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Summary. The membrane potential of rat basophilic leukemia
cells (RBL-2H3 cell line) has been determined by monitoring
the distribution of the lipophilic [*H] tetraphenylphosphonium
cation between the cells and the extracellular medium. By this
method, the determined potential of these cells, passively sensi-
tized with IgE, is —93+5 mV (mean +SEM, interior negative).
Almost 40% of this membrane potential is rapidly collapsed
upon the addition of the proton carrier, carbonyl cyanide p-
triffluoromethoxyphenyl hydrazone (FCCP). It is suggested that
the FCCP-sensitive fraction of the total membrane potential
results from the accumulation of this cation by the mitochon-
dria, which mantains a negative membrane potential. Thus,
the resting plasma membrane potential of these cells equals
— 3546 mV. During the process of immunological stimulation
by antibodies directed against cell membrane bound IgE, the
membrane potential decreases. Moreover, there is a correlation
between the extent of degranulation of the cells and the depolar-
ization. It is concluded that in common with other secretory
systems, depolarization of the plasma membrane is involved
in the stimulus-secretion coupling of the histamine secreting
RBL cells.
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Introduction

The immunological trigger for membranal events
leading to the exocytotic secretion of immediate
type hypersensitivity mediators (e.g. histamine, se-
rotonin, etc.) from mast cells and basophils in-
volves the cross-linking of the Fc¢ receptors for IgE
{14, 15, 18, 21, 27, 30]. This can be attained
through the allergen-IgE binding where the latter
molecules reside in their membrane receptors [14,
30] or indirectly by antisera raised against IgE [21]
or a lectin like concanavalin A, cross-linking the
Fc carbohydrates of the IgE [18]. Alternatively,
antibodies raised directly against the Fc receptor
can also be used to the same effect [15] or a chemi-

Abbreviations: FCCP: Carbonyl cyanide p-trifluoromethoxy-
phenyl hydrazone; IgE: Immunoglobulin E; RBL: Rat baso-
philic leukemia; TPP*: Tetraphenylphosphonium ions.

cal cross-linking agent leading to a covalent associ-
ation [27].

Following that step, several other membranal
events take place including the net influx of Ca?*
ions into the cells. This has been shown by direct
measurements of **Ca?* as tracer [10, 32]. Omis-
sion of extracellular calcium ions inhibits the pro-
cess [23], while the introduction of calcium ion-
ophores causes a noncytotoxic mediator release [3,
12]. On the basis of these observations, it was sug-
gested that the cross-linking of the IgE-Fc recep-
tors leads to the opening of putative calcium gates
in the plasma membrane, giving rise to a net calci-
um uptake [11].

A net influx of calcium is a characteristic effect
caused by many agents acting on membrane recep-
tors [4, 7, 26, 31]. The increase in the cytosolic
calcium concentration was shown to activate sec-
ondary ion channels, thereby changing the entire
cellular ion balance. This alteration was suggested
to play a central role in the mechanism of action
of these agents, eventually leading to membrane
fusion and secretion. Furthermore, since the trans-
membranal electric potential is crucial in the move-
ment and distribution of ions across the plasma
membrane, changes in the potential may directly
mediate subsequent metabolic and physiologic re-
sponses in the cells. A considerable body of evi-
dence suggests that changes in cell membrane po-
tential occur in many cell types immediately after
binding of ligands to transmembrane receptors.
Such changes follow the binding of insulin to fat
cells 6], the binding of thyrotropin to thyroid cells
[13], the stimulation of lymphocytes by mitogens
[19] or fertilization of eggs [33]. It was, therefore,
of considerable interest to measure this parameter
in the histamine-secreting system in order to eluci-
date potential changes during the operation of this
system. We have employed a method in which the
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electrical potential was determined by monitoring
concentrations of a lipophilic cation (tetraphenyl-
phosphonium) shown to be distributed between the
cells and the medium in response to the potential
[22]. A rat basophilic leukemia cell line which sec-
retes histamine upon an immunological stimuli [2]
and which can be grown in vitro to yield large
numbers of cells, provided a convenient system for
correlating changes in membrane potential with
various phases of the secretion process in an entire-
ly homogenous cell preparation.

Materials and Methods

Materials

FCCP and valinomycin were purchased from Sigma (St. Louis,
Mo.). [**Clinulin (10 mCi/mmol) and [*H]H,O (5 mCi/mi)
from Radiochemical Centre (Amersham, England). [*H]TPP*
(bromide salt 2.5 Ci/mmol) was supplied by the Nuclear Re-
search Center-Negev, Beer-Sheva, Israel. IgE was a monoclonal
anti-DNP antibody generously provided by Dr. Z. Eshhar [8]
and the anti-IgE antibodies preparations were an ¢-chain specif-
ic antimouse IgE produced in goat (Miles-Yeda) and a mono-
clonal rat IgG2b antimouse IgE provided by Dr. Z. Eshhar.
All other materials used were of analytical grade.

Cells

All studies were performed on rat basophilic leukemia cells
(RBL-2H3) [2]. The cells were maintained in 250 ml tissue cul-
ture flasks (Falcon Plastics, Oxnard, California) in Eagle’s mini-
mal essential medium (Gibco, Grand Island, New York) supple-
mented with 20% heat inactivated fetal calf serum (Bio-Lab,
Jerusalem, Israel), 4 mm glutamine and antibiotics in 5% CO,
at 36 °C. The cells were subcultured every 48 hr. The attached
cells were suspended by repeated pipettation, washed and trans-
ferred to new flasks in 20 ml of medium (about 2 x 10° cells/
flask). Cells for experiments were harvested the same way 48
to 72 hr after passage.

Degranulation Experiments

Cells were suspended, washed and resuspended (2 x 10° cells/
ml) in Tyrode medium containing (in mm): 137 NaCl, 2.7 KClI,
0.4 NaH,PO,, 1.4 CaCl,, 1 MgCl,, 10 Hepes and 5.6 glucose,
pH 7.4. The purified monoclonal IgE (4 pg/ml) was then added
and the cells were incubated for 1 hr at 37 °C. The passively
sensitized cells were then washed three times with Tyrode and
resuspended in the same medium at 1 x 107 cells/ml. Aliquots
of the cell suspension (100 pl) were then added to test tubes
containing anti-IgE antibodies (final volume of the reaction
mixture (250 pl). Cells were incubated at 37 °C and the reaction
terminated by adding 2.25 ml of Ca?*-free ice-cold Tyrode.
After centrifugation the release of histamine was determined
fluorometrically [29]. In some experiments the cells were incu-
bated with 2 uCi of *H-hydroxytryptamine creatinine sulfate
(10.8 Ci/mmol, Radiochemical Centre, Amersham) per 10° cells
for 1 hr at 37 °C. After washing, release was carried out as
described and hundred microliter aliquots of supernatants were
counted. The viability of the cells always exceeds 95% as as-
sessed by trypan blue exclusion.

[PH]TPP™" Distribution and
Intracellular Volume

Cells suspended in Tyrode (4 x 10° cells/ml) were incubated at
37 °C in the presence of [PH]TPP*'. At given times, 250 ul of
the cell suspension was pipetted into a micro tube (400 ul) con-
taining 100 ul of oil (diethylphthalate in di-n-butylphtalate, d=
1.045) [1]. The tubes were then centrifuged at approximately
10,000 x g for 45 sec in a Beckman microfuge. From each tube
a 100 pl sample of supernatant was taken, and the pellet was
dissected off in order to avoid contamination with the superna-
tant. Each pellet was added to 1 ml of 10% Triton X-100 and
left overnight with vigorous shaking. All the samples were then
assayed for radioactivity by liquid scintillation spectrometry.

The same methodology was used to determine intracellular
volume with tritiated water and a labeled, membrane-imperme-
able solute ([**Clinulin). After extraction, *H and **C counts
were measured and corrected for spillover of **C counts into
the *H channel. From the 3H counts of the pellet and superna-
tant, the cell water volume is obtained:

3

Cell water volume =§ﬁﬂ Vi=ruo Vi
where *H,, is the counts of tritium in pellet, and *H, is the
counts in supernatant. ¥ is the volume of the supernatant sam-
ple. The entrapped space equals
14
Gy,

14.C ] inulin’
5

¥

s
thus, the internal cell volume is

3H 14C
Visternal= V;(Eﬁz _'QEE> =V (”Hzo — Finulin)-

It is not necessary to know the absolute value of the internal
cell volume as the fraction of internal volume is sufficient for
the calculation of the distribution.

Calculation of Ay from TPP™ Distribution

The value of 4y, the potential difference, is calculated using
the Nernst equation:

23 RT., [TPP*]
A pu— 1 m
YT meR
where — T is equal to —61 mV at 37 °C. The concentration

ratio of TPP™ in the pellet and supernatant is:
TPP* /H,0 _Trep+

TPP/H,0, ry,o

and the concentration ratio for the cells is:
[TPP ], ~71PP* ~Tinulin

- !
[TPP™ ], "H,0 ™ Finulin

All experiments were run in duplicate, and each one was re-
peated ten times.

Results

Accumulation of TPP™

Rat basophilic leukemia cells (RBL 2H3), 1 x 10’
cells/ml, were suspended in Tyrode medium in the
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Fig. 1. (a): Time course of [*HJTPP* accumulation. 40 x 10° cells suspended in Tyrode at 10 x 10® cells/ml were incubated at
37 °C in the presence of [PHITPP™ (0.5 um). At indicated times, 150 pl samples were transferred to microfuge tubes and assayed
for [PH]TPP™ uptake as described in Materials and Methods. (b): Effect of cell concentration of [*H]TPP* accumulation. Cells
were incubated at 37 °C in the presence of 0.5 uM [PHJTPP~ for 1 hr and transferred to microfuge tubes, centrifuged and assayed
for [*H]TPP™ uptake as described in Materials and Methods. (c): Effect of TPP" concentration on its uptake. Samples of
1x10° cells suspended in 250 pl of Tyrode were incubated at 37 °C in the presence of [PH]TPP*. After 1 hr of incubation,
the cells were transferred to microfuge tubes and assayed for [PH)TPP* uptake. The [PH]TPP* concentration varied from 0.16 um
to 1.0 um
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Fig. 2. (a): Effect of cell number on cell water volume. One ml of cell suspension containing 14 x 10° cells was incubated at
37°C for 1 hr in the presence of 7 pCi [PHJH,O. Samples containing 0.5, 1.0, 2.0 and 3.0 x 10° cells were then transferred
to microfuge tubes containing Tyrode to a final volume of 250 pl, centrifuged and the cell water volume determined as described
in Materials and Methods. (4): Effect of duration of incubation on the trapped and water cell spaces. 20 x 10° cells suspended
in Tyrode at 10 x 10° cells/ml were incubated at 37 °C with 0.6 uCi of [**Clinulin and 2 pCi of [*H]H,0O. At given times, samples
of 150 pl were transferred to microfuge tubes, centrifuged and the [**Clinulin (0~0) and [*HJH,O (e—e) associated with the
cells were determined as described in Materials and Methods

presence of 0.5 uMm TPP*. Maximal accumulation
of TPP* by the cells was observed at about 30 min.
This steady-state accumulation level was main-
tained for at least 110 min (Fig. 1a). To elucidate
whether this level of accumulation represents true
equilibration with the electrical membrane poten-
tial, the dependence of the TPP* uptake process
on the number of cells and external TPP* concen-

tration was studied. It was found to be linearly
related to the number of cells in the range of 1
to 4x10° cells in the reaction mixture (Fig. 15)
and to the TPP* concentration from 0.2 to 1.0 um
(Fig. 1¢). Thus, experimental conditions, where the
accumulation of TPP™* by the cells may be de-
scribed by a Nernstian behavior were used
throughout this study.
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Fig. 3. Effect of ionophores on 4y. Two test tubes, each con-
taining 22 x 10° cells/ml were incubated at 37 °C with 0.4 pm
[*H]TPP*. After 45 min of incubation, FCCP was added to
test tube 1 vielding a final concentration of 2.5 um. After
70 min, valinomycin was added to test tube 1 to a final concen-
tration of 4 uM. Test tube 2 was kept as control. [*"H|]TPP*
uptake was assayed at the given times by transferring 150 pl
samples from both test tubes to microfuge tubes. The corre-
sponding values of the membrane potential were calculated as
described in Materials and Methods, and using the cell water
and entrapped spaces obtained from data shown in Fig. 25.
The solid line is the control experiment (without any additions)
and the dashed line represents the changes in Ay in the presence
of the added ionophores

Internal Volume of the Cells

In order to calculate the TPP* concentration gra-
dient, the intracellular volume was determined.
The cells’ water space was a linear function of the
number of cells giving an average value of 0.66 pl
per 1 x 10° cells (Fig. 2a). The trapped space given
by the impermeable marker inulin for the extracel-
lular fluid carried down by the cells was 0.14 pl
for 1 x 109 cells, which represents 21% of the total
pellets’ volume. Both the trapped and the cell water
spaces were independent of the duration of incuba-
tion with the radioisotopes (Fig. 25).

Effect of Ionophores on the Accumulation
of TPP*

Cells were preincubated with TPP™ until a steady-
state level of accumulation had been reached. The
final levels of accumulation corresponded to a
transmembranal electrical potential of —102+7
(mean value of 4 experiments) (Fig. 3).

At this point, the proton carrier FCCP was
added to part of the cells, and the rest of the cells
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Fig. 4. Effect of immunological stimuli on histamine release
and Ay. Cells were passively sensitized with IgE as described
in Materials and Methods. After washing, samples of 1 x 10°
cells were incubated at 37 °C with increasing anti-IgE concen-
trations in a final volume of 250 p! in the presence of: (a) 0.4 um
PHITPP*; (b) 2 uCi [*HJH,O and 0.06 pCi [**Clinulin; (c)
no radioactive isotope. After 1 hr of incubation, the [PH|TPP*
containing samples and the PHJH,O +[**Clinulin containing
samples were transferred to microfuge tubes, centrifuged and
assayed for radioactivity. 4w was calculated as described n
Materials and Methods. The nonradioactive samples were as-
sayed for histamine release as described in Materials and Meth-
ods. (e—e) Ay, ((0-o) histamine release, () 4y determined
in the presence of 50 pl of anti-IgE and in Ca?*-free Tyrode,
(m) histamine release in Ca?*-free Tyrode

were left as a control. The FCCP-treated cells were
rapidly (within 5 min) depolarized reaching a new
membrane potential of —55+6 mV. The subse-
quent addition of valinomycin was followed by a
rapid hyperpolarization to a value of —70 mV
(Fig. 3).

When the total membrane potential of the cells
collapsed upon addition of gramicidin (20 um)
which permeabilizes the membrane to Na*, K*
as well as H" ions, only 2% of the original TPP™
counts were maintained by the cells. Thus, the po-
tential-independent solubility of TPP* in the mem-
brane under the selected experimental conditions
is small and represents merely an overestimation
of about 10 mV of the determined transmembranal
electrical potential.

Effect on Ay of Immunological Stimulation
of Histamine Release

Release of histamine was evoked by adding anti-
bodies specific for IgE to a suspension of cells
which was previously reacted with IgE. Interest-
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Fig. 5. Effect of anti-IgE on [*HJTPP* accumulation and on
cell water and entrapped spaces. The experimental procedure
is the same as described in the legend to Fig. 4. (o—0) Cell-
associated ["*Clinulin (cpm); (e—e) Cell-associated [*H]H,0
{cpmy); (a—a) Cell-associated [PHITPP* {(cpm)

Table 1. The effect of monoclonal anti-IgE antibodies on the
accumulation of TPP*, the membrane potential and the release
of *H-serotonin®

TPP; (cpm) Ay (mV) % Release

of serotonin

Cells saturated 924041290 —88 8

with IgE

Cells saturated
with IgE in the
presence of mono-
clonal anti-IgE®

4967+ 795 -72 21

Control cells
(nonsensitized)

6587+ 400 -80 10

Control cells in 7001+ 180 —381 9
the presence
of monoclonal

anti-IgE

® The percentage of serotonin release and the membrane po-

tential were determined as described in Materials and Methods.
® The supernatants of an anti-IgE-producing hybridoma were
collected and used in a dilution of 1:5 to degranulate the cells.

ingly, the membrane potential determined for cells
saturated with IgE, was always greater than the
one determined for control cells in the same experi-
ment. However, since this difference never exceded
10 mV, its significance still remains to be examined
in more detail. The addition of the anti-mouse IgE
to these cells caused the release of histamine reach-
ing a value of 48% of the cell content compared
with a basal level of release of 3%, and a depolar-
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Fig. 6. Kinetics of histamine release and membrane depolariza-
tion. After sensitization with IgE (4 pug/2 x 108 cells), samples
of 1x10° cells were incubated at 37 °C (r=0) with (a) 0.4 ug
FHITPP*; (b) 2 uCi [*H]H,O +0.06 uCi [**Clinulin, and (c)
no radioisotope, in a final volume of 200 pl. At r=0, 10, 20,
30, 40, 50, 55 and 60 min, fifty pl of anti-IgE were added to
the corresponding test tubes. After 1 hr of incubation (r=60),
cell samples were assayed for histamine release and Ay as de-
scribed under Materials and Methods. (e—e) release of hista-
mine; (0—o0) Ay

ization of the membrane potential from an initial
value of —93+5mV to —40+2mV, mean +SE
of 10 experiments (Fig. 4). The dose-response rela-
tionships of these two processes (histamine release
and depolarization) were similar. Furthermore,
when calcium was omitted from the extracellular
medium, the release of histamine induced by 50 ul
of anti-IgE serum was inhibited from a net release
of 25 to 14%. [That amount of anti-IgE antibodies
has been employed so as to avoid the saturation
range (¢f. Fig. 4)]. The membrane potential under
these experimental conditions was reduced to a
value of —75 mV rather than to —55mV deter-
mined in the presence of calcium. It can be seen
in Fig. 4 that in the presence of calcium, 20 pi of
anti-IgE which induce release of about 14% of its
histamine, also depolarize the membrane to the
same value of —75 mV.

The addition of the anti-IgE antibodies caused
the loss of most of the accumulated TPP* from
the cells while their water volume and the en-
trapped space remained unchanged (Fig. 5). The
addition of the anti-IgE serum to cells which were
not previously saturated with IgE did not stimulate
histamine release, nor did it affect the resting mem-
brane potential. Thus, neither the goat IgG, nor
any of the components, other than the IgG, affect
the RBL cells in the absence of IgE. Still, in order
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to exclude the possibility of a component different
from the anti-IgE antibody, being responsible for
the observed membrane depolarization, monoclon-
al rat anti-mouse IgE antibodies were used to trig-
ger release. Cells which were passively sensitized
with the monoclonal IgE molecules were incubated
further with monoclonal anti-IgE antibodies pro-
duced by a rat hybridoma. The release under those
conditions was also accompanied by depolariza-
tion of the membrane potential (Table 1). The ad-
dition of the monoclonal antibody to cells which
were not previously saturated with IgE did not
increase the basal release, nor did it affect the
membrane potential (Table 1).

Kinetics of the Anti-IgE-Induced Ay Change

The kinetic pattern of the depolarization process
induced by the addition of a constant concentra-
tion of anti-IgE antibodies to passively sensitized
cells was investigated. The depolarization occurred
concomitantly with the secretion of histamine
(Fig. 6). The half-life of the secretion process being
about 10 min and the half-life of the depolarization
process 12 min.

Discussion

The experimental results presented here provide
clear evidence that the transmembranal electric po-
tential of the RBL cells can be determined from
TPP* distribution measurements. Maximum accu-
mulation of TPP™ by these cells is obtained within
30 min and is maintained for at least 110 min. The
fast response to ionophores shows that the accu-
mulation is reversible with the plateau level repre-
senting a steady-state condition rather than a con-
version to a cellular stable product. Furthermore,
the distribution ratio of TPP* between the cells
and the extracellular medium responded in the pre-
dicted direction upon the alteration of the mem-
brane potential with ionophores. Both the proton-
ophore FCCP, and the ionophore gramicidin de-
creased the TPP* accumulation ratio. Valinomy-
cin, which increases the K™ permeability of the
membrane, thereby hyperpolarizing it, increased
this ratio. Thus, under the conditions chosen, the
accumulation of TPP* truly represents an equilib-
rium distribution and reflects the electrical poten-
tial across the membrane. The level of the poten-
tial-independent accumulated TPP* (measured in
the presence of gramicidin which brings about a
total collapse of the electrical potential) is small,

suggesting that the solubility of TPP " in the mem-
brane is low.

The resting potential calculated from the
steady-state level of TPP™ accumulation is relative-
ly high and equals —93+5mV (mean value of
10 experiments). Nevertheless, this value was not
corrected for the solubility of TPP* in the mem-
brane, since under those conditions (high gramici-
din concentration) serious deformations of the cells
took place (unpublished results). We therefore pre-
ferred to present the uncorrected value. This calcu-
lated potential is, however, of the same magnitude
as the potentials reported for human and guinea
pig granulocyte membranes (—102+5 and
—70 mV, respectively) [17, 34]. It was found to
be unaffected by the absence or presence of 1.4 mM
Ca®*. Yet, it increased slightly upon saturation
of the IgE receptors. Part of the accumulated
TPP* undoubtedly represents that due to internal
organelles, predominantly by the mitochondria,
which maintains a high negative membrane poten-
tial and is therefore likely to accumulate the posi-
tively charged TPP™ ions. Indeed, the rapid loss
of TPP* from the cells upon addition of FCCP
suggests that a fraction of the TPP™ taken up by
the cells is accumulated across the mitochondrial
membrane. The secretory granules were also re-
ported to maintain a proton gradient [16] suggest-
ing that a proton pump might be operating in their
membranes building up an electrical potential.
Still, since they were reported to maintain an acidic
ApH, it is most likely that in common with other
secretory organelles [5, 25] those of the RBL cells
also generate a positive membrane potential and
will therefore not contribute significantly to the
accumulation of TPP*. This point, however, still
remains to be clarified by direct potential measure-
ments on isolated RBL granules. On the basis of
these considerations, the plasma membrane poten-
tial of the cells is the one calculated from the
steady-state level of TPP* accumulation obtained
immediately after the addition of FCCP [9]. It
equals —55+6 mV (mean value of 4 experiments).

The immunological degranulation is associated
with changes in the membrane potential of the
RBL cells. Exposure of the cells to an IgE cross-
linking agent, in this case both polyclonal and
monoclonal antibodies raised against IgE, leads to
histamine secretion and membrane depolarization.
Furthermore, the extent of depolarization de-
pended on the concentration of anti-IgE and could
be well correlated with the amount of histamine
released. It is apparent that, in common with other
secretory systems (neutrophils [28], platelets [20]
as well as lymphocyte activation [24]), the trans-
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membranal electrical potential is involved in stimu-
lus-secretion coupling in the histamine-secreting
RBL cells and the process of secretion is closely
associated with depolarization of the cell mem-
brane. Still, further work is required in order to
elucidate the generality of this phenomenon, name-
ly the effect of other triggering reagents on the
membrane potential. In addition, the ionic nature
of these membrane potential changes has to be re-
solved. They could be associated with the increased
Ca*” influx as well as with an increased Na™ in-
flux. In experiments which are currently in pro-
gress, an effort is made to evaluate the role of
these ions in the processes of secretion and depo-
larization by fusing the RBL cells with calcium
and sodium containing liposomes and measuring
the effect on the release of histamine and on the
transmembranal electrical potential.

The generous gift of hybridoma-produced monoclonal IgE and
monoclonal anti-IgE by Dr. Z. BEshhar is gratefully acknowl-
edged.

References

—

. Ballentine, R., Burford, D.D. 1960. Differential density sep-
aration of cellular suspension. Anal. Biochem. 1:263-271
2. Barsumian, E.L., Iserski, C., Petrino, M.G., Siraganian,
R.P. 1981. IgE-induced histamine release from rat baso-
philic leukemia cell lines isolation of releasing and nonre-
leasing clones. Eur. J. Immunol. 11:317-322
. Bennett, J.P., Cockcroft, S., Gomperts, B.D. 1979. Ionomy-
cin stimulates mast cell histamine secretion by forming a
lipid-soluble calcium complex. Nature (London) 282:851—
853
4. Bicknell, R.J., Schofield, J.G. 1976. Mechanism of action
of somatostatin: Inhibition of ionophore A23187-induced
release of growth hormone from dispersed bovine pituitary
cells. FEBS Lett. 68:23-26
. Carty, S.E., Johnson, R.G., Scarpa, A. 1982. Eletrochemical
proton gradient in dense granules isolated from anterior
pituitary. J. Biol. Chem. 257:7269-7273
6. Davis, R.J., Brand, M.D., Martin, B.R. 1981. The effect
of insulin on plasma membrane and mitochondrial mem-
brane potentials in isolated fat cells. Biochem. J.
196:133-147
7. Eimerl, S., Savion, N., Heichal, O., Selinger, Z. 1974. Induc-
tion of enzyme secretion in rat pancreatic slices using the
ionophore A23187 and calcium. J. Biol. Chem. 249:3991—
3993
8. Eshhar, Z., Ofarim, M., Waks, T. 1980. Generation of hy-
bridomas secreting murine reaginic antibodies of anti DNP
specificity. J. Immunol. 124:775-780
9. Felber, S.M., Brand, M.D. 1982. Factors determining the
plasma-membrane potential of lymphocytes. Biochem. J.
204:577-585
10. Foreman, J.C., Hallett, M.B., Mongar, J.L. 1977. The rela-
tionship between histamine secretion and calcium uptake
by mast cells. J. Physiol. (London) 271:193-214

(3]

n

11. Foreman, J.C., Mongar, J.L. 1973. The interaction of calci-
um and strontium with phosphatidylserine in the anaphy-
lactic secretion of histamine. J. Physiol. (London)
230:493-507
12. Foreman J.C., Mongar, J.L., Gomperts, B.D. 1973. Calci-
um ionophores and movement of calcium ions following
the physiological stimulus to a secretory process. Nature
( London) 245:249-251
13. Grollman, E.F., Lee, G., Ambesi-Impiombato, F.S., Mel-
dosi, M.F., Aloj, S.M., Coon, H.G., Kaback, H.R., Kohn,
L.D. 1977. Effects of thyrotropin on the thyroid cell mem-
brane. Hyperpolarization induced by hormone-receptor in-
teraction. Proc. Natl. Acad. Sci. USA 74:2353-2356
14. Ishizaka, K., Ishizaka, T. 1967. Identification of yE-anti-
bodies as a carrier of reaginic activity. J. Immunol.
99:1187-1198
15. Ishizaka, T., Foreman, J.C., Sterk, A.R., Ishizaka, K. 1979.
Induction of calcium flux across the rat mast cell membrane
by bridging IgE receptors. Proc. Natl. Acad. Sci. USA
76:5858-5862
16. Johnson, R.G., Carty, S.E., Fingerhood, B.J., Scarpa, A.
1980. The internal pH of mast cell granules. FEBS Lett.
120:75-79
17. Jones, G.S., Van Dyke, K., Castranova, V. 1980. Putifica-
tion of human granulocytes by centrifugal elutriation and
measurement of transmembrane potential. J. Cell. Physiol.
104:425-431
18. Keller, R. 1973. Concanavalin A, a model antigen for the
in vitro detection of cell-bound reaginic antibody in the rat.
Clin. Exp. Immunol. 13:139-147
19. Kiefer, H., Blume, A.J., Kaback, H.R. 1980. Membrane
potential changes during mitogenic stimulation of mouse
spleen lymphocytes. Proc. Natl. Acad. Sci. USA
77:2200-2204
20. Larsen, N.E., Horne, W.C., Simons, E.R. 1979. Platelet in-
teraction with active and TLCK-inactivated «-thrombin.
Biochem. Biophys. Res. Commun. 87:403-409
21. Lawson, D., Fewtrell, C., Gomperts, B.D., Raff, M.C. 1975.
Antiimmunoglobulin-induced histamine secretion by rat
peritoneal mast cells studied by immunoferritin electron mi-
croscopy. J. Exp. Med. 142:391-402
22, Lichtstein, D., Kaback, H.R., Blume, A.J. 1979. Use of
lipophilic cation for determination of membrane potential
in neuroblastoma-glioma hybrid cell suspensions. Proc.
Natl. Acad. Sci. USA 76:650-654
23. Mongar, J.1., Schild, H.O. 1958. The effect of calcium and
pH on the anaphylactic reaction. J. Physiol. (London)
140:272-284
24. Pozzan, T., Corps, A.N., Hesketh, T.R., Metcalfe, J.C.
1981. Mitogenic stimulation and the redistribution of conca-
navalin A receptors on lymphocytes. Exp. Cell Res.
134:399-408

. Russell, J.T., Holz, R.W. 1981. Measurement of 4pH and
4y in isolated neurosecretory vesicles from bovine neurohy-
pophyses. J. Biol. Chem. 256:5950-5953

26. Schneider, C., Gennaro, R., De Nicola, G., Romeo, D.
1978. Secretion of granule enzymes from aveolar macro-
phages. Exp. Cell Res. 112:249-256

27. Segal, D.M., Taurog, J.D., Metzger, H. 1977. Dimeric im-
munoglobulin E serves as a unit for mast cell degranulation.
Proc. Natl. Acad. Sci. USA 74:2993-2997

28. Seligman, B., Gallin, E.X.., Martin, D.L., Sholin, W., Gal-
lin, J.1. 1980. Interaction of chemotactic factors with human
polymorphonuclear leukocytes: Studies using a membrane
potential sensitive cyanine dye. J. Membrane Biol.
52:257-272

29. Shore, P.A., Burkhalter, A., Cohn, V.H., Jr. 1959. A meth-

2

w



104 R. Sagi-Eisenberg and 1. Pecht: Membrane Potential Changes During Histamine Release

od for the fluorometric assay of histamine in tissues. J. a histamine releasing stimulus. Biochem. Pharmacol.
Pharmacol. Exp. Ther. 127:182-186 25:505-510
30. Siraganian, R.P., Hook, W.A., Levine, B.B. 1975. Specific 33. Steinhardt, R.A., Lundin, L., Mazia, D. 1971. Bioelectric
in vitro histamine release from basophils by bivalent hap- responses of the echinoderm egg to fertilization. Proc. Natl.
tens. Evidence for activation by simple bridging of mem- Acad. Sci. USA 68:2426-2430
brane-bound antibody. Immunochemistry 12:149-157 34. Utsumi, K., Sugiyama, K., Miyahara, M., Naito, M., Auai,
31. Smith, R.J.,, Ignarro, L.J. 1975. Bioregulation of lysosomal M., Inoue, M. 1977. Effect of concanavalin A on membrane
enzyme secretion from human neutrophils: Roles of guano- potential of polymorphonuclear leukocyte monitored by
sine 3’5-monophosphate and calcium in stimulus-secretion fluorescent dye. Cell Struct. Funct. 2:203-210

coupling. Proc. Natl. Acad. Sci. USA 72:108-112
32. Spataro, A.C., Bosmann, H.B. 1976. Mechanism of action
of disodium cromoglycate-mast cell calcium ion influx after Received 28 June 1982; revised 21 December 1982



