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Abstract

Protein Kinase C (PKC) regulates the release of pro-inflammatory compounds from IgE/antigen-
activated mast cells by unknown mechanisms. In this study, we show for the first time that PKC
inhibitor R0-03-0432, which inhibits RBL-2H3 exocytosis/degranulation in a concentration
dependent fashion, prevents the phosphorylation of membrane fusion factor Munc18a at Ser 313.
Our study provides fresh evidence that PKC-dependent protein phosphorylation may contribute to
the intricate regulation of mast cell degranulation by directly targeting the fusion factors.

Introduction

In mammalian cells, SNARE-dependent exocytosis is coordinated by any of the three
Munc18 isoforms (a, b, and c). Recently, Munc18a was found sufficient for FceRI-mediated
release of B-hexosaminidase from activated RBL-2H3 cells (a tumor analog of mucosal mast
cells) [1]. Surprisingly, recombinant Munc18a was incapable of promoting exocytic fusion
mediated by VAMP8/syntaxind/SNAP23 [2], three SNAREs that underlie p-hexosaminidase
release [3]. This has raised the possibility that signaling-dependent phosphorylation might
be required to activate the fusion machinery.

In neurotransmission and chromaffin cell exocytosis, PKC-dependent phosphorylation of
Munc18a reduces its affinity for syntaxinl and changes the kinetics of transmitter release [4;
5]. In vitro, PKC directly targets Munc18a at Ser306 and Ser313 [6], both of which are
located on domain 3a of Munc18a, which undergoes conformational change [7] to promote
trans-SNARE zippering [8]. In this study, we investigated PKC-dependent phosphorylation
of Munc18 at S313 in IgE/antigen-activated RBL-2H3.

Materials and Methods

Antibodies

Affinity-purified antibodies specific for Ser313 phosphorylated Munc18a (sc-28459-R;
Santa Cruz) was raised against a short amino acid sequence containing phosphorylated
Ser313 of hMunc18a (sc-28459-P; Santa Cruz). Anti-Actin (sc-1616, Santa Cruz) was raised
against a peptide mapping at the C-terminus of human actin.
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Mast cell secretion assay

RBL-2H3 cells (ATCC) were maintained and activated according to published protocols [9].
Where indicated, Ro-03-0432 (Santa Cruz) or DMSO was added 30 min prior to the addition
of antigen or ionomycin. p-hexosaminidase activity was assayed as previously described [9].
B-hexosaminidase secretion was expressed as a percentage of the activity in the medium
relative to the total activity. To determine if Ro-03-0432 exerts any direct effect on the
enzymatic activity of p-hexosaminidase, RBL-2H3 cells were activated by 1 pM of
ionomycin and 30 pL of the supernatant were mixed with Ro-03-0432 at specified
concentrations and used for B-hexosaminidase activity measurement as described above.

Phosphoprotein isolation and detection

RBL-2H3 cells in three T-25 flasks were grown to 85% confluency. Two flasks received 2.5
mL of fresh complete medium containing 0.5 pg/mL of anti-TNP IgE but the 3" flask
received just fresh complete medium. Following 2 hr incubation, Ro-03-0432 (20 uM) was
added to IgE-sensitized cells while the non-sensitized cells received DMSO. After 30 min of
further incubation, each flask was washed twice with 2.5 mL of RPMI 1640 and then
incubated with 2.5 mL of RPMI 1640 containing 1% BSA and 50 ng/mL of TNP-BSA for
20 min. After medium removal, the flasks were washed three times with 7 mL of 5 mM
HEPES-Na, pH7.4, 150 mM NaCl. Phosphoproteins were then isolated using a Qiagen
phosphoProtein Purification Kit by following the manufacturer’s instructions.

Results and Discussion

To investigate PKC-dependent modification of the degranulation machinery, we exploited
selective, cell-permeable PKC inhibitor Ro-32-0432 [10] in a cell-based secretion assay. At
5 UM, Ro0-32-0432 inhibited over 65% of B-hexosaminidase secretion from RBL-2H3 cells,
and at 20 pM, about 95% (Fig. 1A). Meanwhile, Ro-32-0432 does not interfere with either
B-hexosaminidase activity or the enzymatic assay at the concentrations we used (hatched
column).

To assess if Munc18a could be the target of PKC in mast cell degranulation, we extracted
proteins from resting and activated RBL-2H3 cells, including cells activated in the presence
of R0-32-0432. Phosphorylated and non-phosphorylated proteins were separated into two
fractions (Eulate and FT), and subject to SDS-PAGE and immunoblotting. While actins exist
in unphosphorylated states regardless of the treatment, phosphorylated Munc18a at Ser313
was detected exclusively in activated RBL-2H3 cells (Fig. 1B), using anti-phospho-
Munc18a (pSer313) raised against a phosphopeptide derived from Munc18a. The phospho-
Munc18a band disappeared (middle panel), as expected, when the antibody was pre-
incubated with the phosphopeptide. Importantly, this phosphorylated Munc18a was not
observed in RBL cells activated in the presence of Ro-32-0432, demonstrating that Munc18a
phosphorylation at Ser313 in RBL cells is PKC dependent. These findings suggest that
PKC-dependent phosphorylation of Munc18a at S313 could be the missing link between
signaling and degranulation. We expect future investigations of the biochemical and
physiological consequences of Munc18a phosphorylation to generate exciting new insights
on the regulation of allergic inflammatory.
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Figure 1. PKC inhibitor prevents mast cell degranulation and Muncl8a phosphorylation at
Ser313

A) RBL-2H3 cells treated with Ro-32-0432 or DMSO were activated with either anti-TNP
IgE/TNP-BSA (white columns) or ionomycin (gray columns) and then assayed for -
hexosaminidase release, which was calculated as described in Materials and Methods. The
value of the DMSO-treated sample was set as 100%, and used to determine the relative
values of other conditions. Likewise, the effect of Ro-32-0432 on p-hexosaminidase activity
was also measured and the values relative to the DMSO-treated sample were presented
(hatched columns). Error bars indicate SD (n=3). Student T test was used for statistical
analysis. * means p<0.05; ** means p<0.01. B) RBL-2H3 cells incubated under specified
conditions were lysed by CHAPS, with phosphorylated proteins and non-phosphorylated
proteins separated into the FT (Flow-through) and the Eluate fractions. Two pg of total
protein from each fraction were used subsequently in SDS-PAGE and western blotting. The
data is representative of 3 independent experiments.
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