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Substance P-related inhibitors of mast cell exocytosis act on G-proteins
or on the cell surface
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Abstract

[ p-Glu®, p-Trp”*°]substance P-(5—11) inhibited mastoparan-stimulated GTPase activity in homogenized rat peritoneal mast cells and
decreased histamine secretion induced by mastoparan from streptolysin O-permeabilized mast cells (IC,, of about 30 wM), but not from
intact cells. In contrast, [p-Pro®, p-Trp”*%]substance P-(4-11) inhibited the secretion from intact cells (ICs, of about 10 uM) but had no
effect on histamine secretion from permeabilized cells, suggesting that this peptide exerts its inhibitory effect on the plasma membrane,
wheress [ p-Glu®, p-Trp”®*]substance P-(5-11) interacts with G proteins. Pretreatment of mast cells with neuraminidase led to an
inhibition of the secretory response to mastoparan and related triggers. This response was restored following cell permeabilization,
demonstrating the role of the cell surface on the entry of mastoparan and related triggers and on their ability to reach G proteins sensitive

to pertussis toxin and [ p-Glu®, b-Trp”**0]substance P-(5—-11). © 1998 Elsevier Science B.V.
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1. Introduction

Histamine release from rat peritoneal mast cells has
been extensively used as a model of exocytosis (Nakamura
and Ui, 1985). The introduction into mast cells of non-hy-
drolyzable analogs of GTP that persistently activate GTP-
binding proteins induces exocytosis (Gomperts and Fer-
nandez, 1985; Aridor et a., 1990). The early events after
stimulation of mast cells include the breakdown of phos-
phoinositides (PIP,), arise in the internal Ca?* concentra-
tion and the generation of arachidonic acid (Nakamura and
Ui, 1985; Penner et al., 1988). A wasp peptide venom,
mastoparan, is known to induce histamine release from
mast cells (Hirai et a., 1979; Moudli et a., 1989). It was
previously shown that mastoparan can interact directly
with G proteins and stimulates their GTPase activity
(Higashijima et a., 1988). Many of the effects of
mastoparan are sensitive to pertussis toxin, which inhibits
G, and G, by ADP-ribosylation of their « subunit. Based
on these studies, it has been proposed that the target of
mastoparan in mast cells is a G protein (Moudli et al.,
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1989) and particularly G, (Aridor et al., 1993). The same
mechanism has been proposed to explain the stimulation of
histamine secretion from mast cells produced by other
basic compounds such as substance P, compound 48 /80,
bradykinin and anaphylatoxin C3a (Mousli et a., 1990a,b,
1992; Bueb et al., 1990). This mechanism has been ex-
tended to peptides acting at nanomolar concentrations on
rat peritoneal mast cells (Moudi et a., 1995) and on
human skin mast cells (Emadi-Khiav et al., 1995).

It has been reported that benzalkonium chloride and a
substance P analog, [p-Pro*, p-Trp”9°]substance P-(4—
11), can inhibit the secretion of histamine from mast cells
stimulated by compound 48,80 (Piotrowski et al., 1984;
Piotrowski and Foreman, 1985). More recently Hi-
gashijima’'s group (Mukai et al., 1992) has shown that this
peptide and a novel analog [ p-Glu®, b-Trp”*]substance
P-(5-11) inhibit the mastoparan-promoted GTP hydrolysis
by G, in reconstituted phospholipid vesicles, with [ p-Glu®,
D-Trp”%1%]substance P-(5-11) being 10-fold more potent
than [p-Pro®, p-Trp”*!°]substance P-(4-11). The effect of
[ p-GIu®, p-Trp”*]substance P-(5-11) on mast cells has
not been studied. Another way to block the response of
mast cells to mastoparan and related compounds is to
hydrolyze sialic acid residues on the cell surface with
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neuraminidase (Foreman and Lichtenstein, 1980; Coleman
et al., 1986; Moudli et al., 1989, 1992; Bueb et a., 1990).
This observation suggested that preliminary binding of
cationic triggers to the cell surface is required for their
later interaction with intracellular G proteins. This pro-
posal implied that the permeabilization of mast cells should
reverse the inhibitory effect of neuraminidase.

The aim of the present study was to investigate the
effect of [p-Pro?, p-Trp”*°]substance P-(4-11) and [ p-
Glu®, p-Trp"**°Jsubstance P-(5-11) on histamine secre-
tion and on GTPase activity in the supernatant of homoge-
nized mast cells, in order to confirm the role of G proteins
in the secretory response of mast cells. These peptides do
not exhibit amphiphilic properties and thus do not pass
through membranes. Thus, cell permeabilization was re-
quired to test this putative inhibition. Moreover, we re-ex-
amined the requirement of intact sialic acid residues on the
cell surface for a potent response of mast cells to trigger-
ing peptides.

2. Materials and methods
2.1. Materials
Benzalkonium chloride-C,,, type V neuraminidase from

Clostridium perfringens, compound 48/80 and Ca&’*
ionophore A23187 were purchased from Sigma Chemical
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Fig. 1. Effect of substance P analogs on the high-affinity GTPase activity
of purified rat peritonea mast cells. The 12,000 g supernatant of
homogenized mast cells (10 ng) was incubated at 25°C, for 30 min, in
the presence of 100 M mastoparan with increasing concentrations of
[ p-GIu®, p-Trp"*%substance P-(5-11) or [p-Pro*, p-Trp”*°]substance
P-(4-11). Basal high-affinity GTPase activity = 29.5+ 3.6 fmol
P /min/mg protein. Values are means+ S.EE.M. of three independent
experiments. “P < 0.05; * *P < 0.01.
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Fig. 2. Effect of substance P analogs on histamine secretion induced by
mastoparan from rat peritoneal mast cells. Purified mast cells (3x 10*
cells/assay) were permeabilized with streptolysin O (15 U/ml) (m) for
5 min a 37°C or left intact (@). Cells were then preincubated with
increasing concentrations of [ p-Glu®, b-Trp”*%°]substance P-(5-11) (a)
or [o-Pro?, p-Trp”®%]substance P-(4—11) (b) for 10 min and stimulated
with mastoparan 100 ©M for 10 min. In intact cells, the control incuba
tion (O) was performed with 1 uM Ca?* ionophore A23187 in the
presence of 1 mM CaCl,. Vaues are means+ S.E.M. of three indepen-
dent experiments each in duplicate. *P < 0.05; * “P < 0.01.

(St. Louis, MO). Mastoparan, neuropeptide Y -(18—-36) and
substance P were obtained from Neosystem (Strasbourg,
France). Substance P anal ogs were from Bachem Biochimie
(Paris, France) and pertussis toxin was from List Biologi-
cal Laboratory (Campbell, CA). Streptolysin O was from
Institut Pasteur (Paris, France). [*yP|GTP was purchased
from New England Nuclear-DuPont (Boston, MA).

2.2. Isolation and treatment of rat peritoneal mast cells

Mae Wistar rats (IffaCredo, L’'Arbresle, France)
weighing 300 to 500 g were first stunned and then bled to
death. 12 ml of balanced salt solution (HEPES buffer)
containing (in mM): NaCl, 137; KCl, 2.7; CaCl,, 0.3;
MgCl,, 1.0; NaH,PO,, 0.4; glucose, 5.6 and HEPES, 10;
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Table 1

Effect of [D-Pro?, p-Trp”%%]substance P-(4-11) and [ p-GIu®, p-Trp"*%]substance P-(5-11) on histamine secretion induced by different secretagogues

from intact mast cells

Compound Histamine release (% of total content)
Control [D-Pro*, o-Trp"%1°] [ p-GIu®, o-Trp"210]
substance P-(4-11) substance P-(5-11)
SP (30 uM) 51+ 45 36+ 39 48 +3.2
NPY-(18-36) (30 nM) 53+5.2 36+ 1.0 52+ 3.6
C3a(10 uM) 50+ 4.0 35+30 49+ 4.0
Compound 48,/80 (0.1 ug,/ml) 52+ 10 38+10 50+ 3.8

Purified mast cells were preincubated with [p-Pro?, p-Trp”*°]substance P-(4-11) (20 uM) or [ p-Glu®, p-Trp”"**]substance P-(5-11) (30 xM) for 10
min at 37°C and the cells were stimulated with indicated concentrations of secretagogues: (SP, substance P; NPY -(18—36), neuropeptide Y-(18-36); C3a,
anaphylatoxin C3a). The reaction was stopped 10 min later by addition of ice-cold buffer. Values are means + S.E.M. of three independent experiments

performed in duplicate.

NaOH to pH 7.4, supplemented with 0.1% bovine serum
albumin, was injected into the peritoneal cavity. Alterna-
tively, the CaCl, concentration was raised to 1 mM in
experiments performed with the Ca2* ionophore A23187.
The peritoneal fluid was collected and centrifuged for 2
min at 180 X g. The pellet was resuspended in the same
solution and the mast cells were purified on a discontinu-
ous bovine serum albumin gradient (30 and 40% w /v) as
described previously (Moudli et al., 1989). The pellet was
resuspended in HEPES buffer, and cells were examined
under a light microscope for purity (more than 97% was
typically observed). The Trypan blue-exclusion test indi-
cated a viahility of greater than 95%. Purified mast cells
(3 X 10* cells/assay) were permeabilized or left intact and
then treated with different reagents before addition of
secretagogues as described in the figure legends or in the
tables. Reactions were terminated 10 min later by the
addition of ice-cold buffer and histamine in the supernatant
was assayed fluorometrically, according to the method of
Shore et al. (1959) but without the extraction step.

2.3. Mast cell permeabilization

Streptolysin O was prepared as described previously
(Vitale et al., 1993). In the experiments with permeabilized
cells, the solution used contained: potassium glutamate,
140 mM; glucose, 5 mM; salt of PIPES, 10 mM; MgATP,
5 mM; magnesium acetate, 4.5 mM; EGTA, 0.5 mM and
CaCl,, 1 uM; NaOH to pH 7.4. Purified mast cells were
permeabilized by exposure to streptolysin O (15 U /ml) for
5 min at 37°C and pre-incubated with substance P analogs
before addition of stimulants.

2.4. GTPase activity of mast cells

GTPase activity was determined as described previously
(Hilf and Jakobs, 1989). Cells were preincubated for 10
min a 0°C in buffer A containing (in mM): ATP, 1,
MgCl,, 2; EDTA, 0.1; dithiothreitol, 1, NaCl, 150;
phenylmethanesul phonylfluoride, 0.2; triethanolamine—

HCI, 50; pH 7.4. Cells were Potter-homogenized and
centrifuged for 15 min at 12,000 X g. The supernatant was
removed, the volume was adjusted to 2 ml with buffer A
and the solution was centrifuged in a Centricon 30 micro-
concentrator (Amicon, Danvers, MA) to the desired con-
centration (Bueb et al., 1990). GTPase activity was deter-
mined in a reaction mixture containing 10 ug of mem-
brane proteins and 20 wl of drugs in a volume of 80 ul.
The reaction was carried out in duplicate, and samples
were first pre-incubated for 30 min at 25°C. The reaction
was started by addition of 20 ! [*%y PIGTP (30 Ci /mmol)
so as to reach a final concentration of 0.1 uM. GTP
hydrolysis was stopped after 15 min of incubation at 25°C
by the addition of 0.7 ml of an ice-cold 5% (w /v) charcoal
suspension (pH 7.4). The tubes were centrifuged for 15
min at 9000 X g at 4°C and 0.4 ml of the supernatant was
put in counting vials containing 3.6 ml scintillation liquid
to determine the released **P. High-affinity GTPase activ-
ity was calculated by subtracting **P released in the
presence of 50 uM of unlabelled GTP (low-affinity GT-
Pase activity) from the total **P accumulation determined
in the presence of 0.1 uM [®yPJGTP. Basal high-affinity
GTPase activity in the absence of added drugs was 29.5 +
3.6 fmol P /min/mg protein (n = 3).

Table 2

Effect of various treatments on histamine release induced by mastoparan
(30 uM) from intact and streptolysin O-permeabilized rat peritoneal mast
cells. Cells were preincubated with pertussis toxin for 2 h at 37°C,
permeabilized or left intact and then stimulated with mastoparan. Benza-
Ikonium chloride was added concomitantly with mastoparan. Vaues are
means+ S.E.M. from three separate experiments

Treatments Histamine secretion

(% of total content)

intact cells  permeabilized cells
Control 56+4.1 58+4.0
Pertussis toxin (10 ng,/ml) 16+3.0 20+3.6
Benzalkonium chloride (2 ug/ml) 22+3.5 20+28
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3. Results

3.1. Effect of [p-Glu®, b-Trp”°% substance P-(5-11) and
[D-Pro*, bp-Trp”°°substance P-(4-11) on GTPase
activity and histamine release induced by mastoparan

[ p-GIu®, p-Trp"*%substance P-(5-11) has been re-
ported as a G protein antagonist (Mukai et al., 1992). Fig.
1 shows that this substance P analog inhibited
mastoparan-stimulated high-affinity GTPase activity of the
supernatant from homogenized mast cells in a dose-depen-
dent manner with an 1Cg, of about 10 wM. In contrast,
[D-Pro*, p-Trp”*!°]substance P-(4-11) was ineffective up
to 100 uM (Fig. 1). Fig. 2a shows that [p-GIu®, D-
Trp"*substance P-(5-11) did not modify the response
of intact mast cells to mastoparan. We could not exclude
that the mast cell membrane is impermeable to this pep-
tide, thus we used streptolysin O-permeabilized rat peri-
toneal mast cells to study its effect on histamine secretion.
In permeabilized cells, preincubation with [ p-Glu®, b-
Trp"*%substance P-(5—11) for 10 min resulted in a dose-
dependent inhibition of histamine secretion induced by
mastoparan (Fig. 2a). The half-maximal effect of [p-GIu®,
D-Trp”%1%]substance P-(5-11) was observed at a concen-
tration of 30 wM. At concentrations less than 3 uM,
[ p-Gluw®, p-Trp”*]substance P-(5-11) inhibited neither
GTPase activity nor histamine release induced by
mastoparan. In contrast, [D-Pro*, p-Trp”°!°]substance P-
(4-11) inhibited histamine secretion induced by mastoparan
from intact mast cells, as previousdy shown with other

60

Histamine release (%)

0 0.1 0.2 0.3
[neuraminidase] (U/ml)

Fig. 3. Effect of neuraminidase pretreatment on histamine secretion
induced by mastoparan from intact and permeabilized mast cells. Purified
rat peritoneal mast cells were pretreated with increasing concentrations of
neuraminidase for 1 h at 37°C and then permeabilized with streptolysin O
(15 U/ml) for 5 min (m) or left intact (@). Cells were finally stimulated
with 100 uM mastoparan for 10 min. In intact cells, the control incuba
tion (O) was performed with 1 uM Ca" ionophore A23187 in the
presence of 1 mM CaCl,. Results are means+ S.E.M. from three inde-
pendent experiments; “P < 0.05; * “P < 0.01.
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Fig. 4. Effect of permeabilization on mastoparan-induced histamine re-
lease from neuraminidase-pretreated cells. Cells were pretreated with
neuraminidase (0.3 U/ml) for 1 h at 37°C and then permeabilized or left
intact. Cells were finally stimulated with increasing concentrations of
mastoparan for 10 min. Values are means+ S.E.M. of three separate
experiments carried out in duplicate.

secretagogues (Piotrowski and Foreman, 1985). Histamine
release induced by Ca®" ionophore A23187 was not inhib-
ited by [D-Pro*, o-Trp”%]substance P-(4-11) (Fig. 2b).
However, this weak in vitro inhibitor of G proteins (Mukai
et d., 1992) was ineffective on permeabilized mast cells
(Fig. 2b). We used [p-Pro*, o-Trp"**]substance P-(4-11)
at a concentration of 20 uM because at higher concentra-
tions this peptide causes modest secretion of histamine
(Piotrowski et al., 1984 and confirmed by us). Table 1
shows also that [p-Pro*, p-Trp”®°Jsubstance P-(4-11)
inhibited histamine release induced by compound 48 /80,
substance P, anaphylatoxin C3a and neuropeptide Y-(18—
36) to the same extent (35-38%), whereas [ p-GIu®, p-
Trp”91%]substance P-(5-11) was ineffective on intact cells,
irrespective of the secretagogue used. The concentrations
of the different secretagogues in Table 1 were chosen to
induce the release of about 50% of the histamine content.

Pretreatment of intact and streptolysin-permeabilized
mast cells for 2 h with pertussis toxin (10 ng/ml) had an
inhibitory effect on the response to mastoparan (Table 2).
In the presence of the G; protein-selective inhibitor benza-
Ikonium chloride (2 ug/ml) (Higashijima et al., 1990),
we also observed an inhibition of secretion from both
intact and permeabilized mast cells (Table 2). We observed
that benzalkonium chloride used at concentrations higher
than 3 png/ml caused cytotoxic histamine release, as
previously shown by Read and Kiefer (1979). [ p-GIu®,
D-Trp"*%substance P-(5-11), unlike pertussis toxin and
benzalkonium chloride, which inhibited histamine release
from both intact and permeabilized mast cells (Table 2),
inhibited histamine secretion from streptolysin-permeabi-
lized cells only (Fig. 2a). In contrast, [p-Pro*, b-
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Trp”91%]substance P-(4—11) had an inhibitory effect on
histamine secretion induced by mastoparan from intact
cells only with an IC, of about 10 uM (Fig. 2b).

3.2. Effect of streptolysin O-permeabilization on histamine
release induced by mastoparan from neuraminidase-
pretreated mast cells

Histamine secretion induced by mastoparan was inhib-
ited in a dose-dependent manner by pretreatment of intact
mast cells for 1 h with neuraminidase, whereas histamine
release induced by Ca?* ionophore A23187 was unaf-
fected (Fig. 3). This inhibition was very similar to that for
other cationic secretagogues (Bueb et al., 1990; Mousdli et
al., 1989), reaching around 70% when mast cells were
pretreated with 0.3 U/ml neuraminidase for 1 h (Fig. 3).
However, pretreatment with neuraminidase did not have an
inhibitory effect on histamine release induced by
mastoparan (30 wM) from streptolysin-permeabilized mast
cells (Fig. 3). When neuraminidase-pretreated cells were
permeabilized with streptolysin O, the dose-dependent se-
cretory response of mast cells to mastoparan was fully
restored in comparison to that of non-permeabilized cells
(Fig. 4).

4, Discussion

The present experiments were designed to evaluate the
effectiveness of [ p-Glu®, b-Trp”%1%]substance P-(5-11) on
mast cells as well as other known inhibitors of histamine
release induced by peptides. We asked whether the in-
hibitory effect of substance P-related peptides, [ p-GIu®,
p-Trp’®%]substance P-(5-11) and [p-Pro*, b-
Trp"*substance P-(4-11), on G proteins described in
reconstituted vesicles (Mukai et a., 1992) also occurs in
mast cells. In the present study we chose mastoparan as a
model of peptides and cationic compounds acting on mast
cells, because the effect of this venom peptide on G
proteins has been studied extensively. Control experiments
were also performed with several other related peptides
such as substance P, anaphylatoxin C3a, neuropeptide
Y-(18-36) and with compound 48/80 to validate this
choice. Mastoparan has been shown to activate het-
erotrimeric G proteins by a mechanism strikingly similar
to that used by receptors (Higashijima et al., 1990).

Mizrahi et al. (1982) proposed [p-Pro*, b-Trp”*%]sub-
stance P-(4-11) as a potent antagonist of substance P. It
inhibits the hypotensive effect of substance P in anes-
thetised rats, the vasodilatator effect in the rabbit perfused
heart and the relaxation induced by substance P in dog
carotid arteries contracted with noradrenaline. Piotrowski
et a. (1984) showed that in mast cells [p-Pro?, D-
Trp”%1%substance P-(4—11) inhibits histamine release in-
duced by compound 48/80 but causes weak histamine
secretion at high concentrations (30 wM or more). Further-

more, this peptide is known to inhibit amylase secretion
induced by various structurally unrelated peptides such as
substance P, bombesin and cholecystokinin (Zhang et al.,
1988), suggesting the possibility of some non-selective
mechanism of interaction with the cell surface. [ p-GIu®,
D-Trp”%%]substance P-(5-11) and [p-Pro*, b-
Trp”91%]substance P-(4-11) can bind to G proteins and
compete with receptors to block its effect on G proteinsin
recongtituted vesicles (Mukai et a., 1992). Both peptides
aso inhibited mastoparan-promoted activation of G, pro-
teins, although [ p-GIu®, p-Trp”%]substance P-(5-11) was
10-fold more potent than [p-Pro*, b-Trp”*°]substance
P-(4-11). More recently, it has been shown that [ p-Glu®,
D-Trp"%1%]substance P-(5-11) antagonizes the effect of
mastoparan on catecholamine secretion from streptolysin-
permeabilized chromaffin cells (Vitale et al., 1993, 1994).
Interestingly, these peptides specifically interact with pro-
teins of the G, and G, families (Mukai et a., 1992). In the
present study we observed that [ p-Glu®, p-Trp”*°]sub-
stance P-(5-11) (3-100 wM) blocked mastoparan-stimu-
lated GTPase activity in the supernatant of homogenized
mast cells. Conversely, [p-Pro?, p-Trp”%°]substance P-
(4-11) had no effect up to 100 wM, but this peptide is
also less potent in inhibiting mastoparan-promoted G pro-
tein activation in recongtituted vesicles (Mukai et al.,
1992).

Two other inhibitors of heterotrimeric G proteins were
used in intact and permeabilized mast cells. Benzalkonium
chloride, a mixture of quaternary benzyldimethylalkylam-
monium, was found to inhibit histamine secretion induced
by substance P, compound 48,/80 and other related com-
pounds, but not that caused by antigens (Read and Kiefer,
1979). Benzalkonium chloride causes by itself cytotoxic
histamine release at concentrations over 5 wg/ml. Re-
cently it has been reported that other alkylamines, namely
tetradecyltrimethylammonium, inhibit not only exocytosis
but also GTPase activity in mast cells (Fischer et al.,
1993). Benzalkonium chloride selectively inhibits the
mastoparan-induced activation of G;, whereas aone it
stimulates GTPase activity of G, (Higashijimaet al., 1990).
The results obtained here show that benzalkonium chloride
inhibited histamine secretion from both intact and perme-
abilized mast cells (Table 2).

Pretreatment with pertussis toxin, which inhibits the G
proteins of G; and G, families by ADP-ribosylation of
their « subunit (Gilman, 1987; Moudi et a., 1993),
resulted in an inhibition of histamine release induced by
mastoparan from both intact and permeabilized mast cells
(Table 2). These results show that [ p-Glu®, b-Trp”*1°]sub-
stance P-(5-11), unlike pertussis toxin and benzalkonium
chloride, inhibits histamine release induced by mastoparan
from streptolysin-permeabilized mast cells but has no ef-
fect in intact cells. The results indicate also that [ p-Glu®,
D-Trp"*%substance P-(5-11) is able to block histamine
secretion providing that the peptide is introduced directly
into the cytoplasm of permeabilized mast cells. The con-
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centrations of the peptide used here are comparable to
those used in studies of mastoparan-promoted GTP hydrol-
ysis (see above). In contrast, [D-Pro?, p-Trp”*1%]substance
P-(4-11) inhibited histamine release induced by
mastoparan from intact cells but not that caused by Ca?*
ionophore A23187 (present results) or by IgE-dependent
activation (Piotrowski and Foreman, 1985), indicating that
this substance P analog acts by a membrane-dependent
mechanism selective for mastoparan-stimulated histamine
release. This substance P analog also decreased to the
same extent the secretory response of intact mast cells to
compound 48,/80, neuropeptide Y-(18-36), substance P
and anaphylatoxin C3a (Table 1), which are thought to
share some common structural properties with mastoparan
(Mousli et a., 1990a,b, 1992). These results indicate that
this substance P analog at low concentrations interacts at
the plasma membrane level to inhibit the initial binding
step of cationic secretagogues to the cells. At high concen-
trations this peptide induces a secretory response, suggest-
ing that it might behave in mast cells rather as a G protein
agonist than as an antagonist.

Pretreatment of intact mast cells with neuraminidase
(0.1-0.3 U/ml), which hydrolyzes siadlic acid residues of
the plasma membrane, inhibits histamine secretion induced
by mastoparan and other related cationic secretagogues
(Coleman et d., 1986; Moudli et a., 1989). Histamine
release induced by Ca?* ionophore A23187 (present re-
sults) or by IgE-dependent activation (Coleman et d.,
1986) was not inhibited by neuraminidase pretreatment.
Interestingly, the same selectivity in inhibiting histamine
release induced by cationic compounds was observed with
[D-Pro?, p-Trp”*%]substance P-(4—11), suggesting again a
relationship between the presence of sialic acid residues
and the inhibitory action of [p-Pro*, p-Trp”*°]substance
P-(4-11). This suggested the crucia role of membrane
glycoproteins and/or gangliosides that have sialic acid
residues in the initial binding of cationic secretagogues to
the mast cell surface. This binding step might induce a
secondary structure, allowing the triggers to cross the
membrane to reach their intracellular target (G proteins)
(Mousli et al., 1989). This proposal implies that the perme-
abilization of mast cells should overcome the inhibitory
effect of neuraminidase. The present data fully support this
hypothesis (Fig. 4). Mastoparan is an amphiphilic peptide
that penetrates the plasma membrane and activates associ-
ated G proteins by forming a membrane-spanning « helix
similar in structure to the intracellular loops of G protein-
coupled receptors (Higashijima et al., 1988, 1990). It is
likely that in neuraminidase-pretreated mast cells
mastoparan cannot bind to the cell surface and therefore
does not stimulate G proteins. The present findings support
the notion that mastoparan stimulates histamine release
from neuraminidase-pretreated mast cells by interacting
with its intracellular target (G proteins) which is accessible
only in streptolysin-permeabilized cells whose plasma
membrane is permeable to large molecules.
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