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Reorganization (disassembly) of the actin filaments in Ehrlich ascitcs tumor cells, either by hypotonic treatment in the presence
of Ca®* or by addition of cytochalasin B, results in activation of the Na*/K*/Cl™ cotransport systcm. However, other
regulatory processes, some of which may be dependent on an intact filament system, are yresponsible for the activation of the

Na*/K*/Cl~ cotransport system after cell shrinkage.

Introduction

In common with many other mammalian cells,
Ehrlich ascites tumor cells show a volume recovery
(regulatory volume increase) when hypotonic pretreat-
ment, resulting in a net loss of KCI, is followed by
restoration of tonicity (see Ref. 1). After the initial
osmotic shrinkage, the cells recover their volume with
an associated KCl uptake. The primary process is an
activation of an otherwise quiescent bumetanide-in-
hibitable anion/cation cotransport system (with subse-
quent replacement of Na' by K' via the Na*/K*-
pump, stimulated by the Na™* influx) [2], demonstrated
to be a Na*/K™*/Cl™ cotransport system [3,4]. It was
recently demonstrated, that the Na */K*/Cl~ cotrans-
porter is actuaily activated all ready during the hypo-
tonic pretreatment, and that maximal activity was ob-
tained within 10 min after transfer to hypotonic medium
(unpublished resuits).

In the period 1-15 min after transfer of Ehrlich
ascites tumor cells to hypotonic medium, a dramatic
change is observed in the organization of the microfila-
ment network [S] as also described in shark rectal
gland by Ziyadeh et al. [6). Microfilaments, as seen by
the Immunogold/Silver staining method using anti-
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actin antibodies, appear in Ehrlich cells as a dense
network distributed in the wholz cytoplasm. After 15
min in hypotonic medium, the cytoplasm appears poorly
stained with patches of actin, present e:centially only
close to the membrane. Thus, actin reorganization
accompany volume regulation in hypotonic medium [5].

When the hypotonic medium is Ca’* free and con-
tains EGTA, no osmotically induced reorganization of
the microfilament is seen [5). We, therefore, examined
whether activation of the Na*/K*/Cl~ cotransport
system is affected by the presence of externa! Ca®* in
the hypotonic medium.

Materials and Methods

The activation of the Na*/K*/Cl~ cotransport sys-
teni in ail experiments is measured as the bumetanide-
inhibitable K* influx using 30 ©M bumetanide. At this
concentration, bumetanide inhibits the Na*/K*/Cl~
cotransporter more than 80% [7] whereas the K*/Cl~
cotransporter is only expected to be inhibited by about
$% (8]. Furthermore, the bumetanide-inhibitable K*
influx has been demonstrated to be strictly Na*-depen-
dent during hypertonic conditions as well as during
hypotonic conditions (unpublished results).

Results and Discussion

Fig. 1 shows tha: after 10 min in hypotonic medium
the Na'/K*/Cl™ coiiainsposter is activated when ex-
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Fig. 1. Effect of hypotonic treatment in the presence and absence of
calcium on the bumctanide-inhibitable potassium influx in Ehrlich
ascites tumor cells, The bumetanide-inhibitable K influx was meas-
ured as the ditference between the influx in the absence and the
presence of bumetanide (30 M), "*Rb* was used as tracer for K
The cells were preincubated for 15 min, At time zero, the flux was
initinted by addition ot 1 /3 volume flux-medium, containing isotope
and bumetanide when required. The suspensions were incubated at
37°C and samples were removed at intervals for separation of cells
from medium accomplished by cation exchange chromatography [16).
The sumples of cell suspensions with tracer were applied to chilled
ion-exchange columine and washed through with a ice-cold isotonic
sucrose-bovine serum albumin solution. Radioactivity of cell lysates
wis determined by liquid scintillation counting. The fluxes were
determined from samples taken at 1.0, 1.5, 2.0 and 2.5 min by lincar
regression. Isotonic: both preincubation medium and flux medium
were isotonic standard medium (300 mOsm) with the following
composition (mMXY Na*, 150: K*, 5 Mg?', 1 Ca®", 1; CI7, 15t
sulfate, I inorganic phosphate, 1; 3-(N-morpholino)propance sultonic
acid- (Mops),  3.3; N-trislhydroxymethytmethyl-2-aminocthanesul-
fonic acid (Tes). 3.3: N:2-Hydroxyethylpiperazine-N '-2-ethanesul-
fonic acid (Mepe:ad, £ G 7.4) Bypoionic: after preincubation in
isotonic standard medium, the celis were incubated for 10 min in
hypotonic standard medium (130 mOsm) with the following composi-
tion (mM): Na*, 78 K*, 2.5 Mg® ', 0.5 Ca®', 0.5: C1 . 75; sulfate,
0.5 inorganic phosphate, 1.8 Mops, 3.3; Tes, 3.3: Hepes, § (phi 7.4),
betore the flux was initiated in this medium. Ca®'-free hypotonic:
after preincubation in Ca? *-free isotonic standard medium comtain-
ing EGTA (1 mM) the cells were incubated tor 10 min in Ca® *-free
hypotonic standard medium containing EGTA (1 mM), before the
flux way initiated in this medium. Ca®*-free hypotonic + cytachalasin
B: the procedures and medin were the same as under Ca®*-free
hypotonic conditions, but the cells were incubated with cytochalasin
B (42 M) for 1 min before the flux was initiated. The vertical bars
represent S.E. of 7, 3, 3 and 3 cxperiments in the isotonic, hypotonic,
Ca®*-free hypotonic and Ca®*-free  hypotonic + eytochalasin | B
groups, respectively.

Bumetanide—inhibitable unidirectional

ternal Ca®* is present, but not in its absence. Since
reorganization of the microfilaments is scen when ex-
ternal Ca®* is present, but not in its absence, this
supports the hypothesis that the activation of the
Na*/K*/Cl~ cotransporter is related to reorganiza-
tion of actin filaments. Cytochalasin B is known to
cause reorganization of microfilaments (see Ref. 9).
Addition of cytochalasin B (42 M) to Ehrlich cells in
the hypotonic, Ca>* free medium results within 1 min

in activation of the cotransporter (Fig. 1). This is in
clear contrast to the effect of cytochalasin B on the
K*/Cl~ cotransporter. Garay et al. [10] found in hu-
man red cells that cytochalasin B strongly depressed
the hypoosmotically induced K*/Cl~ cotransporter.
Moreover, it is found [5] that cytochalasin B strongly
depresses the hypoosmotically-induced activation of K*
and/or CI~ channels in Ehrlich cells. This is also in
contrast to the effect of cytochalasin B on the
Na*/K*/Cl~ cotransport system demonstrated here.

From the results of Cornet et al. [S] and the results
in Fig. 1, it is strongly suggested that the actin rcorga-
nization after swelling in hypotonic medium was caused
by an increase in free intracellular Ca®* resulting from
Ca’* influx. It has recently been shown that non-
specific, cation-sclective channels which are permeable
to Ca** arc activated after swelling of Ehrlich cells in
hypotonic medium [11]. Whether such channels allow
the enury of sufficient Ca®* 10 cause the reo: ganization
of actin filaments is not known. A significant cell
depolarization during regulatory volume decrease has
been observed in Ehrlich cells [12). Hypothetically,
such membrane depolarization might also result in
Ca’* entry via activation of voltage gated Ca®* chan-
nels. It is well-known from other systems that Ca®* can
promote reorganization of actin filaments (sce, for
example, Ref. 9).

It should be noted that intracellular Cl7 is de-
creased after 10 min in hypotonic medium and it has
previously been suggested that this decrease may be an
important factor in activating the Na*/K*/Cl~ co-
transporter [13]. However, in Ehrlich cells the loss of
Cl” and voluni in hypotonic medium is found to be
independent of the presence of external Ca*' [14]
ruling out Cl~ as an important factor.

Cytochalasin B is known to inkibit actin assembly by
inhibiting the addition of actin monomers to the fila-
ments (see Ref. 9) and is found to cause a dramatic
change in the microfilament organization in Ehrlich
cells [S]. Fig. 2 demonstrates that addition of cyto-
chalasin B (42 uM) to the ceils in isotonic medium,
within 1 min results in a 4-fold activation of the
Na*/K*/Cl™ cotransporter, indicating that reorgani-
zation of the fifameni system also in isotonic medium is
able to activate the cotransporter. It should be noted
that pharmacological stabilization of F-actin micro-
filaments prevents cAMP-stimulated Cl~ secretion by
T84 cells [15); the authors suggest as one possibility
that the cffect might be on the basolateral
Na*/K*/Cl~ cotransporter. '

A more dramatic activation of the cotransporter is
seen after ceil shrinkage in hypertonic solution. Cell
shrinkage does not seem to result in any reorganization
of the microfilaments [5). Fig. 3 demonstrates that the
activation of the cotransporter by hypertonic treatment
is not affected by the presence or absence of external
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Fig. 2. Effect of cytochalasin B on the bumetanide-inhibitable unidi-
rectional potassium influx, The cells were preincubated in an isotonic
standard medsum for 15 min. The K' influxes were measured, as
described in Fig. 1, under isotonic conditions (open bar) and after
incubation with cytochalasin B (42 uM) for 1 min {shaded bar), The
vertical bars represent S.E. of 7 and § experiments in the isotonic
and isotonic + cytochalasin B groups, respectively. The bumetanide-
insensitive flux was slightly {14 +3%¢ S.E., n = §) inhibited by cyto-
chalasin B.
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Fig. 3. Effect of hypertonic treatment ii: the presence and absence of
calcium on the bumetanide-inhibitable potassium influx. The experi-
ments were performed as described in Fig. 1. Hypertonic: after
preincubation in isotonic standard medium, the flux was measured
during the first two minutes in hypertonic medium (400 mOsm) with
the following composition (mM): Na*, 200; K*, 6.7 Mg?', 1.3; Ca',

1.3: Cl -, 200; sulfate, 1.3; inorganic phosphate, 1.3; Mops, 3.3; Tes,
3.3; Hepes, 5 (pH 7.4). Cu2 *_free hypertonic: after preincubation in
Ca® *-free isotonic standard medium containiag EGTA (1 mM), the
flux was initiated in Ca®*-free hypertonic medium containing EGTA
(1 mM). Ca**-free hypertonic + cytochalasin B: The media were the
same as under Ca®* hypertonic conditions, but the cells were
incubated with cytochalasin B (42 pM) for 1 min before the flux was
mnmlcd The vertical bars represent S.E. of three experiments in all

groups, respectively.
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Ca**. Under these circumstances, disruption of the
filament system with cytochalasin B prior to the hyper-
tonic treatment results in a less dramatic activation. It
is, thus, obvious that other iegulatory processes, some
of which may even be dependent on an intact filament
system, arc responsible for the activation of the
Na*/K™*/Cl~ cotransport system aiter cell shrinkage.
In conclusion, disruption of the microfilament sys-
tem in Ehrlich cells results in a partial activation of the
Na*/K*/Cl~ cotransporter. However, maximal acti-
vation of the cotransport system requires other regula-
tory pathways that are currently under investigation.
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