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The ability of the amphiphilic peptides, melittin and mastoparan,to modulate the
production of inositol(1,4,S)trisphosphate in cuitured plant (Daucus carota L.) cells was
investigated. When added to intact cells melittin and mastoparan caused a rapid and
dose-dependent increase in inositol(1,4,5)trisphosphate concentrations. In isolated
protoplasts, inositol(1,4,5trisphosphate levels were 12- to 16-fold higher than in the
corresponding cells and neither melittin nor mastoparan was able to significantly affect
inositol(1,4,5)trisphosphate production. Melittin and mastoparan had a strong inhibitory
effect (IC;: 20 xM) on the activity of polyphosphoinositide-specific phospholipase C in
purified plasma membranes. These results demonstrate that the plant phosphoinositide
system can be activated by amphiphilic peptides in a manner analogous to that observed
in specialized mammalian cells but that important functional components are altered,
or lost, by the disruption of the intact cell state. ¢ 1954 acadenic press, 1nc.

Activation of the phosphoinositide signalling system is now recognized as a primary event
following stimulation of many eukaryotic cells. Interaction between specific agonists and their
cellular targets results in the activation of phosphoinositide-specific phospholipase C isoforms
which leads to the production of the two second messengers: inositol(1,4,5)trisphosphate and
diacylglycerol (1). Most components of a phosphoinositide signalling system are present in
plant cells (see ref. 2 for review) and Ins(1,4,5)P; has been shown to mediate release of Ca?*
both from isolated membrane fractions (3) and from intracellular stores when microinjected

(4). A highly active polyphosphoinositide-specific phospholipase C (PPI-PLC) is associated

Abbreviations:
Ins(1,4,5)P,: inositol 1,4,5-trisphosphate, PPI-PLC: polyphosphoinositide - specific
phospholipase C.
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with the inner leaflet of the plasma membrane in plant cells (5) but only little is presently
known about how this enzyme is activated in vivo. Several naturally occurring, amphiphilic
polypeptides such as melittin (bee venom toxin) and mastoparan (wasp venom toxin) have
been shown to possess a variety of biological activities in mammalian cells, including the
ability to modulate membrane-associated signalling enzymes such as phospholipase C,
phospholipase A,, guanylate cyclase and protein kinase C (6-9). The precise mechanisms of
action of these peptides are still not fully clarified but it is likely that their ability to take up
a-helical configurations upon interactions with membranes is an important determinant for
their biological activity. Interest in the use of melittin and mastoparan in signal transduction
research has been further stimulated by the recent findings that melittin can inhibit Ca?*-
dependent phosphorylase kinase by specifically binding to calmodulin (10) and mastoparan
can act as an activator of mammalian G-proteins by mimicking a specific region of activated
G-protein-associated receptors (11). Although one study has suggested that the Ca’*-
dependent plant PPI-PLC may be regulated by G-proteins (12) there has been a general lack
of success in demonstrating effects of non-hydrolysable GTP-analogues, and other G-protein
regulators, on the activity of the PPI-PLC in isolated membrane fractions (see 2 and refs.
therein).

In this study we have investigated the effect of melittin and mastoparan on the activity
of PPI-PLC in intact cells, protoplasts and isolated plasma membranes. We demonstrate that
both melittin and mastoparan, in low pmolar concentrations, elicit substantial, and rapid,
increases in cellular Ins(1,4,5)P; levels when added to intact cells. In contrast, neither peptide
has any stimulatory effect on Ins(1,4,5)P, production when added to protoplasts, and both
peptides inhibit PPI-PLC in isolated plasma membranes. The significance of these findings

for the further elucidation of plant signal transduction mechanisms is discussed.

MATERIALS AND METHODS

Cell culture and Ins(1,4,5)P, extraction and quantification,

Daucus carota L. cv. "Oxford" suspension cultures were maintained as described by McCann
et al. (13). Cell suspensions were used for experiments 4 days after subculturing. Cells were
pelleted by gentle centrifugation and adjusted to a concentration of 300-500 mg/ml of culture
medium. After temperature equilibration for 5 minutes experiments were initiated by
sampling of three 100 ul control samples at 30 seconds interval. Addition of peptides
(Mastoparan, Sigma, U.K.; Melittin, Sigma, U.K., 85 % HPLC pure) or appropriate control
vehicles was initiated immediately after sampling of the third control. Further aliquots of 100
pl were removed after incubation for the appropriate time and quenched with 100 ul ice-cold
HCIO, (10 % w/v). After 15 minutes on ice, protein and cellular debris was sedimented by
centrifugation (12000 g) for 7 minutes and 100 1 of the supernatant removed and neutralized
by 1.5 M KOH/60 mM Hepes. After removal of precipitated KCIO, by centrifugation the
Ins(1,4,5)P, concentration was determined in the supernatant by the receptor-binding assay
described by Palmer & Wakelam (14). Commercially available preparations of Ins(1,4,5)P,
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binding proteins from bovine adrenal glands (Amersham, U.K., TRK 1000) were used for
Ins(1,4,5)P; determinations and standard curves were constructed using [2-*H]}Ins(1,4,5)P,
(Amersham, U.K.) as tracer.

Preparation of protoplasts and plasma membranes.

Protoplasts were prepared as described by Xu et al. (15). Plasma membranes were isolated
from suspension cultured carrot cells by aqueous polymer two-phase partitioning essentially
as described by Drebak et al. (16). A 5.7 % PEG/Dextran system, 5 mM KCl was employed
and purification was continued to the U, fraction. Membrane purity and protein concentration
was determined by standard procedures (see ref. 16 for details).

Assay of plasma membrane phospholipase C.
Polyphosphoinositide phospholipase C activity was assayed as described by Drebak et al. (16)

using 142 uM [2-°H]PtdIns(4,5)P, micelles as substrate. Radioactivity was determined by
liquid scintillation spectrometry (LKB Rack-beta) using Pico-Fluor 15 (Canberra-Packard,
U.K.) scintillation fluid.

RESULTS AND DISCUSSION

The effect of melittin and mastoparan on the levels of Ins(1,4,5)P; in cultured carrot cells
is shown in figure 1A and 1B. Prior to peptide addition the concentration of Ins(1,4,5)P; is
0.136 +/- 0.077 pmoles/mg fresh weight (n=25). With an average cell diameter of 25 pm
and a vacuolar diameter 75 % of this value, an approximate cytoplasmic volume of 4.7
pL/cell can be calculated. Assuming an equal cytosolic distribution, the average resting
concentration of Ins(1,4,5)P, is 960 +/- 550 nM. Melittin and mastoparan induce a rapid
increase in Ins(1,4,5)P, levels which reaches a maximum 2-4 minutes after peptide addition.
At this point the cytoplasmic concentration of Ins{1,4,5)P; is estimated to be around 10 uM.
Although these figures are well above the K, (121 nM) for the putative plant Ins(1,4,5)P,
receptor (17) these figures are in very good agreement with the levels of Ins(1,4,5)P;
observed in other eukaryotic cell both at rest and following stimulation (18). In the period
of 4 to 10 minutes after peptide addition a gradual, but slow, decrease in Ins(1,4,5)P; levels
is observed, but even after 10 minutes levels of cellular Ins(1,4,5)P; are significantly higher
than prior to stimulation. The addition to intact cells of 12 uM of the inactive mastoparan
analogue, Mas CP, had no effect on Ins(1,4,5)P; production (data not shown). Highly active
Ins(1,4,5)P, metabolizing enzymes have been demonstrated to be present in plant cells (19)
so the prolonged increase in Ins(1,4,5)P; levels is likely to be indicative of a sustained
activation of the Ins(1,4,5)P;-producing machinery.

Figure 2 illustrates the dose-dependency of melittin- and mastoparan-induced
Ins(1,4,5)P; production. Half maximum stimulation of Ins(1,4,5)P, production is achieved
by approximately 6 uM mastoparan whereas the effect of melittin appears to be linear

dependent on doses up to at least 40 uM. Experiments in which melittin and mastoparan were
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Figure 1. Time dependent effects of melittin (3.5 uM, panel A) and mastoparan (24 uM,
panel B) on Ins(1,4,5)P, levels in cultured carrot cells. Peptides were added immediately
after t = 1 minute. Data are average values obtained from 3-4 independent experiments.
Vertical bars indicate range.

Figure 2. Dose-dependency of melittin- and mastoparan-induced Ins(1,4,5)P; production in
cultured carrot cells. Data are expressed as net increase in cellular Ins(1,4,5)P; levels
observed 40 seconds after peptide addition.

added to protoplasts are summarized in figure 3. It is evident that the pre-stimulation levels
of Ins(1,4,5)P, are much higher than in the corresponding intact cells - and in contrast to
intact cells neither melittin nor mastoparan is able to significantly increase Ins(1,4,5)P;
production. These findings suggest that the enzymatic removal of the plant cell wall leads to
activation of the phosphoinositide system. This hypothesis is in agreement with several sets
of recent data showing that: A, cell wall degrading enzymes can affect the activity of
phosphoinositide kinases (20); B, cell wall components induce cytosolic Ca?*-increases when

added to plant cells (21); and C, that polygalacturonic acid elicitors can promote a transient
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Figure 3. Effect of melittin (3.5 xM, panel A) and mastoparan (24 uM, panel B) on
Ins(1,4,5)P, levels in carrot cell protoplasts. Peptides were added immediately after t = 1
minute. The solid symbols indicate the mean of Ins(1,4,5)P; determinations on two
independent protoplast preparations. Vertical bars indicate range.

increase in Ins(1,4,5)P; in soybean cells - an effect mimicked by the mastoparan analogue
Mas 7 (22). To investigate the possibility of a direct effect of melittin and mastoparan on the
plasma membrane polyphosphoinositide phospholipase C these peptides were added to
purified carrot cell plasma membranes predominantly with the cytoplasmic side exposed.
Results from these experiments are shown in figure 4 and demonstrate that both mastoparan
and melittin inhibit PPI-PLC with an apparent IC;, of approximately 20 uM.

Ca’*- and Ca®*-calmodulin dependent protein kinases are established as Ca®*-response
elements in plant cells and cyclic GMP has recently been implicated in phototransduction

(23). Polypeptides with homology to mammalian G-proteins have also been found in plant

743



Vol. 205, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

% of control

120 T T T T T T T T T
110 + a
100*\4 -
90 V\\. N
80 A%

70 b R .
60 N, 4
50 | N i

40 \z\ .

30+ ~ g

Phospholipase C activity

20 | = 1
L
10 | -

0 L ) L 1 I I L L 1
0 5 10 15 20 25 30 35 40 45 50

Peptide (uM)

Figure 4. Effect of melittin (open symbols) and mastoparan (closed symbols) on the activity
of carrot plasma membrane polyphosphoinositide specific phospholipase C. Data are
expressed as percentage of control phospholipase C activity (100 %) measured in the absence
of added peptides.

cells both by immunological methods and by cloning and sequencing of cDNAs of plant
equivalents of mammalian G-protein «- and B-subunits (24,25). Recent experiments have
shown how GTP-yS binding to plant membrane fractions is stimulated by mastoparan,
suggesting the possible presence of plant equivalents to the mammalian seven-transmembrane
span receptors (11). It also deserves mentioning that melittin and mastoparan have been
shown to stimulate growth of zucchini hypocotyls by over 50 % (26).

It is obviously an attractive possibility that the effects of melittin and mastoparan on
Ins(1,4,5)P; production demonstrated in this study result from their specific interaction with
one or more signalling enzyme(s). However, since both peptides are amphiphilic they must
be expected to interact with a variety of functional entities of plant membranes and further
work is clearly needed to pin-point the specific site(s) of interaction between melittin,
mastoparan and components of the Ins(1,4,5)P; producing machinery. Irrespective of their
precise mode of action there is little doubt that these amphiphilic peptides, will prove
valuable tools in the further elucidation of the mechanisms involved in the activation, and

regulation, of the plant phosphoinositide system and other signalling pathways.
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