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Summary. The utility of the lipophilic anion thiocyanate (SCN )
as a probe for the indirect estimation of the cell membrane poten-
tial (V,,) in Ehrlich ascites tumor cells has been evaluated by
comparison to direct electrophysiological measurements. SCN
accumulation is consistent with first-order uptake into a single.
kinetically-identifiable cellular compartment, achieving steady-
state distribution in 20-30 min at 22°C. The steady-state distribu-
tion ratio ((SCN-]/[SCN~],) in physiological saline is 0.44 =
0.02. Treatment of the cells with propranolol (0.13 mMm), an acti-
vator of Ca?' dependent K' channels, reduces the steady-state
distribution ratio to 0.19 = 0.02. Conversely, treatment with
BaCl, (10 mm), an antagonist of the pathway. increases the
SCN - distribution ratio to 0.62 = 0.01. The equilibrium poten-
tials (Vgen) calculated under these conditions are virtually identi-
cal to direct electrophysiological measurements of the V,, made
under the same conditions. The effect of varying extracellular
[K']({K'],) in the presence of constant [Na‘]. = [00 mM has
also been tested. In control cells. elevation of [K '], from 6 to 60
mM reduces Vyen from —20.6 = 1.0 to —13.2 = 1.2 mV. Again,
microelectrode measurements give excellent quantitative agree-
ment. Propranolol increases the sensitivity of the cells to varying
[K'].. so that a 10-fold elevation reduces Ve by approximately
31 mV. BaCl, greatly reduces this response; a 10-fold elevation
in [K ), vielding only a 4-mV reduction in Vsey. It is concluded
that the membrane potential of Ehrlich cells can be estimated
accurately from SCN- distribution measurements.
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Introduction

Ehrlich ascites tumor cells actively extrude Na*
and accumulate K* and as a consequence maintain
these ions away from their electrochemical equilib-
rium (Hempling, 1958; Maizels, Remington & Trus-
coe, 1958). The passive movements of these ions
down their respective electrochemical gradients,
along with active Na*/K*-transport, contribute to
the development of the cell membrane potential
(Laris, Pershadsingh & Johnstone, 1976; Smith &

Vernon, 1979; Smith & Robinson, 19815). In addi-
tion, it is now widely recognized that the cation
gradients, in particular that for Na*, can be utilized
to energize a number of cotransport systems, in-
cluding amino acid accumulation (Eddy, Mulcahy
& Thomson, 1967; Eddy, 1968; Schultz & Curran,
1970), Na*/K*/Cl~-cotransport (Geck et al., 1980;
Levinson, 1985) and Na®™/H* antiport (Wiener,
Dubyak & Scarpa, 1986).

One of the consistent insights from the study of
Na*-dependent transport systems is that the mem-
brane potential (V,,) plays an important role in their
function. Through its contribution to the ion elec-
trochemical gradients, the potential serves as a
source of energy for the uptake of certain amino
acids (Laris et al., 1976; Philo & Eddy, 1978; Hack-
ing & Eddy, 1981; Dawson & Smith, 1987). Con-
versely, activation of amino acid transport leads to
membrane depolarization, consistent with stimula-
tion of rheogenic Na* entry through the cotransport
system (Henius & Laris, 1979; Hacking & Eddy,
1981; Dawson & Smith, 1987). This depolarization
is transient unless active Na*/K* transport is inhib-
ited, suggesting that the subsequent activation of
the Na* pump is electrogenic (Dawson & Smith,
1987). Besides serving simply as a source of energy,
however, the potential also affects the kinetic char-
acteristics of the rheogenic transport processes
(Geck & Heinz, 1976). Depending on the nature of
the interaction between the transported species and
the membrane transport system, the effects may be
reflected by changes in maximum flux, binding affin-
ity or both. Clearly, an understanding of the factors
involved in establishing V,, is important in elucidat-
ing the mechanisms serving to regulate and energize
Na* cotransport systems. In turn, these evaluations
require accurate and reliable methods for measure-
ment of V,,.

Unfortunately, the value of membrane potential
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in Ehrlich ascites tumor cells has not been estab-
lished unequivocally. In general, two different
methods have been applied to estimate V,: direct
electrophysiological measurements utilizing intra-
cellular microelectrodes, and indirect determina-
tions utilizing passively distributed ions. The esti-
mates achieved by these approaches are not always
in good agreement (¢f. Johnstone, Laris & Eddy,
1982; Smith, 1982). Typically, direct measurements
by microelectrodes give values in the range —20 to
—~30 mV (Lassen et al., 1971; Smith & Vernon,
1979; Smith & Robinson, 19815; Dawson & Smith,
1986), while indirect estimates are significantly
more elevated (—40 to —60 mV; Laris et al., 1976;
Hoffmann & Lambert, 1983; Valdeolmillos, Garcia-
Sancho & Herreros, 1986). However, it should be
noted that prolonged incubations of dilute cell sus-
pensions with the concomitant depletion of cellular
amino acid content leads to indirect estimates of V,,
which more closely approximate those obtained us-
ing microelectrodes (Laris et al., 1976, 1978). Sim-
ple differences in incubation conditions cannot ac-
count completely for the observed disparity,
however, since direct measurements of the steady-
state V,, in the presence and absence of 2-aminoiso-
butyric acid (AIB) show no sustained depolariza-
tion (Dawson & Smith, 1987). At present the basis
for the differences in the results from these ap-
proaches remains unresolved.

In neuroblastoma cells, the passive distribution
of the lipophilic anion SCN ™ has been validated as a
measure of V,, by comparison to direct microelec-
trode determinations (Catterall, Ray & Morrow,
1976; Lichtschtein, Kaback & Blume, 1979). This
anionic probe offers the advantage of limited uptake
by negatively charged cellular compartments. Its
accumulation in the cytoplasm is also restricted by
its charge. Thus, in highly polarized cells low cellu-
lar concentration give a low ‘‘signal-to-noise’’ ratio
and provides less sensitivity than do cationic
probes. However, the V,, of Ehrlich cells is suffi-
ciently low to permit accurate measurement of its
cellular uptake. The present studies were under-
taken to evaluate critically the use of SCN~ distri-
bution as an alternative method for measurement of
V. in Ehrlich cells. Our results show: (i) SCN-
transport into Ehrlich cells is characteristic of pas-
sive, diffusional transport; (i) low concentrations of
SCN~ ([SCN™] < 10 mmMm) are without effect on the
ability of the cell to maintain normal ion electro-
chemical gradients and amino acid accumulation ca-
pacity; (iil) the equilibrium potential for SCN-
(Vsen) provides an accurate measure of V,, as deter-
mined by microelectrodes; and (iv) at the K* “‘null
point’’ the intracellular K* activity agrees well with
that found using K*-selective microelectrodes.

Materials and Methods

CELL SUSPENSION

Ehrlich ascites tumor cells (Lettre strain: hyperdiploid) were
maintained by weekly peritoneal transplantation in Ha/ICR male
mice. Tumor-bearing animals with growths between 8 and 11
days were used. Celis were removed by aspiration and washed
free of ascitic fluid. The wash medium was physiological saline
(INa'] = 154 mm; {K'] = 6 mMm: [Cl7] = 150 mM: [Ca?'] = 2 mm:
and [Mg>'] = 0.2 mM) containing 10 mm HEPES bufter to yield a
final pH of 7.4 and 290-300 mosm. Cells were resuspended in
physiological saline or in saline media in which (K '} was varied
by partially replacing NaCl with equivalent amounts of KCl and/
or choline chloride. The total monovalent cation content of all
media was 160 mm. The cell suspensions were incubated in
Erlenmeyer flasks under an air atmosphere on a gyrorotary
shaker set for 48 oscillations per min. Incubations were contin-
ued for at least 30 min to insure steady-state conditions with
respect to cellular ion and water contents {Levinson, 1970). All
experiments were performed at 21-23°C.

REAGENTS

Radioisotopes were obtained from Amersham (Arlington
Heights, IL). Stock Na["“C]SCN (0.33 Ci/mol) was prepared as
150 mM NaSCN and diluted to a final concentration of 0.5 mM in
the cell suspensions. pL-propranolol HCl was obtained from
Sigma. All other reagents were of the highest purity available.

INTRACELLULAR CATION CONTENTS AND
RADIOISOTOPE UPTAKE

The methods used to determine intracellular Na' and K' con-
tents by flame photometry have been described previously
(Smith & Vernon, 1979). Briefly, 1.0-ml aliquots of cell suspen-
sions (50 mg cell wit/ml) were centrifuged at 15000 x g for 1.0
min; the pellets were aspirated carefully and extracted with 1.0
ml of 1% perchloric acid. The Na* and K* contents of the per-
chloric acid extract were determined with a Beckman KLiNa
flame photometer using Li* as an internal standard. The cellular
accumulation of SCN- was followed using ["C]SCN as a tracer.
The radioisotope was added to the cell suspensions, and the
radioactivity associated with the perchloric acid extracts and
supernatant were determined as a function of time. All estimates
of intracellular ion contents and radioactivity were corrected for
trapped extracellular fluid using a regression line relating
PH]methoxyinulin space to the wet weight of the cell pellet.
Cellular water content was determined from wet and dry weights
of the pellets (Smith & Vernon, 1979).

The SCN- distribution ratio ([SCN-]./[SCN~],. where the
subscripts ¢ and e identify the cellular and environmenta) com-
partments, respectively, was taken as activity of [“C]SCN per
ml cell water/activity [“CISCN per ml medium.

MEASUREMENT OF THE MEMBRANE POTENTIAL

The membrane potential of Ehrlich ascites tumor cells was mea-
sured using glass microelectrodes filled with 300 mM potassium
acetate. The apparatus and techniques have been described in
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detail (Smith, Mikiten & Levison, 1972; Smith & Vernon, 1979;
Dawson & Smith, 1986).

Glass dishes were prepared to promote adherence of the
cells to the glass surface and to facilitate impalement. Briefly,
glass petri plates (diameter = 10 cm) were soaked in NaOH-
saturated methanol for 24 hr at 21-23°C. The plates were rinsed
thoroughly with distilled water and with physiological saline
prior to use. The tumor cells were prepared by adding 0.2 ml cell
suspension to 10 m! of test solution and were placed in the petri
plate. The majority of cells adhered to the prepared surface. and
impalements were possible. The potential difference between the
cell cytoplasm and medium was recorded as previously de-
scribed (Smith & Vernon, 1979). Our criteria for the validity of
potential measurements have been discussed in detail (Dawson
& Smith, 1986). These include consideration of the characteris-
tics of the recordings upon insertion and withdrawal of the elec-
trode. as well as attainment of a stable recording. Approximately
60% of our attempts at cell impalement yield responses consis-
tent with these criteria.

Corrections of the experimentally determined values of the
membrane potential for the influence of junction potentials were
made by applying a modified form of the Henderson equation
(Barry & Diamond, 1970). For these calculations we used the ion
mobility ratios Uy, : Ux: Uga = 0.682:1.0: 1.038. lonic activity
coefficients were taken as 0.73 for K* and CI~ and 0.71 for Na*
in the medium, while in the cytoplasm they were 0.41, 0.67 and
0.18 for K*, CI~ and Na*, respectively (Dawson & Smith. 1986).
The maximum correction was —2.1 mV.

STATISTICAL EVALUATION

All values are expressed as the mean + sg. Student’s ¢ test was
used to evaluate statistical significance.

Results

UPTAKE AND ACCUMULATION OF [“C]SCN™ BY
EHRLICH CELLS

Thiocyanate (SCN™) transport per se has not been
previously characterized in Ehrlich ascites tumor
cells. However, its effects as a replacement anion
for CI~ are consistent with the view that SCN™ is
unreactive with the well-described cation-depen-
dent CI~ transport system. Instead it utilizes a non-
selective, conductive anion channel (Kramhoft et
al., 1986). In this case, the steady-state transmem-
brane distribution of SCN~ should be governed ex-
clusively by the chemical and electrical driving
forces (Barts et al., 1980; Midgley & Thompson,
1985) and provide a measure of V,,. We have tested
this expectation in a series of experiments designed
to characterize the transport and effects of
["“C]SCN~ in Ehrlich celis.

Ehrlich ascites cells suspended in physiological
saline take up ['"*CISCN™ rapidly for 5 to 10 min and
reach steady-state accumulation within 20 to 30 min
{Fig. 14). The steady-state level is maintained for at

least 2 hr (data not shown), suggesting that cell via-
bility is not compromised by chronic exposure to
the probe. The average steady-state [“CISCN™ dis-
tribution ratio under these experimental conditions
is 0.45 = 0.02. The sensitivity of uptake to altera-
tions in V, was tested by treating the cells with
propranolol (0.13 mM), an agent postulated to acti-
vate Ca’*-dependent K* channels in Ehrlich cells
(Laris et al., 1976; Valdeolmillos et al., 1986).
Chronic exposure to propranolol causes a 55-65%
reduction in the steady-state accumulation ca-
pacity.

The time-course of the accumulation of
[CISCN~ (Fig. 14) is suggestive of uptake in a
closed, two-compartment system: one compart-
ment represented by the intracellular phase; the
other by the extracellular medium. In these experi-
ments the extracellular phase is large (compared to
the intracellular phase), so that its [C]SCN™ activ-
ity can be considered to remain constant. Under
these conditions the uptake of [*C]SCN~ into the
cellular compartment is described by (Solomon,
1949)

log[l — {SCN(#)/SCN(=)}] = —(£./2.303) + A (1)

where SCN(7) is the activity (CPM/ml cell water) at
time #, and SCN() is the activity after the steady-
state distribution has been achieved (taken as that
after 45 min). The slope of the relationship provides
a measure of the efflux rate coefficient (k) for
[“C]SCN-, while the intercept, A, provides a mea-
sure of the correction of cellular [*C]SCN~ activity
for that trapped in the extracellular fluid of the cell
pellet.

We have evaluated the kinetics of the uptake in
terms of this model (Fig. 1B). The linearity of the
plot for uptake in control cells is consistent with
accumulation into a single kinetically-identifiable
cellular compartment. The efflux rate coefficient is
k., = 0.28 = 0.02 min~!, giving a half-time for equili-
bration of 2.5 min. The intercept is not different
from unity, confirming the adequacy of the correc-
tion applied for activity in trapped extracellular
space. [“CIJSCN~ uptake Kkinetics in cells treated
with propranolol are bi-phasic. At early times (r <3
min), the approach to equilibrium follows that of
control cells. However, at later times the slope of
the semi-logarithmic plot is reduced. Pre-incubation
(10 min) of the cells in the presence of propranolol
prior to ['*CJSCN™ addition converts the uptake ki-
netics to a single phase with &, = 0.14 min~' (data
not shown).

The analysis of the concentration dependence
(range: 0.5 to 10 mm) of [“CISCN~- transport in
steady-state Ehrlich cells is summarized in Fig. 2.
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Fig. 1. [“CISCN~ uptake by Ehrlich ascites tumor cells. (4) Time course of [*C]SCN~ accumulation. Ehrlich ascites tumor cells were
suspended in physiological saline containing 0.5 mm [C]SCN- (0.33 Ci/mol) in the absence (open symbols) or presence (closed
symbols) of propranolol (0.13 mm). Duplicate aliquots of the cell suspensions were removed at the specified times and analyzed for
[“C]ISCN- activity. The distribution ratio was determined as ([“C]SCN "~ activity per ml cell water/['"*C]SCN~ activity per ml medium).
Each point represents the mean value from eight experiments. Standard errors of the mean are given unless smaller than the symbols.
(B) Compartmental analysis of [“C]SCN~ uptake. The data from A have been replotted as the semi-logarithmic approach to isotopic
equilibrium in the absence (open symbols) and presence (closed symbols) of propranolol. The equilibrium activity [SCN(=)] was taken
as the [“C]SCN~ activity/ml cell water at 45 min. SCN(¢) represents the [“CJSCN~ activity/ml cell water at the specified times
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Fig. 2. Concentration dependence of [“C]SCN~ uptake by Ehrlich ascites tumor cells. Cells were incubated in physiological saline to
establish steady-state contents with respect to electrolytes and water. SCN~ uptake was initiated by addition of appropriate volumes of
150 mm NaSCN containing tracer [“C]SCN-. The influx (4) was determined as a function of [SCN-] (range: 0.5 to 10 mMm) from the
uptake of radioactivity 1 min after the addition. The ['*CISCN~ content (B) was determined after 45 min as [*C]SCN - activity per ml
cell water/specific activity of [“C]JSCN- in the medium. Each point is the mean of four experiments. Standard errors of the mean are

shown unless they are smaller than the symbols
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The cellular uptake of ["C]SCN™ is essentially lin-
ear for at least 1 min, with steady-state accumula-
tion being achieved after approximately 20 min
(Fig. 1). Consequently, we have taken the initial 1
min accumulation as a measure of [“C]SCN™ influx
and the cellular contents after 45 min as the equilib-
rium uptake. The initial ["*C)JSCN~ influx (Fig. 24)
is directly proportional to extracellular [SCN™].
Furthermore, the steady-state level of accumulation
is also a linear function of [SCN ] over this concen-
tration range (Fig. 2B). Under these conditions the
steady-state distribution ratio is 0.44 = 0.02. This
behavior is consistent with the view that SCN-
transport is by passive, nonsaturable mechanisms
with equilibration across the membrane being sensi-
tive to V,,,.

The possibility that ["*C]ISCN~ might compro-
mise cellular function or alter factors that contrib-
ute to the development of V,, has also been ex-
plored. Ehrlich cells maintain nonequilibrium
distributions of Na* and K* across the cell mem-
brane by coupling their transport to cellular metabo-
lism (Hempling, 1958; Maizels et al., 1958). In addi-
tion, the energy available from the ion gradients is
utilized to permit cellular accumulation of the Na™-
dependent amino acid «-methylaminoisobutyric
acid (MeAlB) (Philo & Eddy, 1978; Hacking &
Eddy, 1981; Dawson & Smith, 1987). The ability of
the cells to maintain the normal cation gradients and
the capacity to concentrate MeAIB thus provide a
sensitive measure of normal cell function. We have
tested the effects of SCN~ on cellular Na*, K* and
MeAIB over the range [SCN~] = 0.5 to 10 mm (Fig.
3). Steady-state cells in physiological saline solution
and the absence of ['*C]SCN~ have [Na*]. = 23.2 +
2.1 mMm, [K*T], = 166.7 = 2.3 mM and concentrate
MeAlIB 29.5 = 0.3-fold from medium containing 1
mM MeAIB. The addition of [MCJSCN ™ is without
effect on any of the parameters for [SCN™] = 5 mm.
Only at the highest level tested, [SCN~] = 10 mm, is
there a significant effect. [Na*].is unaltered (24.3 *+
4.0 mMm). However, [K*1]. is reduced to 151.7 = 6.5
mm, while the accumulation capacity for MeAlB
increases to 32.5 = 0.5-fold. Consequently, we have
performed all remaining studies at [SCN~] = 0.5
mm.

["“CISCN~ ACCUMULATION AS A PROBE OF
MEMERANE POTENTIAL

The results described in the preceding section are
consistent with the conclusion that ["C]SCN-
transport in Ehrlich cells occurs by passive, nonme-
diated pathways. Furthermore, kinetic analyses
suggest there may be only a single intracellular
compartment. Both the steady-state accumulation
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Fig. 3. Effect of [SCN ] on cation and amino acid contents of
Ehrlich ascites tumor cells. Cells were incubated in the presence
of SCN- ([SCN -] range: 0 to 10 mm) for [ hr to permit establish-
ment of steady-state contents with respect to cations and the test
amino acid a-methylamino[“CJisobutyric acid (MeAIB: initial
[MeAIB] = 1 mMm). Bach point is the mean of four values. Stan-
dard errors of the mean are given unless smaller than the sym-
bols

and the efflux rate coefficient are sensitive to treat-
ment expected to alter V,,. Together these findings
support the view that the [C]SCN~ equilibrium
distribution is governed by V,,. In this case it is
expected that V,, can be accurately estimated from

Vsen = (RT/F) In{agen(cell)/ asen(env)} (2)

where Vsen is the SCN™ equilibrium potential (cyto-
plasm with respect to environment) and ascn(cell)
and ascen(env) are the electrochemical activities for
SCN~ in the cytoplasm and environment, respec-
tively. We have assumed that the ion activity coeffi-
cients for SCN™ are identical in the two compart-
ments. Thus [SCN] rather than ascy has been used
for the computation of Vsen.

We have compared Vscn to measurements of
V.. under conditions chosen to alter the contribution
of the K* electrochemical potential gradient to V,,
(Fig. 4). Direct measurements of V,, were obtained
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Fig. 4. Comparison of the SCN~ equilibrium potential (Vgey) and
the membrane potential (V,,). Cells were incubated in physiologi-
cal saline (control) and physiological saline containing proprano-
lol (0.13 mMm) or BaCl, (10 mM). Vgen was determined from the
Nernst potential using the steady-state accumulation of
[“CISCN- ([SCN-], = 0.5 mM). V,, was measured using glass
microelectrodes for impalement of the celis. The columns repre-
sent the mean values = SE for Vgey (eight determinations) and V,,,
(number of impalements in parentheses)

by using intracellular microelectrodes filled with
300 mm potassium acetate. Stable membrane poten-
tials from steady-state Ehrlich cells can be recorded
for as long as 15 min using techniques previously
described (Smith & Robinson, 19814a). The average
V. for cells maintained in physiological saline solu-
tion is —23.3 = 1.5 mV. This value is in excellent
agreement with those from previous electrophysio-
logical studies (Smith & Vernon, 1979; Smith &
Robinson, 1981a; Dawson & Smith, 1986). Expo-
sure of the cells to propranolol leads to membrane
hyperpolarization, V,, = —41.4 = 2.3 mV, while
Ba?*, an antagonist of Ca’*-sensitive K* channel
activation (Schwartz & Passow, 1983), induces de-
polarization to V,, = —-14.3 = 1.0 mV. The
[#C]SCN- distribution ratios were measured under
identical conditions. Vscy, calculated from Eq. (2),
is —19.6 = 0.3 mV in physiological saline. Treat-
ment of the cells with propranolol or Ba?t gives
Vsen values of —42.3 £ 2.8 and —12.3 + 0.3 mV,
respectively. It is noteworthy that Ba?* is without

effect on propranolol-induced hyperpolarization
(data not shown). In no case is the difference be-
tween V,, and Vgscy significant.

We have extended the comparison to explore
the effect of altered extracellular [K*] ([K*],) on
[C]SCN~ accumulation in the presence and ab-
sence of propranolol and Ba** (Fig. 54). In control
cells, increasing {K*], from 6 to 60 mM is accompa-
nied by a monotonic increase in the [“C]SCN- dis-
tribution ratio from 0.45 = 0.02 to 0.59 = 0.04. This
corresponds to an alteration in Vsen from —20.6 =
1.0 to —13.2 £ 1.2 mV for the 10-fold increase in
[K*]. (Fig. 5B). Direct measurements of V,, over the
same concentration range show that the responses
of Vsen and V), to changes in [K*], are not different.

Treatment of the cells with propranolol reduces
the {*C]SCN~ distribution ratio to 0.17 = 0.01 in
the presence of 6 mMm [K*], (corresponding to
Vsen = —45.5 £ 1.6 mV) and increases the depen-
dence of the ratio on {K*],. In this case a 10-fold
increase in [K*], induces approximately a 31-mV
depolarization. On the other hand, Ba?' treatment
leads to increased uptake of [MC]SCN™ at the low-
est [K*], (distribution ratio = 0.55 = 0.01; Vgen =
—15.2 = 0.2 mV) and renders its distribution nearly
insensitive to [K*], (corresponding to a 4-mV depo-
larization for a 10-fold increase). Concomitant de-
terminations of intracellular K* ([K*].) were per-
formed in these experiments. In control and Ba?*
treated cells [K*]. increases from 155.4 = 1.2 to
169.1 x 0.4 mMm as extracellular {K*] is elevated
from 6 to 60 mm. In propranoloi-treated cells, [K™*],
increases from 152.6 = 6.7 to 166.0 = 3.1 mM over
the same range of [K*],. Thus, comparison of the
effects of the experimental treatments are not com-
plicated by differences in the transmembrane K*
concentration gradient.

It is important to note that as [K*], is increased,
the [C]SCN- distribution ratios (and Vscn) for the
three experimental conditions converge, so that at
[K*]l, = 60 mM, there is no significant difference
(Fig. SA and C). Neither is there a difference in
[K*].. If it is assumed that the only effects of pro-
pranolol and Ba’* are to alter the membrane con-
ductance to K*, then the point of convergence de-
fines the “‘null point,” the [K*], at which K is in
electrochemical equilibrium (Hoffman & Laris,
1974; Laris et al., 1976). At the ‘‘null point’” for K*
(60 mm), the average [“C]JSCN~ ratio is 0.60 =
0.01, yielding Vsen = —13.0 = 0.3 mV.

MEMBRANE PERMEABILITY TO SCN~™

The characteristics of SCN™ transport which we
have described are those of a passive, nonmediated
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Fig. 5. Effects of external K+ and altered K' permeability on [“C]SCN~ uptake by Ehrlich ascites tumor cells. (4) Dependence of
[*C]SCN~ accumulation on extracellular K ([K*].). Cells were incubated in media containing constant [Na*] (100 mM) with [K*]
varied by equivalent replacement by choline ([K*] + choline = 60 mm). The [“C]SCN- distribution ratio was determined from the
cellular accumulation of radioactivity ([SCN-] = 0.5 mm). The effects of added propranolol (0.13 mm) and BaCl, (10 mm) are also
shown. Each point represents the means from eight determinations. Standard errors of the mean are given unless smaller than the
symbols. (B) Comparison of the effects of extracellular K™ on Vscy and V,,,. Vsen was calculated from the Nernst relationship using the
distribution ratio achieved by the control cells described in A. V,, was measured directly under similar conditions using glass microelec-
trodes. Each point represents the mean from at least 13 impalements. Standard errors of the mean are given. (C) Effects of extracellular
K* on Vgen. Vgen was calculated from the Nernst relationship using the distribution ratios found for control cells and cells treated with
propranolol (0.13 mM) or BaCl, (10 mMm). Note the semi-logarithmic scale

system. This finding is consistent with the studies of
Kramhoft and co-workers (1986). These authors
have demonstrated that SCN~ cannot substitute for
Cl~ in cation-dependent systems, but uses a con-
ductive anion channel for transport. In this case the
diffusional permeability of the membrane to SCN~
(Pscn) is given by (Hodgkin & Katz, 1949)

Psen = J.RT[1 — exp(FV,/RT))/FV,ISCN7]. (3)
where J, is the steady-state unidirectional efflux of
SCN~ corresponding to the steady-state cytoplas-
mic [SCN~].. For this evaluation, we have esti-
mated J, = k,[SCN~]. from the data of Fig. 1. The
flux was converted from units of pmol/(ml-min) to
pmol/(cm? - sec), assuming that the cells are spheri-
cal with average radius = 7 x 107* ¢m. For steady-
state cells (V,, = —23.3 = 1.5 mV), the apparent
Psen = (1.6 = 0.3) X 107 cm/sec. Thus, the Ehrlich
cell membrane permeability to SCN~ exceeds that
estimated for the conductive movement of Cl~ by
about 40-fold (Hoffmann, Simonsen & Sjoholm,
1979), in good agreement with expectations based

on cell volume responses to anion substitution
(Kramhoft et al., 1986).

Discussion

The results of these studies provide convincing evi-
dence that the membrane potential of Ehrlich as-
cites tumor cells can be monitored by measuring the
equilibrium distribution of the lipophilic anion
SCN-~. This conclusion is supported by several lines
of evidence. First, the transport of ["“CISCN~ can
be characterized as a passive, nonmediated pro-
cess, with the steady-state accumulation being sen-
sitive to experimental conditions that alter the cell
membrane potential. The kinetics of ['“C]JSCN ™ up-
take are consistent with its uniform distribution
within all intracellular compartments. Furthermore,
the steady-state accumulation is achieved within
minutes of addition, so that its use is both conve-
nient and compatible with maintaining cell viability.
Second, exposure of cells to low concentrations of
SCN™ (JSCN-] < 10 mMm) does not compromise
their ability to maintain normal, nonequilibrium
Na* and K* contents or to accumulate MeAIB ac-
tively. Since both the cation and amino acid trans-
port systems rely on cellular metabolism, their lack
of sensitivity to [“C]JSCN~ attests to its lack of tox-
icity. Finally, comparison of the SCN~ equilibrium
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potential (Vgen) to direct measurements of the
membrane potential (V,,) using intracellular micro-
electrodes shows excellent quantijtative agreement.
There are no significant differences between Vsen
and V,, in steady-state cells maintained in physio-
logical saline, in cells treated to alter membrane K+
conductance, or in cells incubated in media of vary-
ing extracellular [K*]. Thus, ["*C]SCN should serve
as a convenient, accurate, noninvasive and non-
toxic probe of the Ehrlich cell membrane potential.
The primary limitation to its use derives from the
time necessary for equilibrium. The half-time is ap-
proximately 2.5 min. Consequently, rapid transient
changes in V,, may not be followed precisely by the
redistribution of [“C]SCN-. However, steady-state
or slowly changing values of V,, can be followed
accurately, and qualitative reflections of rapid
events should still be possible.

The ionic basis for the membrane potential of
Ehrlich cells has not been established unequivo-
cally. A number of previous studies have estab-
lished the relative insensitivity of V,, of Ehrlich
cells to changes in [K*], (Heinz et al., 1977; Smith
& Robinson, 1981b; Valdeolmillos et al., 1986), a
finding consistent with the view that V,, is nota K+
diffusion potential. Our evaluation of the effects of
variations in [K*], on the [“C]SCN~ distribution in
control cells and in the presence of propranolol or
Ba?* (Fig. 5A) supports this view and provides fresh
insights into the underlying mechanisms. The re-
plots of the responses in terms of potential (Figs. 5B
and C) better emphasize the quantitative relation-
ships. In control cells, a {0-fold increase in [K'],
gives approximately 7 to 10 mV depolarization as
measured by either Vgen or microelectrodes (Fig.
5B). This represents only 11-16% of the response
expected for a pure K* diffusion potential. Even
activation of the Ca?*-dependent K+ channels fails
to completely convert the sensitivity to that of a K*
diffusion system (31 mV depolarization measured
versus 59 mV expected; Fig. SC). It is clear that
additional electrogenic mechanisms must contrib-
ute importantly to the development of V,, in Ehrlich
cells. We have previously suggested that a major
contribution derives from active Na*/K™* transport
(Smith & Robinson, 19815). More extensive studies
will be needed to completely describe the ionic
bases of V,, in these cells. Toward this end, it is
important to note that Ba®* virtually abolishes the
contribution of K* diffusion (Fig. 5C). In the pres-
ence of Ba?", a 10-fold increase in [K™], gives only a
4-mV depolarization. Ba** should provide a power-
ful agent for isolating the electrogenic processes in-
volved in establishing V.

Validation of Vycn as a noninvasive reporter of
V.. permits us to seek a resolution to the disagree-
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ment between previous estimates of the potential
(¢f. Johnstone et al., 1982; Smith 1982). Estimates
of V,, based on indirect methods generally give val-
ues greater than those obtained by direct electro-
physiological techniques (Laris et al., 1976, Philo &
Eddy, 1978; Smith & Robinson, 19815). This differ-
ence can be appreciated by comparing the V,, ob-
tained in the present studies (—23.3 = 1.5 mV in
physiological saline) to the estimates under similar
experimental conditions obtained using fluorescent
probes (—40 to —60 mV) (Laris et al., 1976; Philo &
Eddy, 1978). We have previously suggested that the
discrepancy may result from an incorrect calibra-
tion (Dawson & Smith, 1986).

The indirect methods must be calibrated against
a “‘known” value of the membrane potential. Uni-
versally this “‘*known’’ value is established from the
“‘null point”” method, which identifies an [K*]. such
that alterations in membrane K* conductance give
no change in distribution of the indirect probe
(Hoffman & Laris, 1974: Laris et al., 1976; Val-
deolmillos, 1986). The V,, at the “‘null point’’ is the
K* equilibrium potential (V). Clearly values for V,,
obtained from this approach are intimately depen-
dent on accurate estimates of Vk. At the “‘null
point”’

Vi = Vk = —(RT/F) In{ag(cell)/ax(env)} 4)

where ax(cell) and ag(env) are the electrochemical
activities for K* in the cytoplasm and environment,
respectively. All previous studies have evaluated
ag in both compartments from chemical measure-
ments of [K*]. This assumes that the ion activity
coefficients for K* (yg) are identical in the two com-
partments. We have recently determined ag(cell)
using ion-selective electrodes (Dawson & Smith,
1987) and found it to be only about 56% that ex-
pected from chemical estimates (yi" = 0.41 = 0.05
versus yg = 0.73). In this case, it is expected that
estimates of Vg based on chemical measurements
will significantly overestimate the true value.

The data presented in Fig. 5 provide a test of
the “*null point™ expectations in the present studies.
The [“C]SCN~ distribution ratios in control cells
and in cells treated with either propranolol or Ba’*
converge to the same value for [K*], = 60 mM. The
convergence corresponds to the “‘null point” and
occurs with Vgey = —13.0 = 0.3 mV (Fig. 5C). Un-
der these conditions, K™ must also be in electro-
chemical equilibrium. For these cells, [K*]. =
168.1 = 3.2 mM and [K*], = 60 mM. If we follow the
usual assumption that the chemical measurements
of [K*] can be used instead of ayx, then Vi = —26.4
+ 0.5 mMm (Eq. (3)). Clearly, the ‘‘null point™ V,,
estimated from Vi significantly exceeds that esti-
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mated from Vsen. However, recognition that the
ion activity cofficients for K* are not equivalent in
the cellilar and extracellular compartments leads
to a different conclusion. In this case

Vk = =(RT/F) In{y"TK*1/v K1}
—11.6 = 1.5mV

I

compared to Vgen = —13.0 = 0.3 mV. Thus, the
“null point” determination of 'V, based on Vi is not
different from that reported by Vgen if ax is cor-
rectly estimated.

Taken together, the agreement between Ve
and Vi at the ““null point’” and our finding that Vgen
agrees in all cases with direct microelectrode mea-
surements of V,, strongly support the conclusion
that the ["*C]SCN~ distribution ratio provides an
accurate and convenient monitor of the membrane
potential in Ehrlich cells. Furthermore, it is proba-
ble that the disagreement between direct and indi-
rect evaluations of V,, can be resolved by recalibra-
tion of Vi at the “‘null point.”” Vscn could serve for
the calibration.
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