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Plasma membrane potential of neutrophils generated by the Na™ pump
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The plasma membrane potential of human neutrophils was monitored using the anionic dye oxonol-V. The
cells maintain a potential of —75 + 17 mV when suspended in physiological saline solutions. The cells are
scarcely depolarized by extracellular K* and the depolarization induced by the chemotactic peptide
fMet-Leu-Phe is of similar magnitude for cells suspended in 5 or 155 mM K*. Neutrophils are, however,
depolarized by suspension in K *-free media or after treatment with ouabain. Neutrophils catalyse Na*-H *
exchange and possess other electroneutral ion transport systems. We propose that the neutrophil membrane
potential is generated by an electrogenic Na“ pump, that osmotic stability is achieved by electroneutral ion
transport systems and that electrical stability is maintained by anion leakage. Similar mechanisms may also

operate in other biological membranes.

Introduction

The plasma membrane potential of most animal
cells is often assumed to be set by K* diffusion
with a minor contribution from the Na* pump
[1-4]. The observation that a membrane potential
in Lettré cells, at steady state for Na* and K™, of
—55 mV is insensitive to alteration of extracellular
K*, Na* or Cl™ [5], but is collapsed by ouabain
[6], has led to the suggestion [5,6] that the Na™
pump is the principal contributor to membrane
potential provided various balancing mechanisms
operate to maintain electrical and osmotic stabil-
ity. The coupling of Na* pump activity with Na™-
H* exchange provides the cells with what is, in
effect, a H* pump. The implication that H* extru-
sion contributes to plasma membrane potential (as
it does to the membrane potential of mitochondria

* To whom correspondence should be addressed.
Abbreviations: FCCP, carbonyl cyanide p-trifluoromethoxy-
phenylhydrazone; Hepes, 4-(2-hydroxyethyl)-1-piperazine-
ethanesulphonic acid.

[7], lysozomes [8] and chromaffin granules {9,10))
has also been made in respect of the closely-re-
lated Ehrlich ascites cells (Ref. 11; see also Ref. 6).
The ouabain-sensitivity of membrane potential in
human neutrophils [12-14] suggests that these cells
may generate membrane potential by a similar
mechanism; we show here that this is indeed the
case, and make the general proposition that any
cell with a low and similar permeability for K*
and Na* can generate its membrane potential
through the continuous action of the Na™ pump,
provided it possesses (i) neutral Na* and K* re-
turn mechanisms, (ii) Na*-H* exchange and (iii)
an adequate permeability to anions.

Methods and Materials

Human neutrophils were prepared from ‘buffy
coat’ suspensions (kindly donated by S.W. Thames
Regional Blood Transfusion Service) using the
method described by Segal et al. [15]. The cells
were stored as a 40% (v/v) suspension in medium
H199 (Flow Laboratories) at room temperature
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prior to use. On occasions neutrophils were pre-
pared by a procedure that obviated the osmotic
lysis step: the buffy coat was diluted 1:1 with
phosphate-buffered saline and layered onto
lymphopaque (Pharmacia) which was itself layered
onto lymphopaque to which ficoll had been added
to give a final concentration of 10.7 g/100 ml.
After centrifuging the tubes at 1000 X g for 20 min
at room temperature lymphocytes were collected
from the upper interface and neutrophils, plus a
few contaminating erythrocytes, were collected
from the lower interface; the red cells pelleted at
the bottom of the tubes. The neutrophil layer was
washed with phosphate-buffered saline and the
cells resuspended in medium H199 as above.

Membrane potential was monitored using the
oxonol dye method described by Bashford et al.
[6,16-18]. Briefly, cells were diluted 100-fold (to
give a 0.4% v/v suspension) into a medium con-
taining 150 mM NaCl, 5 mM KCl, 5 mM glucose,
1 mM MgCl, (or 1 mM MgSO,), 5 mM Hepes pH
adjusted to 7.4 with NaOH (Hepes-buffered saline)
and 2.5 pM oxonol-V. Membrane potential is reg-
istered by the absorbance difference Agyg.59, an
increase indicating depolarisation and a decrease
indicating a hyperpolarisation {6,16-18]. The dye
signal was calibrated using valinomycin and K™ or
FCCP and H* as described previously (Ref. 6,
16-18; and see Fig. 1a).

Cell Na* and K* were determined after pellet-
ing 200 pl samples of the 0.4% cell suspension
through oil (2 parts di-n-butylphthalate and 1 part
dinonylphthalate) in a Beckman microfuge B. After
the removal of the supernatant medium and the oil
the centrifuge tubes were blotted dry and the cell
pellets dispersed by sonication in 0.1 M lithium
nitrate /0.1 M H,SO, (BDH, Poole) and the ions
were assayed by atomic absorption spectroscopy.
The concentration of cellular ions was obtained
directly from the pellet ion/pellet H,O ratio, the
latter being determined as the difference between
wet and dry pellet weight [17].

Extracellular pH was recorded with a Corning
semi-micro combination electrode (Type 19) and a
Corning model 125 pH meter. Intracellular pH
was monitored using the permeant indicator neu-
tral red and highly-buffered media such that only
pH changes in the intramembranous compart-
ment(s) are indicated {19,20]; intracellular pH is
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indicated by the absorbance difference A445.549, @
decrease indicating acidification. All absorption
measurements were made with a Johnson Re-
search Foundation compensated fluorimeter/
spectrophotometer (17].

Oxonol-V was the kind gift of Dr. B. Chance,
Johnson Research Foundation, University of
Pennsylvania; amiloride was donated by Professor
J.G. Widdicombe, Department of Physiology, St
George’s Hospital Medical School.

Results and Discussion

Human neutrophils have a membrane potential,
assessed with oxonol-V and calibrated either with
valinomycin and K* (see Fig. 1a) or FCCP and
protons [6,16-18], of —75 + 17 mV (8.D.; n = 16).
Fig. 1a shows that membrane potential is insensi-
tive to the addition of K*, unless the K* iono-
phore valinomycin [21,22] is added first. Indeed
cells are sufficiently polarized in 155 mM KCl, for
the chemotactic peptide fMet-Leu-Phe [12] to de-
polarize them to the same extent as it does when
they are in 5 mM KCI (Fig. 1b). In contrast, cells
depolarize completely in K*-free medium; they
become polarized by the addition of K*, in a
ouabain-sensitive manner (Fig. 1c¢). Furthermore
addition of ouabain depolarizes cells suspended in
their normal medium, which contains 5 mM KCI,
without any detectable change in their cellular ion
content (Fig. le). Greatly increasing the plasma
membrane permeability to Na* and K* by the
addition of gramicidin [21,23] also depolarizes
neutrophils (Fig. 1d). These results are compatible
with the notion that human neutrophils have so
few K* channels that their plasma membrane
potential is set almost entirely by an electrogenic
Na™ pump. Preliminary experiments with rat neu-
trophils using the patch-clamp technique indicate
that such cells indeed have very few K™ (or other
ion) channels (Fernandez, J. and Neher, E.,
Gottingen, personal communication).

The neutrophil preparations used for the ex-
periments reported in Fig. 1 had intracellular K*
concentrations in the range 50-70 mM and a
Na*+ K* content of 155+ 21 mM (S.E.; n=6).
Similar values have been reported for preparations
which include an osmotic lysis step (induced either
by NH,Cl or by reduced osmolarity) to remove
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Fig. 1. Monitoring of plasma membrane potential in human
neutrophils using oxonol-V. Neutrophils, 0.4% v /v, suspended
in 5 mM glucose, 5 mM Hepes, 1 mM MgCl,, 2.5 uM
oxonol-V, pH adjusted to 7.4 with NaOH at 37°C and (a) 150
mM NaCl; 5 mM KCI; (b) (i) 150 mM NaCl, 5 mM KCl, (ii)
155 mM KClI; (¢} 150 mM NaCl; (d) 5 mM KCl and (1) 150
mM NaCl, (i)) 75 mM Na,SO,, 75 mM mannitol, (iii) 150
mM sodium lactate; (¢) 150 mM NaCl, 5 mM KCIl. Additions
were made to give the final concentrations indicated; in (a)
valinomycin was 1 pg/ml, in (d) gramicidin was 2 pg/ml,
ouabain was added to the upper trace only in (d) and at 1 mM
in (¢). Membrane potential (V') can be calculated from the
equation: ¥ =(— RT/F)In((K*],,/[K*];) where R is the
gas constant, 7 the absolute temperature, F the Faraday
constant, [K™ ]; the intracellular K™ concentration and [K* ],
the ‘null-point’, extracellular K% concentration at which
addition of valinomycin causes no change in the absorbance of
oxonol-treated cells [6,16-18). For the experiment illustrated in
(a) the ‘null-point’ (upper trace) obtained by extrapolation was
3mM, [K*], was 51 mM and V was —76 mV.




contaminating red cells (see, for example, Refs. 24
and 25). Neutrophils prepared in homologous
plasma, however, have much higher K* content,
120 mM [25]. We have repeated our experiments
with neutrophils not subjected to osmotic shock
(see Methods and Materials) and such cells show
properties similar to those indicated in Fig. 1. The
‘non-shocked’ preparations retain a Na*+ K™
content of about 155 mM and a cell K* of 101 £ 5
mM (S.D.; n=29). The absence of K *-sensitivity
of the membrane potential of our neutrophil pre-
parations contrasts with other reports which show
that neutrophil membrane potential can be K™*-
sensitive [14,26,27]. However, in those experi-
ments, using radiolabelled triphenylmethylphos-
phonium (TPMP™*), the calibration procedure as-
sumed that the potential was zero in high K *-media
in order to correct for the mitochondrial contribu-
tion to TPMP* accumulation; in the absence of
this ‘correction’ the K*-dependence of TPMP™ is
markedly reduced [26] and, even in its presence,
the K*-dependence falls far short of the 61.5 mV
per decade expected from the Nernst relationship
(14]. In agreement with these reports we have
noticed, in some experiments, a partial, variable
K *-sensitivity of our neutrophil preparations. Thus
we find that 80 mM K* in the medium depolarizes
neutrophils by 37 +25% (S.D.; n=14) of the
extent expected for a perfectly K *-sensitive mem-
brane and as found in the presence of valinomy-
cin. The reasons for the variability of the response
are not fully understood but contributing factors
are the heterogeneity of neutrophil preparations
[27] and the differential induction of K™-channel
activity by the incubation procedures employed. In
the latter regard, the omission of Ca?* from our
final incubation (but Ca** is present at 1.35 mM
in the stock cell suspension) may be a factor if
neutrophils possess significant numbers of Ca**-
activated K*-channels. The apparent dearth of
channels in rat neutrophils (see above) speaks
against this possibility and we re-emphasize that
whether or not neutrophils, like mast cells [28], can
be persuaded to express channel activity our data
show that under many circumstances they can
exhibit a substantial plasma membrane potential
that is sustained by the electrogenic cation pump
(Ref. 13, Figs. 1c, ¢) and which does not depend
on cation diffusion.
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Human neutrophils contain electroneutral Na*
and K* exchange mechanisms, as evidenced by the
fact that the internal cation content responds
rapidly to alteration of external cation concentra-
tion even though the membrane potential may not
alter [6] (Fig. 2; see also Fig. 1). The nature of the
electroneutral Na™ and K* movements remains to
be established but may include the volume-regu-
latory movements of Na*, K* and ClI~ described
by Ellory and others [29]. That neutrophils contain
an Na*-H™ exchange mechanism is illustrated in
Fig. 3. Panel A shows that the addition of ex-
tracellular Na* to cells suspended in low-Na™
medium increases the rate of H™ extrusion; the
increase is completely blocked by amiloride [30,31].
Panel B of Fig. 3 shows that when neutrophil
cytoplasm is acidified, by the addition of mag-
nesium or sodium acetate to the medium (acidifi-
cation of the cell milieu occurs because the undis-
sociated acetic acid present enters cells rapidly [22]
and subsequently dissociates), the restoration of
the original cell pH requires extracellular Na* and
is inhibited by amiloride. Other workers [31] have
recently reported an amiloride-sensitive, Na*-H*
counter transport system in human neutrophils
similar to the one described here.

The generation of membrane potential by an
outward cation current requires the existence of a
balancing return current; without it, cells would
hyperpolarize to the point of dielectric breakdown
of the membrane [32]. Such a current can be
provided either by a backward leakage of cations,
as in the case of H* movements in mitochondria
[33] or photosynthetic bacteria [34], or by an out-
ward leakage of anions, as in the case of lactate
and bicarbonate leakage from Lettré cells [6]. In
the case of human neutrophils, at least part of the
balancing current appears to be an outward anion
leakage: this is indicated by the observation that
cells are less polarized when they are suspended in
media which contain lactate or sulphate than when
they are suspended in conventional chloride-con-
taining media (Fig. 1d). These results suggest that
neutrophils may have a significant permeability to
chloride. However, chloride entry does not de-
termine the potential because the removal of K*
from, or the addition of ouabain to, the medium
depolarizes the cells (Fig. 1) without a change in
the chloride content of the cells, which is ap-
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Fig. 2. Electroneutral cation movements in human neutrophils.
40% neutrophils in Hepes-buffered saline were diluted 1: 100 in
a similar medium (O), a medium with KCl replaced by NaCl
(O) or a medium with NaCl replaced by KCl (a) all at 37°C.
Cell cations were determined at the times indicated after dilut-
ing the cells.

proximately 80 mM (calculated from the equi-
librium distribution of **C1~). Furthermore at a
potential of —75 mV, chloride would be expected
to leave, not enter, cells and it is this outward flux
that appears to provide the balancing current for
the Na™ pump. For cells to remain in an osmotic
steady state under these conditions chloride must
re-enter the cells electroneutrally; this may occur
via the Na¥+ K™+ 2Cl~ pathway described by
Geck et al. [35] for Ehrlich ascites cells or via the
volume-regulating Na*+ C1~ or K™+ Cl~ path-
ways found in many cell types [29). Neutrophils,
like Lettré cells (6], may also possess channels for
organic anions, but the present experiments do not
provide sufficient evidence for this assertion to be
made.

Fig. 4 illustrates three different models for the
maintenance of plasma membrane potential of
cells. The models are not mutually exclusive and
different cells may possess elements of one or
more of them, in a ratio that can only be assessed
by experiment. Fig. 4A shows the position of a

6.60 membrane polarized by the sodium pump whose
pH current is balanced by chloride efflux; osmotic
6.75 steady state is preserved by electroneutral Na* +
' K™+ CI~ pathways. Each turnover of the sodium
pump exports one positive charge (as Na*) from
6.90} § minutes J the cell; at the steady-state potential of —75 mV,
B———— this current is balanced by the leak of one anion
b
20mM Mg acetate
S P
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Fig. 3. Na*-dependent H* movements in human neutrophils. (a) 0.4 ml of neutrophils (40% v/v in Hepes-buffered saline) were
mixed with 10 mi of 290 mM sucrose, 10 mM mannitol, 1 mM MgCl 2, 0.5 mM Hepes, pH as indicated. NaCl was added as indicated
to cells in the absence (i) and presence of 1 mM (ii) or 2 mM (iii) amiloride. The numbers beside each trace indicate the rate of H*
appearance (nmol /min). (b) 0.8% neutrophils in 10 mM Hepes, 1 mM MgCl,, 10 uM neutral red, pH adjusted to 7.4 with NaOH at
37°C and (i) mixtures of 200 mM mannitol, 50 mM sucrose and 155 mM NaCl to give the Na* concentration shown or (ii) 100 mM
mannitol, 25 mM sucrose, 75 mM NaCl and amiloride as indicated. Magnesium acetate was added to give the final concentration

shown,
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Fig. 4. Mechanisms by which cells may maintain plasma mem-
brane potentials.

(presumably Cl7) from the cell. To prevent cell
shrinkage (because the effect of the pump has been
to export Na*+ C17), and to maintain intracellu-
lar cation composition we propose that 3Na™+
3C1™ enter and 2K * + 2Cl~ exit from the cells by
electroneutral mechanisms either as salt move-
ments as written or, in part, as cation exchanges.
These latter processes are powered by the trans-
membrane gradients of Na* and K* which cells
sustain in physiological media. This model is simi-
lar to the ‘chloride pump’ found in a number of
epithelial tissues [36] except that in this case the
cells do not have separate mucosal and serosal
surfaces and Cl~ leaks back across the same mem-
brane through which it enters the cell. This model
explains, in part, the plasma membrane potential
of neutrophils. In Fig. 4B the membrane is again
polarized by the Na™ pump but in this case, as
found in Lettré cells, the balancing current is of
organic anions; again osmotic steady state is pre-
served by electroneutral Na*, K* and Cl™ move-
ments driven by the cation gradients as discussed
above; the tendency of the cells to acidify (because
of the exit of organic ions but not of their associ-
ated H*) is compensated by Na*-H* exchange.
The mechanism outlined in Fig. 4B couples the
activity of the Na* pump to the requirement of
cells to export metabolically-produced acid via the
Na* gradient and Na*-H™" exchange; in effect the
Na™ pump is operating as a ‘proton pump’ in the
same way as it is proposed to act as a ‘chloride
pump’ [36] (see Fig. 4A). Neutrophils possess Na*-
H™* exchange activity (Fig. 3 and Ref. 31) and may

179

TABLE
PLASMA MEMBRANE POTENTIAL OF CELLS

Cell Predominant mechanism  Reference
setting potential *

Neutrophils A (and B) this work; 13

Lettré B (and A) 6

Lymphocytes C 6, 38

Excitablecells C text books

* Letters refer to the mechanisms illustrated in Fig. 4.

generate some of their plasma membrane potential
by the mechanism shown in Fig. 4B. Fig. 4C
illustrates the situation where plasma membrane
potential is determined principally by K* diffu-
sion balanced by Na™ influx; in this case the Na*
pump makes only a minor contribution to the
potential, but provides the means whereby the
cells maintain the cation gradients necessary to
maintain their plasma membrane potential and
osmotic stability [1-4] (but see also Ref. 37). This
is the traditional view of the role of the Na* pump
in cell membrane potential and occurs in many
cell types including lymphocytes [6,38] and most
excitable cells [1,2,4]. Cell types in which each of
the mechanisms indicated in Fig. 4 contributes to
plasma membrane potential are listed in Table 1.
We propose that the models outlined in Fig. 4A
and B are general ones that overcome previous
reservations concerning the setting of membrane
potential by an electrogenic Na™ pump in cells at
an ionic steady state [3,4]. The requirements, apart
from the presence of an electrogenic Na*™ pump
which appears to be ubiquitous in animal cells
[39), are (i) a low permeability to K™ and Na®,
(iil) the presence of Na™-H" exchange and other
electroneutral Na* and K™ return mechanisms
and (iii) an adequate permeability to anions such
as lactate, bicarbonate or chloride. These processes
are likely to be especially important in cells which
do not possess specific channels for ion permea-
tion such as freshly isolated macrophages [28]. The
model in Fig. 4B depends in essence on a sep-
aration of acid extrusion into separate H* and
organic anion pathways. That all viable cells ex-
crete acid (greatly in excess of that required to
maintain a negative inside membrane potential as
depicted in Fig. 4B) as a result of metabolism,
—whether aerobic or anaerobic, —is self-evident; it
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is certainly compatible with the internal acidifica-
tion of endosomes derived from the plasma mem-
brane (39,40]. Since cells are thought to develop
ion channels during ontogeny (Refs. 42, 43; see
also Ref. 28), and perhaps to lose them during the
progression towards malignancy, it is clearly of
interest to examine the origin of membrane poten-
tial in cells at different stages of development.

Acknowledgements

We are grateful to Miss S. Mehta for preparing
neutrophils, to Mr. G.M. Alder for technical assis-
tance, to Professor J.G. Widdicombe for a gift of
amiloride and to Mrs. B. Bashford and Mrs. V.
Marvell for preparing the typescript. This work
was supported by grants from the SERC and Cell
Surface Research Fund.

References

—

Goldman, D.E. (1943) J. Gen. Physiol. 27, 37-60

2 Hodgkin, A.L. and Katz, B. (1949) J. Physiol. (Lond.) 108,
37-77

3 Lew, V.L., Ferreira, H.G. and Moura, T. (1979) Proc. R.
Soc. Lond. B. 206, 53-83

4 Thomas, R.C. (1972) Physiol. Rev. 52, 563-594

5 Alder, G., Bashford, C.L., Micklem, K.J., Pasternak, C.A.
and Taylor, C.C. (1983) J. Physiol. (Lond.) 343, 102P-103P

6 Bashford, C.L. and Pasternak, C.A. (1984) J. Membrane
Biol. 79, 275-284

7 Mitchell, P. (1968) Chemiomotic Coupling and Energy
Transduction, Glynn Research, Bodmin, U.K.

8 Okuma, S., Moriyama, Y. and Takano, T. (1982) Proc.
Natl. Acad. Sci. USA 79, 2758-2762

9 Bashford, C.L., Radda, G.K. and Ritchie, G.A. (1975)
FEBS Lett. 50, 21-24

10 Bashford, C.L., Casey, R.P., Radda, G.K. and Ritchie, G.A.
(1976) Neuroscience 1, 399-412

11 Heinz, A., Sachs, G. and Schafer, J.A. (1981) J. Membrane
Biol. 61, 143-153

12 Tatham, P.E.R., Delves, P.J, Shen, L. and Roitt, I M.
(1980) Biochim. Biophys. Acta 602, 285-298

13 Kuroki, M., Satoh, H., Kamo, N. and Kobatake, Y. (1981)
FEBS Lett. 123, 177-180

14 Kuroki, M., Kamo, N., Kobatake, Y., Okimasu, E. and
Utsumi, K. (1982) Biochim. Biophys. Acta 693, 326-334

15 Segal, A.W., Dorling, J. and Coade, S. (1980) J. Cell Biol.

85, 42-59

16
17

18

19

20
21

2
23
24
25
26
27
28
29
30
31
EY)
33
34
35
36
37
38
39

41

42

43

Bashford, C.L. (1981) Biosci. Rep. 1, 183-196

Bashford, C.L., Alder, G., Micklem, K.J. and Pasternak,
C.A. (1983) Biosci. Rep. 3, 631-642

Bashford, C.L., Alder, G.M., Gray, M.A., Micklem, K.J.,
Taylor, C.C., Turek, P.J. and Pasternak, C.A. (1985) J. Cell.
Physiol. 123, 326-336

Junge, W., Auslander, W., McGear, A.J. and Runge, T.
(1979) Biochim. Biophys. Acta 546, 121-141

Wikstrom, M. (1984) Nature 308, 558—560

Harris, E.J. and Pressman, B.C. (1967) Nature (Lond.) 216,
918-920

Henderson, P.J.F., McGivan, J.D. and Chappell, J.B. (1969)
Biochem. J. 111, 521-535

Rink, T.J., Montecucco, C., Hesketh, T.R. and Tsien, R.Y.
(1980) Biochim. Biophys. Acta 595, 15-30

Lichtmann, M.A. and Weed, R.I. (1979) Blood 34, 645-660
Cividalli, G. and Nathan, D.G. (1974) Blood 43, 861-869
Seligmann, B.E. and Gallin, J.I. (1980) J. Clin. Invest. 66,
493-503

Seligmann, B.E. and Gallin, J.I. (1983) J. Cell. Physiol. 115,
105-115

Ypey, D.L. and Clapham, D.E. (1984) Proc. Natl. Acad.
Sci. USA 81, 3083-3087

Ellory, J.C., Dunham, P.B., Logue, P.J. and Stewart, G.W.
(1982) Phil. Trans. R. Soc. Lond. B. 299, 483-495

Vigne, P., Frelin, C., Cragoe, E.J. and Lazdunski, M. (1983)
Biochem. Biophys. Res. Commun. 116, 86-90

Grinstein, S. and Furuya, W. (1984) Biochem. Biophys. Res.
Commun, 122, 755-762

Tsong, T.Y. (1983) Biosci. Rep. 3, 487-505

Nicholls, D.G. (1974) Eur. J. Biochem. 50, 305-315

Clark, A.J., Cotton, N.P.J. and Jackson, J.B. (1983) Eur. J.
Biochem. 130, 575-580

Geck, P., Pietrzyk, C., Burckhardt, B.-C., Pfeiffer, B. and
Heinz, E. (1980) Biochim. Biophys. Acta 600, 432-447
Shorofsky, S.R., Field, M. and Fozzard, H.A. (1982) Phil.
Trans. R. Soc. Lond. B. 299, 597-607

Stanton, M.G. (1983) Phil. Trans. R. Soc. Lond. B. 301,
85-141

Felber, SM. and Brand, M.D. (1982) Biochem. J. 204,
577-585

Kaplan, J.H. (1983) Am. J. Physiol. 245, G327-G333
Tycho, B. and Maxfield, F.R. (1982) Cell 28, 643-651
Yamashiro, D.J., Fluss, S.R. and Maxfield, F.R. (1983) J.
Cell Biol. 97, 929-934

Renaud, J.F., Scanu, A.M., Kazazoglou, T., Lombet, A.,
Romey, G. and Lazdunski, M. (1982) Proc. Natl. Acad. Sci.
USA 79, 7768-7772

Kazazoglou, T., Schmid, A., Ranaud, J.-F. and Lazdunski,
M. (1983) FEBS Lett. 164, 75-79



