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When chick cardiac cells are maintained in serum-free NCTC-135 medium, the pH, dependence of the Na*/

H* exchanger is much more acidic (pK = 7.0) than when a serum-free M199 medium is used (pK > 7.5).

Phorbol esters activate the Na*/H* exchanger and produce a cell alkalinization in cells maintained in

NCTC-135 medium by shifting the pH, dependence of the system to more alkaline values. They have no

action on cells maintained in M199 medium. The alkaline pH, dependence of the Na*/H"* exchanger and

the loss of responsiveness of phorbol ester action in M199 medium correlate with increased rates of phos-
phatidylinositol turnover.
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1. INTRODUCTION

Regulation of the intracellular pH (pHj;) in car-
diac cells involves a Na*/H* antiport [1,2]. Pre-
vious studies have defined the biochemical and
pharmacological properties of the Na*/H* an-
tiport in cardiac cells {3,4] and in non-cardiac cells
[5,6]. One of the interesting properties of the
Na*/H* antiport in non-cardiac cells is its ability
to be activated by a variety of stimuli [6-14]. Ac-
tivation occurs via a shift in the pH; dependence of
the antiport system [9-14). Here we report that, in
cultured chick cardiac cells, the pH; dependence of
the Na*/H™ antiport depends on the culture condi-
tions used and can be modified by activators of
protein kinase C.

Abbreviations: EIPA, ethylisopropylamiloride; TPA,
phorbol-12-acetate-13-myristate; BCECF, 2,7-biscar-
boxyethyl-5(6)-carboxyfluorescein; PI, phosphatidylino-
sitol; PIP, phosphatidylinositol 4-phosphate; PIP,,
phosphatidylinositol 4,5-bisphosphate
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2. MATERIALS AND METHODS

Culture media and foetal calf serum were pur-
chased from Gibco. 2*NaCl (0.5 Ci/mg) and myo-
[2-*H]inositol (17 Ci/mmol) were from Amer-
sham. Amiloride (N-amidino-3,5-diamino-6-chlo-
ropyrazine carboxamide) and EIPA (N-amidino-
3-amino-5-ethylisopropylamino-6-chloropyrazine
carboxamide) were kindly provided by Dr E.J.
Cragoe jr.

Cardiac cells were isolated as described [3] and
seeded into a medium consisting of Eagle’s minimal
essential medium (3 parts), NCTC-135 medium (1
part), 5% charcoal-treated calf serum. After 2-3
days in culture, cells were rinsed with serum-free
medium and further incubated overnight in either
serum-free NCTC-135 medium, serum-free M199
medium or the same medium as used for seeding
the cells.

22Na* uptake experiments on cardiac cells were
performed as described in [3]. The internal pH of
nigericin-treated cells was determined from the K*
distribution ratio [10].

pH; measurements using the fluorescence of
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BCECF were conducted as described [15] and
calibrated according to Moolenaar et al. [9].

Analysis of inositol phospholipids was per-
formed wusing previously published methods
[16,17].

3. RESULTS AND DISCUSSION

When chick cardiac cells were maintained under
normal culture conditions, the pH; for half-maxi-
mum activation of the amiloride-sensitive 2’Na*
uptake was 7.3+0.1 (mean and range from 5
expts). Full activation of the Na*/H* exchanger
was observed between pH; 6.9 and 7.6 indicating a
cooperative interaction of internal H* with the
Na*/H™ exchanger. When chick cardiac cells were
shifted for 18 h in a serum-free NCTC-135 culture
medium, the internal pH dependence of the Na*/
H™* exchange system changed. The pH; for half-
maximum activation of the antiporter decreased to
7.0+ 0.05 (4 expts). When chick cardiac cells were
similarly shifted into serum-free M199 culture
medium, the internal pH dependence of the Na*/
H™* exchanger shifted in the opposite direction.
Maximal activity of the exchanger was then ob-
served between pH; 6.2 and 7.25, then, for higher
pH; values, it declined.

The main panel of fig.1 presents 3 representative
pH; dependences of the activity of the Na*/H* ex-
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Fig.1. Internal pH dependence of the Na*/H* ex-
changer of chick cardiac cells maintained in different
culture media: serum-free M199 medium (A), serum-
free NCTC-135 medium (e), normal growth medium
(0). Inset: initial rates of **Na* uptake measured at a
pH; value of 6.2 in the absence (open bars) or the
presence (shaded bars) of 0.1 mM amiloride in the 3
culture conditions.
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change system in cardiac cells cultured in normal
culture medium, in NCTC-135 medium and in
M199 medium. The inset of fig.1 shows that the
maximum activity of the Na'/H* exchanger,
measured at a pH; value of 6.2 was about the same
in all 3 culture conditions.

In cardiac cells cultured in NCTC-135 medium,
TPA (0.1 xM), a potent activator of protein kinase
C [18], produced a mean 2.6-fold activation of the
initial rate of amiloride-sensitive ?*Na* uptake
(range 1.6-4.3-fold in 7 expts). Half-maximum ac-
tivation by TPA was observed at 25 nM (fig.2). In
cells cultured in normal culture medium, TPA (0.1
#M) produced a mean 2.2-fold activation of the
Na*/H* exchanger (range 2-2.5-fold). In contrast
TPA did not produce any activation of the Na*/
H* exchange system in cells cultured in M199
medium (not shown). The inset of fig.2 shows that
TPA in NCTC-135 medium produced a shift in the
pH; dependence of the system by about 0.4 pH unit
in the alkaline range. TPA did not change the max-
imal activity of the Na*/H™ exchange system
measured at a pH; value of 6.20.

Intracellularly trapped BCECEF is a useful probe
for fluorescence monitoring pH; variations in car-
diac cells [15]. Fig.3A shows that when NHZ -loaded
cardiac cells were shifted to a NH{ -free and Na*-
free medium, a large cell acidification was observed.
Upon the addition of Na* to the external medium,
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Fig.2. The effect of TPA on the activity of the cardiac
Na*/H* exchanger. Dose-response curve for TPA ac-
tivation of the initial rate of Na* uptake by cardiac cells
maintained in NCTC-135 medium. Cells were pre-
equilibrated for 15 min in Na*-free, 70 mM K* medium
in the presence of 1 M nigericin. Inset: the internal pH
dependence of the Na*/H* exchanger in cardiac cells
maintained in NCTC-135 medium in the absence (@) or
presence (O) of 0.1 xM TPA.
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Fig.3. The effect of TPA on the pH; of cardiac cells.
A,B: BCECF-loaded cardiac cells were incubated in a
Na*-free medium. After stabilization of the fluorescence,
30 mM NH,Cl was added (§) to the cuvette for 2 min.
Cells were then shifted to a Na‘*-free and NH{-free
medium (4). At the time indicated Na* (140 mM) or
EIPA (0.1 mM) were added and pH; followed. C-G: In-
fluence of TPA on the pH; of chick cardiac cells main-
tained in normal culture medium (C-E), NCTC-135
medium (F) and M 199 medium (G). Cells were incubated
in a 140 mM Na* or Na*-free medium (E). 0.1 xM TPA
and 0.1 mM EIPA were added at the times indicated.

pH; rapidly recovered. EIPA, a blocker of the
Na*/H™ exchanger [19] prevented the normal pH;
recovery that was induced by Na* (fig.3B). Addi-
tion of TPA to chick cardiac cells that had been
cultured in normal culture medium produced a cell
alkalinization of about 0.25 pH unit (fig.3C). TPA
action was rapidly reversed when cells were shifted
to a Na*-free medium (fig.3C) or upon addition of
EIPA (fig.3D). TPA did not produce any signifi-
cant cell alkalinization if cardiac cells were pre-
treated with EIPA (fig.3E). All these experiments
taken together suggest that the cell alkalinization
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pruauned by TPA is due to an activation of the
Na*/H* exchange. Fig.3F shows that TPA pro-
duced a more rapid and larger change in pH; in
cardiac cells that were cultured in NCTC-135
medium than in normal culture medium. TPA had
no effect on the pH; of chick cardiac cells that had
been maintained in M199 medium although these
cells responded to a shift to a Na*-free medium by
a cell acidification which was restored upon read-
dition of external Na* (fig.3G).

In summary: (i) the properties of interaction of
the cardiac Na*/H™* exchanger with internal H*
were not the same when different culture condi-
tions were used; (ii) when cardiac cells were main-
tained in NCTC-135 medium, TPA produced an
activation of the Na*/H™* exchanger which led to
a cell alkalinization. Activation was produced by
shifting the pH; dependence of the system to more
alkaline pH; values; (iii) the effect of TPA also
depended on the culture conditions used. It was the
most prominent in cells maintained in NCTC-135
medium. TPA had no effect on cells maintained in
M199 medium; (iv) TPA action was more pro-
nounced when the internal pH dependence of the
Na*/H* exchanger was observed at acidic pH;
values.

In vitro differentiation of skeletal muscle cells
has been reported to be accompanied by a shift in
the pH; dependence of the Na*/H* antiport to
more alkaline values and by a loss of the respon-
siveness to TPA action [10]. These results were in-
terpreted to suggest that in differentiated myo-

Table 1

Effect of culture media on the short-term [*Hlinositol
labelling of inositol phospholipids

Phospholipid

Culture medium

NCTC-135 M199

Pi 3011 + 470 6617 + 319
PIP 114 + 53 276 + 29
PIP; 107 + 17 566 + 9

15 h before the experiments, cells were shifted to serum-

free NCTC-135 or M199 medium. Cells were then in-

cubated for 1 h with [*HJinositol (15 £#Ci/200 4l), in a

medium consisting of 140 mM NaCl, § mM KXCl, 1.8

mM CaCl;, 0.8 mM MgSO4, 5 mM glucose buffered

with 25 mM Hepes-Tris at pH 7.4. The results shown are
dpm/well (mean + SE, n=4)

165



Volume 196, number 1

Table 2

Effect of culture medium on the loss of [*Hlinosito}
from phosphatidylinositol labelled with [*Hlinositol

Radioactivity  Radioactivity
in cell phos- released into
phatidylinositol  the medium
Control 22840 + 672 -
Switch to NCTC
medium 18508 = 169 27346 + 3415
Switch to M199
medium 14904 + 1284 44790 + 2053

Switch to M199
medium + inositol 14400 + 228 39850 + 3135

Cardiac cells in normal growth medium were labelled
with [PHlinositol (1.5 £Ci/ml) for 30 h and then
switched to unlabelled serum-free NCTC-135 or M199
or M199 + cold inositol medium. 15 h thereafter the
radioactivity released in the culture media and contained
in cell PI was determined. Data are compared to cells left
in normal growth medium supplemented with [*H]-
inositol. The inositol in the M199 + inositol group was
equal in concentration to that of NCTC-135 medium
(the inositol concentrations in NCTC-135 and M199
media are 0.125 and 0.05 mg/l, respectively). Results
shown are dpm/well + SE (n=3)

tubes, the Na*/H™* exchanger exists in a state that
is already activated by protein kinase C {10].
Similarly the results presented here could mean
that when cardiac cells are cultured in a M199
medium, the Na*/H* antiport is already phos-
phorylated by protein kinase C. It would follow
that one might expect to find a correlation between
the rate of phosphatidylinositol turnover and the
state of activation of the Na*/H™* exchanger. Ex-
periments were performed to compare PI turnover
in cardiac cells grown in NCTC-135 and in M199
medium. Table 1 shows that incorporation of
[*Hlinositol into both phosphatidylinositol and
polyphosphoinositides was greater in cells main-
tained in M199 compared to those maintained in
NCTC-135 medium. Table 2 shows that the loss of
3H from phosphatidylinositol in cells switched to
M199 (or M199 + inositol) was approximately
twice that of the cells switched to NCTC-135
medium. While neither measurement proves dif-
ferences in phosphatidylinositol turnover, the
combined measurements are strongly suggestive
that inositol phospholipids were turning over more
rapidly in the cells maintained in M199 medium.
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