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Introduction

The antigen-dependent aggregation of IgE bound to mast cell (MC) high affinity IgE receptors (Fc RI) launches the immediate type I hypersensitivity response and an inflammatory cascade characterized by the exocytosis of secretory granule (SG) content, the de novo synthesis and secretion of prostaglandins/leukotrienes and a diverse set of cytokines/chemokines. Despite unquestionable physiological roles, Fc RI-mediated signaling has been largely studied for its implication in allergies.

Initially, research focused on receptor-proximal events but recent studies also investigate further downstream pathways. In this review we update the accumulated knowledge on receptor proximal and distant signaling.

Receptor proximal events

Fc RI expressed on MC and basophils consists of 2 heterotetramers of three subunits [START_REF] Kinet | The high-affinity IgE receptor (Fc epsilon RI): from physiology to pathology[END_REF]:

The chain is a type I transmembrane protein that binds the IgE Fc portion at a 1:1 ratio, the chain is a receptor-stabilizing and signal-amplifying subunit with four transmembrane domains, and the disulfide-linked dimeric chains are signal-triggering subunits. and subunits have an immunoreceptor tyrosine-based activation motif (ITAM). Upon engagement of receptoroccupied IgE by multivalent antigen, tyrosine residues in the ITAMs are phosphorylated by chain-bound Src family protein tyrosine kinase (SFK) Lyn [START_REF] Pribluda | Transphosphorylation as the mechanism by which the high-affinity receptor for IgE is phosphorylated upon aggregation[END_REF]. Phosphorylation of Tyr47/58 residues within -ITAMs recruits another tyrosine kinase Syk via SH2 domain-phosphotyrosine interactions [START_REF] Paolini | Phosphorylation and dephosphorylation of the highaffinity receptor for immunoglobulin E immediately after receptor engagement and disengagement[END_REF]. This activates Syk through conformational changes and tyrosine phosphorylation at multiple sites by autophosphorylation and SFKs to phosphorylate numerous signaling enzymes and adaptors [START_REF] Siraganian | Mast cell signaling: the role of protein tyrosine kinase Syk, its activation and screening methods for new pathway participants[END_REF]. Syk is essential for most if not all activation events leading to degranulation and de novo synthesis and secretion of lipid mediators, cytokines and chemokines [START_REF] Costello | Critical role for the tyrosine kinase Syk in signalling through the high affinity IgE receptor of mast cells[END_REF][START_REF] Zhang | Transfection of Syk protein tyrosine kinase reconstitutes high affinity IgE receptor-mediated degranulation in a Syknegative variant of rat basophilic leukemia RBL-2H3 cells[END_REF] (Fig. 1). For example, Syk (and another tyrosine kinase Btk) phosphorylate phospholipase C (PLC)-1 and -2 that generate inositol 1,4,5-trisphosphate (IP3) and diacylglycerol (DAG) from phosphatidylinositol 4,5-bisphosphate (PIP2). Diacylglycerol activates protein kinase Cs (PKCs) and IP3 is critically important for Ca 2+ -release from ER storage sites; Ca 2+ -depletion from the ER sites is detected by ER Ca 2+ -sensors STIM-1 and STIM-2, and STIM-1/2 recruitment to plasma membrane Ca 2+ channel Orai-1 (calcium releaseactivated channel (CRAC)) leads to activation of the Orai1 channel and consequent Ca 2+ influx into MC [START_REF] Ma | Regulation of Ca2+ signaling with particular focus on mast cells[END_REF]. Syk also phosphorylates adaptor proteins, LAT1 and SLP-76 both being required for PLC-1/2 activation (Fig. 1). Another important enzyme is a small family of phosphatidylinositol 3-kinase (PI3K). For activation of PI3K, p85 adaptor subunit of PI3K interacts with the cytosolic adaptor Gab2 after Gab2 phosphorylation by Fyn or Syk [START_REF] Yu | Scaffolding adapter Grb2-associated binder 2 requires Syk to transmit signals from FcepsilonRI[END_REF]. p85bound catalytic subunit p110 is essential for antigen-induced anaphylaxis, degranulation and cytokine production [START_REF] Ali | Essential role for the p110delta phosphoinositide 3-kinase in the allergic response[END_REF] (Fig. 1). Analysis of Fyn-deficient MCs also led to the proposal of a Lyn-independent complementary pathway for MC activation [START_REF] Parravicini | Fyn kinase initiates complementary signals required for IgE-dependent mast cell degranulation[END_REF]. Dynamic complex formation by these adaptors and associated signaling molecules have been covered by excellent reviews [START_REF] Siraganian | Mast cell signaling: the role of protein tyrosine kinase Syk, its activation and screening methods for new pathway participants[END_REF][START_REF] Kambayashi | Proximal signaling events in Fc epsilon RI-mediated mast cell activation[END_REF][START_REF] Metcalfe | Mechanisms of mast cell signaling in anaphylaxis[END_REF][START_REF] Suzuki | The Emerging Picture of Mast Cell Activation: The Complex Regulatory Network of High-Affinity Receptor for Immunoglobulin E Signaling[END_REF].

These signaling events were revealed mostly by using optimal concentration of a highaffinity multivalent antigen in combination with a hapten-specific IgE (e.g., DNP20-40-HSA with anti-DNP IgE). However, different antigen concentrations result in subtle differences in receptor usage of Lyn and other SFKs [START_REF] Xiao | Positive and negative regulation of mast cell activation by Lyn via the FcepsilonRI[END_REF] as well as MAP kinases (MAPKs), with p38 phosphorylation requiring lower receptor occupancy than JNK1 and ERK2 phosphorylation.

MAPKs phosphorylation differences are correlated with differential requirement for mRNA expression of cytokines/chemokines [START_REF] Gonzalez-Espinosa | Preferential signaling and induction of allergy-promoting lymphokines upon weak stimulation of the high affinity IgE receptor on mast cells[END_REF]. Mobility of IgE-Fc RI complexes are slowed to a greater extent by high concentrations than low concentrations of DNP25-BSA and by highervalency than lower-valency antigen [START_REF] Andrews | Small, mobile FcepsilonRI receptor aggregates are signaling competent[END_REF]. Interestingly, stimulation with low-affinity antigen (2NP4-Fab) of IgE anti-DNP sensitized MCs induces less degranulation, leukotriene and cytokine production, but enhanced chemokine production, compared with high-affinity antigen (DNP4-Fab) stimulation [START_REF] Suzuki | Molecular editing of cellular responses by the high-affinity receptor for IgE[END_REF]. Receptor clusters induced by the low-affinity antigen are slower moving and larger in size than those induced by high-affinity antigen. Low-affinity stimulation induces increased Fgr (another SFK) association with Fc RI and shifts the signaling from LAT1 to LAT2. Therefore, differences in affinity, valency and concentration of antigen are translated to intracellular signaling events and different outcomes of cell activation [START_REF] Suzuki | The Emerging Picture of Mast Cell Activation: The Complex Regulatory Network of High-Affinity Receptor for Immunoglobulin E Signaling[END_REF].

Regulation of receptor-distal events in exocytosis

Cytoskeletal reorganisation

Fc RI stimulation leads to compound exocytosis releasing virtually all granular content. Such degranulation requires exquisite signal coordination between associated cytoskeletal reorganization and the membrane fusion machinery enabling lipid bilayer mixing. Visible changes in the actin cytoskeleton include cell spreading, lamellar actin ruffling and loss of cortical actin liberating the physical barrier for SG access. Actin reorganization requires Ca 2+influx and is coordinated by the GTPases Rac, RhoA and cdc42 [START_REF] Nishida | Fc{epsilon}RI-mediated mast cell degranulation requires calcium-independent microtubule-dependent translocation of granules to the plasma membrane[END_REF][START_REF] Draber | Cytoskeleton in mast cell signaling[END_REF], downstream targets Wiskott-Aldrich syndrome protein (WASP) promoting actin branching, WASP interacting protein (WIP) and Drebrin (DBN) all of which positively regulate degranulation [START_REF] Draber | Cytoskeleton in mast cell signaling[END_REF][START_REF] Pivniouk | Impaired signaling via the high-affinity IgE receptor in Wiskott-Aldrich syndrome protein-deficient mast cells[END_REF][START_REF] Kettner | WIP regulates signaling via the high affinity receptor for immunoglobulin E in mast cells[END_REF][START_REF] Law | Cutting Edge: Drebrin-Regulated Actin Dynamics Regulate IgE-Dependent Mast Cell Activation and Allergic Responses[END_REF].

Experiments with knockout MC indicate a negative regulatory role for the F-actin binding protein Coronin1A in degranulation. Upon Fc RI-stimulation Coronin1A becomes phosphorylated on Ser2, promoting its cytoplasmic relocation and cortex disassembly [START_REF] Foger | Differential regulation of mast cell degranulation versus cytokine secretion by the actin regulatory proteins Coronin1a and Coronin1b[END_REF].

Cortical actin also represents a carrier for myosinV actin motors to capture and transport vesicles to fusion sites [START_REF] Singh | Distinct and opposing roles for Rab27a/Mlph/MyoVa and Rab27b/Munc13-4 in mast cell secretion[END_REF]. These differential functions are explained by a tight coupling to Ca 2+ oscillations with SGs being captured at low Ca 2+ and high cortical F-actin, followed by vesicle passage through the cortex when Ca 2+ levels start to increase and SG fusion occurring at peak levels [START_REF] Wollman | Coordinated oscillations in cortical actin and Ca2+ correlate with cycles of vesicle secretion[END_REF]. Imaging studies showed that SGs fuse at sites where actin dynamics generates circular openings to extrude granular content [26].

Long-range SG movement involves a Ca 2+ -independent Fyn/Gab2/RhoA signaling pathway with microtubule formation being blocked in Fyn-and Gab2-deficient cells [START_REF] Nishida | Fc{epsilon}RI-mediated mast cell degranulation requires calcium-independent microtubule-dependent translocation of granules to the plasma membrane[END_REF]. Others showed Ca 2+ -dependency of microtubule nucleation regulated by the association of nucleating -tubulin with p21-activated kinase interacting exchange factor ( PIX), and G protein-coupled receptor kinase-interacting protein (GIT) 1 affecting, respectively, negatively or positively microtubule growth [27]. SG movement towards the plus-end involved the kinesin-1 motor recruited in a PI3K-dependent manner to Ca 2+ -binding C2 domain-containing Synaptotagminlike protein3 (Slp3) bound to SG-localized Rab27b GTPase [28] (Fig. 2). The fusion accessory mammalian uncoordinated 18 (Munc18) family member Munc18-2 (STXBP2), besides its role in fusion (see below), also plays a role in microtubule coupling. Localized to SG via the Syntaxin3 (STX3) fusion protein it relocates after stimulation along microtubules into lamellipodia remaining associated with large (fused) SG [START_REF] Brochetta | Munc18-2 and syntaxin 3 control distinct essential steps in mast cell degranulation[END_REF]. Munc18-2 knockdown affected SG collapse into the plasma membrane with SGs appearing stationary docked along microtubules. In parallel, the interaction of Munc18-2 with -tubulin decreased suggesting that Munc18-2 dynamically docks SG during microtubular transport [START_REF] Brochetta | Munc18-2 and syntaxin 3 control distinct essential steps in mast cell degranulation[END_REF].

Fusion machinery

Bilayer mixing in MCs implicates both fusion between SG and with the plasma membrane. It involves the evolutionary conserved N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE) family of proteins (Fig. 2). Composed of target t-SNARES and vesicular v-SNARES they form via their 60 aa SNARE-helical motifs a fusion-catalyzing tetrameric trans-SNARE complex. The first identified t-SNARE in MCs was SNAP-23. Introduction of blocking Abs into permeabilized MC blocked secretion [START_REF] Guo | Relocation of the t-SNARE SNAP-23 from lamellipodia-like cell surface projections regulates compound exocytosis in mast cells[END_REF]. During stimulation SNAP-23 relocates from the plasma membrane into forming cytoplasmic degranulation channels, a feature compatible with compound exocytosis. A second t-SNARE identified was STX3, which reversely relocates from SG to the plasma membrane [28,[START_REF] Brochetta | Munc18-2 and syntaxin 3 control distinct essential steps in mast cell degranulation[END_REF]. Inhibition of fusion in STX3-deficient MCs was partial, whereas no effect was seen in STX4-deficient MC [START_REF] Sanchez | Syntaxin 3, but not syntaxin 4, is required for mast cell-regulated exocytosis, where it plays a primary role mediating compound exocytosis[END_REF]. Some studies found a role of plasma membrane-localized STX4 in degranulation indicating possible compensatory mechanisms [START_REF] Brochetta | Munc18-2 and syntaxin 3 control distinct essential steps in mast cell degranulation[END_REF][START_REF] Woska | Small-interfering RNA-mediated identification and regulation of the ternary SNARE complex mediating RBL-2H3 mast cell degranulation[END_REF][START_REF] Yang | Soluble N-Ethylmaleimide-Sensitive Factor Attachment Protein Receptor-Derived Peptides for Regulation of Mast Cell Degranulation[END_REF]. Concerning v-SNAREs an ~50% inhibition of degranulation was found in vesicular associated membrane protein8 (VAMP8) knockdown or knockout MCs [START_REF] Lippert | Endobrevin/VAMP8 mediates exocytotic release of hexosaminidase from rat basophilic leukaemia cells[END_REF][START_REF] Tiwari | VAMP-8 segregates mast cell-preformed mediator exocytosis from cytokine trafficking pathways[END_REF][START_REF] Puri | Mast cells possess distinct secretory granule subsets whose exocytosis is regulated by different SNARE isoforms[END_REF]. After stimulation VAMP8 relocates from SGs to the plasma membrane forming enhanced complexes with STX4 and SNAP-23 [START_REF] Tiwari | VAMP-8 segregates mast cell-preformed mediator exocytosis from cytokine trafficking pathways[END_REF]. VAMP7 and VAMP2 v-SNAREs may additionally contribute [START_REF] Woska | Small-interfering RNA-mediated identification and regulation of the ternary SNARE complex mediating RBL-2H3 mast cell degranulation[END_REF][START_REF] Sander | Vesicle associated membrane protein (VAMP)-7 and VAMP-8, but not VAMP-2 or VAMP-3, are required for activation-induced degranulation of mature human mast cells[END_REF], albeit for the latter no effect was observed in knockout MCs [START_REF] Puri | Mast cells possess distinct secretory granule subsets whose exocytosis is regulated by different SNARE isoforms[END_REF]. As VAMP2 formed enhanced complexes with t-SNAREs after stimulation, but only in VAMP8-deficient MC, this may suggest a certain plasticity in SNARE usage [START_REF] Tiwari | VAMP-8 segregates mast cell-preformed mediator exocytosis from cytokine trafficking pathways[END_REF].

SNARE-complex formation is regulated by phosphorylation. SNAP-23 gets phosphorylated on

Ser95/120 enhancing SNARE assembly [START_REF] Hepp | Phosphorylation of SNAP-23 regulates exocytosis from mast cells[END_REF]. This involved IκB kinase 2/β (IKKβ2) [START_REF] Suzuki | Phosphorylation of SNAP-23 by IkappaB kinase 2 regulates mast cell degranulation[END_REF] albeit this was challenged later [START_REF] Peschke | IkappaB kinase 2 is essential for IgE-induced mast cell de novo cytokine production but not for degranulation[END_REF]. By contrast, phosphorylation of VAMP8 by PKC at the interface for SNARE zippering negatively regulated fusion as supported by phosphomimetic mutants [START_REF] Malmersjo | Phosphorylation of residues inside the SNARE complex suppresses secretory vesicle fusion[END_REF]. Regulatory phosphorylation was also demonstrated for STX3 whose constitutive phosphorylation on Thr14 restrains fusion [START_REF] Tadokoro | Phosphorylation of syntaxin-3 at Thr 14 negatively regulates exocytosis in RBL-2H3 mast cells[END_REF], much like STX4 phosphorylation by a Rab3D associated kinase [START_REF] Pombo | IgE receptor type I-dependent regulation of a Rab3D-associated kinase. A possible link in the calcium-dependent assembly of SNARE complexes[END_REF]. The STX-binding protein tomosyn-1 (STXBP5) negatively regulates fusion. As knockdown enhances degranulation, it likely blocks productive SNARE complex formation when bound to STX [START_REF] Madera-Salcedo | Study showing that the STX-binding protein tomosyn-1 (STXBP5) regulates the availability of fusion-competent STX proteins. STX-binding of tomosyn-1 is regulated by Thr phosphorylation by PKC[END_REF]. During stimulation tomosyn-1 becomes phosphorylated on Thr by PKC , inducing its stimulation-dependent dissociation from STX4 and association with STX3. The latter may represent a negative feedback regulatory mechanism.

Several SNARE accessory proteins, some receptive to changes in intracellular Ca 2+ Prior to fusion, MC SGs get docked and primed (Fig. 2). Docking involves Munc13-4 a multifunctional effector that interacts via a noncanonical binding motif with Rab27a/b on SGs [START_REF] Elstak | The munc13-4rab27 complex is specifically required for tethering secretory lysosomes at the plasma membrane[END_REF]. TIRF experiments indicated that Rab27a/b-Munc13-4 complexes are necessary to dock motile SG beneath the plasma membrane; docking is lost with interaction-interrupting mutants [START_REF] Elstak | The munc13-4rab27 complex is specifically required for tethering secretory lysosomes at the plasma membrane[END_REF]. Rab27a may additionally function in the short-range actin motility as in knockout MCs degranulation is slightly enhanced [START_REF] Singh | Distinct and opposing roles for Rab27a/Mlph/MyoVa and Rab27b/Munc13-4 in mast cell secretion[END_REF]. While the phenotype of Rab27a or b-deficient cells was mild, the phenotype of Munc13-4-deficient MCs led to a marked inhibition of degranulation suggesting additional essential functions [START_REF] Singh | Distinct and opposing roles for Rab27a/Mlph/MyoVa and Rab27b/Munc13-4 in mast cell secretion[END_REF][START_REF] Rodarte | Munc13 proteins control regulated exocytosis in mast cells[END_REF]. Evidence from homologous proteins in neuronal cells [45] suggests that Munc13-4 together with Munc18-2 cooperatively promote proper SNARE assembly in the right parallel configuration [START_REF] Rodarte | Munc13 proteins control regulated exocytosis in mast cells[END_REF][START_REF] Gutierrez | Complete analysis of all Munc18 isoforms in knockout models show that it is the Munc18-2 isoform, which is the relevant SNARE accessory protein in mast cells[END_REF] (Fig. 2). MC express Doc2 , another C2 domain-containing protein with MC degranulation being decreased in KO MCs 

Regulation of signaling-dependent cytokine and chemokine gene transcription in response to antigenic stimulation

IgE receptor stimulation also promotes de novo gene transcription. Within a few hours, activated MCs secrete a large number of newly synthesized proteins [START_REF] Mukai | Mast cells as sources of cytokines, chemokines, and growth factors[END_REF][START_REF] Draber | Signal transduction and chemotaxis in mast cells[END_REF]. Whole genome transcriptome analysis revealed that human skin MCs upregulated 260 and downregulated 84 genes after stimulation through Fc RI for two hours [START_REF] Motakis | Redefinition of the human mast cell transcriptome by deep-CAGE sequencing[END_REF]. Mouse MC upregulated 1089 genes, and downregulated 280 genes [START_REF] Li | GATA2 regulates mast cell identity and responsiveness to antigenic stimulation by promoting chromatin remodeling at super-enhancers[END_REF]. The upregulated genes are significantly enriched in gene sets that encode signaling molecules, transcription factors, proteases and other enzymes, cell surface molecules, and cytokines/chemokines. Whereas the down regulated genes are significantly enriched in sets involved in cell proliferation, signal transduction, apoptosis or enriched in genes encoding receptors [START_REF] Li | GATA2 regulates mast cell identity and responsiveness to antigenic stimulation by promoting chromatin remodeling at super-enhancers[END_REF].

How genes detect the proximal signals triggered by antigenic stimulation is not completely understood. A number of transcription factors (TFs) are activated through phosphorylation modification after antigenic stimulation. These TFs are called signal-dependent TFs (SDTFs).

SDTFs STAT5, NFAT, AP1, NF b and EGR2 are critical in Fc RI-upregulated gene expression [START_REF] Cildir | The transcriptional program, functional heterogeneity, and clinical targeting of mast cells[END_REF]. Our knowledge of enhancer locations to which SDTFs bind in response to antigenic stimulation is still limited. Enhancers are segments of DNA located in the non-coding regions of genes. They activate gene transcription by delivering important accessory factors to the promoter [START_REF] Schaffner | Enhancers, enhancers -from their discovery to today's universe of transcription enhancers[END_REF][START_REF] Schoenfelder | Long-range enhancer-promoter contacts in gene expression control[END_REF][START_REF] Spitz | Transcription factors: from enhancer binding to developmental control[END_REF]. It is generally believed that binding of the SDTFs to enhancers activates them [START_REF] Rosenfeld | Sensors and signals: a coactivator/corepressor/epigenetic code for integrating signal-dependent programs of transcriptional response[END_REF]. Activated enhancers then interact with other enhancers to form loops with promoters by bringing transcription factors and coactivators together with basic transcriptional complexes.

Binding of SDTFs, other TFs and co-factors to enhancers also creates accessible regions within enhancers and recruit histone modifying enzymes to add acetyl or methyl groups to histones.

Histone modifications can be used to identify potential enhancers [START_REF] Rosenfeld | Sensors and signals: a coactivator/corepressor/epigenetic code for integrating signal-dependent programs of transcriptional response[END_REF]. For example, the poised enhancers can be identified by monomethylation of lysine residue 4 on histone 3 (H3K4me1)

and active enhancers can be marked by acetylation of lysine residue 27 on histone 3 (H3K27ac) modification [START_REF] Calo | Modification of enhancer chromatin: what, how, and why?[END_REF][START_REF] Creyghton | Histone H3K27ac separates active from poised enhancers and predicts developmental state[END_REF][START_REF] Heintzman | Distinct and predictive chromatin signatures of transcriptional promoters and enhancers in the human genome[END_REF][START_REF] Rada-Iglesias | A unique chromatin signature uncovers early developmental enhancers in humans[END_REF]. The accessible regions can be located by ATAC-seq [START_REF] Corces | An improved ATAC-seq protocol reduces background and enables interrogation of frozen tissues[END_REF].

A recent study used the next generation sequencing method to examine enhancers that can respond to antigenic or IL-33 stimulation and found that Ca2 + -dependent open chromatin (COC) domains within enhancers in human blood-derived MCs in response to Fc RI or IL-33 stimulation [START_REF] Cildir | Genome-wide Analyses of Chromatin State in Human Mast Cells Reveal Molecular Drivers and Mediators of Allergic and Inflammatory Diseases[END_REF]. TF binding motif analysis revealed enrichment of ATF3, BATF and AP1binding sites in COC domains (Fig. 3 Figure 2. The SG transport and fusion machinery in mast cells. For reason of simplicity the docking and fusion steps are detailed only at the PM. Note however, that in MC fusion between SG is part of the compound exocytosis process during which relevant actors redistribute to the plasma membrane and inversely to the SGs. Long-range transport towards the plus-end of microtubules involves the kinesin-1 motor recruited in a PI3K-dependent manner to Synaptotagmin-like protein 3 (Slp3) (containing Ca 2+ -binding C2 domains) that binds via its Slp homology domain (SHD) domain to the SG-localized Rab27b GTPase. The fusion promoting protein Munc18-2 also participates in the interaction with tubulin via a so far unknown effector. When reaching the plasma membrane actin disassembly (not shown) allows docking of SG at the plasma membrane involving several fusion accessory proteins such as Munc13-4 bound to Rab27a/b assisted by Doc2 some of which contain Ca2+/phospholipid binding C2 domains. This allows fusion priming and loose SNARE-zippering, which in MC likely represents a short-lived intermediate state (not depicted) followed by the assembly of the stable trans-SNARE complex that drives membrane bilayer mixing and is triggered at high Ca2+ concentration by conformational rearrangements of C2-domain containing Syt2 and CPLX2 and the coordinated action of Munc18-2 and Munc13-4 that coordinate the correct assembly of the SNARE complex. with IgE and their cognate antigens. These TFs, such as pAP-1, pEGR2, pATF3 and pBATF bind to the consensus DNA binging motifs in the antigenic stimulation-induced enhancers to activate the induced enhancers, which then interact with constitutively active enhancers, forming a higher order of transcriptional complex with promoters to promote gene transcription in response to antigenic stimulation. TF, transcription factor; MLL3/4, histone-lysine Nmethyltransferase, H3 lysine-4 specific; P300, histone acetyltransferase p300; Pol II, RNA polymerase II; p, phosphorylation. Green dot, monomethylation of lysine residue 4 on histone 3 (H3K4me1); red dot, acetylation of lysine residue 27 on histone 3 (H3K27ac) modification.
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Study showing that cytoskeletal reorganization necessary for degranulation is tightly coupled to Ca 2+ oscillations. SGs are captured at high cortical F-actin and low Ca 2+ followed by vesicle passage through the cortex with increasing Ca 
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  51]. Doc2 interacts with SG-localized Munc13-4 [51] and may represent an additional Ca 2+sensor assisting Munc13-4 to fulfill its docking/priming function.
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 3 Fig 3. The induced enhancers detect signals and cooperate with constitutively active enhancers to promote gene transcription. Signal-dependent transcription factors are activated through phosphorylation by kinases that are activated by aggregation of FcεRI boundwith IgE and their cognate antigens. These TFs, such as pAP-1, pEGR2, pATF3 and pBATF bind to the consensus DNA binging motifs in the antigenic stimulation-induced enhancers to activate the induced enhancers, which then interact with constitutively active enhancers, forming a higher order of transcriptional complex with promoters to promote gene transcription in response to antigenic stimulation. TF, transcription factor; MLL3/4, histone-lysine Nmethyltransferase, H3 lysine-4 specific; P300, histone acetyltransferase p300; Pol II, RNA polymerase II; p, phosphorylation. Green dot, monomethylation of lysine residue 4 on histone 3 (H3K4me1); red dot, acetylation of lysine residue 27 on histone 3 (H3K27ac) modification.
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