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Transmembrane ferricyanide reductase activity in Ehrlich ascites tumor cells
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A transmembrane ferricyanide reductase activity was assayed in intact Ehrlich ascites tumor cells, Kinetic
measurements gave a K, of 0.14 mM and a ¥}, of 0.31 ymol /min per 10° celis. In short-term batch
experiments, this activity was enhanced in the presence of 10 mM lactate, a source of cytosolic NADH. The
transmembrane redox activity was accompanied by alkalinization of the cytoso). Both ferricyanide reduction
and proton extrusion were diminished in the presence of 0.2 mM amiloride. Several cytotoxic drugs
significantly inhibited the ferricyanide reductase activity at concentrations at which they show antineoplastic

activity.

Introduction

Plasma membrane redox activities have been
found in a number of eukaryotic cells, including
yeasts [1], plant cells [2-5] and animal cells 6-8].
These activities can now be related to several vital
functions [9]. One of these functions is the control
of cell growth. As a matter of fact, stimulation of
cell growth has been shown to occur when the
transplasma membrane redox system is active.

Transplasma membrane clectron-transport ac-
tivity is usually depressed in tumor or transformed
cells compared with nontransformed control cells
[10] and is inhibited by antitumor drugs at con-
centrations which inhibit cell growth [9].

Recently, a NADH-ferricyanide reductase ac-
tivity has been shown in plasma membrane vesicles
from Ehrlich ascites tumor cells {11), In this re-
port, this ferricyanide reductase transmembrane
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activity is studied in intact cells, focusing the
attention in the role of NADH-yielding substrates,
the connection between ferricyanide reduction and
proton release and the inhibitory effect of some
antitumor drugs.

Material and Methods

Hyperdiploid Lettré Ehrlich ascites tumor cells
were grown in the peritoneal cavity of 2-month-old
Swiss female mice, and harvested as described
elsewhere [12]. The harvested cells were suspended
in a phosphate-buffered saline with 11 mM phos-
phate, 6 mM KCl and 154 mM NaCl (pH 7.4).
Cellular density was adjusted to 120 - 10° cells/ml.
The cells were preincubated at 37°C in a 50 ml
flask under an atmosphere of 95% O, and 5% CO,
for 15 min. The suspension was then diluted to
60 - 10° cells/ml in flasks containing the buffered
saline, ferricyanide and metabolic substrates. The
incubaticns were carried out 2t 37°C in 2 Grang
metabolic incubator with continuous shaking (140
strokes/min). Aliquots of 1 m! were removed
from the flasks at specific times, poured into
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Eppendorf tubes and centrifuged at 12800 X g for
2 min in a Centaur micro-centrifuge. Ferricyanide
reduction was followed by measuring the ab-
sorbance at 420 nm in the supernatants. The fer-
ricyanide absorption coefficient is taken as 1 cm ™
- mM ™. Extracellular recovery of ferricyanide was
tested by measuring the absorbance of the super-
natants at 420 nm after oxidation by persulfate,

Kinetics measurements were carried out in a
Beckmarn DU-8B spectrophotometer in the pro-
gram mode dual wavelength analysis at 420 nm
minus 500 nm.

Cytosolic and extracellular pH were monitored
with neutral red as described by Bashford {13].

To determine the effects of amiloride on ferri-
cyanide reduction and proton extrusion, ceils were
preincubated with 0.2 mM amiloride for 10 min;
afterwards, ferricyanide was added and cells were
incubated for 15 min.

Results and Discussion

The plasma membrane ferricyanide reductase
activity of intact Ehrlich ascites tumor cells has
been studied in pH and temperature conditions
considered as optima for this activity in plasma
membrane vesicles [11]. Data in Table I show the
time course of ferricyanide reduction by intact
Ehrlich cells incubated with no other substrates
added, and with § mM glucose, 0.5 mM glutamine
or 10 mM lactate. After the first few minutes,
there was a decrease in the velocity of ferricyanide

TABLE 1

TABLE II

EFFECT OF GLUCOSE ON FERRICYANIDE RE-
DUCTASE ACTIVITY IN INTACT EHRLICH ASCITES
TUMOR CELLS DURING LONG-TERM INCUBATION

Data are given as pmol,/10° cells and are means +S.E, of three
separate experiments, Values in brackets are ti-2 percentages of
total ferricyanide reduced.

Time Fersicyanide reductase activity
(min) ferricyanide + plucose
0.5 mM) 5 mM)
60 2350200 (26%) 31174 17 * (35%)

% 24004200 (27%)
120 25004140 (24%)

40174140 * (45%)
49:04212 * (55%)

* Significant as compared wit's cells incubated with only 0.5
mM ferricyanide (P < 0.0,

reduction, most probably ctae to a consumption of
the intracellular electron «onor, namely NADH,
From minute 15 on, lactzte, an immediate source
of NADH, was able to maintain a higher ferri-
cyanide reduction capacity when compared with
data obtained with only 0.5 mM ferricyanide.
Under these conditions, the oxidation of endoge-
nous substrates would provide the required NADH
for ferricyanide reductioi.

In short-term incubations there was no signifi-
cant difference in the ferricyanide reduction rate
between cells incubated with no metabolic sub-
strate and those incubated with glucose or gluta-
mine, showing that these substrates are not im-
mediate sources of available cytosolic NADH,

TRANSPLASMA MEMBRANE FERRICYANIDE REDUCTASE ACTIVITY IN INTACT EHRLICH ASCITES TUMOR

CELLS

Data are given as pmol/10° cells and are means +S.E. of four separate experiments, In all the cases, ferricyanide was present at 0.5

mM concentration. n.d., not determined.

Incubation Ferricyanide reductase activity

time (min) control +glucose (5 mM) + glutamine (0.5 mM) +lactate (10 mM)
5 610+ 15 542+ 110 753+240 T22+143

10 1050+ 83 938+ 43 11514197 1255£170

15 1324118 1258+ 63 15014212 1708193 *

20 $567+118 1388+ 65 1566:£105 2017+192 %

25 1700+ 92 1617+ 97 nd, 23884238 *

30 1883+ 93 18054115 nd 27254193 *

* Significant as compared with cells incubated with only 0.5 mM ferricyanide (P < 0.01).



The differences between giucose and lactate
incubations could be explained taking into account
that Ehrlich ascites tumor cells maintain a very
high aerobic glycolysis [14] and in short-term
incubations they use a great percentage of the
consumed glucose in lactate production. However,
as Table I shows, glucose may be used as a source
of NADH in long-term incubations. After 60 min
of incubation, when almost all the glucos: had
been consumed, the lactate produced and es:cted
into the medium was used as the immediate source
of NADH.

In all cases, the recovery of total extracellular
ferricyanide after oxidation of the supematant by
persulfate was almost 100%, showing that the de-
crease in absorbance measured at 420 nm was not
due to ferricyanide uptake by the cells, but to
ferricyanide reduction by the transplasma mem-
brane oxidoreductase activity.

Kinetics measurements of initial velocities
showed that the reduction of ferricyanide is a
saturable process. The double-reciprocal plot gave
a K, of 0.14 mM and a ¥, of 312 pmol - min~"
- 10°cells.

Transmembrane redox activity has been shown
to be coupled with an increase in extracellular
protons [2-4,9,10,15]. Crane et al. [9] take these
data as evidence for a coupling of proton release
with transmembrane redox activity. However,
whether this is a vectorial or scalar proton release
still remains under discussion. Very recently, it
has been shown that extracellular proton release
during ferricyanide reduction is accompanied by a
moderate acidification of the cytoplasm and no
significant variation of the vacuolar pH in £lodea
densa leaves, as measured by *'P-NMR [16;. We
have found a moderate alkakinization in the inier-
nal pH of intact Ehrlich ascites tumor cell: in-
cubated with 0.5 mM ferricyanide. After 15 min,
there was an increase of 0.06 in the cytosolic pH
and a proton release of 414 pmol/10° cells. These
data support a vectorial proton release in Ehrlich
cells during ferncyanide reduction. Alkalinization
of the cytosol has been related to cell growth [17].

Amiloride, an inhibitor of Na*/H* antiport
[18,19), showed inhibitory effects both on ferri-
cyanide reductase activity (38% inhibition with
respect to control cells) and proton extrusion (88%
inhibition). These results are in agreem:nt with

TABLE 111

EFFECT OF SOME ANTITUMOR DRUGS ON FERRI-
CYANIDE REDUCTION BY EHRLICH ASCITES TUMOR
CELLS

Cells were preincubated with the antitumor drugs tested for 10
min. Afterwards, ferricyanide was added to a final concentra-
tion 0.3 mM and cells were further incubated for 15 min. Data
are given as percentage of inhibition with respect to control
cells with no antitumor drug added and are means+S.E. of
three separate experiments, except for that of DON (6-diazo-5-
oxo-L-rorleucine), which is the value obtained in two de-
terninations.

Antitumor drug % Inhibition
Acivicin (5-107% M) 66+3
Azaserine (107° M) x5
Daunomicin (10~% M) 8+7
DON (107 M) 10
Methotrexate (5+107> M) 2845
Mitoxantrone (2-10~° M) 4843

those reported for HeLa cells {15] and isolated
hepatocytes [20), and seem to indicate a connec-
tion between the redox system and the Na*/H*
antiport. In fact, this evidence is consistent with
the view that the transplasmalemma electron
transport system can activate the Na*/H* anti-
port. However, these data must be taken with care
because amiloride is not a totally specific Na*/H*
antiport inhibitor and has been shown to exhibit a
variety of nonspecific effects, including inhibition
of Na*/K*-ATPase [21-24]. Further studies are
required in order to test the connection between
the redox system and Na*/H™ antipost.

The effect of different antitumor drugs on
transplasma membrane redox activity was studied
(Table II). Al the antitumor drugs tested induced
a significant and high inhibition of ferricyanide
oxidoreductase at concentrations at which they
show antineoplastic activity. Only 6-diazo-5-oxo-
L-norleucine (DON} at such a high concentratioa
as 1 mM did not show any significant effect.
These results enlarge the list of antineoplastic
drugs inducing inhibition of the transmembrane
redox activity [9]. Besides, they suggest that cyto-
toxicity may be somehow linked to the inhibition
of transmembrane ferricyanide reductase activity.
The mechanism of inhibition of this activity by
antineoplastic drugs must be further investigated,
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