing effect was present. On a larger time
scale (10-20 min) DES induces also swelling of cells.

Proton pumps which can be blocked by DES also are
sensitive to Jate [21,23,27], 1 [13] and

TABLE I

E, und E, values for D. discoideum cells bathed in Hepeo-v . ffered
Na /K " -saline solution (pH 7.0; Conirol) at room iemperatire with
different additins as indicated *

Additions E, S.E. E, &.E. n
{my) (mV) (mV) (mV)

Control -2%9 1.7 =52 04 8%

30 M miconazole -83 12 -39 06 27
0.5 mM zearalenone -80 13 -36 D4 25
1 mM vanadate —314 22 -62 0.6 47
1 mM thimerosal -349 33 -72 08 38
2 mM ouabain -283 28 -66 13 10

* Differences in E, and E, between contro! solutions and solutions
with inhibitor arc not significant, except for the £, and £, values
af miconazole- and zearalenone-treated cells, and the E,, value of
thimerosal-treated cells.

TABLE 11

E, and E, values for D. discoideun cells bathed in Hepes (pH 7.0)- and
Mes (pH 5.5)-buffered K * free saline solution.

pH and additions E, S.E. E, S.E. n
mV)  (mV) (mV) (mV)
pH70 —209 10 —65 04 ]7
pH S5 -179 09 65 05 63
pH 7.0+40 uM DES -42 10 -21 07 11

miconazole [13,23]. Miconazole and zearalenone both
depolarized the membrane potential (Table 11). E, val-
ues measured in cells bathed in 1 mM vanadate in
Na* /K *-saline solution, however, were not different as
compared 1o control measurements (Table II).
Thimerosal inhibits some plasma membrane ATPases in
Dictyostelium {24,26,27}. E, values measured in cells
bathed in Na'/K'-saline solution with 1 mM
thimerosal, which is effective in biochemical studies,
were not different from control measurements (Table
II).

Ouabain, a well known blocker of the electrogenic
Na*/K* pump in animal ceils, also had no effect on
the membrane potential of D. discoideumn (Table 11} in
concentrations which are effective in animal cells.

Role of external potassium

The experiments show that the membrane of D.
discoidewm can be almost completely depolarized by
proton pump inhibition. Other experiments, however,

di a role for p ium ions origi the mem-
brane potential {15]. In Neurospora cells [31,32}, and
probably also in other non-animal eukaryotic cells, a
H* pump and a high-affinity transport system, that
carries K* inward in cotransport with H*, work to-

gether to maintain the i llular pH near y
Some experiments in K™-free saline solution have been
done to i igate a possible role for p in the

function of proton pumping in Dictyostelium.

Results of the experiments with cells bathed in K™
free saline solution deviated from the results obtained
from cells bathed in normal Na*/K-saline solution
with respect to the acid-induced membrane depolariza-
tion. Cells bathed in K*-free saline solution did not
show a large membrane depolarization when the ex-
tracellular pH was changed from 7.0 to 5.5 (Table III).

App 1 Hular p ium is required for
the acid-induced depolarization. However, cells bathed
in K*-free saline solution (pH 7.0) still showed a mem-
brane depolarizing response upon addition of 40 uM
DES (Table 111). This indicates that the membrane
potential in K *-free saline solution still is generated by
an elecirogenic proton pump.

ly, ext pc



Discussion

n the present study rapid impalement potential tran-
sient measurements were used to esiablish that an elee-
trogenic proton pump largely contributes to the mem-
brane potential of D. discoideum cells. The mean peak
value of the impalement transient, £, measured in cells
bathed in Na*/K*-saline solution (pH 7.0) is more
negative than the previously reported value (about — 19
mV) [15]). The use of electrodes with a smaller rise time
(rise time in previous report about 45 ps [15]) which
cause a smaller microelectrode-induced shunt as well (as
indicated by a more negative E,, value) will be the main
reason for the more negative £, values in the present
report.

Analysis of potential 5]
indicates that in the present experiments E; is about
30% of the true membrane potential, E;, (ie. E, is
about —90 mV in Na*/K*-saline solution).

The b p ial in cells with
different extracellular pH values reveal that the mem-
brane potential is strongly pH dependent (Fig. 2). Be-
cause E, is about 30% of E, a dashed line has been
drawn in Fig. 2 showing the 30% value of the equi-
librium potential for H* ions, based on an intracellular
pH of 7.5 [25). The membrane potential over the pH
range of 5 to 7.5 is close to the Nernstian behavior. The
acid-induced changes in potential are con-
sistent with outward-proton pumping. The decreased
potential at alkaline external pH may be due to a drop
in pump activity [18}. The overall behavior (including
the pH value at which the potential is most negative) is

i with ct istics of Chara [17). Newro-
spora [20), yeast cells [22] and Vicia faba and Com-
melina communis stomatal guard cells 18] proton pumps.

Further evidence for a role of an electrogenic proton
pump is provided by the membrane potential response
to the metabolic inhibitor CN ~ (Fig. 3), the presence of
H*-efflux during recovery from CN~ poisoning (i.e..
during hyperpolarization) (Fig. 4), and by the response
to the addition of the proton pump inhibitors DES (Fig.
5), zearalenone and miconazole (Table II). These re-
sponses closely resemble the results reported for Newro-
spora [19,21,31), Chara {17) and P. polycephalum [16].
In addition, the proton pump demonstrated biochemi-
cally in Dict fium is inhibited by DES, k
and miconazole [13,23,24]. CN - and DES-induced de-
polarization due to K* gradient dissipation is very
unlikely hecause cells bathed in high extracellular potas-
sium concentrations (making the potassium equilibrium
potential zero) still have a large negative membrane
potential {15]. Furthermore, the swelling of cells, which
could be iated with dissipated jon gradi occur
much later than depolarization (larger DES a-
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likely since much higher concentrations are required for
this DES effect 21].

Drastic lowering of the temperature (from 22 to
about 4°C} causes only a slight depolarization of the
membrane potential (Table 1). A similar responsc is
reported for P. polvcephatum {16]. From our measure-
ments it is clear that the membrane potential of Dic-
tyostelium is not strongly temperature dependent.

DES-sensitive plasma membrane bound ion-depen-
dent ATPases identified in Dictyostelium are vanadate
sensitive [23.24.27]. Proion pumps in Neurospora and
yeast cells are vanadate sensitive as well [21). Although
in the present study a larger vanadate concentration
was used than reported in the biochemical studies
[21.23.24] no effect of vanadate on the membrane
potential was found. This can be due to the fact that
vanadate might not enier thz cells. as reported in other
studies [21].

Assuming that thimerosal enters the cells we con-
clude that the Ca’'/Mg'*-dependent membrane
ATPases. which have been reported to exist {24.26,27],
are not strong clectrogenic ion pumps of ar¢ not active
in non-stimulated cells.

Ouabain, which blocks the electrogenic Na'/K'
pump in animal cells had no effect on the membrane
potential of D. discoideum cells (Table 11). Quabain did
not affect isolated plasma membrane bound ATPases as
reported by others [23.24.26,28). Some effects of ouabain
on differentiation. however, are known [14]. From our
measurements we conclude that no animal-like =lectro-
genic Na” /K "-pump contributes largely to the mem-
brane potential in vegetative Dictyostelium cells,

All results 10gether of the pH. pump biocking.
metabolic inhibition and H*-efflux experiments allow
us to tude that the t p ial of D.
discoidewn cells is mainly generated by an electrogenic
proton pump. The experiments with different extracellu-
lar pH. CN ™ and DES indicate that the contribution vi
this pump to the membrane polential is at least 60%
{Figs. 2, 3 and 5). Since inhibition of the electrogenic
proton pump almost completely depolarizes ths mem-
brane and various other membrane ATPase inhibitors
showed no effect on the membrane potential we con-
clude that no other electrogenic ion pumps, differenl
frora the electrogenic proton pump. have a large contri-
bution to the membruane potential.

Experiments repurted previously indicate a role for
potassium in the origin of the membrane potential {15},
The present measurements in K *-free saline solution,
indeed. support a role for potassium in the generation
of the membrane polential {Table [TI). The acid-induced
depolarization requires the presence of external potas-
sium. In the absence of external K* the diffusion poten-

tions) or only at very high concentrations (CN™). Un-
coupling of oxidative phosphorylation by DES is un-

tial of pc s and can. probably. dominate
E,.. and the pH, effects on E,, are not so apparent. as
is described for Chara with the linear equivalent-circuit
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model for the plasmamembrane [32]. However, the less
negative £, value (as compared with £, in Na*/K*-
saline solution) and tiie presence of membrane depolari-
zation upon addition of DES in cells bathed in K *-free
saline solution argue against this hypothesis for Die-
tyostelium (Table III). An other possible explanation for
the effect of potassium can be found in that the (hyper-
polarizing) pump current is dependent on the external
and internal pH difference {17), i.e. more acid outside
reduces the current. The pH difference between the
intra- and extracellular fluid might nct be maintained in
cells bathed in K*-free saline solution. Due 1o this,
pump activity (current) will not decline with decreasing
extraceliular pH. and no acid-induced depolarization
will be present. In Neurospora cells it has been shown
that H*-pumping alone is not very effective in main-
taining the intracellular pH near neutrality, which is
probably also true for other non-animal cell types [33).
The presence of an outward directed prolon pump in
combination with an inward directed K*/H™* cotrans-
porter provides a net H* export. which efficacy is
restricted without external potassium ions [33,34]. The
absence of acid-induced depolarization in celis bathed
in K*-free saline solution suggests that such a system
might also be present in D. discoideum cells. Future
experiments in which the intracellular pH is measured
for different extracellular potassium concentrations are
necessary to achieve more information of the intra-
cellular pH regulating system.

Knowledge about the presence of such systems, in-
cluding cotransporters, might result in a better under-
standing of the as vet rather confusing data on the
effects of monovalent ions, extracellular and intra-
celluiar pH on differentiation of D. discoideum
{9.11-14,35).

Our experiments seem to indicate that Dictyostelium
has electrophysiological properties similar to plants and
other fungi. Future experiments should be directed to-
wards a further electrophysiological characterization of
the ion transporting mechanisms in Dictyostelium and
the role of these systems in signal transduction and
differcnliation.
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