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86Rb(K*) transport across the plasma membrane of macrophage-like cells was studied. The cells used were
the wild-type J774.2 and its two variants, CT2 cells, deficient in adenylate cyclase, and J7H1 cells, deficient
in cAMP-dependent protein kinase. In the three cell lines about 15% of the total ®¥Rb(K*) influx is
transported by the K* carrier-mediated transport system. The *Rb(K™*) efflux carried by the same
transporter is negligible when measured in the absence of ouabain in the medium. Therefore this carrier
conducts a net inward flux of K* under the experimental conditions used. The transporter is sensitive to
extracellular Na* and inhibited by ‘loop’ diuretics; bumetanide inhibits ouabain-resistant * Rb(K *) influx
with IC,, of 0.1, 5.0, and 0.05 uM for J774.2, CT2 and J7TH1 macrophages, respectively. The membrane
potential of the three cells was measured, using the distribution of |*H]tetraphenylphosphonium ([>HJTPP *)
across the plasma membrane, and found to be —80.1, —108.5 and —105.1 mV for J774.2, CT2 and J7H1
cells, respectively. The addition of bumetanide to the cell medium does not alter [*’H]TPP * uptake indicating
that the transporter is electrically silent. It is concluded that despite the differences in cAMP metabolism by
the three macrophages, the basic characteristics of K* carrier-mediated transport system of the three cells
are very similar,

Introduction brane of number of cells. Under certain condi-
tions, it has been shown to be a linked, bidirec-

An ouabain-resistant, K% carrier-mediated tional, co-transport of Na™, K* and CI~ with a
transport has been described in the plasma mem- probable [Na*, K*, Cl7] stoichiometry of 1:1:2

(for review, see Refs. 1-4). It was postulated that
the movement of either cation is coupled to, and
can be driven by, the gradient of its co-ion [2,4]; it
thus does not require any energy [1}. It also has a
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carbonyl cyanide m-chlorophenylhydrazone. Rb* [6]. This transport system is resistant to
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ouabain and amiloride, but inhibited by ‘loop’
diuretics such as bumetanide, furosemide and
ethacrynic acid [3,4,6-8] and also by K™ iono-
phores (valinomycin, dicyclohexyl-18-crown-6)
probably by competition [6,9,10].

Extensive studies have been made on the physi-
ological role of this transport system in living cells.
It was postulated that it is involved in the mod-
ulation of cell volume [4,11-13] and in cell differ-
entiation and division [4,6,8,14,15]. Moreover, it
has been shown that this transport system is con-
trolled by different regulatory mechanisms [16]. In
avian erythrocytes it is stimulated by S-adrenergic
agonists, cholera enterotoxin, adenosine, cAMP
analogs, all agents that raise intracellular cAMP
levels [4,13,17-20]; this stimulation involves prob-
ably protein phosphorylation [4,21,22]. It is also
activated by several treatments which do not act
through cAMP, e.g. hypertonicity, and deoxygena-
tion [4,20], the mechanism of action of which is
still unknown. In contrast with these data, it has
been found that cAMP and sometimes ¢cGMP
inhibit K* carrier-mediated transport in epithelial
tissues such as rabbit gallbladder, flounder in-
testine, rabbit ileum, and in human eythrocytes
[23-27]. In most of those epithelia the direct effect
of catecholamines has not been yet studied; how-
ever, Garay [24] showed that isoproterenol does
not affect human erythrocytes which do not ex-
hibit any B-adrenergic receptors. Moreover, we
have found that adrenaline and isoproterenol in-
hibit this transport system through the B-adren-
ergic receptors in NIH 3T3 cells, but that cAMP
does not seem to be involved in this phenomenon
(unpublished data). Consequently, it appears that
the regulation of K* carrier-mediated system by
catecholamines and second messengers does not
involve the same mechanism in different tissues.
Therefore it was of interest to characterize this
transport system in cells in which the adenylate
cyclase-protein kinase system was described in de-
tails. The cells chosen for this study are J774.2
macrophages and two variants derived from these
cells, CT2, deficient in adenylate cyclase and J7H1,
deficient in cAMP-dependent protein kinase. Those
three macrophage-like cell lines were isolated and
characterized by Bloom, Muschel, Rosen and their
colleagues [28,29]. They were previously used for
studying three of the functions affected by cAMP

in J744.2 cells, i.e. growth inhibition and two
properties considered to be markers for macro-
phage activation: Fc-mediated phagocytosis and
plasminogen activator secretion [29]. They were
also used to study cell volume, regulation by cyto-
skeleton and cAMP {30].

This paper describes the characteristics of the
K* carrier-mediated transport:"in these macro-
phages with respect to the net flux of potassium
ions, its sensitivity to extracellular Na* and its
possible effect on the electrical membrane poten-
tial.

Materials and Methods

Materials

%Rb was purchased from the Radiochemical
Centre, Amersham, UK. [*HJTPP* (tetraphenyl-
phosphonium) (5670 mCi/ml) was obtained from
the Nuclear Research Centre, Negev, Israel. Fur-
osemide was purchased from Hoechst AG, Frank-
furt am Main, F.R.G. Bumetanide was provided
from laboratoire Leo B.P. 9-28500, Vernouillet,
Denmark.

Cell culture

The J774.2 mouse macrophage cloned cell line
[28] and two of its variants [29]: CT2, deficient in
adenylate cyclase, and J7TH1, deficient in cAMP-
dependent protein kinase, were grown and main-
tained in modified Eagle’s medium (MEM) sup-
plemented with kanamycin 0.01%, penibrin 0.01%,
glucose 0.35%, glutamine 4 mM, non essential
amino acids and 20% heat inactivated horse serum
on non tissue culture plastic dishes (Falcon 1005)
to which the cells scarcely adhere. Harvesting was
accomplished by gently scraping the cells with a
rubber policeman, shaking them off culture dishes
and centrifugation at room temperature (1500 X g,
5 min). Then the cells were washed once with the
appropriate medium (described below) and resus-
pended in the same medium at (3.5-4.5) - 10° cells
per ml.

36Rb influx
In order to obtain identical experimental condi-
tions for the influx and for the efflux (see below),



cells were held for approximately one hour at
37°C after being washed. Reactions were initiated
by adding 250 pl of the cell suspension to 250 pl
of a solution containing 2 pCi of *Rb in one of
the following media: (I) complete MEM; (I1) Na*
and choline ™ media, the compositions of which are
in mM (final concentrations): 5 glucose, 0.5
MgCl,, 1 CaCl,, 5 Hepes-Tris (pH 7.0), 145-0
NaCl/0-145 choline chloride, 5 KCl, and ad-
ditional drugs (ouabain, bumetanide, furosemide,
etc.) when indicated.

Reaction mixtures containing these solutions
were equilibrated at 37°C prior to addition of the
cells. After initiating the reactions, incubations
were continued at 37°C for given times, and
stopped either (a) by addition of 500 ul of ice-cold
125 mM MgCl, and centrifugation of the reaction
vessels in a Brinkmann Eppendorf microcentrifuge
(model 5912) for 15 s. The supernatants were
immediately aspirated and the same operation re-
peated with 1 ml of ice-cold 125 mM MgCl,. Or
(b) by addition of 100 pl of di-n-butylphthalate.
The reaction vessels were centrifuged as described
above and the supernatants were immediately
aspirated. Both methods gave similar results which
did not vary by more than 5%. The bottom of the
tube containing the cell pellet was then sliced off
and transferred to counting vials containing 4 ml
of toluene-Triton scintillation medium (1 liter
toluene, 300 ml Triton X-100, 4 g PPO and 50 mg
POPOP) and radioactivity was determined by
liquid scintillation spectrometry at a counting ef-
ficiency of approx. 90%. Ouabain-sensitive **Rb
influx (%Rb influx due to the (Na‘*+ K™*)-
ATPase) and ouabain-resistant, bumetanide-sensi-
tive *Rb influx (¥Rb influx carried by K* car-
rier-mediated transport) were determined respec-
tively by subtracting the values obtained in the
presence of 1 mM ouabain (ouabain-resistant **Rb
influx) from the ones obtained with no ouabain
(total **Rb influx), and by subtracting the values
obtained in the presence of ouabain 1 mM and
bumetanide 100 uM (ouabain-resistant,
bumetanide-resistant **Rb influx or 3Rb influx
by diffusion) from those obtained in the presence
of ouabain 1 mM only. Isotope trapping in the
extracellular space of the pellet was corrected for
by subtraction of zero-time counts taken im-
mediately after addition of the cells to the media.
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55Rb efflux

Cells collected in their own growth medium
were loaded with *Rb (1 uCi per 10° cells) for
approximately one hour at 37°C, and washed three
times with ice-cold complete MEM (2 ml per 10°
cells). Reactions were initiated by adding 250 pl of
washed cells resuspended at (3.5-4.5)-10°/ml of
MEM to 250 pul of prewarmed (37°C) MEM. After
given times, 500 pl of ice-cold 125 mM MgCl,
were added and the reaction vessels were centri-
fuged for 15 s. 500 pl of the supernatants were
transferred to counting vials containing 4 ml of
toluene-Triton scintillation and radioactivity
counted as described above for **Rb influx. The
K*(*Rb) specific activity was determined by
counting total *Rb and measuring total K* con-
tent on cells submitted to the same treatments, but
in the absence of %Rb, by Perkin-Elmer atomic
absorbance spectrophotometry. Bumetanide-sensi-
tive *Rb efflux (efflux due to K™ carrier-mediated
transport) was determined by subtracting the val-
ues obtained in the presence of bumetanide 100
pM from the ones obtained without it. Activation
of bumetanide-sensitive **Rb efflux by ouabain
was monitored under the same conditions, except
that 1T mM ouabain was added to the solutions.
Loss of isotope was measured by removal of cell
aliquots at specific intervals following resuspen-
sion in isotope free medium.

[PH]TPP* uptake

The accumulation of [*H]JTPP* was measured
as previously described [31]. Briefly, the reactions
were started by adding 250 pl of washed cells
previously equilibrated at 37°C to 250 pl of a
solution containing 2 uM *H[TPP*] in one of the
following reaction mixtures: (I) ‘high-Na™*
medium’, 132 mM NaCl, 5 mM KCl, 5 mM gilu-
cose, 50 mM Hepes-Tris (pH 7.0), 0.5 mM MgCi,,
1 mM CaCl,; (II) ‘high-K* medium’, same as
high-Na* medium except that 132 mM KCI was
used in place of NaCl; and (III) ‘high-choline™
medium’, same as high-Na* medium except that
132 mM choline chloride was used in place of
NacCl and no KCl was present. After given incuba-
tion times, 100 pl of di-n-butylphthalate were ad-
ded and the reaction vessels were centrifuged for
15 s. The rest of the procedure was the same as in
%Rb influx. The radioactivity was determined by
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liquid scintillation spectrometry at counting ef-
ficiency of 50 to 60%. Corrections for the radioac-
tivity trapped in the extracellular space of the
pellets were determined by measuring [*HJTPP*
uptake at time zero. The concentration of
[PH]TPP* accumulated by the cells was obtained
by using values for intracellular volume previously
published [30], i.e. in ul/10° cells: 2.1 for J774.2,
1.5 for CT2 and 1.32 for J7H1. These values were
determined by isotope dilution of markers for total
water ([*HJH,0) and extracellular space ({'*Clin-
ulin) [30]. It is noteworthy that we obtained almost
the same results by a modification of the method
of Kletzien et al. using 3-O-methyl-p-[**Clglucose
as an intracellular space marker [32). The con-
centrations of TPP* were then used to calculate
Ay by the Nernst equation as reported [31]:

Ay = (2.3 RT/F) log([TPP* |57 /[TPP* |,.)
in which 2.3 RT/F= —61 at 37°C and

[TPP+ :::rrec(ed - [TPP+ ]}:,gh Nat _ [TPP+ ]l:‘gh K* .

Results

(1) Effect of ouabain on total ®Rb influx
The total 3Rb influx in growing J744.2 macro-
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Fig. 1. Time-courses of %Rb influx to J774.2 macrophages.
J774.2 macrophages were suspended in complete MEM in the
absence (@) and the presence of 1 mM ouabain (O) or 1 mM
ouabain plus 100 uM bumetanide (»), and incubated at 37°C
for the indicated times. (A representative experiment out of
three performed is demonstrated).

phages suspended in complete MEM, when mea-
sured as a function of time (Fig. 1), is linear for
the first ten minutes. The addition of 1 mM
ouabain to the incubation medium decreases the
initial rate of ®Rb influx by 76.6% indicating that
ouabain-sensitive influx, due to (Na'+ K™*)-
ATPase activity, is the main portion of total *Rb
influx by those cells. These results are in total
agreement with those found for other eukaryotic
cells [33-35]. The ouabain-sensitive *Rb influx is
inhibited by the cardiac glycoside with an ICy; of
approx. 40 pM. This requirement for a relatively
high concentration is probably due to the known
resistance of mouse cells to cardiac glycosides.
Comparable results (IC;, about 35 uM) were ob-
tained with growing CT2 and J7H1 macrophages
(Table I).

(2) Sensitivity of ouabain-resistant *°Rb influx to
‘loop’ diuretics

The inhibitory effect of bumetanide and fur-
osemide was tested on ouabain-resistant 3*Rb in-
fluxes of the three cell lines. As can be seen in Fig.
1, the addition of 100 uM bumetanide in the
presence of 1 mM ouabain causes an inhibition of
91.2% of the initial rate of Rb influx. Quabain-
resistant, bumetanide-sensitive *Rb influx par-
ticipates therefore in 14.8% of the total *Rb influx
in J744.2 macrophages. Very similar results were
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Fig. 2. Bumetanide dose-response on ouabain-resistant °Rb
influx to J774.2, CT2 and J7H1 macrophages. 1774.2 (®), CT2
(O) and J7H1 (a) macrophages were suspended in complete
MEM containing 1 mM ouabain with the indicated concentra-
tions of bumetanide, and incubated for 10 min at 37°C. Each
point represents the mean +S.E. of 2 to 23 experiments.
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COMPONENTS OF UNIDIRECTIONAL #Rb INFLUX TO J774.2, CT2 AND J7H1 MACROPHAGES

J774.2, CT2 and J7H1 macrophages were suspended in complete MEM in the absence (1) and in the presence of 1 mM ouabain (3) or
1 mM ouabain plus 100 pM bumetanide (5). After 10 min incubation intracellular radioactivity was determined and ouabain-sensitive
8Rb influx (2) as well as ouabain-resistant, bumetanide-sensitive 36Rb influx (4) were calculated as described in Materials and
Methods. The data are presented in nmol *Rb,/10 min per 10° cells, mean + S.E. The number in parenthesis represents the number

of separate experiments on different cell populations.

Cell lines 17742 (WT) CT2(AC™) J7H1 (PK ")
86Rb influx % of control  *6Rb influx % of control ~ **Rb influx % of control

(1) Total ®*Rb influx 51.3+0.7(16) 100.0 458+0.4(23) 1000 420+05(10) 100.0
(2) Ouabain-sensitive *Rb

influx (Na* +K*)-ATPase) 39.3+07(11)  76.6 269410 (5) 587 325407 (5) 774
(3) Ouabain-resistant **Rb

influx 12.5+£04 (17) 244 18.2+04 (5) 39.7 104+0.6 (5) 248
(4) Ouabain-resistant,

bumetanide-sensitive

86Rb influx (K * carrier-

mediated transport) 76403 (9) 148 64406 (@) 140 74405 (3) 176
(5) Ouabain-resistant,

bumetanide-resistant

R influx (diffusion) 45+0.5 (10) 8.8 120407 (4) 262 33404 (3) 79
obtained in the two variant lines (Table I).

The dose-response curves of the Rb influx to
bumetanide in the presence of 1 mM ouabain for i R

120 b

the three cells are shown in Fig. 2. In J774.2 and
J7H1 cells 100 pM bumetanide inhibits almost
totally ouabain-resistant Rb influx while in CT2
macrophages it remains still high, indicating that
diffusion and/or other transport mechanisms are
relatively larger in those cells. The ICy, for
bumetanide are found to be 0.1, 5.0 and 0.05 ptM
for J774.2, CT2 and J7TH1 cells, respectively. J774.2
and J7H1 macrophages seem therefore to be more
sensitive to bumetanide than CT2 cells. Fur-
osemide also inhibited the ouabain-resistant *Rb
influx of the three cells (data not shown). In
agreement with previous studies (7], it was ap-
proximately 10-times less efficient compared to
bumetanide. It can be concluded that about 15%
of the total 3Rb influx is transported through the
K™* carrier-mediated transport system in those
macrophages and that under these experimental
conditions, CT2 cells are less sensitive to ‘loop’
diuretics than the two other cell lines.

(3) Evidence for bumetanide-sensitive 5°Rb efflux
The total *Rb efflux in growing J744.2 macro-
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Fig. 3. Time-courses of **Rb efflux from J774.2 macrophages.
J774.2 macrophages, preloaded with ®6Rb, were suspended in
complete MEM in the absence (O) and the presence of 1 mM
ouabain (@) or 1 mM ouabain plus 100 pM bumetanide (a) or
100 pM bumetanide (O) and incubated at 37°C for the indi-
cated times. Radioactivity contained in the extracellular medium
was then determined as described in Materials and Methods.
(A representative experiment out of three performed is demon-
strated).
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TABLE II

EFFECT OF OUABAIN AND BUMETANIDE ON UNIDIRECTIONAL %Rb EFFLUX IN J774.2, CT2 AND J7H1 MACRO-

PHAGES

J774.2, CT2 and J7H1 macrophages, preloaded with 3Rb, were suspended in complete MEM in the absence (1) and in the presence of
1 mM ouabain (2) or 1 mM ouabain plus 100 g M bumetanide (3) or 100 pM bumetanide (4). After 10 min incubation extracellular
radioactivity was determined and 36Rb efflux due to K * carrier-mediated transport (5) was calculated as described in Materials and
Methods. The data are presented in nmol ®Rb /10 min per 10° cells, mean + S.E. The number in parenthesis represents the number

of separate experiments on different cell populations.

Cell lines 17742 (WT) CT2(AC™) J7H1 (PK ™)
85Rb efflux % of control % Rb efflux % of control ~ *Rb efflux % of control
(1) Total ®Rb efflux 50.2+0.8(7) 100.0 437+20(2) 1000 41.7+10(4) 1000
(2) **Rb efflux in presence
of 1 mM ouabain 658+1.2(4) 1311 56.5+2.4(2) 1293 574+18(2) 1376
(3) % Rb efflux in presence of
1 mM ouabain and 100 pM
bumetanide 45.6+09(4) 908 456+13(Q) 1043 437+38(2) 1048
(4) 8Rb efflux in presence
of 100 pM bumetanide 49.6+21(2) 9838 24+11Q2) 970 417+29(3) 1000

(5) *Rb efflux due to K*

carrier-mediated transport 04+0.3(2) 0.8

13408 (2) 30 10406 (3) 24

phages as a function of time was measured in the
same conditions as the total *Rb influx (Fig. 3). It
was seen to be linear for at least 20 min. Interest-
ingly the addition of 1 mM ouabain causes an
increase of 27% of total 3Rb efflux. Since ouabain
inhibits (Na*+ K*)-ATPase activity which trans-
ports K*(*Rb) into the cells, a direct effect of
ouabain on *Rb efflux is not expected. A possible
mechanism for this phenomenon is that the inhibi-
tion of (Na*+ K*)-ATPase by ouabain results in
an increase of extracellular Na* concentration
which in turn induces an activation of the trans-
porter. When *Rb efflux was monitored in pres-
ence of 1 mM ouabain and 100 pM bumetanide, it
was seen to undergo a decrease of 9% compared to
the control and of 31% compared with ®Rb efflux
measured in the presence of 1 mM ouabain.

The same measurements were performed on the
two variants. On these cells, as for the wild type,
ouabain caused a stimulation of total **Rb efflux
(table II). Moreover, when 100 uM bumetanide
was added to the solution containing 1 mM
ouabain, a slight activation of *Rb efflux was still
measured. There results are consistent with those
observed in ascites cells [36,37], in SV-3T3 cells
[38], in MDCK renal epithelial cells and in Hela

carcinoma cells [32] where ouabain was shown to
cause an increase in K* efflux, stimulation which
is inhibited by ‘loop’ diuretics. In the absence of
ouabain in the reaction medium, 100 pM
bumetanide did not, or scarcely, affect total *Rb
efflux (Fig. 3 and Table II), which means that
®Rb efflux under normal conditions in these three
cell lines is essentially a leak efflux.

(4) Determination of the net ouabain-resistant,
bumetanide-sensitive *°Rb flux

As mentioned previously, total 3Rb influx and
efflux were determined under similar experimental
conditions. The total *¥Rb influx rates were almost
equal to the total efflux rates (Tables I and II), in
agreement with what one would expect from cells
in steady state. On the other hand because of the
ouabain-induced activation of %Rb efflux men-
tioned above, **Rb efflux through the K* carrier-
mediated transport system was measured in solu-
tions free of ouabain. **Rb influx carried by the
same system in our cells was insensitive to
ouabain-induced activation under the experimen-
tal conditions used (unlike those measured in
MDCK cells and Hela cells [32]). The same condi-
tions for measuring **Rb net fluxes were used in



other laboratories for Ehrlich ascites tumor cell
[33,36]. Thus the net flux could be calculated by
subtracting the bumetanide-sensitive *Rb efflux
from the ouabain-resistant, bumetanide-sensitive
8Rb influx. The values obtained for the net flux
were 7.2, 5.1 and 6.4 nmol /10 min per 10° cells for
J7742, CT2 and J7TH1 cells, respectively. There-
fore it can be concluded that K* carrier-mediated
transport system carries a net inward K* flux in
the three cell lines.

(5) Extracellular Na* dependence of ouabain-re-
sistant, bumetanide-sensitive *°Rb influx

In other experimental systems the ouabain-re-
sistant, bumetanide-sensitive %Rb influx was
shown to be sensitive to extracellular Na* con-
centration [35]. As can be seen in Fig. 4 the
ouabain-resistant, bumetanide-sensitive **Rb in-
flux to J774.2 macrophages is also dependent on
the presence of Na™ in the extracellular medium.
The reduction of Na* to 10 mM decreases the
ouabain-resistant, bumetanide-sensitive *Rb in-
flux by 81.6% while its elevation over 100 mM
does not influence the carrier-mediated transport.
At low Na* concentrations a slight decrease in
ouabain-resistant, bumetanide-sensitive **Rb in-
flux is observed when the extracellular Na* con-
tent is increased (between 0 and 10 mM). This
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Fig. 4. Sodium dependence of ouabain-resistant, bumetanide-
sensitive *Rb influx to J774.2 macrophages. Ouabain-resistant,
bumetanide-sensitive *Rb influx to J774.2 macrophages, as a
function of Na* concentration, was measured for 10 min and
calculated as described in Materials and Methods. (A repre-
sentative experiment out of three performed is demonstrated).
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effect may reflect a true change in the transporter
activity or may result from an indirect effect of the
Na™ concentration on bumetanide binding since
Na™ requirement for bumetanide inhibition of car-
rier-mediated transport has been previously dem-
onstrated [41]. The K, for Na™ calculated from
analysis of 1/V versus 1/[Na*] (plot not shown)
is about 83.3 mM, a value that is close to the one
(68.9 mM) determine for NIH 3T3 cells [35].

(6) Electroneutrality of ouabain-resistant,
bumetanide-sensitive *°Rb flux

In order to determine whether the ouabain-re-
sistant, bumetanide-sensitive *Rb flux is electro-
genic or electroneutral, [*H]TPP* accumulation
was monitored to establish the electrical mem-
brane potential of the three macrophages. J774.2,
CT2 and J7H1 cells suspended in high-Na* and
high-choline * media take up [*H]TPP* rapidly for
about 20 min and reach a steady-state level of
accumulation at approx. 40 min (Fig. 5). The time
curves obtained in those two media are almost
identical indicating that Na* does not contribute
significantly to the resting membrane potential of
these cells. In contrast, when the cells are sus-
pended in a medium containing a high K* con-
centration the steady-state level of [°H]TPP* accu-
mulation is decreased by approx. 70%, 80% and
85% in J774.2, JTH1 and CT2 macrophages, re-
spectively. These results are similar to those ob-
tained with neuroblastoma-glioma NG108-15 hy-
brid cells [31], human peripheral lymphocytes [42]
and mouse spleen lymphocytes (43], and show that
the Ay across the plasma membrane of these
macrophages is also due substantially to a K*
diffusion potential (K}, > K}, ). By using the dif-
ferences between the results obtained in high-Na*
and high-K* media, 4y of —80.1 + 0.31, —108.5
+0.14 and —105.1 £ 0.12 mV can be calculated
from the data shown in Fig. 5 and Table III for
J774.2, CT2 and J7TH] cells, respectively. The first
value is in good agreement with the resting poten-
tial of —87 mV obtained on macrophages from
mouse spleen cultures by measurements using in-
tracellular microelectrodes [44]. It should be no-
ticed that the two variants present higher resting
membrane potentials than J774.2 macrophages.

As can be seen in Table I11, the addition of the
protonophore carbonyl cyanide m-chlorophenyl-
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Fig. 5. Time-courses of [*H]TPP* accumulation. J774.2, CT2 and J7HI macrophages were suspended in high-Na* (O) or
high-choline (®) or high-K* (a) medium with 1 uM [*H]JTPP™ and incubated at 37°C for the times indicated. Each point represents

the mean +S.E. of 2 to 8 experiments.

hydrazone (CCCP 10 pM) to the extracellular
medium results in a marked decrease in [°H]TPP*
accumulation by the three cell lines. Since CCCP
generates an increase in proton permeability it
causes a dissipation of Ay and depolarization.
This perturbation in [*H|TPP* uptake by CCCP
offers additional proof that [*HJTPP* accumula-
tion serves as a good measure of the plasma mem-
brane Ay as has been observed in other cells [31).
The addition of bumetanide (100 pM) to the

TABLE III

medium does not affect at all [’ H]TPP* accumula-
tion in the three cells indicating that the K*
carrier-mediated transport system is electroneutral.

Discussion

This study has shown that J774.2 mouse macro-
phages and its two variant lines, CT2, deficient in
adenylate cyclase, and J7H1, deficient in cAMP-
dependent protein kinase, contain a K* carrier-

EFFECT OF CCCP AND BUMETANIDE ON STEADY-STATE LEVELS OF [*H|TPP* ACCUMULATION

J774.2, CT2 and J7H1 macrophages were washed and suspended in high-Na* and high-K* media with 1 uM [>HJTPP*, After 30 min
accumulation the indicated compounds were added, and incubations were continued for 30 more minutes. Results are presented as

mean +S.E. with number of experiments in parenthesis.

Cell Tines 17742 (WT) CT2(AC™) J7H1 (PK ")
Media Additions [*HITPP* uptake Ay [*H]TPP* uptake Ay [PHITPP* uptake Ay
(pmol /10° cells) (mV) (pmol /10° cells) (mV) (pmol /10° cells) (mV)
High Na* - 63.3+4.1(3) ~80.1 112.2+1.7 (4) —-108.5 81.6+1.2(4) —105.1
HighK* - 200+0.1 2) 220410 (4) 11.9+0.6 (2)
HighNa® CCCP10pM  89+0.6(2) 29402 (2) 41+03(2)
High Na™ bumetanide 63.4+19(2) -80.2 110.6 +3.4 (4) -108.1 80.9+4.3(4) —104.8




mediated transport system in their plasma mem-
brane. The characterization of this transporter in-
dicates that it conducts a net inward flux of K™
under the experimental conditions used. This re-
sult is in agreement with those obtained on Ehrlich
ascites tumor cells [1,34] but differs from those
obtained on NIH 3T3 cells [35] and on rabbit
reticulocytes [6] (net flux outward), or on human
red cells [24,39,40] and on Ehrlich ascites tumor
cells [33,36] (zero net flux). It should be observed
that the obtained results (net flux inward or out-
ward, or no net flux at all) are dependent on the
experimental conditions. This is particularly obvi-
ous in the case of the Ehrlich ascites tumor cells
where two different results where observed: a net
influx, when K™ carrier-mediated transport system
was measured on K* depleted cells in K* free
medium [1,34] and no net flux when it was de-
termined under physiological conditions [33,36].

The K* carrier-mediated transport system re-
quires extracellular Na™ for transporting K* into
the cells, as demonstrated for J774.2 cells (fig. 4)
and is electrically silent, as shown for the three cell
lines (Table II1). These observations are in agree-
ment with the characteristics of this transport sys-
tem in other eukaryotic cells [1,34].

Despite these similarities, differences between
the three cell lines have been detected. The two
variant cells have a resting membrane potential
higher than the J774.2 macrophages (Table III).
These increased Ay may result from either an
increased permeability to potassium ions or an
increase of the electrogenic Na* /K™ pump activ-
ity. Since the ouabain-sensitive **Rb influx is per-
centagewise approximately the same in the three
cells (Table I), the later possibility seem to be
ruled out. The CT2 cells show a relatively large
K™ diffusion, compared to the two other cells,
which indeed may account for the increased Ay of
these cells. On the other hand K™ diffusion per-
centagewise seems to be similar for J774.2 and
J7H1 cells despite their difference in Ay. This
difference appears, therefore, to be the result of a
decreased Na™ permeability in J7H1 cells com-
pared with J774.2 macrophages. Interestingly a
significant difference in the sensitivity of the
ouabain-resistant 3 Rb influx to bumetanide of the
CT?2 cells as compared to the two other cell lines
was observed. This adenylate cyclase deficient cell
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line is at least ten times less sensitive to bumetanide
than the two other macrophages. Whether this
difference is due to the decreased level of cAMP in
these cells is not known at the present.

Following this basic characterization, it seems
suitable to use these cells for studying the effects
of several perturbations (such as changes in the
media or addition of hormones) on the K*
carrier-mediated transport system. These studies
hopefully will lead to a better understanding of the
action of the transporter and its physiological role.
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